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NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof. or any of their 
employees, makes any warranty, expressed or implied. or assumes any legal liability of re- 
sponsibility for any third party's use, or the results of such use, of any information. apparatus, 
product or process disclosed in this report. or represents that i t s  use by such third party would 
not infringe privately owned rights. 
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NOTICE 

Availability of Reference Materials Cited in NRC Publications 

Most documents cited in NRC publications will be available from one of the following sources: 

1. The NRC Public Document Room, 171 7 H Street, N.W. 
Washington. DC 20555 

2. Tlie Superintendent of Documents, U.S. Government Printing Office. Post Of lice Box 37082, 
Washington, DC 20013-7082 

.3. The National Technical Information Service, Springfield, VA 22161 

Although the listing that follows represents the majority of documents cited in NRC publications, 
it i s  not intended to be exhaustive. 

Referenced documents available for inspection and copying for a fee from the NRC Public Docu 
ment Room include NRC correspondenceand internal NRC memoranda; NRC Office of Inspection 
and Enforcement bulletins, circulars, information notices, inspection and investigation notices; 
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and 
licensee documents and correspondence. 

The following documents in the NUREG series are available for purchase from the GPO Sales 
Program: .formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and 
NRC booklets and brochures. Also availableare Regulatory Guides, NRC regulations in the Code of 
Federal Regulations. and Nuclear Regulatory Commission Issuances. 

Documents available from the National Technical Information Service include NUREG series 
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic 
Energy Commission, forerunner agency to the Nuclear. Regulatory Commission. 

Documents available from public and special technical libraries include all open literature items, 
such as books, journal and periodical articles, and transactions. Federal Register notices, federal and 
state legislation. and congressional reports can usually be obtained from these libraries. 

Documents such as theses. dissertations, foreign reports and translations. and non-N RC conference 
proceedings are available for purchase from the organization sponsoring the publication cited. 

Single copies 01 NRC draft reports are available free. to the extent of Wpply. upon writfen recluesf 
IO the Division of Technical Information and Document Control. U.S. Nucledr Regulatory Coin 
mission, Washington. DC 20555. 

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process 
are maintained at the NRC Library. 7920 Norfolk Avenue, B e t w .  Maryland, and are available 
there for reference use by the public; Codes and standards are Usually copyrighted and may be 
purchased from the originating organization or, i f  they are American National Standards, from the 
American National Standards Institute, 1430 Broadway. New York. NY 1001 8. 
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ABSTRACT 

A l a r g e  number of technica l  r e p o r t s  on waste package component perfor- 
mance were reviewed over the  last  year i n  support  of t h e  NRC's review of t h e  
Department of Energy's (DOE'S) Environmental Assessment reports .  The i n t e n t  
w a s  t o  assess  in some d e t a i l  the  quant i ty  and q u a l i t y  of t h e  DOE da ta  and 
t h e i r  relevance t o  the  high-level waste r epos i to ry  s i te  s e l e c t i o n  process. A 
r ep resen ta t ive  s e l e c t i o n  of t he  reviews i s  presented f o r  t he  sal t ,  b a s a l t  and 
t u f f  r epos i to ry  projects .  Areas f o r  f u t u r e  research  have been out l ined .  

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

iii 





CONTENTS . 
Page 

ABSTRACT. . e 

ACKNOWLEDGEMENT. 
t € i  

V i  

EXECUTIVESUMMARY . 
1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

3 

2 . COMPILATION AND REVIEW OF RELEVANT DOE WASTE PACKAGE 
DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

2.1 Basalt Repository P ro jec t  (Appendices 1. 4 and 5) . . . . . .  5 

2.1.1 Waste Form Evaluations . . . . . . . . . . . . . . . .  
2.1.2 Container Evaluations . . . . . . . . . . . . . . . . .  
2.1.3 Packing Material Evaluations . . . . . . . . . . . . .  

5 
6 
7 

2.2 S a l t  Repository P ro jec t  (Appendices 2. 4 and 5) . . . . . . .  8 

2.2.1 Waste Form Evaluations . . . . . . . . . . . . . . . .  
2.2.2 Container Evaluations . . . . . . . . . . . . . . . . .  
2.2.3 Packing Material Evaluations . . . . . . . . . . . . .  

8 
8 
9 

2.3 Tuff Repository P ro jec t  (Appendices 3. 4 and 5) . . . . . . .  9 

2.3.1 Waste Form Evaluations . . . . . . . . . . . . . . . .  
2.3.2 Container Evaluations . . . . . . . . . . . . . . . . .  
2.3.3 Packing Material Evaluations . . . . . . . . . . . . .  

9 
10 
11 

2.4 Modeling of Waste Package Performance . . . . . . . . . . . .  11 

3 . ACCURACY. RELIABILITY. AND APPLICABILITY OF WASTE 
PACKAGEDATA . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

13 4 . WASTE PACKAGE ISSUES RELEVANT TO SITE SELECTION . . . . . . . . . .  
5. CONCLUSIONS. 0 15 

15 6 . REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . LIST OF REPORTS/PAPERS REVIEWED I N  APPENDICES . . . . . . . . . . .  17 

APPENDIX 1 . REVIEW OF WASTE PACKAGE DATA FOR BASALT REPOSITORY 
PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . .  a1-1 

APPENDIX 2 . REVIEW OF'WASTE PACKAGE DATA FOR SALT REPOSITORY 
PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . .  A2-1 

APPENDIX 3 . REVIEW OF WASTE PACKAGE DATA FOR TUFF-m?OSITORY 
PROGRAM . . . . . . . . . . . . . . . . . . . . . . . . . .  

i .  

I 
APPENDIX 4 - REVIEW OF GENERAL WASTE PACKAGE DATA . . . . . . . . . . .  

A3-1 

A4-1 

APPENDIX 5 . DETAILED REVIEWS OF WASTE PACKAGE DATA . . . . . . . . . .  a5-1 

Y 



ACKNOWLEDGMENTS 

The au thors  g r a t e f u l l y  achowledge the assistance of M s .  M. McGrath, 
M r s .  G. Sear les ,  M s .  S. Bennett, M s .  R. Tommasi and M r s .  A. Spi ra  i n  the typing 
and prepara t ion  of this report .  

vi 



EXECUTIVE SUMMARY 

As p a r t  of the  Waste Package Program, BNL has ca r r i ed  out  a review of re- 
cent  DOE waste package research  da ta  f o r  the  b a s a l t ,  sa l t  and t u f f  repos i tory  
programs. The i n t e n t  was t o  assess t h e  quant i ty  and q u a l i t y  of t h e  d a t a  with 
respect t o  the  DOE repos i tory  s i te  s e l e c t i o n  process. The work included: 

a. Compiling a l i s t  of recent  r epor t s ,  da t a  and assumptions pe r t inen t  t o  
waste package performance f o r  t he  th ree  hos t  rocks. 

b. Assessing t h e  accuracy, r e l i a b i l i t y  and a p p l i c a b i l i t y  of DOE d a t a  on 
waste package performance. 

C. Ident i fy ing ,  using the  d a t a  reviews, those i s s u e s  which w i l l  deter-  
mine t h e  s u i t a b i l i t y  of a si te f o r  f u r t h e r  evaluat ion and develop- 
ment. 

d. Determination of t h e  add i t iona l  da t a  needed f o r  package performance 
assessment . 

Most of t h e  t e s t i n g  t o  da t e  has centered on ind iv idua l  package components 
bu t  t h e r e  is  some information on t he  e f f e c t s  of component i n t e r a c t i o n s  on 
waste form leaching and conta iner  corrosion. 
lack of whole package t e s t i n g  work e i t h e r  i n  the  form of l abora to ry  tests o r  
i n  s i t u  evaluations.  
t he  e f f e c t  of waste emplacement on the  geochemistry and rock characteristics 
of b a s a l t ,  sa l t  and tu f f .  Since these  two geotechnical  f a c t o r s  are included 
as DOE'S si te  s e l e c t i o n  criteria, a complete r k t i o n a l e  f o r  s e l e c t i n g  a par t i -  
cu l a r  s i te f o r  f u r t h e r  development cannot be made. 
those sites which appear t o  have the  fewest l i m i t a t i o n s ,  based on l imi ted  
ava i l ab le  d a t a ,  w i l l  be se l ec t ed  f o r  addi t iona l  study. 

Nevertheless,  t he re  is a severe  

Because of this, there i s  very l imi t ed  information on 

Thus, one expects  that  

The add i t iona l  information which would be use fu l  i n  an  eva lua t ion  of t h e  
i n t e r a c t i o n s  of t h e  immediate environment with t h e  waste package includes t h e  
following which relate t o  t h e  geochemistry and rock c h a r a c t e r i s t i c  s i te  
s e l e c t i o n  guide l ines  i n  10 CFR 960. 

a. Data are needed t o  quant i fy  how e a r l y  bo i l ing  of groundwater, and 
assoc ia ted  p r e c i p i t a t i o n  of dissolved s o l i d s  and hos t  rock 
a l t e r a t i o n ,  w i l l  change the  composition of water subsequently 
en ter ing  a waste package borehole when bo i l ing  ceases. 
i n  r epos i to ry  water composition, pH and redox condi t ion may render 
i n v a l i d  much of t h e  cur ren t  waste package performance data .  

Major changes 

b. A more accura te  quan t i f i ca t ion  of t h e  water ingress  rate i n t o  t h e  
repos i tory  and the  rate of p re s su r i za t ion  is required. 

Information on the  cracking of b a s a l t  and tuff hos t  rock a r i s i n g  from 
repos i to ry  excavation and t h e  high temperatures caused by waste 
emplacement is needed. 

C. 
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d. 

e. 

f .  

g. 

At  

For b a s a l t  and s a l t  it is  known t h a t  t he  hor izonta l  component of t h e  
l i t h o s t a t i c  stress i s  much l a r g e r  than t h e  v e r t i c a l  component. The 
e f f e c t  of t h e  l a r g e  hor izonta l  stress on waste package/repository 
i n t e g r i t y  needs t o  be addressed. 

There i s  a need t o  o u t l i n e  t h e  most l i k e l y  scenarios  f o r  engineered 
b a r r i e r  system fa i lure /degrada t ion  so t h a t  r e l evan t  performance 
assessment ca l cu la t ions  can be conducted. Without such information 
t h e r e  w i l l  be considerable  uncer ta in ty  i n  determining containment 
f a i l u r e  times, cont ro l led  release rates and releases t o  t h e  access ib le  
environment. 

The ease of waste package r e t r i e v a l  will vary f o r  the  d i f f e r e n t  host  
rocks. It seems t o  be more d i f f i c u l t  f o r  a salt si te s ince  the  high 
temperatures during the  repos i tory  opera t ions  period may cause t h e  
hos t  rock t o  creep towards the  waste package, thereby sea l ing  i't i n  
place i f  a borehole l i n e r  i s  not  used. A desc r ip t ion  i s  needed of t h e  
procedures t o  be undertaken t o  ensure ease of r e t r i e v a l  f o r  a l l  candi- 
d a t e  sites. 

Documentation i s  required on pre-closure package and repos i tory  moni- 
to r ing  procedures t h a t  w i l l  be needed t o  confirm that t h e  repos i tory  
and waste package are performing within es tab l i shed  design limits. 

. this time, it seems t h a t  the  s i te  s e l e c t i o n  process,  which i s  cu r ren t ly  
centered on Environmental Assessment r epor t  ana lys i s ,  w i l l  not  be dominated by 
engineered b a r r i e r  system f a c t o r s  s ince ,  i n  most cases, l i m i t a t i o n s  in the  
repos i tory  si te can be mit igated by changes i n  t h e  design of t h e  b a r r i e r  sys- 
t em.  
the  i n t e r a c t i o n  of t h e  engineered b a r r i e r  system and t h e  hos t  geology so t h a t  
f i n a l i z e d  designs can be establ ished.  

Thus, t h e r e  should be comprehensive research  and development t o  evaluate  

2 



1 . INTRODUCTION 
- 

The Nuclear Waste Pol icy  A c t  of 1982 mandates t h a t  i n  the development of 
high-level nuclear  waste repos i to r i e s ,  Environmental Assessment (EA) r e p o r t s  
s h a l l  be prepared f o r  each candidate repos i tory  site. The r e p o r t s  w i l l  contain 
a desc r ip t ion  and evaluat ion of each s i te  based on a set of s i te -se lec t ion  
guide l ines  spec i f i ed  by DOE i n  order  t o  determine which sites would be s u i t a b l e  
f o r  f u r t h e r  development. 
Code of Federal  Regulations (10 CFR 960, February 7, 1983). 
cons idera t ion  of :  

A l i s t  of t he  proposed guide l ines  i s  given i n  t h e  
They inc lude  

1. S i t e  geometry 
2. Geohydrology 
3. Geochemistry 
4. Rock characteristics 
5. Tectonic environment 
6. Ruman in t rus ion .  
7. Surface c h a r a c t e r i s t i c s  
8. Population dens i ty  and d i s t r ibu t ion .  

Clear ly ,  most of these  f a c t o r s  are concerned with n a t u r a l  s i te characteristics ~ 

which w i l l  not be influenced by waste emplacement. 
found i n  the  gu ide l ines  on Geochemistry and Rock Characteristics. 
p a r t s  of t hese  sec t ions  of 10 CFR 960 are reproduced below: 

The exceptions are t o  be 
Relevant 

10 CFR 960.5-3 Geochemistry 

The si te s h a l l  have geochemical c h a r a c t e r i s t i c s  com- 
p a t i b l e  with waste containment, i s o l a t i o n ,  and retrieval. 
The site s h a l l  be such t h a t  t h e  chemical i n t e r a c t i o n s  among 
rad ionucl ides ,  rock, groundwater, and engineered components 
would not  l ead  t o  a pro jec t ion  of radionucl ide releases 
g r e a t e r  than those discussed i n  5960.3-2. 

t h e  geochemical processes operat ing within the  geologic  set- 
t i n g  during the  p a s t  mi l l i on  years would, i f  continued i n  
t h e  fu tu re ,  not  affect o r  would favorably affect the  a b i l i t y  
of t h e  geologic  r epos i to ry  t o  i s o l a t e  t h e  waste 110 CFR 
60.122(b)(1)1. 

(2) Geochemical condi t ions that promote t h e  p rec ip i t a -  
t i o n  o r  sorp t ion  of radionuclides;  i n h i b i t  t h e  formation of 
p a r t i c u l a t e s ,  co l lo ids ,  and inorganic  and organic  complexes 
t h a t  increase  the  mobi l i ty  of radionuclides;  o r  i n h i b i t  t he  
t r anspor t  of radionucl ides  by p a r t i c u l a t e s ,  co l lo ids ,  and 
complexes 110 CPR 60.122(b)(4)]. 

(3) Mineral assemblages that, when subjected t o  t h e  ex- 
pected thermal loading,  w i l l  remain unal tered o r  w i l l  be al- 
te red  t o  mineral  assemblages wi th  equal  o r  increased cap* 
b i l i t y  t o  i n h i b i t  radionucl ide t r anspor t  [ 1 0  CFR 
60.122( b) (5) I . 

(a) Favorable conditions.  (1) The na tu re  and rates of 
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(b)  P o t e n t i a l l y  adverse conditions.  (1) Groundwater 
condi t ions i n  t h e  hos t  rock - including chemical composi- 
t i o n ,  h igh  i o n i c  s t r eng th ,  or oxidizing o r  reducing condi- 
t i o n s  and pH - that could increase t h e  s o l u b i l i t y  o r  chemi- 
cal r e a c t i v i t y  of t h e  engineered b a r r i e r  systems [ l o  CFR 
60.122( c) (8) 1. 

of radionucl ides ,  result i n  t h e  degradation of t h e  rock 
s t r eng th ,  o r  adversely a f f e c t  the  performance of t he  
engineered b a r r i e r  systems [ l o  CPR 60.122( c) (9 11. 

(3) For d isposa l  i n  the  sa tu ra t ed  zone, groundwater con- 
d i t i o n s  i n  t h e  hos t  rock that are not  chemically reducing 110 
CFR 60.122(~)(10)1 . 

(2) Geochemical processes t h a t  would reduce the  sorp t ion  

10 CFR 960.5-4. Rock Charac te r i s t i c s  

The si te s h a l l  have geologic c h a r a c t e r i s t i c s  COP 

p a t i b l e  with waste containment, i s o l a t i o n ,  and 
r e t r i e v a l  . 
5 960.5-4-1 Physical  p roper t ies .  

The si te s h a l l  provide a geologic  system that i s  
capable  of accommodating the  geomechanical, chemical, 
thermal, and radiation-induced stresses that are expect- 
ed t o  be  caused by i n t e r a c t i o n s  between the  waste and 
t h e  hos t  rock. 

(a) Favorable conditions.  None spec i f ied .  
(b )  P o t e n t i a l l y  adverse conditions.  Po ten t i a l  f o r  

such phenomena as thermally induced f r a c t u r e s ,  hydra t ion  
and dehydration of mineral  components, b r i n e  migrat ion,  
o r  o ther  physical ,  chemical, or r ad io log ica l  phenomena 
that could lead  t o  pro jec t ions  of rad ionucl ide  releases 
g r e a t e r  than those discussed i n  5 960.3-2. 

As p a r t  of t h e  General Technical Assistance t a s k  i n  the  FIN A-3164 Waste 
Package Program, BNL has ca r r i ed  ou t  a review of recent  DOE waste package re- 
search  da ta  f o r  t he  b a s a l t ,  sa l t ,  and tuff r epos i to ry  programs. No attempt was 
made t o  evaluate  all t h e  geotechnical  f a c t o r s  l i s t e d  above, s ince  most of t hese  
are being addressed by o thers .  
evaluat ion work are to:  

The major aspec ts  of t h e  BNL waste package 

a. Compile a l i s t  of  r ecen t  r epor t s ,  d a t a  and assumptions pe r t inen t  t o  
waste package performance f o r  the t h r e e  host  rocks. 

b. Assess t h e  accuracy, r e l i a b i l i t y  and a p p l i c a b i l i t y  of DOE da ta  on 
waste package performance. 

C. I den t i fy ,  using t h e  d a t a  reviews, those i s s u e s  which w i l l  determine 
the  s u i t a b i l i t y  of a site f o r  f u r t h e r  eva lua t ion  and development. 

d. Determine what add i t iona l  da t a  are needed by NRC f o r  i t s  EA r e p o r t  
reviews . 

4 



Activities in these areas are described below. 

2. COMPILATION AND REVIEW OF RELEVANT DOE WASTE PACKAGE DATA 

The review process undertaken by BNL proceeded in a step wise fashion from 
obtaining available documents and data, identifying primary issues and 
reviewing key documents and data. The final step which involved an in-depth 
review of key documents, included an assessment of whether the data provided 
were adequate, whether uncertainties in the data have been identified and 
whether alternative interpretations are available. 

A comprehensive literature search was carried out and DOE reports and 
technical papers on waste package research and analytical work were procured 
for review. 
available, reviews were usually carried out on information published over the 
last five years. 
brief general reviews in order to complete the work. 
were selected for in-depth comment because of their importance to the waste 
package program. 

In order to cover the large volume of literature in the time 

In addition, it was also necessary in most cases to have 
However, certain reports 

The appendices to this report include the reviews carried out to date. 
They are divided into sections dealing with basalt (Appendix 1) , salt (Appendix 
2), and tuff (Appendix 3) waste package data, and Appendix 4 is concerned with 
reports/papers which are generic to all three host rocks. Reports considered 
to be key documents were reviewed in detail. 
contained a detailed data base, described a new important effect with respect 
to waste package behavior, described an analytical approach that addresses 
licensing criteria, or contained data on long-term tests that help establish 
behavioral trends. These reviews appear in Appendix 5. 
package data relevant to each host rock is given below. 

These were selected if they 

An overview of waste 

2.1 Basalt Repository Project (Appendices 1 and 4 )  

2.1.1 Waste Form Evaluations 

Early evaluations of waste forms, including glass, spent fuel and ceram- 
ics, started five to six years ago (see McCarthy and others, RHO-BWI-C-16, 
1978; RHO-BWI-C-35, 1978; RHO-C-12, 1978; RH0-BWI-SA-12A7 1979; all reviewed in 
Appendix 1). The tests were conducted over a wide range of temperatures in ba- 
saltic water and deionized water. 
studies in which emphasis was focused on glass with some effort devoted to 
spent fuel and SYNROC. 
vious shortcomings in the waste form work: 

Since that time there have been follow-on 

The reviews carried out in Appendix 1 show several ob- 

0 There has been too much emphasis on leaching in deionized water as a 
test medium. 
ably depending on water chemistry (Katayama, 1980; Weed, 1980 - 
Appendix 4). 

Early tests clearly show that leach rates vary consider- 

5 



0 Water chemistr ies  t h a t  simulate p r i s t i n e  groundwater are a l s o  not  
l i k e l y  t o  be v a l i d  s ince  they do no t  account f o r  changes i n  ion ic  
s t r eng th ,  pH, redo% condi t ion caused by hydrothermal i n t e r a c t i o n  with 
host  rock and packing materials. In addi t ion ,  groundwater samples may 
conta in  lower concentrat ions of dissolved gases s ince  depressur iza t ion  
e f f e c t s  may release l a rge  amounts of gases present  under prototypic  
geologic condi t ions . 

0 Most of the work which measures l each  rates fo r  radionucl ides  cannot 
be used t o  show compliance with NRC release c r i t e r i o n  s ince ,  under 
an t i c ipa t ed  slow-water-flow condi t ions,  the s o l u b i l i t y  of radionu- 
c l i d e s  and the amounts of c o l l o i d s  containing radionucl ides  w i l l  pr in-  
c i p a l l y  determine the release rates. 
experiments only ind ica t e  the speed a t  which s o l u b i l i t y  limits may be 
reached i n  the near-f ie ld  environment, provided the flow rates are 
s u f f i c i e n t l y  slow t o  allow the leacha te  t o  approach sa tura t ion .  

Leach rates from short-term 

0 Isothermal. l each ing / so lub i l i t y  tests may no t  y i e l d  conservat ive 
values. 
s o l u b i l i t i e s  of radionucl ides ,  measured a f t e r  cool ing a sa tu ra t ed  
so lu t ion  t o  the test temperature, gave much higher values than those 
obtained by car ry ing  out  isothermal tests. 
jec ted  t o  a cool ing trend, values obtained by cool ing sa tu ra t ed  
so lu t ions  may be more conservative.  

No l each ing / so lub i l i t y  tests have been c a r r i e d  out  on waste forms 
which chemically simulate aged materials. 
c l i d e s  are contained f o r  300 t o  1000 years ,  the f i s s i o n  product inven- 
tory w i l l  be depleted and the radionucl ides  of i n t e r e s t  are the 
a c t i n i d e s  . 

For example, Fullam's work (1982 - Appendix 4 )  shows that 

Since a repos i tory  is  sub- 

0 

Assuming that the radionu- 

0 A few long-term leaching tests have been c a r r i e d  ou t  f o r  spent  f u e l  a t  
25 O C  l a s t i n g  up t o  3.3 years  (Katayama, 1980 - Appendix 4 ) ,  and f o r  
g l a s s  i n  deionized water f o r  times t o  one year (Strachen, 1982 - 
Appendix 4 ) .  Generally, however, the test times are less than one 
year ,  and these are i n s u f f i c i e n t  t o  e s t a b l i s h  long-term behavioral  
trends.  Tests l a s t i n g  f o r  f i v e  t o  t en  years should be c a r r i e d  out. 

2.1.2 Container Evaluations 

Severai screening tests have been c a r r i e d  ou t  on conta iner  materials rele- 
vant t o  the b a s a l t  program (Pitman, 1980; Westerman, 1982 - Appendix 1; Pitman, 
1981 - Appendix 4 ) .  Materials include i r o d s t e e l ,  stainless steels, copper-, 
titanium-, zirconium-, and nickel-based al loys.  One mighthave expected t h a t  a 
f i rm choice f o r  the conta iner  = ta l  would have been made several years  ago so 
t h a t  in-depth t e s t i n g  could have been w e l l  under way by t h i s  t i m e .  Instead,  
the comprehensive t e s t i n g  of low-carbon s tee1 (cur ren t  reference)  appears t o  be 
commencing this year with the issuance of the Barrier Materials T e s t  Plan by 
BWIP. Spec i f ic  comments on the conta iner  eva lua t ion  e f f o r t  are given below: 

0 Anticipated hydrothermal condi t ions are being used i n  t e s t i n g  but the 
groundwaters being evaluated may not  r e f l e c t  those present  i n  the 
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reposi tory.  There are few, i f  any, tests t h a t  incorporate  corrosion 
i n  the presence of contac t ing  packing materials. This is  a ser ious  
shortcoming s ince  the water chemistry and pH i n  the metal/packing - 
i n t e r f a c e  is l i k e l y  t o  be much d i f f e r e n t  than t h a t  when packing is  
absent. For example, crevice condi t ions .could  e x i s t  between metal and 
b a s a l t  pieces such t h a t  low pH condi t ions and acce lera ted  l o c a l  a t t a c k  
could occur. 
no t  experience these aggressive conditions.  Work a t  BNL ind ica t e s  
t h a t  major increases i n  Sob2- concentrat ions are a l s o  l i k e l y  i n  
b a s a l t i c  water a t  250°C due t o  the presence of packing material 
(NUREG/CR-3091, Vol. 3, 1984, Appendix D). 

Specimens exposed t o  l a rge  volumes of f r e e  water would 

0 Few da ta  are ava i lab le  t o  eva lua te  the e f f e c t s  of gamma i r r a d i a t i o n  on 
uniform and l o c a l  corrosion. Possibly,  the generat ion of r a d i o l y t i c  
oxidants  w i l l  prevent reducing condi t ions from being a t t a ined ,  thus 
lead ing  t o  acce lera ted  corrosion rates. 

0 Hydrogen from rad io lys i s  of groundwater may be absorbed by the con- 
tainer, leading t o  embrit t lement e f f ec t s .  These have y e t  t o  be 
adequately quant i f ied.  

0 Very-long-term corrosion experiments l a s t i n g  f o r  f i v e  t o  ten  years  are 
needed t o  assess the po ten t i a l  f o r  corrosion f a i l u r e  modes having long 
incubat ion times. These include s t ress -cor ros ion  cracking, p i t t i n g ,  
and hydrogen embrittlement. 

0 There are few corrosion da ta  on weldments. 

2.1.3 Packing Material Evaluations 

It has been s t a t e d  by BWIP f o r  many years  t h a t  a 75%/25% basa l t /bentoni te  
mixture is  the reference packing material. However, there  are r e l a t i v e l y  few 
experiments that study this composite packing. Most tests c a r r i e d  out  by BWIP 
involve basal t /water  and bentonite/water s tud ies .  
should be on the  basal  t/bentonite/H20 sys t e m  to  evaluate  bentoni te  swel l ing 
c a p a b i l i t i e s ,  permeabili ty,  sorpt ion/desorpt ion behavior, geochemical altera- 
t ion ,  and water chemistry changes s ince  these represent  the prototypic  
condition. Other comments on the packing material da ta  include: 

It is  f e l t  t h a t  most work 

0 Sorption/desorption tests c a r r i e d  out  a t  high temperatures f o r  f i s s i o n  
products are re l evan t  only f o r  accident  scenarios  i n  which the con- 
t a i n e r  is prematurely breached. Thus, s tud ie s  such as those described 
by Komarneni, 1980; S a l t e r  and o thers ,  1981; and Wood, 1982 (Appendix 
1) are of l i t t l e  use i n  addressing the NRC cont ro l led  release 
c r i t e r i o n .  

0 Only a few s tud ie s  (Barney, 1982; S a l t e r  and Jacobs, 1982 - Appendix 
1) appear t o  address the low-temperature behavior of b a r r i e r  materials 
wi th  respect t o  radionuclide s o l u b i l i t y ,  sorpt ion,  and t ransport .  
More comprehensive da t a  are needed t o  adequately address the NRC 
con t ro l l ed  release c r i t e r i o n  and the EPA standard. 
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0 There appear t o  be no da ta  ava i l ab le  t o  determine whether pe'rformed 
packing has the same i n t e g r i t y  as the labora tory  packing materials 
which are being tes ted.  

0 The e f f e c t s  of alpha-radiolysis from the ac t in ides  on redox 
condi t ions,  s o l u b i l i t y  and sorp t ion  behavior have no t  been f u l l y  
addressed. 
years ,  and increase as ac t in ides  accumulate i n  the package components 
and the near-field,  assoc ia ted  ' e f f ec t s  need to  be quant i f ied.  

Since alpha i r r a d i a t i o n  w i l l  preva i l  f o r  thousands of 

2.2 S a l t  Repository P ro jec t  (Appendices 2 and 4 )  

2.2.1 Was te Form Evaluations 

The e f f o r t  on waste form evaluat ions f o r  a sa l t  repos i tory  are r e l a t i v e l y  
A possible  reason l ies i n  the f a c t  t h a t  modest, compared t o  those f o r  basa l t .  

there  w i l l  be l i m i t e d  amounts of br ine  ava i lab le  f o r  leaching,  and i t  is a l s o  
d i f f i c u l t  t o  v i sua l i ze  a scenario i n  which br ine migrating t o  the ho t  waste 
w i l l  be ab le  t o  t r anspor t  radionucl ides  t o  the access ib le  environment. Much of 
the da ta  on waste form leaching is  f o r  r e l a t i v e l y  low temperatures (<15OoC) i n  
WIPP brines.  Such s tud ie s  appear t o  be i n  support  of the defense program a t  
WIPP (Kircher and o thers ,  1982 - Appendix 2; Dukes and o thers ,  1980 and Wicks 
and o thers ,  1982 - Appendix 4 ) .  Kircher 's  work, however, descr ibes  component 
i n t e r a c t i o n  e f f e c t s  on leaching of glass .  Comments on the w a s t e  form program 
are : 

0 There is  a r e l a t i v e l y  small data  base on the leaching of g l a s s  and 
spent  f u e l  i n  brine.  

0 No da ta  are ava i lab le  on l each ing / so lub i l i t y  measurements f o r  aged 
waste or  spent  fuel .  

0 No da ta  are apparently ava i lab le  f o r  very-long-term tests on waste 
form leaching o r  ac t in ide  s o l u b i l i t y .  

2.2.2 Container Evaluations 

A major e f f o r t  has been under way f o r  several years i n  support  of contain- 
er assessment f o r  a sa l t  reposi tory.  
defense (WIPP) and commercial waste programs. T e s t  temperatures extend t o  
300°C and test so lu t ions  include WIPP br ines  and seawater. A range of metals 
and a l loys ,  similar to  those given i n  Section 2.1.2, were evaluated. 

The da ta  are being obtained f o r  both the 

A review of many of the ava i l ab le  PNL and SNL publicat ions may be found i n  
Appendices 1 and 4 .  

General conclusions f o r  the salt  repos i tory  container  programs are: 

0 The WIPP program reference container  material is  t i tanium a l l o y  12, 
whereas t h a t  f o r  the commercial program appears t o  be carbon steel, 
wi th  a l l o y  12 as an a l t e rna te .  
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0 For titanium, the most important failure modes include hydrogen 
embrittlement and crevice corrosion. 
likely to occur in brine, based on slow-strain-rate tests. 

Stress-corrosion cracking is not 

0 Few data are available for welds. 

0 Few very-long-term tests have been conducted. 
ten years should, therefore, be initiated to determine if failure 
mechanisms with very long incubation times are likely. 

Tests lasting five to 

2.2.3 Packing Material Evaluations 

.. 

In the commercial salt repository program there will possibly be a crushed 
salt packing material. Studies carried out on gamma irradiation effects (Levy, 
1981 - Appendix 2) and compaction under stress and heat (Shor and others, 1981; 
Holcomb, 1982 - Appendix 2) address the behavior of crushed salt. 
studies have been performed to evaluate the rate of migration of brine inclu- 
sions in the near-field to the hot waste (Krause, 1981; Jenks and Claiborne, 
1981; and Biggers, 1982 - Appendix 2) and work on brine radiolysis has been 
under way for the last few years (Jenks, 1980; Jenks and Walton, 1981; Glass, 
1981 - Appendix 2). 
effects of its interaction with colloidal sodium in irradiated rock salt (Levy, 
1981 - Appendix 2) an accurate determination of the changing waste package 
environment in salt is likely to be difficult. 

Several 

Owing to the complex chemistry of brine, however, and the 

Some data are available on the sorption of radionuclides on sedimentary 
rocks contained in bedded and domed salt (Serne, 1981 - Appendix 4). 
useful in determining the effectiveness of salt minerals in sorbing radionu- 
clides . 

These are 

2.3 Tuff' Repository Project (Appendices 3 and 4) 

The decision to locate the tuff repository in the unsaturated zone at 
Yucca Mountain took place about two years ago. Because of this, waste package 
evaluations for unsaturated conditions are limited. Some relevant studies are 
summarized below. 

2.3.1 Waste Form Evaluations 

Preliminary leaching experiments have been conducted on 76-68 glass( 
in 5-13 well water at 90°C in the presence, and in the absence, of crushed tuff 
and Type 304L stainless steel container material (Oversby, 1983 - Appendix 3). 
Based on boron concentrations in the water, it was found that the addition of 
tuff and steel significantly decreased the leach rate. Oversby also gives 

1. Since this glass has a composition different from the glasses which may be 
emplaced in a tuff repository (West Valley Demonstration Plant glass and 
Defense Waste Processing Facility glass) the leaching data may be of 
limited value. 
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preliminary data on the solubility of U from irradiated fuel pellets and 
pellets clad with defective Zircaloy tubing. Compared to bare fuel, the 
defective cladding reduced the concentration of U in 25OC deionized water by 
one to two orders of magnitude. Other leaching tests of relevance to the tuff 
repository water have been conducted at PNL in HC03- solutions at temperatures 
up to 90°C (Weed, 1980; Strachen, 1981 and 1982; Wang, 1981; Wicks, 1982 - 
Appendix 

0 

0 

4). The following are comments on these studies: 

The low+emperature leaching of glass and spent fuel are pertinent to 
the post-containment period when liquid water, rather than steam, will 
be present in a tuff repository. However, there is no information on 
the leaching/solubility of simulated aged waste glass compositions. 
Thus, the data obtained so far are not strictly relevant for 
addressing the NRC controlled release criterion. 

There are some data on steam/glass hydration effects (Bates, 1983 - 
Appendix 4). 
effects, they did not address the release of radionuclides by steam/ 
air environments in a tuff repository. 
since there is a possibil-ity that steam conditions will still be 
present after a 300-year containment period. 

Although they show the importance of surface alteration 

Such data will be required 

2.3.2 Container Evaluations 

Screening evaluations for tuff repository container materials were only 
recently completed (Russell, 1983 - Appendix 3). The four references include 
Types 304L, 316L, 321 stainless steel and Incoloy-825. These and other second- 
ary metals, such as carbon steel, were tested in water and steam environments 
to evaluate corrosion failure modes (McCright, 1983 - Appendix 3). At 100°C in 
tuff conditioned water several carbon steels suffered crevice attack but T304L 
and T316L show no crevice or local attack after 1000 hours. Slow strain rate 
tests in 15OOC tuff conditioned water revealed no evidence for embrittlement 
compared to air tests. 
y-irradiation but T304L stainless steel showed an increase. 
work are: 

Carbon steel corrosion rates appear to be unaffected by 
Comments on this 

0 These data are very preliminary since the test times are very short 
(1000 h). Since mechanisms such as stress corrosion may take years to 
appear, the work performed does not significantly reduce the potential 
for this failure mode in the light of data in the literature which 
show that the 300 series of stainless steels are susceptible to stress 
corrosion under conditions similar to those expected in tuff 
repositories. 

e Long-term gamma irradiation may cause nitric acid formation since 
N2/02 mixtures from the air are present and are known to form nitrogen 
oxides . 

0 Long-term tests (five to ten years) are needed to fully evaluate 
possible corrosion failure modes. 
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2.3.3 Packing Material Evaluations 

Packing materials being considered for a waste'package in a tuff repository 
include crushed tuff with or without a clay binder (Gregg, 1983 - Appendix 3). 
This will most likely be used for a spent fuel waste package only, since this 
waste form alone may not meet the NRC controlled release criterion. 
Significant work has been done on the radionuclide sorption capabilities of 
tuff (Serne, 1981 - Appendix 4 and Wolfsberg and others, 1981 - Appendix 3). 
However, work on tuff/clay composite packing does not seem to have been 
initiated. 
transport through a tuff packing material by steam-air transport mechanisms, if 
this environment is present after containment fails. Alteration of the packing 
during the high-temperature steam/air containment period must also be studied, 
including effects of nitric acid formation during gamma irradiation. 

A major effort will be required to evaluate volatile radionuclide 

2.4 Modeling of Waste Package Performance 

Many modeling efforts are in place within the DOE programs to evaluate 
waste package and near-field behavior. 
and capable of predicting long-term behavior, provided there is sufficient 
knowledge of the waste package design and near-field characteristics. For 
example, the HEATING5 code is capable of conducting one-, two-, and three- 
dimensional calculations on temperature distributions around glass and spent 
fuel waste packages in a basalt repository (Altenhofen, 1981 - Appendix 1). 
However, the accuracy of the temperature distributions depends sensitively on 
factors such as the thermal conductivity of the packing material. 
tant input data include inhomogeneities in the far-field geology and the need 
t o  couple heat and moisture flow effects. 

Some appear to be quite sophisticated 

Other impor- 

The BALANCE code was developed to calculate mass transfer for geochemical 
interactions in groundwater (Parkhust and others, 1982 - Appendix 4). It is 
based on quantifying chemical interactions between mineral phases, organic sub- 
stances and gases with groundwater. It is limited in usefulness, however, 
since the authors warn that the calculations are not totally constrained by 
thermodynamic criteria and there is a possibility that reactions which are 
energetically unlikely will indeed be predicted to occur. 

Another important code is EQ3/EQ6, developed to perform calculations on 
geochemical speciation and reaction paths in rock/water systems pertinent to 
waste performance assessment (INTERA, 1983 - Appendix 4). It appears to be a 
flexible and useful code but requires additional review to establish any limi- 
tations. 

A recent code for evaluating engineered barrier system performance is 
WAPPA. 
A-3167 (NuREG/CR-3091, Draft Report, 1985) program. It is composed of indivi- 
dual submodels including the Thermal Model, the Leach-and-Transport Model, and 
the Radiation and Attenuation Model. 

This has been independently reviewed by BNL staff as part of the FIN 

It is felt that there are many short- 
I comings in WAPPA and much additional work will be needed before it can serve as 

.< an effective and defensible performance assessment code. 

11 



In general, the importance of code development ‘cannot be overemphasized. 
It is through calculations that demonstration of compliance with regulatory 
criteria will be achieved. 
performance data must be obtained together with a knowledge of the dominant 
system failure modes and failure scenarios. 
accuracy with which a code can predict long-term behavior will be severely 
limited, even though the code itself might be technically excellent. 

Comprehensive and reliable barrier system 

Without such information the 

3. ACCURACY, RELIABILITY, AM) APPLICABILITY OF WASTE PACKAGE DATA 

After the general review of DOE data was completed in Appendices 1 through 
4, a more detailed assessment was made of the accuracy, reliability and 
applicability of selected publications. These are given in Appendix 5. 
Although general procedures for carrying out the tests are given, there is 
usually limited information on possible errors in measurements. 
systematic attempt to measure a particularGproperty using different test 
techniques to establish the accuracy of the techniques with respect to known 
standards. 

Nor is there a 

One of the most detailed studies on the precision of leach testing data 
was conducted by the Materials Characterization Center in which 25 laboratories 
carried out MCC-1 static leaching tests on standard glass specimens under a 
well-defined set of test parameters (Johnson, PNL-4249, 1982). It was found 
that an experienced laboratory could be expected to measure elemental mass los- 
ses with a precision of 6-11%. The relative between-laboratory precision was 
between 25-40%. Thus, under less-controlled test conditions one would clearly 
expect very large ranges of elemental leach rates because of different glass- 
surface-area-to-water-volume ratios, sample preparation techniques, water flow 
rates, solution analyses procedures, etc. , even if the.same glass composition 
and leachant were used. There is, therefore, an urgent need to accurately de- 
termine the anticipated waste package environment so that meaningful leaching/ 
solubility data can be obtained.for the waste form. This will necessarily in- 
clude the incorporation of appropriate test temperatures, aged waste form com- 
positions, the presence of container and packing components, relevant water 
chemistries, and extended test times to quantify radionuclide release rates. 
Similar statements are applicable to container and packing material testing. 

Even when tests are conducted according to well-defined procedures to in- 
crease accuracy and precision, there could remain significant uncertainties in 
the data obtained. 
include: 

The detailed reviews given in Appendix 5 show that these 

Testing under limited ranges of temperature and limited numbers of 
temperature, makes extrapolation and interpolation difficult. 

Testing under limited ranges of redox conditions also makes 
extrapolation and interpolation difficult. 

Too few replicate tests to check precision. 

Limitations in ability to quantify irradiation dose and dose rate 
effects using short-term laboratory tests. 

12 



0 Few very long-term tests to determine the validity of extrapolation 
procedures . 

0 Little information on the effects of long-term alteration and aging on 
waste package component properties . 

0 Few tests to evaluate interaction effects among waste package 
components and the near-field geochemistry and hydrology. 

0 No detailed in situ tests to correlate laboratory and field data. 

All of these factors must be addressed before the behavior of the waste 
package and near-field system can be adequately understood and modeled to 
predict whether compliance with NRC and EPA criteria can be met. 

4. WASTE PACKAGE ISSUES RELEVANT TO SITE SELECTION 

In addressing the relevance of performance data for the engineered barrier 
system with respect to the site selection process (i.e. the DOE EA program) two 
questions need to be addressed: 

1. Is the performance of the engineered barrier system sufficiently well 
known that its impact on the repository site can be accurately 
predicted? 

2. Are the adverse impacts of waste emplacement sufficiently severe to 
disqualify the site for further characterization? 

Clearly, from the literature reviews carried out in Appendices 1 through 5 ,  and 
the summaries given above in Sections 2 and 3, there is still great uncertainty 
in the performance of the waste packages. 
materials have been finalized, and appropriate performance data and performance 
assessment calculations have been made, the effects of waste emplacement on 
site suitability cannot be adequately quantified. Specifically, those aspects 
detailed in Section 1, above, on the Geochemistry and Rock Characteristics from 
the 10 CFR 960.5 site selection criteria can only be addressed peripherally at 
this time. It must, however, be recognized that in some cases a potential 
shortcoming in site geochemistry or in rock characteristics that might render a 
site less suitable for development can be overcome by a modified waste package 
design. For example, BWIP staff assumes that the environment in a basalt 
repository will be reducing so that container corrosion effects and 
radionuclide solubilities will be decreased. If further studies show that this 
is an incorrect assumption then the effects of the more oxidizing conditions 
can be minimized by selecting a higher integrity container material and a 
packing material that would be more effective in sorbing radionuclides. 
Nevertheless, each of the three repository host rocks have inherent advantages 
and disadvantages which are currently known. 
well as possible, using available data before a site can be recommended for 
continued development. 

Until waste package designs and 

These need to be addressed, as 

I A brief summary of these is given in Table 1 together - 
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Table 1. Potential advantagesand disadvantages of siting a waste repository in basalt, salt and tuff. 
-_ --- .- 

Host Rock Advantages Disadvantages Effects on Waste PI-.ckage Design 
- .  . . - _ .  . . - _ .  . . . -..- 

Basalt 0 

(Hanf ord) 

0 
0 

Salt 0 

(Generic) 0 

0 

0 

0 

0 

0 

Tuff 0 

(Topopah 
Spring) 

0 

0 

0 

0 

0 

0 

Located on federal 
land associated with 
nuclear activities 
Low population density 
Good radionuclide 
sorption behavior. 

Low water content 
Low water permeability 
Slow radionuclide re- 
lease to accessible 
environment 
High thermal conduc- 
tivity 
Self sealing by salt 
creep 
Simple mineralogy 
Easy mining 

Located on federal 
land associated with 
nuclear activities 
Low population density 
Low lithostatic stress 
Low water flow rates 
and simple hydrology 
Probably low radionu- 
clide release to ac- 
cessible environment 
Easy mining 
Good radionuclide sorp- 
tion behavior. 

0 Low thermal conductivity 
0 Basalt flows of limited repository environmenr. May need 

Relatively difficult t o  characterize 

sophisticated waste package design 
to compensate for uncertainties. 

thickness (but wide 
lateral extent) 

0 Complex mineralogy and 
hydrology 

o Difficult mining. 

0 Aggressive corrosion 
environment 

0 Complex gamma irradia- 
tion effects on brine 
and salt 

0 Potential for thermal 
release of acidic gases 

0 Bedded salt has limited 
thickness (but wide 
lateral extent.) Salt 
domes show opposite 
characteristics 

0 Purer salt has poor 
radionuclide sorption 
behavior. 

Relatively difficult to characterize 
brine chemistry. May need high in- 
tegrity container to prevent early 
loss of containment. The selection 
of a site with low brine content and 
low secondary mineral content will 
probably limit container/waste form 
corrosion and minimize gamma irradi- 
ation effects on salt and brine. 

0 Low thermal conductivity 
0 Limited thickness and 
moderate lateral extent container corrosion rate. 

0 Potential for HNO3 forma- 
tion due to radiolysis of 
air/steam/water mixtures 

0 Oxidizing conditions will 
probably increase radionu- 
clide solubilities and con- 
tainer corrosion. 

Oxidizing conditions and potential 
for HNO3 formation may increase 



with a very general outline of their impact on the design of the waste package 
system (a more complete comparison of the three host rocks may be found 
elsewhere (DOE/EA-0210, 1983)). The table shows that the basalt repository is 
possibly more difficult to characterize with respect to basic geochemical and 
hydrological characteristics. After waste emplacement, the nature of 
waste/rock interactions will probably also be more complex compared to salt and 
tuff environments. However, as mentioned above, there is no clear indication 
that Hanford basalt cannot be successfully utilized for waste isolation, 
although it may require more detailed laboratory and in situ testing to specify 
an engineered barrier system design that will counter deficiencies in site 
performance. 

5. CONCLUSIONS 

A general review has been carried out on reports and technical papers 
concerned with DOE research and development on engineered barrier systems 
pertinent to high-level waste repositories in basalt, salt and tuff. Much of 
the earlier work was in the form of screening studies on waste package 
components with the objective of selecting reference materials. 
firm selections for containers and packing materials have yet to be made but 
the waste forms are likely to be spent fuel and borosilicate glass. 

At this time, 

Most of the testing has centered on individual package components but 
there is some information on the effects of component interactions on waste 
form leaching and container corrosion. 
whole package testing work either in the form of laboratory tests or in situ 
evaluations. 
of waste emplacement on the geochemistry and rock characteristics of basalt, 
salt and tuff. Since these two geotechnical factors are included as DOE'S site 
selection criteria in 10 CFR 960, a complete rationale for selecting a 
particular site for further development cannot be made. Thus, one expects that 
those sites which appear to have the fewest limitations, based on limited 
available data, will be selected for additional study. 

Nevertheless, there is a severe lack of 

Because of this, there is very limited information on the effect 

The additional infoFtion which would be useful in an evaluation of the 
interactions of the immediate environment with the waste package includes the 
following which relate to the geochemistry and rock characteristic site 
selection guidelines in 10 CFR 960. 

a. Data are needed to quantify how early boiling of groundwater, and 
associated precipitation of dissolved solids, and host rock 
alteration, will change the composition of water subsequently entering 
a waste package borehole when boiling ceases. Major changes in 
repository water composition, pH and redox condition may render 
invalid much of the current waste package performance data. 

b. A more accurate quantification of the water ingress rate into the 
repository and the rate of pressurization is required. 

C. Information on the cracking of basalt and tuff host rock arising from 
repository excavation and the high temperatures caused by waste 
emplacement is needed. 
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e. 

f .  

g. 
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For b a s a l t  and salt i t  is known t h a t  the hor izonta l  component of the 
l i t h o s t a t i c  stress is much l a r g e r  than the v e r t i c a l  component. The 
e f f e c t  of the l a r g e  hor izonta l  stress on waste package/repository 
i n t e g r i t y  needs to  be addressed. 

Data are needed t o  assess the consequences of the r ecen t  announcement 
a t  the Hydrology Workshop i n  Seattle (reported by M. & N e i l ,  NRC) that 
the b a s a l t  repos i tory  horizon is expected t o  i n t e r s e c t  a b a s a l t  
flow-top. 
i n t r u s i o n  during repos i tory  operat ion and a f t e r  c losure.  

This w i l l  l e ad  to  a s i g n i f i c a n t l y  increased rate of water 

There is a need t o  o u t l i n e  the most l i k e l y  scenarios  f o r  engineered 
b a r r i e r  system fa i lure /degrada t ion  so t h a t  r e l evan t  performance 
assessment ca l cu la t ions  can be conducted. Without such information 
there , w i l l  be considerable  uncer ta in ty  i n  determining containment 
f a i l u r e  times, cont ro l led  release rates, and releases t o  the  
accessible environment. 

The ease of waste package retrieval w i l l  vary f o r  the d i f f e r e n t  hos t  
rocks. It seems to  be more d i f f i c u l t  f o r  a salt  si te s ince  the high 
temperatures during the repos i tory  operat ions period may cause the 
hos t  rock t o  creep towards the waste package, thereby s e a l i n g  i t  i n  
place i f  a borehole l i n e r  i s  not  used. A desc r ip t ion  is needed of the 
procedures to  be undertaken to  ensure ease of retrieval f o r  a l l  
candidate  sites. 

Documentation is required on pre-closure package and repos i tory  
monitoring procedures t h a t  w i l l  be needed t o  confirm t h a t  the 
repos i tory  and waste package are performing within es t ab l i shed  design 
limits. 

A t  t h i s  t i m e ,  i t  seems t h a t  the si te s e l e c t i o n  process, which is  c u r r e n t l y  
centered  on Environmental Assessment r epor t  ana lys i s ,  w i l l  no t  be dominated by 
engineered b a r r i e r  system f a c t o r s  s ince ,  i n  most cases, l i m i t a t i o n s  i n  the 
repos i tory  si te can be mit igated by changes i n  the design of the b a r r i e r  
system. Thus, there should be comprehensive research and development t o  
eva lua te  the i n t e r a c t i o n  of the engineered b a r r i e r  system and the hos t  geology 
s o  t h a t  f i n a l i z e d  designs can be establ ished.  
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A m O R :  M, Barnes (Fenn S t a t e  Uiziv] 

DATA SlIIQfARY: 
P r o p e m  and Farm of Data: 

X-ray dfffractogrm 



The pl-incipal niinnrals of Dascrlts DCR-i and DOli-3 arc st i l l  present 
a f t e r  llydrotherinal treatiiient up t o  400°C. 

with the exception o f  one i n  the longest run, 300°C for 56 days. There 
I s  not enough of this phase present to  give positive ident i f icat ion i n  
the b u l k  powder diffractogram. 

s t a t e  under some conditions, Because uranium and plutonium a r e  both 
f a r  more soluble i n  the +6 s t a t e  than i n  the +4 s t a to ,  the oxidation 
s t a t e  of the system basa l t  t waste t water is important. The b a s a l t  
f s  in  enormous excess and contains both ferrous and ferric iron in  its 
spinels and i n  augite. Together they should be the principal influence 
on the oxidation s t a t e  of the systom. 

Several further X-ray meosurenients-would bc useful : first, examina- 
t ion of spinels  i n  runs already made w i t h  2 percent water and w i t h  lox 
by weight wator; second, examination of runs made in an a l l - s t a in l e s s  
system; t h i r d  examination of the Umtanum Basalt from Umtanum Ridge; 
fourth, search for llmeni te a f t e r  further magnetic separation; and; 
f l f t h ,  look f o r  possibre changes in  both spinels  i n  order t o  follow 
the oxidation s t a t e  In basa l t  t waste t water. . 

No new phases have been obsorved 

The spinel magnett te-ulv’6spinel was observed t o  change oxidation 

L -  . . _ _  
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DOCUMENT REVIEW FORM 

AUTHOR: McCarthy, G. J., e t  al .  
TITLE: 

Interim Progress  Report  
Simulated High-Level Waste-Basalt I n t e r a c t i o n  Experiments Second 

REFERENCE: RHO-BWI-C-16, June 1978 

AVAILABILITY: Avai lable  

KEY WORDS: b a s a l t ,  HLW, hydrothermal i n t e r a c t i o n s  

DATA SUMMARY: 
Proper ty  and Form of Data: 

x-ray d i f f r a c t i o n : g l a s s ;  SEM:glass 
su r faces ;  d e s c r i p t i o n  of a l t e r a t i o n  products  

Materials and Specimen Geometry: 
76-68 glass; Hanford b a s a l t  ( i l in tunum)  

Tes t Conditions : 
1. 300° C: 300 bars ;  28 days: b a s a l t  Hanford water/waste form 
2. looo C and 300° C; 300 bars:  2-12 months du ra t ion  

COMMENTS ON DATA VALIDITY: 

g l a s s  i nc lud ing  s o l i d  phase a l t e r a t i o n  products  and a n l y s i s  of s o l u t i o n s  
fol lowing hydrothermal trea tment . 

Provides  d e t a i l e d  a n a l y s i s  of  the  hydrothermal a1 t e r a t i o n  of PNL 76-68 

The usefu lness  of t h i s  document is ques t ionable  given the  h ighe r  than 
expected temperatures  used. The s o l i d  phase a l t e r a t i o n  products observed may, 
however, be i n d i c a t i v e  of products  t h a t  may r e s u l t  over  long t i m e  per iods  and 
under less extreme temperatures.  These s t u d i e s  do not take i n t o  account  
r a d i o l y s i s / r a d i a t i o n  effects i n  the a l t e r a t i o n  process .  





DocuLIEm REVIEW FOBH 

AUTHOR: HcCarthy, G, J,, e t  al, (Pexm S t a t e  k i v )  

TITLE: Reaction of Water w i t h  a Simulated High-Level Huclear Waste Glass a t  
3OO0C, 300 Bars 

REFERENCE: RHO-BUZ-C-35, 1978 

AVAILABILITY: Available 

0 KEY IJORDS: waste glass, hydrotheIla2 interactions 

DATA SUMMARY: 
Property and Form of hta: 

Electron microprobe f o r  quantitative elemtental analysis; EDX and SEH 
provided qualitative elemental analysis; X-ray diffraction data on 
crystall ine phases; also ataaic e d s s i o n  spec. 

Materials and Specimen Gearetry: 
PNL-76-68 glass; spechens  were single shards broken f r o m  a layer 
fragment; u t  -30 mg 

Test C a d i  tions : 
Pressure: 
deionized water; experhents perfonaed in i n e r t  gold capsules; 
duration: 7 ,  14, 21 and 28 days. 

-30 bars; artificial Eanford water used as w e l l  as 

COMHENTS ON DATA VALIDI'iT: 
Temperatures investigated much higher than anticipated temperatures, 

Elemental composition varied by as much as 10-2oX of tbe base composition f o r  
76-68 glass due to the inclusions present, 
deionized water and the i r  "closed system" does not edse into account the ef- 
fects  of radiolysis on solubil€ties,  Under hydrothermal conditions, altera- 
tion is a major variable influencing the enhanced Leach rate, Since altera- 
tion is accompanied by complications such as stress generation, a delineation 
of the mechanisms involved i n  hydrothereal leachfng is not easi ly  achieved and 
was not attempted by t h i s  study, 

The experiments used predorinsntly 
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Terminal storage i n  underground rock formations i s  present1.y con- 
sidered the most feasible method of fsolat ing high-level nuclear power 
plant wastes f rom the biosphere. Among the candidates f o r  geologic 
repositories are the basalt formations underlying the Hanford S i  t e  
i n  eastern Washington State. One o f  the many factors that w i l l  need t o  bo 
considered i n  repository design ana i n  set t ing high-level waste form 
acceptance c r i  tor ia  i s  tho effects o f  the heat produced by radionuclide 
decay. Heat would have certain effects on the physical properties o f  the 
repository and, especially when combined with water encroachment, heat 
would promote cheinica I reactions w i  t h i n  the immediate reposi tory (1 ) . 
Exploring and then careful ly defining the effects o f  hot pressurized 
groundwaters on simulated waste forms such as spent fuel and high-level 
waste glass i n  a basalt repository are  the goals o f  a research project 
a t  The Pennsylvania State University (PSU). Research 04 th is  t.yoe i s  one 
o f  the ac t i v i t i es  of the Basalt Waste Isolat ion Program a t  Rockwell Hanford 
Opera t i  ons (2) . 
An important feature o f  the PSU research i s  concern for the products o f  re- 
actions as well  as the react iv i ty  of the waste form. Whether hydrothermal* 
reactions i n  a basalt repository would be beneficial or detrimental t o  
waste containment i s  primari ly a question o f  the long-term s t a b i l i t y  o f  
the reactions products. 
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DOCUMENT REVIEW FORM 

AUTHOR: McCarthy, G. J. and M. W. Grutzeck 

TITLE: Pre l iminary  Evaluat ion of t he  C h a r a c t e r i s t i c s  of Nuclear Wastes 
Relevant t o  Geologic f s o l a  t i o n  i n  Basalt 

REFERENCE: RHO-C-12, May 1978 

AVAILABILITY: Avai lable  

KEY WORDS: waste forms, b a s a l t  r e p o s i t o r y  environment 

DATA SUMMARY: 
Proper ty  and Form of Data: 

General review: thermodynamic s t a b i l i t y ,  chemical composition, 
leachab li ty 

Materials and Specimen Geometry: 
g l a s s  (76-68); spent f u e l ;  superca lc ine ;  specimen geometry n o t  
r epor t ed  

Tes t Condi t i o n s  : 
76-68-waste: l eachab i l i t y :  d i s t i l l e d  water; 25OC and 95OC; 
soxhle t; spen t  fuel: l eachab i l i t y :  25OC; Hanford groundwater and 
deionized water; time period n o t  s p e c i f i e d  

COMMENTS ON DATA VALIDITY: 

This  document l acks  any usefu lness  wi th  r e s p e c t  t o  c u r r e n t  e f f o r t s  f o r  
the fol lowing reasons: (1) The eva lua t ions  used r e s u l t s  based on d i s t i l l e d  o r  
deionized water f o r  t he  leach  tests. Such cond i t ions  are n o t  app l i cab le  t o  an 
eva lua t ion  of waste forms under a c t u a l  r e p o s i t o r y  condi t ions ;  (2)  The presence 
of  r a d i a t i o n  was n o t  taken i n t o  account  in these eva lua t ions .  Radio lys i s  
r e s u l t i n g  in an a l t e r a t i o n  of groundwater composition, in lcuding  s o l u b l i t y ,  
and the  l i b e r a t i o n  of gases w i l l  affect the  rates and extent of  leaching. 
temperature ranges used t o  eva lua te  the  candida te  waste forms do n o t  reflect  
the  range of temperatures l i k e l y  t o  be encountered under actual r e p o s i t o r y  
condi t ions .  In a d d i t i o n ,  the  lack of information as to  specimen geometry and 
t i m e  dura t ions  of tests adds t o  the  l a c k  o f  usefu lness  of  the  document. 

The 
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AUTHOR: McCarthy, G, J. e t  al, (Penn State) 

TITLE: Hydrothermal S tab i l i t y  of Spent Fuel and High Level Waste Ceramics  in 
the Geologic Repository and Environment 

BEFEREFICE: BHO-BUI-SA-12 A, April 1979 

AVAILABILITY: Abstract only 

KEY WORDS: spent fuel, borosil icate glass, hydrothermal conditions, basal t  

DATA SUMMARY: 
Property and F o w  of Data: 

reactivity; solution composition; a l t e r a e o n  properties 

Materials and Specimen Geometry: 
spent fuel, w a s t e  glass, supercalcine ceramic (geometry unspecified) 

Tes t Conditions : 
deionized w a s t e ;  Hanford gronndwa ter (artificial) , 100-300° C; 300 
bars; t i m e  period up t o  2 year. 

COHMENTS ON DATA VALIDITY: 

D a t a  not available f o r  comment; information tha t  supercedes this report  
indicates that test conditions may be appropriate as part of a screening 
effor t ,  however, conditions are not realistic and expected conditions are 
likely to change over time and include radiolysis effects,  

This report, as abstracted here, does not  appear useful i n  the overall 
review effort .  

This paper w a s  presented a t  the American C e r a m i c  Society Symposina 
Meeting, C i n c i n n a t i ,  Ohio, April 30, 1979, 



Terminal storage i n  underground rock formations i s  presently considered 

the most feasible method o f  i so la t ing  high-level nuclear power p lan t  wastes 

from the biosphere. One o f  the many factors that  w i l l  need t o  be considered 

i n  geologic reposi tory design i s  the e f fec t  o f  the heat produced by radio- 

nucl ide decay. Heat would have cer ta in  ef fects  on the physical propert ies 

o f  the repository rock and, i f  combined with the encroachment o f  water 

pressurized by the rock overburden, heat could promote chemical reactions 

w i th in  the immediate repository. 

water could give rise t o  hydrothermal* conditions. 

This combination o f  hot  and pressurized 

The occurrence of such a hydrothermal incident could have various ram- 

i f i ca t ions  f o r  nuclear waste isolat ion.  I f  containment o f  the wastes i s  

niaintained throughout the thermal period, then the solut ions would only a1 t e r  

the nearby rocko overpack, and so on. However, i f  the hydrothermal solut ions 

contact the waste due t o  breach of containment, a l t e ra t i on  o f  the waste and 
in teract ion with the repository environment could take place. (2)  

*The term "hydrothermal" i s  used here t o  denote reactions involv ing super- 
heated water; i .e. * reactions a t  any temperature above 100 degrees centi- 
grade where pressure i s  suf f ic ient  t o  m i n t a l n  H20 i n  the l i  uid phase. Note 

tures between 100 and 373 degrees centigrade are l'nesothermal ." that  i n  s t r i c t  earth sciences nomenclature, such conditions 3 nvolving tempera- 
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Both the ra te  and the products of these interact ions are, o f  course, 

strongly temperature-dependent, so increases i n  the volume of the waste 

(decrease i n  the concentration o f  waste f i ss ion  products i n  the waste) 

and/or tho reposi tory can be adopted t o  reduce temperatures. But, as tha 

authors have pointed out,'') t h i s  may not  be necessary i f  the a l te ra t ion-  

in teract ion products are themselves sui  tab le 'source terms. ' 
The research described here deals la rge ly  with the f i r s t  stage o f  

comprehenbive waste-rock hydrothermal in te rac t ion  studies , closed system 

waste-water reactions. Closed system experiinents are ideal  for exploring 

the r e a c t i v i t y  o f  so l id - l iqu id  systems and establ ishing the d i rec t i on  o f  

thermodynamic equi 1 i brium. The experiments simulate the case where super- 

heated water i s  admitted through a breached canis ter  and reacts w i t h  the 

waste i n  a region where the chemistry of the waste i n i t i a l l y  dominates the 

course o f  the reactions. Determination of the long-term reactions and the 

ul t inwte source teriiis requires experiments incorporating canisters and was- 

s ive excesses o f  the repository rock. 

experiments will be described t o  i l l u s t r a t e  the importance o f  these more 

cotitpiex studies i n  der iv ing waste form performance c r i t e r i a .  

I n i t i a l  resu l ts  from these waste-rock 

Experiiiiental coridi t ions included t-ra tures frorii 100 t o  300 degrees 

centigrade a t  300 bars pressure. Spent fuel and 2 simulated waste 

forms, a glass and a supercalcine-ceramic were t reated under these conditions 

w i th  deionized water (OW), an a r t i f i c i a l  Hanford ground water (HGW), and a 

brine. I t w i l l  be shown that, i n  the upper temperature ranye, spent fue l  

and supercalcine were la rge ly  unreactive with the OW and HGW, but  moderately 

react ive with the brine. The glass reacted read i l y  with a l l  solutions, but 

the. reaction mechanism d i f f e r e d  between the DW/HGW and the brine. Reaction 

rates, of course, decreased with decreasing temperature. 
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I t  w i l l  also be sham t h a t  when two non-evaporite rocks, basal ts ,  and 

shales  were incorporated into these  exwiolents, the reaction behavior i n  the 

trio cases was comparable. but. as ewgect@& t h e  resultant  source terms were 

qui te  different .  

This research i s  supported by the u- S- Department of Energy through 

the Office o f  Nuclear Waste Isolation and R~ckwell Hanford Operations. 



DOCUMENT REVIEW FORM 

AUTHOR: Smith, M. J. (P r inc ipa l  Author) 

TITLE: Engineered B a r r i e r  Development f o r  a Nuclear Waste Reposi tory in  
Basa l t  

REFERENCE: RHO-BWI-ST-7, 1980 

AVAILABILITY: Published 

KEY WORDS: b a s a l t ,  waste package, cor ros ion ,  b a c k f i l l ,  g l a s s  

DATA SUMMARY: 
Property and Form of Data: 

Corrosion data of candidate c a n i s t e r  m a t e r i a l  - i n / y r ,  swel l ing 
pressure and permeabi l i ty  of b a c k f i l l  MPa vs, ton/m3 - m / s  VS. 
ton/m3. 

Mater ia l s  and Specimen Geometry: 
Alloys of steel, titanium., chromium, n i c k e l  and zirconium, 

b o r o s i l i c a t e  g l a s s ,  Synroc, superca lc ine ,  bentoni te ,  z e o l i t e s .  

Tes t Condi t i o n s  : 
Single  and i n t e r a c t i v e  t e s t s  i n  simulated r e p o s i t o r y  condi t ions.  

COMMENTS ON DATA VALIDITY: 

This pub l i ca t ion  i s  a comprehensive compilat ion of da ta ,  i n t eg ra t ed  f o r  
the purpose of understanding the e f f e c t s  of i s o l a t i n g  nuc lea r  waste i n  the  
b a s a l t s  a t  the Hanford site. It contains  a considerable 'amount  of u s e f u l  da ta  
regarding c a n i s t e r  cor ros ion ,  physical  and chemical c h a r a c t e r i s t i c s  of back- 
f i l l  mater ia l s ,  l each  da ta  of rad ionucl ide  from waste forms i n  s imulated 
groundwater, and chemical and mineralogical  composition of s eve ra l  flows i n  
basa l t .  This r e p o r t  can serve a s  a use fu l  r e fe rence  f o r  eva lua t ing  the 
i s a l a t i o n  of nuc lea r  waste i n  a b a s a l t  repos i tory .  



DOCUMENT ABSTRACT 

This publ ica t ion  does not  contain an a b s t r a c t .  
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AUTHOR: Ames, L. L. and J. E. McGarrah (PNL) 

TITLE: High-Temperature Determination of Radionuclide D i s t r i b u t i o n  
Coef f i c i en t s  f o r  Columbia River Basalts 

REFERENCE: RHO-BWI-C-111, 1980 

AVAILABILITY: NTIS 

KEY WORDS: so rp t ion ,  b a s a l t ,  hydrothermal, cesium 

DATA SUMMARY: 
Proper ty  and Form of Data: 

Kd . 
Materials and Specimen Geometry: 

Tes t Condi t i o n s  : 
P: 6.9-27.6 MPa. 
T: 1500C and 3OO0C, 

COMMENTS ON DATA VALIDITY: 

A Kd represents an empir ica l  r e s u l t  t h a t  can be a f f e c t e d  by system vari- 
ab les .  
the  t e s t i n g ,  the  v a l i d i t y  of  t he  Kd value i s  open t o  quest ion.  The Kd va lues  
repor ted  f o r  Pu and Am are e s s e n t i a l l y  meaningless, because they are so l a rge ,  
e s p e c i a l l y  a t  h igh  temperatures.  
occurred even i n  the  absence of b a s a l t .  Both rad ionucl ides  were probably 
p re sen t  a t  pH 8.0 of  the  s y n t h e t i c  groundwater as c o l l o i d a l  polymers that  
tended t o  fu r t f i e r  polymerize and so rb  on s u r f a c e s  as a r e s u l t  of i n c r e a s i n g  
temperature and s o h  t i o n  i o n i c  s t r eng th .  This  process  cannot  be p rope r ly  
described by ion-exchange concepts  such as Kd. 

I f  a l l  components of the  system as i t  w i l l  exis t  are n o t  inc luded  i n  

Complete s o r p t i o n  on the  Teflon l iner  



T h i s  r epor t  discusses ini t ia l  results of the high-temperature 
sorptioh studies on Columbia River basalts. From the results, the 
following conclusions were made: 

a Cesium Kd temperature effects, used as an example of the high- 
temperature Kd experiments, showed that the techniques developed for 
the high-temperature Kd work yielded valid and reproducible Kd 
results. 

a The best techniques included frequent sampling at  temperature and 
pressure of  relatively h i g h  ch1oride.solutions over a 45- t o  60-d 
period w i t h  no agitation of vessel contents and use of a relatively 
large solution volume, heated externally i n  a Teflon-lined 
Inconel 600 pressure vessel. 

a Ini t ia l  temperature effects on the cesium Kd w i t h  basalts showed a 
decrease w i t h  increasing temperature to  15OoC. Above 150' to 
3OO0C, cesium Kd values increase, perhaps due to  sorption and 
removal on growing secondary mineral phases or incorporation i n t o  
secondary mineral s. 

a Pressure effects on cesium Kd values were found to be minimal 
between the 6.9 to  27.6 MPa (1,000 t o  4,000 l b / i n .  g) pressure 
range expected i n  a nuclear waste repository i n  basalt. 

2 
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AUTHOR: Barney, G. S., Wood, B. J. ' 

TITLE: I d e n t i f i c a t i o n  of Key Radionucl ides  in  a Nuclear Waste Repos i tory  
i n  Basalt 

REFERENCE: RHO-BWI-ST-9, 1980 

AVAILABILITY: Published 

KEY WORDS: migrat ion,  b a s a l t ,  commercial waste, s p e n t  f u e l  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

according t o  q u a n t i t y ,  t o x i c i t y ,  l each  rate and t r a n s p o r t  rate. 
Ranking system i d e n t i f y i n g  the degree of rad ionucl ide  hazard 

Materials and Specimen Geometry: 
Input  da t a  i s  based on waste from an LWR o r  PWR as a b o r o s i l i c a t e  

waste form and spen t  f u e l .  
us ing  the  code ORIGEN and t h e i r  t o x i c i t i e s  from the  recommended 
concent ra t ion  guide. 

Radionuclide q u a n t i t i e s  were obtained by 

T e s t  Condi t i o n s  : 

hazard rankings.  
a p p l i c a t i o n  of the s i n g l e  dimension t r a n s p o r t  equation. 

Hazard measure (HM) is obta ined  from the  sums of t he  i n d i v i d u a l  
Transport  da t a  i s  based on release rate and 

COMMENTS ON DATA VALIDITY: 

Radionuclides have been ranked i n  a descending o rde r  of t h e i r  hazard 
measure. 
r e p o s i t o r y  and t r a n s p o r t  p r o p e r t i e s  could a l t e r  the  o rde r  of the  list. The 
methodology seems appropr i a t e  b u t  t h e  procedure in the r e p o r t  raises ques- 
t i ons ,  e.g. the  fact  t h a t  leach  rate da ta  are based on the  use  of  deionized 
w a  ter. 

Addit ional  informa t i o n  concerning waste forms, geology of t h e  

A1-19 



RHO-EWI-ST-9 

ABSTRACT 

Radionuclides were identified- which appear t o  pose the greatest 
potential hazard t o  man d u r i n g  long-term storage o f  nuclear waste i n  a 
repository mined i n  the Columbia Plateau basalt formation. The c r i t e r i a  
used t o  select  key radionuclides were as follows: 

o Quantity o f  radionuclide i n  stored waste 
o Biological toxici ty  
Q Leach rate o f  the wastes i n t o  groundwater 
Q Transport ra te  v ia  groundwater f l o w .  

The waste forriis were assumed t o  be d ther  unreprocessed spent fuel or 
borosi 1 icate  glass conta in ing  reprocessed hi-gh-level waste. The nuclear 
waste coriiposition was assuiiied t o  be that  frorn a l i g h t  water reactor. 

Radionuclides were ranked according t o  quantity, toxic1 ty,  and 
release rate from the repository, These rankings were combined t o  obtain 
a single l i s t  o f  key radionuclides. The ten most important radionuclides 
i n  order o f  decreasing hazard are: 
230Th, *lOPb, '*'Sn, 79Se, and 242Pu. 
the design of engineered barriers should concentrate on containment of 
radionuclides i n  this l i s t ,  

99T13, 1291 9 -237Np, 226Ra, Io7Pd, 
Safety assessment studies and 



DOCUMENT REVIEW FORM 

AUTHOR: Komarneni, S r idha r ,  e t  al. (Rockwell Hanford) 

TITLE: Hydrothermal I n t e r a c t i o n s  of  Cesium and Stront ium Phases from 
Spent  Fuel  wi th  Basalt Phases and Basalts 

REFERENCE: RHO-BWI-C-70, March 1980 

A V A I U B I L I T Y  : Ava i l a b  le 

KEY WORDS: spent f u e l ,  b a s a l t ,  hydrothermal, cesium, s t ront ium 

DATA SUMMARY: 
Proper ty  and Form of Data: 

inves t iga t ed .  
d i f f r a c t i o n  and atomic abso rp t ion  spectrometry are presented. 

Hydrothermal s o l u b i l i t y  determined/s t a b i l i  t y  of t h e  phases 
Elemental and phase composition r e s u l t s  from X-ray 

Materials and Specimen Geometry: 

Cs2U207 and SrZr03 (synthes ized) .  
Natural and s y n t h e t i c ' b a s a l t ,  -200 mesh ((75 urn) reac ted  with 

Tes t Condit ions : 

3OO0C f o r  28 days, r eac t ed  i n  sea l ed  gold capsules .  
Pressure:  300 ba r s ,  temperatures:  2OO0C f o r  56 days, 

COMMENTS ON DATA VALIDITY: 

T e s t  temperatures are h ighe r  than a n t i c i p a t e d  under actual r e p o s i t o r y  
condi t ions  . 

Decreasing s o l u b i l i t y  of Cs w i t h  inc reas ing  temperatures i s  quest ionable .  

Elevated oxygen p r e s s u r e  prevalent during the  experiments i s  n o t  l i k e l y  
t o  be p re sen t  under a c t u a l  r e p o s i t o r y  condi t ions .  

Water used i n  the  experiments does not reflect  the chemical composition 
of groundwater exposed t o  a r a d i a t i o n  f i e l d  such as is  l i k e l y  t o  be p r e s e n t  
under actual condi t ions .  Changes due t o  r a d i o l y s i s  w i l l  a l t e r  s o l u b i l i t y  
r e s u l t s .  
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AUTHOR: Kupfer, M. J. and Palmer, R. A. 

TITLE: Physical and Chemical Characterization of Borosilicate Glasses 
Containing Hanford HLW 

REFERENCE: RHO-SA-189, October 1980 

AVAILABILITY: Published 

KEY WORDS: borosilicate glass, leach resistance, phase separation, 
mechanical strength, thermal analyses, Hanford waste 

DATA SUMMARY: 
Property and Form of Data: 

Composition of waste/glass (wgt X), leach resistance (X wgt loss), 
thermal characterist ics (e.g. melt temp.), thermal conductivities 
(w/mK), crystall ine phases, thermal expansion coefficient. 

Materials and Specimen Geometry: 

rods;  3. Conductivity - s o l i d  pieces; 4. Phase analysis - samples 
cooled a t  ra te  of lS°C/hr from 1100 t o  40OOC. 

1. Leach specimens - crushed glasses; 2. Thermal expansion - 5 cm 

Test Conditions : 

a t  25OC i n  DIW; 2. Thermal expansion - 5 cm rods,  250°C-3500C; 
3. Thermal conductivity - s o l i d  pieces, 25OC, l lO°C,  30OoC. 

1. Leaching - DIW, 1 M "03, 1 M NaOH, soxlet t e s t  a t  95OC, 

COMMENTS ON DATA VALIDITY: 

For specimens studied, leach resistance found to increase with decreased 
waste loading. Devitrification studies done isothermally and some glasses 
show development of crystall ine phases. In glasses showing development of 
crystalline phases, leach ra te  increases from 1.5 -> 5 X. Data serves t o  
compare potential resistance of different glass-waste compositions . 
indicates changes induced by devitrification. 
repository conditions. 
for components released. 

Data also 
Data not applicable t o  expected 

No groundwa ter/reposi tory water leach data o r  anlayses 



Scouting studies are  being performed to  develop and evaluate s i l i -  
cate glass forms f o r  inmobilization of Hanford high-level wastes. De- 
ta i led knowledge of the physical and chemical properties of these glasses 
is required to  assess the i r  sui tabi l i ty  for  long-term storage or disposal. 

Some key properties t o  be cons:dered i n  selecting a glass waste 
Form include leach resistance, resistance t o  radiation, microstructure 
[includes devi t r i f icat ion behavior or c rys ta l l in i ty)  , homogeneity, vis- 
cosi ty, e lectr ical  res i s t iv i ty ,  mechanical ruggedness, thermal expansion, 
thermal conductivity, density, softening point, annealing point, s t ra in  
point, glass transformation temperature, and refractive index. Other 
properties t ha t  are important during processing .of the olass include 
volat i l izat ion of glass and waste components, and corrosivity o f  the 
glass on miter components. 

Experimental procedures used to  characterize s i l i c a t e  ‘waste crlass 
forms and typical properties of selected glass compositions containing 
simulated Hanford sludge and residual l i qu id  wastes a re  presented. A 
discussion of the significance and use of each measured property i s  
a1 so presented. 
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AUTHOR: Pitman, S. G., B. Griggs and R. R. Elmore (PNL) 

TITLE: Evaluat ion o f  Metallic Materials f o r  U s e  in Engineering B a r r i e r  
Sys tems 

REFERENCE: PNL-SA-8939, November 1980 

AVAILABILITY: Avai lable  

KEY WORDS: HLW, cor ros ion ,  metals, a l l o y s ,  b a s a l t ,  b r i n e s  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Chemistry of leach  so lu t ions ;  V-notched specimen tensile,  impact 
and f r a c t u r e  roughness tests; weight  change d a t a  and ex t r apo la t ions .  

Materials and Specimen Geometry: 
Crushed b a s a l t ;  V-notched and p l a t e s  used; 304L SS; 316L SS; 

321L S/S; 405L S/S; 410L S/S; Inconel  600, 625, 800; T i t a n i u m  2, 12, 
6AL-4V; Zi rca loy ,  cast i r o n ,  copper. 

Tes t Condi t i o n s  : 

25OoC/ t e n s i l e  tes ts  - 20-250OC V-notched specimens t e s t e d ;  f a t igue -  
crack-growth rate tests - 90°C; co r ros ion  tests dura t ion  - 20-72 days. 

Hanford b a s a l t  groundwater; NaCl-MgC12 b r ine ;  au toc lave  - 5.52 MPa; 

COMMENTS ON DATA VALIDITY: 

The co r ros ion  da ta  w a s  conducted i n  s imulated Hanford groundwater a t  
15OOC.  
meta l /a l loys  b u t  does n o t  represent cond i t ions  Likely t o  be encountered under 
a c t u a l  r e p o s i t o r y  condi t ions .  The c o n t a c t i n g  s o l u t i o n  is l i k e l y  t o  undergo 
several changes in chemistry over  to  ope ra t ions  and pos t-emplacement per iod as 
a r e s u l t  of r a d i o l y s i s  and a l t e r a t i o n  product  (hos t  rock) formation. 

This type of t e s t i n g  is u s e f u l  in screening  a v a r i e t y  of  candida te  

The tes t  r e s u l t s  i n  t h i s  r e p o r t  appear too  prel iminary f o r  u s e f u l  
a p p l i c a t i o n  i n  c u r r e n t  review e f f o r t s .  
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AUTHOR: Scheetz,  B. E., e t  al. (PSU) 

TITLE: Hydrothermal I n t e r a c t i o n  of Simulated Nuclear Waste Glass i n  the  
Presence of Basalts 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vo l .  2,  
Plenum Press ,  N.Y., 1980, pp. 209-214 

AVAILABILITY: Publ ished 

KEY WORDS: b a s a l t ,  g l a s s ,  hydrothermal r e a c t i o n ,  reaction products ,  
s o l u t i o n  composition, Cs ,  S r ,  Ba,  Ca ,  N a ,  Si 

DATA SUMMARY: 
Proper ty  and Form of  D a t a :  

Glass -basa l t  hydrothermal r eac t ions .  I n t e r a c t i o n  products  
i d e n t i f i e d  and quan t i f i ed  and concen t r a t ions  of N a ,  Rb, Cs and U in 
s o l u t i o n  were measured . 
Materials and Specimen Geometry: 

( a )  Intimate mixtures  of Umtanum b a s a l t  and 76-68 g l a s s  powders. 
(b) Large pieces of the  same materials. 

Tes t Condit ions : 

exposed in gold l i n e d  capsules  f o r  pe r iods  up t o  4 months. 
Hydrothermal condi t ions  (3OO0C, 300 b a r s )  were used. Samples 

COMMENTS ON DATA VALIDITY: 

The work v e r i f i e d  the  importance of the FeSt-/Fe* con ten t  of b a s a l t  
in a l t e r i n g  the  ox ida t ion  state, and hence s o l u b i l i t y  o f  U. 
b a s a l t  su r f ace  area ra t ios  Weeksite was formed and the U6+ c o n t e n t  w a s  n o t  
s i g n i f i c a n t l y  a l t e r e d .  
was reduced. 

For l a r g e  g l a s s /  

In the  presence of abundant b a s a l t ,  however, t h e  U6+ 

Basalt increases t h e  C s  release rate by a f a c t o r  of 2-4 b u t  reduces t h e  
loss of S r ,  Ba ,  Ca ,  N a  and Si. Thus b a s a l t / g l a s s  effects are v e r y  important.  

These d a t a  are extremely va luab le  since they d i r e c t l y  address  s y n e r g i s t i c  
e f f e c t s  of waste package components. 



IIOCUMENT AJISTRACT 

Cliemicul analyeca of tho solut ions indicated that tho pcrcent- 
ages of CB released from glass i n t o  solution a t  looo o r  300% in- 
creased by a fac tor  of 2 t o  4, while Sr, Uu, Ca, NR and Si SUC'IR tcr 
IIOVC? decreased t o  v u r l o u ~  extuiice I n  tho pcesonco of baealt. The 
pr incipal  conclusion which results from those s tudies  1s tha t  basalt 
has a marked influence on the hydrothoraral a l t e r a t ion  behavior of 
the glass waste form. Not only does I t  cause new a o l i d  phatrca to  
EOFID, but It: also aaoditlos tliu solut ion choldstry significantly.  
In  par t icu lar ,  i t  seeme t o  increase tho amount of Cs which is takea 
i n t o  solut ion,  a r e su l t  which requires more careful  investigation. 

One important r e su l t  of these experiments is the ver i f ica t ion  of 
the oxygen buffering capacity o f  the ferroua/ferr ic  content of t h e  
basalt and i t a  e f f ec t  on tho uranium cornponont of the waste glass. 
Where the glass was the most reactive material, a8 i n  the experimenta 
with l i d s  of low surface area, weeksite was formed, indicating tha t  
the Ut' content was not ef c t ive ly  reduced. 1bW@VCr, where the sur- 
face area was large, the U" component was reduced, preventing tho 
foraation of waeksite. 

The so l id  phase characterization has revealed several compounds 
from the long duration funs tha t  were not observed i n  products of the 
shorter runs. New phases such os Quartz, ortiroclaso, pol luci te  and 
villemite were found. The presence of these phaees may be indicat ive 
of a c loser  approach t o  equilibrium, or a t  least  an indication of 
phases which are more s t ab le  i n  tho presence o f  basal t  than i n  its 
absence . 

" I I.. , - - : 



AUTHOR: 

TITLE: 

REFEBENCE: 

DOCUMENT REVIEW FORM 

Altenhofen, M, K. 

Waste Package Heat-Transfer Analysis :  Model Development 
and Temperature Es t imates  f o r  Waste Packages i n  a Reposi- 
t o r y  Located i n  B a s a l t  

RHO-BWI-ST-18 (October 1981) 

AVAILABILITY: Nat iona l  Technical Information Service,  
Sp r ing f i e ld ,  VA 22161 

KEY WORDS: Thermal, Model, Package, Basa l t ,  Beat 

GENERAL COMMENTS: The au tho r  presents  thermal ana lyses  of v e r t i c a l l y  enr  
p l aced  waste packages i n  Umtanum b a s a l t  based on t h e  h e a t  
conduction code BEATINGS. The a u t h o r  assumes a quasi-  
s teady-s ta te  equi l ibr ium cond i t ion  i n  the  package and then  
examines acceptable  ways t o  determine the  r e f e r e n c e  
temperature  of the  edge of t h e  emplacement hole .  I n  order  
t o  do t h a t ,  the author compares the  p r e d i c t i o n  of  3-D, 2-D 
and I-D ca lcu la t ions .  It t u r n s  o u t  t h a t  a 3-D model f o r  
the  f a r - f i e l d  i s  needed dur ing  t h e  f i r s t  100 y e a r s  a f t e r  
emplacement. Later  on a 2-D model can do. A I-D model 
could be =sed a f t e r  a few thousand years ,  

Regard less  of whether t he  analyzed des igns  and emplacement 
o p t i o n  a r e  s t i l l  pursued by DOE for the  BWIP s i t e ,  the  re- 
p o r t  i s  a good i l l u s t r a t i o n  of an accep tab le  methodology 
f o r  coupl ing near- and f r r - f  i e l d  models ri thout  sac- 
r i f i c i n g  accuracy t o  cos ts .  Also, the conclus ions  reached 
by t h i s  author  a re  noteworthy, L e . ,  (1) inhomogeneities 
of t he  f a t f i e l d  should be inco rpora t ed  i n  f u t a r e  s tud ie s ,  
however they do not c o n s t i t u t e  a p r i o r i t y  i s sue ;  (2)  
coupl ing of hea t  and moisture  flow w i t h i n  t h e  waste  
package packing and i n  the ve ry  n e a r f i e l d  b a s a l t  should 
be a p r i o r i t y  i ssue ,  as peak waste package t e r p e r a t u e s  
are  ve ry  s e n s i t i v e  t o  the t h e r m 1  c a d u c t i v i t 7  of paeki rg  
m a t e r i a l s  . 



RHO-BWI-ST-18 October 1981 

DOCUMENT ABSTRACT (Abridged) 

Heat-transfer analyses were performed for three nuclear waste types whioh 
exhibit different charncteristics-commercial and defense high-level waste 
(both ixaobilized in borosilicate glass) and spent-fuel elements. The watte- 
isolation system parameters used in these analyses reflect the current concept- 
ual designs for a high-level nuclear waste repository constructed in basalt. 
Details of the thermal properties of the host rock and waste package relevant 
to a repository in Columbia River basalt and the relevant properties of the 
waste forms themselves are presented and discussed. 

The physical layout of the nuclear waste repository was modeled using the 
heat-oonduction computer code, HEATINGS. This code uses the Crank-Nicolson 
finite-difference method to evaluate transient temperature behavior. Tran- 
sient- heat-transfer analysis is necessary because the heat generated by 
nuclear waste'varies with the radioactive decay of fission products. 

The results of one-, two-, and three-dimensional models were integrated 
to produce an accurate estimate of waste package/host rock-interface tempera- 
tures as a function of time. 
vided the most accurate estimate of temperstare behavior very near the waste 
package. 
the two-dimensional results are equivalent to the three-dimensional results 
for positions 2 2.14 m from the waste package row centerline. 
the one- and two-dimensional model results beyond 500 yr of storage indicates 
that the one-dimensional results are equivalent to the two-dimensional results 
for positions 2 4.9 m above the waste pac3rrrg.e. 
models always underestimate the temperatures near the waste package; however, 
at times >1,000 pr, the error becomes insignificant. This error is primarily 
due to the fact that in the simpler model the heat source is distributed over 
a much larger volume. 

The more precise three-dimensional model pro- 

A comparison of the two- and three-dimensional models indicates that 

Comparison of 

The one-and two-dimensional 

In order to use the results of one- and two-dimensional models, far- and 
nearfield-temperature estimates were used to determine hole surface tempera- 
tures beyond the time for which the three-dimensional model is used (100 yr). 
Linkage was provided by extrapolating the short-term transient gradient be- 
havior from the three-dimensional model to the long-term gradient behavior 
calculated using a quasi-steady-state relationship for t single cylindrical 
heat source in basalt. 
proach the quasi-steady-state gradient. 
behavior was used to estimate: emplacement hole temperatures from two- 
dimensional model results. Waste package internal temperatures were thes 
evaluated by applying quasi-steady-state conditions between the emplacement 
hole surface and the waste package materials. 

At low-heat strength, the transient gradient will ap- 
The extrapolated transient gradient 

The results of this analysis indicate that peak temperatures and the 
times for which they occur at the waste package centerline, canister, and em- 
placement hole surface are 426OC (2.5 yr), 362OC (3  yr)*  and 255OC (4.5 yr) 
for commercial high-level waste; 178OC (22 yr), 172OC (23 yr), and 164W (26 
yr) for defense high-level waste; and 269OC (4 yr), 264OC (4 yr), and 
191OC (7 yr) for spent-fuel elements. 
characteristics of each of the waste types and the emplacement configuration 
of each of the waste packages. 

These. results refleot the decay-heat 
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AUTHOR: Anderson, W. J.) PNL 

TITLE: Corrosion Tests of  Can i s t e r  and Overpack Materials i n  Simulated 
Basalt Groundwa ter 

REFERENCE: RHO-BWI-ST-15, 1981 

AVAILABILITY: Published 

KEY WORDS: b a s a l t ,  canister, cor ros ion ,  groundwater 

DATA SUMMARY: 
Proper ty  and Form of D a t a :  

visual observa t ion  of t he  test  specimens f o r  corrosion.  
Weight change measurements expressed i n  mg/dm2 in  a d d i t i o n  to  

Materials and Specimen Geometry: 

Z i r ca l loy  - s h e e t  3/4"x4". 
Inconel ,  Has te l loy ,  Ti tanium, Fer ra l l ium,  Cupronickel and 

T e s t  Condi t ions : 

environment - s e p a r a t e  tests wi th  v a r i a b l e  pH f o r  a 60 day per iod,  
Autoclave, 25OoC, 5.8 MPa, s imulated groundwater, anoxic  

COMMENTS ON DATA VALIDITY: 

The resu l t s  i n d i c a t e  t h a t  s imulated groundwater wi th  varying levels of 
oxygen is  n o t  h i g h l y  co r ros ive  t o  t h e  materials t e s t e d ,  wi th  the  except ion of 
the  cupronickel  a l l o y s .  These a l l o y s  showed s i g n i f i c a n t  co r ros ion  a t  h ighe r  
oxygen levels du r ing  t h e  60 day t e s t ,  

The da ta  appears  app l i cab le  b u t  does n o t  i nc lude  probable s y n e r g i s t i c  
r epos i to ry  effects. 



DOCUMPWT ABSTRACT 

RHO-BW 1-ST-15 

ABSTRACT 

Corrosion tests of candidate container materials for nuclear waste in 
a simulated basalt environment are in progress. Test condltions in the 
first series of autoclave tests were 250OC tempera re, 5.8 MPa pressure, 
with simulated groundwater (oxygen fugacity ca IO-@ MPa, pH ca 9.5). 
Control of oxygen fugacity of the water was obtained by use o f  an argon/ 
hydrogen mixture in the test chamber and in the solution reservoir. 
Periodic sampling and analysis of the test solution were used to inonitor 
the efficacy of the control of water chemistry and the products o f  speci- 
men corrosion. Materials placed under test included titanium, nickel, 
copper, and iron-based alloys identified as potentially useful ,for either 
canister or overpack containers in the engineered barrier system concept. 
Results regarding control o f  water cainposition and iiiaterial corrosion in 
the initial phase of tasking are presented. 
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DOCUMENT REVIEW FORM 

AUTHOR: Barney, G. S. 

TITLE: Radionuclide React ions wi th  Groundwater and Basalts from Columbia 
River Basalt Forma t ions  

REFERENCE: RHO-SA-217, 1981 

AVAILABILITY: NTIS 

KEY WORDS: so rp t ion ,  b a s a l t ,  Kd va lues  

DATA SUMMARY: 
Proper ty  and Form of Data: 

KD 

Materials and Specimen Geometry: 
Basalt, a l t e r e d  b a s a l t ,  secondary minerals, crushed. 

T e s t  Condi t i o n s  : 
Ambient. 

COMMENTS ON DATA VALIDITY: 

In genera l ,  s o r p t i o n  of each rad ionucl ide  increases i n  the  order:  
b a s a l t  C a l t e r e d  b a s a l t  < secondary minerals .  
complexity of  mechanisms t h a t  are ope ra t ive  i n  rad ionucl ide  s o r p t i o n  reac- 
t ions .  However, the  d a t a  w a s  obtained under ambient condi t ions  and d id  n o t  
inc lude  o t h e r  materials which w i l l  be present i n  the  r e p o s i t o r y  s i t u a t i o n .  

This  document conveys t h e  



Several conclusions can be made concerning the me.chanisms of radionuclide 
sorption reactions i n  Columbia River basal t  formations. Cesium sorption on 
the solids is by ion oxchange w i t h  possibly some Cs' "fixed" i n  mfca-like 
minerals. Both k and N2H: ions can replace p a r t  of the sorbed Cs. Sorption 
is very extensive for both altered basalt and secondary mincrals. I: slow 
diffusion of Cs' into secondary mineral sorption sites continues over many 
weeks af ter  an Init ially rapid sorption reaction. 

except when Sr concentrations are high and Sr is precipitated. Sodium and 
Ca2' ions effcctively complete w i t h  Sr for sorption sites. In Grande Ronde 
groundwater Na' concentration is much higher than  Ca2' and therefore, Ne' 
dominates the exchange reactions. Becausrr o f  slow dissolution of Cat' and 
Mg2' from basalt, S r  is slowly desorbed o m  a period of s20 weeks., 

Under the Eh conditions of Grande Ronde ,basalt formations, Np should 
exist as Np[IY). Using a hydrazine Eh buffer, Np(1V) was found to  sorb 
much more stron ly t han  Np(V). Bicarbonato decreases sorption b formlng 
Np(C03); (4-2x9 coniplexes. Large differences i n  Na*, K', or Ca concentra- 
t ion  had no effect on Np sorption indicating that Sorption is  not by ion 
exchange. Additional evidence for t h i s  conclusion is the fuct that lJp(1V) 
sorption on secondary minerals (which had the highest ion exchange capacity) 
was the weakest o f  the soltds measured. Neptunium(1V) must be chemisorbed 
on the mineral surfaces. 

The oxidetlon state of Pu i n  basalt is probably Pu(1V). Plutonfum(1Y) 
is much more strongly sorbed than the higher oxidation stales. Calcium and 
sodium sal ts  increase sorption by formtion of insoluble Pu compounds. These 
may be slightly soluble double salts such as CaPuF6 or NaPuF5. As for Np, 
no widencc for ion exchange of Pu on minerals surfaces was found. 

Americidm solubility and sorption are strongly influenced Mg2'. The 
solubility is lwered and sorption is increased when 318' is present. It 
appears that An foms an insoluble comp.oynd wi th  Mg. Bicarbonate and SO 
decrease w;p'.ion due to  formation of complexes such as A m C O c  and h S U 4  . 
conditions o f  a basalt formation. A possible species is Tc02' whlch is 

Strontium sorption appears to be s t r ic t ly  a simple ion exchange reaction, 

$+ 

t - 
Technetium probably exists i n  the i 4  oxidation state under the reducing 
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I 

strongly sorbed on the three solids studied. The only s igni f icaht  parameter 
found was the Eh buffer, hydrazine. which reduced Tc04- to  Tc(fV). 

from the standard half-cell potentials.  Selenium does not  sorb by anion 
e#change, but by chemisorption or precipitation, Caicium increases sorption 
probably by formation of a Case compound. Carbonate decreases sorptjon iy 
,making Ca2+ unavailable by.forming complexes such as CaHCO: and CaC03 . 

As might be expected, Ra sorption i s  similar t o  tha t  o f  Sr. Cation 
exchango is tho main sorption mechanism, Sodium ion and k both compete 
w i t h  Ra far sorpt ion sltes.  

A l l  sorpt ion react ions studied t h u s  far  can be accirrately described 
using the Freundlich isotherm, except when prec ip i ta t ion  occurs, These 
Isotherms can be used t o q u a n t i f y  sorpt lon and to  determine a t  whfch point  
prccipi t a t i o n  becomes important far various radionucl ide-groundwater-sol i d  
systems. 

Kinetlcs studies show t ha t  most sorption react ions are r e t a t fve ly  fast. 
However, some groundwater-geologic s o l i d  react ions air, slow and can in- 
fluence sorption by dissolut ion o f  solid components. These are most im- 
portant for react ions w l t h  secondary minerals which am not  near equilibrium 
w i t h  Grand Ronda groundwater. Altorcd basalt, howver, comes very close to  
belng i n  equilibrium wi th  this groundwater. 

' 

0 
Seleni te  ion, SeOt-, was not reduced t o  Se by hydrazine as expected 

0 
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DOCUMENT REVIEW FORM 

AUTHOR: Coons, W. E. 

TITLE: Basalt Waste I s o l a t i o n  P r o j e c t  Data Package f o r  Reference 
Physicochemical Conditions 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, V o l .  3, 1981 

AVAILABILITY: Published 

KEY WORDS : b a s a l t ,  groundwater, temperature 

DATA SUMMARY: 
Proper ty  and Form of  Data: 

pH , Eh(V) , temperature (OC) - hydros ta t i c  and l i t h o s  ta t i c  p res su re  
(ba r s ,  p s i ) .  

f02, Eh and pH as a func t ion  of temperature.  Log f02 (atm), 

Materials and Specimen Geometry: 

d e t a i l s  given - R e f .  RHO-BWI-ST-7. 
F i e l d  measurements, experimental t e s t i n g  and c a l c u l a t i o n s  - no 

Tes t Conditions : 

"thermal period." 
Calculated f o r  r e p o s i t o r y  "period of geolgoic  cont ro ls"  and 

COMMENTS ON DATA VALIDITY: 

Groundwater compositions used in  the  test  are repor ted  t o  be i n  agreement 
wi th  USGS data .  
ture and a maximum l i t h o s t a t i c  pressure  of  300 b a r s  for  the  ope ra t iona l  and 
containment per iods  of a b a s a l t  repos i tory .  The r e p o r t  states t h a t  pH w i l l  
f unc t ion  as the  r a t i o  of rock t o  water changes, i.e. t he  pH w i l l  be lower when 
groundwater is dominant and w i l l  increase when the rock  i s  dominant. The da ta  
i s  more r e a d i l y  app l i cab le  t o  a stagnant system and less p red ic t ab le  where 
groundwater is  f r e e l y  flowing. 

The fO2, pH and Eh were ca l cu la t ed  as func t ions  of tempera- 



IlOCUMEWT ADSTRACT 

AUSTRACT 

This package def ines  the physicochemical conditions expected 
to  prevail i n  a closed nuclear waste repository mined from 
Columbia River Rasalt. Estimates have been derived from experi- 
mental data, in-s i tu  measwements, o r  khennodynamic calculations. 
Equation6 ore provided from ostimntion of  fop, Eh and pit ati a 
function of temperature. Expected conditions are surmnarized below. 

Ternper- Equili- log Oxygen 
a tu re  b r i m  pH Fugacity (atm) Eh(V) 
0 

Period of 
Ccologic Controls 65 9.4 -64.5 t o  -67.15 -0.50 to  -0.54 

Tliermal Period 100 8.7 -57.8 t o  -60.0 -0.49 t o  -0.53 
150 7.9 -49.6 t o  -51.8 -0.48 to -0.53 
200 7.2 -43.3 'to -45.4 -0.47 t o  -0.52 
250 6.7 -38.3 eo -40.2 -0.48 t o  -0.52 
300 6.2 -34.1 t o  -35.9 -0.45 t o  -0.51 
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DOCUMENT REVIEW FORM 

AUTHOR: S a l t e r ,  P. F., L. L. Ames, J. E. McGarrah (Rockwell Hanford) 

TITLE: The Sorp t ion  Behavior of Se lec ted  Radionucl ides  on Columbia 
River  Basalts 

REFERENCE: RHO-BWI-LD-48, Informal Report ,  August 1981 

AVAILABILITY: NTIS 

KEY WORDS: Umtanum b a s a l t ,  s o r p t i o n ,  Kd, hydrothermal condi t ions  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

Sorp t ion ,  Kd values f o r  I, Se, Tc, S r ,  Cs, U, Ra, Pu, Am, Np. 

Materials and Specimen 'Geometry: 
Columbia River b a s a l t s  - 0.30 t o  0.85 mm. 

T e s t  Conditions : 

Eh (reducing and oxid iz ing)  - -.4V (15OoC, 6.9 MPa) and (3OO0C, 
27.6 MPa), 60 day. 

E f f e c t s  of temperature,  p ressure ,  groundwater composition, and 

COMMENTS ON DATA VALIDITY: 

Based on the  so rp t ion  da ta  presented,  i t  appears  t h a t ,  under the expected 
ambient r epos i to ry  cond i t ions ,  t he  Columbia River b a s a l t s  are capable  of 
s t r o n g l y  r e t a r d i n g  C s ,  S r ,  R a ,  and Np migra t ion  and moderately r e t a r d i n g  U, 
Tc, and Pu migration. 
t he  migrat ion of I and Se. It should be no ted  t h a t  Kd values are empi r i ca l  
and may va ry  depending on what environment is occurr ing.  
t e s t i n g  cond i t ions  and s p e c i f i c  reference basalts should be used. 

The b a s a l t s  are not capable  of s i g n i f i c a n t l y  r e t a r d i n g  

Whole package 

A1-39 



IIOCUMENT AIlSTRACT 

Radionuc! !de distribution ratios provide one means of evaluating 
the Ebility of  a geologic substrate to retard the migration of key radio- 
nuclides to the accessible environment from a repository mined in basalt. 
Due to the empirical natufe of the Kd value, it is necessar that radio- 
expected repository environment as closely as possible. Radionuclide 
Kd values determlned for 1, Tc, Np, Se, U, Ra, Pu, Am, Cs, and Sr unrier 
oxidizing and, where applicable, reducing conditions for the Columbia 
River basalts indicate: 

nuclide Kd values be determined under conditions which simu T ate the 

(1) Iodtne is present as'a simple unconiplexed anion and is poorly 

(2) Cesium is present as a simple rincomplexed cation and is strongly 
sorbed by the basalts. 

sorbed by the basalts. Cesium Kd valiics vary with tamporature as 
a function of changin competing ion concentrations and secondary 

(3) Strontium, Ra, and Se (oxidizing cmditions) sorptian is probably 
react i ons (new mi nera B f oma t i on) . 
a combination of ion exchange and Ghemisarption. Strontium an3 
Ra, being cationic. are strmgly sorbed by the basalt and Se, 
being aniontc, 1s poorly sorbed by the basalts. Their Kd values 
vary with temperature as a function of increasing competing ion 
concentration and secondary reactions (incorporation into or 
sorption onto new mineral phases) . 

(4) Uranium, Np, and Pu are weakly sorbed by basalt under oxidizing 
conditions. Under reducing condi t ions, solubi 1 i ty constraints 
will keep U concentrations 4 E-OBM, Np concentrations 4 E-lOE, 
and Pu concentrations e 1  E-094 in The groundwater Their sorp- 
ticn i s  very dependent on temperature, pH, and groundwater 
composition since these factors strongly inf luence their 
speciation (e.g., whether they are dominantly anionic or 
cationic) . 

(5) Americium, under oxidizing conditions, is strongly sorbed by the 
basalt. Solubility constraints should keep tho ILn concentration 
below 8 E-lOfi. 

and, therefara, Is poorly sorbed by the basalts. Under. reducing 
conditions, Tc concentration is controlled by the solubility of 
TcO2 and the aqucous speciation of Tc(1V). 

(6) Technetium, under oxidizing conditions, is present as an anion 
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DOCUMENT BEVIEW FORM 

M. J. Smith, P. P. Salter, and 6. K. Jacobs AUTEOR: 

TITLE: Waste Package Performance Requirements for a Repository in 
Basalt 

BEPEBENCE: REO-BUI-SA-172, 1981 

AVAILABILITY: Published 

i 

KEY WORDS : Waste Package, Basalt 

GENERAL COMMENTS: This paper provides a summary of a study performed to des- 
cribe preliminary waste package performance requirements in 
a basalt repository and establish a relationship between NRC 
criteria applicable at or near the waste package and EPA 
total curie release criteria applied at the accessible 
environment. 

This stady,does not perform a near field analysis. It 
assumes that the waste is contained for 1000 years after 
which there is a 1000 year leach time for all nuclides. 
Given this release rate, the transport to the environment is 
calculated using a one-dimensional model. 
was first used by Wood, RHO-BWI-ST-10. 

This procedure 

Two test problems were modeled and evaluations were made by 
first ignoring and then considering solubility limits of the 
nuclides, 
2.8 hn of basalt to the environment with a groundwater 
velocity of 0.32 dyr. 
event occurred that increased the water velocity to 7.9 dyr. 

Th,e first problem considered transport through 

The second problem assumed that an 

The results of the studies indicate if solubility limits are 
not taken into account the waste package must have release 
rates less than per year, as assumed, for many of the 
actinides and some must have release rates less than the NRC 
limit of low5 per year in order to meet the EPA standards. 
This applies for both test problems. When solubility limits 
are accounted for, all nuclides have cumulative releases 
less than the EPA limit in the low flow rate case. However, 
Np-237 and Pu-239 exceed the EPA limit in the high flow rate 
problem, 

This report suffers from a lack of documentation and/or 
motivation in describing their reasoning behind the selec- 
tion of key parameters. An example of this is the solnbi- 
lity limits used. There is no seference detailing where 
they obtained the data or the test conditions. Before 
accepting the quantitative results of this study a thorough 
evaluation of the key variables in the model is needed. 
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DOCUMENT REVIEW FORM 

AUTHOR: Anderson, W. J., PNL 

TITLE: Conceptual Design Requirements f o r  Spent  Fuel ,  High-Level Waste 
and Transuranic  Waste Packages 

REFERENCE: RH0-BW-ST-25P9 1982 

AVAILABILITY: Published 

KEY WORDS: commercial waste, s p e n t  f u e l ,  b a s a l t ,  waste package 

DATA SUMMARY: 
Proper ty  and Form of Data: 

h e a t  gene ra t ion  rates of CHLW, DHLW and SF VS. time-temperature l i m i t s  
f o r  waste package components OC - phys ica l  p r o p e r t i e s  of b a s a l t .  

Data form given i s  mostly "number p re sen t ly  used i n  design" (NPUD)- 

Materials and Specimen Geometry: 
See the references and appendices g iven  i n  the repor t .  

T e s t  Conditions : 

TRU waste i n  a b a s a l t  repos i tory .  
Information compiled f o r  the s to rage  of spen t  f u e l ,  CHLW, DHLW and 

COMMENTS ON DATA VALIDITY: 

This  r e p o r t  i s  a compendium summarizing the a v a i l a b l e  d a t a  t h a t  i s  
p resen t ly  being used f o r  waste package design. 
reference t o  the BWIP program, b u t  on ly  up t o  the  pub l i ca t ion  date .  

It could serve as a u s e f u l  
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DOCUMENT REVIEW FORM 

AUTHOR: Barney, G. S. 

TITLE: Radionuclide Sorp t ion  and Desorption Mechanisms i n  In te rbed/  
Groundwater Sys t e m s  of t he  Columbia River Basalt Forma t ion 

REFERENCE: RHO-BU-SA-276P, October 1982 

AVAILABILITY: NTIS 

KEY WORDS : so rp t ion ,  desorp t ion ,  b a s a l t ,  i n t e rbed ,  h y s t e r e s i s  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

Sorp t ion ,  isotherms. 

Materials and Specimen Geometry: 
Sandstone and t u f f  i n t e rbed  materials, crushed. 

Tes  t Condit ions : 
< 85OC. 
Reducing and oxid iz ing .  
(-0.8 V I .  
- 

COMMENTS ON DATA VALIDITY: 

Desorption isotherms f o r  Se, Tc, Np, U, and R a  have much smaller s lopes  
than f o r  corresponding s o r p t i o n  isotherms (except  f o r  Se and Tc  under oxi -  
d i z ing  condi t ions) .  
i n t e rbed  s o l i d s .  
t h a t  cri teria f o r  containment of the waste i n  the  package can be viewed i n  
terms of the  containment provided by t h e  si te.  
the  t u f f  i n t e rbed  material would be app l i cab le  t o  a t u f f  repos i tory .  

These nuc l ides  are apparent ly  i r r e v e r s i b l y  sorbed on the  
This  is  a p p l i c a b l e  only t o  the  waste package i n  the  sense  

Perhaps some of  t h e  d a t a  on 



The sorptlon and dcpsorptlon mechcrnlsms of koy radlonuclldes (Tc, Np, 

PU, AI98 CS, Sr, End R d  In  groundwater-lnhrbod SyStOmS Of tho CoIumbfe 

Rlvar bnsolt formo'tlon wore lnvestlgsted. SmdShnQ ond tuff lntorbod 

rnaOerlols from soIWod sodlmoniary Interbods were urod I n  thoso 

oxpor 1 mcbnts. Tho of 4 ecis of atoundwa-tor compos t i l  on and Eh on rad 1 onucl I do 

sorptten and dosorption en i h e  soloclod goologfc rsolld uwo atudfod, 

Sodlurn, potassfurn, and calclurn l n  tho groundwofor doeraaso sorptlon of &# 

Sr8 and R8 by ton oxchange rooctlons. Groundwater Eh stronqly affocts 

SWpfiOn Of Tc, Npe PU, und U SInCO chomlcal SpoClOS O f  thoso slomonts 

-:.dnt-g the iowor axtdstlon states aro more extonslvoly sorbod by 

chorntsorpPlon. 

on sorption wore no+ observed excopt for noptunfum carbonato Cor 

blcwbonots) conpfoxes and pl uQontum sul fa to complexos. 

Effects of tadlonuclldo comploxatton by groundnaSw onlons 

Sorption and dowwptton ls&horrns ware obtatnad for sorptlon of koy 

rodtonucl Idos under ox ld t t tng and roducfng .condJ*tfans. Tho Froundl Ich 

0quatIon rtccuratofy doocrlboe most of thoso tso$hurms, MOSS rodronuclldos 

are apparontfy lrrworslbly torbod on ooch of tho gcologtc soltdo sfnto 9ho 

slopos of sorptfon and dosorptlon 1sot.horms for a glvon rodionucltdo tlro 

dlffwonl. This hys*orosJs o f f o d  1s vory fargo and w l l l  couso o 

algnlf Icont delay in radlonucl ldo transport, 

lncludod In mod01 lng radlonucl 1do transport 90 acturatoly ~ Q S O S S  tho 

lsolo?lon copabll l t f o s  of 8 ropod%ry I n  basalt. 

I t ,  thoroforo, should bo 



DOCUMENT REVIEW FORM 

AUTHOR: Barney, G. S. 

TITLE: Radionuclide Sorp t ion  o f  Columbia River Basalt In te rbed  Materials 

REFERENCE: RHO-BW-SA-l98P, May 1982 

AVAILABILITY: NTIS 

KEY WORDS: so rp t ion ,  isotherms,  b a s a l t ,  i n t e rbed ,  KD 

DATA SUMMARY: 
Proper ty  and Form of Data: 

Sorp t ion ,  isotherms,  KD values .  

Materials and Specimen Geometry: 
Sandstone, t u f f ,  crushed materials. 

Tes t Condit ions : 
23O, 60°, 8 5 O C .  
Oxidizing, reducing. 

COMMENTS ON DATA VALIDITY: 

This material i s  n o t  d i r e c t l y  a p p l i c a b l e . t o  the package. However, some 
of t he  t e s t i n g  techniques are. 
system i n t e r f e r e d  wi th  the  so rp t ion  of  Cs+, Sr2+, and Ra2+ because t h e  
protonated form of hydrazine,  N2H5+, competes wi th  Cs+, Sr2+, and 
Ra2+ f o r  s o r p t i o n  sites. 
so rp t ion  of Np, Pu, and Tc. 

The use  of hydrazine t o  lower t h e  Eh of t he  

The use of hydrazine may a l s o  interfere wi th  t h e  
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Sorption and precipitat ion o f  key radionuclides in  the groundwater- 
rock sysbms expected i n  .Columbia River Interbod tones were investigated. 
Sorptian i s a t h e m  ware defined for sorption of Ce, Sr, Se, Tc, Rat U, Np, 
and Am on bn intarbed sandstono standard Pram the Rattlesnake Ridge 
intcrbed. In  addition, the effect o f  groundwater composition dvd redox 
potential on sarption and prcclpi tat ion o f  those radionuclides on intarbed 
sandstone and tuff  wro studied, Isotherms were masurcd at 230, 600, 
and 05OC. Tho Freundlich equation accuratoly f i t s  tho isothom data 
whm prcc ip i ta t ion docs rot occur. Solubi l i ty  l i m i t s  ware obtained f a r  Tc 
and Se using the isotltom. Sorption o f  Cs, So, Tc, U, and Am I s  strongly 
affected by temperature over the 230 to 8SOC range. 

Ca2+, K+, M&, Cl'., F', COI-, HCO& and SO -) ~rom studiad f a t  the i r  
influenca on sarption and precipitation, S 4 a t i s t i t a l l y  designed 
e x p o r i m t t  idonti f  fed s igni f icant groundwater components and masurcd 
t ha i r  off&% the resglts ave evldmco fur s e t a t I n g  sorption 

reaEtiOns, campto% famat;~On, or prccipitat ion), Strontium, Ra, and Cs 
am sorbed by ion oxdrange and 'compoto far exchange s i tes with ions o f  
similar site, The Np, Pu, and Pc are rodtccod by hydrazine to t h c i r  ( I V )  
oxfdntion states and are sorbcd by chemisorption, Solmiurn i s  not rcduced 
to  tho metal by hydrazine, but appears t o  be p r a i p i a t a d  as a calcium 
campound, The groundwater variables had little effcct on Am sorption. A 
s l i g h t l y  soluble Am compound appears to fm which i s  more soluble a t  lm 
PH. 

The m 4  r dremtcal con onents o f  Grand9 Ronde qrnundwater (!la+, 

mechanisms f o r  each radianuc 1 ido (ion exchange, chmisorption, redox 



DOCUMENT REVIEW FORM 

AUTHOR: Ear ly ,  T. O., Jacobs,  A. K., D r e w e s ,  D. R. 

TITLE: Geochemical Controls  on Radionuclides Releases From a Nuclear Waste 
Reposi tory i n  Basalt, Estimated S o l u b i l i t i e s  f o r  Se lec ted  Elements 

REFERENCE: RHO-BW-SA-282P9 1982 

AVAILABILITY: Published 

KEY WORDS : s o l u b i l i t i e s ,  s p e c i a t i o n  i n  groundwater , thermodynamic da ta ,  
a c t i n i d e s ,  f i s s i o n  products  

DATA SUMMARY: 
Property and Form of Data: 

i n  equi l .  wi th  s t a b l e  s o l i d  phase. Reference Grande Ronde water 
composition, dominant s o l u t i o n  species .  

Calculated maximum concent ra t ion  of (m/L) of disso lved  r ad ionuc l ides  

Materials and Specimen Geometry: 
Basaltic groundwater, N i ,  Sc,  Np, Z r ,  Pu, Pd, Sn, Sm, Eu, Pb, Th, 

u, Am. 

T e s t  Condi t i o n s  : 
Data only app l i cab le  a t  25OC, pH range -9, Eh = -0.6V -> OV. 

COMMENTS ON DATA VALIDITY: 

Analyses l imi t ed  by u n c e r t a i n t i e s  in  thermodynamic da ta  base,  assumptions 
used (e.g. reducing condi t ions,  pH, low temperature,  no r a d i o l y s i s  effects f o r  
very near f i e l d ) .  
ca lcu la t ion .  

No estimate o f  da ta  u n c e r t a i n t i e s  on r e s u l t s  of  the 



Two basalt flows wi th in  the Grande Ronde Basalt a t  the Hanford Site 

i n  southeastern Washington are candidates for a high-level nuclear waste 

repository. In order t o  determine the anticipated rate  of release and 

migration o f  key radionuclides from the repository, solubili ty controls 

must be determined. Solubili t ies,  sol i d s  control1 i n g  solubili ty,  and 

aqueous Speciation i n  groundwater have been determined from available 

thermodynamic data for  a variety o f  acttnldes and fission products. 

Groundwater cornposi t i ons  used include a1 1 available analyses from the 

sel ected radi onucl ides include hydroxi des and hydrous 0x1 des (Pd, Sb, Sm, 

Eu, Pb, Am), oxides ( N i t  Sn, Th, Np, Pu),  elements (Se, Pd, Sb),  and 

s i l i ca t e s  (Zr, U). Dominant soluble species include hydroxy complexes (Zr, 

Pd, Sn, Sb, Sm, Eu, Th, U, Np) and carbonate species ( N i ,  Sm, Eu, Pb, U, Np, 

Pu, Am). In additiori t o  limitations i n  completeness and accuracy o f  thermo- 

dynamic data, solubili ty estimates ,of the radionuclides are sensitlve t o  

the following: 

(3) formation o f  metastable solid phases, and (4) coprecipftation. Eh 

(1) Eh and the degree o f  redox equilibrium, (2)  temperature, 

effects have been evaluated for each radionuclide and are significant for 

Se, Pd, Sn, and possibly U and Np. Solubili ty estimates also have been 

calculated a t  ambient temperature ( 4 5  +, 5'C) for Grande Ronde basalts for 

those nuclides for  which sufficient data exist. Effects of metastability 

and coprecipi tation cannot be treated quantitatively but their  contri bu- 

t ions have been estimated i n  reference t o  available experimental data. 
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DOCUMENT REVIEW FORM 

i 
I AUTHOR: Hodges, F. N., e t  al. (PNL) 

TITLE: Development of a B a c k f i l l  f o r  Containment of High Level Nuclear 
Waste 

I 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V, Vol. 11, 
Elsevier, N.Y., 1982, pp. 641-648 

1 

AVAILABILITY : Pub li shed 

KEY WORDS: bentoni te ,  water migrat ion,  swel l ing,  sorp t ion ,  c o n t r o l l e d  
releases, Rd 

DATA SUMMARY: I 

Proper ty  and Form of D a t a :  
Rd values f o r  s e l e c t e d  r ad ionuc l ides ,  hydraul ic  c o n d u c t i v i t i e s  

f o r  ben ton i t e s  and bentoni  te /sand mixtures, thermal c o n d u c t i v i t i e s  
of ben ton i t e s  . 
Materials and Specimen Geometry: 

Na- and Ca-bentonites, sand-bentoni te  mixtures.  Disk samples 
of ben ton i t e  are compacted t o  a d e n s i t y  of  2.1 g/cc  for  permeabi l i ty  
tests . 
Tes t Condi t i o n s  : 

were a t  RT f o r  times up to 28 days. 
For permeabi l i ty  tests t h e  water pressure  used i s  2200 p s i ;  tests 

COMMENTS ON DATA VALIDITY: 

The paper s p e c i f i e s  t he  a t t r i b u t e s  of a w e l l  designed b a c k f i l l  inc luding  
r e t a r d a t i o n  of water f low and r ad ionuc l ide  migrat ion,  r e t a r d a t i o n  of co r ros ive  
species t o  the  con ta ine r ,  c o n t r o l  of Eh/pH, and provis ion  of mechanical sup- 
p o r t  f o r  the  con ta ine r  and waste. Work was focussed on ben ton i t e  f o r  non- sa l t  
r e p o s i t o r i e s .  

Water migra t ion  rates through compacted bentoni te  ( 2 . 1  g/cm3 dens i ty )  
show t h a t  water w i l l  migrate  through t h i n  samples quick ly  b u t  t h a t  the rate of 
migrat ion i s  slower in  terms of breakthrough t i m e s  f o r  t h i c k e r  specimens. 
Slow water d i f f u s i o n  through the  swel lab le  c l a y  i s  pos tu la ted  t o  e x p l a i n  t h i s  
behavior . 

It was found t h a t  Cs, S r  and Am are s t r o n g l y  sorbed t o  ben ton i t e  and Np 
and U are moderately sorbed. 

These d a t a  are of s c i e n t i f i c  interest  b u t  should be  used w i t h  cau t ion  .in 
the  design of a waste package. This  i s  e s p e c i a l l y  t r u e  f o r  t h e  water permea- 

borehole and compacted c l a y  w i L l  n o t  be p re sen t  unless the  borehole  c o l l a p s e s  
around t h e  waste package. 

I b i l i t y  s t u d i e s  since i n  BWIP, f o r  example, t h e  ben ton i t e  i s  blown in to  the  
I 
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AUTHOR: Palmer, R. A,, e t  a l ,  

TITLE: Characterization of Reference Materials for the Barrier Materials 
Test Program 

REFERENCE: RHO-BW-ST-27P, June 1982 

AVAILABILITY: NTIS 

KEY WORDS: basalt,  metals, alloys, clay, waste form, examination, analyses, 
waste package 

DATA SUMMARY: 
Property and Form of Data: 

Physical and chemical properties characterization. 

Materials and Specimen Geometry: 
Engineered barrier reference materials as  received. 

Tes t Conditions : 
Ambient. 

COMMENTS ON DATA VALIDITY: 

The RUE-1 basalt was found to be a siliceous mass consisting of a glassy 
mesostasis, plagioclase, pyroxene, titaniferous magnetite and clay. Qualita- 
tive SEMIEDS examination of the reference bentonite confirmed the presence of 
calcium plagioclase, iron oxides, gypsum, and nontronite as  well as the p r i -  
mary phase, sodium-montmorillonite. 
i l l i t e ,  and possibly calcite,  
date canister materials are reported, 
of waste forms is also detailed. 

Also present are  small amounts of quartz, 
Metal characterization by SEM/EDS of the candi- 

The chemical composition of a variety 

This report details  the procedure for preparing standard sieved basalt 
from basalt monoliths. It s ta tes  that  a l l  weathered basalt should be removed 
by hand from the unweathered basalt before f ina l  processing because weathered 
basalt may interfere. 
should be run w i t h  basalt as  received. 

It is identified by a yellow exterior surface. Tests 
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Reference hasal t  entablakiire, colonnade, and P f m  top spcimens have 

h e n  sere&& fram the Umtanum f low,  which is the pr imary  basa l t  f low 

under mnsidcration for repositorg siting. Material &om tile Mabton 

Interbed Strat-, Pmona Flow basalt, smectite clay Exom the Pomna FloWt 

a potassium cl.inoptilolite, Beverlg sandstone and t u f f ,  and Grande Ronde 

groundwater are also includeti i n  the suite oC reference geologic materials.  

Reference engineered barrier materials inc lude  sodium bentonite and 

caPzister metals such as carbon steel ,  cuprontckel, Rastelloy and Inconel 

a l l o y s .  S-nt fuel ,  borosilicate g l a s s ,  and suprcalcfne ceramic comprise 

the reference waste forms.. 
Characterization of these materials has ranged frm simple 

macroscopic examination of the bulk material t o  sophisticated analyses 

w i t h  analytical electron microsmpes. Chemical ccmpositioru of the 

materials were detezmined bg X-ray f louzescence spectroscopy, elwtron 

dCrOPrOh@, and energy dispersive X-ray spectxometry i n  combination with 

scanning and analytical scanning transmission electron microscopy (SEM, 

MISTB'M) Par f i d e  inorpholog i es weze deterdned by  optical microscopy, 

SZM, and ANSTEM. A?trographic analyses .of thin sections, X-ray ptwder 

dLffractoioetry, and electron diE€raceion i n  the ANSW4 were a l l  utilized 

t o  identiEy the crystalline phases present i n  these inaterials. 

Analyses o€ the elemental and phase chemistries for most of the 

reference m&@rfalS have bee32 completed on t y p i c a l  samples, Deerminations 

Of material homogeneity CUZZen*& Ming perf ormed. These analyses 

provide the basis for the interpretatfon of later exwrfments designed t o  

define the of host rock canponents, engineered barriers, a d  the 

W a s t e  form under conditions expected i n  a repository i n  basalt, 

  be data included ln this document reflect  the work completed through 

&UJ of B82. 
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DOCUMENT REVIEW FORM 

AUTHOR: S a l t e r ,  P. F., e t  al. (RHO) 

TITLE: Applicat ion of  Systems Analysis  t o  Develop Engineered System 
Performance Requirements for  a Hard Rock Nuclear Waste Reposi tory 

REFERENCE: RHO-BW-SA-210P, 1982 ( 1 )  

AVAILABILITY: Obtained as p r e p r i n t  from author .  

KEY WORDS: b a s a l t ,  engineered b a r r i e r s ,  natural  b a r r i e r s ,  c o n t r o l l e d  
release, system a n a l y s i s  

DATA SUMMARY: 
Proper ty  and Form of Data: 

wi th  r e s p e c t  t o  r egu la to ry  criteria. 
System a n a l y s i s  d a t a  address ing  t h e  performance of BWIP system 

Materials and Specimen Geometry: 
A s  p e r  BWIP. 

T e s t  Condi t i o n s  : 
A s  per BWIP. 

COMMENTS ON DATA VALIDITY: 

The paper desc r ibes  a genera l  a n a l y s i s  to eva lua te  the  r o l e s  of 
engineered and n a t u r a l  b a r r i e r s  i n  meeting NRC/EPA criteria. 
scenar ios  were pos tu l a t ed  f o r  t he  c a l c u l a t i o n s :  
phenomena: 
and Case I1 - Dis rup t ive  phenomenon: t r a n s p o r t  through an i n t e r b e d  to  t h e  
a c c e s s i b l e  environment. If radionucl ide  release i s  assumed t o  be  n o t  con- 
t r o l l e d  by s o l u b i l i t y  effects then, f o r  Case I, I4C, 79Se, 99Tc, 237Np 
and U i so topes  and t h e i r  daughters  were the  on ly  p o t e n t i a l  
I1 a d d i t i o n a l  elements were 135CsL 126Sn, l07Pd, 243Am, 245Pu and 
237Pu. 
suming s o l u b i l i t y  l i m i t s  then  i t  is  found t h a t  a l l  rad ionucl ide  releases t o  
the a c c e s s i b l e  environment are w i t h i n  EPA criteria. Also, releases meet the  
NRC con t ro l l ed  release c r i t e r i o n .  

Two release 
Case I - Non-disruptive 

t r a n s p o r t  through a b a s a l t  flow-top t o  the a c c e s s i b l e  environment; 

roblems. For Case 

If s o l u b i l i t i e s  are es t imated  from experiments and c a l c u l a t i o n  as- 

The main p o t e n t i a l  problems with t h i s  a n a l y s i s  center on the use of v a l i d  
s o l u b i l i t y  da ta .  
sured from the  supe r sa tu ra t ed  s o l u t i o n  cond i t ion  (see Fullam's paper) ,  t h e  
effects of c o l l o i d a l  material t r anspor t ,  i r r a d i a t i o n  effects which could s t i l l  
prevent reducing cond i t ions  from being p resen t ,  e tc. More r e p r e s e n t a t i v e  
a n a l y t i c a l  d a t a  are needed be fo re  t h e , f i n d i n g s  of t h i s  paper can be v e r i f i e d .  

There i s  c u r r e n t l y  l i t t l e  informat ion  on s o l u b i l i t i e s  mea- 

- 
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Thc Rasalt Waste Isolation Project has developed a systems- 
analysi s approach to establ ishing performance requirements for 
the engineered system of a geologic nuclear waste repository. 
These requirements assure that the engineered system . i s  designed 
to complement the natural system. This approach results in the 
optimal design for the engineered system by reducing the func- 
tional requirements of that system. While applied only to the 
basalt system a t  this the, this approach ,is appl jcabl e to any 
geologic system. As an example, the systems-analysis approach 
has been applied to the problem of establishing performance 
requirements for a waste package in basalt and has resulted in 
the design o f  a less-complex, more cost-efficient waste package 
for a nuclear waste repository in basalt. This paper points 
out the importance o f  developing site specific rather than 
generic waste packages. 

I 



DOCUMENT REVIEW FORM 

AUTHOR: S a l t e r ,  P. F. and G. K. Jacobs  

TITLE: Evaluat ion of Radionuclide Transport:  Effect of Radionuclide 
Sorp t ion  and S o l u b i l i t y  

REFERENCE: S c i e n t i f i c  Basis f o r  High-Level Waste Management V, Vol. 11, 
Elsevier, N.Y., 1982, pp. 801-810 

AVAILABILITY: Published 

KEY WORDS: BWIP, c o n t r o l l e d  release, so rp t ion ,  s o l u b i l i t y ,  groundwater 
travel times, Eh/pH 

DATA SUMMARY: 
Property and Form of Data: 

environment t o  s e l e c t e d  rad ionucl ides ,  
Calcu la ted  rad ionucl ide  release rates a t  the  a c c e s s i b l e  

Materials and Specimen Geometry: 
Not s p e c i f i c a l l y  given. 

T e s t  Conditions: 

1-114 bar ,  E h +  0.5 t o  -0.61V, pH, 6.0-9.6. 
Spec i f i ed  f o r  the  a n t i c i p a t e d  BWIP r e p o s i t o r y  system: 59-3OO0C, 

COMMENTS ON DATA VALIDITY: 

The work is a pre l iminary  assessment of rad ionucl ide  release us ing  
a v a i l a b l e  d a t a  on s o r p t i o n  and s o l u b i l i t y  of  key rad ionucl ides  f o r  t h e  BWIP 
system. Using est imated cond i t ions  w i t h i n  BWIP i t  i s  concluded t h a t  t h e  
release of the  fol lowing r ad ionuc l ides  can be con t ro l l ed  t o  va lues  w i t h i n  
those s p e c i f i e d  by the  EPA a t  the  a c c e s s i b l e  environment. 

One p o t e n t i a l  problem is  t h a t  so rp t ion  of rad ionucl ides  for  the  reducing 
condi t ions  a n t k i p a t e d  over  the  long term were est imated i n  tests in. which 
hydrazine was used t o  o b t a i n  the  h igh ly  reducing condi t ions.  Th i s  procedure 
has  been quest ioned by NRC i n  t h e  SCA repor t .  Also i t  is n o t  clear whether 
s o l u b i l i t y  data were s e l e c t e d  f o r  t he  appropr i a t e  rad ionucl ide  spec ies .  
more work is  needed t o  o b t a i n  a more s o l i d  da t a  base on s o r p t i o n j s o l u b i l i t y  
e f f e c t s  before  an accura t e  a n a l y s i s  can be  made. The NRC 10°5/y c o n t r o l l e d  
release rate  has  n o t  been addressed. 

Much 
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AUTHOR: Westerman, R. E., e t  al. (PNL) 

TITLE: Development of Engineered S t r u c t u r a l  Ba r r i e r s  f o r  Nuclear Waste 
Packages 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear  Waste Management, V o l .  6, 
North-Holland, N.Y., 1982, pp. 363-370 

A V A I L A B I L I T l :  Published 

KEY WORDS: uniform corrosion,  c r ack  growth tests, s t r e s s - c o r r o s i o n  
cracking,  b a s a l t i c  water ,  gamma rad ia t ion ,  c a s t  i ron ,  
c a s t  steel, t i tanium grade 2, t i tanium grade 12  

i 

DATA SUMMARY: 
Property and Form of Data: 

s t r a i n  r a t e  t e s t s .  
Uniform cor ros ion  r a t e s ,  fast crack  propagation r a t e s ,  slow 

Mater ia l s  and Specimen Geometry: 

i r o n  and ASTM A217 grades WC6 and WC9 c a s t  s t e e l  coupons and t e n s i l e  
specimens . 

Titanium grades 2 and 12, ASTM AS36 grade 60-40-18 d u c t i l e  c a s t  

T e s t  Condi t i ons  : 
Slow s t r a i n  r a t e  tests a t  displacement r a t e  of 2 ~ 1 0 ' ~  t o  loo4 

in/sec. ;  co r ros ion  tests a t  250°G in  b a s a l t i c  water, c rack  growth 
tests were done a t  90°C in Hanford groundwater. 

COMMENTS ON DATA VALIDITY: 

This s tudy  conducts screening tests on Titanium grades 2 and 12,  d u c t i l e  
c a s t  i ron ,  and two c a s t  steels in the  presence and absence of y i r r a d i a t i o n  i n  
b a s a l t i c  groundwater. Slow s t r a i n  rate tests on the t i tanium based metals  
show some degradat ion of d u c t i l i t y  a t  25OOC which may be p a r t l y  due t o  
i n t e r n a l  e f f e c t s  n o t  assoc ia ted  with aqueous corrosion. A t  90°C t h e r e  was 
no environmental e f f e c t  on f a s t  c rack  growth r a t e s .  General co r ros ion  of the 
i r o n / s t e e l  samples was conse rva t ive ly  es t imated  to  be about  1"/1000 years  a t  
25OoC. No s. tress-corrosion cracking w a s  de t ec t ed  i n  U bend specimens. 
Basa l t i c  water chemistry was n o t  altered by IO5 rad/h y - i r r a d i a t i o n  a t  
4OoC. However, oxygen l e v e l s  were no t  appa ren t ly  measured. 

The t e s t s  a r e  adequate f o r  pre l iminary  screening purposes to  i d e n t i f y  
cor ros ion  f a i l u r e  modes. 
m y  be needed t o  f u l l y  determine the l ike l ihood of a p a r t i c u l a r  f a i l u r e  
mechanism occurring. 

However, ve ry  long term exposures of s eve ra l  years  

- 

A1-59 



i i 
, 

Ihn tlnvcllnpwiit o l  ntriictiirnl barrioro for nucloar wasto 
packagos involvos roloction of condldato antoriala, their 
rcraening by wclianical and carranion tontlng, rigorous 
accoloratd torting, and ovaluntfon ond comporiron with  
other packnpo olarnmtr. Thin docuaont prononts rosulta 
E m  work conductad on titanium ond coot steols. 
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AUTHOR: Wood, M. I. (RHO) 

TITLE: Evaluation of Sodium Bentonite and Crushed Basalt as  Waste Package 
Backf i 11 Materials 

REFERENCE: RHO-BW-ST-2 lP, 1982 

AVAILABILITY: Published 

KEY WORDS : bentoni te ,  b a s a l t ,  groundwater, pH, Eh, i o n i c  s t r eng th ,  
hydrothermal tests, so rp t ion ,  a l t e r a t i o n ,  swel l ing  pressure  

DATA SUMMARY: 
Property and Form of Data: 

Swelling 
pressure of  bentoni te ,  pH changes with t i m e  f o r  groundwater i n  
presence of packing. 

S o l u b i l i t i e s  of s e l e c t i o n  of ions  a t  200, 300OC. 

Mater ia l s  and Specimen Geometry: 

basa l  t /bentoni  te f o r  s o l u b i l i t y  tests . Compacted bentoni te  f o r  swel l ing  tests, 75%/25% by weight of 

T e s t  Condi t ions  : 
S o l u b i l i t y  and pH tests a t  200°C/300 bars, 300°C/300 bars.  

COMMENTS ON DATA VALIDITY: 

The r e p o r t  descr ibed r e s u l t s  of s t u d i e s  t o  quan t i fy  the  aqueous condi- 
t i ons  i n  BWIP waste package packing material and the  i d e n t i f i c a t i o n  of alter- 
a t i o n  products i n  the  packing. 
200°C/300 b a r s  the  b a s a l t  g l a s sy  phase a l ters  t o  i l l i t e  and a smectite c l a y  
and qua r t z ;  reducing condi t ions  were s t a t e d  t o  be present  and the  pH of the  
water f e l l  t o  a s t a b l e  value of -6. 
S04'2 were detected.  

A n  i s s u e  i s  r a i sed  i n  t h i s  work s i n c e  similar s t u d i e s  a t  BNL (NUREG/CR- 
3091, Vol. 3, Appendix D, 1984) show t h a t  t h e  F' level decreases, C1' 
remains unchanged b u t  SOe2 concent ra t ions  are r a i s e d  by a f a c t o r  of about  4. 
S i  and Fe are a l s o  g r e a t l y  increased.  
s t u d i e s  was the  presence of a gamma f i e l d  i n  the BNL work. Ths increased 
s u l f a t e  may a l t e r  the  cor ros ion  behavior of t he  con ta ine r  and should be 
f u r t h e r  s tud ied  by RHO. 

The da ta  show t h a t  a t  300°C/300 bars  and 

No s i g n i f i c a n t  changes i n  F', Cl', 

The major d i f f e rence  in t he  RHO and BNL 

Data were a l s o  given on so rp t ion  f o r  var ious  radionucl ides .  

I n  the BNL work, CH4 was found t o  be p re sen t  a f te r  tes t ing .  No such 
observa t ion  w a s  made i n  the  RHO study. 
CH4 e f f e c t s  s i n c e  these have been i d e n t i f i e d  i n  groundwater samples taken a t  
the  BUIP r e p o s i t o r y  horizion.  

Hore work w i l l  be needed t o  asses8 

._ 
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AUTHOR: Smith, M. J., e t  al. (RHO) 

TITLE: Reposi tory and Waste Package Designs f o r  High-Level Nuclear 
Disposal  i n  Basa l t  

REFERENCE: RHO-BW-SA-303P9 1983 

AVAILABILITY: Avai lable  a s  p r e p r i n t  f o r  paper t o  be presented a t  the 
I n t e r n a t i o n a l  Conference on Radioact ive Waste Management, 
S e a t t l e ,  WA, May 1983. 

KEY WORDS: r e p o s i t o r y  design, waste package design, container  corrosion,  
ben ton€ t e ,  thermal. condi t ions,  groundia ter 

DATA SUMMARY : 
Property and Form of Data: 

inc luding  a n t i c i p a t e d  r e p o s i t o r y  condi t ions .  
General d e s c r i p t i o n  of waste package and r e p o s i t o r y  designs,  

Ma te r i a l s  and Specimen Geometry: 
Varies  depending on. type of waste package. 

Tes t Condi t i ons  : 
Not ap p 1 icab le . 

COMMENTS ON DATA VALIDITY: 

The paper descr ibes  i n  general  d e t a i l  the e f f o r t s  of BWIP and subcon- 
t r a c t o r s  i n  def in ing  waste package designs f o r  CHLW, DHLW and spen t  f u e l s .  
Included a r e  desc r ip t ions  of the p r i s t i n e  geology, geochemistry, temperature 
and pressure  a t  the r e p o s i t o r y  horizon and what changes a r e  a n t i c i p a t e d  from 
waste emplacement. 

For spent  f u e l  the borehole sur face  temperature w i l l  be a maximum of 
235OC a f t e r  5-10 years  of emplacement. 
t o  170-2OO0C. 
groundwater w i l l  f a l l  to  l e v e l s  of (10-3 mg/L i n  600 h a t  15OoC due to a 
basalt/HgO in t e rac t ion .  
f e c t s  may n o t  give these h ighly  reducing conditions.  This, then, i s  an  open 
i ssue .  Nevertheless,  BWIP i s  spec i fy ing  a 1 cm corros ion  allowance on the  
carbon s t e e l  con ta ine r  to  give 1000 y containment. BWIP a l s o  assumes t h a t  
pneumatic i n j e c t i o n  of d ry  bentoni te  around a con ta ine r  w i l l  be s u f f i c i e n t l y  
dense (>50% t h e o r e t i c a l  dens i ty)  to  i n h i b i t  groundwater t r ave l .  No a c t u a l  
t e s t s  have been run to confirm t h i s .  
i n j e c t i o n  could al low voids  to  form i n  the packing which would a l low easy 
access  of water to the container .  

A t  c losure  the temperature w i l l  f a l l  
Hydrothermal t e s t s  a t  BWIP show t h a t  dissolved oxygen i n  the  

However, t e s t s  a t  BNL i n d i c a t e  t h a t  r a d i o l y s i s  ef- 

It seems t h a t  long d is tance  pneumatic 
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me B a s a l t  Waste I s o l a t i o n  Project i s  p a r t  of  the U . S .  Department of 
Energyts Na t iona l  Waste  Terminal  S t o r a g e  Program. An i m p o r t a n t  f e a t u r e  O f  

B a s a l t  Waste  S s o l a t i o n  Projectts inission is t o  deve lop  c o m p a t i b i e  
was te  package and r e p o s i t o r y  designs foz s p e n t  fuel and processed  high- 
level was te  d i s p o s a l  in b a s a l t .  
jo int  e f for t  among the B a s a l t  Waste I s o l a t i o n  Project, Westinghouse-Waste 
Technology Services Division , and Raymond Kaiser Engineers Inc. /Parsons 
Brinckerhoff Quade 0 Docglas ,  Inc. t o  d e v e l o p  a r e p o s i t o r y  concep tua l  
d e s i g n  and compa t ib l e  was te  package conceptual  d e s i g n s  for  b a s a l t .  
f i s c a l  y e a r  1982, was te  package and repository d e s i g n s  for  the permanent 
d i s p o s a l  o f  commercial and defense h i g h - l e v e l  was te  and circular bundles 

of spent  f u e l  rods from three p r e s s u r i z e d  wa ter  r e a c t o r  a s s e m b l i e s  OE 

seven boiling water  r e a c t o r  a s s e m b l i e s  were developed on the b a s i s  o f  cost 
effectiveness. Each o f  the designs i s  based on environmenta l  and regula-  
tory performance f a c t o r s  t h a t  were used i n  the development of was te  pack- 
age and r e p o s i t o r y  des ign  criteria. 
reference was te  package concep tua l  d e s i g n ,  based on site-specific environ- 
mental conditions, consists of a was te  form con ta ined  by a low-carbon 
steel canister, wh ich  is  then surrounded b y  a b a c k f i l l  mixture ofbenton- 
i t e  clay and crushed b a s a l t .  
i n t e g r a t e d  into the remainder o f  the engineered r e p o s i t o r y  s t z u c t u r e .  

T h i s  paper  w i l l  report the results o f  a 

During 

The B a s a l t  Waste  I s o l a t i o n  ProJect 

!S!he was te  package d e s i g n s  h a v e  been f u l l y  
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AUTHOR: Smith, M. J., e t  a l .  (RHO) 

TITLE: Waste Packages f o r  a Reposi tory Located i n  Basalt 

REFERENCE: RHO-BW-SA-330P9 1983 

AVAILABILITY: P r e p r i n t  of paper  to  be presented i n  Civilian Radioact ive 
Waste Management Informa t i o n  Meeting, Washington, D.C., 
December 1983 

KEY WORDS : waste package, cor ros ion ,  bentoni te ,  s t a b i l i t y ,  gamma 
i r r a d i a t i o n ,  b a s a l t ,  design,  performance eva lua t ion ,  
hydraul ic  conduct iv i ty ,  s o r p t i o n  

DATA SUMMARY: 
Proper ty  and Form of Data: 

ben ton i t e  s t a b i l i t y  d a t a  are given. 

Materials and Specimen Geometry: 

Tes t Condit ions : 

components. 

Var ie ty  of cor ros ion ,  so rp t ion ,  hydraul ic  conduc t iv i ty  and 

Carbon s tee1 , bentoni te ,  basa l t .  

High temperature tests up to  37OoC f o r  t he  va r ious  package 

COMMENTS ON DATA VALIDITY: 

Paper desc r ibes  progress  towards an advanced waste package conceptual  de- 
s ign.  Included are genera l  desc r ip t ions  of procedures f o r  pneumatic i n j e c t i o n  
of package, an ASME code case f o r  s t r u c t u r a l  design and a l t e r n a t e  package con- 
f igu ra t ions .  
c l ides  from CHLW are decreased due t o  es tab l i shment  of reducing condi t ions .  
Sr and S U I ,  however, have e leva ted  s o l u b i l i t i e s .  Low carbon s teel  cor ros ion  
rates i n  anoxic  groundwater decrease  wi th  time and inc reas ing  temperature . 
Corrosion products  i n  the  presence of ben ton i t e  are e i t h e r  Fe-rich c l a y  o r  Fe 
silicates. 
b a s a l t  gave p i t t i n g  wi th  the  deepes t  p i t  measuring 11.5 m i l s  a f ter  exposure a t  
15OOC f o r  >5 months. A linear e x t r a p o l a t i o n  w i l l  g ive  a p i t  depth of 8.3 
inches a f t e r  300 years.  For a cor ros ion  tes t  under a gamma f l u x  of  3x105 
rad /h  f o r  13 months the  uniform co r ros ion  rate inc rease  by a f a c t o r  of  2-3 
compared w i  t h  non- i r r ad ia t ion  condi t ions  . In ben ton i t e  rehydra t ion  tests i t  
was s t a t e d  t h a t  experiments showed t h a t  hea t ing  t o  temperatures up t o  370% 
did n o t  des t roy  the  c l a y s  a b i l i t y  t o  reswell upon c o n t a c t  w i th  water so t h a t  
i t s  water r e t a r d a t i o n  behavior  would n o t  be compromised. 

Issues a r i s i n g  from the  paper  center on the  fact  t h a t  gamma r a d i o l y s i s  
w i l l  n o t  a l low t h e  es tab l i shment  of reducing cond i t ions  so t h a t  acce le ra t ed  
cor ros ion  and p i t t i n g  are q u i t e  possible .  
cor ros ion  tests are r equ i r ed  f o r  whole package conf igura t ions .  

In hydrothermal tests a t  2OO0C the  s o l u b i l i t y  of many radionu- 

Corrosion tests a t  PNL under ox ic  cond i t ions  i n  the  presence of 

More long term i r r a d i a t i o n -  

An o u t l i n e  of waste package performance eva lua t ion  is  a l s o  given. 

, 
- 
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This paper presents the status of the BWIP waste 
package mater ia ls test ing, modeling, and desi n 

t i e s  through FY 1984. The f i r s t  i n  a ser ies o f  
design a c t i v i t i e s  leading t o  the f i n a l  design o f  
waste packages t h a t  will re1 i ab l y  meet Federal 
performance c r i t e r i a  has been completed. These 
a c t i v i t i e s  have l e d  to the development o f  waste 
package conceptual designs for c m e r c i a l  and 
defense high-level waste (boros i l i ca te  glass) and 
spent f ue l  rods. Planned engineering studies, 
together with an improved materials data base, 
w i l l  proyide the necessary Information for the 
preparation of waste package advanced conceptual 
design requirements dur ing  FY 1984. 

Tests o f  hydrothermal reactions between basa l t  and 
simulated Grande Ronde Basalt groundwater showed 
that Eh condit ions t h a t  were i n i t i a l l y  ox id iz ing  
became progressively mare reducing as oxygen was 
consumed by the ox ida t ion  o f  ferrous i r o n  released 
by the dissolv ing (glass) mesostasis. The pH o f  
samples per iod ica l l y  withdrawn from the autoclaves 
decreased rapidly '  from a value o f  9.8 and then 
rose t o  stable values of 7.5 and 7.6 a t  2000 and 
3OOOC. respectively. Hydrothermal tes ts  show tha t  
basalt w i l l  reduce radionucl ide releases from waste 
forms under condit ions s imulat ing those expected 
i n  an NtJRB. As an example, i n . tes t i ng  o f  Tc-doped 
boros i l i ca te  glass, steady-state concentrations o f  
Tc i n  so lu t ion  were f6und t o  be about three orders 
of magnitude lower when basal t  was present. Hot 
c e l l s  have been prepared and hydrothermal tes t ing  
using f u l l y  rad ioac t ive  waste forms was M t l a t e d  
by the BWIP on November 1, 1983. An extensive 
program t o  tes t  waste package components i n  the 
presence o f  radioact ive waste forms and t o  assess 
the e f fec t  o f  basa l t  and b a r r i e r  mater ia ls on 
releases o f  key radionucl ides from waste packages 
under reposi tory condit ions has been developed f o r  
the ho t -ce l l  f a c i l i t y .  

Corrosion tes t i ng  of the BWIP reference canister 
material,  LCS. and the two backup materials, 
Fe9CrlMo alloy steel, and 90-10 Cupronickel are 
being conducted t o  develop a r e l i a b l e  data base 
f o r  waste package design and mqdeling ac t i v i t i es .  
Exposure of LCSs with varying carbon content a t  
temperatures from lo00 t o  3000C i n  the presence o f  
the basalt/bentonite b a c k f l l l  showed that, under 
the condit ions o f  the test, corrosion r a t e  w i t  
independent o f  carbon content. Also, corrosion 
rates general ly decreased w i th  increasing tempera- 
ture. This feature was a t t r i bu ted  t o  the tenac l ty  
and degree o f  development o f  an i ron- r i ch  c lay  
surface corrosion product tha t  became more protec- 
t i v e  as the temperature increased. Testing t o  
date also shows tha t  under oxic condit ions and a t  
h igh f low rates (35 ml/hr). the corrosion rates o f  
iron-base mater ia ls increased two t o  three times 
i n  the presence o f  gama radiat ion.  Prel iminary 
SSR t es t i ng  o f  LCS f n  reposftory-speci f ic  ground- 
water showed a s l i g h t  s u s c e p t i b i l i t y  t o  stress- 
corrosion-cracking, whereas e a r l y  resu l t s  of. s t a t i c  
crack growth tes t i ng  under equivalent condit ions 
revealed no tendency toward stress-corrosion- 
cracking. 

a c t i v i t i e s  and plans f o r  continuing these ac t  3 v i -  

Studies o f  the e f fec ts  o f  rad ia t i on  on corrosion 
and mechanical behavior w i l l  continue i n  FY 1984. 
Studies t o  develop p i t t i n g  k i n e t i c s  w i l l  be i n i t i -  
ated. I n  addition, long-term corrosion tes ts  w i l l  
be s ta r ted  t o  improve the  corrosion data base f o r  
waste package per 'ormance modeling. 

I r reve rs ib le  dehydration o f  the  crushed basalt/  
bentonite reference packing mater ia l  it not  
expected t o  occur a t  temperatures below 370OC as 
demonstrated i n  thermal test ing. A t  300OC exposure 
i t  was found tha t  bentoni te react ions were re la -  
t i v e l y  minor and chemical s t a b l l i t y  was l i t t l e  
affected. thus, the reference packing mater ia l  
(75% crushed basalt/25X bcntoni te)  may remain 
stable over long periods o f  time. Measured 
hydraul ic conduct iv i ty o f  packing mater ia l  was 
found t o  be s i g n i f i c a n t l y  less  than tha t  required 
t o  maintain d i f f us iona l  con t ro l  o f  radionucl ide 
releases, an expected means o f  con t ro l  1 i ng  radio- 
nucl ide mass transport  through the packing mate- 
r i a l .  Sorption hysteresis e f fec ts  observed i n  
recent radionucl ide sorpt ion studies are expected 
t o  decrease the mob i l i t y  o f  radionucl ides i n  the 
packing material. During FY 1984, hydrothermal 
long-term (up t o  5 yr) packing mater ia l  s t a b i l i t y  
tes ts  a t  150OC w i l l  be i n i t i a ted .  The measurement 
o f  thema1 conduct iv i ty o f  saturated packing mate- 
r i a l s  w i l l  be i n i t i a ted .  Yeasurement o f  packing 
mater ia l  physical propert ius (c,welI iny, hyrlraul i c  
conductivi ty, atc.) w i l l  continue. 

Models are being doveloped to  al low pred ic t ion  o f  
waste package r e l i a b i l i t y ,  degradation, and radio- 
nucl ide release. I n  addi tfon, two engfneerlng 
tes t  plans have been comploted fo r  t e s t s  that  
employ f u l  I-scale waste packages to measure the 
r a t e  o f  packing material saturat ion undor a thermal 
rad ien t  and the degradation o f  waste package can- 

!step and packing mater ia l  using canister heaters 
to  s imu la t c  radioqenic heat. 
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AVAILABILITY: NTIS 
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DATA SUMMARY: 
Proper ty  and Form of  D a t a :  

I on ic  concen t r a t ions  . 
Materials and Specimen Geometry: 

s y n t h e t i c  groundwater . Umtanum b a s a l t  powder ( f i n e s  washed o f f ) ,  ben ton i t e  powder, 

T e s t  Conditions : 
T = 3OO0C, P = 300 bars ,  616 h r s ,  2130 hrs .  

COMMENTS ON DATA VALIDITY: 

The change i n  concent ra t ion  of the fol lowing were monitored wi th  t i m e  i n  
a system conta in ing  basalt and bentoni te :  S i ,  N a ,  A I ,  K, Ca,  Mg, Fe, B, 
SO,t+2', F', Cl'. 
i n  concent ra t ion  i n  the basa l t - con ta in ing  system. Data is  shown in  document 
a b s t r a c t .  The s u l f a t e  species decreased wi th  t i m e ,  which is  the  oppos i t e  of 
what occurred i n  FIN A-3167, Task 4 Phase I and Phase 11 experiments (whole 
package). The data presented i n  t h i s  r e p o r t  do n o t  support  the conclusion 
t h a t  bentoni te  w i l l  be hydrothermally s t a b l e  and w i l l  cont inue t o  s w e l l  to  
the same degree. 
s imulate  r e p o s i t o r y  cond i t ion  before  water i ng res s ,  before  t e s t i n g  packing 
material i n  the autoclave.  

Potassium showed an  inc rease  followed by a decrease  

Experiments should have subjected mixture to  d ry  h e a t ,  t o  
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Scdiun bentonite is il candidate mtcrial for the waste pclcaqo 
hcltfill cacp4nent in a r e p s i t o r y  in  b s r r l t  a t  the tlanford Site. 
Preliminary hydrathaml expezinrmts i w e  been conductd wrder 
near-field g d r d m l  corrditions expected to OCCUL: in the reference 
repository location in the Grardo M e  &salt. ncpcrinmts have 
bezn canductcd in tha ksalt/pUct-, kntonite/groundwater, 
and basaltbsntanitq&mndwatar system. The experiments have 
bet conducted at 3OO0C using a simulated Grancie IW%le gmmdwtter, 
reference lRrrtanrvn baralt, axad d m  bentonite. Key data qmerated 
by the wpixjmnts includs expcrinmtal s l u t i o n  analyses as a 
function of  tim and prelhiruy solids analysis by scanning 
transmLssion electron microsm~ and X-ray diffraction. .%lut=ion 
trends of the mjor aqueous species wre similar in the three 
systaw and arc characterized by: (1) the qraclual ruiuction of 
the pH value €ran ~ 9 . 7 5  tu a steady-state value of ~ 6 ,  (2) an 
i n i t ia l  rapid hcreaae follmed by a gradual decrease in silica 
concentration, and (3)  a slight or negliqiblo increase in mum, 
sulfate, and chloriue concentrations. In the bentonite&rounJ- 
WCCT -intent, mall muntr (el%) of an albite reaction 
product: were oiscrvcd. Conversely, the f o m t i o n  of illite, a 
m a n  h t m i t e  alteration prduct-, has not obserred. Ttvtse 
results indicate tt?aL sodiun M t o n i t a  w i l l  r m i n  suff ic ient ly  
stable a t  3OOOC under hydrotl~c;mal conditions in basa3.t to 
pcnnit i t s  use as a biickfill material. 

The experimental data discussed abve indicate that m n t m r i l l o n i t e  w i l l  
r a i n  suf f ic iur t ly  s-le at 3OOOC under hydrothermal a~ndit ions to pennit its 
use as a backfill material. Limited experinmtal data in the literature which 
might bs amlir&le to the basalt gcochmical environment also sugqae dt tha t  
scdim m n t m r i l l o n i t e  is stable at: 300-c. O t h a  oxperjmmts involving hydm= 
t h e m l l y  reacted m t m r i l l a n i t o s  a t  ldqh tmntures [4] show that aaturatd 
mntrmrillonitu did not react to mtuod-layer clay in a potmssium-free s y s t m  at 
3OO3C for 1 m-sith. H o w e v e r ,  noticeable reaction did occur a t  4OOOC in a 1 7 4 y  
nul where tha reaction p m d W  rec tor i te  (mixed-layer pragon i t e  and mnbmr- 
i l l on i t e l ,  albite, Irctolinite, and quartz were obscnmf. 3brc cxprjntents and 
longer run t ims  are required to d=tamina the behavior of scdfun bentonite 
under site-qeeiEic gaxkmical conditions. In prtzLculnr, t h e  val idi ty  of the 
albite alteration and tho degree of a l te ra t ion  nust be addressed i n  Euturo 
t=Yperimz!nt-s. u~\tanun br;alt ( m - 2 )  i- bentonite + amthetic Ghndo Ronde grouruht:n-r, 30OOC 

300 bars; hitu wter:mlidS = 10:l: b a s a 1 t : h t o n i t e  = 1:lt basalt m s h  
size = -115+250, 3 mths 

Concentration T h  (hz) 

. (wm 0 1 20 118 334 672 1337 2130 

34 
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N eo. 08 
K 4.00 
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0.31 Ms 
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18.1 
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90 
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3.0. 

0.713 
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DATA SUMMARY: 
Proper ty  and Form of Data: 

So lu t ion  pH and chemistry,  examination of a l t e r a t i o n  products.  

Materials and Specimen Geometry: 

from an outcropping, s y n t h e t i c  Grande Ronde water. 
Bentoni te  powder, and crushed Umtanum b a s a l t  (-115 t o  +250 mesh) 

T e s t  Condi t i ons  : 
3OO0C, 300 bar  au toc lave  tests f o r  up t o  2000 h. 

COMMENTS ON DATA VALIDITY: 

The s tudy  evaluated Na-bentoni te chemical s t a b i l i t y  wi th  and without  t h e  
presence of Umtanum b a s a l t  a t  3OO0C and 300 bars .  
groundwater p r e s e n t  i n  the  au toc lave  was p e r i o d i c a l l y  analyzed for changes i n  
d isso lved  species. 
of -9.75 t o  abou t  6 .  
decreases ,  whereas Na+, S042', and C1' show small o r  n e g l i g i b l e  in- 
c reases .  
i l l i t e ,  a common ben ton i t e  a l t e r a t i o n  product  w a s  n o t  found. 
fo re ,  concluded t h a t  ben ton i t e  would be s t a b l e  enough a t  3OO0C t o  be u s e f u l  
as  a BWIP packing material. 

Syn the t i c  Grande Ronde 

The r e s u l t s  show t h a t  t he  pH fa l l s  from an i n i t i a l  value 
Si concent ra t ion  i n i t i a l l y  increases and then slowly 

In the presence o f . b e n t o n i t e  an a l b i t e  product  was de tec ted  b u t  
It w a s ,  there-  

The r e s u l t s  presented are usefu l  f o r  determining i n i t i a l  f a s t  changes 
i n  groundwater pH and chemistry,  and ben ton i t e  a l t e r a t i o n  over a per iod of 
2000 h. 
hydrothermal tests are conducted. 

However, s t a b i l i t y  of  ben ton i t e  can only  be assured  . i f  much longer  
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REFERENCE: RHO-BW-SA-331P9 1983 
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DATA SUMMARY: 
Proper ty  and Form of Data: 

simple I D  mass transfer c a l c u l a t i o n  to estimate con t ro l l ed  release. 
General d a t a  on s o l u b i l i t i e s ,  h y d r a u l i c  conduc t iv i t i e s ,  gives 

Materials and Specimen Geometry: 
Not u s u a l l y  spec i f i ed .  

T e s t  Conditions : 
General ly  pertinent t o  BWIP cond i t ions  . 

COMMENTS ON DATA VALIDITY: 

Wood g ives  da t a  on t h e  kinetics of d isso lved  oxygen dep le t ion  i n  Grande 
Ronde water a t  1000 and 15OoC wi th  and wi thou t  b a s a l t  present .  
qu ick ly  decreases  the  oxygen level t o  a va lue  <t mg/L a t  15OOC over  a per iod 
of on ly  200 h. A measured Eh va lue  of between 0 t o  -0.lV w a s  obtained. RHO 
ci te  t h i s  evidence f o r  reducing cond i t ions  as being h igh ly  b e n e f i c i a l  since i t  
w i l l  decrease container co r ros ion  and t h e  s o l u b i l i t y  of  rad ionucl ides  in 
water. Howevey, they have done l i t t l e  i f  any work t o  measure d isso lved  oxygen 
levels and Eh in the presence of gamma r a d i o l y s i s  e f f e c t s .  
i n d i c a t e s  t h a t  f o r  a s imulated waste package a t  -15OOC i n  the  presence of 
gamma r a d i o l y s i s ,  ox id i z ing  condi t ions  p r e v a i l  after 60 days of reac t ion .  

Basalt 

Tes t ing  a t  BNL 

In c a l c u l a t i n g  c o n t r o l l e d  release v a l u e s  t o  assess compliance wi th  
10CFR60 and 40CFR191 Wood assumes ( a )  s o l u b i l i t y  c o n s t r a i n t s  apply wi th  t h e  
low Eh va lue  def in ing  t h e  s o l u b i l i t y  levels, (b)  mass t r a n s p o r t  through 
package i s  d i f f u s i o n  con t ro l l ed .  Assumption (a) is  ques t ionable  since gamma 
or a lpha  r a d i o l y s i s  may s t i l l  be s i g n i f i c a n t  i n  the  post-containment period. 
A l so , so lub i l i t y  levels used in Wood's c a l c u l a t i o n s  could be in e r r o r  if they  
are est imated from iso thermal  tests since work a t  PNL (Fullam, 1982) show 
s o l u b i l i t i e s  are g r e a t l y  e leva ted  when approached from t h e  "supersaturated" 
d i r ec t ion .  Also the assumption of di f fus ion-cont ro l led  t r a n s p o r t  through 
packing is  n o t  adequately supported. 
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A l icensable waste package f o r  a nuclear Waste 
rcposi tory  i n  basal t  must control  lon - te rn  radio- 
nucl ide release t o  the host rock w i t h h  approved 
l i m i t s  as defined by regulatory c r i t e r i a .  Ommn- 
s t ra t l on  o f  s a t i  s f  acto.ry long- t a m  perfomante 
requires experimental data that  characterize rsdio- 
nucl ide behavior in the expected geocku ica l  Waste 
packaqe e n v i r o w n t .  Also, an accopted rsodel i s  
required t o  prodiet  the long-term release o f  radio- 
nuclides frm the waste package i n t o  the host rock. 
Experimental data are sunnarized that  pe r ta in  t o  
radionucl ide behavior in the nuclear waste reposi- 
t o ry  i n  basal t  waste package (e.g., oxygen consucnp- 
t ion, hydrothermal reactions, hydraul ic conduc- 
t i v i  ty). A simple, one-dimensional, cornposi t e  
media transport model i s  described that  provides 
calculat ions o f  muiarrn radionucl ide release rates 
and cumulative releases (over 10,OOO yr) a t  the 
waste package packing material/host rock interface 
on J radioriucl Ide-by-radionucl ide basis. The m d e l  
demonstrates that radionuelide release from the 
waste package i s  l i n e a r l y  dependent on the to lub i -  
l i t y  values chosen for the radionuclides o f  
interest .  The calculated releases are ccmpared 
w f  t h  Nuclear Regulatory C m i s r i o n  and Envirun- 
mental Protect ion Agency c r i t e r i a  as well as the 
aval l ab le  experimental data. The experimental 
data ind icate that  the Waximw release rates and 
cumu 1 a t  i v e  re1 eases o f  the radionuc l idos  techne- 
tium, neptunium, and plutoniwn from the waste 
packago should s a t i s f y  Environmental Protect ion 
Agency and Nuclear Regulatory C m i s s i o n  
raqulrcrncnts. 
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REVIEW OF WASTE PACKAGE DATA FOE SALT REPOSITORY PROGRAM 
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DOCUMENT REVIEW FORM 

AUTHOR: Jerks, G. H. 

TITLE: Radio lys i s  and Hydrolysis  i n  Salt-Mine Brines 

REFERENCE: ORNL-TM-3717, March 1972 

AVAILABILITY: Published 

KEY WORDS: s a l t ,  temperature, migrat ion,  b r i n e  

DATA SUMMARY: 
Proper ty  and Form of Data: 

a func t ion  of t i m e  (yrs ) -br ine  composition (molar i ty)  and G-value of 
H2-reaction f o r  thermal and r a d i a t i o n  chemis t r ies .  

Radia t ion  levels ( rad /hr )  and temperature (OC) around waste cans as 

Materials and Specimen Geometry: 
Buried waste can i n  a salt-mine, h igh  level waste repos i tory .  

T e s t  Conditions : 
Literature review. 

COMMENTS ON DATA VALIDITY: 

The information presented i s  based on d a t a  compiled during a test i n  

I n t e r p r e t a t i o n  of t he  da t a  w i t h  r e s p e c t  t o  b r i n e  migra t ion  by h igh  

Est imat ion of hydrogen d i f f u s i o n  through t h e  sa l t  beds w i t h  the  

which a p i l o t  waste c o n t a i n e r  w i th  10 year  o l d  waste w a s  emplaced i n  crushed 
sal t .  
temperature f r a c t u r e  of the sa l t  and r a d i o l y t i c  hydrogen genera t ion  are dis- 
cussed. 
p o t e n t i a l  hazard f o r  i g n i t i o n  are considered. 
i s  a multi-component test and has  d a t a  which could be appl icable .  

Although t h e  work i s  dated, i t  

A2-3 



nOCUMEWT AASTRACT 

summary 

We made a detailed review aad aaalysis o f  &itersture infoa7u%tiaa 
bearing ou the radiation and therm81 chds t r i e s  o f  the salt and brir#tr 
within the vicini ty  o f  a buried waste can in a salt-llliae, high-level, 
w u t m  rrwsitory.  The obJectives were t o  identify the firral radiolyrir- 
land therarsl reaction-groducts atad t o  estimate the amunts formed 8nd 
peleased in to  the  spaces around a can. 

Imporknt radiolysis products include Har 02 8Lzdl gossibly C3&-, 
and m-. Most o f  t he  CM3' and Br03° w i l l  decoa~gosa t o  halides and 
C& at the high tmperstures srourrd a can; BQ(Bro3)a if present may give 
rioe t o  some Bra. Near ly  all o f  t h e  Iia, tke accoqaqcbg oxidired 
8peciesr are formed within the  &rat* brine inclusiorrs by the radia- 
tions aboorbed within the  brine and by dissolution of the i n t e r s t i t i a l  
ohloriae and tmgpd eleotrona f m m  the irradiated solid salt .  lrke brine 

will produce HC1. 
No gocsibly-oerioua problems -is% f r o m  rrrdioQtic or thermal 

effects i n  the repository were recognized which cou3&% be counteracted 
by some modification of t he  design o r  operation OS t he  repository, 
Ibwover, *he possible oYi'OcLs b v a  a0* keen completely evaluated. The 
rcpooibory projcc% i o  pluming or i c  presently coniluctiug additional 
work in  a number o f  additional ureas iucluditl& work i n  m e  migration 
and rad%olyeis and radiation m g e  in the  salt. The results of thio 
vork w i l l  help i n  evaluating the amounts arrd the affects of adio lys io ,  
hydrolyois rrnJ corrosion proilucto. 

is rich i n  M&cl2 (2.3 t o  3 M ) a  Wd hy&OlySiS O f  t W  MgC& a w 



AUTHOR: 

TITLE: 

B. W. Davis 

Preliminary Assessment of the Thermal Effects of An Annular Air 
Space Surrounding An Eraplaced Nuclear Waste Canister 

REFERENCE: UCBL 15014 

AVAILABILITY: Published, April 1979 

E Y  WORDS: .Thermal, Canister, Salt 

GENERAL COMMENTS: This report presents the results of a study of the effect 
that an annular air space around a horizontally emplaced 
canister may have on the heat transfer from the spent fuel 
canister to a surrounding salt environment. Their results 
showed (1) the air gap could lead to canister surface 
temperatures significantly lower than would be obtained if a 
crushed salt backfill was used; (2) radiation heat transfer 
is more important than convection 8nd; (3 )  the 8ir gap did 
not greatly alter the temperature distribution in tho far 
field, defined as distances greater than 5 ft. frol the 
canister . 
The analysis is limited in that (1) the calcul8tion was 
performed for only one set of values for the physical p8ra- 
meters and only one geometry; (2) the possibility Of salt 
creep diminishing and eventu8lly closing the air gap was not 
considered; and (3)  the effects ofi saturated air or steam on 
convective and radiative heat transfer was neglected. 
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UCRL 15014 
DOCUMENT ABSTRACT 

Nodeling results have previously sham #at the  presence of a large 

air space (e,g.# a repository room) within a nuc1eBr waste repository is 

expected t o  cause a m t e  canister 's  temperature t o  remain cooler than it 

would othemise be, Results presented herein show that an annular 8ir 

space surrounding t he  waste canisters can have similar cooling effects 

ma- certain prescribable canditions; for Q 16' x 1' diameter canister 

containing 650 PWR rods which i n i t i a l l y  generate a t o t a l  of 4.61 kw, 

snalys%s w i l l  show t!aat annular air spaces greater than 11" will ponait 

t he  canister surface t o  attain peak temperatures lower than that which 

would result from a zero-gap/perfect thermal contact,* It was determined 

that the peak radial temperatum gradient in  the salt varies in  pro- 

portion t o  the inverse of the d r i l l  hole radius, Thermal radiation is 

shown t o  be the dominant mode of heat t ransfer  acros8 an annular air 

space czuring the  first tno yeam after emplacement, Finally, a method- 

ology f s  presented which Mn  OH investigators t o  easily nodel radia- 

t i o n  and convection heat t ransfor  through air spaces by treating the space 

as : conduction element t h a t  possesses non-lineax temperature dependent 

conrhctivity. 

*Only this one set of .  ponor love1 (4.61 ku) and canit;$or geomotry uas 
stuaicd i n  numerical de ta i l ;  It should be noted.that a different  power level 
and/or a different canister geometry win result in  an air space size d i f f e r e n t  
from 11" (for the condttion yieldirtlltemperatures~u~~equi.nfent-to-perfect 'thermal 
contact) 



DOCUMENT REVIEW FORM 

AUTHOR: Claiborne,  H. C., e t  al. 

TITLE: Expected Environments i n  High-Level Nuclear Waste and 
Spent  Fue l  Repos i to r i e s  i n  S a l t  

REFERENCE: ORNL/TM-7201, August 1980 

AVAILABILITY: Published 

KEY WORDS: sal t ,  b r ine ,  canister, temperature,  spent f u e l  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

conduct iv i ty  of s a l t  (°C,W/mok), d e n s i t y  (kg/m3), h e a t  capac i ty  
(J/g.k), conduc t iv i ty  (W/m-k) f o r  HLW; SF and sal t ,  s a l t  s t r a t i g r a p h y  
(m) , cor ros ion  (mil /year)  

Materials and Specimen Geometry: 

Heat gene ra t ion  HLW and SF (relative va lue  VS. years ) ,  thermal 

S t e e l ,  zirconium. 

Tes t Conditions : 
Literature  review. 

COMMENTS ON DATA VALIDITY: 

The purpose of t h i s  r e p o r t  i s  t o  desc r ibe  the  expected environments as- 
soc ia ted  wi th  HLW and SF r e p o s i t o r i e s  i n  sa l t  formations.  
inc lude  the  thermal, f l u i d ,  p ressure ,  b r i n e  chemistry and r a d i a t i o n  f i e l d s  
p red ic t ed  for the r e p o s i t o r y  conceptual  designs.  
t h i s  t i m e ,  design parameters f o r  a HLW o r  SF r e p o s i t o r y  i n  salt  are s u f f i -  
c i e n t l y  w e l l  def ined  t h a t  i t  i s  poss ib l e  t o  p r e d i c t  with some confidence many 
of the  condi t ions  t h a t  w i l l  be encountered i n  the  v i c i n i t y  of the  waste canis- 
ters i n  the  reposi tory."  
using s i n g l e  component tests. Interactive tests would provide more complete 
data. 

These environments 

The au thors  state t h a t  "at 

Generally,  the  r e s u l t s  are based on c a l c u l a t i o n s  
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EXPECTED ENVIRONMENT IN HIGH-LEVEL NUCLEAR WASTE AND -- SPENT - --.- ---)__- FUEL REPOSITmES .--* ---.--.. I N  SALT 

H. C. Clai'borne, L. D. Rickeresen,* and R. F. Graham* 

The purpose o f  this report is to  describe the expected environments 
associated w i t h  high-level waste (HLW) and spent fuel (SF) repositories 
i n  s a l t  forniations. These environments include the themal, f luid,  , 
pressure, brine chemistry, and radiation fields predicted for .the 
repository conceptual designs . 

In i t ia l  theriiial loadings,  distributed over the room and p i l l a r  
areas, a re  assumed to  be 2.16 kW/canister and 150 kW/acre (37.1 W/m2) 
for HLW and 0.55 kW/canister and 60 kW/acre (14.8 W/m2) for  SF i n  a 
hasel i n @  repository. Thermal environiiionts arc calculated i n  ternis o f  
near-field and far-f ie ld  iiiodels. 
412OF (211OC) %I6 yr  a f t e r  emplacement o f  10-yr-old waste. The peak for  
SF is broader, occurring 4 0  YP a f t e r  emplacement a t  a temperature of 
211°F (99.4OC). A t  the canister surface, w i t h  a &in. (10.2-cm) barrier 
[ Z  i n .  (1  cm) of crushed s a l t  and a 2-in. (5.1-cm) a i r  gapj, the maximum 
HLW temperature is 587OF (308OC) and peaks 4 0  y r  a f t e r  emplacement. 
For SF, the maximum canister temperature is  237OF (Il4OC) and occurs 
d 5  y r  i) f Lor uiii 11 acoiiiorrt . 
of 670°F (354OCl i s  reached 4 y r  a f t e r  emplacement. The maximum temper- 
ature of the SF p i n  assembly i s  280°F (138OC), occurring 4 yr  a f t e r  
emplacement e 

Sens'i t i v i  t y  studies are  presented to  show the effect  of changing 
ttw arcill tieill load, Ltie canister heat load, the barrier inaterial and 
thickness, ventilation of the storage rooill, and adding a second row t o  
the eiiiplacoiiient configuration. 
the canister heat load reduces the canister surface temperature. For 
decreasing areal heat load, the effect  becomes m r e  pronounced as the 
years after emplacsiiient increase; however, the offoct for a decreasing 
canister heat load is most draiiiatic during the early years a f t e r  elliplace- 
ment. The effect  on canister surface teriiperature of a change i n  the 
barrier is presented i n  the fonii of graphs which will permit the designer 

The calculated thernial environment is used as i n p u t  f o r  brine 
iiiigration calculations. The brine inclusions can be considered i n  terms 
of a particle density that  obeys the time-dependent continuity equation. 
A coiiiputer code (MIGRAIN) was developed, and predictions compared favorably 
w i t h  experiinental data of the Waste Isolation Pi lo t  P lan t  (WIPP) S a l t  
Block 11. The total  flow for HLW is %12 a after 15QO yr ,  and the corres- 
ponding f l o w  f o r  SF is 6 &. 

The salt tetiiperature for HLW peaks a t  

The iiiaxiiiiuiii l4LW waste center1 ine terrrperature 

Decreasing either the areal heat load or 
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DOCUMENT REVIEW FORM 

AUTHOR: Jenks, G. 

TITLE: Review of Information on the Radiat ion Chemistry of Mate r i a l s  
Around Waste Canis te rs  in S a l t  and Assessment o f . t h e  Need f o r  
Add€ t i o n a l  Experimental Infozma t i o n  

REFERENCE: ORNL-5607, March 1980 

AVAILABILITY: Avai lable  

KEY WORDS: b r ine ,  r a d i a t i o n ,  s a l t  r epos i to ry ,  r a d i o l y s i s  

DATA SUMMARY: 
Property and Form of Data: 

gas forma t ion.  
Dose r a t e s ;  temperatures; b r ine  compositions; b r i n e  r a d i o l y s i s ;  

Mater ia l s  and Specimen Geometry: 

br ine  and s a l t .  
Reference HLW package ia salt; gener ic  e f f e c t s  of r a d i a t i o n  on 

Tes t Conditions : 
Overview document. 

COMMENTS ON DATA VALIDITY: 

Useful review monograph on r a d i a t i o n  e f f e c t s  in a s a l t - b r i n e  envlronment, 
including r a d i a t i o n  damage to s a l t ,  gas genera t ion  and changes i n  br ine  chem- 
i s t r y .  Emphasis is given t o  the 
r a d i o l y t i c  formation of oxidants  (02 o r  Cl03- o r  both) under c e r t a i n  
conditions.  
i n t e r e s t  are n o t  addressed. 
has indicated a wide range of pH condi t ions a r e  l i k e l y  to  e x i s t  a t  any par- 
t i c u l a r  point  i n  time throughout the opera t iona l  and post-emplacement t i m e  

Work a p p l i c a b l e  to  both spent  f u e l  and HLW. 

The pH condi t ions l i k e l y  to be encountered over the per iod of 
Recent BNL work on i r r a d i a t i o n  of s a l t  and b r ine  

period. 
v e r i f i c a t i o n  not offered  i n  t h i s  repor t .  

Changes i n  br ine-sa l  t chemist;y -- over  time r e i u i r e  e iper imenta l  



Tho brinc8, vapors, and salts procipitatad from tho bt ines  
w i l l  be exposed to oammcr ray0 and to olovatad fomporotutos in  
t he  regions close t o  a waste packogo i n  the  salt. Accordingly, 
they w i l l  bo  subject to  cimngos i n  composition browlrt sbour by 
teoctionu induccrd by tho radiat ions and heat. 

t o  roviow tho sfatus o f  information on tho radiat ion cherafstry 
of briaios, gases, and s o l i d s  which might be prasont around a 
W i ) S t Q  packuBe i n  801t and t o  a88988 tho need for  additionul 
labaracory invest igat ions on the radiat ion chemistry of thoso 
mtcrials .  

Tho basic  uupecrs of tho radiation ckcrabtry of wacet and 
aquoouu solutiona,  including conccrntrotctd salt: solutions,  wore 
rcvhwod briuCly and fouiad to ba uubtstantiolly unchanaed from 
those prascntcd i n  Jonke'r; 1972 raviow OQ rad io lys i s  and hydro- 
l y s h  i n  salt-tnincr brinotl. 
tuiuiiit: t o  ~ l i u  rudiolyt ic  .yiulda arid rcroctionu i n  briiia mlu- 
t fans  lias bucourcr avctilublcr eince tho pruvious review, and t h i o  
information will bo useful i n  tho eventual, completo olucidotion 
o f  che radiat ion chemistry of tho salt-mino btines. 

T i m  objocLivotl of tlrc work discussod fa t h i s  report  wore 

Soma additional Lnfomt ion  pcrr- 

- .  , . 



DOCUMENT REVIEW FORM 

AUTHOR: Lowry, W. E., B. U. Davis and H. Cheung (LLL) 

TITLE: The Effects of  Annular A i r  Gaps Surrounding an Emplaced 
Nuclear Waste Canister in Deep Geologic Storage 

REFERENCE: UCRL-84152, June 1980 

AVAILABILITY: Avai lab le  

KEY WORDS: annu la r  a i r  gaps, waste package, temperature,  bedded sa l t ,  
b a s a l t ,  spent f u e l  

DATA SUMMARY: 
Property and Form of Data: 

tempera tures .  
Three-dimensional numeric modeling r e s u l t s :  gap sizes; 

Materials and Specimen Geometry: 
Modeling e f f o r t s .  

T e s t  Conditions : 

a i r  gaps of 3, 6, 18, and 42 inches  used. 
Spent f u e l  (aged 3-10 y r s ) ;  canister s i ze :  1' diam x 16' l ength ;  

COMMENTS ON DATA VALIDITY: 

Approach u s e f u l  in design-configurat ion a s p e c t s  of  emplacement. 
temperature of t h e  waste c a n i s t e r  is determined in response t o  v a r i a t i o n s  in 
(1) s u r f a c e  p r o p e r t i e s  of the gap, (2) the size of t h e  annular  a i r  gap, 
(3) the  presence/absence of a sleeve, and (4) c a n i s t e r  and areal i n i t i a l  
thermal power levels. As gap s i z e  increases from zero  gap, t h e  temperature 
r a p i d l y  approaches peak a t  a critical width; beyond th i s  wid th  gaps produce 
lower temperatures. 
f i e l d .  

The 

Resu l t s  of such e f f o r t s  should be inves t iga t ed  i n  t h e  
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I~OCUMKHT ABSTRACT 

THE WFECTS OF ANNULAR AIR GAPS 
SURROJNDING AN W!LACED NUCLEAEI 

WASTE CANTSTEX2 I N  DEEP GEOImIC STORAGE* 

W i l l i a m  E. IarJry 

Li vermoro8 Cal i f  or nia 
Un'versity of CaliEornia, Lawrence Livermore National Laboratory 

B i l l  W. Davis 
Northern Arizona University 

Henry Cheung 
University of Calffornia8 fawrence Livermore National Laboratory 

Livermore C a l i  fornia 

ABSTRACP 

Annular a i r  spaces surrounding an cmplaccd nuclear waste canis te r  i a .  Aeaf. 
geologic storagc w i l l  have s igni f icant  effects on t ho  long-term performance of 
the  waste form, Addtesscd spec i f i ca l ly  in t h i s  analysis  io  the influence of a 
gdp on the  'thermal respame of t he  waste package. Three dimensional numerical 
m o d e l f  ng prcclicts tcrnpcrqturo e f f e c t s  for ii scc ics  of parmeter variations, 
including the  influence of gap size, surface emissivities, i n i t i z l  thermal 
pmor gcncration rate of tho canis te r ,  and the prctcncc/abacnco of ii sleeve. 
Particular emphasis is placed on determining the  effects these variables have 
on tho canis ta r  surface tcrnpcratuto. 
which tha peak t r ans i en t  temperature occurs when gap widths are varied for a 
range bf power levels. It io  also shown t h a t  high crniasivfties for  the heat 
exchangfng surfaces are dcsirablo, whilo t h a t  of t h e  can i s t e r - su r face  ha8 tho 
g rea t e s t  influence. Gap e f f e c t s  are mOrc pronou?ced, and thareforc mor0 
@€fort should be devoted to optimal design, i n  s i t ua t ions  whom the absolute 
temperature o f  t h e  near f i e l d  rncx3lunr i o  high. This dCeurs for highor powoc 
level cmplaccmcnts and i n  gcamcclia with low thermal conductivitics, Finally, 
laosoly infxrting a sleeve i n  tlie borehole effect ivcly c rea t e s  two gaps and 
d ras t i ca l ly  raises tho canis te r  peak temperature. 
r ecu l t c  i n  tho design of an optimum package configuration which will maintzin 
the canister a t  accclptahtc tcmparirtutc lcvcls .  
relates t h e m  findings to NRC regul atory considerations. 

Wo have ident i f ied  critical gap sizes a t  

It  is possible to uso theso 

A discussion is [Jrovhkd wl:ich 



DOCUMENT REVIEW FORM 

AUTHOR: Magnami, N. J., and Bra i thwai te ,  J. U. (SNL) 

TITLE: Corrosion Resistant Metallic Canisters f o r  Nuclear Waste I s o l a t i o n  

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2 ,  
Plenum Press ,  N.Y., 1980, pp. 377-384. 

AVAILABILITY: Published 

KEY WORDS: T304 SS, TiCode 12, WIPP Brine A, seawater, uniform cor ros ion ,  
s t ress -cor ros ion ,  slow-s t r a in - r a  te t e s t i n g  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Uniform co r ros ion  rates in  pm/y and reduct ion-in-area v a l u e s  from 
slow-s train-rate tensile tests t o  evaluate s t r e s s -co r ros ion  cracking. 

Materials and Specimen Geometry: 

and t e n s i l e  specimens f o r  s t r e s s -co r ros ion  tests. 
Ticode-12 and T304 SS m e t a l  coupons f o r  uniform co r ros ion  tests 

Tes t Condit ions : 

Brine A, a i r ,  dry  s a l t  and w e t  salt  f o r  slow-strain-rate tests a t  
250OC. 

Seawater and Brine A f o r  uniform co r ros ion  a t  250°C; seawater, 

COMMENTS ON DATA VALIDITY: 

The program is designed t o  give b a s i c  d a t a  on co r ros ion  of  con ta ine r s  f o r  
t he  WIPP and the  subseabed d i s p o s a l  program. The data show t h a t  in deoxy- 
genated s o l u t i o n s  t h e  uniform co r ros ion  r a t e s  f o r  bo th  m a t e r i a l s  are h ighe r  in 
Brine A. For bo th  s o l u t i o n s  t h e  uniform co r ros ion  rate f o r  TiCode-12 i s  6 
times lower in  seawater. 

In the  s fow-s t ra in- ra te  tests the  T304 SS is  embr i t t l ed  i n  w e t  s a l t  and 
Brine A but  n o t  in  dry  sal t  (0.7% H20).  
salt  o r  Brine A. 
T304 SS t o  embrit t lement.  

TiCode-12 is  n o t  embr i t t l ed  in d r y  
Dissolved 02 is a mafor f a c t o r  i n  s u s c e p t i b i l i t y  of 

The tes t  temperature is  poss ib ly  high for  commercial waste d i s p o s a l  in 
s a l t  b u t  is a u s e f u l  acce le ra t ed  test  t o  show that stress co r ros ion  is a 
poss ib l e  f a i l u r e  mode f o r  stainless s t e e l .  
co r ros ion  o r  t he  effects of a d j a c e n t  waste package components. 

No da ta  are given f o r  i r r a d i a t i o n  
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A prograe With the goal oe usti i i iuting tlrc p o t e n t i a l  of a lliatc- 
r i a l  to uurvivu 300 youru uu a nuclear waste canister i e  underway at  
Sandia Labora tor ies .  The c o r r o s i o n  and stress c o r r o s i o n  c rack ing  be- 
havior  of t h e  l ead ing  cand ida te ,  TiCode-12***, i s  c o n t r a s t e d  to t h a t  
of a co~aiaonly usad eng inec r iug  u l l o y ,  304 a t a i n l c a s  steel .  
mental ev idence  is praaented which ahows t h e  inadeyuacy o f  304 stain- 
less steel i n  potel lc ia1 r e p o s i t o r y  anvirownents  and shows t h a t  Ti- 
Code-12 could  endure t h e  d e s i r e d  300 years .  Fu r the r  work r equ i r ed  t o  
q u a l i f y  Ticode-12 i s  o u t l i n e d .  

Experi- 



DOCUMENT REVIEW FORM 

AUTHOR: Rankin, W. N. (SRL) 

TITLE: Can i s t e r  Compatibi l i ty  w i th  Carlsbad S a l t  

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2, 
Plenum Press ,  N.Y., 1980, pp. 395-402. 

AVAILABILITY: Published 

KEY WORDS: rock salt ,  Cor-Ten carbon steel, T304 SS, uniform cor ros ion ,  
con ta ine r  

DATA SUMMARY: 
Property and Form of Data: 

oxides formed. 
' ' Uniform cor ros ion  depth i n  m i l s .  Some c h a r a c t e r i z a t i o n  of m e t a l  

Materials and Specimen Geometry: 

t o  crushed rock salt.  
Cor-Ten carbon steel and T304L SS c y l i n d r i c a l  specimens embedded 

Tes t Conditions : 

capsules  exposed f o r  10,000 h a t  80, 225 and 60OoC. 
Sealed capsules  exposed f o r  5000 h a t  80 and 225OC and unsealed 

COMMENTS ON DATA VALIDITY: 

The s tudy  addresses  the  cor ros ion  of. Cor-Ten carbon steel  and T304L SS 
a s  candida te  materials f o r  HLW con ta ine r s  t o  be emplaced i n  bedded salt.  
samples heated f o r  10,000 h t h e  materials exposed a t  8OoC showed no v i s i b l e  
corrosion.  A t  225OC the  T304L SS showed only  small patches of a t t a c k  1 m i l  
i n  thickness  after 10,000 h. 
and contained cor ros ion  products t o  a thickness  of 0.6 m i l .  
T304 SS exposed i n  sea led  capsules  f o r  5000 h a t  80 and 225OC showed no oxi- 
dation. Carbon steel samples, however, were covered wi th  a b lack  oxide. A t  
6OO0C the  stainless steel was covered with a t h i n  b lack  oxide and the  carbon 
steel showed a much t h i c k e r  oxide scale. 

For 

In t he  same period the  carbon steel  w a s  a t t acked  
Samples of 

The d a t a  are v a l i d  f o r  p red ic t ing  genera l  ox ida t ion  behavior i n  t h e  
presence of rock salt.  However, much longer  term tests w i l l  be needed to  
determine the uniform cor ros ion  rates which can be used i n  design,  and t o  
ascertain i f  new cor ros ion  f a i l u r e  modes are l ike ly .  

A2-15 
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No s i g n i f i c a n t  r e a c t i o n  was found when candida te  canieter alloys 
were hea ted  with salt  from Carlsbad, New Mexico, f o r  up t o  5000 hours  
i n  sea l ed  capsu le s  and for up to  10,000 hours  in  unsealed capoules  at 
temperatures  (80 t o  225OC) t h a t  b racke t  t ho  maximum temperature cal- 
culoCed for reference hwannah Biver P l a n t  (SIP) waste con ta ine r s  et 
20-foot spac ings  i n  s a l t  (2). Addit ional  tclete w c a  mada a t  GOOOC i n  
easlad copeuleti t o  c h a r a c t e r i r e  r e a c t i o n s  that may occur  between 
candidate canister alloys and any cotuponcut oE t h e  eal t  that  i n  
rcloaaod wlicn dccrcpitilt i o i r  occurs. 
tlicrc was nu ui&iiiL'icuiit attuck o f  'l'ypcl 304L s t a i n l c e a  aCaul. 
thoro wus up t o  20-mils a t t a c k  oE tho l o r c a r b o n  steel. 

Uirdur C~IUHU cxtrciiic conclitioiis 
Uut, 



DOCUMENT REVIEW FORM 

AUTHOR: Glass, Robert S. 

TITLE: Effects of Radiation on the Chemical Environment Surrounding Waste 
Canisters i n  Proposed Repository Si tes  and Possible Effects of the 
Corrosion Process 

REFERENCE: SA"D81-1677, December 1981 

AVAILABILITY : Published 

KEY WORDS: canister, groundwater, corrosion, radiation damage 

DATA SUMMARY: 
Property and Form of Data: 

chemical reactions produced i n  H20, seawater and brines by gamma 
radiation (rads/hr). 

Tuff groundwater composition mg/L, seawater, Brines A and B ppm, 

Materials and Specimen Geometry: 
Titanium alloys, stainless steel ,  Fe, Cu, N i .  

Tes t Conditions : 
Literature Review. 

COMMENTS ON DATA VALIDITY: 

Th i s  report provides several of the chemical reactions that w i l l  occur 
during irradiation of the  environment surrounding the canisters. The cor- 
rosion effects caused by this  irradiated environment to  possible canister 
materials such as stainless s tee l  and Fe, Cu, N i  and T i  alloys a re  given. 
This  information is  useful fo r  supplementing data taken from other component 
tests.  Irradiated interactive tes t s  that include backfill and host rock are  
no t  provided in  this  report. 

A2-17 
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sAND81-1677 
Unlimited Relsase 

EFFECTS OF RADIATION ON THE CHEMICAL ENVIRONMENT SURROUNDING 
WASTE CANISTERS IN PROPOSED RV)OSI!IORY 81TEs AND POSSIBLE 

EBPECTS ON T U  CORROSION PROCESS* 

' Robert S. G l a s s  
Sandia National Laborator ies  

Albuquerque, Nl4 87185 

This  report explores the i n t e r a c t i o n  of ion iz ing  r ad ia t ion  with various 
environments. I n  p a r t i o u l a r ,  worst ease (aqueous) environments f o r  t he  
proposed nuclear  waste repos i tory  sites are considered. mphasia i s  on 
the fundamental c h d c a l  and phys ica l  processes involved. 
ident i t ies  of poss ib le  r a d i o l y s i s  products (both t r a n s i e n t  and stable) 
have been sought through a literature search. The effect of r ad ia t ion  
on corrosion procosaes i s  discussed. 

The 

The radiation-induced c h m i c a l  environment i n  the worst case repository 
a i t e a  i s  not  w e l l  defined. 
fundmental-  s t u d i e s  explor ing the i n t e r a c t i o n  of such environments with 
a n p o n e n t s  of t h e  nuclear  waste package, including t h e  c a n i s t e r  
makeriala and baakfi l ls .  
radiOly8iS products would be helpful i n  t h i s  regard. 

a t t e n t i o n  should therefore  be given t o  

Tdontfffaatfon and quan t i f i ca t ion  of 

*This work supported by the U.S. Department of Energy. 



DOCUMENT REVIEW FORM 

AUTHOR: G. H. Jenks and J. R, Walton 

TITLE: Radia t ion  Chemistry of Salt-Mine Brines and Hydrates 

REFERENCE: OWL-5726, J u l y  1981 

AVAILABILITY: Avai lab le  

KEY WORDS: r a d i a t i o n ,  salt, b r ines ,  hydra tes  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Analysis  f o r  Cl03-, H202, C l z ,  and o t h e r  gas  components 
(H2, 02, CH4, C02, N2, A r ,  H e ) .  

Materials and Specimen.Geometty: 
NaC1-saturated MgCl2-containing s o l u t i o n s ;  MgCl2 hydra tes  . 

T e s t  Condi t ions : 
Temperatures i n  the  range of 30-180°C; ae ra t ed  and deaerated 

so lu t ions  used; i r r a d i a t i o n  time, 20-210 minutes; c o b a l t  source used 
(Shepherd 89-TBq) , 

COMMENTS ON DATA VALIDITY: 

Document u s e f u l  i n  documenting experimental work undertaken t o  e s t a b l i s h  
the  va lues  f o r  t h e  y i e l d  of H2[G(H2)] in' the gamma-ray r a d i o l y s i s  of con- 
cen t r a t ed  b r i n e s  t h a t  might occur i n  waste r e p o s i t o r i e s  i n  salt. 
gas  l i b e r a t i o n  and genera t ion  w i l l  a l s o  take p lace  from the  i r r a d i a t i o n  and 
hea t ing  of the  rock  salt  and c o n t r i b u t e  to the o v e r a l l  gas product ion process. 
The a v a i l a b i l i t y  of hydrogen forma t i o n  may c o n t r i b u t e  t o  hydrogen-assisted 
f a i l u r e  of t i tanium. 
and could y i e l d  HCL. 
the  formation of sodium hydroxide (NaOH). 
t he  d e t e r i o r a t i o n  of t h e  con ta ine r  and packing material. 

However, 

Brines a l s o  tend t o  be a c i d i c  a t  e leva ted  temperatures  
Also, t he  i n t e r a c t i o n  of sodium wi th  b r i n e  may l ead  t o  

These f a c t o r s  w i l l  c o n t r i b u t e  to  

. A2-19 



Certain aspec t s  of t h e  r a d i a t i o n  chemistry of NaC1-saturated 
MgC12 so lu t ions  and MgC12 hydrates  nt tempcraturcs i n  the rmgc 
of 30 t o  18OoC were inves t iga ted  through experiments. A pr inc ipa l  
o b j e c t i v e  was t o  e s t a b l i s h  the  va lues  €or the y i c l d s  OF 112 [C(ll2)] 
and accompanying oxidants  i n  t h e  gamma-ray r a d i o l y s i s  of con- 
ccnt ra tcd  brincH tlrnt might occur i n  waste rcposi i tor ics  :In s : i l C .  

into a simultaneously i r r a d i a t e d ,  deaerated atmosphere above 
t h e  so lu t ion  is between 0.48 and 0.49 over most of t h e  range 30 
to 143OC. 
of t h i s  range, averaging 0.44 a t  30 t o  45OC. Changes i n  t h e  
relative amounts of MgC12 and N a C l  in  t h e  NaC1-saturated solu- 
t i o n s  have neg l ig ib l e  e f f e c t s  on t h e  y ie ld .  

The y i e ld  of 0 2  i n t o  the  same atmosphere averages 0.13, 
.ir.dependent of t h e  temperature and b r i n e  composition, showing t h a t  
on ly  %SO% of t h e  r a d i o l y t i c  oxidant t h a t  was formed along with 
the  €I2 w a s  present  as 0 2 .  
compose t h e  remainder of t h e  oxidant. 

We concluded that t h e  y i e l d  of H2 from a gamma-irradiated 
b r i n e  s o l u t i o n  i n t o  a simultaneously i r r a d i a t e d  atmosphere con- 
t a i n i n g  5 t o  8% a i r  i n  H e  may-bo g r e a t e r  thhn the  y i e ld  i n  
deaerated systems by amounts ranging ffom 0% f o r  temperatures 
of 73 t o  8S°C, to  about 30 and 40% f o r  temperatures i n  the  ranges 
100 t o  143OC and 30 t o  4SoC, respect ively.  
the mechanism whereby t h e  a i r  aEfectcd thc y i e l d s  of M2 and 0 2 .  

The va lues  found i n  t h i s  work f o r  G(I12) i n  deaerated systems 
are i n  approximate agreement wi th  t h e  value of 0.44 f o r  t h e  gamma- 
i r r a d i a t i o n  y i e ld  of H2 i n  pure €120 a t  room temperat~urc. 
are also i n  agreement wi th  t h e  va lues  predicted by ext rapola t ion  
from the f ind ings  of prcvious rcseiirclrcrs for tlic vnluc Eor 
G(H2) i n  2 ENaCf so fu t ions  a t  room temperature. 
poorer agreement with t h e  value o f  G(H)2 = 0.42 €or NaCl- 
s a tu ra t ed  so lu t ions  i n  tho range 0 t o  85OC s t a t e d  by Spitsyn 
et a1.l 
Jen& from results wi th  KC1 so lu t ions  reported by previous 
Russian workers are complctcly discounted. 

va lues  for G(H2) apparent ly  do not  agree witla the  s t a t e d  f ind ings  

We concluded that G(B2) from gamma-irradiated b r i n e  so lu t ion  

Thc y i e ld  is probably somcwlrot lowcr a t  thc lowcr a11d 

W e  d id  not  i d e n t i f y  the spec ies  t h a t  

We did not establis11 

They 

They are i n  

The higher  va lues  for G'(I12) i n  br ine  (%2) inferced by 

Our conclusions regarding the e f f e c t s  of 5 t o  8% air  on t h e  

of Spi tsyn et .al .  t h a t  the  va lue  f o r  G(bl2) i n  sa l t  so lu t ions  
is independent of 02 .  

1 0  t o  12 
va lues  g r e a t e r  than those for so lu t ions  of lower MgCl2 concen- 
t r a t i o n s  a t  lower teuiperatures by faccors  ranging frola 1.0-1.25 
a t  15O-16O0C t o  1.6-2.0 a t  170-18O0C. Presumably, t h e  increased 
hydrolysis  of ElgC12 a t  higher tcmpcracures and concentrat ions is 
respons ib le  f o r  some o r  a l l  o f  the increase i n  C(U2) . Also, we 
found that r a d i o l y t i c  decomposition of t h e  water of liydration in 
c r y s t a l s  o f  MgCL2*6H20 takes  place, but  that: t h e  e f f e c t i v e  values 
for G(H2) are much less than &hose i n  a l ique f i ed  so lu t ion  with 
the  same r a t i o  of MgC12 to  H20. Most of t he  €12 is not re leased 
from t he  c r y s t a l s  u n t i l  t he  i r r a d i a t e d  material is heated above 
t h e  l i q u e f a c t i o n  temperature. 

Soiiie suggest ions f o r  a d d i t i o n a l  experimental work are 
presented wl i i c l i  would hclp (1) i n  tho i d e n t i f i c a t i o n  of thc 
s e v e r a l  oxidized species t h a t  are apparent ly  formed i n  the  radi-  
'o lys i s  of b r i n e  so lu t ions  and (2) i n . t h e  f u r t h e r  c l a r i f i c a t i o n  of 

Addit ional ly ,  w e  concluded t h a t  deaerated so lu t ions  containing 
MgCl2 and i r rnd ia t cd  at  150 to 180% exh ib i t  C'(H2) 

radio lvs i s  i n  the brines- A2-20 
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AUTHOR: G. H. Jenks,  H. C. Claiborne 

TITLE: Brine Migration i n  S a l t  and Its Implicat ions i n  the  Geologic 
Disposal  of Nuclear Waste 

REFERENCE: ORNL-5818, December 1981 

AVAILABILITY: Available 

KEY WORDS: b r ine ,  s a l t  repos i tory ,  migration, HLW 

DATA SUMMARY: 
Property and Form of Data: 

gradient-induced b r ine  migration. 
Theore t ica l  and experimental; b r i n e  migrat ion data;  thermal 

Mater ia ls  and Specimen Geometry: 

s a l t  . Bedded s a l t ;  va r ious  geometries, s i n g l e  c r y s t a l  and crushed 

T e s t  Condi t i ons  : 

s i n g l e  crys , ta ls  a t  temperatures up to -25OOC; thermal gradient-  
induced b r i n e  migrat ion a t  temperatures from 50-200°C. 

Overview document inc ludes  da ta  on migrat ion r a t e s  of b r i n e  i n  

COMMENTS ON DATA VALIDI+TY: 

Useful overview on rock s a l t  c h a r a c t e r i s t i c s  a f f e c t i n g  b r i n e  migration; 
t heo re t i ca l  a spec t s  of l i q u i d  b r ine  migra t ion  wi th in  c r y s t a l s  of NaC1; migra- 
t i on  r a t e  data  f o r  bedded s a l t ;  migrat ion of gas- l iquid inc lus ions  i n  NaCl; 
experimental  and t h e o r e t i c a l  informa t i o n ,  on migra t ion  of f l u i d s  wi th in  rock 
s a l t  wal ls  of waste emplacement hole;  b r ine  flow es t imates  based on MIGRAIN 
code. 
with regards t o  enhancing br ine  inf low r a t e s .  Radiat ion e f f e c t s ,  such a s  
weakening of salt  s t r u c t u r e  and lowering temperature a t  which d e c r e p i t a t i o n  
occurs,  n o t  considered in t h i s  repor t .  

Such a spec t s  a s '  d e c r e p i t a t i o n  and conso l ida t ion  no t  taken i n t o  account 



Redcled and domal salt deposits withLn tlic IJnited S ta t e s  t ha t  are 
being considcred €or usc i n  tlrc dfsposnl  ol: s p e n t  llfiht-watcr reactor  
(LWR) fue l  and/or solidi Pied lrigli-lcvcl wastes contain a amall volumc 
f r ac t ion  oE brine inclusions,  which are located w i t h i n  s n l t  c r y s t a l s  
and/or a t  crys  ta l  boundaries . 
salt t o  the waste package when sufficiently l a rge  gradients  (primarily 
temperature aradients) exist i n  tlic chemical po ten t ia l  oE the s a l t  
around the inclusions. The Eluids could a l s o  move hydraul ical ly  i f  suf- 

f i c i e n t l y  large d c r o c r a c k s  are Formed i n  the salt.  

rnfnrating to a waste packanc w i t l i h  a salt  repository are nccclcd i n  ova- 

luatlnlf  tho s u i t a h l l i t y  of a givcn diriposal concept. k i n e  migrntion i n  

sal t  has been studied extensively during the past  15 years, and tho 
object ive of the present report  is to provide a comprehensive review and 
ana lys i s  of t h i s  ava i lab le  information f o r  use  i n  the preparation OP a 
l icens ing  top ica l  report  (LTR) on brine migration. Tho object ives  of 
thc  l icens ing  report  are discussed elsewliere . 

The topics  covered i n  t h i s  report  relate t o  three general  areas: 
(1) the  cha rac t e r i s t i c s  of salt  Pormations and waste packages germane to  

considerations of rates, amounts, and e f f e c t s  of brine migration, (2) 

experimental and thcore t icn l  information on br inc minrntioris, and (3) 
means of designing to  minimize any adverse e f f e c t s  of brine migration. 
Fl.oodinq, brine pockets, or otlicr fac tors  w i t  1. presrsmahty he procttrtlcd 
by appropriate s i te  select ion and repository desifin. 

These inclusions can migrate through the 

Information concerning the rates and t o t a l  amounts of br ine 

82-22 
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AUTHOR: Krause, W. B., and P. F. Gnirk 

TITLE: Domal S a l t  Brine Migration Experiments a t  Avery I s land  

REFERENCE: The Technology of High-Level Waste Disposals ,  Technical 
Informa t i o n  Center, DOE, 1981, pp. 110-135 

AVAILABILITY: Published 

KEY WORDS: b r i n e  migrat ion,  thermal grad ien t ,  Avery I s land ,  hea t e r s  

DATA SUMMARY: 
Property and Form of Data: 

in domal salt.  
Moisture c o l l e c t i o n  rates i n  gms f o r  given thermal g rad ien t s  

Materials and Specimen Geometry: 
Avery I s l and  s a l t  dome. 

Tes t Condi t ions  : 

grad ien t s  up t o  1.42 OC/crn. 
Maximum s a l t  temperatures betwgen 30-53OC, and thermal 

T e s t  times up t o  325 d. 

COMMENTS ON DATA VALIDITY: 

The paper  reviews p r i o r  work on b r i n e  migrat ion i n  salt  and g ives  a 
d e t a i l e d  account of the  Avery I s land  h e a t e r  experiments. 
made of b r i n e  migrat ion rates i n  thermal g rad ien t s  imposed on t h e  salt by 
the  hea ters .  A model- is  proposed f o r  the  migra t ion  mechanism which i s  i n  
agreement wi th  measured values. 

Measurements were 

This p a p e r  is of va lue  in de f in ing  t h e  a n t i c i p a t e d  i n f l u x  of b r i n e  i n t o  a 
It will be use fu l  w i th  respect t o  quant i fy ing  the  amount of package borehole. 

b r ine  a v a i l a b l e  for conta iner  cor ros ion  and g l a s s  leaching and a l s o  will help  
t o  understand t h e  importance of b r ine  migrat ion i n  a s ses s ing  the  con t ro l l ed  
release rates for radionucl ides .  

i 
A2-23 
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Conclusion 
The concept of the migration of 

brine inclusions surrounding a heater 
borehole can be studied on both a 
macroscopic and microscopic scale. 
The macroscopic scale considers the 
gross influences of thermal conditions 
(gradient and temperature) on the 
moisture moving toward the heater 
borehole. Microscopic studies consider 
the change in inclusion shape; possible 
movement of tagged synthetic brine 
through grain boundaries, and related 
petrographic examinations. 

These brine migration experiments 
had three primary objectives. The 
first was to eonduct scoping and 
exploratory experiments in domal salt 
to examine brine movement. This 
objectire has been achieved The 
second objective was to examine tech- 
niques for more sophisticated future 
follon-sn experiments. A more sophis- 
ticated moisture collection system 
should include a "closed-loop cold-trap 
system" and dew-point sensing 
methods to determine the relative 
iurraidity in the heated borehole 
+nvironment. The third objective was 
50 determine the in situ permeability 
of salt at different temperatures; it 
was also achieved. The measurements 
indicare that permeability changes 

significantly during rapid cool down 
of a heater borehole. 

Because of the low moisture con- 
tent of domal salt and the relatively 
moderate salt temperatures and ther- 
mal gradients in these exieriments, 
we expected only a small inflow of 
moisture to the heater borehole. The 
moisture collection rates were indeed 
quite small, but they were still within 
a reasonable measurement range for 
the long-term test. The measured 
moisture inflow showed reasonable 
agreement with analytical predictions 
based on present brine inclusion 
migration theory. 

at sites SB and NB were moderate, 
the heat fluxes produced by the 
heaters are siwificantly greater than 
those of certain types of nuclear fuel. 
This information was originally dis- 
cussed by Krause (1979) in the esperi- 
mental plan for the brine migration 
experiments at Awry Island. Thcsc 
comparisons are summarized in 
Table 5. 

Although the heater power lerels 
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TITLE: Radia t ion  Damage Studies  on S p t h e t i c  and Na tu ra l  Rock S a l t  
f o r  Radioact ive Waste Disposal Applicat ions 

REFERENCE: The Technology of High Level Waste Disposal,  Technical 
Information Center, DOE, 1981, pp. 136-167 

AVAILABILITY: Published 

KEY WORDS: n a t u r a l  sa l t ,  pure sal t ,  e l e c t r o n  i r r a d i a t i o n ,  c o l l o i d a l  
sodium, F-centers,  dose rate, hydrogen 

DATA SUMMARY: 
Property and Form of Data: 

i r r a d i a t i o n  t i m e ,  dose rate, and temperature. 
F-center and c o l l o i d a l  Na genera t ion  rates as a func t ion  of 

Materials and Specimen Geometry: 

and Saskatchewan; melt-grown N a C l  from Harshaw Chemical Go. 
S a l t  samples from Asse, Avery Is land ,  WIPP, Lyons, Retsof (NY) 

Test Conditions : 

Mrads/h, i r r a d i a t i o n  times up to  1 . 6 ~ 1 0 ~  sec. 
1.5 MeV e l e c t r o n  i r r a d i a t i o n  between 100-200°C, doses 30-340 

COMMENTS ON DATA VALIDITY: 

The paper desc r ibes  a bas ic  s tudy  t o  eva lua te  damage t o  syn the t i c  and 

Production rates f o r  F-centers and N a  c o l l o i d s  were measured by 
n a t u r a l  sa l t  caused by 1.5 MeV e l e c t r o n s  a t  temperatures between 100 and 
300OC. 
o p t i c a l  absorp t ion  techniques f o r  d i f f e r e n t  dose rates and shown t o  inc rease  
monatomically. 
be capable of p red ic t ing  much of the  observed concentrat ions.  

For N a  co l lo id  formation the  Jain-Lidraid theory was shown t o  

R e s u l t s  of t h i s  work are va luable  f o r  de f in ing  the amounts of F-center 
and c o l l o i d a l  sodium formed during i r r a d i a t i o n .  This w i l l  enable c a l c u l a t i o n s  
to  be made regard ing  the  a n t i c i p a t e d  change in pH and a l k a l i n i t y ,  and i n  
hydrogen release caused by b r i n e  i n t e r a c t i o n  wi th  c o l l o i d a l  sodium. 
form and con ta ine r  cor ros ion  are c l o s e l y  connected with these  parameters. 

Waste 
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DOCUMENT ABSTRACT 

Radiation damage, particularly 
F-center and SOBium metal colloid 
particle formation, wasstudied at 
100 to 3OOOC in synthetio melt- 
grown NaCl crystals and natural 
rock salt from different geological 
localitfen O p t i d  absorption mea- 
surements were made at controlled 
temperatures during irradiation 
with 1.5-MeV electrons in a unique 
facility for mnking o p t i d  absorp- 
tion and other measurements dur- 
ing irradiation. The eleutron irradi- 
ations produced the same damage as 
do gamma rays of similar energy. 
Phenomenologidy, damage forma- 
tion was similar in pristine natural 
and unstrained synthetic rock dt. 
At temperaturerr.where coUoids are 
formed readily, F-center concentra- 
tion vs. dose curves increased mono- 
tonically at a decreasing rate to a 
well-defined plateau Coacomi- 
tantly, colloid formation was 
described by claosical nucleation 
and growth curves, with the onset 
of rapid growth (Le., the end of the 
induction period) occurring at doses 
of roughly lo7 rads, where the F- 
centers maoh a plateau. The F- 
center plateau Iweh were highest 
at 100°C, decrecursd monotonically 
with increasing temperature, and 
were negligible at 300OC. In con- 
trast, the coUoid formation rate was 
low or  zero near 100°C, increased 
with incredsing temperature to a 
broad maxjxnum at 150 to 175OC, 
and decreased' to a negligible level 
at high temperatures (275 to 3OOOC). 
The high-dose part of the colloid 
growth cqrves was well approxi- 
mated by (irradiation timefaor 
(dose)O relations. In n 8 t u d  rock 
salt not strained in the laboratory 
the average n value for 14 szurlplea 
was 1.85 f 0.18 at 15OOC and at a 
dose rate of 1.2 X 1 0 g r a ~ / h .  In 
ua~naiaed synthetic NaCI, n values 
were in the 4 to 6 region below a d  
in the 2 to 3 region above 190OC. At 

dl temperatu&s the n values in 
both type, of salt were reduced to 
1.5 to 1.6 by plafitic defo-tion 
before inadiation. both mtWd 
a d  Synth&c dt, the induction 
period was altered by strrrining 
before irradiation, dimininhing (19 
the s t r a i n  i n c h  to 10% a d  
baoming negligible for larger 
strains. preliminmy measurements 
showed that, on a anit dose basis, 
the colloid formation rate incre- 
as the dose rate d e c m  The 
Jain-Lidiard theory for radiation- 
induced colloid formation in sac1 
accounts for some but not dl of the 
observations. O v e d  the theow 
a p p m  to apply better to natural 
than to synthetic rock salt. The 
measurements made to date have 
been corrfined to total d w  of 2 to 
4 x lo8 rads. Extrapoiating the 
( i m t i o n  time)" or rela- 
tions to doses expected 8t the sur- 
face of the waste form in a radioac- 
tive waste repository indicated that 
doses of loio rads will convert 0.1 to 
10% and 2 X lolorads will con- 
vefi 1 to 50% of the adjacent rock 
d t  to Sodium metal colloid parti- 
c le~ .  The salt adjacent to the canis- 
ters will reach these dooes in 50 to 
400 ~ r .  Since thio large variation in 
d-0 fornuttion results from 
differences in the ra&&on-bduced 
colloid formation rates between 
samples from different locations, 
radioactive waste repositories are 
best placed in localities d / b r  bo- 
rizons where the damage rates are 
low. Also, the properties of rock salt 
subfated to doses of IO@ to 10'0 rads 
differ markedly from those of d r -  
radiated salt. Irradiated is brit- 
tie and friable, contains chlorine, 
and reacts with water to form H2 
gar and other products. Thus waste 
form canisters, which will be sub- 
ject to heat, radhtio~~, and pressure, 
must be designed to withstand a 
VarfetY of physical and c h d c d  
b tewt ioaswi th  irradbtedrocksal+ 
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AUTHOR: Molecke, Me (Sandia), Bradley, I). J., and Shade, J. W. (PNL) 

TITLE: PNL Sandia HLW Package I n t e r a c t i o n s  Test:  Phase One 

REFERENCE: SAND81-1442C, November 1981 

AVAILABILITY: Paper 

KEY WORDS: corros ion ,  b a c k f i l l ,  i n t e r a c t i o n ,  waste package, s a l t  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Brine composition i n  ppm before and af ter  test. 

Materials and Specimen Geometry: 

1.3 mm thick.  
1.0 mm TiCode-12, -PNL 76-68 g l a s s ,  b r ine ,  304L SS canister 

T e s t  Conditions : 
I n t e r a c t i v e  t es t  in autoc lave  13.3 MPa, 25OoC, 95 days. 

COMMENTS ON DATA VALIDITY: 

This  test  i s  composed of a 3" d i a  x 15" HLW form in  a SS 304L c a n i s t e r  
i n s i d e  a TiCode-12 overpack surrounded by b r i n e  s a t u r a t e d  3OW/o ben ton i t e  i n  
sand, enveloped i n  rock salt  and placed i n  a n  autoclave l i n e d  wi th  Inconel- 
600. 
l i n e a r ,  e.g. t h e  r e a c t i o n  rate w a s  similar t o  static leach  rates of a 
s h o r t e r  durat ion.  
any significant degradat ion of proper t ies .  
observed on t h e  SS 304L canister p a r t i c u l a r l y  around t h e  welds. The Inconel- 
600 l i n e r  c l e a r l y  showed evidence of p i t t i n g  corrosion.  
pe rcen t s  of Al, S i ,  and Fe i n  the  b a c k f i l l  were analyzed before  and after the  
test. It was observed t h a t  t he  r a t i o s  of Si/Fe and Si/A1 had increased during 
t h e  test. This  appears t o  be a worthwhile i n t e r a c t i v e  test  bu t  the  effects of 
r a d i a t i o n  are n o t  included. 

The r e s u l t s  of t h i s  test i n d i c a t e  t h a t  the  g l a s s  leach  rate i s  n o t  

Pds t - t e s t  mechanical t e s t i n g  of TiCode-12 d i d  n o t  y i e l d  
Extensive general  co r ros ion  was 

Relative weight 
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AUTHOR: Molecke, M. A., e t  a l .  

TITLE: Sandia HLW Canister/Overpack Studies  Applicable f o r  a 
Sa 1 t Repos i tory  

REFERENCE: SAND81-1585, October 1981 

AVAILABILITY: Published 

KEY WORDS: s a l t ,  corrosion,  c a n i s t e r ,  b r ine ,  commercial waste 

DATA SUMMARY: 
Property and Form of Data: 

w i th  600 ppm 02 - corros ion  r a t e  (mm/yr> in test  so lu t ions  above 
a s  a func t ion  of gamma*'radiation ( rads /hr ) .  

Corrosion r a t e  (mm/yr) f o r  seawater, Brine A, Brine B, Brine A 

Mater ia ls  and Specimen Geometry: 

Z r ,  T i  a l l oys .  
1018 s t e e l ,  SS-304L, 316L, Ni t ron ic  50, Ebr i te ,  Monel, Inconel,  

T e s t  Condi t ions:  

i r r a d i a t e d  tests. 
Temperature 25OoC, 28 days and 90°C, 49-87 days f o r  

COMMENTS ON DATA VALIDITY: 

This r e p o r t  gives  cor ros ion  data  f o r  approximately 20 HLW candidate 
a l l o y s  under i r r a d i a t e d  and non- i r rad ia ted  condi t ions.  
t o  be the l e a s t  cor ros ive  of a l l  t he  ma te r i a l s  tes ted .  Other ma te r i a l s  such 
a s  Inconel,  Incoloy, 1018 s t e e l  and some c a s t  i r o n s  a r e  s t i l l  being evaluated 
as a l t e r n a t e s .  The data appears s i g n i f i c a n t  and could be used i n  conjunct ion 
wi th  o t h e r  information. 

TiCode-12 was shown 
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ABSTKACT 

An experimental program to clevelsp candidate materials Cor 
use as high-level waste ( H W )  overpacks or canisters in a 
s a l t  repository has been in progress at Sandia National 
Laboratories since 1976. The main objective of this pro- 
gram has been Lo provide a waste package barrier having il 
long litetime in tile chemical and physical environment of 
a qepository. This paper summarizes the recent corrosion 
and metallurgical r e s u l t s  for the prime overpack material 
Ticode-12 in t h e  areas oE u n i t o r r n  corrosion (extremely low 
rata and ex ten t )  ,. local attack,  e . g ,  pits and crevices 
(none found), stress corrosion cracking susceptibility (no  
significant changes in macroscopic tensile properties 
dctectod) and hydrogen sorption/embrittlement efEects 
(testing still in procc.c;:;) , eEEccts ot gama i r r a d i a t i o n  
in solution (still in process) , and sensitization et tecks 
( s t i l l  in process) Previous candidate screening analyses 
on other allays and recent work on alternate overpack 
alloys are reviewed. A3.1 phases of these interrelated 
laboratory, hot-cell, and Eield experimental studies are 
descr  ihetl. 
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AUTHOR: Shor, A. J., C. F. Baes, Jr., and C. M. Canonico 

TITLE: Consol idat ion and Permeabi l i ty  of S a l t  i n  Brine 

REFERENCE: ORNL-5774, J u l y  1981 

AVAILABILITY : Ava i lab le 

KEY WORDS: s a l t  r e p o s i t o r i e s ,  consol ida t ion ,  permeabi l i ty ,  b r i n e  

DATA SUMMARY: 
Property and Form of Data: 

Consolidation: void f r a c t i o n /  time w i  t h  temperature. 

Materials and Specimen Geometry: 

177-250, 250-420 lim i n  Monel tubes (1.27 o r  2.54 c m  I D  used) and 
s t r e s s e d  by p i s  ton-driven r a m .  

Beads of N a C l  crystals s i z e d  i n  t h e  ranges of 75-150, 150-177, 

Tes t Condi t i o n s  : 
Temperatures: 20°C;, 5OoC; 85OC 
Time: loo t o  lo4  minutes 
S t r e s s :  to  155 bars  -(range: 20-155 ba r s )  

COMMENTS ON DATA V A L I D I T I :  

S a l t  c r y s t a l s  i n  b r i n e  subjected t o  cons t an t  stress consol idated i n  a n  
approximately l i n e a r  f a sh ion  with the  logari thm of t i m e .  The rate of con- 
s o l i d a t i o n  was found t o  decrease wi th  a d d i t i o n s  t o  the  b r i n e  of MgC12 
( r e s u l t i n g  i n  decreased N a C l  s o l u b i l i t y ) .  The approach i s  use fu l ,  however 
r a d i o l y s i s  effects w i l l  a l t e r  s o l u b i l i t i e s  and affect consol idat ion.  This 
type of experimentation should be undertaken t o  inc lude  the  presence of a 
r a d i a t i o n  f i e l d .  
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CONSOLlDATiON AND PERMEABlLiTY OF SALT IN BRINE 

A. J. Shor, C. F. Baes, Jr., and C. M. Canonico 

ABSTRACT 

The consolidation and loss of permeability of salt crystal aggregates, important In 
assessing the effects of water In salt repositories, has been studied as 8 function of 
several variables. The kinetic behavior was similar to that often observed In sinter- 
ing and suggested the following expression for the time dependence of the void 
fractl on: 

4 ( t )  = a ( 0 )  - (A/B)ln(l+ H / z ( o ) ~ )  , 
where A and B are rate constants and Z ( 0 )  is lnitlal average particie size. With brine 
present, A and a(0) varied linearly with stress. The initial void fraction was also 
dependent to some extent on the particle size distribution. The rate of consolldation 
was most rapld In brine and least rapid in the presence of only air as the fluid. A 
brlne containing 15 m MgCI, showed an intermediate rate, presumably because of the 
greatly reduced solubility of NaC1. A substantial wall effect was lndlcated by an 
observed Increase in the void fraction of consolidated columns with distance from 
the top where the stress was applied and by a dependence of consdldatlon rate on 
the column height and radius. The diSt8nCe through whlch the stress fell by a factor 
of e was estimated to change Inversely as the fourth power of the column diameter. 
With increasing temperature (to 85OC), consolidation proceeded somewhat more 
rapidly and the wall effect was reduced. The permeabillty of the columns dropped 
rtapidty with consolidation, decreasing with about the sixth power of the void fraction. 
In general, extrapolation of the results to repository condltlons conflrms the self- 
sealing paopertles of bedded salt as a storage medium for radloactlve waste. 

* 
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AUTHOR: Biggers, J. V. and G. 0. Dayton (Penn S t a t e )  

TITLE: Brine Migration i n  Hot-Pressed P o l y c r y s t a l l i n e  Sodium Chloride 

REFERENCE: ONWI-415, December 1982 

AVAILABILITY: Available 

KEY WORDS : b r i n e  migration, s a l t  

DATA SUMMARY: 
Property and Form of Data: 

Micros t ruc tura l  a n a l y s i s  of hot-pressed samples; b r ine  migration. 

Mater ia ls  and Specimen Geometry: 
Po lyc rys t a l l i ne  NaCl (hot-pressed);  pressed i n t o  c i r c u l a r  cyl inders:  

4.7 cm i n  diam., 5 cm long. 

T e s t  Condi tions : 

a second us ing  10-15°C/cm; a t h i r d  using 4=8OC/cm. 
3 migrat ion c e l l s  used: one using thermal grad ien t  of 120°C/cm; 

COMMENTS 011 DATA VALIDITY: 

The a t t empt  was made to  provide an  assessment of the  e f f e c t s  of g r a i n  
boundaries in po lyc rys t a l l i ne  s a l t  on t h e  mechanisms and r a t e s  of b r i n e m i g r a -  
t ion.  Experimental d i f f i c u l t i e s  r e su l t ed  i n  the  a t tempt  to produce defec t -  
f r e e  specimens (i .e.  to adequately con t ro l  microstructure)  and in the assembly 
of experimental  equipment capable of maintaining a l i n e a r  thermal gradient .  
Micros t ruc tura l  changes occurr ing  i n  the  po lyc rys t a l l i ne  s a l t  were d i f f i c u l t  
t o  observe. There i s  i n d i r e c t  evidence to suggest  t h a t  migrat ion r a t e s  a r e  
enhanced along paths t h a t  follow g ra in  boundaries and o ther  s i m i l a r  c r y s t a l  
defects .  

Continued e f f o r t s  i n  t h i s  a rea  a r e  needed and should involve the use of 
n a t u r a l  s a l t  and radiat ion-induced damaged s a l t .  Attempts should be made to  
provide q u a n t i t a t i v e  data  on migrat ion v e l o c i t i e s .  
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'Ilris report descr ibes  experiments designed t o  provide da t a  on b r ine  migra- 

t i o n  i n  polycrys ta l l ine  salt* 

densi ty ,  and pu r i ty  were prepared from several commercial grade salts by hot- 

pressing. 

i n  an induced thermal gradient i n  contact  with a br ine  source. 

vnried primarily i n  the  way i n  the thermal gradient  was  applied and monitored 

aiid the way in which br ine  migration was determined. 

etrclomd vesse l s  which precluded v i sua l  observation of b r ine  movement through 

tho m-tc Cos t ruckwe.  

Bolycrystal l ine samples of var ious  g ra in  s i z e s ,  

Three d i s t i n c t  experimental set-ups were used t o  place salt  b i l l e t s  

The test designs 

A l l  migration wns fn 

Migration v e l o c i t i e s  were estimated e i t h e r  by tlie timed appearancc? o f  br ine  

nl: the hot: face of the sample, or by detcrminotion of the penetrat ion distance 

of migration a r t i f a c t s  i n  tlie microstructure a f t e r  tests of fixed duration. 

For various reasons both oe these methods were subject  t o  a largo degrcc of 

e r ro r .  Our r e s u l t s  suggest, however, t h a t  t he  migration ve loc i ty  i n  dense 

polycrys ta l l ine  salt  may be a t  least an order  of magnitude g rea t e r  than that 

sttfigcsted by s i n g l e  c r y s t a l  experiments. 

Microstructural  ana lys i s  shows tha t  br ine  prefers  t o  migrate along paths OF 

high c r y s t a l l i n e  a c t i v i t y  such as gra in  and subgrain boundaries and is dispersed 

r a the r  quickly i n  the  microstructure. A series of tests were performed using 

viirious types of t r a c e r s  i n  brine i n  order  to  f l ag  migration paths and loca te  

br ine  i n  t h e  microstructure more decis ively,  

uppenrs tlrut only. the aqueous port ion oE the  br ine  moveR tlirorigli E l r e  inf crotitriic= 

t u r e  with t h e  dissolved ions being l o s t  and replaced r a t h e r  quickly. 

suggqsts the usc of deuterium os D t r ace r  in future wark. 

These attempts f a i l e d  and i t  

This 
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AUTHOR: Griess, J. C. (ORNL) 

TITLE: Evaluat ion of Corrosion Damage t o  Materials A f t e r  Three Years 
i n  the  Avery I s l a n d  S a l t  Mine 

REFERENCE: ORNL/TM-8351, August 1982 

AVAILABILITY: Avai lab le  

KEY WORDS: cor ros ion ,  sa l t ,  metals, a l l o y s ,  carbon steel, h a s t e l l o y  
t i tanium, z i r c a l o y  

DATA SUMMARY: 
Property and Form of Data: 

Corrosion: descaled weight loss (mg/cm2). 
Average c o r r o s i o n ’ r a t e  (um/year). 
Corrosion with depth  (m). 

Materials and Specimen Geometry: 

304L SS; and Zircaloy-2 coupons (-4 c m  long x 1 c m  wide) mounted on 
sleeves. 

Specimens: carbon steel; t i t an ium;  E - B r i t e  26-1; Has t e l loy  C-276; 

Tes t Condit ions : 

152 m below sea level; specimen coupons and thermocouples a t t ached  
t o  sleeves and lowered i n t o  borehole;  t i m e ,  -3 years ;  temperature 
range, -25-28OOC. 

Electric h e a t e r s  used t o  s i m u l a t e  decay h e a t  i n  mine f l o o r ,  

COMMENTS ON DATA VALIDITY: 

This  type of f i e l d  t e s t i n g  extremely u s e f u l  i n  a s ses s ing  co r ros ion  damage 
No b a c k f i l l  w a s  used f o r  these s t u d i e s  (experiments of candida te  materials. 

with crushed sa l t  b a c k f i l l  underway); t he  presence of r a d i a t i o n  i n  s t u d i e s  of 
t h i s  type w i l l  more c l o s e l y  resemble a c t u a l  r e p o s i t o r y  condi t ions  and effects 
on cor ros ion  rates w i l l  be nore real is t ic  and thus  more usefu l .  



DOCUMENT ABSTRACT 

ISVAJaUA'l'ION OF' COllltOS LON UAMACU TO MA'l'lSlt IALS A P T W  
THREE YEARS IN THE AVERY ISLAND SALT MINE 

J.  C. Griess 

AI) S'PR ACT 

The cor ros ion  r e s u l t s  obtained from two heated steel pipea 
fhut had boon buried $n a s d t  mine n t  Awry Island, Louisiana, 
f o r  about th roe  yea r s  ar'o reported. In addi t ion ,  waight 108Sm3 
of corros ion  specimens of several a l l o y s  at tached to the o u t e r  
s u r f a c e s  of the pipes  were also obtained, and Ehe maximum depths 
o€ ponotrar ion were iiieiasueod. Tho greal:est a t t a c k  was noted on 
carbon steel, p a r t t c u l a r l y  wlron tho wa~or concent of tho s a l t  
was high. The ruaxiruum ponoCrat$on rate observed was abouf 
1 iinn/yonr* A l l  o t h e r  nlaterinls t e s t ed  undorwone: much loss 
a t t a c k  than did carbon steel; ti'tnniuiu and I i a s t d l o y  C-376 were 
t o t a l l y  unaffectod on both pipes. 
on Zircnloy-2 and type 304L s t a i n l e s s  steel, whereas E-Brite 
26-1 cxpuriuncod p i f t i n a ,  iind , nl: 11Qh CeinporaEicec8, a inoro 
Bonoral a t t a c k  on soino nrens. 

Minimal a t t a c k  was also noted 
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AUTHOR: D. Holcomb and D. Hannum 

TITLE: Consol idat ion of Crushed S a l t  Backfill Under Conditions 
Appropriate t o  t h e  WIPP F a c i l i t y  

REFERENCE: SAND-82-0630, November 1982 

AVAILABILITY: Avai lable  

KEY WORDS : salt ,  backf ill, conso l i d a  t ion ,  WIPP, creep tests 

DATA SUMMARY: 
Property and Form o f  Data: 

volume due t o  compaction ( q u a s i s t a t i c  tests and creep tests conducted). 
Time-dependent compaction o f  crushed sal t ;  changes i n  sample 

Materials and Specimen Geometry: 
Crushed rock s a l t  -1 cm p a r t i c l e  s i z e .  

Tes t Conditions : 
Temperature Range: 21-1OO0C. 
Pressure:  1.72 MPa-21 MPa 
Duration: Quasistatic, 8000 sec; Creep, 300,000 sec. 

COMMENTS ON DATA VALIDITY: 

The tests were conducted assuming d r y  condi t ions.  The presence of b r i n e  
w i l l  enhance t h e  rate and extent of consol ida t ion  and should be included i n  
experiments of t h i s  type. The tes t  du ra t ions  were l imi t ed  t o  3x105 seconds 
and al though the c reep  consol ida t ion  ra te  w a s  seen to  d e c e l e r a t e  (under d r y  
cond i t ions ) ,  i t  i s  n o t  known whether t h e  d e c e l e r a t i o n  w i l l  cont inue and a t  
what rate. Also consol ida t ion  i s  known t o  r e s u l t  i n  the  expulsion o f  b r ine ;  
t h i s  r e p o r t  does n o t  address  whether o r  n o t  b r i n e  w a s  r e l eased  from t h e  s a l t  
during consol idat ion.  Although c o n s o l i d a t i o n  under d r y  condi t ions  was seen 
n o t  t o  be very temperature dependent i n  the  range of 21°C t o  100°C t h i s  
s i t u a t i o n  may d i f f e r  i n  the  presence o f  br ine.  
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DOCUMEPPT REVIEW FORM 

AUTHOR: Magnami, N. J. (SNL) 

TITLE: Corrosion R e s i s t a n t  Canis ters  f o r  Nuclear Waste I s o l a t i o n  

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, VI, Vol. t 5 ,  
1983, pp. 669-676 

AVAILABILITY: Published 

KEY WORDS: T i ,  TiCode-12, Inconel 600, Inconel  625, Incoloy 825, 
Has te l loy  C-276, Cu, Cupronickel 90-10, Monel 400, 
uniform corrosion,  conta iner ,  b r ine ,  b a s a l t i c  water, SCC 

DATA SUMMARY: 
Property and Form of Data: 

da ta  f o r  temperatures between 70-25OoC. 
Uniform corrosion,  c rev ice  cor ros ion ,  H2 embri t t lement ,  SCC 

Mater ia ls  and Specimen Geometry: 
A s  above. 

T e s t  Conditions: 

70-250°C, dissolved oxygen between 30 ppb t o  450 ppm. 
seawa ter . 

Varied € o r  d i f f e r e n t  cor ros ion  mechanisms. Temperatures between 
Brine A and 

COMMENTS ON DATA VALIDITY: 

Brief review of 9 metals and a l l o y s  i n  o rde r  t o  s e l e c t  a re ference  HLW 
c a n i s t e r  m a t e r i a l  fo r  t h e  SNL waste con ta ine r  program. 
Brine A and seawater  f o r  a period of 28 d shows t h a t  TiCode-12 has  a uniform 
corrosion rate of 3 pm/g in Brine A and 1 pm/g i n  seawater. 
lowest  of the  range of a l l o y s  tes ted.  Electrochemical t e s t s  show t h a t  tita- 
nium based ma te r i a l s  have a high r e s i s t a n c e  t o  p a s s i v i t y  breakdown. 
shows less co r ros ion  a t  25OoC i n  450 ppm 02 b r i n e  when compared t o  30 ppb 
02 br ine  . 
that very a c i d i c  condi t ions w i l l  n o t  destroy pass iv i ty .  Work a t  BNL r e f u t e s  
both these  statements.  In  the a rea  of SCC i n  b r ine  and b a s a l t i c  water  SNL 
bel ieves  t h a t  i t  i s  n o t  a l i k e l y  problem with TiCode-12 unless i t  i s  assoc i -  
a ted  wi th  hydrogen embrittlement. 
under way. 

He concludes 
t h a t  p i t t i n g  and SCC a r e  n o t  l i k e l y  i n  b a s a l t i c  water o r  br ines .  Recent un- 
published BNL work shows p i t t i n g  i n  15OoC b a s a l t i c  water, however. The da ta  
review i s  prel iminary and does n o t  recognize new important co r ros ion  data  a t  

A t  25OoC, tests i n  

This was the  

TiCode-12 

The SNL s t u d i e s  state t h a t  no crevice  a t t a c k  has been seen t o  da t e  and 

Detailed work on such embri t t lement  is  

Magnami a l s o  d i s c u s s e s  i r o n / s t e e l  cor ros ion  f a i l u r e  modes. 

* BNL. 
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DOCUMENT REVIEW FORM 

AUTHOR: Molecke, M. A., e t  al. (SNL) 

TITLE: Materials f o r  High Level Waste Canis ter/Overpacks i n  S a l t  Formations 

REFERENCE: SAND-0429, 1982 

AVAILABILITY: Published 

KEY WORDS: TiCode-12, t r o d s t e e l ,  cor ros lon ,  gamma i r r a d i a t i o n ,  s a l t ,  b r i n e ,  
seawater, pH, gamma i r r a d i a t i o n  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Slow s t ra in  rate tensi le  tests a t  90°C. 
Uniform and l o c a l i z e d  co r ros ion  da ta  f o r  temperatures  up to  3OO0C. 

Materials and Specimen Geometry: 
Mainly TiCode-12 and cast i ron .  

Tes t Conditions: 
Brine A, Brine B, seawater co r ros ion  d a t a  f o r  temperatures  up to 

3OO0C. 

COMMENTS ON DATA VALIDITY: 

The paper is a d e t a i l e d  account of much of the  a v a i l a b l e  work in  DOE on 
HLW con ta ine r  material select ion and eva lua t ion  f o r  s a l t  r e p o s i t o r i e s .  
i n i t i a l  screening tests the 2 main materials ' s tudied were cast  i r o n  and 
TiCode-12. 
bentoni te  gave a s o l u t i o n  pH of 3.4. This  w a s  thought t o  be due t o  the 
formation of Mg oxysu l f a t e s  and HC1. 

SNL did  n o t  a t  any t i m e  observe crevice co r ros ion  in  TiCode-12 i n  h igh  
temperature b r i n e  b u t  s t a t e d  t h a t  BNL s t u d i e s  had shown i t  t o  be p r e s e n t  i n  
1 5 O O C  Brine A. 

corrosion,  poss ib ly  by the  act ion of r a d i o l y t i c  H2 i n  p a r t i a l l y  reducing the  
pass ive  f i l m .  

T e s t  data were a l s o  given to  show t h a t  TiCode-12 i s  s u s c e p t i b l e  t o  H2 
embrit t lement f o r  H2 levels ?, 200 wppm. 

Other da t a  descr ibed  were from the  PNL/SNL whole package tes t  program, 
reviewed elsewhere i n  the current study. 

SNL does no t  address  the  p o t e n t i a l  formation of NaOH i n  b r i n e  due t o  
gamma r a d i a t i o n  of rock sa l t .  
rosion of TiCode-12 and increase H2 pickup rates according to BNL work. 

After 

In some tests, hea t ing  of Brine A to  25OOC i n  the presence of 

Gamma i r r a d i a t i o n  tests ind ica t ed  t h a t  r a d i a t i o n  a c c e l e r a t e d  uniform 

BNL work confirms th i s .  

High pH levels could enhance the  uniform cor- 



S t u d i e s .  on t h e  c o r r o s i o n  and mechanical behavior  of 'PiCodrJ-12 
and o t h e r  t i t a n i u m  a l l o y s ,  for u8e as candidate c a n i s t e r  o r  overpack 
b a r r i e r s  i n  a h igh- leve l  waste r e p o s i t o r y  or t a s t  f a c i l i t y  i n  mlt ,  
are r e p o r t e d  here in .  These studies have been i n  p r o g r a s s  a t  f a n d i a  
Nat iona l  Laboratories s i n c e  1076. Titanium alloys were s o l c c t o d  ns 
t h e  pr imary materials for  d e t a i l e d  t e s t i n g  basad on cand ida te  screen- 
i n g  a n a l y s e s  (gonclral corrosion and economic ansessmants) of about  20 
d i f f e r e n t  a l l o y s .  Recent material results on t i t a n i u m  alloys are 
desc r ibed  and related t o  t h o  long-term p h y s i c a l  i n t e g r i t y  o f  wnsta 
package -barriers i n  s a l t ;  r e s u l t s  on o t h e r  candidate a l l o y s  are 
r o  vi a w c d  

The corrosion behavior  of TiCoAe-12 h a s  been evaluatarl  c1s n 
f u n c t i o n  of: b r i n e  composi t ion,  t empera ture ,  t i m e ,  pH, oxygen con- 
c e n t r a t i o n ,  and ganuna r a d i o l y s i s .  Uniform c o r r o s i o n  rates are i n  t h e  
range of. 0.1 t o  1 0  pm/yr; p i t t i n g  or arevice c o r r o s i o n  has n o t  y e t  
bcon observod. Tho !righly adharont ,  p a s s i v a t i n g  t i t a n i u m  oxirlo film 
t h a t  provides t h e  c o r r o s i o n  p r o t e c t i o n  is be ing  eva lua ted  v i a  
e lac t ro-chemica l  p o l a r i z a t i o n  anr? surface a n a l y t i c a l  tachniqnan to 
enab le  modeling of t h e  c o r r o s i o n  mechanism(s). An i n c r e a s e  i n  t h o  
corrorjion r a t s  by a f a c t o r  of n h u t  2 w a s  obnarvod for nonnitixclrl 
TfCode-122 changes i n  t h e  a l l o y  m i c r o s t r u c t u r e  are be ing  ana lyzed  i n  
order t o  model t h i s  phenomenon. A l t e r a t i o n s  i n  t h e  chemis t ry  and 
p r o c e s s i n g  procedure of TiCodo-12 are be ing  eva lua ted  t o  optirniso 
corrosion, mechanical, and m i l l - g r o d u c i b i l i t y  proportior, for 
high-level waste package a p p l i c a t i o n s .  

Slaw s t r a i n  rate t a s t i n g  'of TiCoAo-12 xwnmled n o  apnarent: 
s u s c e p t i b i l i t y  t o  stress corrosion cracking;  no  s i g n i f i c a n t  chnngon 
i n  t e n s i l e  p r o p e r t i e s  were observod, bu t  al terations i n  Eracture m o r k  
were d e t e d n e d  t o  be caused by i n t e r n a l  hydrogen content .  Hydrogen 
effects on t i t a n i u m  a l l o y  mechanical proporties and crack  sunoclpti- 
b i l i t y  a m  h a i n g  stud.iod. Soma. hyrltognn amhri.tl:l.omnnk orxiirr: n k  
hydrogen c o n c e n t r a t i o n s  i n  t h e  range of 200 t o  300 ppm by w e i g h t ,  but 
t h e  s t r e n g t h  of TiCode-12 is n o t  affected a t  c o n c a n t r a t i o n s  up t o  
1100 wppm. F u r t h e r  research on  low crack growth t h t a s h n l d  ntrhnn 
i n t e n s i t y  a8 a f u n c t i o n  of I 1  c o n t a n t  i n  required. 

Eased on t h e  a n a l y s i s  of a v a i l a b l e  c o r r o s i o n  and n e t a l l u r q i c a l  
r e s u l t s ,  w e  a r e . p r o p o s i n g  a Ticode-12 HLW canis ter-package f o r  usa i n  
a r e p o s i t o r y  or t a s t  f a c i l i t y  i n  s a l t .  Such n nCmplifinr7 UrM 
canistar cou ld  p rov idc  long-term contninmant i n k o g r i t y  and n.L:JnLCi- 
c a n t l y  minimize total HLW i s o l a t i o n  system c o o t s  when compared to 
o t h e r  waste package des ign  concepts .  



DOCUMENT REVIEW FORM 

AUTHOR: Molecke, M. (SNL), D. J, Bradley, J. W. Shade (PNL) 

TITLE: PNL-Sandia HLW Package I n t e r a c t i o n s  T e s t ,  Phase One 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 6 ,  
North-Holland, N.Y., 1982, pp. 337-345 

AVAILABILITY: Published 

KEY WORDS: waste package test, 76-68 g l a s s ,  T304L SS, TiCode-12, rock sal t ,  
bentoni te ,  Brine *A, corros ion ,  g l a s s  leaching 

DATA SUMMARY: 
Property and Form of Data: 

hydrothermal b r i n e  condi t ions.  
Summary of waste package component i n t e r a c t i o n  tests under 

Materials and Specimen Geometry: 
76-68 glass, T304L SS, TiCode-12, Inconel  600, rock sa l t ,  Brine A. 

Tes t Condi t i ons  : 
91 d hydrothermal tests on simulated sal t  waste packages a t  25OoC. 

COMMENTS ON DATA VALIDITY: 

Evaluat ion performed on a b o r o s i l i c a t e  g l a s s  waste form doped with 
f i s s i o n  products  and U, surrounded by a T304L SS/TiCode-12 container/overpack 
system, a bentoni te /sand b a c k f i l l ,  excess b r i n e  and a sa l t  hos t  rock. 
components were a l l  breached p r i o r  to '  test t o  determine s y n e r g i s t i c  effects in  
a 95 d, 25OoC test in an  autoclave.  

The 

The b r ine  pH decreased from 6.8 t o  3.8 af ter  tes t  which i s  s t a t e d  to  be a 
r e su l t  of r e a c t i o n s  between MgC12 and Si02 and a luminos i l ica tes .  
a l s o  be due t o  release of HC1 from the s a l t  during heat ing.  
t h e  g l a s s  sur face  showed the  presence of Si02, MgO2, Fe2O3, NxO, and 
Zr02 p lus  small amounts of Zn, U, Nd, N i  and C r ,  
contained TiH2 p l a t e l e t s ,  throughout the  thickness ,  omega phase in  the  be t a  
phase, and Ti2Ni on a / B  i n t e r f aces .  
600-700 ppm. 
SNL and BNL work. 
p a r t i c u l a r l y  a t  welds. 
bentoni te  c lay .  

It could 
An a n a l y s i s  of 

The TiCode-12 con ta ine r  

The H2 con ten t  increased from 50 t o  
A t  t h i s  level embrit t lement e f f e c t s  are l i k e l y  as shown by o t h e r  

The 304L SS con ta ine r  suf fe red  ex tens ive  genera l  co r ros ion  
Brine i n t e r a c t i o n  caused s i g n i f i c a n t  changes i n  the 

These data are of s i g n i f i c a n t  value i n  a s ses s ing  s y n e r g i s t i c  i n t e r a c t i o n s  
between W.P. components and address  mainly e a r l y  waste package f a i l u r e  a t  high 
temperature. It has been shown t h a t  many of t h e  effects are similar t o  s i n g l e  
component tests and thus he lps  v a l i d a t e  the latter. 
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'1Yio C I m l .  pl~,itro nL n cnruplax It1gIi-lovol wnnto (IllSJ) 
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form coeronlon nncl no loaalimcl attack. Ohorvorl ralnoral- 
ogical a l t o r a t i o n  of tho b a o k f i l l  wan mininal. 
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DOCUMENT REVIEW FORM 

AUTHOR: Baes, Jr.) C. F., e t  al. (ORNL) 

TITLE: The Effect of  Water i n  S a l t  Repos i to r i e s ,  F i n a l  Report  

REFERENCE: ORNL-5950, September 1983 

AVAILABILITY: Avai lab le  

KEY WORDS: salt ,  br ine ,  migrat ion,  consol ida t ion ,  permeabi l i ty  

DATA SUMMARY: 
Proper ty  and Form of Data: 

under h y d r o s t a t i c  pressure  grad. 1 bar/cm. 
Permeabi l i ty  as b r i n e  flow i n  g/min through an area of  1 c m 2  

S t r e s s  (bars ) :  155 
Temperature ( range)  : 20-85OC 
Brine expel led  from sa l t ,  i n  grams. 

Materials and Specimen Geometry: 

specimens of s a l t  and br ine ;  hydrau l i c  r a m  used t o  apply  stress 
conso l ida t ion  (void f r a c t i o n )  of 250- t o  420 pm sa l t  c r y s t a l s .  

Columns w i t h  diameters  of 1.27 and 2.54 c m  of  monel; c y l i n d r i c a l  

Tes t Condi t ions  : 
Crys ta l  i n t e r f a c e  permeabi l i ty  measured a t  2OoC. 

COMMENTS ON DATA VALIDITY: 

Consol idat ion r e s u l t s  i n  b r i n e  loss o r  expuls ion  w i t h i n  s t r e s s e d  sa l t  
specimens. 
s o l i d a t i o n  occurs  r e a d i l y  i n  the  presence of b r i n e  w i t h  fa i r ly  p r e d i c t a b l e  
k i n e t i c s .  
are n o t  considered i n  t h i s  study. Gas formation as a r e s u l t  of  r a d i o l y s i s  
w i l l  a l s o  a f f e c t  p ressure  g rad ien t s  and should be included i n  f u t u r e  e f f o r t s  
of t h i s  type. 

No evidence of significant amounts of b r i n e  being trapped. Con- 

The effects of r a d i o l y s i s  (changes in s o l u b i l i t y ;  r a d i a t i o n  damage) 
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THE EFPECI' OF WATER IN SALT REPOSXTORLES: 
FINAL REPORT 

C. F. Baa, Jr., L. 0. Gilpatrick, F. G. Kitts, 
H. R. Bronstcin, and A. J. Shor 

ABSTRACI' 

Additional rcsults confirm that during most of tho consolidation of polycrystalline salt in brine, 
the previously proposed rate expression applies. The final consolidation, however, proceeds at a 
lower rate than prcdicted. The prcscncc of clay hastcns thc consolidation process but docs not 
grcatly affect thc prcviously observcd rciationship bctwcen permeability and void fraction. Studim 
of tho migration of brine within polycrystalline salt specimens under stress indicate that the princi- 
pal effect 'is the exclusion of brine as a result of consolidation, a process that evidently can proceecP 
to compIction. No clcar cffcct of a tcmpcraturc gradient could bo idcntificd. A prcviously reported 
lincar incrwsc with timc of the rwiprml pcrmcubility of salt-crystal interfaces to brine was con- 
f i rm4 though the rate of increase appears more nearly proportional to the product of uAP ratbw 
than u@ (u is the uniaxial strcss norma1 to tho intcrfacc and AP is the hydraulic pressure drop). 
Thc new .rcsulls suggest that a limiting pcrmcability may be rcached. A model for the pcrmcabiliib~ 
of satt-crystal interfaces to brine is developed that is reasonaihy consisthi' with the present &ulb 
and may bc us& to prcdicr the pcrmcibility of bdddd saliilt. More L'ksurements are nccdcd, how- . 
cvcr, to Ghoosc bctwccn two.lfMithg forms or thc modcl. I 

., . .  . .  
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DOCUMENT REVIEW FORM 

AUTHOR: Canf ie ld ,  T. R. 

TITLE: S t r e s s e s  Near Waste Canisters Buried i n  S a l t  

REFERENCE: SAND-82-0525, March 1983 

AVAILABILITY: Publ ished 

KEY WORDS: salt ,  modeling, canister,  temperature 

DATA SUMMARY: 
Proper ty  and Form of Data: 

MPa as a func t ion  of t i m e  (years )  and d i s t ance  i n  meters. 
Can i s t e r  thermal loads OC VS. meters. Canister p re s su re  loads  - 

Materials and Specimen Geometry: 
Codes - COYOTE, SANCHO, MERLIN(3). 

Tes  t Condi t i o n s  : 
Based on ca lcu la t ions .  

COMMENTS ON DATA VALIDITY: 

Borehole c l o s u r e  i s  dependent on the  overburden pressure d i s t r i b u t i o n  and 
r e l a t i v e  geometry. The presence of b a c k f i l l  material i n  p lace  of the  a i r  gap 
would a l s o  hasten borehole  c losure.  Radia l  stress on canisters (without  an 
a i r  gap) reached a maximum after about  one y e a r  and g radua l ly  decreased f o r  a 
period of up t o  80 yea r s  and t h e r e a f t e r  remained constant. The c a l c u l a t i o n  
i n d i c a t e s  t h a t  t h e  peak p res su re  would n o t  p e r s i s t  and t h a t  p re s su re  d r iven  
b r i n e  migrat ion i s  possible .  





DOCUMENT REVIEW FORM 

A2-49 
i 

AUTHOR: Krause, W. B. 

TITLE: Avery I s l a n d  Brine Migration Tests: Ins t a l l a t i o n ,  Operation, 
Data Col lec t ion ,  and Analysis  

REFERENCE: ONWI-190(4), December 1983 

AVAILABILITY: Avai lable  

KEY WORDS: b r i n e  migrat ion,  domal salt ,  Avery I s l and  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

used t o  determine Mg concent ra t ion  i n  s y n t h e t i c  b r i n e  used t o  monitor 
b r i n e  movement i n  the s a l t  around the h e a t e r  borehole. 

Temperature p r o f i l e s ;  moisture c o l l e c t i o n  (grams); atomic absorp t ion  

Materials and Specimen Geometry: 

on the  f l o o r  of t he  Avery I s l and  S a l t  Mine a t  a depth of 169 m. 
Domal salt; in-situ b r i n e  migra t ion  tests using h e a t e r s  emplaced 

T e s t  Conditions : 
Thermocouples and tagged s y n t h e t i c  brine used t o  eva lua te  the  

movement of b r i n e  under e l eva ted  temperatures. 
temperature,  -52OC; Heating per iod,  325 days af ter  which hea t ing  
was terminated wi th  a s tepped power reduct ion.  

Maximum s a l t  

COMMENTS ON DATA VALIDITY: 

Temperature lower than a n t i c i p a t e d ;  s tudy  u s e f u l  i n  t h a t  i t  addres ses  
g r o s s  thermal in f luences  and stress cond i t ions  e f f e c t i n g  moisture  movement 
toward the  h e a t e r  borehole;  cons ide r s  changes i n  b r i n e  inc lus ion  shape and 
movement of tagged s y n t h e t i c  b r i n e  along g r a i n  boundaries. A n  increase i n  
moisture  c o l l e c t i o n  and permeabi l i ty  w a s  observed dur ing  the  cool-down period 
(i.e., t h e  s tepped power reduct ion  period).  



Three brine migration tests were performed i n  domal s a l t  a t  the Avery 
Is1 and s a l t  mine. The primary measurements included temperature, moisture 
collection, and pre- and post-test perweabil i ty.. T h i s  report presents the 
data for Ule brine migration tests, an analysis o f  these data, comparison 
o f  the data w i t h  a brine migration theory, and related discussion and 
recommendations f o r  future brine migration experiments. 



DOCUMENT REVIEW FORM 

AUTHOR: Moody, N., and S. Robinson (SNL) 

TITLE: Internal Hydrogen Effects i n  TiCode-12 Overpack/Canister Material 

REFERENCE: Scientific Basis for Nuclear Waste Management V I ,  Vol. 15, 
North Holland, N.Y., 1983, pp. 753-760 

AVAILABILITY: Published 

KEY WORDS : hydrogen embri ttlement, tensi le  tes fs, TiCode-12 , microstructure , 
secondary cracking 

DATA SUMMARY: 
Property and Form of Data: 

level. 
Ductility, y i e ld  and fracture strengths as  a function of hydrogen 

Materials and Specimen Geometry: 

length. 
TiCode-12 round bar tensile specimen, 3.2 mm dia. and 15.2 mm gage 

Tes t Conditions : 
Room temperature tensile tests. 

COMMENTS ON DATA VALIDITY: 

' The tes ts  carried o u t  were on TiCode-12 specimens which were charged i n  
a hydrogen furnace a t  75OOC to give dissolved H2 levels of 160-1100 ppm. 
Tensile tes t s  were carried out a t  RT to measure reduction-in-cross-sectional 
area, fracture s t ress  and yield strength. 

There was a s l ight  decrease i n  elongation and reduction-in-area as the 
hydrogen concentration increased from 16 to  1100 pprn. 
showed a large decrease, however, as the H2 level increased to  200 ppm but 
i t  remained constant a t  higher levels. 
the appearance of secondary cracking. 

The fracture strength 

The embrittlement was characterized by 

These data a re  valid for licensing since they quantify an important 
mechanical fa i lure  mode for  TiCode-12. More work w i l l  be needed t o  measure 
H2 uptake rates as  a function of gamma radiolysis of groundwater and uniform 
corrosion rates since these are an important source of H2. 



Tho e f fec ts  o f  internal  hydro en on the mechanical 

snaoeth bar tens i le  samplos. Tensilo tos ts  showed no change 
i n  i e l d  strength w i t h  increasing hydrogen concentration. 
A d i g h t  decrease i n  d u c t i l i t y  and fracture stress a t  
hydrogen concentrations above 200- wpprn accompanied by 
sccondary sracking along grain boundaries indicated 
embri ttlement. A t  hydrogen concontrations near and abowe 
400 wpprn, cleavage fracture associated with strain-induced 
hydrides was also observed. 
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DOCUMENT REVIEW FORM 

AUTHOR: P f e i f l e ,  T. W., e t  a l .  (RE/SPEC) 

TITLE: Pre l iminary  Cons t i tu t ive  Proper t ies  f o r  S a l t  and Nonsalt Rocks 
From Four P o t e n t i a l  Repository S i t e s  

REFERENCE: ONWI-450, J u l y  1983 

AVAILABILITY: Available 

KEY WORDS: HLW, r e p o s i t o r i e s ,  s a l t ,  s t r eng th ,  creep 

DATA SUMMARY: 
Property and Form of Data: 

e l a s  t i c  moduli. 
Creep s t r a i n  VS. a func t ion  of t i m e ;  e l a s t i c  parameters; s t r eng th ;  

Mater ia ls  and Specimen Geometry: 
S a l t  from va r ious  l o c a l i t i e s ;  core  samples used. 

Tes t Conditions : 
Creep experiments: .5 MPa/lOO°C; 10 MPa/lOO°C; 5 MPa/200°C; 

conf in ing  pressure of 15 MPa. Quas i - s t a t i c  experiments: 24OC; 
conf in ing  p res su re  of 0 ,  5, LO, and 15 MPa. 

COMMENTS ON DATA VALIDITY: 

The usefulness  of t h i s  r e p o r t  i s  i n  i l l u s t r a t i n g  the v a r i a t i o n s  i n  
physical/mechan$cal behavior t h a t  can e x i s t  from s i te  t o  s i t e .  
o r  modeling e f f o r t s  w i l l  r equ i r e  c r i t i c a l  eva lua t ion  and f i e l d  v a l i d a t i o n  
given the v a r i a t i o n s  t h a t  e x i s t  i n  s a l t  formations. In addi t ion ,  generic  data  
should  n o t  be used i n  a s s e s s i n g  waste package behavior s ince  the e f f e c t s  of 
emplacement on t he  n e a r - f i e l d  environment w i l l  be a func t ion  of s i t e - s p e c i f i c  
parameters (i .e. ,  s i t e - s p e c i f i c  creep behavior).  

Generic data  

In other  respects, the  usefulness  of t h i s  document i s  l i m i t e d  t o  
s i t e - s e l e c t i o n  concerns and n o t  r e l e v a n t  to  the  waste package. 



DOCUMEWT ADSTRACT 

Results are presented from laboratory strength and creep tes ts  per- 
formed on s a l t  and nonsalt specimenq from the Richton Dome On Mississippi, 
the  Wacherie Dome i n  Louisiana, the Permian Basin i n  Texas, and the  Paradox 
Basin i n  Utaho The cons t i tu t i ve  propert ies obtained f o r  salt are the 
e l a s t i c  moduli and the f a i l u r e  envelope a t  2 4 O C  and parameter values f o r  
the  exponential-time creep law. Some addit ional data are presented t o  
ind ica te  how the e las t i c  moduli and strength change with temperature. The 
nonsal t cons t i tu t i ve  propert i es reported are the e l  a s t i  c modul i , the uncon- 
f i ned  compressive strength and the tens i l e  strength a t  24OC. The proper- 
t i e s  given In t h f s  report w i l l  be used- in subsequent numerical simulations 
tha t  will provide information t o  assist  i n  the screening and se lect ion o f  
s i t e  locat ions f o r  a nuclear waste repos.itory and t o  ass is t  i n  the reposi- 
t o r y  design a t  the selected site. 

The matr ix o f  tests  performed i s  the minimum e f f o r t  required t o  obtain 
these cons t i tu t i ve  properties. The prel iminary values obtained w i l l  be 
supplemented by addit ional t es t i ng  f o r  s i t es  that  are selected f o r  f u r the r  
investigation. 
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DOCUMENT REVIEW FORM 

AUTHOR: 

TITLE: 

Reference Repository Conditions I n t e r f a c e  Working Group 

Resul t s  of Repository Conditions S t u d i e s  f o r  Commercial and 
Defense High Level Nuclear Wastes and Spent Fuel Repos i tor ies  
i n  S a l t  

REFERENCE: ONWI-483, J u l y  1983 

AVAILABILITY: Published 

KEY WORDS: r e p o s i t o r y  condi t ions ,  s a l t  r epos i to ry ,  CHLW, DHLW and 
spent  f u e l  

DATA SUMMARY: 
Property and Form of Data: 

a n t i c i p a t e d  i n  s a l t  repos i tory .  
Temperature, pressure,  f l u i d ,  chemical r a d i a t i o n  environments 

Hot s i te  specific. 

Mater ia l s  and Specimen Geometry: 
Waste: U02 and g la s s .  
Canis ter :  carbon s t e e l  (SF), s t a i n l e s s  s t e e l  f o r  CHLW and DHLW. 
Overpack: carbon 8 t e e l .  
Backf i l l :  crushed s a l t .  

T e s t  Condi t i o n s  : 

COMMENTS ON DATA VALIDITY: 

Calcu la t ions  were performed t o  scope the  range of condi t ions  t h a t  might 
be p re sen t  i n  a s a l t  repos i tory .  The i n t e n t  of the r e p o r t  i s  to  provide a 
guide f o r  ma te r i a l s  test performance. 
condi t ions  (e.g. b r ine  composition) w i l l  be s i t e  dependent. In add i t ion ,  no 
at tempt  is made to address  the combined e f f e c t s  of hea t  and r a d i a t i o n  on the  
waste package environment and the re fo re  the  package performance. 

The au thors  no te  t h a t  some reference  
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DOCUMENT AnSTRACT 

Thls report summarizes aCtlVltfeS to determine repository conditions for 
temperatures, pressure, fluid, chemical , and radiation environments that ore 
expected to exist in commerclal and defense high-level nuclear wostc and spent 
fuel repositories in salt. These conditions wsre generated by the Reference 
Repository Conditions Interface Working Group (I1RC-IWG), an ad hoc IWG estab- 
lished by the Hational Haste Terminal Storage Pt3grum'S (NWTS) Isolation 
Interface Control Board (I-ICB). These repository conditions are based on the 
standard room-and-pll lar mined repository conceot with waste emplaced in ver- 
lical holes drilled in Lhc room floor. 

Some important results obtained are given below for selected local areal 
thermal loadings of 25, 25, and 11.6 W/m2 for spent Fuel (SF), commerclal 
high-level Haste (CHLW) and defense hfgh-level waste (OHLW), respectfvely. In 
all cases, the results below are given in order for SF, CIILW, and OIILH. SO-E 
thermal results are: maximum Waste temperature - 190, 320, and 100 C; rnaximrn 
canister surface temperature - 160, 260, and 90 C: and maximum rock tempera- 
ture - 150, 160, and 80 C. The l'ength of slgniffcant thermal exposure i s  
greater for SF than the other nastes. Thermal histories are given in Lhe 
report. Vapor phase pressures are not expected to rise significantly above 
atmospheric pressure unti7 the repository f s  sea?&. After sealtng, the pres- 
sure will gradually increase to approach llthostatic equilibrium. Estimated 
volumes of accumulation of brlne From thermal -igratiun for 1,000 years are 
3 to 4 liters, 0 liters, and 0.5 liter. 
glven, although actual brine compositions are strongly site dependent. The 
moxinnim absorbed gammo radiation dose delivered to the solt after 104 year t s  
1.6 x 1010 rads, and 9.6 x 108 rads For the CHLW and SF canisters, 
respectively. 

Reference brine compositions are 



DOCUMENT REVIEW FORM 

AUTHOR: Ruppen, J. A., e t  al. (SNL) 

TITLE: Some Effects of Microstructure  and Chemistry on Corrosion and 
Hydrogen Embrittlement of TiCode-12 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V I ,  V o l .  15, 
North Holland, N.Y., 1983, pp. 685-693 

AVAILABILITY: Published 

KEY WORDS: TiCode-12, s e n s i t i z a t i o n ,  h e a t  treatment,  micros t ruc ture ,  
hydrogen embrit t lement,  s low-s t ra in- ra te  tests, a i r ,  Brine A 

DATA SUMMARY: 
Property and Form of D a t a :  

Uniform cor ros ion  rates and d u c t i l i t y  and f r ac tog raph ic  measurements. 

Materials and Specimen Geometry: 
TiCode-12 tensile specimens and cor ros ion  coupons. 

T e s t  Condi t i ons  : 

bo i l ing  HC1 and 2OO0C Brine A. 
Room temperature t e n s i l e  tests and cor ros ion  tests i n  7OoC and 

COMMENTS ON DATA VALIDITY: 

The research  descr ibed i n  the  paper was undertaken t o  determine whether 

It 
anneal ing effects a s soc ia t ed  wi th  welding could lead t o  s e n s i t i z a t i o n  and 
acce le ra t ed  cor ros ion  and also t o  assess hydrogen embri t t lement  effects. 
was found t h a t  anneal ing 6 hea t s  of TiCode-12 between 575-675OC f o r  per iods 
between 0.25-128 h gave a maximum inc rease  i n  uniform cor ros ion  rate i n  
b o i l i n g  1N HC1 of on ly  100 percent.  

Hydrogen embri t t lement  a s  measured by slow s t r a i n  rate tests showed t h a t  
For 220 ppm f o r  Ha levels up t o  130 ppm no embri t t lement  was detected.  

H2, and higher ,  loss i n  d u c t i l i t y  and cleavage effects were noted. 
believed t h a t  H2 embri t t lement  effects may b e  avoided i f  the  concent ra t ion  
of hydrogen is  kept  below 200 ppm, but  a d d i t i o n a l  work is needed on t h e  
effects of H2 level on the  threshold stress i n t e n s i t y  f o r  crack growth. 

It i s  

This  work i s  of importance t o  l i cens ing  s i n c e  i t  evaluates f a i lu re  modes 
for Ticode-12 and a t tempts  to  def ine  procedures f o r  m i  t i g a t i n g  them. 



IIOCUMNJT ABSTRACT 

Effects of mlorostructuro and C h e d 8 t t y  on corrosion and 
hydroqon agkrittlonunt OC ~iCod0-12 lnve boon LnvootiqPtod. 
Iloat trontinq mill-annccrlod WCodo-12 i n  tho tumporaturo 
rango 500=750*C rooulta i n  J soneit iut ion offeatr  i.e*, 8n 
inorerim i n  the WUOM oorrasion saw vh8n terted i n  sithmr 
boiling lN H C l  01 a I4-z brine. 
miorostruotural cbnqoo involvinq tho preoipitraon of 
TiZNi. 
rooulta from g%lvanio coupling botween VizNi,  acting 80 
cathoder and the it-TL u u e t i x  with rmsuLtont shif ts  i n  
corrosion potentiole 
aLloy proaotos tho oonoitixation oftoot- 

tho ulov otra i n  ratu tuutinlyuu. 
to (30 wppm JLJ nut wuoo UnWLtttomont. 

i n  raeoh8nicol bohavior and tho appearance of al81~.ge-Uke 
seoondary tasueko. 
Comporaturo and alloy ohuaiiotry but not onvironnunt (oLr 

W e  eZZ& &8 awed  by 

l3loatrochcralool studios indtcato tbt aonoitization 

Inaroastnq tho Po m t e n t  of the 

tlydtoqon eubrittlomnt o f  ‘PLCodo-12 YO. atucltecl ueinq 
Itydrwpn cwncuritca tlunu 

Ilovaver, above 
220 Wpaor hydrogln, depadrtion -0 ObSWVed 80 demaae 

Thw eabdttloarnt v.0 dependent on 

brinu). 
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DOCUMENT REVIEW FORM 

AUTHOR: Westinghouse Electric Corporation, Advanced Energy Systems Divis ion  

TITLE: Engineered Waste Package Conceptual D e s i g n :  Defense High-Level Waste 
(Form l), Commercial High Level Waste (Form l), and Spent  Fuel  (Form 
2) Disposal  i n  S a l t  

REFERENCE: ONWI-438, Apr i l  1983 

AVAILABILITY: Published 

KEY WORDS : waste package, conceptual  design, sa l t  r epos i to ry ,  spent fuel, 
CHLW, DHLW 

DATA SUMMARY: 
Proper ty  and Form of Data: 

Corrosion da ta  for. .Ti (Grade 12) and cast steel. 
b a c k f i l l  d a t a  and leaching  d a t a  f o r  spent f u e l  and g l a s s .  
models, brine migra t ion  models; c o s t  p ro jec t ions .  

Compilation of 
Thermal 

Materials and Specimen Geometry: 

T e s t  Conditions: 
Data presented ranges over the  cond i t ions  a n t i c i p a t e d  in t h e  

r e fe rence  des igns  (e.g., co r ros ion  d a t a  up t o  25O0C, as f u n c t i o n  of 
02 concent ra t ion ,  in br ines  and seawater) .  

COMMENTS ON DATA VALIDITY: 

All da ta  r epor t ed  is taken from publ ished work of o t h e r  researchers .  
D a t a  i s  used t o  assess p o t e n t i a l  of cer ta in  materials f o r  use  i n  HLW package 
and t o  j u s t i f y  choice of re ference  package des ign  and alternative. designs.  
The au tho r s  recognize the  need f o r  more t e s t i n g  of  t hese  materials under 
cond i t ions  a n t i c i p a t e d  in a salt  repos i tory .  
assumptions used i n  t h i s  r e p o r t  have been reviewed and commented on by BNL 
previously.  

Various aspects of the  da t a  and 
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DOCUME WT A I3 S TRACT 

ABSTRACT 

T h i s  r e p o r t  provides  conceptual  waste package d e s i g n s  f o r  u s e  by t h e  
O f f i c e  o f  Nuclear Waste I s o i a t i o n  (ONWI) i n  p r e p a r i n g  a r e p o s i t o r y  concep- 
t u a l  d e s i g n  i n  sal t .  Included are des igns  f o r  t h e  c u r r e n t  re ference  waste 
form c o n f i g u r a t i o n s  o f  Defense High Level Waste, which c o n s i s t s  o f  Savannah 
River  Laboratory u a s t e s  immobilized i n  b o r o s i l i c a t e  g l a s s ,  C o m e t i c a l  High 
Level  Waste, which is a b o r o s i l i c a t e  g l a s s  v a s t e  f o r =  t h a t  r e s u l t s  from t h e  
immobil izat ion o f  c o m e r c i a 1  spent  f u e l  reprocess ing  u a s t e s ,  and Spent 

Fuel - Form 2, vhich  c o n s i s t s  o f  consol ida ted  s p e n t  f u e l  rods  from PUR or 
BUR assemblies .  
b a s e l i n e  t o  e v a l u a t e  des ign  a l t e r n a t i v e s  r e s u l t i n g  f r o =  v a r i a t i o n s  i n  t h e  
was te  ~ O K Q  conf igura t ion ,  t h e  des ign  approach, and t h e  des ign  d a t a  base. 
This broad spectrum of  conceptual  des igns  f o r  salt  has  been included to  
provide  ONUI a b a s i s  f o r  concept comporison, a n  i n d i c a t i o n  as to which o f  
s e v e r a l  package and r e p o s i t o r y  des ign  approaches are u r e  c o s t  e f f e c t i v e ,  
and guidance as t o  which approaches rhould be pursued i n  f u t u r e  design 
e f f o r t t  e 

Reference des igns  are presented  which ore used as 8 

Bascd on a v a i l a b l e  d a t a  and t h e  ana lyses  perfomzed, dl t h e  concepts i n  
t h i s  r e p o r t  o f f e r  t e c h n i c a l l y  v i a b l e  approaches t o  t h e  containment o f  t h e  
waste  form f o r  a t  l e a s t  1,000 years  and f o r  adequate  i s o l a t i o n  o f  rad io-  
n u c l i d e s  t h e r e a f t e r .  
p rovides  conto incent  through t h e  uaa of a t i t a n i u m  a l l o y  cor ros ion  r e s i s t a n t  
overpack,  backed wi th  a carbon steel s t r u c t u r a l  r a i n f o r c i n E  mombet. 
a l t e r n a t e  borehole  design is one which provides  conrain=ent  with an  
all-steel overpack which is s u f f i c i e n t l y  t h i c k  to wi ths tand  expected 
c r u s h i n g  loads  and t o  accouunodate expected cor ros ion .  
package approach provides  containment through u s e  o f  a t h i c k  s e c t i o n  o f  
moderately c o r r o s i o n  r e s i s t a n t  fe r rous  a l l o y  m a t e r i a l .  

5he re ference  borehole-type des ign  i s  one which 

An 

The se l f - sh ie lded  

Development programs a r e  i d e n t i f i e d  t h a t  w i l l  be  requi red  to  support  
des igns  d u r i n g  l icens ing .  
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DOCUMENT REVIEW FORM 

AUTHOR: RRC/IWG, Raines, G. E., Chairman 

TITLE: In t e r im  Reference Reposi tory Condit ions for Spent Fuel  and 
Commercial High Level Nuclear Repos i to r i e s  i n  Tuff 

REFERENCE: DOE/NWTS-12, 1981 

AVAILABILITY : Pub li shed 

KEY WORDS: t u f f ,  commercial waste, s p e n t  f u e l ,  canister, groundwater 

DATA SUMMARY: 
Proper ty  and Form of Data: 

phys ica l  d e s c r i p t i o n  of waste, canisters m,m3, thermal loading KW, 
pressure MPa, r a d i a t i o n  level ( r ads /h r ) ,  t u f f  composition wtX.  

Materials and Specimen Geometry: 

Waste and c a n i s t e r  temperature (OC) as a func t ion  of time (year ) ,  

T e s t  Condi t i ons  : 
L i t e r a t u r e  review and compliation. 

COMMENTS ON DATA VALIDITY: 

This  r e p o r t  i s  a summary of cond i t ions  expected in a t u f f  repository. .  
Maximum waste tempera t u r e s ,  canister temperatures,  r a d i a t i o n  levels, p re s su re  
and phys ica l  dimensions are given. 
have relevancy. 

The da ta  appears significant and should 
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DOCUMENT ABSTRACT 

This r e p o r t  suarmarizes a c t i v i t i e s  t o  de terminc i n t e r i m  re f  crence conda - 
t i o n s  €or temperatures ,  p ressure ,  f l u i d ,  chemical, and r a d i o t i o n  environments 
c h a t  are expected t o  ex i s t  in  comercia1 high-level nuclear: waste and spent  
f u e l  r e p o s i t o r i e s  i n  t u f f .  Siroil8r r e p o r t s  w i l l  be i ssued  for  salt,  basalt, 
and granite. These i n t e r i m  condi t ions  are being generated by t h e  Reference 
Bopository Conditions I n t e r f a c e  Worklng Group (RRC-LWC), an ad hoc IWG 
e s t a b l i s h e d  by t h e  Nat ional  Waste Terainal Storage PrograrP'a (NWTS) I s o l a t i o n  
I n t e r f a c e  Cont ro l  Board .(I-ICB)* 

Present  p l a n s  c a l l  for  the  completion o f  gener ic  re ference  r epos i to ry  
cond i t ions  f o r  sa l t ,  basalt, t u f f  and granite by December 1981. Shale has 
been assigned a lower p r i o r i t y  and RRC work on t h a t  rock type has  been 
d iscont inued  . 

Reference repos i to ry  condi t ions  are based on the  s tandard room-and-pillar 
mined r e p o s i t o r y  concept w i t h  waste emplaced i n  vertical  holes d r i l l e d  i n  t h e  
roou f l o o r .  

Some important r e s u l t s  obtained are g iven  below f o r  s e l e c t e d  reference 
l o c a l  o r e o l  thermal loadings of 25 W/mZ f o r  spent  fue l  (SF) and commercial 
high-level waste (CHLW) respec t ive ly .  In  all cases, t h e  r e s u l t s  below are 
given f i r s t  f o r  SF. 
230 and 295 C; aaximum c a n i s t e r  su r f ace  temperature - 190 and 260 C; and 
maxiraum rock temperature - 185 and 225 e. These temperatures are upper bounds 
based on evaporat ing water f r o a  i n s i d e  t h e  100 C isotherm i a  Plre tuf?f. 
bounds were ca lcu la red  based on no evaporat ion 0% water. The l ength  of 
u lgnlPicanC thermal exposure is greater f o r  SP than the  o t h e r  waites. Thermal 
h i s t o r i e s  are (given i n  t h e  r epor t .  Vapor phase pressures  are no t  expected t o  
rise s i g u i f i c a n t l y  above atmospheric u n t i l  t h e  r epos i to ry  i s  seeled.  
s e a l i n g ,  t h e  pressure  w i l l  g radual ly  increase t o  t h e  r e g i o n a l  hydros t a t i c  
hcad. A ref  crence t u f f  g roundwate r  conposi t ion and expected gama r ad io t ion  
doses ure a l s o  provided i n  t h e  r epor t .  

Some thermal r e s u l t s  are: maximm waste temperature - 
Low 

Afte r  
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AUTHOR: Wolfsberg, e t  al. (LASL) 

TITLE: Sorption-Desorption S tud ie s  on Tuff.  111. A Continuat ion of S tud ie s  
With Samples From Jackass F l a t s  and Yucca Mountain, Nevada 

REFERENCE: LA-8747-MS, 1981 

AVAILABILIm: Published 

KEY WORDS: s o r p t i o n  r a t i o ,  desorp t ion  r a t i o ,  t u f f ,  C s ,  S r ,  Pu, U, B a ,  Am, 
Eu, batch tests, column t e s t  

DATA SUMMARY: 
Proper ty  and Form of Data: 

t u f f  /wa t e r  sys  tems . Sorpt ion  and desorp t ion  ra t io  f o r  va r ious  rad ionucl ides  i n  

Materials and Specimen Geometry: 
Crushed t u f f  samples. 

T e s t  Condi t i o n s  : 

temperature. 
Tuff samples exposed t o  s ta t ic  and column type  condi t ions  a t  room 

COMMENTS ON DATA VALIDITY: 

The report  desc r ibes  the  most recent so rp  tion-desorp t i o n  work on previ-  
ously unstudied t u f f  samples (from Jackass F l a t s  and Yucca Mountain). 
fe rences  were found f o r  the  two types of  material. 
r a t i o s  f o r  Am and Pu were somewhat h ighe r  f o r  t u f f  from Jackass  F la t s .  
s o r p t i o n  and deso rp t ion  va lues  f o r  U(V1) were small f o r  Yucca Mountain t u f f  
and the  desorp t ion  va lues  were h ighe r  than the  so rp t ion  values.  
r a t i o s  were smaller when measured by column techniques compared t o  ba tch  
procedures. 

D i f -  
For example, the  so rp t ion  

Also, 

Sorpt ion  

For S r ,  C s ,  Ba and Eu a t  concent ra t ions  between -loo8 t o  w ~ O - ~ M  the  
h igher  concent ra t ions  gave the  l a r g e s t  dev ia t ions  from i d e a l  behavior. This  
may be due t o  s a t u r a t i o n  of so rp t ion  sites and p rec ip i t a t ion .  

Anions when compared t o  c a t i o n s  had poorer  sorptive behavior f o r  t u f f .  

The s t u d i e s  descr ibed are very  va luable  i n  e s t a b l i s h i n g  a da ta  base for 
sorp t ion-desorp t ion  processes  i n  t u f f  and are necessary  for  quant i fy ing  the 
behavior of r ad ionuc l ide  migrat ion i n  t u f f  sys  tems. 
ratios used (5 : l  and 30:1), however, may be  too  h igh  s i n c e  the  amount of  water 
in the unsa tura ted  zone is expected t o  be  very small. 

The so lu t ion- to-so l id  



- 
This repor t  is t h e  t h i r d  i n  a series of 

repor t s  descr ibing s tud ie s  of  sorp t ion  and m i -  
g r a t ion  og radionuclides i n  t u f f  * The investi- 
gat ions were extended t o  l i t h o l o g i e s  of t u f f  not  
greviously s tudied.  Continuing experiments with 
uraniuiii, plutouiun, and americium a r e  descrSbed 
The dependence of sorp t ion  on the concentration 
o f  the  sorbing element and on tho solution-to- 
s o l i d  r a t i o  was inves t iga ted  f o r  a nucaber o f  
nuclides and two l i t ho log ie s .  A c i r c u l a t i n g  
system was designed for  measuring clorption 
r a t i o s ,  Values obtained f rom t h i s  system, batch 
mcssuccmcnts, and column e lu t ions  a r e  compared, 
Progrcss oil incusuriug crnd cont ro l l ing  Ph i s  des- 
cr ibed 



ADnaoB: 

TITLE: 

REPERENCE: 

AVAILABILITY : 

KEY WORDS: 

DOCUMENT REVIEW FORM 

Burns, P. J. 

TAC02D - A Finite Element Heat Transfer Code 

UCID - 17980 Rev. 2 (January19821 

National Technical Information Service, Springfield, VA 22161 

Heat, Thermal, Code 

GENERAL COMMENTS: TAC02D is a nonlinear, two-dimensional, implicit, finite 
element code designed for single-phase heat conduction ana- 
lysis of both transient and steady-state cases in plane and 
axisymmetric geometry. With appropriate zoning the code can 
handle a wide variety of nonlinearities including space-, 
time-, and temperature-dependent materials properties, heat 
generation rates and boundary conditions. 

TACO2D has little mesh generation capability. 
evenly spaced nodes and rows of sequential elements may be 
generated. For complex zoning TAC02D relies on separate, 
2-D mesh generation codes. In particular, in the interior 
region, TAC02D utilizes a fonrnode isoparametric element 
which can be made to degenerate into a three node triangle. 
The Galerkin principle is then utilized to obtain the ele- 
ment heat capacity and conductivity matrices and the element 
thermal load vector. The problem is thus reduced to a sys- 
tem of ODE'S in terms of the nodal temperatures, through 
which one can later interpolate with the original element 
interpolating functions. 

Only rows of 

TAC02D transient analysis rests on an implicit scheme of 
user's choice. The user also selects the time step, which 
does not need to be constant during the calculations. The 
user, however, is cautioned to make more than one rop using 
different time steps to insure convergence. Overall the 
document reads well. I did not detect any incongruity, ex- 
cept on page 4, Equation (71, where the same symbol is used 
for the space- and time-dependent temperature and the nodal 
temperature. 

TAC02D is presently used at LLNL for waste package thermal 
analysis in a tuff repository. 

f _ ' .  

... I .  
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AUTHOR: Ballou, L. B. (LLNL) 

TITLE: Waste Package f o r  a Repository Located i n  Tuff 

REFERENCE: UCRL-90044, 1983, 

AVAILABILITY: Avai lab le  as p r e p r i n t  for  Civilian Radioact ive Waste 
Management Information Meeting, Washington, D.C., 
December 1983 

KEY WORDS: t u f f ,  waste package, des ign ,  T304L SS, T316L'SS, T321 SS, 
Incoloy-825, 76-68 g l a s s ,  s p e n t  f u e l ,  leaching,  uniform 
cor ros ion ,  l oca l i zed  co r ros ion  

DATA SUMMARY: 
Property and Form of Data: 

None . 
Materials and Specimen Geometry: 

See above. 

T e s t  Condi t ions : 
None s p e c i f i c a l l y  given. 

COMMENTS ON DATA VALIDITY: 

The paper  i s  a gene ra l  d e s c r i p t i o n  of  t he  waste package and the  environ- 
ment i t  w i l l  be placed in. In i t i a l  tests with Topopah Spring t u f f  i n  c o n t a c t  
wi th  5-13 w e l l  water i n d i c a t e  t h a t  water chemistry changes around the  package 
w i l l  be small. However, i t  seems poss ib l e  t h a t  i n  the  unsa tura ted  zone l o c a l  
b o i l i n g  of water may leave behind s a l t  d e p o s i t s  which when contacted la te r  by 
coo le r  groundwater w i l l  r ed i s so lve  t o  g ive  concent ra ted  water which could 
a f f e c t  canister co r ros ion  and waste form leaching. 
f u r t h e r .  

This  should b e  evaluated 

Very pre l iminary  o u t l i n e s  are given r,egarding the  leaching of  76-68 g l a s s  
and bare  spent f u e l  and f u e l  w i th  f a i l e d  cladding around it. 

Screening eva lua t ions  were performed on 17 metallic materials using d a t a  
from the  literature. Four metals (T304L, T316L, T321 stainless steels and 
Incoloy 825) were s e l e c t e d  f o r  experimental  eva lua t ion  f o r  use as con ta ine r  
materials. It w a s  noted on the  Dublin meeting between NNWSI/NRC t h a t  t he  300 
series of SS are s u s c e p t i b l e  t o  stress co r ros ion  cracking i n  02/Cl'/gamma 
i r r a d i a t i o n  environments and i t  i s  s t a t e d  i n  the  paper t h a t  such effects w i l l  
be inves  t i g a  ted . 

Details of t he  package design were out l ined .  
i 
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DOCUMENT ABSTRACT 

The development of waste packages for emplacement in a tuff repository has 
been proceeding during t m  past year on a broad front. . Experimental work has 
been focused on determination of important package environment parameters and 
testing the response of waste forms and package materials to the anticipated 
environment.. Conceptual designs have been selected -with a1 ternat ives to 
accomnodata present uncertainties in the environment and material 
perfonnanc8. Computational capabilities are being adapted to  provide analyses 
of anticipated package performance and plans are being devstoped for in-situ 
testing. The waste package activities nave been integrated into the ovf!rall 
NNWSI project to assure timely canpletion consistent with the statutory md 
regulatory requirements leading to repository site selection around the end of 
the decade. 



DOCUMENT REVIEW FORM 

AUTHOR: U.S; Department of Energy 

TITLE: Nevada Nuclear Waste Storage Inves t iga t ions  

REFERENCE: NVO-196-33, 1983 

AVAILABILITY: NTIS 

KEY UORDS: t u f f ,  carbon steel, corrosion,  unsa tura ted  

DATA SUMMARY: 
Property and Form of Data: 

General corrosion,  mils/year.  

Mater ia ls  snd Specimen Geometry: 
A I S 1  1020. 

Tes t Conditions : 
100°C, 1 atm. 

COMMENTS ON DATA VALIDITY: 

While the d a t a  from t h i s  experiment show maximum cor ros ion  r a t e s  a t  70 t o  
8OoC, the repos i  tory-relevant  cond i t ion  where i r o n s  and steels may a t t a i n  
t h e i r  h ighes t  co r ros ion  r a t e s  could be a t  the b o i l i n g  p o i n t  of water  where the 
bo i l ing  hea t  t r a n s f e r  occur r ing  a t  t he  metallenvironment i n t e r f a c e  could maxi- 
mize the concurren t  e f f e c t s  of convection, presence of an e l e c t r o l y t e ,  and 
oxygen mass t ranspor t .  



TIOCUMRIJT AJISTRACT 

HIGHLIGHTS 

A preliminary evaluat ion of s i t e  charac te r iza t ion  da ta  on Yucca Mountain 
indicated t h a t  the Topopah Spring t u f f  i n  the unsaturated zone is  an 
appropriate  rock u n i t  on which to focus i n i t i a l  de ta i led  s i te  character i -  
za t ion  s tudies .  

Documentation of the  unsaturated groundwater flow code SAGUARO was com- 
pleted and developmont of a conceptual vapor t ransport  model t o  be 
included i n  SAGUARO was completed, 

An experiment was conducted i n  the laboratory t o  measure the  corrosion 
rates of i rons  and steels i n  aerated,  tuff-conditioned waters i n  the 
temperature range of 50 to  100°C a t  atmospheric pressure. In  most cases,  
the crevice corrosion penetrat ion was g rea t e r  than the  p i t t i n g  penetra- 
tion. The da ta  also show t h a t ,  i n  a system open to  the  atmosphere, the 
general corrosion rate maximum occurs a t  70 to  8OoC. 

Thermal analyses were begun on the candidate conceptual designs t o  model 
the maximum temperatures which would r e s u l t  from waste hea t  loading fo r  
spec i f i c  waste package dimensions and spacings . 
A f i l e  (WAPLIB) has been created on the LLNL Cray computer system to  pro- 
vide u s e r s  with the  most recent version of the WAPPA waste package per- 
formance assessment code and i ts  associated da ta  bases. 

General Corrosion Rate--The highost average corrosion r a t e  occurred on Clra 
m i l d  s teel  ( A I S 1  1020) a t  80OC (20.9 mils/year).  The gray cast i ron  suffered 
soinewhut less corroaion, i t s  inaxiinuin average rate (16.7 nipy) occurring a t  
7OOC. Similarly,  t h e  2 1/4 C r  - 1 Mo a l loy  steel  exhibi ted i t s  highest  
average corrosion rate (18.5 mpy) a t  70OC. The 9 C r  - 1 Mo a l l o y  steel sliowed 
much less general  corrosion than the o ther  metals with a maxiinuiii r a t e  
(0.84 nipy) at: 700C. Untlor cicrutcd slinbieiit pressure coiidicioiis i n  ncnr-i:uuI:rttl 
waterso i rons  and steels typ ica l ly  show o corrosion rate maxiinuin a t  70-8OOC. 
Dissolved oxygen i n  the water is tkc doiiiinant corroding specie  so CliciC E l w  
corrosion ra te  of the i ron  or steel  is governed by the a c c e s s i b i l i t y  (innas 
t ransport)  o f  oxygen to  the surface.  The mass t ransport  i s  the product of tlro 
concentration of oxygen and the d i f f u s i v i t y  of oxygen. Convection e f f e c t s  nro  
a l s o  important i n  determining the a c c e s s i b i l i t y  o f  oxygen to  tlie surface. l n  
t h i s  p a r t i c u l a r  experiment, a i r  sparging served t o  a g i t a t e  the so lu t ions  mid 
was tho primary mechanism for  oxygen transport: t o  the metal surfaces; CIrarmclL 
convecbion was also operating i n  a l l  of the experimental ce l l s  (as well na 
boiling i n  the lOOOC cel l ) .  In  a system open t o  tho atmosphere, the oxygen 
s o l u b i l i t y  decreases as the temperature increases and the  d i f  fu s iv i ty  and 
chemical r eac t ion  rate both increase with temperature; the da ta  ind ica te  tllat 
theae e f f e c t s  r e s u l t  i n  (i corrosion inoxirnurn a t  70 to 800C. 

preva i l  Over an extended period Of time for 8 r e P o ~ i ~ o r Y  i n  the vadose zone ar 
yucca Mountain, w i l l  a lso be addressed i n  upcoming experiments 

Hetal/steam/air  (Or me t a l h t e r  vapor la i r )  which is expected 
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AUTHOR: Gregg, D. W. and W. C. O'Neal (LLNL) 

..-. 

TITLE: I n i t i a l  Spec i f ica t ions  f o r  Nuclear Waste Package External 
Dimensions and Mater ia l s  

REFERENCE: UCID-19926, September 1983 

AVAILABILITY: Avai lable  a s  an informal r e p o r t  with l imited ex te rna l  
d i s t r i b u t i o n  

KEY WORDS: CHLW, DHLW, spent  fue l ,  waste package, design, ma te r i a l s ,  
corrosion,  weldabi l i ty ,  c o s t  e f f ec t iveness  

DATA SUMMARY: 
Property and Form of Data: 

s e l ec t ion .  
Design drawings f o r  waste packages- and philosophy of m a t e r i a l s  

Mater ia ls  and Specimen Geometry: 
Various, depending on package component. 

Tes t Conditions : 
Not appl icable  . 

COMMENTS ON DATA VALIDITY: 

The r epor t  descr ibes  prel iminary work t o  spec i fy  designs,  dimensions and 
mater ia l s  f o r  t u f f  repos i tory  waste packages f o r  DHLW, CHLW, and SF. Current  
designs include v e r t i c a l  and ho r i zon ta l  emplacement. For the l a t t e r ,  a carbon 
s t e e l  borehole l i n e r  w i l l  be used t o  f a c i l i t a t e  r e t r i e v a l .  Can i s t e r  m a t e r i a l  
s e l e c t i o n  considered l i t e r a t u r e  reviews of 17 d i f f e r e n t  metals  and a l l o y s  wi th  
equal weight being given t o  cor ros ion  r e s i s t ance ,  mechanical p rope r t i e s ,  
weldabi l i ty ,  and mater ia l  and f a b r i c a t i o n  cos ts .  Four ma te r i a l s  se lec ted  f o r  
f u l l  evaluation: T304L SS, T316L SS, T321 SS, Incoloy 825. This reviewer 
be l ieves  t h a t  much higher weighting be assigned t o  corrosion r e s i s t a n c e  s ince  
a l l  o ther  f a c t o r s  can be accommodated by s u i t a b l e  design procedures. 

Maximum g l a s s  waste form temperatures a r e  based on d e v i t r i f i c a t i o n  
e f f e c t s  and for spent  f u e l  the temperature is determined by the rupture  prob- 
a b i l i t y  f o r  the Zi rca loy  cladding. Based on these assumptions the maximum 
allowable temperatures a r e  spec i f i ed  to be 350, 400 and 5OO0C f o r  SF, CHLW 
and DHLW, respec t ive ly .  More supporting da ta  a r e  needed. to  v a l i d a t e  these 
design temperatures. Other aspec ts  of the paper address  c r i t i c a l i t y  and 
re  tr ieva 1 . 
much more da ta  w i l l  be required before such a design can be spec i f ied .  
reviewer i s  concerned about the choice of T304L a s  the prime con ta ine r  
mater ia l  because of its known s u s c e p t i b i l i t y  t o  stress cor ros ion  cracking. 

The work i s  a reasonable a t tempt  towards focusing on a f i n a l  design b u t  
T h i s  
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DOCUMENT ABSTRACT 

I n i t i a l  specifications of external dimensions and materials for waste 

package conceptual designs are given for Defense High Level Waste (OHLW), 

CorrrnercSal High Level Waste (CHLW) and Spent Fuel (SF). The designs have been 

developed for use in a high-level waste repository sited in a tuff medila i n  

the unsaturated zone. Drawings for reference and al ternative package 

conceptual designs are presented for eacn waste form for both vertical and 

horizontal emplacement configurations. Four metal a1l.oys: 304L SS, 321 SS, 

316L SS and Incoloy 825 are considered for the canister or overpack; 1020 

carbon steel was selected for horizontal borenole ljners, and a preliminary 
packing material selectSon is either compressed t u f f  or compressed tuff 

containing iron bearing smectite clay as a binder. 

I 



DOCUMENT REVIEW FORM 

ADXIIOR: Bockman, J. N. and O'Neal, 'I. C. 

TITLE: Thermal Modeling of  Nuclear Waste Package Designs 
f o r  Di8pO881 i n  Tuff 

BEFEBENCB: UCRI,-80820/Preprint (September, 1983) 

AVAILABILITY: Lawrenoe Livermore Nat ional  Laboratory,  Livermore, CA 94550 

Ey IOBDS: Thermal, Model, Package, Tuff ,  Heat 

QENERAL COMMENTS: The document r e p o r t s  r e s u l t s  of t h e m 8 1  analyses of var ious ,  
conceptuaX waste package des igns  and emplaoement op t ions  for 
a t u f f  repos i tory .  The r e fe renos  oode was TAC02I), a f i n i t e -  
element two-dimensional hea t  t r m s f e r  oode. In o r d e r  t o  
adapt  a 2-D oode t o  a 3-D problem, the  au tho r s  had t o  make 
seve ra l  assumptions basad on engineer ing judgement. These 
should be checked in f i n a l  c ~ l c a l a t l o n s ,  

The document suggests  t h a t  (1) the use of packing m a t e r i a l s  
may causa thermal limits t o  be exceeded f o r  the  proposed 
waste forms. The problem is  p a r t i c u l a r l y  s e r i o u s  f o r  spent  
f u e l  w i t h  a maximum allowable temperature of  350.C; (2)  the  
use of f i n s  wi th in  c a n i s t e r s  conta in ing  spent  f u e l  p i n s  may 
lower peak temperatures by up t o  70.C f o r  6 f i n s  and 86.C 
f o r  12 fins. 

those based on TAC02D. 

A t h i r d  r e s u l t ,  which the  r e p o r t  does not  doou- 
mast, i s  t h a t  VUPA'S 081CU1AtiOnS compare f avorab ly  w i t h  

The paper is important i n  t h a t  i t  o u t l i n e s  DOE'S r a t i o n a l e  
f o r  proporin# t o  drop the  paoking m a t e r i a l s ,  Although t h i s  
paper i s  prelim.inary i n  na ture ,  t he  r e s u l t s  are reasonable. 
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Lawrence Livermore National Laboratory is involved i n  the des ign  and 
t e s t i n g  of high l e v e l  nuc lear  waste packages, Many o f  the aspects of waste 
package design and t e s t i n g  (e-g., cor ros ion  and leaching)  depend i n  p a r t  on 
the temperature history o f  t h e  emplaced packages. This  paper d i s c u s s e s  
tnermal modeling and a n a l y s i s  o f  var ious  ernplaced waste package conceptual 
designs including t h e  models used, t h e  assumptions and approximations made, 
and the results obtained, 



DOCUMENT REVIEW FORM 

AUTHOR: McCright, R. D., e t  a l .  (LLNL) 

TITLE: Se lec t ion  of Candidate Canis te r  Mater ia l s  f o r  High-Level Nuclear 
Waste Containment i n  a Tuff Repository 

REFERENCE: UCRL-89988, November 1983 

AVAILABILITY: Avai lable  as p rep r in t  f o r  NACE Annual Meeting, New Orleans, 
A p r i l  1, 1984 

KEY WORDS: uniform corrosion,  c rev ice  corrosion,  s t r e s s -co r ros ion  cracking, 
gamma i r r a d i a t i o n ,  tuffaceous groundwater, T304L, T316L, T321, 
1-825, carbon steel 

DATA SUMMARY: 
Property and Form of Data: 

Uniform and crev ice  cor ros ion  da ta  and slow s t r a i n  r a t e  t e s t s .  

Mater ia ls  and Specimen Geometry: 

specimens. Some specimens were sens i t ized .  
Mainly T304L, T304, T316L, 1-825 cor ros ion  coupons and t e n s i l e  

T e s t  Condi t ions  : 

corros ion  a t  105OC (3x105 rad/h)  and 15OOC (6x105 rad/h) f o r  2 
months; slow s t r a i n  r a t e  t e s t s  a t  s t r a i n  r a t e s  of 2x10'7 t o  10°4/sec. 

Uniform and crev ice  cor ros ion  t e s t s  a t  100°C f o r  1000 h; r ad ia t ion  

COMMENTS ON DATA VALIDITY: 

Evaluates the cor ros ion  behavior of T304L, T304, T32l s t a i n l e s s  s t e e l s  
and Incoloy 825 i n  t u f f  aqueous and steam environments. 
mater ia l s  were a l s o  evaluated i n  support  of the  4 main candidate s t e e l s .  A t  
100°C i n  tu f f  condi t ioned water  severa l  carbon s t e e l s  suffered c rev ice  a t -  
tack but T304L and T3lkL show no crev ice  o r  l o c a l  a t t a c k  a f t e r  1000 h. Slow 
s t r a i n  r a t e  t e s t s  i n  15OoC tuf f-condi tioned water revealed no evidence f o r  
embrit t lement compared to a i r  tests. Carbon s t e e l  cor ros ion  r a t e s  appear t o  
be unaffected by y - i r r a d i a t i o n  bu t  T304L SS showed an  increase.  

Other add i t iona l  

It  i s  f e l t  t h a t  these da ta  a r e  very prel iminary s ince  the  tes t  times a r e  
very s h o r t  (1000 h). Since mechanisms such a s  s t r e s s -co r ros ion  may take years  
to  appear, the work performed a t  LLNL does n o t  s i g n i f i c a n t l y  reduce the poten- 
t i a l  f o r  t h i s  f a i l u r e  mode i n  the l i g h t  of data  i n  the l i t e r a t u r e  which shows 
t h a t  the 300 s e r i e s  of s t a i n l e s s  s t e e l s  a r e  suscept ib le  t o  s t r e s s  cor ros ion  
under condi t ions s i m i l a r  to those expected i n  tu f f  r epos i to r i e s .  



IIOCUMEWT AI3STRACT 

A repository located at Yucca Mountain at the Nevada Test Site is a 
potential site for permanent geological disposal of high level nuclear waste. 
Tne repository can be located in a horizon in welded tuff, a volcanic rock, 
which is above the static water level at this site. The environmental 
conditions in this unsaturated zone are expected to be air and water vapor 
dominated f o r  much of the containment period. Type 304L stainless steel is 
the reference material for fabricating canisters to contain the solid 
fiigh-level wastes. Alternative stainless alloys are considered because of 
possible susceptibility of 304L to localized and stress forms o f  corrosion. 
For the reprocessed gl  ass wastes , the 'canisters serve as the recipient for 
pouring the glass with the result that a sensitized microstructure may develop 
because o f  the times at elevated temperatures. Corrosion testing of the 
reference and alternative materials has begun in tuff-conditioned water and 
steam environinents. 



DOCUMENT REVIEW FORM 

AUTHOR: Oversby, V. M. 

TITLE: Performance Tes t ing  of Waste Forms i n  a Tuff Environment 

REFERENCE: UCRL-90045 , November 1983 

AVAILABILITY: Avai lab le  

KEY WORDS: HLW, t u f f ,  waste forms, groundwater chemistry,  spen t  f u e l ,  
b o r o s i l i c a t e  g l a s s  

DATA SUMMARY: 
Proper ty  and Form of  Data: 

a n a l y s i s  s tud ie s .  
Water chemistry determinat ions s o l u t i o n  ana lyses ;  SEM su r face  

Materials and Specimen Geometry: 
Crushed t u f f ;  b o r o s i l i c a t e  g l a s s ;  groundwater 

Tes  t Conditions: 
Hydrothermal experiments: 90°C and 15OoC. 
Autoclaves;  du ra t ion  -70 days; l onge r  t e s t i n g  t o  4 months a t  

150OC; MCC-1-76-68 g l a s s  w i t h  and wi thou t  crushed t u f f  i n  t u f f  
groundwater, du ra t ion  - -180 days a t  90°C. 

COMMENTS ON DATA VALIDITY: 

Groundwater used i n  the  experiments w a s  ob ta ined  from the  s a t u r a t e d  zone; 
c u r r e n t  ,plans will p lace  the  r e p o s i t o r y  i n  t he  unsa tura ted  zone. 

304L co r ros ion  estimates -0.1 cm'per  1000 y e a r s  by uniform corrosion.  
S t r e s s  co r ros ion  c racking  i s  viewed as most l i k e l y  mechanism t o  r e s u l t  in a 
breached conta iner .  

T e s t  cond i t ions  appear  adequate  f o r  i n i t i a l  t e s t ing .  Addit ional  t e s t i n g  
should inco rpora t e  r a d i a t i o n  effects. The r e p o r t  concludes t h a t  emplacement 
of  wastes should cause only  small changes i n  water  chemistry,  however 
r a d i o l y s i s  effects were n o t  taken i n t o  .account. - 
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The Nevada Nuclear Waste Storage Inves t i ga t i ons  P r o j e c t  (NNWSI) I s  studying 
the tuf faceous rock u n i t s  l oca ted  a t  Yucca Mountain on the  western boundary o f  
t h e  Nevada Test S i te .  The o b j e c t i v e  o f  these studies i s  t o  a l low an 
eva lua t l on  t o  be made o f  t h e  s u i t a b i l i t y  of the Yucca Mountain t u f f  u n i t s  as a 
p o t e n t i a l  l o c a t i o n  for a h i g h  l e v e l  r a d i o a c t i v e  waste reposi tory.  As p a r t  of 
t h e  NNSWI Project, Lawrence Livermore Nat ional  Laboratory i s  responsible f o r  
the design of the waste package and f o r  determining tne expected performance 
of  t h e  waste package i n  t h e  r e p o s i t o r y  environment, 

The reference ho r i zon  f o r  a p o t e n t l a l  r e p o s i t o r y  a t  Yucca Mountafn f s  t h e  
densely welded, d e v i t r i f i e d  p o r t i o n  o f  t h e  Topopah Spring Member o f  t h e  
Paintbrush Tuff (Vieth 1982; Dudley and Erdrrl 1982)- The water t a b l e  a t  Yucca 
dountain i s  more than SO0 rn deep beneath t h e  c e n t r a l  p o r t i o n  o f  t ne  mountain; 
as a r e s u l t ,  t h e  Topopah Spring Member l i e s  e n t i r e l y  within t h e  unsaturated 
zone (Dudley and Erdal 1982). Tne mineralogy of t h e  reference hor lzon i s  an 
assemblage o f  very f i n e  grained a l k a l i  feldspar, quartz and c r i s t o b a l i t e ,  wtth  
minor amounts o f  smect i te clay, Glass and z e o l i t e s  are genera l ly  absent 
wi th in the densely welded, d e v i t r i f i e d  p o r t i o n  o f  t h e  Topopah Spring ( B i s n  e t  
a l e  1981; Caporuscfo e t  a l ,  1982), The m a t r i x  p o r o s i t y  o f  t h e  welded t u f f  i s  
approximately 13 percent, and t h e  rock has a f r a c t u r e  densl ty  o f  0,8 t o  3.9 
f r a c t u r e s  per mater (Dudley and Erdal 19112), 
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AUTHOR: R u s s e l l ,  E. W., e t  a l .  (LLNL) 

TITLE: Se lec t ion  of Bar r i e r  Metals f o r  a Waste Package i n  Tuff 

REFERENCE: UCRL-89404 Rev. 1, 1983 

AVAILABILITY: Avai lable  a s  p rep r in t  f o r  Ma te r i a l s  Research Socie ty  Meeting, 
November 1983, Boston, MA 

KEY WORDS: T304L SS, T316L SS, T321 SS, Incoloy 825, mater ia l s  s e l ec t ion ,  
conta iner ,  weldabi l i ty ,  cos t ,  corrosion,  mechanical p rope r t i e s  

DATA SUMMARY: 
Property and Form of Data: 

General engineer ing da ta from the  li t e r a  tu re  . 
Mater ia l s  and Specimen Georne try:  

d e  t a i l e d  tests. 
17 metals and a l loys  considered; the above 4 were se l ec t ed  f o r  

T e s t  Conditions : 
Various. 

COMMENTS ON DATA VALIDITY: 

General desc r ip t ion  of the se l ec t ion  of 4 out  of 17 candidate  ma te r i a l s  
f o r  study. 
tance, weldabi l i ty ,  cos t ,  and mechanical s t r eng th ,  T304L, T316L, T321 s t a i n -  
l e s s  s t e e l s  and Incoloy 825 were se lec ted  a s  prospect ive c a n i s t e r  ma te r i a l s  
and low carbon s t e e l  was se lec ted  f o r  borehole l i n e r s .  

F ina l  s e l e c t i o n  was based on cons ide ra t ion  of cor ros ion  r e s i s -  

This reviewer be l ieves ,  a s  was s t a t e d  a t  the "WSI /NRC meeting i n  Dublin, 
CA, October 1983, t h a t  equal weighting of the above 4 s e l e c t i o n  c r i t e r i a  was 
inappropriate .  
should  be heav i ly  emphasized. I f  i t  were, then i n  a l l  l ikel ihood most of the 
cu r ren t  4 r e fe rence  mater ia l s  would be eliminated. 

Corrosion r e s i s t ance  i s  obviously the  most important and 



WQ have seloctcd a f e n  candidate metals for concoptual design of 
caninters and overpackst and for use in corrosion toe ts  under repository 
conditions. Important matorialo proport ies data. r o f l o c t i n g  UnginOUtin9 
dosign roquirernents for po ton t ia l  candidate I w t e r i e l s  were devolopsd. 
ractala tha t  woro i n i t i a l l y  considered f a l l  into the fo l lowing oatogoties: 
s ta in less stoels--austonit ict f o r t i t i c ,  and duplex; hlgh-nickel %lloYSt 
t i tan ium a l l oys t  zirconium a l loys t  copper-nfckel alloys, low-carbon 
otools, and cast  irons. 

considered to bo important i n  mooting docign requLtomonts 
cone-oefcctively--corronion run i t tancct  t ons i l o  strength, weldabf l i ty t  
otc. 

The 

Tho80 metals arO a l l  comorc ia l l y  available. 
Our procoduro was to determine and evalv&o the engineering ptopert iea 

mug general categorios weco considerad: 
GanoraL and l o c a l  corrosion roaintanco 
Fabrication oosts 

e Roquirvd mechanical propert ie8 
Weldrrbi l i t y  

Vrom t h i s  analysis wo SfkbCtUd four matala for canintor and overpack 
matocialo, and ono Cor holo Linacs: 

1. AISI 304L sta in less ateol. 
2. AIS1  321 sta in less stool. 
1. AI81 316t sta in less steel. 
4. Inco loy P15 nickol-base a l loy .  
5. A I S I  1020 carbon a tee l  f fot hor izon ta l  borohole l inera) .  
Tho roferonco canister and overp;rck metal i s  AIS1 3 0 l G  ot r in lese  

ufuul ,  b u t  a l to rna t lvu  mute&s will olao bo conaidurud for two ruaeons: (1) 
t o  provide o toplacoment moter ia l  unt iZ thu roforonco mater ia l  i s  
confirmed by tes t ing  under site specific conditions; (2) t o  frovide 
comparative data t o  support the choice of AISZ 304L stain&ese s t e e l  as the 
reforence mater ia l  during the regulatory revlew. 
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DOCUMENT REVIEW FORM 

AUTHOR: Dukes, M. D., e t  a l .  (SRL) 

TITLE: Mul t iba r r i e r  Storage of Savannah River P l a n t  Waste 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2 ,  
Plenum Press ,  N.Y., 1980, pp. 231-238 

AVAILABILITY: Published 

KEY WORDS: 

DATA SUMMARY: 
Proper ty  and Form of  Data: 

performance . Overview of waste package component func t ions  and a n t i c i p a t e d  

Materials and Specimen Geometry: 

packing and s a l t  h o s t  rock. 
B o r o s i l i c a t e  g l a s s ,  Cor-Ten, T304L SS conta iners ,  bentoni te  

T e s t  Conditions : 
General condi t ions  were f o r  a sa l t  r epos i to ry  wi th  a maximum 

a n t i c i p a t e d  con ta ine r  temperature of 100°C and the  presence of WIPP 
Brine B. 

COMMENTS ON DATA VALIDITY: 

The paper i s  a s h o r t  overview of  b a r r i e r s  which could be used f o r  defense 
waste emplaced i n  a s a l t  reposi tory.  
90°C, and 12OOC are presented. 
containing a 13'Cs tracer. 
e r a t u r e  were performed under s ta t ic  cond i t ions  w i t h  pe r iod ic  water changes, 
whereas the  12OOC were conducted i n  an autoclave,  

Glass leach d a t a  obtained a t  20-25OC, 
The tests were conducted on crushed glass 

The tests up t o  and inc luding  the 90°C temp- 

After 60 d the  leach  ra te  of the  glass  decreased from 8 . 4 ~ 1 0 ' ~  t o  
5 . 6 ~ 1 0 ' ~  g/cm2-d a t  90°C f o r  WIPP-Brine B. 
g r e a t e r  than those a t  room temperature. 

These ra tes  are 3-5 times 

10,000 h tests on conta iner  materials i n  c o n t a c t  w i th  d ry  s a l t  ind ica t ed  
l i t t l e  reac t ion .  

There is  a b r i e f  d i scuss ion  of the use of o the r  b a r r i e r s  such as 
ben ton i t e  t o  so r t  rad ionucl ides  and r e t a r d  water migration. 

A4-3 
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The d a t a  given are prel iminary b u t  useful.  No da ta  on s y n e r g i s t i c  
effects are given and "decayed" glass  composition i s  not addressed. 

I 
_ _  
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Dotosilicate glass w i l l  perform well as part of a multibarrier 
system for SRP high level  waste. 
S l O O O C  w i t h  appropriate spacing of the reference canisters. Under 
dry conditions, the wustc packagc should rctuuiir ititact for  very lorig 
periods o f  Li iue.  Wun if cliu pockugo is brcuchud and water contacts 
clic glam, clio radionuclide release rate w i l l  be very low- 

Storage temperatures can be  kept to 
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AUTHOR: Flynn, K. F., e t  al .  (ANL) 

TITLE: Resistance of High-Level Waste Materials t o  Disso lu t ion  i n  Aqueous 
Media 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2, 
Plenum Pres s ,  N.Y. , 1980 

AVAILABILITY: Published 

KEY WORDS: g l a s s ,  leaching, d i s t i l l e d  water, Coy Zn, Z r ,  Ru, A g ,  I, C s ,  
Ba, Ce ,  U, Eu, Np, neut ron  a c t i v a t i o n  

DATA SUMMARY: 
Property and Form of  Data: 

Leach rates given i n  u n i t s  o f  g/cm2-d. 

Materials and Specimen Geometry: 

g l a s s  sphe res  doped w i t h  Pu-Np. 
14 t o  1200 m-l. 

76-68 b o r o s i l i c a t e  g l a s s  wafers doped wi th  U, and 76-68 b o r o s i l i c a t e  
L a t t e r  samples have S/V r a t i o s  between 

Tes t Condi t i ons  : 
7-day leach tests a t  25O, looo, and 286OC f o r  t he  U-doped 

samples and 25O, looo, and 254OC f o r  t he  Pu-Np-doped samples. 
Some s e q u e n t i a l  leach tes ts  were run. A l l  tests i n  d i s t i l l e d  water. 

CONMENTS ON DATA VALIDITY: 

Uses neut ron  a c t i v a t i o n  t o  produce a v a r i e t y  of  rad ionucl ides  whose leach 
rates are then determined under tests condi t ions.  Radionuclides evaluated 
inc lude  6oCo, 6%Zn, 95Zr, Io3Ru, IlomAg, l3.II, 134Cs, I 4 O B a ,  
341Ce, 152Eu, 237U, 239Np. 
a r rhen ius  r e l a t ionsh ip .  A l l  leach rates decrease  .with t i m e  because of 
d i f fus ion  i n  t h e  matrix, b u t  were n o t  s o l u b i l i t y  cont ro l led .  

The Eu and Cs leach rates obey an 

Data are of general interest b u t  n o t  v e r y  app l i cab le  since the neut ron  
a c t i v a t i o n  process  may a l te r  g l a s s  condi t ions.  
b a r r i e r  materials n o t  addressed. 
glass compositions. 

Syne rg i s t i c  effects with o ther  
Nor were the  effects of leaching "decayed" 

i 
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(CONCLUSIONS] 

P r a c t i c a l  experiments  t h a t  can h e l p  produce answers to s p e c i f i c  
ques t ions  have been invoked i n  t h i s  work. 
minimize t h e  s u r f a c e  area sub jec t ,  t o  p o t e n t i a l  Leaching, i t  i s  prob- 
ably u n r e a l i s t i c  to  expect  t o  achiev  

While i t  is d e s i r a b l e  t o  

a t iurface to  volumo ra t io  s i g n i f i c a n t l y  lower than  about l O O m  -€ 
Among t h e  v a r i a b l e s  asaocirrted with t h e  leaching  o f  g l a s s  

matrices, tho a f f e c t  o f  Couipuraturo iti, by f a r ,  tho  most suvere. 
Cesium (and iodine)  were found t o  l each ,  from t h e  glasa matrices 
studied, t h r c o  orders o f  magnitude f a s t e r  than europium a t  29OoC, 
where88 t h e  d i f f e r e n c e  i n  leach  rate a t  25'C was s i g n i f i c a n t l y  less 
than ono o r d e r  o f  magnitude. Ten o t h e r  e lements  s tud ied  were found 
t o  behave in t e rmed ia t e ly  betwoen t h e s e  extremes. I f  t h e  leach  r a t e s  
at  t h e  h ighe r  temperatures  are considered unacceptable ,  then addi- 
t i o n a l  b a r r i e r  m a t e r i a l  would be  necessary  for as long as t h e  
tcmporaturo rcrnains h igh ,  



DOCUMENT REVIEW FORM 

AUTHOR: Katayama, Y. B., and Bradley, D. J. (PNL) 

TITLE: Long-Term Leaching of I r r a d i a t e d  Spent  Fuel 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2 ,  
Plenum Press ,  N.Y., 1980, pp. 323-374 

AVAILABILITY: Published 

KEY WORDS: leach,  spent  f u e l ,  137Cs, 239+240Pu, 244Cm, DIW, WIPP, 
Brine B y  N a H C 0 3 ,  CaC12, N a C l  

DATA SUMMARY: 
Property and Form of Data: 

inc lude  I37Cs , 239+240Pu and 2e4Cm. 
Leach rate  of i r r a d i a t e d  s ent f u e l  in  g/cm2-d. Radionuclides 

Materials and Specimen Geometry: 

54 MWd/kgU. 
Unclad f u e l  fragments of  LWR spen t  f u e l  w i th  burnups of  9 ,  28 and 

Tes t Conditions : 

apparatus.  Also, the 28 MWd/kgU f u e l  was IAEA leach t e s t e d  i n  DIW, 
0.03 M NaC1,  0.015 M CaC12, 0.03 - M NaHC03,  and WIPP Brine B. 
times-were up t o  ab'T;ut 3.3 years .  

Fuel with the  3 d i f f e r e n t  burnups t e s t e d  a t  25OC i n  DIW i n  a Paige 

T e s t  

COMMENTS ON DATA VALIDITY: 

The f u e l  leach  rate was e s s e n t i a l l y  independent o f  burnup. 
l a r g e s t  release rate and 0.015 M CaC12 t h e  lowest. 
has a leach rate which i s  2-3 times as l a rge  as t h a t  f o r  b o r o s i l i c a t e  g l a s s ,  
except  f o r  NaHC03 some where t h e  rates are similar. There w a s  found t o  be a 
period of acce le ra t ed  leaching a f t e r  about  600 days which necessitates ve ry  
long term t e s t i n g  t o  observe and charac te r ize .  

DIW gave the  
Usually, the spen t  f u e l  

The da ta  g ive  some information on t h e  cor ros iveness  of 5 relevant 
groundwater formulat ions bu t  serve only t o  g ive  da ta  o f  genera l  s c i en t i f i c  
interest. 
n o t  r e l e v a n t  t o  addressing the  con t ro l l ed  release rate. 

The 25OC t e s t  temperature and fresh spen t  f u e l  composition are  



IIOCUMEIJT ABSTRACT 

Spew ligllc-wacer r e a c t o r  (LWIL) Ouel with buruups of 9 ,  28 and 
54 MWd/lrgU wwo louch testcd a t  25% i n  deionizad wator i n  a Paillo 
apparatus . No d i s c u r n i b l c  dIPtcrunco8 i r i  long torin l each  rates ware 
observed relative t o  burnup. An a c c e l e r a t e d  l each ing  per iod was ob. 
served du r ing  the  Poigo l oach  test: o f  t ho  54 MWd/lr(ZU spen t  f u e l .  Ad- 
d i t i o n a l l y ,  t h e  28 MWd/kgU Eual was IUA leach-coated i n  f i v a  d i f E e r  
o n t  l e a c h  s o l u t i o n s .  
and calcium c h l o r i d e  s o l u t i o n  gave the  lowest. 

Comparisons between spent f u e l  and b o r o s i l i c a t e  waste glass 
luocll r;cl-ua irru lu;ldu. $11 uodluw blctrrbollaLu ooluLloll, Lliu luaclr 
rates are nea r ly  e q u a l  and the  glass becomes i n c r e a s i n g l y  more resis- 
tant: i n  calcium c h l o r i d e  s o l u t i o n ,  followed i n  o r d e r  by sodium chlo- 
ride s o l u t i o n ,  WIPP "1)" b r i n e  and deionized water-in which the  glass 
i r i  two Eo elrrcu ortluru uf ui;i&iiicuclu iuurc. luctcli-rc.e LULWIC LIISII  f t i  
spent Ouol. 

Doionizod water yavc the higiiost l each  rata8, 
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AUTHOR: Weed, H. C., e t  al. (LLL, PNL) 

TITLE: Leaching C h a r a c t e r i s t i c s  of Act inides  From Simulated Reactor  Waste 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 2, 
Plenum Press ,  N.Y., 1980, pp. 167-173 

AVAILABILITY: Published 

KEY WORDS: glass, 237Np, 239Pu, flow rate, leaching, WIPP b r ine ,  
d i s t i l l e d  water, bicarbonate  water 

DATA SUMMARY: 
Property and Form of Data: 

Leach rates f o r  137Np and 239Pu g iven  i n  u n i t s  of g/cm2-d. 

Materials and Specimen Geometry: 

237Np and 239Pu. 
8 mm diameter g l a s s  beads w i t h  the 76-68 composition doped with 

T e s t  Conditions : 

water, and d i s t i l l e d  water; Some modified IAEA leach tests r u n  for  
comparison. 
times t o  420 d. 

COMMENTS ON DATA VALIDITY: 

Single-pass leaching a t  25 and 75OC using WIPP b r i n e ,  NaHCOg-rich 

Water flow rates were 10, 43, 300 cm3/d wi th  leaching 

The l each  rates vary  from 2x10°4 t o  2x10°7g/cm2-d f o r  237Np and 
from 2x10m5 t o  2x10e9 g/cm2-d f o r  Pu. 
are essentially independent of time b u t  the  rates f o r  Pu show a decrease. 
A l l  leach rates increase as the water flow rate increases. For the v a r i o u s  
s o l u t i o n s  t h e r e  are no l a r g e  d i f f e r e n c e s  i n  the  l each  rates. Temperature 
inc reases  enhance leaching. 

A t  75OC the  Np release rates 

The da ta  are n o t  very  relevant to  l i c e n s i n g  s i n c e  the  temperatures are 
too low, t h e  release rates are f o r  f r e s h  g l a s s  compositions, and s y n e r g i s t i c  
e f f e c t s  wi th  a d j a c e n t  components are n o t  addressed. 



( CONCLUSIONS) 

Tho fo l lowing  general  trends con be  seen i n  the  r e s u l t s :  

1. Leach rates increase  with flow r a t e  a t  h igh temperature but 
are approxiinately independent of i t  at room temperatute. 

2. Agreement between the r e s u l t s  froill the  one-pass method and 
those Lrour clw lAOA lurtrlrod i s  f o i t  i n  the c u m  o f  WLiV brina s o l u t i o n  
and good i n  the case o f  the  o t h e r s .  

3 .  The 237Np Leach r a t e s  increase  with temperature, but  the  
23% ~ o u c ~ i  rutus eitirur decrclueu w i c l i  ccmpcruturu uc do not c~iaiayc. 
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AUTHOR: Merz, M. D., e t  al. 

TITLE: Materials Charac te r iza t ion  Center Workshop on Corrosion of 
Engineered Barriers 

REFERENCE: PNL-3720, March 1981 

AVAILABILITY: Published 

KEY WORDS : corrosion,  canister, waste package 

DATA SUMMARY: 
Property and Form of  Data: 

Not appl icable .  

Materials and Specimen Geometry: 
Not appl icable .  

Tes t Condi t i o n s  : 

COMMENTS ON DATA VALIDITY: 

This  pub l i ca t ion  presents  the  f ind ings  of a workshop he ld  f o r  the purpose 
of determining co r ros ion  tests of  t he  engineered b a r r i e r s .  
ro s ion  mechanisms are descr ibed along wi th  hydrogen effects and proposed MCC 
t e s t  procedures. Emphasis i s  placed on t h e  need f o r  techniques f o r  accel- 
e ra t ed  cor ros ion  t e s t ing .  The ' repor t  ranks the  types of tests t h a t  should be 
undertaken wi th  the most important being a system tes t ,  incorpora t ing  as many 
f e a t u r e s  'of t he  nea r - f i e ld  s torage  environment as is  p rac t i cab le ,  inc luding  
con tac t  by proposed f i l l e r  and b u f f e r  materials and f u l l - s c a l e  dup l i ca t ion  of 
the  component a r r a y  f o r  a s i n g l e  emplacement hole. 

The types o f  cor- 
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MATERIALS CHARACTERIZATION CENTER WORKSHOP ON 
CORROSION OF ENGINEERED BARRIERS 

1.0 SUMMARY 

A workshop on corrosion t e s t  procedures for materials t o  be used as bar- 
r i e r s  i n  nuclear waste repositories was conducted August 19 and 20, 1980, a t  
the Battelle Seat t le  Research Center. The purpose of the meeting was t o  obtain 
gui  dancb for the Materi a ls  Characterization Center (MCC) i n  preparing test pro- 
cedures t o  be approved by the Materials Review Board. The workshop identified 
tes t  procedures that  address fa i lure  modes o f  uniform corrosion, p i t t i n g  and 
crevice corrosion, s t ress  corrosion, and hydrogen effects that  can cause 
delayed failures.  The principal areas tha t  will require further consideration 
beyond current engi neer i ng practi ces involve the analyses of p i  tti ng, crevi ce 
corrosion, and stress corrosion, especially w i t h  respect t o  quantitative prey 
dictions of the l i  Petiine of barriers. Special techniques involving accelerated 
corrosi on testing for uniform attack will requi re development. 
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AUTHOR: McVay, G. L., e t  al. (PNL, ONWI) 

TITLE: Elemental Release From Glass and Spent  Fuel 

REFERENCE: The Technology of High Level Nuclear Waste Disposal,  Technical 
Information Center, DOE, 1981, pp. 171-202 

AVAILABILITY: Published 

KEY WORDS: 76-68 g l a s s ,  spen t  f u e l ,  leaching,  DIW, r a d i a t i o n ,  pH/Eh 

DATA SUMMARY: 
Property and Form o f  Data: 

Mainly leaching da ta  for 76-68 g l a s s  and spen t  f u e l  a t  25-9OoC. 

Materials and Specimen Geometry: 
76-68 g l a s s  and s p e n t  fue l .  

T e s t  Conditions : 
25-90°C leach tests i n  DIW. 

COMMENTS ON DATA VALIDITY: 

The paper r e p r e s e n t s  a s h o r t  review of the  t e s t  methodologies which may 
be used t o  c h a r a c t e r i z e  the  performance o f  engineered b a r r i e r s .  Reviews o f  
s ta t ic  and dynamic g l a s s  and spen t  f u e l  leach tests are descr ibed and cri- 
tiqued. 
effects of pH/Eh outlined. 
f o r  temperatures o f  25 and 7OoC under oxid iz ing  and reducing condi t ions.  
The d i s s o l u t i o n  mechanism f o r  U02 i s  discussed. Tes t s  a t  25OC i n  deminer- 
a l i z e d  water show t h a t  a c t i n i d e  release i n  s p e n t  f u e l  is about  2 o rde r s  of 
magnitude h igher  than t h a t  f o r  76-68 glass. The general  conclusion by t h e  
au tho r s  i s  t h a t  a v a i l a b l e  tests f o r  leaching are n o t  adequate to  quan t i fy  
long-term behavior and t h a t  more d e t a i l e d  t e s t i n g  using s i t e  s p e c i f i c  ground- 
water and eva lua t ion  of effects of a d j a c e n t  b a r r i e r  components w i l l  be needed. 

Some l each  d a t a  f o r  g l a s s  are given f o r  d i s t i l l e d  water a t  90°C and 
For s p e n t  f u e l ,  t he  release of 137Cs i s  given 

The paper c l e a r l y  o u t l i n e s  shortcomings i n  available leach tests and 
suggests  reasonable  modifications.  

A4-13 



In the past several years, 
emphasis on interactions between- 
waste forms and aqueous solutions 
has shifted from data gathering to 
understanding, and numerous 
mechanistic investigations have 
been initiated. These rely heavily on 
surface analytical techniques and 
colptrol of many of the variables. 
Out of these efforts has come new 
insight into interactions between 
waste forms and water. This paper 
concentrates on glass and spent-fuel 
waste forms. 

Because of the fundamental 
differences in the interactions of 
simple silicate and complex borosib 
icate waste glasses with aqueous 
solutions, predictive models and/or 
results derived from simple silicate 
glasses genera1ly.cannot be used to 
predict the behavior of complex 
borosilicate glasses. In addition, it 
has been shown that realistic flow 
rates and groundwater differences 
do not alter elemental release from 
glass or spent fuel by amounts 
greater than one order of magni- 
tude. 

The solubility h i t s  for 
actinides contained in glasses have 
been shown to be identical to those 
observed for crystalline actinide 
oxide states themselves. Therefore 
thermbdynamic arguments can be 
used to predict the upper limits of 
actinide isotopes in solution. 

Radiolysis effects in the absence 
of air have been shown to be impor- 
tant at lower temperatures but not 
significant a t  the elevated tempera- 

tures expected in a repository. .If 
air (or perhaps just nitrogen) is 
present, however, nitric acid is gen- 
erated as a radiolysis product; this , 
greatly enhances elemental removal 
at all temperatures. 

Leaching of spent fuel is less 
sensitive to temperature change 
than is leaching of glass and, in 
some cases, shows a negative tem- 
peraturedependence.Astheoxggen 
content of the leachate decreases, 
actinide removal from both glass 
and spent fuel also decreases. 

In general, existing release 
models for glass and spent fuel arc 
not adequate to predict long-term 
behavior in a meaningful and 
believable manner. Enough under- 
standing has been and is being gen- 
erated, however, that the next ver- 
sion of predictive equations should 
be capable of defensible predictions. 
More'detailed testing with site- 
specific groundwaters and package 
components under expected reposi- 
tory conditions are under way. 
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DOCUMENT REVIEW FORM 
I 

AUTHOR: Ogard, Allen, e t  al .  

TITLE: Are So l u b i l i  ty L i m i t s  Important t o  Leaching? 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, V o l .  3, 
pp. 331-337 

AVAILABILITY: Published, Plenum Press ,  N.Y., 1981 

KEY WORDS: leaching,  a c t i n i d e s ,  temperature 

DATA SUMMARY: 
Property and Form of  Data: 

Leach rat ios  of U t o  f i s s i o n  products  and a c t i n i d e s  a t  OC. 
Leach data i n  moles/Liter as a func t ion  of temperature OC. 

Materials and Specimen Geometry: 
Spent f u e l  - U, Eu, C e ,  Am, Pu, C s ,  Sr, Sb 

Tes t Condi t ions  : 

and reducing atmospheres. 
Leach s t u d i e s  of spent f u e l  a t  25OC and 7OoC wi th  oxid iz ing  

COMMENTS ON DATA VALIDITY: 

The source f o r  t h i s  s tudy  i s  based on the  fact  t h a t  f i s s i o n  products and 
a c t i n i d e s  have remained a t  t he  r e a c t o r  s i te  of  the Oklu Natural  F i s s i o n  
Reactor f o r  two b i l l i o n  years.  An explanat ion f o r  t h i s  occurrence i s  bel ieved 
t o  be the  extreme reducing environments i n  a deep geologic  formation. 
t es t  provided f o r  leach s t u d i e s  of spen t  f u e l  i n  oxid iz ing  and reducing con- 
d i t i o n s  a t  temperatures of 25 and 7OoC. 
leached f o r  a 60 day period r ega rd le s s  of  redox condi t ions.  A f t e r  the temp- 
e r a t u r e  was increased t o  7OoC uranium developed a negat ive  temperature coef- 
f i c i e n t  of s o l u b i l i t y  i n  a reducin This  occurred f o r  gost, 
I2%b and t o  a lesser degree f o r  157Cs. The leachant  used f o r  t h i s  s tudy  
was deionized water and the re fo re  the  da ta  presented may n o t  be s ignif icant  t o  
an interactive r e p o s i t o r y  environment. 

This  

A t  25OC uranium w a s  uniformly 

environment. 
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'l'lre s o l u b i l i t i e s  o f  soiiic r ad ionuc l ides ,  e s p e c i a l l y  r a r e  e a r t h s  
and a c t i n i d e s ,  may be an important and c o n t r o l l i n g  factor i n  
l each ing  of waste Eoriirs. 
a c c u r a t e l y  u s  u FuiicLion of  pll aiid trot us a p a r t  oC P niulticomponcrlC 
systclll. 

Thcsc s o l u b i l i t i e s  should be measured 
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- 

AUTHOR: Pitman, S. G.,  e t  al .  

TITLE: Evaluat ion o f  Metallic Materials f o r  U s e  i n  Engineered Barrier Systems 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 3, 1981 

AVAILABILITY : Pub li shed 

KEY WORDS: cor ros ion ,  basa l t ,  groundwater, b r i n e  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Weight change i n  2-3 month intervals, i n  mg/dm2 f o r  b a s a l t  ground- 
water, 20 t o  72 day tests i n  b r i n e  expressed as weight change mg/dm2 - 
mechanical tests of T i  Grade 2 and 12. 

Materials and Specimen Geometry: 

specimens. 300-400 S.S., Incoloys,  t i t an ium a l l o y s ,  cast  iron, 
Zircaloy, Cu-Ni. 

P l a t e  and s h e e t  material. Round tensile specimens. Charpy V-notch 

Tes t Conditions : 

brine . Autoclave, flowing and s ta t ic ,  simulated Hanford groundwater, 

COMMENTS ON DATA VALIDITY: 

I 

The r e s u l t s  of these  tes ts  i n d i c a t e  t h a t  Inconel-600 and 625, Incoloy 
800, Has te l loy  C-276 and Grade 2 and 12 Titanium have excellent cor ros ion  
resis tance i n  a pos tu la ted  r epos i to ry  environment. Weight change da ta  f o r  
cast  i r o n s  appears  high. A n  ex t r apo la t ion  of t h i s  d a t a  t o  1000 yea r s  would 
i n d i c a t e  a loss of  2.5 c m  i f  co r ros ion  were uniform. P i t t i n g  co r ros ion  ind i -  
cates h igher  rates of  penetrat ion.  The d a t a  presented i n  t h i s  paper i s  the  
r e s u l t  of  interactive components of  r a d i a t i o n ,  ground water, b a s a l t ,  tempera- 
ture ,  p ressure  and s ta t ic  and flowing condi t ions  and could serve t o  supplement 
o ther  data .  

i 
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AUTHOR: Serne,  R. J., and J. F. Relyea (PNL) 

TITLE: The S t a t u s  of Radionuclide Sorption-Desorption S tudies  Performed 
by the WRIT Program 

REFERENCE: The Technology of  High-Level Nuclear Waste Disposal,  Technical 
Information Center, DOE, 1981, pp. 203-254 

AVAILABILITY: Published 

KEY WORDS: so rp t ion ,  Tc ,  Pu, Np, U,  c lay ,  z e o l i t e s  

DATA SUMMARY: 
Property and Form of Data: 

Kd, Rd, D,  a c t i n i d e s ,  mechanisms, so rp t ion ,  desorpt ion,  f a r - f i e l d .  

Materials and Specimen Geometry: 
Eleana a r g i l l i t e ,  t u f f  , grani te .  

Tes t Conditions : 
Far- f i e l d  environments , s ta t i c  (ba tch)  and flow- through tests . 

COMMENTS ON DATA VALIDITY: 

The paper i s  an excellent and d e t a i l e d  review of  the  q u a n t i f i c a t i o n  of  
Def in i t i ons  of Kd, Rd, 

The batch and 

sorpt ion-desorpt ion process f o r  water-rock systems. 
and D and t h e i r  usefu lness  i n  quant i fy ing  t h e  sorpt ion-desorpt ion behavior of 
rad ionucl ide  spec ie s  i n  t h e  f a r - f i e l d  environment are given. 
flow-through procedures f o r  determining these  parameters are reviewed and 
s t a t e d  t o  be complementary. Mechanisms f o r  sorpt ion-desorpt ion are a l s o  
discussed and nuc l ides  of  concern t o  HLW management spec i f ied .  The most 
important are s t a t e d  t o  be Tc, Pu, Np, I, U, C s ,  R a y  S r  and C. The second 
most important class inc ludes  Am, Sm, N i ,  Se and Cm; and the  leas t  important 
are thought t o  be  Z r ,  Mo, Eu, Pd, Th, Pb, Pa and Nb. 

The r e s u l t s  and arguments presented are convincing and should serve as a 
b a s i s  f o r  f u t u r e  DOE work i n  t h i s  important  area. 



IIOCUMENT ADSTRACT 

I 1  1 lirs prrpcr focuscs on intorac- 
tioiis bctwcon dissolvcd radionu- 
didos in groundwator and rocks 
and sotlimonts away from tho near- 
field ropouitory. Two approachos 
werc usod to study tho primary 
mechanism, adsorption-desorption. 
Empirical stutlics rely on distrihii- 
tion cocfficiont moasuromcnts, and 
mcchanism studios strive to idcn- 
tify, difforcntiato, and quantify tho 
processus that control nuclido 
rcttrrdation. 

'l'lic oinpiricril iippronch quanti- 
fios adsorption by uso of a distribu- 
tion coofl'iciont (Rd), which is tho 
ratio of  tho mwN of  a radionuclitlo 
prcsont on tlic rock to tlic miiss 
prosont in solution. Studios to 
standardixo lahorntory mothods for 
mcriwriring ILcl w o  clescrlbctl. No oiio 
lahoriitory motliotl 1)osl simulatos 
all possibio rock-groundwatcr- 
nuclido combinations, but two 
mcthods, hatch and once-through- 
flow column, appear to com- 
plomont each olhor and arc 
recommondcd Tor further standard- 
ization. 'I'hoir strengths and 
wonkncssos ziro clirtonssotl. Itcsiilt.. o f  
generic ciiipiriorrl ltd work arc nu~ii- 
marizcd in tables of nuclide Hd 
vnliios for five potcnliril repository 
rock tylws. 'I'Iii!sc cliitii art? rriiiltctl, 
and future improvcmcnts in tlic 
trcatnicnt of iiuclidc rctiirdiitioii in  

oxisting computcr safety assossmcnt 
codos aro suggostcd. 

Tho status of sorption mocha- 
nism studios is discussod, with 
omphasis on dolinoating the useful- 
ness of idea1 ion-oxchango, site- 
binding oloctrical double-layor, and 
rctlox-controllccl sorption con- 
structs. Sinco studios to d a h  show 
groator potontial for sito-binding 
olectricai double-layer models, 
l'uturc cffartx will concontrato on 
this construct. 

which corroborate the importance 
of  rctlox rorictions in causing 
niiclitlo rotartlrition for multivalant 
clciiionts, such as 'l'c, Np, l'u, and 
U. Results suggest that both 
solation-mocliiitocI rotluction, such 
11s tho I k (  I I)-IPo( I I t )  couplo, and 
solid-solution hotorogonoous roduc- 
tion reactions, such as reduction of 
solution Pu(VT) at tho minora1 sur- 
fiicc by structiirirl Ik(fI), ocoiir. 

Couplcd microscopy, microprobo, 
and autoradiography studios havo 
dotormincd actual sorption sitos for 
rridionualiclcs on polyminorrilic 
rocks. ll'lio studios show that it is 
possiblo for minor phases to com- 
~)lcf.cly tlominal.c? the m w s  of 
rticlioiiiiclidcs iiclsorbocl. 'I'hc most 
cictivc tnincrrrls iiro typically ultora- 
tiori products (clays citid xcolitcs). 

1,ahorirtory studios arc discussod. 

Suvurul uxurciecli uru JisiUusoQcl 
which rank radionuciidos according 
to thuir potuntiul doeu huurde. Iri 
ouch of tho anulyeas discussod, tho 
top four radionuclidoa aro I, Tc, Np, 
and he Othor olomonls thut rank 
liigli in potuntiul liuurdo uru l'u, U, 
Am, Th, Pb, Sn, Pd, and 8e. 

A brief review of field nuclide 
migration and laboratory Rd corn- 
purisonv aliowo gunurol ugruoaiuii t 
butwuun fiuld obourvution aiid 
luborutory predicrtions of nuciido 
migration. Tho intorpiay botwuun 
Iaiboriitory obaorvstionv, fiuld 
ituulirlu iiiigrutioir, and iiututul una- 
log utudioo is discussed. 
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AUTHOR: Strachan,  D. M., e t  al. 

TITLE: Standard Leach Tes t s  f o r  Nuclear Waste Materials 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 3,  
pp. 347-354 

AVAILABILITY: Published - Plenum Press ,  NY., 2981 

KEY WORDS : leaching,  g l a s s ,  temperature 

DATA SUMMARY: 
Proper ty  and Form of  Data: 

temperature OC. 
Mass weight  loss g/m2, concent ra t ion  of s o l u t i o n s  mg/L, 

Materials and Specimen Geometry: 
PNL-76-68 glass - monoli thic  and powdered, 

Tes t Conditions : 
Based on Materials Charac te r i za t ion  Center s tandard leach tests. 

COMMENTS ON DATA VALIDITY: 

This  paper  summarizes f ive leach tests performed in accordance wi th  
Three of  the tests were a t  s ta t ic  condi t ions ,  methods proposed by t h e  MCC. 

one under flowing condi t ions  and t h e  l as t  used a s o x h l e t  apparatus .  All tests 
were f o r  a 28 day period. 
using either a glass monolith o r  powder i n  ranges of <loo, (200 and (325 mesh. 
Measurements were made f o r  mass loss and s o l u t i o n  concentrat ion.  A l l  tests 
were performed w i t h  water as the  l eacha te  and are n o t  r ep resen ta t ive  of 
r epos i  t o r y  cond i t ions  . 

Tes t s  1-3 were performed a t  90°C and 25OoC 
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This publication does not contain an abstract. 
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DOCUMENT REVIEW FORM 

AUTHOR: Wang , Rong 

TITLE: Probable Leaching Mechanisms f o r  U 0 2  and Spent Fuel 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 3 , 
pp. 379-386 

AVAILABILITY: Published - Plenum Pres s ,  N.Y., 1981 

KEY WORDS: leaching,  spen t  f u e l ,  mechanism 

DATA SUMMARY: 
Proper ty  and Form of  D a t a :  

dens i t y  . Leach d a t a  measured as a func t ion  p o t e n t i a l  V (SCE) VS. c u r r e n t  

Materials and Specimen Geometry: 

"B" Brine. 
S ing le  c r y s t a l s  of U02, deionized H20, NaHC03 and WIPP 

Tes t Conditions : 
Autoclave - electrochemical  d i s sou t ion  a t  25O and 75OC. 

COMMENTS ON DATA VALIDITY: 

Elec tzochemical method f o r  determining su r face  condi t ions ,  d i s s o l u t i o n  
rate and acce le ra t ed  d i s s o l u t i o n  behavior f o r  U02 and spent  fue l .  
au thor  be l i eves  t h i s  method can be  used i n - s i t u  during the  progress  of t h e  
leaching process.  
c o r r e l a t i o n  be tween t h i s  method and a c t u a l  r epos i  t o r y  condi t i o n s  . 

The 

It seems t h a t  more e f f o r t  is requi red  t o  e s t a b l i s h  a 
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'l'ho oxidaciun and d issolucLun uiuciiuiiisius for UO2 :ind spent fuel 
w i l l  be qu i t e  s imi la r  based on t h i s  preliminary work with ulectro- 
cliciiiical lcacliing of U02 and spent fuel. 
oxygcn or other ox id iz ing  tlpccies, tlic U O ~  surfaco w i l l  be rapidly 
oxidized and dissolved following the trana€ormation of uranium fron 
U(IV) t o  U ( V 1 ) .  
UO3 hydrates or ralatcd cornplcx compounds deposited onto the U02 sur- 
EQCQ, or otliur surfaces, as th in  or chick coatings. Dopending on the 
pH, temperature and time, the  various kinds o€ porosity and the  mcha- 
nical  properties of the hydrate coatings w i l l  control the dissolution 
rote. 
criliaiacc tliu dissolution kinetics. 

In  solutions containing 

The hydrolysis of dissolved uranyl ions forms solid 

Tlie e f fec ts  of radiation, i n  terns o f  generation of H202 w i l l  

Electrochemical methods may be useful fo r  determining t h d  surface 

L!lcctrocliainical' methods can rapidly generate much 
conditions, dissolution rate and accelerated dissolutioa behavior for 
U02 and spciit Pual .  
inCoriiiarion in teriiis of dissolution rate und surface f i l m  proporties 
such as thickness, porosity and oxidation state, in-situ during the 
prouress of tlic loacliing process. 

A4-24 

. , ' -  
., - ,  - -. .. . _ _ ~  . . . . * _  . ' -;-- , 1 - ,  . --7 -... , .:,. - . . . L  

, -c - . . . .  
- -  - 



DOCUMENT REVIEW FORM 

AUTHOR: Fullam, H. T. (PNL) 

TITLE: S o l u b i l i t y  Effects i n  Waste Glass/Deminerali  ed Water Sys z m s  

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 6 ,  
North-Holland, N.Y., 1982 , pp. 173-180 

AVAILABILITY : Publ i  shed 

KEY WORDS: 

DATA SUMMARY: 
Property and Form of  Data: 

supersa tura ted  water condi t ions.  
S o l u b i l i t y  measurements determined from the  undersa tura ted  and 

Materials and Specimen Geometry: 
Crushed 7 6-68 g l a s s  . 

T e s t  Conditions: 
Tem e r a t u r e s  between 35-15OoC, f o r  S/V r a t i o s  between 0.075 t o  

310 cm' P . T e s t  times were up t o  7650 h. 

COMMENTS ON DATA V A L I D I T I :  

S o l u b i l i t y  experiments were c a r r i e d  o u t  on crushed g lass /water  systems 
using 2 types  of tests: 
by s o l u t i o n  a n a l y s i s  and pH determinat ion,  and ( i i )  high temperature interac- 
t i o n  followed by chemical a n a l y s i s  and pH determinat ion a t  a lower temperature 
to  o b t a i n  s o l u b i l i t i e s  which have been approached from the  supe r sa tu ra t ion  
condi t ion.  It w a s  found t h a t  the  l a t t e r  type of test  gave s o l u b i l i t i e s  which 
were 1-2 o r d e r s  of magnitude h igher  than the  i so thermal  tests and t h a t  the  pH 
values were s u b s t a n t i a l l y  higher.  It w a s  pos tu l a t ed  t h a t  d i f f e r e n c e s  i n  the  
two tests could be connected with d i f f e r e n c e s  in  d i f f u s i o n  r a t e s  through the  
glass s u r f a c e  l a y e r  and the  n a t u r e  of the  s u r f a c e  layers .  P r e c i p i t a t i o n  
e f f e c t s  could give d i f f e r e n t  s o l i d  spec ie s  in  the  supe r sa tu ra t ion  tests which 
w i l l  g ive  a h ighe r  s o l u b i l i t y .  It seems, t he re fo re ,  t h a t  supe r sa tu ra t ion  
tests may be more v a l i d  and more conserva t ive  s ince  actual  waste w i l l  be a t  
h igher  tempera tures i n i t i a l l y  so t h a t  s o l u b i l i t i e s ,  indeed, are approached 
from the  supersa tura ted  condi t ion.  

( i )  long term tests a t  cons t an t  temperature followed 
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TITLE: The Role o f  Metal Ion S o l u b i l i t y  i n  the  L.eaching of Nuclear 
Waste Glasses 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, Vol. 11, 
Elsevier, N.Y., 1982, pp. 93-102 

AVAILABILITY: Published 

KEY WORDS : s o l u t i o n  concentrat ion,  s ta t ic  leaching, a1 tera t i o n  l a y e r ,  
long term pred ic t ion ,  76-68 g l a s s  

DATA SUMMARY: 
Property and Form o f  Data: 

Calculated equi l ibr ium concent ra t ions  f o r  76-68 based on the 
i d e n t i f i c a t i o n  of s u r f a c e  a l t e r a t i o n  products. 

Materials and Specimen Geometry: 
76-68 g las s .  

Tes t Condi t i o n s  : 
S t a t i c  and dyqamic tests p e r  MCC-1 and MCC-5 a t  90°C. 

COMMENTS ON DATA VALIDITY: 

This  i s  an important s tudy  since i t  a t tempts  t o  develop a c a l c u l a t i o n a l  
approach to  the determination of equi l ibr ium concent ra t ions  of spec ie s  i n  
g l a s s  leaching so lu t ions .  It shows t h a t  a l t e r a t i o n  products formed on a 
leached s u r f a c e  may c o n t r o l  t he  equi l ibr ium s o l u b i l i t i e s  r a t h e r  than the  
g l a s s  i tself .  
s impl i fy  the  p r e d i c t i o n  of radionucl ide concent ra t ions  i n  r epor t ing  
groundwa ters and their  t r a n s p o r t  t o  t h e  a c c e s s i b l e  environment. 

If such an approach can be developed f u r t h e r  i t  w i l l  poss ib ly  

The major shortcoming i n  t h i s  work i s  t h a t  i t  does n o t  address  "aged" 
g l a s s  compositions relevant to  the  post-300 yea r  containment period. It is  
poss ib l e  t h a t  a l t e r a t i o n  l aye r s  on the  g l a s s  w i l l  be s t r o n g l y  inf luenced by 
the  g l a s s  composition and, t he re fo re ,  w i l l  g ive d i f f e r e n t  concentrat ions of 
dissolved species than the  one obtained f o r  "fresh" waste. 
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Parkhurst, D. L.; Plnmmer, L. N.; Thorstenson, D. C. 

BALANCE - A Computer Program for Calculating Mass Transfer 
for Geochemical Reactions in Groundwater 

USGS/WRD/W/82-060 (February 1 9 8 2 )  
NTIS Accession No. PB82-255902 

AVAILABILITY: National Technical Information Service, 
Springfield, VA 22161 

KEY WORDS: Geochemical, Code, Mass, Transfer 

GENERAL COMMENTS: BALANCE is a Fortran computer program designed to help 
qubntify chemical reactions between aqueous systems and 
other extraneous phases such as minerals, organic sub- 
stances and gases. Ideally, piven two aqueous composi- 
tions and a selected set of extra phases, BALANCE cal- 
culates the amounts of these phases which have been pro- 
duced or used in order for the aqueous system to evolve 
from its initial to final states. 

The models implemented in the code are linear. BALANCE 
users are warned that these models are not constrained by 
any thermodynamic criteria and may imply reactions which 
are thermodynamically impossible. This shortcoming of the 
code, along with the fact that initial and final aqueous 
states as well as extraneous phases are supposed to be 
known before%and, makes BALANCE unsuitable for use as a 
predictive code. 

The better Inown geochemical code PHREEQE was produced by 
the same authors. 
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BALANCE is a Fortran computer program designed to define and quantify 
chemical reactions between groundwater and minerals. Using (1) the chemical 
compositions of water samples from two points along a flow path and (2) a set 
of mineral phases hypothesized to be the reactive constituents in the.system. 
the program calcnlates the mass transfer (amounts of the phases entering or 
leaving the aqueous phase) necessary to account for the observed changes in 
composition between the two-water samples. 
cluded in the problem formulation to account for mixing of two end-member 
raters, redox reactions, and. in a simplified form. isotopic composition. The 
computer code and a description of the input necessary to run the program are 
presented, 

Additional constraints can be in- 

Three examples typical of groundwater systems are described. 
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TITLE: Resu l t s  From a One-Year Leach Test: Long Term Use of MCC-1 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V, Vol. 11, 
Elsevier ,  N.Y., 1982, pp. 182-191 

AVAILABILITY: Published 

KEY WORDS: 76-68 g l a s s ,  MCC-1 leach t e s t ,  long term leaching, DIW, 
b r ine ,  s i l i c a t e  water, leachant a n a l y s i s ,  sur face  l aye r s  

DATA SUMMARY: 
Property and Form of Data: 

Elemental mass loss i n  pH changes i n  leachant.  

Mater ia ls  and Specimen Geometry: 
Monolithic samples per MCC-1. 

Tes t  Conditions: 

bicarbonate  so lu t ion ,  and a K, Mg, Na ch lor ide  brine.  
40°, 90°C s t a t i c  t e s t s  f o r  1 year  i n  DIW, s i l i c i c  acid/sodium 

COMMENTS ON DATA VALIDITY: 

Tests  were performed i n  DIW, s i l icate water and br ine.  Concentrat ions of 
Ca, S i ,  C s  and S r  were measured. A t  9OoC DIW and s i l i c a t e  water gave s i m i -  
l a r  leach r a t e s  f o r  these elements. 
an a i r  sa tura ted  condition. 
period and remained cons t an t  t h e r e a f t e r ,  i n d i c a t i n g  t h a t  the s o l u b i l i t y  was 
cont ro l led  by SrC03 and CaC03. 
be r i c h  i n  Fe,  Nd, La, T i ,  e t c .  and dep le t ed  i n  B. 

The Eh a f t e r  1 year  was 0.2 V ind ica t ing  
Ca and S r  concentrat ions decreased over  a 28 day 

A sur face  g e l  l aye r  was found and shown t o  

A t  4OoC the loss of C s  and Si and o ther  elements was lower than t h a t  a t  
9 0% . 

I n  br ine a t  90°C t h e  leach r a t e  f o r  C s  was n o t  suppressed compared t o  
DIW a s  o the r  work suggests.  However, t h i s  was thought to be caused by a mag- 
nesium r i c h  sur face  l aye r  which i s  n o t  found i n  DIW and s i l i c a t e  water. 
the l a t t e r  leachants  a Zn s i l i c a t e  l aye r  is  present.  

In  

The paper i s  of general  s c i e n t i f i c  i n t e r e s t  but  i t  does n o t  address the 
"decayed" chemical composition of g l a s s  which w i l l  be present  during the 
post-containment period. 
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TITLE: P red ic t ing  Pu Concentrations i n  So lu t ions  Contacting Geologic 
Ma ter i a l  s 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management, V o l .  6 ,  
North-Holland, N.Y., 1982, pp. 215-221 

AVAILABILITY: Published 

KEY WORDS: PuO2, Pu(OH)4, s o l u b i l i t y ,  pH, pe, ox ida t ion  s ta te  

DATA SUMMARY: 
Proper ty  and Form of Data: 

Equi l ibr ium s o l u b i l i t i e s  of Pu i n  low i o n i c  s t r e n g t h  so lu t ions .  

Materials and Specimen Geometry: 

b o r o s i l i c a t e  g l a s s ,  and Pu-contaminated sediments. 
C r y s t a l l i n e  PuO2, amorphous Pu(OH)4 powders, Pu-doped 

T e s t  Condi t ions : 

i n  0.0015 - M CaC12. 
Room temperature  e q u i l i b r a t i o n  of Pu-containing so l i d s  

COMMENTS ON DATA VALIDITY: 

The paper  s p e c i f i c a l l y  evaluates the Pu spec ie s  which c o n t r o l  the  solu-  
b i l i t y  of plutonium in low i o n i c  s t r e n g t h  water. 
c r y s t a l l i n e  Pu02 and amorphous Pu(OH)4 which were e q u i l i b r a t e d  f o r  130 
days a t  room temperature.  
e s s e n t i a l l y  Pu(V) . 
t he  measured concent ra t ion  of Pu f e l l  c l o s e  to those obtained f o r  c r y s t a l l i n e  
pu02. 
showed t h a t  Pu s o l u b i l i t y  w a s  c o n t r o l l e d  by a Pu02 phase even though t h e r e  
was l i t t l e  evidence t o  show t h a t  a PuOz phase e x i s t s  i n  the  g lass .  
Pu(OH)4 suspensions were aged the s o l u b i l i t y  of Pu decreased t o  values c l o s e  
t o  those c o n t r o l l e d  by the  presence of Pu02. 

The procedure u t i l i z e d  

Anslysis  showed t h a t  t he  oxida t ion  s ta te  was 
For Pu contaminated sediments e q u i l i b r a t e d  i n  the  water 

E q u i l i b r a t i o n  of b o r o s i l i c a t e  g l a s s  beads conta in ing  Pu in  water also 

When 

% 

This  paper  i s  a good a t tempt  t o  determine equi l ibr ium phases of Pu i n  
s o l u t i o n  and should he lp  i n  determining equi l ibr ium concent ra t ions  i n  
groundwater f o r  waste package performance assessment.  



Knowlatlge of Pu solid phases present in nuclear wastes 
i s  1nqiirI.tiriL I t i t .  prwl it.1. inq 1111~ qroclit*mic,i I Iwlitiv icir or 
Pu. llic!mlatlyiiclrulc tldld diitl axpcr imcnlal wdsurairiils 
uslng discrete Pu compoundsI Pu-doped borosilicate glasses 
(sirnulaling a high-level waste form), and Pu contaminalcd 
sediments suggest that Pu@(c) I s  very stable and I s  
oxpmLtv I  La Iw ~iro~rril. In Llir* rnpositary. Tho soliihility 
nf 11it* * , L d i  lo ~ I I I I ! + ,  w.li (1'8 IWh(c), (.mi l i t *  ii!,cti Lo 
predtcl l l io maximum Pu concentration in solutions for 
long-term safety assessment of nuclear waste repositories. 
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TITLE: The E lu t ion  of Radionuclides Through Columns of  Crushed Rock From 
t h e  Nevada T e s t  S i t e  

REFERENCE: LA-9329-MS, 1982 

AVAILABILITY: Published 

KEY WORDS: e l u t i o n  column tests, ba tch  tests, 85Sr, I3’Cs, 133Ba, 
142Ce, i52Eu, 95mTc, t u f f ,  g r a n i t e ,  a r g i l l i t e  

DATA SUMMARY: 
Proper ty  and Form of Data: 

a r g i l l i t e .  
E lu t ion  d a t a  f o r  va r ious  rad ionucl ides  f o r  t u f f ,  g r a n i t e  and 

Materials and Specimen Geometry: 
Crushed rock. 

T e s t  Conditions : 
Room temperature tests us ing  flowing (column) and batch tests.  

COMMENTS ON DATA VALIDITY: 

This  work is a comprehensive s tudy  of t he  e l u t i o n  behavior of se l ec t ed  
rad ionucl ides  on crushed t u f f ,  g r a n i t e  and a r g i l l i t e  using column and ba tch  
procedures. In t h e  column experiments the  e l u t i o n  behavior was measured i n  
3 ways, (a) passing a continuous stream of  radionucl ide-containing s o l u t i o n  
through a column and measuring the  concent ra t ions  of rad ionucl ides  i n  t h e  
e x i t i n g  so lu t ion ,  (b) passing a s o l u t i o n  through the  column containing a 
spiked increment and measuring the  concent ra t ions  of rad ionucl ides  versus  the  
volume of water passed, (c) measuring t h e  ac t iv i t ies  of  t he  rad ionucl ides  i n  
the so lu t ion  c o l l e c t e d  a f t e r  an incremental spiked so lu t ion  has  been passed 
i n t o  the  column. From s o l u t i o n  ana lyses  and measurements on disassembled 
columns the e l u t i o n  characteristics of the rad ionucl ides  were determined. 

There was good agreement between column experiments and batch samples 
which had been used t o  determine e l u t i o n  behavior. 

These d a t a  are of va lue  i n  determining genera l  da t a  on sorpt ion-  
desorpt ion phenomena and provide a data  base f o r  r epos i  t o r y / s i t e  performance 
assessments. For nea r - f i e ld  eva lua t ion ,  h igher  temperature tests w i l l  be 
needed. 



I1OCUMII':NT hl3STRAC'l' 

Resul ts  from the e lu t ion  of radionuclides 
through columns of crushed tuf E ,  grani tx  , and 
a r g i l l i t e  a r e  presented. Good agreement between 
column and batch mcosuremcnts on washed samples 
is general ly  observed f o r  a l l  t h ree  rock types. 
This is encouraging, s ince  the results of batch 
measurements are often of value t o  show r e l a t i v e  
sorp t ion  under a vor ic ty  of conditions,  and t h e i r  
relevance t o  the  migration of radionuclides under 
flowing conditions has been questioned. 

Column e lu t ion  behavior depended upon sample 
mineralogy. For example, 85Sr gave f a i r l y  sharp, 
symmetric peaks on grani te ,  a r g i l l i t e ,  and devi- 
t r i f i e d  t u f f s ;  however, on a v i t r o  h re, the  peak 
was 10 t o  100 times broader. For psyCs, the most 
unusual behavior was found on grani tes ,  where f o r  
columns run a t  -20 m/year, most of the cesium was 
re ta ined a t  t h e  load point.  For a l l  t he  radio- 
nuclides s tudied,  except 9s%c, zeolite-containing 
tuffs  had t o  be run a t  flow r a t e s  of lo3 t o  
lo4 m/year t o  obtain e lu t ions ,  while samples com- 
posed pr imari ly  of a l k a l i  f e l d s  a r  and Si02 gave 
e lu t ions  of 86Sr, 137Cs, and l3 Ba a t  flow r a t e s  
of 10 t o  100 m/year. Xnowledge of the  mineralogic 
compositions of tufPs and t h e i r  a b i l i t y  t o  reLard 
t h e  migration of radionuclides i s  important--not 
only t o  iden t i fy  t h c  optimum horizon f o r  a nuclear 
waste reposi tory i n  Yucca MounLain, but a l so  t o  
estimate how well t h e  reposi tory w i l l  perform. 

E 



DOCUMENT REVIEW FORM 

AUTHOR: Wicks, G. G., e t  al .  (SRL) 
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Characteristics, Protective Layer Formation, and Reposi tory System 
Interactions 

kEFERENCE: Scientific Basis for Nuclear Waste Management V, V o l .  11, 
Elsevier, N.Y., 1982, pp. 15-24 

AVAILABILITY: Published 

KEY WORDS: MCC-1, leaching, s t a t i c  tests,  dynamic tests, synergistic effects, 
brine, basalt,  tuff, granite, shale, surface layer, SRL-131 glass 

DATA SUMMARY: 
Property and Form of Data: 

Concentrations of S i ,  Cs ,  S r ,  Fe, Mn i n  solution a f t e r  7 day tests. 

Materials and Specimen Geometry: 
Per MCC-1. 

Tes t Conditions : 

tuffaceous, granitic and shale groundwater a t  90°C for  7 days. 
MCC-1 s t a t i c  and also dynamic flow tes t s  i n  brine, basaltic, 

COMMENTS ON DATA VALIDITY: 

Carried out MCC-1 type s t a t i c  leach tes t s  a t  90°C for 7 day periods in  

An ad- 
DIW, simulated brine, and basaltic, shale, tuff and granite groundwater compo- 
sitions. 
herent gel layer forms made up mainly of non-waste elements which lowers the 
rate of release with time. 
also decreases the leach rate. 

D I W  was usually most aggressive with respect to  leaching. 

As expected, a reduction in  the amount of leachant 

Stat ic  tests i n  the presence of T304L SS, TiCode-12, bentonite/sand 
packing and charcoal. These materials can have beneficial, marginal and 
possibly detrimental effects on leaching. 
showed lower release rates because of the formation of a Pb-rich layer on the 
glass surface, 

Some tests  in  the presence of Pb 

In dynamic ' repository' tes ts  used f o r  acceleration purposes the studies 
gave only small increases in leach rate even for f a s t  water flow rates of 100 
and 200 mL/min. Fe was found i n  the surface layers, 

These data are of scient i f ic  interest  b u t  do not ref lect  the waste form 
chemistry anticipated during the controlled release period since most f ission 

1 products w i l l  have decayed. 
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tltirruco. 1ciyiu-s uiicl I:ciiiurul ly  r e s u l t  iii a rucluct ion of glouu lcacliobi l i t y .  
?'heroEoro, glass lcucliubi l i t y  iii u ruposiLory uiivi roiiiuuiib wuuid eiiuo b~. 
vxliuc~c*tl tu dvi*iwiii* wil 11 I iiiiv. 
i ; l ~ s a  leached in sinu:arad grJundwster @%ral ly  r e s u l t s  in  a lower laa;:.- 
JDi l i ty  than glass k r c h a d  in  daiocized vater .  (Tiis observation is based 

an a i l  ican ex t rac t  ian clftcr cor rec t  iny f ~ r  the i n i t i a l  si1 icon concentra- 
t ion i n  the leachant. Hence, product psrfarmance involving groundwaters 
i n  a r rpas i tory  should be b e t t a r  than the r e s u l t s  fran rust labaratory 
tests using deionized water as leathant .  
For leaching of g l a s s  a S i l g  oimulacad graundwacers i n  the presence of has: 

ruck, tiia leachabi l i ty  is general ly  r e d u c d  fur ther ,  although only s l i g h t l y  
i n  msc iases .  
Tile lorsesc ruJuctiai:s in leuchabi l icy ve:e for br ine solutions. 

l a r g e s t  saurce OL ex?erirnrntal errar was a h a  Lor salt  systam due to  the  
j i r x o l v i n g  lust rock. 
The simulated shale  jraundvater was only s l i g h t l y  mare aggressive than 

tire actus? groundward: aiid the rosk-equi:lbratcd groundwater vas the 
a a s t  aggressive 1za;:la:a used except fo r  ie ianized water. 
Leachabi l i t i es  of glass us in3  XCC j r o u n ~ ~ a t e r s ,  which incorporace only 

nnjor e1e::encJ of rhe graundwocars. ard s h i l a r  to mire cosplaca' sirnulaced 
graundvatar composicians. However, t h i s  :amparison becuaes less clear far 
leacli inp in t he  preja.-.:e of rocks, perha;rs due to irLierant var ia t ions  i n  

rack  compsi t iuns .  

I n  s y s t e c  t e szs  invs2ring u a s t e  glass, caaister inaterial, overpack metal, 
b a c k f i l l ,  and f ive  fiffarcn: rock ty?es, %e b o t k i i l l  conrtituen: mor: 

a t rangly  inflccnced :he release rate af speties af interest. 
Backfi l l  can be Scnei ic ia l ,  rporgina:, or perhaps detr imental  t o  the releaba 

rate of species of k e r e s t  dapcndizs on the  chai:o of material. 
0 Waste glass re laase  r a t e s  are s i g n i s - a n t l y  lowored i n  the presence of 

Lead due ta tha fornation of o 12.0 aaricned surface layer. 

Tho salt dirrvolvuv w c u  ruudi ly  ~lieiii uiiy 

Iireviouu stud iuu I liavu eliowll tl,cit tilo low 

The 

a 

o 
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DOCUMENT REVIEW FORM 

AUTHOR: Bates, J. K., e t  a l .  (ANL) 

TITLE: Extended Leach Studies  o f  Actinide-Doped SRL-131 Glass 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V I ,  V o l .  15. 
North-Holland, N.Y., 1983, pp. 183-190 

AVAILABILITY: Pub li shed 

KEY WORDS: SRL-131 g la s s ,  l eacha te  a n a l y s i s ,  su r f ace  products,  Pu, Am, 
NP, u 

DATA SUMMARY: 
Proper ty  and Form of Data: 

Elemental l o s s e s  i n  g/m2 as  a func t ion  of time. 

Materials and Specimen Geometry: 
Per  MCC-1. 

T e s t  Conditions : 

400 d. 
MCC-1 s t a t i c  leach  tests a t  90°C i n  DIW. T e s t  times approach 

COMMENTS ON DATA VALIDITY: 

Bates' work involves  the cha rac t e r i za t ion  of leach rates and su r face  
products f o r  SRL-131 g l a s s  under s ta t ic  condi t ions  a t  90°C. 
genera l  sc ient i f ic  interest  since i t  may determine t h e  more important  radionu- 
c l i d e s  which should be considered f o r  system ana lys is .  
n o t  r ep resen t  con t ro l l ed  r e l eased  scenar ios  f o r  t he  post-containment per iod 
s i n c e  they pertain t o  fresh glass  compositions. They are of  use i n  addressing 
e a r l y  con ta ine r  f a i l u r e  scenar ios  b u t  they s t i l l  do n o t  address  the effects of 
ad jacen t  con ta ine r  and packing materials. 

The work i s  of 

However, t he  d a t a  do 

It i s  shown t h a t  f o r  t he  condi t ions  used Pu and Am have slow release 
rates whereas Np and U accumulate cont inuously i n  so lu t ion .  



T b  Off- On th. lollCbohcufy Of 8IIL 131 9kS8 a8 
ia result of a l ight  ahango8 i n  the qliroe collpoaition 
wnt Plonibrvcl by loadlato and mutaco unalynon* WIU 
capoof+torwl ch;mgo~~ had a;rrkad offoot0 OR solution 
and Xaw oompositioa md OR the pteaipitated alteration 
products that formed after 546 a;lye of 0taU0 laaching. 
Tho lcucbing bohavior of long-lived Jutbide  elemnts 
vera maasurod. vith Pu and h ohowing l i t t l o  tondonuy to 
bocorr aoluhlllaml an3 Up and U continuously awuauhting 
h solutioaa* 
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AUTEOR: 

TITLE: 

KEY WORDS: 

Harper, W. V. 

Sensitivity/Uncertainty Analysis Techniques for Non-stochastic 
Computer Codes 

ONWI-444 (May 1983) 

National Technical Information Service 
Springfield, VA 22161 

Uncertainty, Sensitivity, Reliability 

GENEBAL COMMENTS: The document indicates that O M  rill model most of the 
aspects of underground waste storage through the nst of 
determinisitic codes, 
(a1 system or' subsystem codes which describe pertinent 
phenomena to a first degree of approximation and (b) de- 
tailed, individual process codes. Uncertainty analysis will 
be an integral part of performance assetsa~ent. Uncertainty 
analysis rill be preceded by sensitivity analysis, Le,, 
first the key parameters which cause m a x i m  perfonaance 
function variability are identified, and then key parareter 
uncertainty is propagated to j d g e  the overall effect on the 
output performance function. In particular, the docnment 
analyzes merits and faults of adjoint and statistics1 
methods in performing a sensitivity/uncertainty analysis, 
The author seems to be partial to adjoint methods for p e t  
folming sensitivity analysis. To the enthusiasm of th is  
author, one must contrast the more cantioru approach of ONBI- 
488 (July19831 which indicates that sensitivity coeffi- 
cients calculated by adjoint methods "depend on ihe assumed 
parameter field," whereas" sensitivities calcdated 5y 
sampling are not so limited." This document also claims 
substantial computer savings of adjoint methods vcrsas 
sampling methods. However, problems are h o r n  to exist hike 
applicability of adjoint methods to non-linear eqnations and 
to systems of equations, 

Two levels of coding rill be pursued: 

The statistical methods examined by this author for ~ 9 c e f  
tainty analysis fall in two categories: (a) experimental 
design methods and (b1 sampling methods. Among the t r o  
methods the latter is considered superior, 

This document does indicate O W ' S  proposition to product a 
senritivitylnncertainty analysis of nuclear waste isolation 
systems. 
May 1982. 

The contents of the report rere effective as of 
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DOCUMENT ABSTRACT 

ONWI's approach to sensitivity/nncertainty analysis for deterministic 
continuum process computer codes is based on in-depth sensitivity analyses. 
ONVI will use both the adjoint and statistical methods for the sensitivity 
analyses of these codes. Statistical methods are well suited to codes with a 
limited number of parameters, whereas the adjoint method is most useful for a 
large number of parameters. 
chosen, statistical methods will be used to determine input uncertainty that 
will be used to quantify the output uncertainty. 
tages/disadvantages of alternative approaches to sensitivity/nncertainty 
analysis for deterministic computer codes. 

Regardless of the sensitivity analysis method 

This report gives the advan- 



DOCUMENT BEVIEV FORM 

AUTHOR: INTERA Environmental Consultants, Inc. 

TITLE: Workshop on Uncertainty Analysis of Postclosure Nuclear Waste 
Isolation System Performance 

BEFEBENCE: ONWI-419 (April 1983) 

AVAILABILITY: National Technical Information Service 
Springfield, VA 22161 

KEY WORDS: Uncertainty, Reliability, Sensitivity 

GENEBAL COMMENTS: This is probably the oldest document on uncertainties in 
the performance of nuclear waste isolation systems. 

In October 1980, INTERA organized a "Workshop on U n c e r  
tainty Analysis of Post-Closure Nuclear Waste Isolation 
System Performance.'' Twelve professionals rho had been 
invited to a pre-workshop planning session contributed 
three papers which were later distributed to the workshop 
participants. Although effective as of September 1982, 
this document is essentially the same as that handed out to 
the workshop participants two years before. 

The three contributed papers are on (1) uncertainties in 
(discrete) event modeling, (2) uncertainties in (continuum) 
process modeling, and (3) uncertainties in systems 
modeling. Event modeling refers to phenomena which change 
the repository system practically instantaneously with 
respect to the repository lifetime. 
faulting, or drilling for mineral resources can be modeled 
as events. Continuum processes are those which take place 
slowly on time frames comparable to the repository life- 
time. Systems uncertainties are related to the overall 
uncertainty that a series of process and event models has 
in representing the real world. In general, however, two 
types of uncertainties are identified as most important: 
(a) uncertainty in data applicability and (b) uncertainty 
in data gathering. 

Magmatic intrusion and 

Overall this is an interesting document where all sorts of 
uncertainties are touched upon. It constitutes good 
reading in order to better comprehend ONWI-488 "A Proposed 
Approach to Unckrtainty Analysis," of which this report 
constitutes the basis. 

A443 



OWNI-419 (April 1983) 

DOCDMENT ABSTRACT 

A "Workshop on Uncertainty Analysis of Post-Closure Nuclear Waste 
Isolation System Performance" was held on Ocotober 2-3, 1980 in Galveston, 
Texas. 
under contract to the Office of Nuclear Waste Isolation. About seventy-five 
persons attended the workshop. 

The Workshop was organized by INTEBA Environmental Consultants, Inc., 

Twelve participants, representing a range of disciplines, were invited to 
a pre-Workshop Planning Session on September 29'- October 1, 1980. 
this session they prepared a survey of various aspects and approaches to 
uncertainty analysis for nuclear waste applications. 
focus for discussion in the Workshop itself. On October 2, presentations were 
made by the members of this planning group, followed by questions and discus- 
sions with the Workshop attendees. On October 3, an invited panel gave their 
reactions to the draft document and discussions of the previous day. There 
was also audience interaction with these panelists. 

During 

This sanrey provided a 

This document presents a summary, but not a concensus, of the various 
views expressed by the participants in the pre-workshop planning session and 
in the workshop sessions. The document does not necessarily represent the 
opinions of INTERA or ONWI. 
formed part of the basis for defining the approach to uncertainty analysis 
under the SCEPTER project. 

The information presented in this document has 



AUTHOR: 3NrERA 

TITLE: DOT: A Nonlinear Heat-Transfer Code for Analysis of Two- 
Dimensional Planar and hisymmetric Representations of Struc- 
tures 

AVAILABILITY: Published 

KEY WORDS: Heat Transfer, Code 

GENERAL COMMENTS: The DOT code is an hportant part of the SCEPTER program. 
It has been used to supply time-dependent temperatures to 
thermomechanical codes and waste package performance codes 
snch as WAPPA. 

DOT is a finite elerent code that solves the space-time heat 
conduction problem through estimation of the spatial deri- 
vatives by interpolation functions. This reduces the gover- 
ning equation to a system of time-dependent ordinary diffe- 
rential-equations. The details of this transformation are 
not foand in the ~ a n ~ l .  
coupling between the time rate-of-change of temperature at 
adjacent nodes is removed by a lumped parameter technique. 
The accuracy of the technique depends on the shape of the 
element and the rider of nodes. Again, the exact details 
are not presented in the manual, 

To further increase solution speed 

DOT has been verified against analytical solutions on a 
nnmber of test problems. DOT has also received limited 
validation in modeling heat transfer in underground heating 
experiments conducted in granite at Stnpa, Sweden. 

Dot has the follarimg limitations: 
(a) MYT can not diiectly model convective or radiative heat 

transfer in tke interior of the body. 
becomes more wortant as the permeability increases. 
Thus. it nay be important near a major fracture. 
Radiative heat transfer can be important in salt re- 
positories snd when a waste package is separated from 
the host rock by an air gap. For this reason, DOT is 
not recommended foz thermal analysis of the waste 
package. D o t  can model a salt  repository by intro- 
ducing an equivalent thermal conductivity. 
Mn: can not model two phase heat transfer phenomena 
which would arise if the groundwater began t o  boil. 
Nnmerically, INKC uses a first order integration scheme 
with constant time steps. There is no provision to 
estimte the ersor in the calculation. The code user 
must judge if the solation is numerically accurate. 

Convection 

(b) 

(c) 
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ONWI-420, A p r i l  1983 

DOCUMENT ABSTRACT 

One of the key issues related to location and design of a nuclear waste 
repository is the dissipation of the heat generated by the isolated waste. 
The Determination c f  ernperature (DOT) code is a general purpose finite 
element heat transfer code developed by Polivka and Wilson in 1976 at the 
University of California, Berkeley, that is appropriate for predicting thermal 

environments. 

state heat conduction in two-dimensional planar or axisymmetrfc 

representations of structures. Capabilities are provided for modeling 

anisotropic heterogeneous materials wath temperature-dependent thermal 

properties and time-dependent temperature, heat flux, convection and radiation 

boundary conditions, together with time-dependent internal heat generationo 

The code deals with linear and nonlinear transient or steady- 

This documentation describes the mathematical model, solution techniques 

and computer code design. 

of DOT as an integrated part of the SCEPTER technology package has been 

emphasized throughout the report. 

MATLOC, VISCOT, and UTAH2 have been identified and described in detafl, as 

It also contains a detailed user manual. The use 

Links with the thermomechanical codes 

-have "stand-alone" applications of DOT and its use with the waste package 

performance assessment code WAPPA. Output from DOT consists of a steady-state 
temperature distribution or a set of nodal temperatures at various times for % 

transient problem. 

Strengths of the DOT code include its flexibility, wide range of possible 

boundary conditions, nonlinear material properties, and its efficient equation 
solution algorithm. 

analysis capability, no radiative or convective internal heat transfer, and 
the need to maintain a constant time step in each program execution. 

Limitations include the 'lack of a three-dimensional 

In the Section 1.5 of this document the code custodianship and control is 
described along with the status of verification, validation and peer review of 
this report. 



DOCUMENT BEVIEW FORM 

I .  

AUTBOB: INTEBA Environmental Consultants, Inc. 

TITLE: GEOTHEB: A Two-Phase Fluid Plow and Heat Transport Code 

REPEBPNCE: ONWI-434 (April 1983) 

AVAILABILITY: National Technical Information Service 
Springfield,. VA 22161 

KEY WORDS : "hemal, Code, Heat, Two-Phase, Porous Medium 

GENERAL,,COMMENTS: The document is well written and the attached Abstract is a 
good representation of the document contents. 

In the body of the document the authors clearly state the 
assumptions made in the modeling parts and point out the 
limitations of the code. The modeling assumptions are 
justified with reference to the state-of-the-art in the 
field. The limitations of the code are indicated to be as 
follows: 
1. The model cannot treat systems that vary greatly from 

pare water. GEOTHEB would need modifications to treat 
brine fluids or any fluids which contain large amounts 
of dissolved species, cog. CO2. 

not approximate porous media behavior. 
2. GEOTEER cannot be used for fractured media which do 

3.  The model has no thermomechanical capability 
4. The model is limited by the thennodynamic ranges of 

the regression equations. 
A further limitation of the code which I found is that 
5. GEOlEER has no solute transport and deposition 

modeling capability. 

Item 1 is the most limiting as it bars the use of GEOTEER 
for salt repositories, and may limit its use to tuff and 
basalt waters. Item 5 may also prove limiting unless it is 
shown that deposition of soluble salts out of the water 
vapor phase into the rock channels will not influence signi- 
ficantly the thermal properties of the system. Item 3 is 
also important, as small di'fferences in thermodynamic ap- 
proximation resulted in notable differences between models 
in a code-to-code validation effort. 



\, 

ONWI-434 (April 1983) 

DOCUMENT ABSTRACT 

GEOIHER is a three-dimensional geothermal resemoir simulation code, The 
model decribes heat transport and flow of a single component, two-phase fluid 
in porous media. It is based on the continuity eqnations for steam and water, 
which are reduced to two nonlinear partial differential equations in which the 
dependent variables are fluid pressure and enthalpy, These equations, des- 
cribing three-dimensional effects, are approximated nsing finite-difference 
techniques and are solved using an iterative technique. 
ficients are calculated using Nerton-Raphson iteration, and an option is 
provided for using either upsteam or midpoint weighting on the mobility terms. 

The nonlinear coef- 

GEOTHER can be used to simulate the fluid-thermal interaction in rock 
thct can be approximated by a porous media representation. It can simulate 
heat transport and the flow of compressed water, two-phase mixtures, and super- 
Beated steam in porous media over a temperature range of 10 C to 300 C, In 
addition, it can treat the conversion from single- to two-phase flow, and vice 
versa, It can be used for evaluation of a near repository spatial scale and a 
time scale of a few years to thousands of years. 
-investigate temperature and fluid pressure changes in response to thennal 
loading by waste materials, 

The model can be used to 

In Section 1-5 of this document the code custodianship and control is 
described along with the status of verification, validation and peer review of 
tbis report, 
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AUTEOR: INTERA 

TITLE: EQ3/EQ6: A Geochemical Spec ia t ion  and React ion Pa th  Code 
Package Su i t ab le  f o r  Nuclear Waste Performance Assessment 

AVAILABILITY: Published 

KEY WORDS : Geochemical, Code 

GENEBAt COMMENTS: The EQ3/EQ6 codes have been se l ec t ed  (Om-473) as p a r t  of 
t he  SCEPTEB program t o  perform geochemical c a l c u l a t i o n s  f o r  
bo th  near  and f a r  f i e l d  appl ica t ions .  Given d a t a  regarding 
the  mass of each element, EQ3 c a l c u l a t e s  t h e  equi l ibr ium 
d i s t r i b u t i o n  of spec ie s  wi th in  t h e  system. EQ6 con ta ins  a 
r e a c t i o n  p a t h  model that fol lows the  compositional evolu t ion  
from one equi l ibr ium s t a t e - t o  t h e  next  in  a c losed  or open 
(f low through) system. The r e a c t i o n  p a t h  may be descr ibed  
by changes in temperature o r  i r r e v e r s i b l e  r o c k h a t e r  i n t e r  
ac t ions .  By following the  r e a c t i o n  path,  t he  appearance and 
disappearance of secondary mineral  phases i s  poss ib le .  

Although the  EQ3/EQ6 package i s  one of t h e . b e s t  geochemical 
codes ava i l ab le ,  cau t ion  must be used when opera t ing  t h e  
code and i n t e r p r e t i n g  the  r e s u l t s .  F i r s t ,  any geochemical 
code i s  on ly  as good a s  i t s  da ta  base. The EQ3/EQ6 d a t a  
base i s  l imi t ed  t o  temperatures between 0 and 350OC a t  a 
p re s su re  of 500 b a r s  o r  atmospheric pressxue u n t i l  100°C and 
then follows the  vapor / l iqu id  equi l ibr ium c a m e  f o r  water. 
Also, thermodynamic da ta  f o r  many spec ie s  may no t  be accu- 
rately known. Comparisons between the  geochemical code 
PHBEQE and EQ3/EQ6 have shown s u b s t a n t i a l  d i f f e r e n c e s  i n  
the  ca l cu la t ed  amount of a spec ie s  because of the  use of 
d i f f e r e n t  data .  
minor species .  Also, because of the  c o r r e l a t i o n s  used t o  
ob ta in  a c t i v i t y  c o e f f i c i e n t s  do not  apply  if the m o l a l i t y  
exceeds 1, EQ3/EQ6 cannot be used f o r  b r i n e  so lu t ions .  

This problem i s  p a r t i c u l a r l y  important f o r  

U s e  of any geochemical code borders  on being a s  a r t  form and 
r equ i r e s  experience and in s igh t .  
must have a p r i o r i  knowledge of a l l  t he  s i g n i f i c a n t  mineral  
phases that a r e  expected t o  appear as t he  r e a c t i o n  proceeds. 
Furthermore, convergence. of t h e  numerical s o l u t i o n  is depen- 
dent  on the  order ing of the d i f f e r e n t  phases wi th in  t h e  
computational procedure. F a i l u r e  t o  include the proper  
spec ie s  o r  improper order ing can l ead  t o  erroneous r e s u l t s  
o r  non-convergence of t he  so lu t ion .  EQ3/EQ6 does have 
automated procedures t o  reorder  t he  equat ions when c o m e r  
gence i s  a problem. These procedures do reduce t h e  burden 
t o  the  user  bu t  they  a r e  not  i n f a l l i b l e .  

To run EQ3/EQ6 t h e  u s e r  

A4-49 



EQ6 is a reaction path model. It begins the calculation by 
taking the distribution of species as provided by EQ3 and 
making adjustments for effects like supersaturation. It 
then proceeds by incrementing the reaction path variable and 
calculating a new equilibrium based on the updated value of 
this variable. For example, in modeling glass dissolution 
the reaction path variable could be chosen as the amount of 
silicon in solution. This procedure is repeated until the 
end of the calculation a s  determined by the reaction path 
variable reaching equilibrium or some other criterion. 

There are a few problems with the reaction path approach to 
modeling chemical reactions. First, it treats a dynamic 
system through a series of equilibrium calculations. There 
is an implicit assumption that there is enough time to allow 
all chemical reactions to reach completion. Therefore, EQ6 
provides no information concerning the timing of the problem 
and is likely to miss any metastable phases that form. 
Second, there is no guarantee that the reaction path is 
unique. Third, the user can select only one reaction path 
variable. In a repository, the groundwater will interact 
with the host rock, backfill if present, waste canister, 
and waste form. There is no single reaction path variable 
that can describe all of these processes. Furthermore, in a 
complicated problem like this, it may not be obvious which 
reaction path should be followed. Finally, if the tempera- 
ture is not.the reaction path variable, it must either be 
constant or specified as a polynomial function of the reac- 
tion path variable. It is unlikely that a priori knowledge 
of the temperature as a function of reaction path variable 
is available. Because of these problems, it is not clear 
how useful EQ3/EQ6 a311 be in modeling groundwater flow 
through a nuclear waste repository. 

In general, before EQ3/EQ6 or any geochemical code is to be 
trusted an in depth analysis and review of the code is 
necessary. 
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ONWI-4 72 

DOCUMENT ABSTRACT 

Geochemical processes inf luence the  performance of nuclear  waste 

r epos i to r i e s .  The EQ3 and EQ6 codes were s e l e c t e d  t o  descr ibe  these  processes.  

EQ3 simulates  a d i s t r i b u t i o n  of spec ie s  and t h e  r e s u l t i n g  f l u i d  is used i n  EQ6 

t o  model a r e a c t i o n  path. Together, they can be appl ied t o  f a r - f i e l d  and 

near-field pcrforuance assessment, to e v a l u a t e  data a c q u i s i t i o n  needs, and t o  

assist i n  d a t a  i n t e r p r e t a t i o n .  

Chemical processes such as adsorpt ion can be modeled using EQ3/EQ6. 

r e s u l t i n g  d i s t r i b u t i o n  c o e f f i c i e n t s  can then be inpu t  t o  a f a r - f i e l d  t r a n s p o r t  

code. 

radionuclides.  These c o n s t r a i n t s  can then be used as input  to  e v a l u a t e  t h e  

leaching process i n  waste package performance assessment. 

The 

I n  t h e  near-f ie ld ,  EQ3/EQ6 can be used t o  d e r i v e  s o l u b i l i t y  l i m i t s  on 

The codes descr ibed embody t h e  ion;association conceptual model of 

s o l u t i o n  behavior and s imula t e  geochemical react ions.  The codes r equ i r e  

thermodynamic d a t a  f o r  each s o l i d ,  gaseous or dissolved chemical spec ie s  being 

modeled. The data bases accompanying the  codes are f o r  t e s t i n g  purposes only 

and should not be app l i ed  to real problems without f i r s t :  being c a r e f u l l y  

examined f o r  a p p l i c a b i l i t y  on a case-by-case basis .  

been described t o  i l l u s t r a t e  code app l i ca t ions .  One sample  problem v e r i f i e s  

t h e  codes' a b i l i t y  t o  fol low abrupt  redox changes i n  a r e a c t i o n  path 

s imulat ion,  while  the  o t h e r  tests the  temperature changing c a p a b i l i t y  of t he  

codes . 

Two test problems have 

Routines to manipulate thermodynamic data were w r i t t e n  to make the  

thcrmodynaaic da t a  bases interchangciible bctwccn EQ3/EQG and another  

geochemical code, PHREEQE. The EQTL and PQTL d a t a  preprocesser  codes are 
documented i n  an appendix. 

I n  Sec t ion  1.5 of t h i s  document the  code custodianship and c o n t r o l  is 

described along with t he  s t a t u s  of v e r i f i c a t i o n ,  v a l i d a t i o n  and peer review of 

t h i s  report .  
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DOCUMENT REVIEW FORM 

AUTBOR: INTERA Environmental Consul tan ts  

TITLE: Geochemical Models S u i t a b l e  f o r  Performance Assessment of 
Nuclear  Waste Storage: Comparison of PHREEQE and EQ3/EQ6 

REFERENCE: ONWI-473 (June 1983) 

AVAILABILITY: Nat iona l  Technical Information Serv ice ,  Sp r ing f i e ld ,  VA 22161 

I E Y  WORDS : Geochemical, Code, Model 

GENERAL COMMENTS: The document p re sen t s  t h e  au tho r s '  r a t i o n a l e  f o r  narrowing 
down t o  EQ3/EQ6 and PHBEEQE t he  choice of computer codes t o  
be used by the SCEPTER Program f o r  f u t u r e  n e a r  and fa r -  
f i e l d  ana lys i s .  The document f u r t h e r  r e p o r t s  a comparison 
of t he  two codes on a s e t  of f i v e  t e s t  problems. 

EQ3/EQ6 and PHBEEQE were s e l e c t e d  among a l l  the  o the r  codes 
because they incorpora te  a l l  t h e  aqueous s p e c i a t i o n  modeling 
func t ions  of the WATEQ/SOLMNEQ group of codes while s t i l l  
providing r eac t ion  modeling c a p a b i l i t i e s .  A s  a Mass Trans- 
f e r  Model, PHREEQE solves  d i r e c t l y  f o r  t he  f i n a l  equi l ibr ium 
s t a t e  of a system given i t s  i n i t i a l  s t a t e  and t h e  p red ic t ed  
r e a c t i o n  path. A s  a React ion Pa th  Model, g i v e n  the system 
i n i t i a l  condi t ions,  EQ6 f i g u r e s  ou t  t h e  r e a c t i o n  pa th  and 
computes intermediate  s t a t e s  of the system up t o  the  f i n a l  
s t a t e .  

When compared aga ins t  each o t h e r ,  t h e  two codes give essen- 
t i a l l y  i d e n t i c a l  answers provided the same thermodynamic 
da ta  base i s  used. On one hand t h i s  provides  code-to-code 
v e r i f i c a t i o n .  On the o t h e r  hand the d i sc repanc ie s  which 
a r i s e  when d i f f e r e n t  d a t a  bases  a r e  used i n d i c a t e  t h a t  da t a  
accuracy i s  of paramount importance f o r  us ing  these  codes. 

It i s  t o  be noted t h a t ,  a s  bo th  codes a r e  based on thermo- 
dynamic p r inc ip l e s ,  they do n o t  address  evo lu t ion  of the 
system wi th  time. Furthermore, t he  aqueous s o l u t i o n  models 
implemented by these codes break  down f o r  s o l u t i o n s  such a s  
b r i n e s  which have s a l t  con ten t s  h ighe r  than a few molal. 

Th i s  i s  an important document i n  t h a t  it o u t l i n e s  the geo- 
chemical modeling s t r a t e g y  of t h e  SCEPTER Program. The 
document i s  we l l  w r i t t e n  and i n t e r e s t i n g .  
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ONWI-473 June 1983 

DOCUHENT ABSTRACT 

Geochemical processes will significantly influence the 
performance of nuclear waste repositories. The computer codes 

EQ3/EQ6 and P H R E E Q E ,  can be used t o  describe these processes. They 

can be applied to far-field and near-field performance assessment, -.,d- 

t o  evaluate data acquisition needs and test data. Both codes embody 

the ion- association conceptual model of solution behavior and can 

simulate geochemical reactions. The codes require thermodynamic data 

for each solid, gaseous or dissolved chemical species being modeled. 

The data bases accompanying the codes are for testing purposes only 

and should not be applied to real problems without first being 

c.arefully examined. Five test problems have been run for code 

verification and demonstration. Routines to ,manipulate thermodynamic 

data were written s o  that each code could run with both data sets. 

T w o  problems of aqueous speciation in sea water verified the codes by 

comparison of results with hand calculations and illustrated the 

extent of the test data bases supplied. The third probalem simulated 

t.he dissolution of microcline and verified both codes' ability to 
locate phase boundaries and simulate non-redox reaction paths. The 

fourth problem verified the codes' ability to follow abrupt redox 

changes in a reaction path simulation, while the fifth tested the 

temperature changing capacity of the codes. Vhen run with the same 

thermodynamic data, each code gave virtually identical results in all 

problems. 



DOCTlMENT BEVIEW FORM 

AUTBOB: 

TITLE: 

REFERENCE: 

AVAILABILITY: 

KEY WORDS : 

INTERA Environmental Consultants, Inc. 

A Proposed Approach to Uncertainty Analysis 

ONWI-488 (July 1983) 

National Technical In,armation Service 
Springfield, VA 22161 

Uncertainty, Re1 iabil i ty, Sensitivity 

GENERAL COMMENTS: This is a rather complex document on uncertainty analysis. 

Two fundamental t y p s  of uncertainty are identified as fit 
for consideration: (a) uncertainty in models applicability 
and (b) uncertainty in data gathering and adequacy. 
docwent does not offer a suggestion on how to quantify 
uncertainty in model applicability. It talks rather of 
model 88validation88 to be accomplished through comparison 
of numerical tests with actual data, comparison with natural 
analogs, comparison with h o r n  limiting behaviors, use of 
peer review, and model-to-model comparison. 'Talidated8' 
models will be considered to be exact. 
gathering and adequacy is to be quantified in terms of a 
probability distribution function (PDF). Once a PDF has 
been established, it will be asumed to contain no further 
uncertainty. 

The 

Uncertainty in data 

Based on the above quantification of original uncertainty, 
uncertaintg analysis will predict the output uncertainty of 
models. It is proposed that several levels of uncertainty 
analysis be performed according to the application for which 
the analysis is intended: B & D ,  integrated characteriza- 
tion, test design and data interpretation. Thus different 
levels of model complexity should be used. 

Methods of uncertainty analysis to be used are identified as 
(1) simulation sampling methods, and (2) first-order second 
moment stochastic methods. The former ones are fit for 
system modeling. The latter ones for individual models. 

The document is important in that it outlines the u n c e f  
tainty analysis approach proposed to become an integral part 
of the SCEPTER Program. 
with the suggested NBC quidclines to DOE. The contents of 
the document were effective 8 s  of October 1982. It should 
be interesting to find out whether O W 1  is pursuing this 
proposed 8pproach. 

Overall the approach is consistent 
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ONWI-488 July 1983 

DOCUMENT ABSTRACT 

A variety of methods are described that deal with the uncertainties 
inherent in the performance assessment of the geologic disposal of nuclear 
waste. 
SCEPTER (Systematic Comprehensive Evaluation of Performance and Total 
Effectiveness of Repositories) Program is proposed. 
two fundamental types of uncertainty: (1) uncertainty in the adequacy of 
performance assessment models: and (2) data uncertainties. 
uncertainty rill be addressed through model verification and validation. 
second type will be accounted for by using either a simulation sampling 
method, or first order-second moment stochastic methods. Among the fonner 
methods are Monte Carlo simualtion, and Latin hypercube sampling. Among the 
latter methods are adjoint sensitivity and other first order numerical 
methods. 
and the application. 

Utilizing these methods, an approach to uncertainty analysis for the 

The approach recognizes 

The first type of 
The 

The selection of an appropriate method depends on the data available 

A list of input and output variables, and a suggested level of sophisti- 
cation for the uncertainty analysis, of each SCEPTER sub-system model is 
given, 
between process, sub-system and system models is described. 

The relationship of performance assessment and uncertainty analysis 
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DOCUMENT REVIEW FORM 

AUTHOR: Kuhn, W. L., and R. D. P e t e r s  

TITLE: Leach Models f o r  a Commercial Nuclear  Waste Glass 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V I ,  Vol. 15, 
North-Holland, N.Y., 1983 ,  pp. 107-174 

A V A I U B I L I T Y :  Published 

KEY WORDS: 76-68 g l a s s ,  leaching,  modeling, d i f f u s i o n ,  s o l u b i l i t y  

DATA SUMMARY: 
Proper ty  and Form of D a t a :  

A p p l i e s  theory t o  the leaching of 76-68 g l a s s  tak ing  i n t o  
cons ide ra t ion  the  effects of su r face  l a y e r s  and the  s o l u b i l i t i e s  
of g l a s s  cons t i t uen t s .  

Materials and Specimen Geometry: 
76-68 glass. 

Tes t Condi tions: 

150°C. 
Leach tests under s ta t ic  condi t ions  a t  50, 7 5 ,  90, 100 and 

COMMENTS ON DATA VALIDITY: 

The work desc r ibes  a r e a n a l y s i s  of  t he  leaching behavior of 76-68 g l a s s  
taking i n t o  cons ide ra t ion  the  d i f f u s i o n  of  g l a s s  cons t i t uen t s .  It is claimed 
t h a t  simple e a r l y  models are inadequate  since t h e r e  i s  an accumulation of 
i n so lub le  surface products on the  glass and t h a t  s o l u b i l i t y  of g l a s s  c o n s t i t -  
uents i s  ignored. Using da ta  from s ta t ic  leach  tests they show t h a t  t he  new 
model i s  a b l e  t o  more accu ra t e ly  p r e d i c t  measured behavior. They d iscuss  the  
use of the  model t o  p r e d i c t  g l a s s  leaching under r e p o s i t o r y  condi t ions .  

There are i n s u f f i c i e n t  da t a  t o  assess the  v a l i d i t y  o f  the  model f o r  the  
ranges of cond i t ions  in a repos i tory .  Also, s y n e r g i s t i c  effects wi th  con- 
tainers, packing and h o s t  rock are n o t  addressed. However, i t  is  a more 
soph i s t i ca t ed  model than those a v a i l a b l e  to  d a t e  and should be pursued. 



A review of t h e  leachin behavior' of 76-68 l a s s  shws 
t h a t  it cannot be explaine! i n  t e r n  of diffusyon i n  t h e  
lassI which has boon t h o  b a s i s  f o r  several loach taodels. 

Ynstoad, we present two models bared on a dissolut ion r a t e  
impeded by surface processes: the accumulation of a 
pro tec t ive  layer  of insoluble  react ion products, and 
adsorption o f  react ion products on the surface! 7he 
r e s u l t i n g  predicted time dopondoncos a r e  idont lcal  and 
predict a change frm l i n e a r  t o  parabolic r a t o  laws for 
so luble  spocies, which i o  found t o  agrae with t h e  data  over a 
range of temperatures. Incongruent re lease  i s  attributod 
primarily t o  s o l u b i l i t y  a f foc t t .  Tho r e l a t i v e  morits of t h e  
aroa-to-voluiwt r a t i o  i n  s t a t i c  loach tosts. Thoir rolavsnco 
t o  uiodoliny roposi tory bohavior i s  discussod. 
JllOdolS a r o  JiSCUSSod on tho  bas is  of tho Qff0C.t O f  SUrfiiCo 
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DOCUMENT REVIEW FORM 

AUTHOR: 

TITLE : 

REFERENCE: 

AVAILABILITY: 

KEY WORDS: 

R. A, McCann 

HYDRA-I: A Three-Dimensional Finite Difference Code for 
Calculating the Thermohydraulic Performance of a Fuel Assem-. 
Contained within a Canister 

PNL-3367 13 k3 

Published 

Computer Code, Thermohydraulic, Fuel Assembly, Canister 

GENERAL+ COMMENTS: HYDRA-I uses consemation of mass, momentum, and energy to 
simulate steady state thermal conditions in fuel rod 
array/ canister configurations, Several test problems are 
posed and the results obtained from HYDRA-I are presented. 

This document is poorly written and often confusing. In the 
development transforming the conservation equations to a 
form usable for numerical implementation there is not enough 
detail to fully evaluate the modeling, For example, it is 
never made clear that the solution procedure involves ob- 
taining the steady state solution through a time dependent 
calculation which has converged .to the steady state. The 
lack of clarity in the document may hinder the use of HYDRA-I. 

The HYDRA-I solution procedure solves the simultaneous 
process of heat transfer and fluid flow sequentially. 
can lead to numerical instabilities depending on the size of 
the time step. Although recommended values of the para- 
meters used in selecting the time step are provided, the 
author states that these may not work for all problems. 
There is no discussion of the logic used to select the time 
step parameters and the code user is left to trial and error 
if the recommended values fail to lead to a converged solu- 
tion. 

This 

The geometric modeling of the fuel assemblies is limited to 
assemblies with an odd number of rods and a 45O line of 
symmetry. Modeling rod bundles with a circular cross sec- 
tion or chopped rods is not possible. 

EYDRA-I was used to predict the temperature distribution 
within the fuel assembly/canister system for several cases. 
The effects of fuel age, filler material, and canister 
temperature were investigated and the important modes of 
heat transfer identified. 
with experimental data was favorable for the one case pre- 
sented, the author stresses the need for more data to fully 
validate the model. 

Although agreement of the results 
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DOCUMENT ABSTRACT 

A f i n i t e  difference computer code, named HYDRA-I, has been developed to  
simulate the three-dimensional performance of a spent fuel assembly contained 
w i t h i n  a cylindrical canister. The code accounts for the coupled heat 
transfer modes of conduction, convection, and radiation and permits spat ia l ly  
varying boundary conditions, thermophysical properties , and power generation 
rates . 

This document is intended as a manual for potential users of HYDRA-I. 
A brief discussion of the governing equations, the solution technique, and a 
detailed description of how t o  s e t  up and execute a problem is presented. 
HYDRA-I is designed f o r  operation on a CDC 7600 computer. 

An appendix is included tha t  summarizes approximately two dozen differ-  
ent cases that  have been examined. The cases encompass variations i n  fuel 
assembly and canister configurations , power generation rates, f i l l e r  mate- 
r i a l s ,  and gases. The results presented show maximum and various local 
temperatures and heat fluxes i l l u s t r a t i n g  the changing importance of the 
three heat transfer modes. Finally, the need for comparison w i t h  experi- 
mental data is emphasized as an aid i n  code verification although the limited 
d a t a  available indicate excellent agreement. 



DOCUMENT REVIEW FORM 

AUTHOR: Mendel, J. (PNL) 

I TITLE: The S c i e n t i f i c  Basis f o r  Long-Term Pred ic t ion  o f  Waste-Form 
Performance Under Reposi tory Conditions 

REFERENCE: S c i e n t i f i c  Basis f o r  Nuclear Waste Management V I ,  Vol. 15, 
North-Holland , N.Y . , 1983, pp. 1-7 

AVAILABILITY: Publi'shed 

KEY WORDS: t e s t  methodology, basalt,  salt ,  t u f f ,  geochemistry, hydrology, 
waste aging, s o l u t i o n  chemistry 

DATA SUMMARY: 
Proper ty  and Form of Data: 

No s p e c i f i c  d a t a  given. 

Materials and Specimen Geometry: 
Not app l i cab le  . 

T e s t  Condi t i o n s  : 
Not appl icable .  

COMMENTS ON DATA VALIDITY: 

This  ovetview paper does n o t  p re sen t  d a t a  on the performance of engi- 
neered o r  natural  barriers t o  rad ionucl ide  release, p e r  se, b u t  i t  o u t l i n e s  a 
technical approach f o r  a s ses s ing  performance. Mendel addresses  the i n p o r t a n t  
r epos i to ry  cond i t ions  f o r  basalt ,  sa l t  and t u f f  inc luding  geochemistry, hy- 
drology, groundwater chemistry and Eh/pH condi t ions .  The effects of emplaced 
waste in a l t e r i n g  undis turbed condi t ions  i s  ou t l ined  also.  
f a c t o r  which i s  mentioned is the need t o  cons ider  the leaching behavior of 
aged waste since water should n o t  cause leaching u n t i l  the containment per iod 
has  ended. Thus the release of a c t i n i d e s  becomes important.  Mendel c i tes  
work which i n d i c a t e s  that  the release of Pu and Np is  con t ro l l ed  by their  
s o l u b i l i t y  i n  groundwater so t h a t  s imple waste-fondwater  tests may be  v a l i d  
f o r  p red ic t ing  t h e  release rate. 
t h e i r  so rp t ion  on rocks  he states t h a t  the most important  spec ie s  are 237Np, 
226Ra, 99Tc, 210Pb, 79Se, %r, I2%r and 135Cs. 
of multicomponent tests to  evaluate i n t e r a c t i o n  effects i s  emphasized. 

One very important  

From d a t a  on rad ionucl ide  decay rates and 

The importance 

This  paper o u t l i n e s  a s e n s i b l e  philosophy f o r  quant i fy ing  system 
performance and should be considered in a l l  DOE programs f o r  H L W  system tests. 



DOCUMENT ABSTRACT 

This publication does not contain an abstract. 
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DOCUMENT REVIEW FORM 

AUTHOR: R a i ,  D. and o t h e r s  (PNL) 

TITLE: Act inide S o l u b i l i t y  Controls  i n  Performance Assessment of 
Nuclear Waste Repos i tor ies  

REFERENCE: Waste Management '83, March 1983 

AVAILABILITY: Published 

KEY WORDS: s o l u b i l i t y ,  groundwater chemistry, rad ionucl ides  

DATA SUMMARY: 
Proper ty  and Form o f  Data: 

and experimental  data.  
Log of the concent ra t ion  i n  s o l u t i o n  as pH and time. Calculated 

Materials and Specimen Geometry: 
Np/Np-doped g l a s s ;  Np/Np-doped g l a s s  w/Np02*Am(OH)3. 

Tes t Conditions: 
DIW, room temperature, pH = 6 t o  10  f o r  Am. 

COMMENTS ON DATA VALIDITY: 

Data v a l i d  only  under condi t ions  s i t e d  and i n  the absence of  heat, rad ia-  
t i o n  and a c t u a l  groundwater chemistries. Note t h a t  s o l u b i l i t y  of Am increases 
-8 orde r s  of magnitude as  the  pH changes from -9 t o  6. Note i s  made of  
changes caused by changing the  oxid iz ing/ reducing  na tu re  of the medium and the  
e f f e c t  of counterions.  Value of d a t a  f o r  p red ic t ing  source term i s  l imi t ed  by 
these  f a c t o r s  and the  exclusion of heat and rad ia t ion .  Authors do i n d i c a t e  
need t o  determine s o l u b i l i t i e s  under more rea l i s  t i c  ( an t i c ipa t ed )  condi t ions  . 
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DOCUMENT ADSTRACT 

The importance o f  s o l u b i l i t y  con t ro l  o f  rad ionucl ide concentrat ions i n  reposi tory  groundwaters i s  d i s -  
cussed. Such contro l  a l lows r e a d i l y  defens ib le  est imat ion o f  the maximum concentrat ions of  some a c t i n i d e  
radionucl ides in  groundwaters. Estimates f r o m  c u r r e n t l y  ava i l ab le  data i nd i ca te  a number o f  cases whore such 
maximum concentrat ions w i  11 he near or  belw the Concentrat ions tha t  are permissable, wi thout  the benof i t  o f  
otlicr processes that w i l l  lower the concentrat ions even more. Avai lab la in format ion i s  b r i e f l y  sumnarized and 
fur ther  roscarch needs, which are not ove r l y  extonsivt?, are discussed, 



AUTHOR: 

TITLE: 

DOCUMENT BEVIEW FORM 

Sotcliffe, W. 6. 

Uncertainty Analysis: An Illustration from Nuclear Waste 
Pa c ka ge Deve lopment 

BEFEBENCE: UCRL-90042/Preprint (October 1983) 

AVAILABILITY: Lawrence Livemore National Laboratory, Livermore, CA 94550 

KEY WORDS : Uncertainty, Reliability, Sensitivity, Package 

GENERAL COMMENTS: The aim of this report is to propose a technique for uncer 
taintylreliability analysis. 
methods, e.g.8 Monte Carlo ca~culations, the technique does 
refer to deterministic models and does make use of proba- 
bil3ty distributions for the model parameters. 
unlike random sampling methods, the technique separates 
probability calculations from performance measure calcula- 
tions. 
canister corrosion and it is claimed superior t o  random 
sampling in that (1) it is simpler and more easily under 
stood and (2) it allors a greater amount of insight re- 
sulting in fewer calculations. I find this last claim 
dubious. However a more detailed revien is in order to 
check these claims. 

Like with random sampling 

However, 

The technique is illustrated with an application to 

Regardless of the proposed calculational technique, the 
document is noteworthy in that it references the NRC posi- 
tion on waste package reliability. The author finds that 
,,uncertainty analysis also has a role in establishing 
reliability and reasonable assurance of waste package per- 
fonaance in the licensing process" and that 88it is evident 
from NBC publications that an uncertainty analysis is neces- 
sary to demonstrate that these (the NBC's) criteria can be 
met.'8 As previously suggested by the NRC to the DOE, the 
author indicates that uncertainty analysis 88should be used 
as a guide in directing R%D, in particular in deter- 
mining the quality and quantity of data needed to support 
design and licensing." Quite uncommittally the author also 
sustains the NRC position that ',there is usually an nncer 
tainty in the applicability of a model8, and that this 
uncertainty should be "a data or input 
Information elicited from experts is also seen as  a viable 
procedure to determine probability distributions. 

This docnment is an indirect endorsement of the NBC position 
on waste package reliability. 
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UCRL-90042/Preprint (October 1983) 

A method of uncertainty analysis is illustrated by analyzing canister 
corrosion in a nuclear waste package. 
satisfying the NRC regalation, 10CFR60, governing the disposal of nuclear 
waste is discnssed. 
bility distribution in the form of a histogram. 
ration of the probability calculations from the evaluations of the performance 
measure. This simplicity results in a great amount of insight, and often less 
calculation than a Monte Carlo approach. The method is easy to understand and 
applicable to a wide variety of problems. 

The application of the method for 

In this method uncertainty is represented by a proba- 
This facilitates the sepa- 
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AUTEOB : 

TITLE: 

DOCUMENT REVIEW FORM 

Svalstad, D. K. 

User's manual for SPECTROM-41: A Finite-Element Heat Transfer 
Program 

BEFERENCE: ONWI-326 (June 1983) 

AVAILABILITY: National Technical Information Service , Springfield, VA 22161 

KEY WORDS : Thermal, Heat, Model, Code 

GENEaAL COMMENTS: The contents of this report are limited to a generalized 
description of the code's computer program. Presentation of 
the theoretical formulation of the heat conduction program 
using the finite element method is not included. 

SPECI'ROM-41 is the updated version of TRANCO. The code is 
designed to solve heat conduction problems in two- 
dimensional plane and axisymmetric geometry. The code can 
handle composite systems, a variety of boundary conditions, 
anisotropic and temperature-dependent thermal conductivity, 
and time-dependent heat generation rates. 

SPECRZOM-41 uses eight-noded isoparametric quadrilateral 
elements. The resulting system of ODE'S in terms of nodal 
temperatures is solved by Gaussian elimination for steady 
state analyses. Gaussian elimination is coupled to a tro- 
point recurrence scheme for transient analyses. The code 
uses dynamic dimensioning to limit computer core require- 
ments. 
ported in the document. 

Program limits because of array dimensioning are re- 

The authors reference the ORNLITM-7112 report of 1979 to in- 
dicate that SPE(511ROM-41 calculations (formally "0) agree 
within 5% with 2-D calculations from a set of 5 other com- 
puter codes. The authors also reference the ONWI-137 report 
of December 1980 to indicate that SPECI'ROM-41 showed excel- 
lent agreement, on one sample problem, with the commercial 
finite element code MARC-W. 

The contents of this document were effective as of June 
1981. 
being used by ONWI and NNSwI, and as its being extended to 
3-D. 

ONI-5 of Hay 1983, Table 5-1, reports SPECTROM-41 as 
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OIWI-326 June 1983 

DOCUM~NT ABSTRACT 

This User's Manual addresses SPECTROM-41: A F i n i t e  Element Heat 
Transfer Computer Program. The. user is introduced t o  t h e  program's capabi- 
l i t ies  and operation, with required user input outlined i n  detai l .  Example 
problems a r e  included t o  i l l u s t r a t e  t h e  use of  the various program 
features ,  and analytical  solut ions are presented f o r  f o u r  of  the examples 
t o  provide a measure of program accuracy. Fast and ongoing comparative 
benchmark analyses a r e  highlighted t o  provide the  user w i t h  an indicat ion 
o f  how SPECTROM-41 predictions compare with other available heat t r ans fe r  
programs 



REVIEW FORM 

AUTHOR: Thomas J. Wolery 

TITLE: EQ3NR A Computer Program for Geochemical Aqueous 
Speciation - Solubility Calculations: Users Guide and 
Documentation. 

REFERENCE: UCRL - 53414 

AVAILABILITY: Published 

KEY WORDS : Geochemical, Computer Code 

GENERAL COMMENTS: This document provides the geochemical theory, numerical 
and computational methods, and input manual for EQ3NR a 
geochemical aqueous speciation - solubility program. It 
also supplies a brief review of other geochemical computer 
codes. 

EQ3NB is the improved version of EQ3 and calculates the 
distribution of species based on thermodynamic considera- 
tions. EQ3NR provides the initial condition for its com- 
panion program EQ6 which calculates reaction progress due 
to rock/water interactions, and changes in temperature and 
pressure. 

Two important limlitations of EQ3NR are: ( 1 )  it is not ap- 
plicable to solutions where the molality is greater than 
unity which is the case for brines and ( 2 )  the thermo- 
dynamic data base requires the pressure be 1 atmosphere 
for temperature between 0 and 100°C and follow the vapor/ 
liquid equilibrium curve for water when the temperature is 
less than 3OOOC. Work is proceeding to remove the first 
limitation, and a report should be out soon. 

The E Q 3 W 6  package is important because DOE used these 
codes to predict water chemistry at the BVIP site. 
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DOCUMENT ABSTRACT 

EQ3NR is a geochemical aqueous s p e c i a t i o n - s o l u b i l i t y  FORTRAN program 

developed f o r  a p p l i c a t i o n  wi th  the EQ3/6 software package. 

t h e  thermodynamic s ta te  of an  aqueous s o l u t i o n  by using a modified 

Newton-Raphson a lgor i thm to  c a l c u l a t e  t h e  d i s t r i b u t i o n  o f  aqueous specie's Such 

as Simple ions,  ion-pairs ,  and aqueous complexes. 
c o n s i s t s  of  data de r ived  from t o t a l  a n a l y t i c a l  concen t r a t ions  of d i s so lved  

components and can  also inc lude  pH, a l k a l i n i t y ,  electrical balance,  phase 
equi l ibr ium ( s o l u b i l i t y )  c o n s t r a i n t s ,  and a d e f a u l t  va lue  f o r  e i t h e r  Eh, pe, 

or t h e  logari thm of oxygen fugac i ty .  

The program evaluates t h e  degree  o f  d i sequ i l ib r ium f o r  va r ious  r e a c t i o n s  

The program models 

Inpu t  to EQ3NR p r i m a r i l y  

and computes either t h e  s a t u r a t i o n  index (SI = l og  Q/K) or thermodynamic 

a f f i n i t y  (A = -2.303 RT log Q/K) f o r  minerals.  Ind iv idua l  values of  Eh, pe, 

equi l ibr ium oxygen fugac i ty ,  and A h  (redox a f f i n i t y ,  a new parameter) are 
computed f o r  aqueous redox couples. 

degree  of aqueous redox d isequi l ibr ium.  I t  m u s t  be  

used to  i n i t i a l i z e  a react ion-path c a l c u l a t i o n  by EQ6, its companion program. 

f i l e ,  DATAO, by the data base  preprocessor ,  EQTL. 

the thermodynamic d a t a  i n  t h e  f i l e  is 0-300°C. 

species or changes i n  associated thermodynamic d a t a  are made by changing only 

the f i le .  

s u b s t i t u t i o n  of equ i l ib r ium c o n s t a n t  va lues  can  be selected on t h e  EQ3NR INPUT 

f i l e  by t h e  user  a t  run t i m e .  

CFT FORTRAN languages on t h e  CDC 7600 and Cray-1 computers. 

convent ions have been implemented f o r  ease of p o r t a b i l i t y  to IBM, UNIVAC, and 

VAX computers. 

Differences i n  these  values d e f i n e  t h e  

EQ3NR can be used alone. 

EQ3NR r eads  a secondary data f i l e ,  DATAl, created from a primary data 

The temperature  range for 
Addition or d e l e t i o n  o f  

Changes are n o t  made t o  e i t h e r  EQ3NR or EQTL. Modif icat ion O f  

EQ3NR and EQTL were developed for t he  ET" and 

S p e c i a l  FORTRAN 



DOCUMENT REVIEW FORM 

AUTBOR: Wolery, T. J. 

TITLE: Chemical Modeling of I r r e v e r s i b l e  React ions i n  Nuclear Waste- 
Water-Rock Systems 

REFERENCE: UCRL-85582 (February, 1981) 

AVAILABILITY: Lawrence Livermore Nat ional  Laboratory,  
Livermore, CA 94550 

KEF WORDS: Geochemical, Model, CAde, Uranium 

GENERAL COMMENTS: The document o f f e r s  a per spec t ive  on geochemical modeling 
along wi th  an update of work done on EQ6 t o  improve conver- 
gence. Also provided a r e  a few da ta  on uranium compounds. 

The document i s o l a t e s  EQ6 from o t h e r  codes i n  t h a t  EQ6 i s  a 
React ion Path Model, L e . ,  it a t t empt s  t o  p r e d i c t  t h e  i t  
r e v e r s i b l e  evolut ion of a r e a c t i n g  aqueous geochemical sys- 
tem. 
whereby only a few r e a c t i o n s  i n  n system proceed i r r e v e t  
s i b l y ;  a l l  the  o t h e r s  a d j u s t  themselves r e v e r s i b l y  s t r i v i n g  
t o  maintain equilibrium. Problems w i t h  t h i s  approach, a s  
implemented by Helgeson f irst  and Wolery l a t e r  (EQ61, r e l a t e  
t o  (1) the determinat ion of which r e a c t i o n s  a r e  approxi- 
mately equi l ibr ium reac t ions ,  and (2) t h e  r e l a t i o n s h i p  of 
t h i s  model with the  time va r i ab le .  

EQ6 implements t h e  concept of p a r t i a l  equi l ibr ium 

With reference t o  item (1) many codes assume global  redox 
equi l ibr ium i n  so lu t ion .  Th i s  i s  presented  here  a s  a ques- 
t i onab le  assumption. EQ3 and WATEQ improve on i t  by 
checking the redox p o t e n t i a l  of each major redox couple i n  
t h e  system, so t h a t  one can determine whether o r  no t  these 
couples  e q u i l i b r a t e  wi th  r e s p e c t  t o  one another.  With re- 
ference t o  item ( 2 )  s ince  t h e  model i s  based on thermo- 
dynamics, the r e l a t i o n s h i p  of EQ3/EQ6 with  time i s  a rb i t -  
r a ry .  Tr,,.shange t h i s ,  k i n e t i c s  concepts should be used. 

The document f u r t h e r  r e p o r t s  about f i x i n g  convergence pro- 
blems i n  EQ6. Since EQ3/EQ6 i s  be ing  proposed a s  b a s i c a l l y  
the  reference geochemical package f o r  s a l t ,  t u f f  and b a s a l t ,  
i t  should be checked thoroughly f o r  (1) s c i e n t i f i c  sound- 
ness ,  (2) relevance of the da t a  base,  (3) accuracy of the  
modeling and i t s  coding, ( 4 )  time-dependence handl ing capa- 
b i l i t y .  
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UCRL-85582 February 1981 

DOCUMENT ABSTRACT 

Chemical m o d e l s  of aqueous geochenicrl  
s y s t t n s  are u s u a l l y  b u i l t  on the concept of 
t h c r m o d p r a i c  cquilibrimn, Though many 
t1cPrnt r ry  r e a c t i o n s  in a geochemical system may 
be close to equi l ibr ium, others m y  no t  be. 
Chcnical m d c l r  of aqutour f lu ids  should take 
i n t o  sccount  t h a t  many aqueous redox react ions 
are anang the l a t t e r .  The bebavior of redox 
r eac t ions  MY c r i t i c a l l y  a f . f t c t  migrat ion  of 
certr in  r a d i o n u c l i d e s ,  e s p e c i a l l y  the  ac t in ides .  
In add i t ion ,  the progress of react ion in 
geochanic81 aystmu requires  thcrmodynanic 
d r iv ing  f o r c e s  a s soc ia t ed  v i t h  e leoentary 
r eac t ions  n o t  a t  tqui l ibr ium, which are t c m t d  
i r r e v e r s i b l e  r eac t ions .  both s t a e i c  chemical 
aaodeln of f l u i d s  and dynamic oodels of r e a c t i n g  
ryrtcrnr have been appl ied t o  a v ide  spectrum of 
problems in water-rock iri teractionr.  P o t e n t i a l  
appl i eac ions  in nuclear  waste disposal range 
from problems i n  geochemical aspects  of site 
evaluat ion t o  those tf vi-te-cater-rock 
i n t e r a c t i o n s .  However, much fu r the r  work in the 
l abora to ry  aad t h e  f i e l d  will be required  t 2  

d e w l o p  and v e r i f y  such a p p l i c a t i o n s  of chemical, 
w d c l  ins .  
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DETAILED REVIEWS OF WASTE PACKAGE DATA 





WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Schematic designs, characteristics and inventory of PWR and BWR spent 
Reference compositions for defense and commercial high level 

Description of reference packing material for 
fuel assemblies. 
borosilicate glass waste forms. 
use around a spent fuel waste package, including the results of its thermal 
conductivity measurements. 

MATERIAL 

Crushed Topopah Spring tuff for packing; iron-smectite clays and silica 
gel as additives. 
plant and CHLW from West Valley (PNL 76-68 and MCC 76-68). 

Glasses made to incorporate DHLW from the Savannah River 

TEST CONDITIONS 

(a) For sample preparation: -60 or -100 mesh size crushed tuff powder; 10 to 
30 ksi isostatic compaction pressure. 

(b) For thermal conductivity measurements on compacted packing: 
test temperature: room temperature, 60, 100, 130, 165, and 200OC. 

METHODS OF ANALYSIS 

(a) Thermal conductivity was determined by heating a specimen in the center 
and measuring the temperature with thermocouples which were placed at the 
surface and the center of the specimen. Duplicate measurements were made 
at room temperature and 100°C. 

(b) The method for determining the density is not described. 

(c) The nominal composition of the glass (supplied by SRL) was determined 
using electron microprobe at 10 spots on a sample, and then averaged over 
five samples. 

AMOUNT OF DATA 

Original Data 

(a) Composition of DHLW glass (simulated waste). 

(b) Density of compacted packing. -60 mesh crushed powder: density after 
compaction pressures of 15 and 25 ksi; -100 mesh crushed power: 
after compaction pressures of 10, 15, 20, 25, 30, and 35 k s i ;  -18 mesh 
crushed powder: unsuccessful compaction. 

density 



Thermal conductivity of crushed tuff: 12 data points for six tempera- 
tures. 
containing 95% crushed tuff plus 5% bentonite clay. 

Data Quoted From Other Sources 

Burnup and time of discharge of commercial SF in inventory. 

Physical characteristics of LWR assemblies. 

Estimate of percent failure of fuel rods. 

Inventory of dominant fission products and activation products in SF. 

Radioactivity and temperature decay profile for spent fuel assembly. 

Fission gas release as a function of burnup time from LWR fuel rods. 

Plutonium, cesium, tellurium and iodine concentration profile in a fuel 
pellet. 

Dimensions of a canister, and composition of the glasses developed at 
Savannah River Plant. 

Chemical and radionuclide composition of the defense sludge-supernate 
glass. Its heat and radioactivity decay profiles. 

Composition of a DHLW glass used in NNWSI testing. 

Estimated composition and radioactivity of wastes at West Valley. 
fications for the waste form and canisters to be used for this waste. 

Chemical composition of PNL 76-68 and MCC 76-68 glasses. 

Qualitative mention of thermal conductivity of one sample 

Speci- 

UNCERTAINTIES IN THE DATA 

The uncertainty in the density measurements on compacted crushed tuff 
specimens has been listed 1.7-3.5%. 
ductivity are made at each temperature. 
imental error is not mentioned, the data in the figure show a reproducibility 
of approximately 8% or better. However, it is not clear if the data obtained 
on specimens prepared from tuff rocks from different locations w i l l  also have 
thermal conductivity within the reported range. 

Duplicate measurements for thermal con- 
Although a numerical value for exper- 

The uncertainty estimates for the composition of DHLW glass are based on 
the standard deviation of the average of results on five samples. These val- 
ues range from 4% to 30% depending on the element analyzed and include 
uncertainty in measurements as well as inhomogeneity-in the samples. 

The uncertainty in data quoted from other sources has not been mentioned 
although, for example, the data for fission gas release shows very large 
scatter. 



I 

DEFICIENCIES IN THE DATA BASE 

Topopah Spring tuff crushed to pass 100-mesh screen and compressed iso- 
statically at 20 ksi has been identified in this report as the reference pack- 
ing material with the possible additions of small amounts of clay or silica 
gel. 
into a specimen suitable for thermal conductivity measurements. However, it 
is not clear if a full size packing component can be fabricated under the ref- 
erence conditions and if it would be mechanically strong enough for normal 
handling. 

The -100 and -60 mesh but not the -18 mesh powder could be compacted 

The thermal conductivity data are shown for one specimen prepared under 
one set of conditions. There are no data on the effect of processing param- 
eters such as compaction pressure, particle size, etc. on thermal conductiv- 
ity. It would be useful to establish if there is a simple correlation between 
packing density, particle size, or composition with the thermal conductivity. 
The beneficial or detrimental effects of the proposed additives on packing 
performance remain to be determined. 

APPLICATION OF DATA TO LICENSING 

[Key Data (X), Supporting Data ( 11 

GENERAL COMMENTS 

This report describes composition and other data for reference waste 
forms and packing for a tuff repository. However, the original data are given 
only for the thermal conductivity and density of crushed tuff packing which is 
very limited and based on preliminary experiments. 
material is to impede the ingress of groundwater into and release of radionu- 
clides from the waste package. The information on thermal conductivity of 
packing is essential in designing the waste package, determining the waste 
loading, etc. However, the usefulness of the packing needs to be determined 
in terms of its sorption and water migration properties under appropriate 
repository conditions of temperature, radiation, pressure, humidity, thermal 
gradient, etc. 

The purpose of a packing 

ORGANIZATION PRODUCING DATA 

Lawrence Livermore National Laboratory (NNWSI). 

AUTHORS /REFERENCE 

Oversby, V. M., "Reference Waste Forms and Packing Material for the 
Nevada Nuclear Waste Storage Investigations Project," UCRL-53531, March 1984. 

i .  
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AVAILABILITY 

NTIS 

KEY WORDS 

Topopah Spring tuff, reference compositions, waste forms, packing, 
thermal conductivity, spent fuel, DHLW, CHLW. 

DATE REVIEWED 

October 1984. 
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ABSTRACT 

Thcb 1,awrcwcc T,ivcrmorc National 14abornlory (14LNIa), Livermore, Calif., h a s  been 
given tlic task of designing and verifying the performance of waste packages for thc 
Nevada Nuclear Waste Storage Investigations (NNWSI) Project. NNWSI is studying the 
suitability of the tuffaceous rocks at Yucca Mountain, Nevada Test Site, for the potential 
construction of a high-level nuclear waste repository. This report gives a summary dc- 
scriplion o f  llic* 111 rcc waslc lorins for which LLNL is clcsigning waslc yackagcs: spent fuel, 
either as intact assemblies or as consolidated fuel pins, reprocessed commercial high-level 
waste in the form of borosilicate glass, and reprocessed defense high-lcvel waste from the 
Dcl'cnsc Waste Processing IkiliLy in Aikcn, S.C. Reference packing material for use with 
the alternative waste package design for spent fuel is also described. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Permeability of tuff blocks in a temperature gradient for tuffaceous 
groundwater. Chemical composition of the test solution after permeating 
through the test rock. 

MATERIAL 

Tuff from the Paintbrush section of the Topopah Spring Member (densely 
welded, devitrified and nonzeolitized); 5-13 groundwater. 

TEST CONDITIONS 

The groundwater was forced to flow from high temperature borehole at the 
center of a cylindrical specimen to its outer surface (jacket) at a lower 
temperature. Three experiments were conducted under the following conditions: 

Experiment No. 1 2 3 

Borehole temperature ("C) 150 90 2 50 
Jacket temperature ("C) 50 36 83 
Differential pressure (ma) 0.15 0.15 --- 
Test duration (days) 20 17 21 
Average flow rate (malsec) 1.15~10-~ 1.45~10-~ 2x10- 
Confining pressure (ma) 30 30 30 

In one of the experiments the flow of groundwater was stop ed intermit- 
tently, and in another case the flow rate was varied from 2x10-' to 2 ~ 1 0 - ~  
mi/sec. 

METHODS OF ANALYSIS 

Permeability for a particular set of test conditions as a function of 
time is calculated from the mass flow rate under a constant pore pressure dif- 
ferential and Darcy's law for radial flow. 
chemical analysis of fluids have not been described. 

The methods employed in the 

AMOUNT OF DATA 

(a) Only three specimens were tested, one of *ich could not sustain a pres- 
sure differential due to a large continuous void across the thickness. 

Permeability data are shorn a8 a function of time for tm> specimens (1 
and 2) on a graph for a period of 20 days. 

I 

1, ' 

(b) 



(c) pH (at room temperature) and chemical analyses of 8 to 10 fluid specimens 
collected during each test are given for Na+, K+, Mg2+, Ca2+, HC03-, 
S042-, NO2-, NOg-, F- and C1- ions, and Si02. The results include 
the analyses for solutions collected at the room as well as the test 
temperatures. 

(d) In Experiment No. 2, fluid samples were collected after 25, 50 ,  and 100 
hours of no-flow condition. In Experiment No. 3, four flow rates in the 
range of 2 ~ 1 0 - ~  to 2x10e5 mdsec were included. 

UNCERTAINTIES IN THE DATA 

The authors have not given any value for the uncertainty or error in ex- 
perimental data, and since only one experiment has been conducted for a given 
set of conditions, it is difficult to estimate the uncertainty in data. Per- 
haps the largest source of uncertainty in the present data is due to the lack 
of information about the specimen itself. For example, the room temperature 
permeability for two specimens had the values of 3 and 65 pdarcies under very 
similar conditions. Such a large variation in permeability reflects the dif- 
ference in cracks, voids, fractures, etc. present in different specimens. 
However, for a particular specimen some estimate of uncertainty can be 
obtained from the scatter in time dependence of permeability. 

DEFICIENCIES IN THE DATA BASE 

(a) A difference by a factor of 20 in the permeability of two specimens sug- 
gests that there can be a big range in the properties of tuff such as 
mineral composition, density and distribution of voids, cracks, etc. The 
present data are very limited in describing the complete range of perme- 
ability values, and a much larger number of specimens need to be tested. 
Similarly, a range of pore pressure differential needs to be included in 
these tests. 

(b) Because of non-uniform distribution of cracks and voids, it is possible 
that the results may depend on the size of specimen. 

(c) The permeability of the 5-13 groundwater did not show very large changes 
within the test period. However, it is possible that if concentrated 
groundwater (due to initial evaporation and then subsequent dissolution 
of the precipitated salts) passes through the same specimen, the 
permeability may decrease due to enhanced mineral growth. 

(d) In these tests the water flow direction is from central borehole at high 
temperature to the ouside surface at lower temperature. However, in the 
initial stages the groundwater will migrate from cold surroundings to hot 
waste package. The mineral growth and,therefore, the changes in permea- 
bility could be very different under such reversed thermal gradient. 

APPLICATION OF DATA TO LICENSING 

[Key Data (X), Supporting Data ( I] . 
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GENERAL COMMENTS 

Although the  r e s u l t s  given i n  t h i s  paper are important in  evaluating the  
water flow conditions i n  a t u f f  reposi tory,  t he  data  are extremely l i m i t -  
ed. Considering the p o s s i b l i t y  of l a r g e  va r i a t ions  i n  the p rope r t i e s  of 
t u f f ,  i t  i s  d i f f i c u l t  t o  draw general  conclusions. 

The Bullfrog tu f f  which is  believed t o  be representat ive of a much deeper 
l e v e l  i n  the  saturated zone shows much l a r g e r  e f f e c t s  on f l u i d  chemistry 
and temperature dependence of permeability. On t h e  contrary,  t h e  Topopah 
Spring tu f f  does not show such l a r g e  e f f ec t s .  But the reason f o r  t h i s  
d i f f e rence  and whether i t  is  a general  observation are not clear. 

The maximum durat ion of t e s t i n g  (20 days) may be too shor t  t o  show t h e  
e f f e c t s  of slow mineral growth and a l t e r a t i o n  which may a f f e c t  the  
groundwater permeabili ty on a reposi tory t i m e  scale. 

The high permeabili ty of Topopah Spring t u f f  as found i n  the  present  
tests has been considered bene f i c i a l  f o r  the  waste package because the 
groundwater would not s t a y  around i t  t o  cause corrosion. However, i f  t h e  
waste package is breached by some mechanism, because of high permeabili ty 
the  radionuclides would escape the  r epos i to ry  more eas i ly .  

ORGANIZATION PRODUCING DATA 

U. S. Geological Survey, Menlo Park, California.  

AUTHORS/REFERENCE 

Morrow, C. A., D. E. Moore and J. D. Byerlee, "Permeability and Pore- 
Fluid Chemistry of the Topopah Spring Member of the  Paintbrush Tuff, Nevada 
T e s t  S i t e ,  i n  a Temperature Gradient - Application t o  Nuclear Waste Storage," 
i n  S c i e n t i f i c  Basis f o r  Nuclear Waste Management V I I ,  G. L. McVay, Edi tor ,  New 
York, E l sev ie r ,  1984, p. 883. 

AVAILABILITY 

E l sev ie r  Science Publishing Co., Inc. 

KEY WORDS 

Topopah Spring t u f f ,  permeability, temperature gradient ,  5-13 
groundwater, pore f l u i d  chemistry. 

DATE REVIEWED 

October 1984. 

g f s ,  11 /16/84  

A5-11 



ABSTRACT 

'Phe Topopah S p r i n g  Member o f  t h e  P a i n t b r u s h  Tuff  from 
the Ncv.icl.i 'Pcut S Ltc L U  I ~ c i i i c j  Liivtii1tIcjattiil IJY t l iu  Nttv.ii1.i 
Nuclear  Wdulx SLorayu Lnvuutlydtronu pCo)cCt (NNWSL) as d 
p o s s i b l e  n u c l e a r  waste r e p o s i t o r y  h o s t  rocK+ Changes w i t h  
t i m e  o f  t h e  p e r m e a b i l i t y  and  f l u i d  chemis t ry  of t h e ' l ' o p p d l i  
S p r i n g  Member hdve been measured i n  SJmple5 s u b j e c t e d  t o  a 
tempera ture  graclrent .  Maximum t c m p r a t u r e s  o f  thc! imposed 
g r a d i c n t o  roiitjad froin YO 
were l b o  t o  83OC. C o n f i n i n g  and p o r e  p r e s s u r e s  s i m u l a t e d  
,I tIq,th o f  .iIn)ut l . L  kin, wliii:li i n  clruotor tlidn 1:Iiti (rro~ii~utrtl 
rSpJUit.OCY d e p ~ i i ,  b u t  cliooun Cor comparison w i t t i  p r e v i o u s  
s t u d i e s  a t  t h e s e  p r e s s u r e s .  P o r e  f l u i d  used i n  t h e  exper i -  
ments  was qroundwntur from t l i t ?  Novatla Tu5t  SLto; tliu 
d r c u c t i o n  of p o r e - f l u i d  f l o w  WIIU Prom t h e  high-  t o  tlia 
low-temperature  s i d e  o f  t h e  t u f f s .  

I n i t i a l  p e r m e a b i l i t i e s  o f  t h e  t u f f  samples  ranged  
from l to  65 udarcys,  t h e  wide range  i n  v a l u e s  r e s u l t i n g  
from d i f f e r e n c e s  i n  t h e  v o i d  and  f r a c t u r e  geometr ies  of  
t h e  somglcs. tlcatLny the t u f f s  produced no cliaiiyc i n  
w r m c a b r l i t y  zn t n e  L o w e s t  t e m p e r a t u r e  exper iment  and  only 
small chanqcs  a t  h i q h e r  t o m p w a t u r e s .  
d iuchdrycd  from t l iu  tu l ' fa  wore d i l u t e  waters of ncar-  
n e u t r a l  pH t h a t  d i f f e r e d  o n l y  s l i g h t l y  from t h e  o r i g i n a l  
groundwater  composi t ion.  

would b e  i n  t h e  u n s a t u r a t e d  zone,  t h e  h i g h  i n i t i a l  
pnrmtmbi l i t lon  and tliu abuuiicu o r  purmcobl l l ty  C~I.IIIIJC W I  t l i  
h e a t i n g  may be d e s i r a b l e ,  b e c a u s e  downward-percolatlng 
w a t e r s  would b e  a b l e  to  d r a i n  i n t o  deeper  f o r m a t i o n s  and 
n o t  collect  a t  t h u  r e p o s i t o r y  luvul .  i n  a d d i t i o n ,  any 
f l u i d s  t h a t  may come i n  contact w i t h  w a s t e  c a n i s t e r s  w l l l  
n o t  have a c q u i r e d  any  p o t e n t i a l l y  corrosive c h a r a c t e r i s t i c s  
tlirough interact ion wLth tlio t u f f .  

t o  L W O C ;  minimum tc tnpcra turcs  

The f l u i d u  

S i n c e  propooud b u r i a l  i n  t h e  Topopati S p r i n g  Member 



WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Quantitative analyses of minerals in Bullfrog Member tuff core wafers in 
as-received condition and after reacting with 5-13 groundwater; the analysis 
is given for various oxides, fluorine and chlorine. Ordinary histograms for 
anorthite and orthoclase. 
Changes in the weight of wafers and pH of solution. 

Scanning electron micrographs of reacted wafers. 

MATERIAL 

Bullfrog Member tuff taken from a 20-ft interval in the Lathrop Wells 
section; 5-13 groundwater. 

TEST CONDITIONS 

(a) Polished tuff wafers were reacted with 5-13 groundwater in Teflon-lined 
autoclaves at 15OOC. 

(b) Surface/volume ratio: 1100-2200 cm- '. 
(c) Reaction times: 1, 2, 3, 4 ,  6 ,  and 8 weeks. 

METHODS OF ANALYSIS 

(a) Surface examination using a scanning electron microscope. 

(b) Qualitative energy dispersive spectrometry and quantitative wavelength 
dispersive analysis using an electron microprobe. 
tions were obtained by comparing the data with appropriate silicate 
standards. 

Elemental concentra- 

(c) The bulk chemistry of the rock has been determined by neutron activation 
analysis and X-ray diffraction, but these are not discussed in any 
de tail. 

AMOUNT OF DATA 

The oxide composition is determined for SiOp, Al203, K20, Na20, CaO, MgO, 
TiO2, FeO, BaO, MnO and Zr02. For a rock specimen the analysis of plagio- 
clase, sanidine, biotite, hornblende, magnetite, pumice, zircon, ilmenite, 
fracture filling and matrix are given separately. 
have been analyzed at the largest number of points (~O'S), but pumice, zircon, 
ilmenite and magnetite have been analyzed at very few points. In a histogram 
for anorthite the maximum number of samples ranged from three to six, but for 

Sanidine and plagioclase 

I ' orthoclase it ranged from two to eight. 



UNCERTAINTIES I N  THE DATA 

The estimate of e r r o r  i n  experimental measurements is not given. How- 
ever, a l i m i t  on such unce r t a in t i e s  can be assessed where ana lys i s  has 
been obtained f o r  numerous points on a given wafer. 

The 5-13 groundwater has been obtained by d i r e c t l y  pumping from the 
w e l l .  The r ep roduc ib i l i t y  of composition, Eh and pH of t h i s  water 
co l l ec t ed  on d i f f e r e n t  occasions is not described. 

The a l k a l i  elements are known t o  evaporate e a s i l y  when heated under an 
e l ec t ron  beam. Therefore, these elements were analyzed f i r s t ,  but t h e r e  
s t i l l  remains l a rge r  uncertainty i n  the  concentration of these elements. 

Use of Teflon vessels  has been shown t o  a f f e c t  the so lu t ion  pH by absorb- 
ing CO2. 
present r e su l t s .  

It i s  not clear what e f f e c t s  t h i s  change i n  pH could have on 

The as-collected tuf f  specimens were cut and then washed t o  remove weath- 
e r ing  or  a l t e r a t i o n  products. It is not clear i f  any such treatments 
would have a l s o  removed some minerals which are an i n t r i n s i c  p a r t  of 
t u f f .  

DEFICIENCIES I N  THE DATA BASE 

The da ta  are reported f o r  a very l imited number of wafers taken from a 
s p e c i f i c  l oca t ion  i n  the  Bullfrog Member. Since a l a rge  v a r i a b i l i t y  is known 
t o  exist i n  the composition and d i s t r i b u t i o n  of minerals i n  a tuf f  deposit  of 
the  s i z e  of a reposi tory,  no general  conclusions may be drawn from the present 
da t a  and only s p e c i f i c  information is avai lable .  

Although a wafer had a polished surface i n  the  beginning of test, i t s  
r eac t ion  with so lu t ion  would have introduced some surface roughness which, i n  
tu rn ,  can introduce an e r r o r  i n  composition determination. Whereas t h i s  
f a c t o r  has been discussed i n  the  r epor t ,  it has not been corrected. 

A temperature gradient  o r  r ad ia t ion  was  not present i n  the tests but i n  a 
r epos i to ry  these f ac to r s  can inf luence the growth of a l t e r a t i o n  products, etc. 

APPLICATION OF DATA TO LICENSING 

GENERAL COMMENTS 

The tu f f  samples studied i n  t h i s  work were taken from the  Lathrop Wells 
sect ion of t he  Bullfrog Member of the Crater F l a t  t u f f .  These specimens are 
r ep resen ta t ive  of the deposi ts  below the  water t a b l e  beneath Yucca Mountain. 
Since the s tar t  of t h i s  work, the reposi tory horizon has been decided t o  be i n  
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an unsaturated zone above the water tab le .  Therefore, the  present r e s u l t s  are 
not d i r e c t l y  r e l evan t  t o  cha rac t e r i ze  t h e  near-f i e l d  conditions i n  the  propos- 
ed repository.  As t he  author points  out,  however, the  r e s u l t s  may be useful  
i n  the  development of a geochemical modeling code. 

I n  contradict ion t o  the  t i t l e  of the repor t ,  analyses of the  aqueous 
phase are not included. 

ORGANIZATION PRODUCING DATA 

Lawrence Livermore National Laboratory 

AUTHORS /REFERENCE 

K. G. Knauss, "Hydrothermal I n t e r a c t i o n  Studies of Bullfrog Member Tuff 
Core Wafers i n  5-13 Water at 150OC: 
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Quant i ta t ive Analyses of Aqueous and 

AVAILABILITY 
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ABSTRACT 

This paper describes the experimental work conducted to understand the water chem- 
istry in the near-field surrounding a nuclear waste repository in the Bullfrog Member of 
the Crater Flat Tuff, Nev., and to study any changes in the rock itself due to hydrothermal 
alleralion. 'I'hc work is par t  of the Nevada Nuclear Waste Storage Investigations (NNWSI) 
Project to determine the suitability of the volcanic units at Yucca Mountain for storing 
high-level nuclear waste. 

SLi l l iC  hydrolhcrmal c~xpcrimcnts wi 111 polished core wafers wcrc run for 60 d; all 
faces of the core wafers were exposed to solution. Quantitative solution analyses indicate 
that thv solution chcmistry for both crushed tuff and solid core wafers is in good agrce- 
mcnt. Analyscs of the solid phases suggest that the extent of reaction, at  least over the 60-d 
period, is relatively minor, even though solution effects were observed. These experiments 
show that conQi tions in a repository locatcd in the Bullfrog Member would be rclativcly 
benign with respect to waste form and waste package survival. 



WASTE PACKAGE DATA REXIEW FORM 

TYPE OF DATA 

Permeability of tuff tested under a temperature gradient for deionized 
and 5-13 water as a function of time. 
perature) of the solution collected after migrating through the test rock. 
Some data for the room temperature permeability. 

Chemical analyses and pH (at room tem- 

MATERIAL 

Tuff from the Bullfrog Member of the Crater Flat, Yucca Mountain, deion- 
ized water and 5-13 groundwater. The tuff specimens were devitrified, non- 
zeolitized 5nd moderately welded, containing deformed elongated pumice 
fragments and voids. 

TEST CONDITIONS 

The water was forced to flow from a high temperature borehole at the cen- 
ter of the specimen to the circumference (jacket) at lower temperatures. 
following range of conditions was used: 

The 

Borehole temperature 150-250°C 
Jacket temperature 48-73"C 
Differential pore pressure 1.4-2.5 bar 
Average daily flow rate 14.5-100 mg 
Confining pressure 300 bar 
Specimen dimensions Cylinder of 7.62 an diameter and 

8.89 cm length 

METHODS OF ANALYSIS 

(a) Permeability was calculated from mass flow rate under a constant pore 
pressure differential and assuming Darcy's law for radial flow. 

(b) Si02 in the fluid was determined by digesting the solution in NaOH and 
then using the molybdate blue method. 

(c) Sodium, potassium, calcium and magnesium in the solution were analyzed 
using atomic absorption techniques. 

The concentrations of Cl', F-, SOk2-, NO3-, NO2- and PO4% were 
determined using ion chromatography. 

(d) 

(e) The total dissolved inorganic carbon content was determined with a carbon 
analyzer. 

1 

(f) To estimate ionization of silica and the C0,2-/HC03- ratio, the SOLMNEQ 
computer program was used for the data of 25OC. 

, 



AMOUNT OF DATA 

(a) Only three tuff specimens, two at a borehole temperature of 250°C and one 
of 15OoC are tested. 

(b) Permeability data are shown on a graph for a-period of 22 days. 

(c) pH and chemical analyses are given for 18-21 fluid samples collected at 
different time intervals spanning through the duration of test (14 to 37 
days). 

(d) A few of the data points include results obtained at room temperature 
before heating the core. 

UNCERTAINTIES IN THE DATA 

There is only one experiment conducted for a given set of conditions 
which makes it difficult to estimate the uncertainty in or reproducibility of 
the data. The experimental uncertainties in permeability or chemical composi- 
tion are not given, but these are probably small compared to the uncertainty 
in the characteristics of a test specimen. 
the data can be obtained from the scatter observed as a function of time. 

Some estimate of uncertainty in 

There is a significant unbalance between the total cationic and anionic 
concentrations, thus emphasizing the uncertainty in reported numbers; error in 
pH measurements has been cited as a major cause of this discrepancy. 

DEFICIENCIES IN THE DATA BASE 

Considering that there can be a big range of the properties of tuff such 
as mineral composition, density and distribution of voids and cracks, 
etc., a much larger number of rock specimens need to be tested to arrive 
at a general conclusion. 
temperature has also been very limited in the present tests. 

The range of pore pressure difference and 

During the initial heating of a tuff specimen, the permeability showed a 
sudden increase which gradually returned to close to pre-heating value. 
Some of the transient increase in permeability was attributed to the pro- 
duction and subsequent healing of thermal cracks. Therefore, there is a 
possibility of mineral growth and subsequent change in permeability in 
tuff rocks also. The authors have discussed this possibility but con- 
cluded that void size is rather large to change the overall permeabil- 
ity. Further experiments are needed to verify this conclusion for tuff 
from other sources. 

In the present tests the water flows under a pressure gradient from high 
temperature borehole to low temperature jacket at the outer surface of 
the sample. Incorporation of pressure as well as temperature gradient in 
these tests is relevant to a repository situation. However, in the ini- 
tial stages, the groundwater will be traveling from cold surroundings to 

A5-18 



, , '  

a hot waste package. The nature  of mineral growth and, therefore ,  the 
changes i n  permeabili ty could be very d i f f e r e n t  under such conditions. 
Therefore, p a r a l l e l  t e s t i n g  is needed t o  assess the  permeabili ty of t u f f  
rock i n  t h e  e a r l y  s tages  of water intrusion.  

APPLICATION OF DATA TO LICENSING 

[Key Data ( >, Supporting Data (X>l. 

GENERAL COMMENTS 

This paper r epor t s  permeabili ty t e s t i n g  of tu f f  under the  conditions of 
temperature and pressure gradients  which are l i k e l y  t o  be present i n  a HLW 
repository.  However, t he  data, are extremely l imited and considering l a r g e  
va r i a t ions  i n  the  p rope r t i e s  of t u f f ,  it is d i f f i c u l t  t o  draw general  
conclusions. 

The maximum test duration has been only a f e w  weeks which is  much too  
s h o r t  t o  observe the  e f f e c t  of mineral growth i n  l a r g e  voids present i n  test 
specimens. On a reposi tory t i m e  scale the  mineral growth can be s u f f i c i e n t  t o  
change the permeabili ty values. Some accelerated t e s t i n g  i n  conjunction with 
the present tests w i l l  be useful  t o  understand the  water flow t o  and from a 
waste package. 

The ion ic  concentration i n  the so lu t ion  is found t o  be much larger i n  the 
i n i t i a l  s tages  of the test, presumably due t o  the presence of some so lub le  
salts. I f  t h i s  is t r u e  f o r  the e n t i r e  tu f f  rock encountered by the  water per- 
co la t ing  t o  a waste package, i o n i c  concentration approaching the  s o l u b i l i t y  
l i m i t  may be reached. The concentration e f f e c t s  are a l s o  possible  due t o  in i -  
t i a l  evaporation and subsequent d i s so lu t ion  of the p rec ip i t a t ed  salts. 
Therefore, t e s t i n g  with more concentrated i o n i c  so lu t ion  w i l l  be needed. 

Rather high pH (10.6) values were observed f o r  some f l u i d  samples. 
cause of t h i s  observation and an upper l i m i t  on the  pH value should be estab- 
l i s h e d  as t h i s  may be a very important f a c t o r  i n  the waste package perform- 
ance. F ina l ly ,  t he  present r e s u l t s  are only i n d i r e c t l y  useful  because Bull- 
f rog  tuf f  may not be the bes t  representat ion of t h a t  at the proposed 
reposi tory horizon i n  the  unsaturated zone. 

A 

ORGANIZATION PRODUCING DATA 

U. S. Department of the I n t e r i o r ,  Geological Survey. 

Byerlee, J., C. Morrow and D. Moore, "Permeability and Pore-Fluid Chemis- 
t r y  of the Bullfrog Tuff i n  a Temperature Gradient: Summary of Results," 

'Open-File Report 83-475. 
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AVAILABILITY 
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ABSTRACT 

The permeabi l i ty  and f l u i d  chemistry o f  a. Nevada Test  S i t e  t u f f  i s  being 

s tud ied  under condi t ions s imulat ing a nuclear waste reposi tory environment. 

The purpose o f  t h i s  p r o j e c t  i s  t o  i nves t i ga te  the changes t h a t  take p lace w i t h  

t ime when groundwater comes i n  contact  w i t h  heated rock, and t o  determine the 

ease wi th  which p o t e n t i a l  radionucl i de-bearing groundwater cou ld  be c a r r i e d  

i n t o  the envi  mnment. 

i 





WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Anion and cation concentrations in 5-13 groundwater which is equilibrated 
with crushed or core wafer samples of Topopah Spring tuff. Change in pH and 
alkalinity of groundwater after reacting with tuff. 
wafers as a result of reaction with the groundwater. 
from electron microprobe and SEM studies. 

Weight loss of core 
Qualitative information 

MATERIAL 

5-13 groundwater, tuff rocks taken from a surface outcrop at Fran Ridge, 
east of Yucca Mountain. 

TEST CONDITIONS 

For 100-mesh crushed tuff: 
with 12 mR of 5-13 groundwater at 15OOC for 1, 2, 4, 8, 16, 31 and 48 
days. For tests at 9O"C, 0.4, 0.8, 1.6 and 3.2 g of rock were equili- 
brated with 48 mR of groundwater for 1, 3, 6, 12, 24, 36, 48, 60 and 72 
days. Teflon reaction vessels or gold rocking autoclaves were used as 
test containers. 
and then equilibrated overnight as part of a pretreatment. 

0.2, 0.4 and 0.8 g of rock were equilibrated 

All specimens were washed in 5-13 water for two minutes 

For core wafers of tuff: Polished specimens were equilibrated with 
groundwater or water saturated air at 150°C for a period of up to four 
months. 

METHODS OF ANALYSIS 

(a) Anion and cation concentrations in and alkalinity of groundwater are 
determined presumably using analytical techniques; specific procedures 
are not described. 

(b) Changes in rock properties are determined by weight loss measurements, 
and observations under an electron microprobe or scanning electron 
microscope. 

AMOUNT OF DATA 

(a) Crushed tuff experiments: 
have been measured but the data are given only for C1-, NO - and SO '- 
anions. 
have been measured but the time dependence of the data are shown only for 
the last two which show major change. A concentration of silicon has 
also been determined but its chemical nature in the solution is not 

F-, C1-, NO3, Sob2- and carbonate alkalinity 

Among cations, the concentrations of Na+, K?, Ca2$, and Al st 



establ ished.  
th ree  v e r t i c a l  d r i l l  holes and one hor izonta l  a i r -d r i l l ed  hole are a l s o  
given. 

Resul ts  f o r  a 64-day test a t  150°C with tuf f  se lec ted  from 

(b)  Core wafer experiments: Concentrations of Al, Si ,  Ca, K, Mg and N a  i n  
and pH of the  so lu t ion  a f t e r  reac t ing  with core wafers a t  150OC. 
the  weight of core wafers. 

Loss i n  

UNCERTAINTIES I N  THE DATA 

Apparently a l l  the  r e s u l t s  are based on s ing le  tests fo r  a given set of 
conditions.  There is  no ind ica t ion  of the  magnitude of uncertainty i n  o r  
reproducib i l i ty  of the anion and ca t ion  concentrations determined from 
chemical analyses. 

The authors have found t h a t  the  use of Teflon containers  may have 
a f fec ted  the  so lu t ion  pH and a l k a l i n i t y .  This renders some of t h e i r  da ta  
less useful .  The d e t a i l s  of reac t ion  of C o g  with Teflon are not estab- 
l ished.  This information may be relevant  t o  other  kinds of experiments 
where Teflon containers  are used. 

The bas is  f o r  drawing curves through experimental data  points  i s  not 
mentioned. 

DEFICIENCIES I N  THE DATA BASE 

A l l  the  da ta  appear t o  be from s ing le  tests under a given set of condi- 
t ions .  In  some cases, the  so lu t ion  composition did not reach a plateau,  thus 
suggesting t h a t  equilibrium was not achieved and tests f o r  longer durat ion 
would be desirable .  

Although under one set of test conditions tu f f  specimens from four  d i f -  
f e r e n t  d r i l l  holes were reacted with 5-13 groundwater, these may not represent  
the complete range of rock compositions which the  groundwater may encounter i n  
the  reposi tory.  

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

The authors have used a pretreatment i n  which the  rock specimens are 
washed t o  remove r ead i ly  soluble  salts. These salts are assumed to  be present 
only at the surface of the reposi tory site. A t  present,  the  composition of 
w a t e r  reaching the reposi tory horizon i n  the  unsaturated zone has not been 
establ ished.  It is  possible  t h a t  the  rainwater d i sso lves  surface salts and 



then approaches the repository horizon, thus may have higher solute concentra- 
tion than suggested at present. A much higher solute concentration is also 
expected due to initial evaporation of groundwater and then subsequent 
dissolution of the precipitated salts. 

The presence of colloids and the effect of radiation on the chemistry of 
the groundwater may influence some of the present conclusions. 

ORGANIZATION PRODUCING DATA 

Department of Earth Sciences, Lawrence Livermore National Laboratory. 

Knauss, K. G., V. M. Oversby and T. J. Wolery, “Post Emplacement 
Environment of Waste Packages,” in The Scientific Basis for Nuclear Waste 
Management, V I I ,  G. L. McVay, Editor, New York, Elsevier Publishing, 1984, 
p. 301. 

AVAILABILITY 

Published. 
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ABSTRACT 

Experirrients have been conducted as par t  of the Nevada Nuclear Waste 
Storage Investigations Project t o  determine the changes i n  water chemistry 

,due t o  reaction of  the Topopah S p r i n g  t u f f  w i t h  n a t u r a l  groundwater a t  
'temperatures u p  t o  1500C. 
ifunction of rock-to-water r a t i o ,  temperature, reaction time, physical s t a t e  
of the samples, and geographic locat ion o f  the samples within the t u f f  u n i t .  
Results of these experiments wil l  be used t o  provide information on the 

.water chemistry t o  be expected i f  a high level waste repository were t o  be 
constructed i n  the  Topopah S p r i n g  t u f f .  

The react ion extent has been investigated as a 



WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Mineral composition of an exploration block in the vicinity of the repos- 
itory horizon at Yucca Mountain. Some estimates of composition variations 
along vertical as well as horizontal directions. 
oxygen concentrations in and pH of groundwater taken from 11 wells in the 
vicinity of Yucca Mountain. 

Cation, anion and dissolved 

MATERIAL 

Yucca Mountain tuff and groundwater. 

TEST CONDITIONS 

X-ray diffraction, optical petrography and electron microprobe techniques 
have been employed to determine mineral compositions; the details are referred 
elsewhere. Groundwater samples were obtained by pumping it to the surface 
from below the static water table. The test conditions and experimental 
procedures for chemical analyses are not given in this paper. 

METHODS OF ANALYSIS 

Not specified. 

AMOUNT OF DATA 

Map of the exploration block and the locations of drill holes in the 
Yucca Mountain. 

North-south cross-sectional diagram to show vertical distribution of tri- 
dymite, cristobalite, quartz and alkali feldspar at various depths above 
and below the repository horizon. The location of static water table and 
zeolitized minerals above it are also shown in a west-east cross-section. 

Mineralogy of various zones along the transport pathways below the repos- 
itory. This includes the thickness and composition range in zeolite 
Interval I, basalt vitrophyre, vitric zone, zeolite Interval 11, Central 
Prow Pass member, zeolite Interval 111, Central Bullfrog member, zeolite 
Interval IV and deeper petrologic zones. The presence of zeolites which 
have good sorption properties is particularly emphasized. 

Elemental concentrations of Ca, Mg, Na, K, Li, Fe, Mn, Al and Si in 
groundwater from 11 locations. Well 5-13 is 4 km southwest of the 
repository block. 
block. 
tuffs. 

Six wells are within or at the edge of the repository 
One well is drilled deep down to the paleozic rocks below the 



(e) Eh, pH and the concentrations of F-, C1-, Sob2-, HCO3-, NO3- and 
dissolved oxygen in all the groundwater samples. 

(f) Total organic content of the groundwater from two wells. High molecular 
weight organics are a major constituent among organic constituents but 
specific compounds are not determined. 

(g) One sample of groundwater from the deep zone, which was isolated with 
packers and pumped up to avoid mixing with overlying waters. 

UNCERTAINTIES IN T m  DATA 

This paper primarily describes the results without giving experimental 
details or uncertainties. However, a range of composition for a particular 
mineral in a given horizon is given presumably based on data taken from dif- 
ferent locations. In the case of groundwater chemistry, it is not clear how 
the chemical analyses varied for samples taken at different times, except for 
the groundwater from the deep well. The chemical analysis for cations gives 
total elemental concentrations without mentioning ionic state which can give 
information about the oxidation potential of the solution. 

DEFICIENCIES IN THE DATA BASE 

The process of drilling the holes and collecting samples is likely to 
have affected some of the results, particularly those of groundwater chemis- 
try. For example, the oxidation potential of in situ groundwater might be 
affected when it comes in contact with drilling liquids or atmospheric oxy- 
gen. This is possibly one of the reasons for the significant difference in 
the analyses of groundwater samples taken 26 days apart from the same well; 
for example, Eh changed from -40 mV (non-oxidizing) to 156 mV (oxidizing). 

APPLICATION OF DATA TO LICENSING 

[Key Data (X), Supporting Data ( 11. 

GENERAL COMMENTS 

The data given in this paper are based on a limited number of drill holes 
at the edge of the exploration block. To characterize the complete repository 
area and its vicinity more extensive data will be needed. This comment is 
supported by the authors' conclusion that mineralogic homogeneity of the 
repository horizon throughout most of the exploration block is not a general 
feature outside the exploration block. To obtain limits of variability in 
composition, more samples from lateral holes need to be characterized. 

All the groundwater samples analyzed in this study were taken from the 
static water table which lies under the proposed unsaturated repository 
horizon. From this information it is difficult to determine the composition 
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of water that would come in contact with a waste package. Depending on the 
rate of rainfall and available soluble salts on its path to the repository, 
the rainwater can be of significantly different composition than given in this 
paper 

ORGANIZATION PRODUCING DATA 
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ABSTRACT 

From these resul t s ,  several prel i m i  nary concl usions can be drawn. ( 1) 
These are quite dilute waters and, other t h a n  oxygen i n  the waters, there 
are no major consi ti  tuents that  can rapidly attack waste-package container 
materials. ( 2 )  Bicarbonate and hydrox 1 anions are the major actinide 
compl exing 1 igands i n  the waters. ( 3 )  A I  though  the bicarbonate concentra- 
t i o n  i n  the Paleozoic rock water is h i g h ,  i t s  effect will be minimal 
because this water must come i n t o  contact w i t h  s o l i d  waste, wherever i t  may 
occur, before the so lubi l i ty  of any waste element increases a s  a result of 
complex formation. Once a waste element i s  i n  solution, add i t iona l  corn- 
plexing ligands will n o t  increase the concentration. ( 4 )  Many of the waste 
elements e x h i b i t  m i n i m u m  solubili t ies i n  the pH range of Yucca Mountain 
water. ( 5 )  A t  best, deeper reducing waters will reduce neptunium and 
plutonium+,jons t o  their more insoluble +IV oxida t ion  state b u t  will n o t  
reduce U02 o r  TcO-. (6) Final ly ,  it appears t h a t  water composition may be 
useful i n  the defiaition of f lowpath.  
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Chemistry of groundwater which has been equilibrated with crushed powder 
and wafers of tuff rock at 90°C and 150°C. Solution analyses for Ca, Al and 
Si as a function of reaction time. 
the concentration of HCO3-) and concentrations of Mg, K for rocks taken from 
different locations (within Topopah Spring). 

Final values of pH, alkalinity (related to 

Boron leach data for borosilicate glass compositions based on PNL 76-68 
glass. Effect of adding tuff and 304L on this leach rate. 
uranium from defected Zircaloy-clad U02 in deionized water at room 
temperature. 

Leaching of 

5-13 groundwater. Tuff (crushed or wafers) from Topopah Spring Member 
outcrop or drilled cores. PNL 76-68 borosilicate glass. Zircaloy-clad spent 
fuel elements. 

TEST CONDITIONS 

(a) Groundwater Chemistry: 

Temperature 90°C and 150OC. 
lon vessels; tuff wafers reacted with 5-13 water in Teflon vessels; and 
crushed tuff reacted with 5-13 water in Dickson-type gold autoclaves. 
Test duration up to 70 days. 

Crushed tuff reacted with 5-13 water in Tef- 

(b) Was tef o m  Leaching : 

PNL 76-68 glass in 5-13 water at 90°C with a glass surface area-to- 
solution volume ratio (SA/V) of 0.1 cm-I (which is consistent with the 
MCC-1 procedure) and 1.0. 
stainless steel, and/or crushed tuff. Five-inch-long PWR fuel pieces 
fitted with water-tight end caps in deionized water at room temperature. 
The specimens had undefected cladding, one or two 200-micron diameter 
holes, or a slit 150-microns wide and 2.5-cm long. Solution analyzed 
after 1, 5, 15, 30, and 60 days. 

Tests also included monolithic tuff, 304L 

METHODS OF ANALYSIS 

(a) Groundwater composition is determined presumably using analytical 
chemistry methods; specific details are not mentioned. 

i 
', 

(b) Scanning electron microscope and electron microprobe are used to deter- 
mine any changes on the surface of polished wafers due to hydrothermal 
reaction. 
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(c) Boron and uranium concentrations are measured in groundwater to determine 
leaching characteristics of borosilicate glass and Zircaloy-clad spent 
fuel, respectively, but the method of analysis is not described. 

AMOUNT OF DATA 

(a) Groundwater Chemistry: 

1. Concentration of Al, Ca and Si are given as a function of reaction 

2. Higher pH of the test solutions equilibrated in Teflon autoclaves is 
time up to 70 days. 

attributed to the l o s s  of C02 to the container walls. 
clave eliminates this problem. 

duration. 

Gold bag auto- 

3 .  Concentrations of K and Mg are also mentioned but for a fixed test 

4 .  Anion concentrations are described, but mostly qualitatively. 
5. It is shown qualitatively that as a result of hydrothermal reaction 

magnesium calcite precipitates and cristobalite dissolves. 

(b) Was tef orm Leaching : 

1. 

2 .  

3 .  Uranium leach data in deionized water at room temperature for a 

Boron leach data for reaction time up to six months at 90°C. 
0.1 and 1.0 em-'. 
Effect of adding tuff and/or 304L stainless steel to 5-13 groundwater 
on the leaching behavior. 

period up to two months. Results obtained on defected and undefected 
cladding are compared. 

SA/V = 

UNCERTAINTIES IN THE DATA 

(a) Cation Concentration: No indication is given of the uncertainty or 
reproducibility of the results. 

(b) Anion Concentration: Described qualitatively as a few ppm without 
mentioning the detectability limits of the techniques used. 

(c) pH: Uncertainty or reproducibility is not mentioned. 

(d) The variation in composition and characteristics of the rock specimens 
are not mentioned, although rocks from different locations are used. 

(e) No estimate of uncertainty or reproducibility of leach data for glass or 
Zircaloy-clad spent fuel is given. 

(f) The basis for drawing curves through experimental data points is not 
specified. 



DEFICIENCIES IN THE DATA BASE 

All the experimental results are presented in the form of diagrams with- 
out giving any numerical values. 
actual data points, it would be difficult to quantitatively use these results 
in any modeling work. 
tests; replicate testing is needed to establish the uncertainty limits. 
present the spent fuel leach data is obtained only for ambient conditions 
whereas repository conditions are likely to be much more aggressive. 
radiation field was present in any of the tests. 

Since no error bars are assigned to the 

All the information appears to be based on single 
At 

Also, no 

ASPLICATION OF DATA TO LICENSING 

[Key Data ( >, Supporting Data (XI] 

GENERAL COMMENTS 

This paper describes the results which are obtained in the initial stages 
of the research program. 
to the future plans rather than to the results already obtained. Some assump- 
tions are made in calculating the amount of groundwater that will reach the 
waste package, which are either design specific or based on limited supporting 
data. Therefore, a wide range of SA/V ratio and wasteform compositions should 
be included in the future testing. 

Therefore, a large fraction of the paper is devoted 

The conclusions regarding improved leach resistance of borosilicate glass 

It needs to be substantiated by a more 
due to the addition of crushed tuff is based on the solution analysis for 
boron under very limited conditions. 
comprehensive study. 

The nature of defects in Zircaloy cladding on the spent fuel rods is 
highly uncertain. 
incorporated in future testing. 

Therefore, a wider range of anticipated defects should be 

In determining the groundwater chemistry much less information is pre- 
sented for the anions which are likely to be a major factor in determining the 
container corrosion. No consideration is given to the solution concentration 
or radiation effects. Finally, a useful information is mentioned in that the 
use of Teflon containers in a test can absorb. COa and alter solution pH; the 
use of a gold bag autoclave eliminates this problem. 

ORGANIZATION PRODUCING THE DATA 

Lawrence Livermore National Laboratory. 

AUTHORS /REFERENCE 

Oversby, V. M., "Performance Testing of Waste Forms in a Tuff 
Environment," UCRL-90045, November 1983. 
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ABSTRACT 

Experiments condi c ted  sing Topopah Spring tuff and 5-13 well water have been 
conducted t o  provide an estimate of the post-emplacement environment fo r  waste 
packages in a repository a t  Yucca Mountain. The results show t h a t  emplacement 
of waste packages should cause only small changes i n  the water chemistry and 
rock mineralogy. The changes i n  environment should not have any detrimental 
e f fec ts  on the performance of metal barr iers  o r  waste forins. 

The NNWSI waste form tes t ing  program has provided preliminary r e su l t s  related 
t o  the release r a t e  of radionuclides from the waste package. Those resu l t s  
indicate tha t  release r a t e s  from both spent fuel and borosi l icate  glass should 
be below 1 part i n  lo5 per year. Future tes t ing will be  directed toward 
making release r a t e  tes t ing  more closely relevant t o  s i t e  specif ic  conditions. 





WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Uniform corrosion rates from coupon immersion tests in steam and boiling 
groundwater; effect of radiation on uniform corrosion of carbon, alloy and 
stainless steels; qualitative observation of crevice and other localized 
attack; slow-strain-rate test results; electrochemical measurements for corro- 
sion potential, protection potential and uniform corrosion rates. Reference 
compositions of welded tuff and tuffaceous groundwater. 

C1020, C1025, A36 and A366 carbon steels; 2.25Cr-1Mo alloy steel; 409, 
416, 304L, 316L, 317L, 321, and 347 stainless steels; Incoloy 825. Only a few 
of these alloys were used in all the tests; 304L was tested in solution 
annealed as well as sensitized conditions. 5-13 groundwater. Topopah Spring 
tuff. 

TEST CONDITIONS 

(a) Uniform Corrosion Without Radiation: 

Environment: 

Duration: 1000 h. 

100°C saturated steam at atmospheric pressure and 100°C 
5-13 water conditioned with crushed tuff rock. 

(b) Uniform Corrosion in the Presence of Radiation: 

Environment: 5-13 water (untreated and treated with tuff) at 105°C with 
3x105 rads/h radiation dose, and at 15OoC with 6x10 
radiation dose. 

rads/h 

Duration: Two months. 

(c) Stress Corrosion: 

Environment: air and tuff conditioned 5-13 groundwater at 150OC. 
Strain Rate: and Z~lO-~/sec. 

(d) Electrochemical Measurements: 

Corrosion potential and potentiodynamic measurements were made on exposed 
sample area of 1 cm2 in 5-13 groundwater at 50 to 100°C. 
mV/sec. 

Scan rate was 1 



METHODS OF ANALYSIS 

(a) Uniform corrosion rates were determined from weight loss measurements on 
coupons using ASTM G-1 test procedure. The corrosion rates were also 
determined using linear polarization resistance and Tafel slope 
extrapolation methods. 

(b) Susceptibility to stress corrosion cracking was determined using slow- 
strain-rate tests with air as the control atmosphere. Fracture surfaces 
were examined to determine the nature of failure. 

(c) Susceptibility to pitting and crevice corrosion was determined from the 
surface examination of coupons and the measurements of corrosion and pro- 
tection potentials. The measurement of hysteresis of the forward and 
backward scan in cyclic anodic polarization has been mentioned to evalu- 
ate the susceptibility to localized corrosion, but no data are given. 

AMOUNT OF DATA 

1000-hour coupon tests for uniform corrosion and surface examination: 
Data are given for C1020, A36, A366, 2.25Cr-lMo, 9Cr-1Mo, 409, 416, 304L, 
316L, and 317L alloys in 100°C saturated steam and 100°C 5-13 tuff 
conditioned groundwater. 

Two-month coupon tests for uniform corrosion in the presence of radia- 
tion: Data are given for C1025, gCr-lMo, solution annealed and sensi- 
tized 304L alloys in 5-13 water with and without crushed tuff at 105 and 
150 "C. 

Slow-strain-rate test results are given for solution annealed and sensi- 
tized 304L stainless steel in 15OOC tuff-conditioned 5-13 groundwater at 
a strain rate of 10-4/sec. The sensitized specimens were a l s o  tested in 
air at a strain rate of 10-4/sec, and in 5-13 water at 2~10'~/sec. 

Corrosion penetration rate data from linear polarization resistance and 
Tafel methods are given for 304L, 316L, 317L, 321, 347 alloys in 5-13 
water at 100°C. The coupons were tested freshly exposed and also after 
an exposure of 500 hours. 

Corrosion and protection potential values are given for 304L, 316L, 321, 
and 825 alloys in tuff-conditioned 5-13 groundwater at 50, 70, 80, 90, 
and 100°C. 

The following information is given on the anticipated test conditions: 

1. Range of bulk composition for reference welded tuff. 
2. Reference composition of 5-13 groundwater. 
3. Dimensions and power load outputs for reference waste packages. 
4. Expected composition of 5-13 groundwater after reacting with Topopah 

Spring tuff at 90°C and 150°C. 



UNCERTAINTIES I N  THE DATA 

The coupon tests i n  the absence of r ad ia t ion  were conducted on t r i p l i c a t e  
specimens. In  the  presence of r ad ia t ion  one to  seven specimens were t e s t ed  
f o r  a given condition. I n  slow-strain-rate tests r e p l i c a t e  specimens were 
used. Therefore, there  i s  reasonably good information ava i lab le  on the  repro- 
d u c i b i l i t y  of da ta  i n  these tests. However, most of the  electrochemical da ta  
are based on s i n g l e  tests. In  some of the  cases where dupl icate  experiments 
were conducted, the scatter i n  da ta  is s u f f i c i e n t l y  l a rge  tha t  it is  d i f f i c u l t  
t o  draw d e f i n i t e  conclusions. 

DEFICIENCIES I N  THE DATA BASE 

This repor t ,  according to  the authors,  descr ibes  the  da ta  which are 
obtained i n  the  e a r l y  s tages  of a long-term research program and, therefore ,  
some of the def ic ienc ies  would be corrected from the  tests of longer dura- 
t ions.  However, i n  its present form the uniform, p i t t i n g  or  c rev ice  corrosion 
information is  based on tests of too shor t  durations.  For example, the  incu- 
bat ion period f o r  the i n i t i a t i o n  of p i t t i n g  o r  crevice corrosion of some of 
the  a l loys  may be too long to  be observed under present test conditions.  Once 
these forms of corrosion start, the  rate of corrosion propagation is  usual ly  
much higher. I n  the cases where loca l ized  a t t a c k  has been q u a l i t a t i v e l y  con- 
firmed, a quan t i t a t ive  da ta  base is needed f o r  long-term predict ions.  The 
coupon tests f o r  d i f f e r e n t  durat ions would be necessary t o  e s t a b l i s h  the  form 
of corrosion rate equation. 

The slow-strain-rate tests (SSRT) are usefu l  i n  e s t ab l i sh ing  the  r e l a t i v e  
s u s c e p t i b i l i t y  of d i f f e r e n t  a l loys  t o  stress corrosion cracking. However, i n  
the present form the  da ta  are very l imi ted  i n  terms of s t r a i n  rate, tempera- 
t u r e  and test environment, whereas it is  known t ha t  an a l loy  can be 
suscept ib le  t o  SSRT i n  a l imited range of these parameters. 

A l l  the  tests were conducted i n  5-13 or  tu f f  conditioned 5-13 ground- 
water. However, due to  i n i t i a l  evaporation of groundwater and subsequent dis-  
so lu t ion  of previously prec ip i ta ted  salts, the  s o l u t e  concentration i n  the  
water coming i n  contact with a waste package can be much higher. Therefore, 
tests i n  concentrated 5-13 water should a l s o  be included i n  the  test matrix. 

The r ad ia t ion  has been included only i n  coupon immersion tests. It 
should be included i n  other  kinds of tests also.  

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 



GENERAL COMMENTS 

A major part of this report is devoted to the description of anticipated 
repository environment, the waste forms, reference and alternative materials 
for canisters, overpacks, etc. Next, the reasons for the selection of refer- 
ence (304L stainless steel) and alternate alloys for the canister are discus- 
sed with specific reference to sensitization and welding considerations. The 
experimental data are limited at this stage, but more extensive work is 
proposed for the future. 

In some cases where tests have been repeated under a given set of condi- 
tions, the reproducibility of data appears to be rather poor. For example, in 
radiation corrosion test at 150°C the corrosion rate of C1025 carbon steel 
ranged from 20 to 126 pm/yr. 
age, should be considered in predicting the conservative value of canister 
lifetime. It will also be useful to understand the reasons such as surface 
conditions, heat treatment, etc. which give such a large range of results. 

In such cases the highest number, not the aver- 

ORGANIZATION PRODUCING DATA 

Lawrence Livermore National Laboratory. 

AUTEIORS /REFERENCE 

McCright, R. D., H. Weiss, M. C. Juhas and R. W. Logan, "Selection of 
Candidate Canister Materials for High-Level Nuclear Waste Containment in a 
Tuff Repository," UCRL-89988, November 1983. 

AVAILABILITY 

Available as a preprint. 
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ABSTRACT 

A repository located at Yucca Mountain at the Nevada Test Site is a 
potential site for permanent geological disposal of high level nuclear waste. 
The repository can be located in a horizon in welded tuff, a volcanic rock, 
which i s  above the static water level at this site. The environmental 
conditions in this unsaturated zone are expected to be air and water vapor 
dominated for much of the containment period. Type 304L stainless steel is 
the reference material for fabricating canisters to contain the sol id 
high-level wastes. Alternative stainless alloys are considered because of 
possible susceptibility of 304L to localized and stress forms of corrosion. 
For the reprocessed glass wastes, the canisters serve as the recipient for 
pouring the glass with the result that a sensitized microstructure may develop 
because of the times at elevated temperatures. 
reference and alternative materials has begun in tuff-conditioned water and 
steam environments. 

Corrosion testing of the 





WASTE PACKAGE DATA REYIEW FORM 

TYPE OF DATA 

Screening criteria for a metal for HLW canisters and overpacks; reference 
corrosion conditions; estimates of corrosion rates, weldability, mechanical 
properties and costs of 17 candidate metals; underground environment in Topo- 
pah Spring tuff and Chino silt loam. Selection is made of four metals for 
canisters and one metal for borehole liners based on this information. 

MATERIAL 

AISI 1020 and A537 steels; 409 Ti stabilized, 26Cr-lMo, 304L, 321, 316L, 
317L, Nitronic 33, JS 700, and Ferralium 255 stainless steels; Incoloy 825 and 
625; Ti Grades 2 and 12; Zr 702; CDA 715 (copper/nickel 70/30). 

TEST CONDITIONS 

Varying test conditions which are not specified in detail - data taken 
from various sources. Many test conditions are significantly different from 
those expected in a repository. 

METHODS OF ANALYSIS 

Each of the 17 alloys is graded for corrosion resistance, mechanical 
properties, weldability and cost on a three-point ('*2*' for superior, "1" for 
suitable and "0" for some advantages) system. The four selected metals scored 
seven points. Quantitative screening criteria are used for corrosion resist- 
ance, mechanical properties and the cost. Weldability of an alloy is evaluat- 
ed qualitatively in terms of the following attributes: 
terpass temperature, post-heat treatment, special atmosphere, low weld HAZ 
toughness, non-standard process, non-standard NDE, non-economical relative to 
AISI 304 stainless steel and special fit-up. 
an alloy is determined by comparing these properties relative to 304 stainless 
steel. 

preheat, special in- 

The grading for weldability of 

AMOUNT OF DATA 

Reference waste package designs for DHLW, CHLW and spent fuel emplaced in 
Estimated relative maximum corrosion rates and probabil- a vertical borehole. 

ity for the 17 candidate metals for general, pitting, crevice, intergranular 
and transgranular stress corrosion and hydrogen embrittlement: in the presence 
of a continuous air/water film. 
tuff repository. 
wall welded pipe. 
elongation, nil ductility temperature and fracture toughness of the 

Near-field conditions in a Topopah Spring 
Estimate of raw material and manufacturing cost for 1/2-inch 
Tensile strength, yield strength (at 8OO0C), minimum static 
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candidate alloys. Presence or absence of various problems (mentioned above 
under Test Conditions) during welding. Ranking of various candidate alloys on 
a scale of 1 to 3. One of the appendices gives a temperature-time- 
sensitization diagram and susceptibility of 304 stainless steel to localized 
corrosion as a function of temperature and chloride ion concentration. 

UNCERTAINTIES IN THE DATA 

The experimental uncertainties in the data are not presented. However, 
considering that the present data are used only for relative evaluation of 
various alloys, the final conclusions would not change if the uncertainties 
are nearly the same for all cases. On the other hand, there is much larger 
uncertainty due to the fact that the repository conditions may be very differ- 
ent than thbe for which the data are available. The corrosion data are pre- 
sented with the explicit intent of comparing different alloys rather than 
estimating the corrosion life of a particular alloy. However, some of the 
conclusions may be seriously affected when data obtained under more repository 
representative conditions become available. 
an alloy is described as "good" or "no good" which is too qualitative and does 
not indicate the extent of the problem. Actual cost of an alloy will vary 
depending on the current market prices. 

The assessment of weldability of 

DEFICIENCIES IN THE DATA BASE 

The major deficiency in the data is the lack of confidence in its rele- 
vance to repository conditions. 
justification for the applicability to the performance of a HLW container. 
Localized corrosion (pitting, crevice or SCC) has been expressed in terms of 
corrosion rate and probability, but how can these be transformed in comparing 
the life of a container is not explained. 
the estimated values given in various tables need to be clearly expressed. 

The data are presented without giving enough 

The assumptions made in arriving at 

There is virtually no information available on the effect of radiation on 
corrosion of different alloys. In some cases, the nitric acid generated by 
the radiolysis of moist air may be most detrimental to the corrosion life 
whereas in others hydrogen generated by radiolysis may be the cause of embrit- 
tlement. Therefore, the selection of alloys based on the presently available 
limited information may need a re-evaluation as more data become available. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

This paper describes the selection procedure for containment barrier met- 
als based on available information from the literature which, as mentioned 
above, is not complete to represent various aspects of a HLW repository. 
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' Nevertheless, the ranking procedure assumes the same weight for corrosion 
resistance, mechanical properties, weldability and cost. 
tion is questionable because these four factors may not be considered equally 
important. 
icantly better than another alloy, the present procedure would rank the two 
differently even if both the alloys have better than minimum required 
strength. 
container and, therefore, should have a higher weighting factor. 

This basis of selec- 

For example, if the mechanical properties of one alloy are signif- 

Also, corrosion is perhaps the most likely failure mode for a HLW 

For horizontal borehole liners only one alloy (AIS1 1020 carbon steel 
which has the lowest ranking) has been selected for further testing. 
be useful to have one or two more backup alloys if this alloy is found to be 
unfit for some reason. 

It w i l l  

ORGANIZATION PRODUCING DATA 

Lawrence Livermore National Laboratory. 

AUTHORS/REFERENCE 

Russell, E. W., R. D. McCright and W. C. O'Neal, "Containment Barrier 
Metals for High Level Waste Packages in a Tuff Repository," UCRL-53449, 
October 1983. 
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'llie Nevada Nuclear Waste Storage Investigations (NNWSI) Waste Package project is 
part of the U.S. Department of Energy's Civilian Radioactive Waste Manngcmcnt (CIIWM) 
Program. ' T l i c  NN WSI project is working lowards the dcvclopmcnt ol multibarriered 
yacliagcs lor the disposal of spent fuel and high-level waste in tuff in the unsaturated zone 
at Yucca Mountain at the Nevada Test Site (NTS). The final engineered barrier system 
design may,be composed of a waste form, canister, overpack, borehole liner, yncking, and 
tlic near field host rock, c)r so~iic combination thereof. Lawrence Livermorc National Lab- 
oratory's (LLNL) role is to design, model, and test the waste package subsystem for thc tuff  
repository. 

At tlicl pl-cscnl stage oL' dcveloymcnt of the nuclear waste iiianagcment prograni a t  
LLNL, the detailed requirements for thc waste package design arc not yet firiiily cstab- 
lishcd. In syi tc of these uncertainties as to the dctailcd package rcquireincnts, we h a w  
begun the conceptual design stage. 13y conceptual design, wc 1i1eaii design bascd on oiir 
best asscssnicnt of present and future rcgiilatory rcqu i rciii~ii 1s. We an lici pale lhal changes 
will occiir a s  the dctailcd rcquirciiicnts for waste package dcsign arc. finalixcd. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Sorption ratio of americium, cesium, neptunium, plutonium, radium, stron- 
tium, technetium and barium on tuff as a function of composition. 
and speciation of various species are calculated from thermodynamic data. 

Solubility 

MATERIAL 

Tuff from Yucca Mountain area. 

TEST CONDITIONS 

Data from three kinds of tests are used. These are (1) batch sorption 
test, (2) crushed rock column test and (3)  a circulating system batch sorption 
test. Experiments have been conducted to include the effects of contact time, 
temperature, atmosphere and particle size, but the details are not described 
in this paper. 

METHODS OF ANALYSIS 

Not described. 

AMOUNT OF DATA 

Quantitative sorption data are not described. However, a qualitative 
summary based on numerical data has been included. 
abundance in tuff on sorption properties for various species is discussed. 
Sorption and desorption data are compared to determine the reversibility of a 
process. 
speciation as a function of composition, pH, Eh, and temperature of the 
groundwater and the oxidation state of a given ion are described. The calcu- 
lations are performed for strontium, uranium, plutonium, cesium and carbon in 
water that is characteristic of Yucca Mountain. 

The effect of zeolite 

Qualitative results from the calculations of solubility and 

UNCERTAINTIES IN THE DATA 

Uncertainty in the data for sorption or desorption is not mentioned. In 
the case of solubility calculations, several uncertainties due to the lack of 
thermodynamic or chemical information are discussed. 

DEFICIENCIES IN THE DATA BASE 

The present paper is a qualitative discussion based on data taken from 



other sources and the details of original data have not been included. 
Therefore, it is difficult to judge the deficiencies present. 

Zeolite is shown to be one of the most important constituents of the host 
rock. However, it is not clear if groundwater will always have to pass 
through the zeolitized zone or the radionuclides may not at all come in 
contact with such a highly sorbing component. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COWNTS 

Sorption/desorption or solubility of various ionic species discussed in 
this paper may strongly depend on their ionic states which are likely to be 
affected by the ionizing radiation. 
radiation is very important in assessing the sorption efficiency of tuff. The 
thermodynamic approach of calculating solubility and speciation may be a good 
starting point, but metastable equilibria, kinetically very slow reactions and 
the presence of colloid make the predictions undependable. Therefore, the 
results obtained from thermodynamic calculations need to be verified 
experimentally for the complete range of repository conditions. 

Therefore, testing in the presence of 

ORGANIZATION PRODUCING DATA 
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Until further information is obtained on flow paths, fracture versus 
porous flow, diffusion rates, speciation, and solubility, it can be stated 
that the most important retardation mechanism in the tuffs of Yucca Mountain 
is sorption. Based on information from the mineralogy-petrology presenta- 
tion earlier in this session there is a 100-m-thick zeolitized zone in the 
unsaturated Calico Hills and Prow Pass units below the repository horizon in 
the Topopah Spring Member. 
the entire 8 x 106 m2 of the repository. 
capacity of the zeolites of 2.5 meq/g is assumed, the unsaturated zeolitized 
tuff volumes are capable of sorbing by ion exchange >5 x lo5 metric tons of 
waste elemcnts if the relatively unfractured rock of these zeolitized tuffs 
all comes into contact with the waste elements. A presentation by Travis of 
Los Alamos in a different session of this meeting will discuss calculations 
on travel times of kaste elements to the accessible environment in the tuffs 
of Yucca Mountain. 

These tuffs are -60% zeolitized and exist under 
If an average cation-exchange 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Uniform corrosion rates obtained with and without gamma radiation from 
weight loss measurements in coupon immersion tests. Qualitative information 
on crevices formed between the test alloys and Teflon. Total elongation and 
fracture failure mode examination in slow strain rate tests. Breakdown and 
protection potentials obtained from anodic potentiodynamic scans. 

MATERIAL 

30;4L, 316L and 317L stainless steels, 5-13 groundwater, and crushed 
tuff. Most of the data are for 304L stainless steel solution annealed 
(lOSO°C, 15 minutes, water quenched) or sensitized (6OO0C, 10 hours, air 
cooled) . 
TEST CONDITIONS 

(a) Uniform corrosion: ASTM G-1 test procedure adopted. 

1. Test environment in the absence of radiation: 100°C saturated steam 
at atmospheric pressure or 100°C 5-13 water conditioned with crushed 
tuff rock (average particle size 2 mm). Exposure time 1000 hours. 

2. Test environment with radiation: Air sparged 5-13 flowing water at 
105OC (10' rads/h) or 15OOC (6x105 rads/h). 
present at the bottom of the vessel. Exposure time two months. 

Crushed tuff rocks were 

(b) Stress corrosion: Test environment air or air-spar ed tuff-conditioned 
5-13 water. Samples pulled at a strain rate of or 2~10-~/sec. 

(c) Electrochemical polarization: Test environment 5-13 water in the 
50-100°C temperature range, potential sweep rate or other details are not 
mentioned. 

METHODS OF ANALYSIS 

(a) Uniform Corrosion: Weight loss measurements on triplicate coupons for 
each test condition. Surface condition examined for localized or crevice 
attack. 

(b) Stress Corrosion: Total elongation at failure for replicate tests. 

(c) Electrochemical Data: Corrosion and protection potential data are given 
in a figure without further details. 



AMOUNT OF DATA 

(a) Uniform Corrosion: For 304L, 316L and 317L stainless steel in 100°C 
steam and 5-13 groundwater. 

(b) Uniform Corrosion in Radiation Environment: For 304L sensitized and 
solution annealed,stainless steel specimens in 5-13 water with and 
without tuff at 105O and 15OoC. 

(c) Stress Corrosion: Total elongation and yield stress for solution anneal- 
ed and sensitized 304L stainless steel specimens in 5-13 water at a 
strain rate of 10'4/sec. 
comparison. One set of duplicate sensitized specimens also tested in 
5-13 water at a strain rate of 2~10'~/sec. 

Only one sensitized specimen tested in air for 

(d) Electrochemical Measurements: Corrosion and protection potentials for 
304L stainless steel in 5-13 water at 50, 70, 80, 90, and 100OC. 

UNCERTAINTIES IN THE DATA 

Some information on the uncertainty in uniform corrosion data is avail- 
able as triplicate (or duplicate in the case of radiation) coupons have been 
used. A weight l o s s  detection limit corresponding to 0.13 p/yr corrosion 
rate has been estimated. Because the test duration has been short, the amount 
of corrosion is small and the uncertainty in data very large. 

From duplicate specimens, the reproducibility of total elongation in slow 
strain rate tests is within 5%, but the details of microstructure, degree of 
sensitization or other metallurgical information are not given. 

In potentiodynamic study, except at 100°C, single measurements of poten- 
tials are made. The set of three measurements at 100°C shows that there is a 
considerable scatter in the data, but its reason is not clear. 

DEFICIENCIES IN THE DATA BASE 

This paper presents very preliminary data and, therefore, some of the 
deficiencies mentioned here will probably be corrected by the future data. 
The uniform corrosion data are given from a very short-term test. The corro- 
sion rates are too small to be accurately and reproducibly measured from such 
short duration tests. 
duration. To be able to extrapolate the data on a repository time scale, time 
dependence of the corrosion rates needs to be determined from the data taken 
at different intervals. 

At present the data are given only for a single test 

Slow strain rate tests have been conducted for very limited conditions of 
strain rate and temperature, whereas it is known that there may be only a nar- 
row range of these parameters for which stress corrosion mechanisms may oper- 
ate. Also, the slow strain technique may not show the development of a crack - 
if its initiation time is very long. In fact, stainless steels under similar - 
conditions are known to be susceptible to stress corrosion cracking. 
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The electrochemical measurements are generally useful as a guideline in 
material selection and actual corrosion testing is required under relevant 
conditions to determine the possible extent of corrosion by different 
mechanisms. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

At present, there is no information available on the groundwater which 
will be present in the unsaturated zone. 
5-13 water or 5-13 water treated with crushed tuff. However, evaporation of 
groundwater and subsequent dissolution of the deposited salts could increase 
the solute concentration in groundwater coming in contact with the waste pack- 
age considerably. 
concentrated solution of 5-13 groundwater. 

All the tests have been conducted in 

Therefore, parallel tests need to be conducted in a 

The radiation field which has been used only in uniform corrosion tests 
shows enhanced corrosion rates. 
other kinds of corrosion also needs to be determined. 

Its effect through radiolysis products on 

ORGANIZATION PRODUCING DATA 

Lawrence Livermore Laboratory. 

AUTHORS/REFERENCE 

McCright, R. D., R. A. Van Konynenburg and L. B. Ballou, "Corrosion Test 
Plan to Guide Canister Material Selection and Design for a Tuff ReDository," 
in The Scientific Basis for Nuclear Waste Management, VII, Vol. 26; G. L. 
McVay, Editor, New York, Elsevier Publishing, 1984, p. 309. 

AVAILABILITY 

Published proceedings. 

KEY WORDS 

Stainless steel, uniform corrosion, stress corrosion, tuffaceous 
groundwater, corrosion and protection potentials, gamma radiation. 

DATE REVIEWED 

September 1984. 



Corrosion rates and the mode of corrosion attack form a most 
important basis for selection o f  canister materials and design o f  a 
nuclear waste package. 
reference material for canister fabrication because of its generally 
excellent corrosion resistance in water, steam and air. However, 304L 
may be susceptible to localized and stress-assisted forms o f  corrosion 
under certain conditions. Alternative alloys are also investigated; 
these alloys were chosen because of their improved resistance to these 
forms of corrosion. The faDrication and welding processes, as well as 
the glass pouring,operation for defense and commercial high-level wastes, 
may influence the susceptibility of the canister to localized and stress 
forms of corrosion. 

Type 304L stainl.ess steel was selected as the 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Leaching of radionuclides from spent PWR fuel elements with artificially 
Results on unclad fuel specimens also included for induced cladding defects. 

comparison. 

MATERIAL 

PWR 15 x 15 spent fuel, deionized water. 

TEST CONDITIONS 

(a) Specimens: 1. Rod segments with undefected cladding. 2. Rod segments 
with two laser drilled holes =200 pm in diameter. 
the defect size =lo6 pm2/kg of the fuel. 
machined slit ~2-cm long and 150-pm wide. 
defect size lo8 pm2/kg of the fuel. 4 .  Bare fuel. 

This is equivalent to 
3. Rod segments with a 
This is equivalent to the 

(b) Leaching Environment: Deionized water under air at 22 to 28'C. Static 
leaching conditions. 

(c) Test Duration: Up to 180 days. 

METHODS OF ANALYSIS 

The radionuclides were leached from fuel elements into the solution. A 
few quartz rods were included in the tests to determine the concentration of 
radionuclides plated on their surfaces. The concentration of the leached 
elements was determined using radiochemical analysis by alpha and gamma 
spectrographic methods. 
excited fluorescence method. 

Uranium concentration was determined by the laser 

AMOUNT OF DATA 

(a) Concentration of U, 239+240Pu, and 137Cs in solution taken after 1, 5, 
15, 30, 60, 90, 120, 150, and 180 days of leaching. 

(b) Concentration of U, 239+240Pu, and 137Cs plated on glass rods kept in 
leaching solution for 5, 30, 60, 120, and 180 days. 

(c) Concentration of 244~m, 239+240 pu , 154Eu, 137Cs, 125Sb, 6oCo and U in a 
bare fuel leach solution after 202 days. The solution was analyzed in 
unfiltered and filtered (through 0.4-urn and 188 filters) conditions to 
determine the extent of colloid formation by these species. 



UNCERTAINTIES IN THE DATA 

There are no estimates given for the uncertainties or reproducibility of 
the dimensions of hole and slit made in the cladding, and the leaching data 
for various radionuclides. Some estimate of the uncertainty in leaching data 
can be obtained from the scatter in concentration vs leach time diagrams. 

DEFICIENCIES IN THE DATA BASE 

This paper reports very preliminary data which is useful in scoping the 
problem of leaching from spent fuel HLW. 
itory are expected to be much different than deionized water at room tempera- 
ture, which is used in the present tests. In other words, future leach test- 
ing is needed under appropriate conditions of temperature and pressure in a 
solution representative of each HLW repository. 
test matrix which includes the range of various test parameters. 

The corrosion conditions in a repos- 

It may be necessary to form a 

The data show lower leaching rates from cladded specimens with two kinds 
of defects than from bare specimens. The two defects differed in area/kg of 
fuel by two orders of magnitude, yet the leach rates were not always very dif- 
ferent. 
clear with respect to leaching phenomenon. In this regard, we note that the 
anticipated range of size and distribution of defects in spent fuel elements 
is not established, although it is an important information for modeling of 
leaching from an assembly of fuel elements. 

Therefore, the significance of the parameter area/kg is not very 

APPLICATION OF DATA TO LICENSING 

[Key Data ( 1, Supporting Data (XI1  

GENERAL COMMENTS 

(a) The data consisting of nine observations for each radionuclide during a 
period of six months indicate the trend of leaching behavior, but are not 
sufficient to give an accurate extrapolation equation valid for 
repository time scale. 

(b) Future tests should include the composition and temperature of test 
solution which is representative of repository conditions. 

(c) The mechanisms proposed to explain the leaching behavior of different 
radionuclides and uranium are based on very limited information and, 
therefore, need further supporting evidence from experiments other than 
chemical analysis of the solution. 

(d) If leaching rates are shown to be limited by a solubility limit, the rate 
of flow of groundwater/brine in a repository will become an important 
parameter in determining the release rate of radionculides. 
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I '  (e) In one test, some of the radionuclides are shown to be present as col- 
loids which could increase the concentration of radionuclides in solution 
above the thermodynamic solubility limit. Further experiments are needed 
to evaluate the role of colloid formation in determining the release 
rates. 

ORGANIZATION PRODUCING DATA 

Lawrence Livermore National Laboratory and Westinghouse Hanford Company. 

AUTHORS /REFERENCE 

Wilson,-C. N. and V. M. Oversby, "Spent Fuel Containment Credit Tests," 
UCRL-89869, February 1984. 

AVAILABILITY 

Available as a preprint of the paper presented at the Waste Management 
'84 Conference, Tucson, Arizona. 

KEY WORDS 

PWR spent fuel, leaching, deionized water, cladding defects. 

DATE REVIEWED 

October 1984. 
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ABSTRACT 

Preliminary t e s t s  are being conducted t o  evaluate the 
effectiveness o f  defected cladding a s  a barrier t o  radio- 
nuclide release from spent fuel  rods stored i n  a geologi- 
cal repository. 
Hanford Engineering Development Laboratory f o r  the 
Lawrence Livermore National Laboratory Waste Package Task 
o f  the Nevada Nuclear Waste Storage Investigations ( N N W S I )  
t u f f  repository project. In these t e s t s ,  spent PWR fuel 
rod specimens w i t h  various art i f ic ial1 y induced cladding 
defects are leach tested i n  a t es t  matrix which a l so  
includes both bare fuel specimens (unclad) and undefected 
spent fuel rod specimens. 
made b y  laser drilling and sawing t o  give defect areas i n  
the lo4 t o  IO6 pm2 range. 
the leach solution and fused quar t z  rods contained i n  the 
tes t  vessels. 
are presented 

The t e s t s  are being conducted a t  the 

A r t i f i c i a l  cladding defects are 

Periodic samples are taken of 

Results for  the f i r s t  180 days o f  testing 



WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Thermodynamic data for aqueous species and solid species of americium, 
equilibrium constants, data for reactions of americium with other aqueous 
species. 

MATERIAL 

Available literature information on americium (thermodyanic information 
as well as measured solubilities). 

TEST CONDITIONS 

Not applicable. 

METHODS OF ANALYSIS 

Not applicable. 

AMOUNT OF DATA 

This report contains a compilation in graphical form of some of the 
available literature data on the speciation and solubility of americium. 
These data include a plot of log K vs ligand number for Am(OH)n(3-n) (9 
points), a plot of log (molarity) of Am vs pH (9 discrete points, 3 predicted 
curves), percent aqueous species of Am present in C0,-2 solutions, pH 6 to 12, 
two independent studies. Predicted solubility (log molarity) of Am as a func- 
tion of pH at 25OC in 5-13 well water, predicted speciation (% in solution) of 
Am as a function of pH in 5-13 well water. 
tain the following data: Thermodynamic data, where available, for 29 forms of 
Am in solution (reference to source of data is also given), thermodynamic 
data, where available, for 4 solid forms of Am (references to data source 
given), listing of chemical reactions (25 reactions) of Am in solution, loglo 
of equilibrium constants for those reactions with a judgement of the qualitity 
of the input data. Equilibrium constants are calculated for 0, 25, 60, 100, 
150, 200, 250, and 300°C. 

The appendices in the report con- 

UNCERTAINTIES IN THE DATA 

Uncertainty exists in the available thermodynamic data base, the measured 
solubilities and speciation data, selection of average data in the calculation 
as opposed to range of values for measured data, and potential calculational 
errors. In addition, the assumption that the solubility of Am and the specia- 
tion in repository waters can be predicted from single specie data introduces 
further uncertainty. Data available are also only at 25OC. 
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DEFICIENCIES IN TIFE DATA BASE 

There are two separate areas where deficiencies exist. 
the available data base. In all instances, available data are for 25'C, sim- 
ple systems. The second lies in the arbitrary selection of a data set in 
those instances where conflicting information is available. In addition, 
averages are often employed and no attempt has been made to calculate changes 
in the equilibrium constants or in the anticipated solubilities or specie 
concentration with ranges of input data. 

The first is in 

APPLICATION OF DATA TO LICENSING 

[Key Data ( >, Supporting Data (X)]. 

GENERAL COMMENTS 

The predicted equilibrium constants, speciation curves and solubilities 
may contain large uncertainties. 
complete as is possible a data base on americium and to identify those areas 
which are speculative and uncertain. 

However, this is an attempt to formulate as 

ORGANIZATION PRODUCING DATA 

DOE/LOS Alamos National Laboratory. 

AUTHORS/REFERENCE 

Kerrisk, J. F., "Americium Thermodynamic Data for EQ3/6 Database," LA- 
10040-MS, July 1984. 

AVAILABILITY 

Published. 

KEY WORDS 

Americium, thermodynamic data, EQ3/6 Database, tuff groundwaters. 

DATE REVIEWED 

October 1984. 
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ABSTRACT 

Existing thermodynamic data for aqueous and 

Data that are important in solubility 

solid species of americium have been reviewed and 
collected in a form that can he used with the EQ3/6 
database. 
calculations for americium at a proposed Yucca 
Mountain nuclear waste repository were emphasized. 
Conflicting data exist for americium complexes 
with carbonates. 
for ainericium solids or complexes at temperatures 
greater than 25OC. 

Essenti a1 ly no data are avai 1 able 





WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

MCC-1 (static) leach tests on actual SRP-type borosilicate glass in DIW, 
* MCC brine and silicate water, at 4OOC. Data gave normalized mass losses for 

137Cs, "Sr, and 238Pu together with pH changes of solution with time. 

MATERIAL 

Glass made from 30 weight percent SRP waste for Tank 11 and 70 weight 
percent SRP Frit 131. 

TEST CONDITIONS 

Test conditions follow those specified for MCC-1 tests. Test temperature 
was 40°C, the leaching times in DIW extended to 300 d and for MCC brine and 
MCC silicate water they were up to 200 d. 

The leaching containers were polypropylene rather than Teflon since the 
latter has poor radiation stability. 
the specimens in the brine tests instead of stainless steel since this may 
stress-corrosion crack. Prior to testing, the test vessels were soaked for 16 
h at room temperature, followed by rinsing in DIW, followed by two soakings at 
90°C for 16 h in DIW. Samples were obtained by fracturing larger samples and 
estimating the surface areas. Errors in estimating the surface area were 
cited to be <20 percent. 

Platinum baskets were used to support 

METHODS OF ANALYSIS 

The normalized mass loss of the glass (g of glass lost/unit area) was 
calculated from 

where (NL)i,t is the grams of glass leached per unit surface area (SA) in 
total time t for specie i. V1 is the volume of leachant, Ci,g is the 
concentration of species i in the glass (mCi/g glass) and Ci,e is the 
concentration of i in the leachant (mCi/ma). 

After test, the glass is removed from the test vessel and the leachant is 
acidified and allowed to stand for one day before determination of 137Cs, 
"Sr, and 238Pu activities using standard counting techniques. The vessel was 
then rinsed with 4 M HNO3 to determine amount of radioactivity sorbed. 
10-25 percent of the 238Pu activity was found to be on the wall, but there was 
little 137Cs or "Sr detected. 

About 



AMOUNT OF DATA 

DIW Leachine: Tests 

Eleven data points each for 23&pu, 137Cs, and "Sr. 
times to 28 d were from MCC-1 test methodology and, thereafter, periodic 
renewal of leachant was undertaken. 

Data points for test 

MCC Silicate Water Leaching Tests 

Eleven data points for each radionuclide as for DIW, above. 

MCC Brine Leachine: Tests 

Eleven data points for each radionuclide as for DIW, above. 

pH Changes in Long-Term $ests 

pH measured as a function of time as the leachant was irradiated by a and 
B particles from the glass. Dose to the leachant was =IO rad. 6 

DIW and silicate waste show pH increases, whereas brine shows a decrease. 

UNCERTAINTIES IN THE DATA 

(a) Based on duplicate tests the general level of reproducibility is about 
3 0  percent. 

(b) The data may not be strictly appropriate for modeling a waste package 
system since container, packing and host rock components were not 
included. Each of these components may significantly alter the chemistry 
Eh/pH conditions and thereby change the rate of leaching. 

137Cs and "Sr w i l l  not be leached in significant quantities if the 
package contains radionuclides for 300 to 1000 years. 

(c) 

DEFICIENCIES IN THE DATA BASE 

(a) Leach rates for other radionuclides are not given. 

(b) The test temperature (40°C) does not cover the range that would be 
expected for DHLW. 
appropriate since they would cover premature container failure, for which 
higher-temperature leaching would occur. 

Temperatures up to about 100°C would be more 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 



GENERAL COMMENTS 

Quality and objectives of the study are good. Follow-up studies should 
be planned to expand the data base and increase the value of the work for the 
performance assessment program. 

ORGANIZATION PRODUCING DATA 

DOE/SRL 

AUTHORS /REFERENCE 

Bibler, N. E., "Characterization of Borosilicate Glass - Containing - 
Savannah River Plant Radioactive Waste," in Geochemical Behavior of Disposed 
Radioactive Waste, G. S. Barney, Editor, ACS Symposium 246, 1984, pp. 359-372. 

AVAILABILITY 

Published. 

KEY WORDS 

Borosilicate glass, leaching, DIW, brine, silicate w 

DATE REVIEWED 

September 1984. 
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ABSTRACT 

Results a r e  presented from s t a t i c  leach t e s t s  on 
boros i l ica te  g lass  containing high-level radioact ive 
nuclear waste from the Savannah River Plant.  Tests 
were performed i n  shielded f a c i l i t i e s  c losely 
following MCC-1 procedures. 
water,  MCC b r i n e ,  o r  s i l i c u t e  water, a l l  a t  40°C. 

zed mass losses  (g/m2> based on 137Cs, 90Sr, 
:Ey34'pU were calculated.  Results of leach times 
of 3, 7 ,  14,  28, and 300 days are reported f o r  
deionized water. Results f o r  28 and 200 days a re  
reported fo r  s i l i c a t e  water and brine.  Normalized 
mass losses  and pH changes indicate  tha t  g lass  
containing radioact ive waste leaches s imi la r ly  t o  
g lass  containing nonradioactive, simulated waste. 
Release ra tes  in the two simulated groundwaters were 
s l i g h t l y  less than i n  deionized water. Also, 
rad io lys i s  of the Ieochant by a lpha ,  beta ,  and gamma 
rays from the g lass  did not s ign i f i can t ly  a f f ec t  the 
normalized mass losses o r  the pH changes due t o  
leaching. R e s u l t s  of the long-term t e s t s  suggest 
tha t  equilibrium concentrations of radionuclides w i l l  
be achieved. Based on t e s t s  with d i f f e ren t  r a t i o s  of 
g lass  surface area t o  leachant volume, these concen- 
t rut ione ure control led more by so lub i l i t y  und surfuce 
layer e f f e c t s  than by the  surface area of the g lass .  

Leachants were deionized 
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WASTE PACKAGE DATA JZEVIEW FORM 

TYPE OF DATA 

Leaching of spent f u e l  elements i n  w a t e r  a t  25OC and 70°C under reducing 
and oxidizing conditions yielded values  f o r  the  concentrat ions of U, 
1 4 4 ~ e ,  137CS, 23gh , 125Sb, 'OS,, and 154Eu in t h e  leacha te  a t  var ious  t i m i s .  
These values  are tabulated and given in p l o t s  t o  show the  d i f f e rence  between 
t h e  oxidizing and the  reducing environments. 

24  1b 

MATERIAL 

S l i c e s  of spent  f u e l  elements in water. 

TEST CONDITIONS 

Leaching (d i s so lu t ion )  w a s  ca r r i ed  out  in water a t  25OC and ambient pres- 
s u r e  under oxidizing and reducing atmospheres f o r  65 days i n  the  absence of 
rad ia t ion .  The temperature was then r a i sed  t o  70°C and t h e  d i s so lu t ion  was 
continued f o r  an addi t iona l  125 days. Per iodica l ly ,  new leachant  w a s  added. 
A t  var ious  t i m e s ,  leachant was  removed through a g l a s s  f r i t t e d  d i s k  and ana- 
lyzed f o r  r ad ioac t ive  elements. 
(CO2-free) o r  94% Ar-6% H 2  through t h e  leachants.  
present  in the  reducing atmosphere experiments. 

The atmospheres were achieved by bubbling a i r  
Platinum gauze w a s  a l s o  

METHODS OF ANALYSIS 

Not s t a t e d  . 
AMOUNT OF DATA 

Element Concentration Units  

U 
24 1h 

4 4 ~ e  
7cs 

23gPu 

125Sb 
Osr 

154Eu 

Less than 15 measurements in each of t he  following ca tegor ies :  oxidizing 
25OC, reducing 25OC, oxidizing 7OoC, reducing 7OOC. 
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UNCERTAINTIES I N  THE DATA 

S t a t i s t i c a l  information and limits of de t ec t ion  were not provided. 

DEFICIENCIES I N  THE DATA BASE 

The condi t ions under which t h e  leaching w a s  performed are not  representa- 
t ive  of repos i tory  environments a f t e r  emplacement of t h e  waste package. 

The reducing environment was  not defined i n  terms of DO content.  

The longest  l each  t i m e  is  ~ 4 0  days. Much longer l each  t i m e s  are needed. 

Amounts of radionucl ides  p rec ip i t a t ed  are not specif ied.  

APPLICATION OF DATA TO LICENSING 

[Key Data ( 1, Supporting Data (XI] 

GENERAL COMMENTS 

Ogard estimates t h a t  a t  pH 4 t h e  s o l u b i l i t y  of uranium in deionized water 
may vary 10 orders  of magnitude depending on whether condi t ions are oxidizing 
o r  reducing. It had been estimated from ava i l ab le  thermodynamic d a t a  t h a t  the 
concentrat ion of uranium i n  equi l ibr ium with U O p  i n  pH 7 water t h a t  i s  f r e e  of 
dissolved oxygen i s  
t h e  results of spent  f u e l  element leaching experiments in oxidizing and 
reducing media a t  25OC and 7OoC, i n  which it w a s  d i f f i c u l t  t o  r ead i ly  dupli- 
cate t h e  reducing condi t ions an t ic ipa ted  i n  deep geologic  bur ia l .  It must be 
emphasized t h a t  these arguments are based on s t u d i e s  conducted in pure water, 
a t  low temperatures. The da ta  a t  7OoC ind ica t e  concentrat ions lower f o r  most 
of t h e  elements s tudied when compared t o  the concentrat ions a t  25OC, thus 
suggesting t h a t  some of t hese  elements may possess re t rograde s o l u b i l i t y  under 
t h e  s t a t e d  conditions.  

M. Ogard's estimates of s o l u b i l i t y  are based on 

ORGANIZATION PRODUCING DATA 

Los Alamos S c i e n t i f i c  Laboratory . 

Ogard, A. and o thers ,  "Are So lub i l i t y  L i m i t s  of Importance i n  Leaching?" 
i n  S c i e n t i f i c  Basis f o r  c nuclear Waste Management 111, J. G. Moore, Edi tor ,  New 
Pork, Plenum Pres s ,  1981, pp. 331-337. 
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ABSTRACT 

The s o l u b i l i t i e s  o f  some rad ionuc l ides ,  e s p e c i a l l y  r a r e  e a r t h s  
and a c t i n i d e s ,  may he n n  i m p n r t n n t  nnrl c o n t r o l l i n a  Fnctor i n  
leaching  of waste € o m s .  
acci t ra tc ly  a s  a Function o f  pll and not  as  a p a r t  of: a millticomponent 
sys tem . 

These s o l u b i l i t i e s  should be measured 

Although tlic amount oE da ta  i s  small  i t  is  i n t e r e s t i n g  t o  pos t -  
u l a t e  t h a t  a nega t ive  temperature  c o e f f i c i e n t  of  s o l u b i l i t y  i s  be ing  
cxhihitcrl  by t h c  acti.niclcs and r a r c  cnrths i.n F igs .  1 and 2. fnd i -  
v idua l  s o l u b i l i t i e s  should be  measured a s  a func t ion  of temperature  
t o  determine i f  a k i n e t i c  e f f e c t  is being observed i n  t h e  da t a .  A 
negat ive temperature  c o e f f i c i e n t  of s o l u b i l i t y  f o r  a c t i n i d e s  and 
r a re  e a r t h s  i n  watcr would have important  consequences f o r  nuc lea r  
r eac to r  s a f e t y  and f o r  t h e  management of  nuc lear  wastes .  



WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 
e -  

Syn the t i c  and a c t u a l  groundwater compositions.  pH o f  b o t h  vs 
tenpc r a  t u r e .  

14 ATERIAL 

Synthe t ic  b a s a l t  groundwater composition, b a s a l t  groundwater from 
Bokehole DC-6 (below the Umtanum flow). 

TEST CONDITIONS - 
Eh of n a t u r a l  water measured wi th  P t  e l e c t r o d e ,  r e p o r t e d  VS. H2 

e lec t rode .  pH vs temperature (25OC, 45OC, 65OC) f o r  n a t u r a l  and 
s y n t h e t i c  water. 

- b1E':HOD OF DATA COLLECTION/ANALYSIS 

Two s tock  s o l u t i o n s  with est imated s h e l f  l i f e  of o-;e y c a r  mixed, pH 
a d j u s t e d ,  and d i l u t e d .  Resul t ing s o l u t i o n  s t a b l e  f o r  -2 weeks and m u s t  be 
pro tec ted  from exposure t o  a i r .  Atomic a b s o r p t i o n ,  a tomic emission, w e t  bench 
chemical methods are  used f o r  a n a l y s i s .  Procedures for s t o c k  s o l u t i o n s  and 
d i l u t i o n s  a re  given i n  a n  appendix. 

A!.IOUNT/FORM OF DATA - .---- 
Chemical composition a t  25OC f o r  major c a t i o n s  and an ions  i n  ac tua l  

2nd s y n t h e t i c  b a s a l t  water. Ions inc lude  N a f ,  e, Ca+2, Mgf2, F-, 
CL', SOi;2. A l k a l i n i t y  repor ted  a s  mol/L i n o r g a n i c  carbon and mg/L 
s i l i ca .  Weight (grams) of chemicals requi red  t o  make t h e  two s t o c k  s o l u t i o n s .  

UNCLRTAINTIES I N  DATA 

The major u n c e r t a i n t y  l i e s  i n  t h e  r e p r e s e n t a t i v e n e s s  of t h e  n a t u r a l  
groundwater and t h e r e f o r e  i n  the s y n t h e t i c  analogue. Author n o t e s  t h a t  
n a t u r a l  groundwater i s  uns t ab le  and "considerable  v e r t i c a l  and h o r i z o n t a l  
v a r i a t i o n  i n  the  chemistry o f  groundwater samples c o l l e c t e d  from t e s t  
horizons" has been determined. No range i n  t h i s  v a r i a t i o n  was given. A 
s i n g l e  composition w a s  s e l e c t e d ,  n o t  an  average o r  a range. No a t tempt  t o  
s imula te  t r a c e  organics  o r  t r a c e  metal i o n s  o r  d i sso lved  gases.  No redox 
measurement r e p o r t e d  f o r  s y n t h e t i c  groundwater. The second source of e r r o r  
l i e s  i n  the  s t a b i l i t y  of t he  s o l u t i o n s  and the  u s e f u l n e s s  for t e s t i n g  b a r r i e r  
mater ia l s .  It  i s  noted t h a t  the s y n t h e t i c  water h a s  a s h e l f  l i f e  of -2 weeks 
b u t  no i n d i c a t i o n  is given  t o  i n d i c a t e  how t h e  composition changes. 
are given on e f f e c t s  of temperature o r  r a d i a t i o n  on e i t h e r  t h e  n a t u r a l  o r  
s y n t h e t i c  water  o t h e r  than pH change over  a l i m i t e d  temperature  region. 

No d a t a  



. .. - _ .  . . .  . 

DEFICIENCIES I N  THE DATA BASE 

These experiments, while s imulat ing major cons t i t u e n t s  of a s i n g l e  
groundwater, are incomplete. Since a l a r g e  v a r i a b i l i t y  i s  known t o  ex i s t  i n  
the groundwater, the range i n  chemical composition should be  g iven  and perhaps 
several reference waters s tudied.  As a minimum, changes in groundwater com- 
p o s i t i o n  w i t h  t i m e ,  temperature and r a d i a t i o n  need t o  be  e s t a b l i s h e d  and 
ranges and u n c e r t a i n t i e s  i n  composition determined. 

APPLICABILITY OF DATA TO LICENSING [KEY DATA ( ), SUPPORTING DATA (XI] 

Rela t ionship  t o  WP Performance I s sues  Already Iden t i f i ed :  

The da ta  gene ra l ly  addresses  an i s s u e  i n  t h e  SCA r e p o r t  (NUREG-0960, Vol. 
1, 1983). See I s s u e  Number 1.1.6, Table C-2. 

General Comments: 

Data are given f o r  Umtanum b a s a l t  only,  and a s tandard procedure f o r  
s imula t ing  t h e  water i s  given. 
e s t a b l i s h  the range i n  t h e  groundwater composition, both v e r t i c a l l y  and 
ho r i zon ta l ly ,  in  a given area. 
a b i l i t y  of these d a t a  (e.g. sample t o  sample v a r i a t i o n )  and the  number of  
components l i s t e d  i s  l imi t ed  t o  major c o n s t i t u e n t s  only.  

The da ta  f o r  t he  n a t u r a l  water may serve t o  

However, no i n d i c a t i o n  is given of t he  vari- 

The o u t l i n i n g  of a s tandard  procedure w i l l  be u s e f u l  t o  i n s u r e  the uni- 
However, some c r i te r ia  f o r  determining when the formity of tes t  condi t ions.  

so lu t ions  should no longer  be used should be incorporated i n  t h e  f u t u r e  and a 
range" i n  r e p o s i t o r y  waters specif ied.  I1 

ORGANIZATION PRODUCING DATA 

DOE/BWIP . 
AUTHORS/REFERENCE 

Jones,  T. E., "Reference Material Chemistry --- 
Synthe t ic  Groundwater Formulation," RHO-BW-ST-37P, Apr i l  1982 . 

AVAILABILITY 

Pub li shed . 
KEY WORDS 

Basalt groundwater composition, Umtanum flow, Borehole DC-6, reference 
syn the t i c  groundwater composition. 

DATE REVIEWED 

Apr i l ,  1984. 



hbs trac L: (Summary) Prom Reference: 

A recipe h a s  teen developed for the p r e p a r a t i o n  of a 

synthetic G r a d e  Ronde B a s a l t  groundwater. The recipe 

is based on water  samples  collected from tho test hori- 

zon j u s t  be low  the thAtanum f l o w  13,242 t o  3,529 f t) .  

Tiic recipe pmscnted e s t a b l i s h e s  tm s t a b l e  concen- 

&Calm? stock solutians. For ty  2iters of synUletic 

gmundwater  can be pteparccd from 1 L of each stock 

s o l u t i m .  

recipe a r e  discussed.  I t  was perceived t h a t  water  

Erom this test horizon w u l d  be the mos t  l i k e l y  to 

m i g r a t e  into either of the tm cand ida te  repository 

horizons w i t h i n  the Grand@ Ronde B a s a l t  (Le . ,  the 

Umtanum and m i d d l e  Sentinel B l u f f s  flows). 

L i m i t a t i o n s  of the synthetic gmundwater  
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Uniform corrosion rates, f a s t  crack propagation rates, slow strain rate 
tests da ta ,  s o l u t i o n  ana lys i s  of so lu t ions  used. 

MATERIAL 

ASTM A536 Grade 60-40-18 d u c t i l e  cast i r o n  
ASTM A217 Grades WC6 and WC9 cast steel coupons and t e n s i l e  specimens 
T i  Grades 2 and 12. 

TEST CONDITIONS 

(a) Tensi le  specimens from sheet  metal f o r  slow s t r a i n  rate tests a t  25OoC, 
simulated b a s a l t  groundwater and crushed b a s a l t ,  6 ppm O2 content. 

(b) Fatigue Crack Growth T e s t s :  T i  Grade-2 and Grade-12, Hanford b a s a l t  
, water, F--enhanced basa l t  water (220 ppm), high p u r i t y  water, 90°C, solu- 

t i o n  exposed t o  a i r ,  pre-cracked specimens (crack perpendicular t o  pri- 
mary r o l l i n g  d i r e c t i o n  o r  crack p a r a l l e l ) ,  frequencies of 1.0 t o  0.1 Hz, 
sinusoidal  wave form. 

Corrosion of Duct i le  and Cast S tee ls :  
samples and galvanic couples with T i ,  simulated groundwater + crushed 
b a s a l t  a t  a flow rate of 35 mR/h through b a s a l t ,  i n i t i a l  02 at 6 ppm, 
o u t l e t  02 -1 ppm, 3-month tests, 1-month tests, 02 concentrations:  50 

150°C and 25OoC, U-bend, coupon 

PPb, 1 PPm, 6 PPm- 

Water Chemistry Tests: Basalt water, crushed basalt,  flow rate over 
crushed b a s a l t  of 35 d / h ,  values given f o r  SRR test w a t e r  compositions 
( i n l e t  and o u t l e t ) ,  corrosion screening tests (250°C) and r a d i a t i o n  tests 
(40°C) . 

METHODS-OF ANALYSIS 

No d e t a i l s  given. 

AMOUNT OF DATA 

(a) Slow S t r a i n  Rate T e s t s :  
area and elongation (%I vs displacement rate (in./sec) f o r  t h r e e  samples 
( T i  Grade-12 LT a t  25OoC, Ti-Grade-12 TL at 250°C and T i  Grade-2 LT at 
250"C), % reduction of area given f o r  samples i n  groundwater and i n  a i r ,  
% elongation given i n  groundwater and i n  air. 

Three graphical  presentat ions f o r  reduct ion of 



(b) FCGR Tests: Only qualitative information on Ti Grades 2 and 12. 

(c) Corrosion of Fe-base Alloys: Tables of corrosion penetration estimates 
(depth of penetration in 1000 years), test durations of 3 months and 1 
month. 

(d) Water Chemistry Tests: Concentration in ppm of 13 cations, 3 anions, as 
well as pH for inlet and outlet samples. 
(250°C) with titanium samples 
radiation studies at 40°C (10 rad/h). 

Data are for SSR test solutions 
general corrosion samples at 250°C and b 

UNCERTAINTIES IN THE DATA 

Slow Strain Rate Tests: 

1. Ti Grade-12, LT, data in air and in groundwater, % reduction in 
area. 
rate, when given largest scatter appears to be -lo%, % elongation in 
water and air, largest scatter appears to be +lo%. 

Only one to three points are given depending on displacement 

2. Ti Grade-12 and Grade-2, TL and LT samples, respectively. Only 
single points given. 

FCGR: No numerical data or uncertainties given. 

Corrosion Screening of Fe-base Alloys: 
range in weight loss for given metal under a single set of conditions) 
are given. 
approximately a factor of 3 less at 150°C than at 25OOC after a 1-month 
test. 

No corrosion data (weight l o s s  or 

Based on penetration rates in 1000 years, penetration is 

Water Chemistry Tests: No range or uncertainties given. Major changes 
in SSR data appear to be in concentrations of Ca, Mg, Si. Major changes 
in corrosion screening tests appear to be associated with Al, B, Ca, K, 
Si and C1 ion concentrations. No major changes in ion concentrations 
appear to occur in the radiation screening tests. 

DEFICIENCIES IN THE DATA BASE 

All corrosion data presented are for a single temperature, no radiation 
present, and there is no indication of number of samples tested or range in 
measured parameter. Corrosion screening tests represent only I-month or 
3-month data. Tests appear to be flow-through tests. There is no justifica- 
tion for flow rates given and no indication of when outlet water samples were 
taken and analyzed. There are no interactive (e.g. backfill/metal corrosion 
screening) or weldment tests reported. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 
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GENERAL COMMENTS 

The tests are adequate for preliminary screening purposes to identify 
corrosion failure modes. 
and a range of conditions may be needed to fully determine the likelihood of a 
particular failure mechanism occurring and to quantify the rates and 
uncertainties in the major failure modes. 

However, very long-term exposures of several years 

ORGANIZATION PRODUCING DATA 

DOE/Battelle Pacific Northwest Laboratory. 

AUTHORS /REFERENCE 

Westerman, R. E. and others, "Development of Engineered Structural Bar- 
~ _ _  

riers for Nuclear Waste Packages," in Scientific Basis for Nuclear Waste 
Management, Vol. 6, S. V. Topp, Editor, New York, Elsevier, 1982, pp. 363-370. 

AVAILABILITY 

Published. 

KEY WORDS 

Uniform corrosion, crack growth tests, stress-corrosion cracking, 
basaltic water, gamma radiation, cast iron, cast steel, titanium Grade-2, 
titanium Grade-12. 

DATE REVIEWED 

September 1984. 
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ABSTRACT 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Steady state concentration of radionuclides (mg/a) for waste form + water 
5 basalt tests, short-term corrosion data for Fe alloys + packing material + 
basalt water; corrosion rates for Fe alloys + anoxic basalt water; corrosion 
data for Fe-base alloys + oxic basalt water + irradiation; pit depths when 
applicable, hydraulic conductivity of packing material, thermal conductivity 
of backfill, solubilities for Ra and Am in packing materials. 

MATERIAL 

(a) Waste form + basalt water 2 basalt: Simulated SF and HLW (borosilicate 
glass with tracer levels of isotopes), simulated basalt water, basalt. 

(b) Basalt-groundwater: Details not given. 

(c) Canister materials corrosion: Low carbon steel, 90-10 cupronickel, Fe9- 
Crl-Mo alloy, cast ductile iron, Fe2-1/2-Crl-Mo steel, 75% crushed 
basalt/25% bentonite, basalt waters. 

(d) Packing material testing: Bentonite, basalt, combination 75/25 weight 
percent basalt/bentonite, basalt/groundwater, bentonite/groundwater, U, 
Pu, Np, Am, R a e  

TEST CONDITIONS 

(a) Waste Form + Water k Basalt: 
3OO0C, 30 MPa, periodic sampling of solution, 

Gold bag sampling autoclave at T = 90°C to 

(b) Basalt/Water Interactions: Hydrothermal, no values given. 

(c) Canister Material Corrosion: 

1. AISI 1020, 1006, 1025 and Fe9-Crl-Mo Backfill Tests: Temperatures of 
250, 200, 150 and 100°C, static conditions, synthetic Grande Ronde 
basalt water, pH 9.75, anoxic conditions. 

2. Fe9-Crl-Mo, AISI 1020 (Wrought and Cast), Cupronickel Basalt Water 
Tests: 
titanium lined autoclave. 

pH 9.75, 50 ppm 02, 2OO0C, 5 months., flow rate 0.02 millmin, 

3.  Fe-based Alloys + Basalt Water, Oxic Conditions Tests: 
. 

Temperatures 
of 25OOC and 15OoC, exposure time 1 to 17 months (5 months for wrought 
and cast steel), with and without radiation at 3x10’ rad/h for up to 
13 months. 

. .. 



(d) Packing Material Stability and Physical Tests: 

1. Chemical Stability: Dry Na bentonite at 37OoC, 21 yr, bentonite/ 
groundwater and bentonite/ basalt lgroundwa t er at 300 "C. 

2. Hydraulic Conductivity: 75/25 weight percent basalt/bentonite, up to 
T = 90°C. 

3. Thermal Conductivity: Dry mixtures of basaldbentonite variables were 
percent bentonite by weight, particle size of crushed basalt, tempera- 
ture and density. 

4. Sorption of Radionuclides: Ra, Am, Pu, U, Np on packing material 
solids (not specified), under reducing conditions (not specified), Tc, 
Se on packing materials (not specified), under anoxic conditions (not 
specified). 

5. Solubilities: Am and Ra, packing material (not specified), 60°C. 

METHODS OF ANALYSIS 

(a) Waste Form + Water f. Basalt: Analysis methods not given. 

(b) Basalt/Water Interactions: Not specified. 

(c) Canister Material Corrosion: Uniform rates measured by weight loss. 

(d) Packing Materials Testing: Not given. 

AMOUNT OF DATA 

(a) Waste Form + Water f. Basalt: 
nuclides, temperature at 200°C only. Data are for SF + water, SF + water 
+ basalt, CHLW + water, CHLW + water + basalt. 

Table of steady state concentrations of 7 

(b) Basalt/Water Interactions: pH values initial (9.8) and at 200°C and 
300°C after steady state is reached (7.5 and 7.6, respectively). 

(c) Canister Material Corrosion: 

1. Short term tests for Fe alloys/basalt groundwater/packing/anoxic. 
AISI 1020: 2-week test: 7 points at 25OoC, 2 points at 2OO0C, 4 

points at 150°C. 
4-week test: 21 points at 25OoC, 3 points at 100°C 
6-week test: 3 points at 250°C. 

AISI 1006: 2-week test: 3 points at 25OoC, 3 points at 150°C. 
AISI 1025: 2-week test: 3 points at 25OoC, 3 points at 150°C. 
Fe9-Crl-Mo: 4-week test: 3 points at 25OoC, 3 points at 100°C. 

A5-SO 



2. Five-month test of Fe base alloys/basalt water/200"C/anoxic. 
Numbers of samples for each material not specified, rate given with mean 
and standard deviation. No pitting observed. 

3 . Fe-base alloy corrosion/groundwater/oxic conditions. 
1020 (Wrought) : 2-month test: 

150OC. 
3 points and deepest pit depth at 

3-month test: 
est pit depth at 15OOC. 
5-month test: 
est pit depth at 150OC. 

2 points at 25OoC, 3 points and deep- 

4 points at 25OoC, 3 points and deep- 

1025 (Cast Steel): 3-month test: 
5-month test: 

2 points at 25OoC, 2 points at 150°C. 
2 points at 25OoC, 2 points at 150°C. 

Cast Ductile Iron: 1-month test: 2 points at 25OoC, 2 points at 150°C. 
3-month test: 2 points at 25OoC, 2 points at 150°C 
and notation of "significant pitting." 
6-month test: 2 points at 25OoC, 2 points at 150°C. 
12-month test: 3 points at 25OoC, 3 points at 150°C. 
17-month test: 2 points at 25OoC, 2 points at 150°C. 

2 1/2% Cr, 1% Mo 
Cast Steel: 1-month test: 2 points at 25OoC, 1 point at 150OC. 

3-month test: 2 points at 25OoC, 2 points at 150°C. 
6-month test: 2 points at 25OoC, 2 points at 150°C. 
12-month test: 3 points at 25OoC, 3 points at 150°C. 
17-month test: 2 points at 250°C and notation of 
significant pitting, 2 points at 150°C and notation 
of significant pitting. 

1 1/4% Cr, 1/2% Mo 
Cast Steel: 1-month test: 

depth, 2 points at 150°C. 
3-month test: 2 points at 25OoC, 2 points at 150°C. 
6-month test: 2 points at 250"C, 2 points at 150°C. 
12-month test: 3 points at 25OoC, 4 points at 150°C 
with notation of significant pitting. 
17-month test: 2 points at 25OoC, 2 points at 150°C. 

2 points at 250°C and deepest pit 

4 .  Irradiation/corrosion data of Fe base alloys/basalt water/oxic. 
T = 250°C. 
Cast Ductfle Iron: 2 points each for test samples taken at 1, 3, 5 and 

6 months, 1 point for samples at 10, 11, and 13 
months . 

2 1/2% Cry 1% Mo 
Cast Steel: 2 points each for samples taken at 1, 3, 5, and 6 

months, 1 point for samples taken at 10, 11, 12, and 
13 months. 



1025 Cast Steel: Single data points for 6-month and 8-month tests. 

1020 Wrought Steel: 5 points for 2-month test. 

(d) Packing Material: 
1. Hydraulic conductivity value for 75/25 packing material. 
2. Thermal conductivity - range in values. 
3. Range in solubility for Ra and Am at 6OoC in packing material. 

UNCERTAINTIES IN T€E RATA 

(a) Waste Form + Basalt Water 2 Basalt: 
cation of range in data or uncertainties. 
onuclides were not analyzed for so that intercomparison cannot be made 
between situations with and without basalt. 

Single values are given with no indi- 
In many instances specific radi- 

(b) Basalt/Groundwater: No range or uncertainties in pH given. 

(c) Canister Material Corrosion: Data for short-term corrosion tests under an- 
oxic conditions give individual rates and the mean and standard deviation. 
Five-month corrosion data (anoxic conditions, no packing material) are 
given with mean and standard deviation.. 
alloys, oxic conditions give only individual. points for each test condition 
but an estimate of mean and standard deviation for all test data at times 
>5 months. Irradiation corrosion data contain individual points with no 
estimate of uncertainties for each sampling time. However, an overall mean 
and standard deviation is given for test data at times >5 months. 

Corrosion data for iron base 

DEFICIENCIES IN THE DATA BASE 

This paper summarizes results from the BWIP program on selected areas of 
research on waste package materials performance. As such, it is limited in 
scope and cannot perhaps present al.1 available data. 
prime sources of the data is lacking. Several values for various properties are 
given with no indication of range. It is not clear whether corrosion data 
(rates) presented in one table are based on single sample determination or an 
average of several. Pit depths, when pitting is observed, are not always quant- 
ified. Flow rates for different tests are different. Intercomparisons, based 
on information presented is, at best, difficult. 

However, the reference to 

APPLICATION OF DATA TO LICENSING 

[Key data ( 1, Supporting data (x)1. 

GENERAL COMMENTS 

One of the primary shortcomings of this paper is the lack of adequate 
references to the original work summarized. The original reports may prove to 
be more valuable to licensing than this summary paper. 
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Several pertinent issues are, however, raised by this report. Some of 
these are summarized below: 

Waste form testing did not include realistic conditions (e.g., corrosion 
products). 

Measured concentrations of several nuclides were "orders of magnitude 
higher than solubilities calculated from thermodynamic data." 

Basalt/groundwater studies do not appear to include radiation effects. 

Radiation appears to increase uniform corrosion by factors of two to 
three . 
Pitting has been observed in some LCS at temperatures lower than 250OC. 

Solubilities have not been determined for conditions anticipated at 
failure. 

ORGANIZATION PRODUCING DATA 

DOE/Basalt Waste Isolation Project. 

Smith, M. J. and others, "Waste Packages for a Repository Located in 
Basalt," WIO-BW-SA-330P, 1983. 

AVAILABILITY 

Paper presented in Civilian Radioactive Waste Management Information 
Meeting, Washington, D. C., December 1983. 

KEY WORDS 

Waste package, corrosion, bentonite, stability, gamma irradiation, basalt, 
design, performance evaluation, hydraulic conductivity, sorption. 

DATE REVIEWED 

September 1984. 
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ABSTRACT 

This paper presents the status o f  the 8WIP waste 
package mater ia ls test ing, model lng, and desi n 
a c t i v i t i e s  and plans f o r  continuing these act'lvi- 
t i e s  throu h FY 1984. The f i r s t  i n  a ser ies o f  
design ac tyv i t i es  leading t o  the f i n a l  design o f  
waste packages t h a t  w i l l  r e l i a b l y  meet Federal 
performance c r i t e r i a  h is  been completed. These 
a c t i v i t i e s  have l e d  t o  the development o f  waste 
package conce t u a l  det lgns for c m e r c l a l  and . 
defense high-!eve1 waste (boros i l i ca te  glass) and 
spent fue l  rods. Planned engineerlng studies, 
t o  ether w i th  an improved mater ia ls data base, 
w i q l  provide the necessary qnformatfon for the 
preparation o f  waste package advanced conceptual 
darign requirements dur ing  FY 1984. 

Tests o f  hydrothermal react ions between basa l t  and 
simulated Grand@ Ronde Basal t  groundwater showed 
that Eh condit ions t h a t  were i n i t i a l l y  ox id i z ing  
became progressively more reducing a t  oxygen was 
consumed by the ox ida t ion  o f  ferrous i r o n  released 
by the d isso lv ing  glass) mesostasis. The pH o f  

decreased rapidly f r o m  a value o f  9.8 and then 
rose t o  stable values of 7.5 and 7.6 a t  2000 and 
JOOOC, respectively. Hydrothermal t es ts  show tha t  
basal t  w i l l  reduce radionucl  ide releases from waste 
f o r m  under condi t ions s imulat ing those expected 
In  an NWRB. As an example, in. t es t i ng  o f  Tc-doped 
bo ros i l i ca te  glass, eady-state concentrations o f  
pc in  so lu t ion  were 8 vnd t o  be about three orders 
of magnitude lower when basa l t  was present. Hot 
c e l l s  have been preparcd and hydrothermal t es t i ng  
using fu l ly  rad ioac t ive  waste forms was t n i t t a t c d  
by the EWIP on November 1, 1983. An extensive 
program t o  t e s t  waste package components i n  the 
presence o f  rad ioac t ive  waste forms and t o  assess 
the  e f fec t  o f  basa l t  and b a r r i e r  mater ia ls  on 
releases o f  key radionucl ides from waste packages 
under repos i to ry  condi t ions has been developed for 
the ho t -ce l l  f a c i l  i ty. 

Corrosion tes t i ng  o f  the 8WIP reference can ls te r  
mater ia l ,  LCS, and the two backup materials, 
Fe9CrlMo d l l o y  s luul ,  and 90-10 Cuprorilckol dre 
being conducted t o  develop a r e l i a b l e  data base 
f o r  waste package design and mpdeling ac t i v i t i es .  
Exposure of LCSs with vary ln  carbon content a t  
t w e r a t u r e s  from 1000 t o  3 0 b C  in  the presence o f  
the basal t /bentoni te b a c k f i l l  showed that,' under 
the condit ions o f  the test, corrosion r a t e  was 
independent o f  carbon content. Also, corrosion 
rates general ty decreased with increasing tempera- 
ture. Thls feature was a t t r i b u t e d  t o  the tenac l t y  
and d e y e e  o f  davelopment o f  an i ron - r i ch  c lay  
SUrfaCe Corros i on  product tha t  becme more protec- 
t i v e  as the temperature increased. Test ing t o  
data also shows t h a t  under ox ic  condi t ions and a t  
h igh  f low rates (35 mL/hr), the corrosion ra re r  o f  
Iron-base mater ia ls  increased two t o  three times 
in the presence o f  anma radiat ion.  P r e l  irninary 
SSR t e s t h g  o f  LCS !n reposi tory-s o c i f l c  ground- 
wafer shoned a s) I g h t  suscept ib i  1 i!y t o  stress- 
corrosion-crackin , whereas e a r l y  results o f  s t a t i c  
crKk growth tert?ng under equivalent condi t ions 
revealed no tendency toward stress-corrosion- 
cr acki  ng. 

samples per lad ica l  1 y withdrawn from the autoclaves 

Studies o f  the ef fects of rad ia t i on  on corroston 
and mechanical behavior w i l t  continue in  FY 1984, 
Studies t o  develOp p i t t i n g  k i n e t i c s  w i l l  be i n i t i -  
ated. In addition, long-term corrosion tests w f l l  
be s ta r ted  t o  improve the  corrosion data base for 
waste packige pe t  'ormrnce modeling. 

I r reve rs ib le  dehydration of the crushed baSdlf./ 
bentoni te reference packing mater ia l  1s not  
expected t o  occur a t  temperatures below 37OoC as 
demonstrated i n  thermal test ing.  A t  300% exposure 
It was found tha t  bentoni te react ions were rela- 
t i v e l y  minor and chemical s t a b i l i t y  was l i t t l e  
affected. Thus, the reference packing mater ia l  
(751 crushed b'asrlt/ZSX bentoni tu) may remain 
s tab le  over long periods o f  t i m r .  Measured 
hydraul ic conductivi  t y  o f  acking mater ia l  was 
found t o  be s i  n i f i c a n t l y  ess than tha t  raqulred 
t o  maintain di?fusianal  c o n t r o l  o f  radionucl  ide  
releases, an expected means o f  c o n t r o l l i n g  radio- 
nucl ide mass transport  throu h the packing mate- 
r i a l .  Sorption hysteresis e fec ts  observed in 
recent radionucl ide sorp t ion  studies a r e  expected 
t o  decrease the m o b i l i t y  o f  radionucl ides I n  the 
packing material.  Outing FY 1984, hydrothermal 
long-term (u  t o  5 yr) packing mater ia l  s t a b l l l t y  
tes ts  a t  150 C w i l l  be i n i t i a ted .  The measurement 
o f  t hema l  conduct iv i t y  o f  saturated packlng mate- 
r i a l s  w i l l  be i n i t i a ted ,  Xeasurement of packln$ 
mater ia l  physical propcrt ias (~;wul l  iny, Ryrlraul i c  
conduct i v  5 ty, otc. ) w i I I cont inuu. 

e 
P 

g 

Models are belng doveloped to  al low pred ic t ion  of 
waste package r e l i d b i l i t y ,  degradation, and radlo- 
nucl  Ida relea$@. I n  addition, two engineering 
tes t  plans have been complotod for tests tha t  
employ f u l l - s c a b  waste packager to  moasure tho 
r a t e  o f  packinq nistor ia l  saturat ion undar a thermal 
rad ien t  and the degradation o f  waste package can- 

Ister and packing mater la l  using canister heater6 
t o  simu l a  t o  radioqen i c  he9 t. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Hydraulic conductivity, thermal diffusivity, density, clay expansion, 
uniform corrosion, SSR test results, release rates from glass, pH. 

MATERIAL 

Natural untreated bentonite (CS-50), calcium bentonite, ductile cast 
iron, 1 1/4% Cr-1/2% Mo cast steel, 2 1/2% Cr, 1% Mo cast steel, Ti Grade-2 
and Grade-12, PNL-76-68 glass, reference basalt and tuff groundwaters, basalt 
and tuff rocks. 

TEST CONDITIONS 

(a) Backfill Materials: 

1. Water migration: Na-bentonite compacted to 2.1 g/cm 3 , cylinders 3 to 
5 cm long, 15 MPa water pressure, times of 4 hours to 42 days, 
ambient temperature. 

2. Hydraulic conductivity: Na and Ca bentonite tuff and basalt ground- 
water, different densities (~1.7 to 2.3 g/cm 3 1, ambient temperature, 
conftning force (100 lbs. 

3. Radionuclide migration: Reference basalt and tuff groundwater, 25"C, 
85Sr, 99 Tc, lZ5I, 137Cs, 233U, 237Np and 241Am, several backfill 
materials , oxic. 

4. Thermal conductivity: Dry compacted Na-bentonite (2.1 g/cm3), air 
saturated (5 weight % H20) bentonite, permeability cell. 

5. Compaction studies: Na and Ca bentonite, 50/50 and 75/25 mix of Na- 
bentonite and quartz sand, water content "0" to =14%, compaction pres- 
sures 55 to 276 MPa held for 1 min, zero order water is for clay 
sample held at 110°C for 16 hours. 

6. Materials stability: Na and Ca bentonite, heated in air to 100, 200 
and 30OoC for up to 1 year, bentonite irradiated to total dose 9.5~10~ 
rad. 

(b) .Corrosion Studies: Cast Fe materials with minimum dimension of 5 inches, 
surfaces were ground, Ti alloys used as-received, basalt rock from 
Umtanum surface outcrop, tuff rock from Bullfrog horizon. 

1. General Corrosion: Flowing autoclave (35 mA/h), 800 to 1000 psi at 
Test in basalt run at 150 and 250°C for 6 25OoC, 6 to 8 ppm 02. 

months. Tuff tests and DIW tests done at 250°C for 1 month and 3 
months, respectively. 



2. Irradiation Corrosion: Fe alloys and titanium alloys in flowing auto- 
claves (35 ,m%/h), dose rate of ~ 2 x 1 0 ~  rad/h, 700 psi at 250"C, oxic 
basalt groundwater for maximum time of 3 months. 
cluded general corrosion coupons, U-bend, Vztch and tension fracture 
toughness specimens bolt loaded to 20 KSi ]in. 
lo6 to lo4 .rad/h over geometry of autoclave. 

Ti alloy tests in- 

Dose rate varied from 

3. Slow Strain Rate, Fatigue Crack Growth Rate Test: Crushed basalt, 
basalt water, flowing system, strain rates of to 2 x loe7 in./ 
in.-sec, temperature =250°C. For PCG studies, preflawed specimens, 
simulated groundwater, water enriched in F and high purity water, 
loading frequency from 0.01 to 5 Ilk, atmosphere pressure and 90°C, 
refreshed watelr. 

(c) Waste Form Release: 

1. Groundwater Effects: 9O"C, static leach test in DIW, and reference 
basalt and tuff groundwaters, SA/V = m-', total 32 days. 

2. SA/V Effects: 

3. Radiation Effects: 

90°C, DIW, SA/V = 1, 10, 100 and 1600 m". 

SA/V = 20 m-', PIW and reference basalt water, 
capsules degassed and backfilled with He, temperatures of 50", 70" and 
90°C. 

(d) Component Compatibility: 

1. SolutiodRock Tests: Rocking autoclave with gold sample bag, 300"C, 
2112 hours, 300 bars, sampled at 200, 336, 840 and 2112 hours. 

2. Waste Form/Clay: Powdered mixture of 76-68 glass and either kaolin, 
bentonite, quartz or tuff, 90°, 150° and 250°C for 3 weeks. 

3. Thermal Gradient Effects: Waste form powder, powdered rock, "simpli- 
fied groundwater," 15OC/cm thermal gradient for 60 days. 

4. Single Pass Continuous Flow Leaching/Sorption: Doped (Np,Pu) 76-68 
glass or UOp, basalt groundwater, basalt rock column, 75" and 25"C, 
1 1/4 years, 3 flow rates (1 &/a, 10 a/d, 300 maid). 

5. Sensitivity Tests: 15OoC, 30 to 60 days, solution/solid weight ratio 
= l O / l ,  8 tests each for basalt and tuff with varying weight % of Fe 
powder and./or bentonite. 

6 .  Interaction Tests: Fe and glass coupons with SA/V = 10 m-I, T = 90°C, 
basalt water, tuff water and DIW, 28 days. 

7. Systems Tests: U-doped PNL-76-68 glass, minicanister (2 M diameter x 
7.5 cm long), flat open surface at one end to which is pressed a rock 
pellet (quartz monozite, basalt, bedded salt), 4 to 6 weeks, 150" or 
25OoC, 600 to 2000 psig, solution-to-package ratio of 0.5 or 3.0. 
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METHODS OF ANALYSIS 

(a) Backfill Materials: X-ray diffraction to characterize material. Other 
procedures not given. 
laser thermal pulse technique. 

Thermal diffusivity measured using a transient 

(b) Corrosion: 

1. General Corrosion: Visual examination, oxide stripping by inhibited 
HC1 and abrasion, weight measurement. Corrosion layer on specimen of 
ductile iron (250°C, 6 months, basalt water) analyzed by X-ray dif- 
fraction. 
diffraction. 

Waterline specimen from tuff study examined by X-ray 

2. Irradiation Corrosion: Corrosion films analyzed by X-ray analysis. 

3. Slow Strain Rate, Fatigue Crack Growth: Schematic of apparatus 
given. Crack extension monitored by a traveling microscope. 

(c) Waste Form Release Studies : 

1. Groundwater Effects: Methods not given. 

2. SA/V Effects: A l l  methods not given, reaction layer thickness 
determined by secondary ion mass spectroscopy. 

(d) Component Compatibility: 

1. Solution/Rock: HCO3- and C03-2 determined in quenched samples by 
titration, Eh measured with Pt electrode in inert atmosphere. 

2. Waste Form/Clay: Details not given. 

3. Thermal Gradient Effects: Polished solid samples examined by EDX. 

4 .  Single Pass Continuous Flow Leaching/Sorption: Details not given. 

5. Sensitivity Tests: Details not given. 

6. Interaction Tests: Solution analysis and surface analysis by EDAX and 
SIMS. 

7. System Test: Examine glass surface by SEM. 

AMOUNT OF DATA 

(a) Backfill Materials: 

1. Water Migration: Graphical data of percent water in clay vs depth, 
family of curves for 9 different times. 



2. 

3. 

4. 

5. 

6 .  

Hydraulic Conditions: Graphical presentation of conductivity vs com- 
pacted density for Na and Ca bentonite, graphical data of hydraulic 
conductivity of sand-Na-bentonite mixtures vs compacted density. 

Radionuclide Migration: (28-day tests) list of Q for 18 backfill 
materials, including 5 American Clays Institute source clays, basalt 
water. Q for Na- and Ca-bentonite and charcoal using tuff 
groundwater. 

Thermal Conductivity: 
dry Na-bentonite as a function of temperature (15 points), table of 
thermal conductivities for air saturated Na- and Ca-bentonite 
(conductivity, density, pressing force). 

Graphical information on thermal diffusivity of 

Compaction Properties: Four graphical presentations of density vs 
water content. Each contains a family of curves for different 
compaction pressures. 

Stability Studies: Two graphical presentations of Na-bentonite expan- 
sion vs time. One is for clay heated at 100' 200' and 3OO0C, the 
other for clay irradiated to a total of 9.5~10 rads. Table of 
hydraulic conductivities for untreated, heated and irradiated clay ( 4  
points). 

'9 

(b) Corrosion Studies: Tabular summary of nominal composition of Ti alloys 
and Fe-base alloys. 
erties. 

Tabular summary of room temperature mechanical prop- 
Table of composition of tuff and basalt rocks used in the study. 

1. 

2. 

3. 

General Corrosion: For Fe alloys, 2 graphs of corrosion rate vs expo- 
sure time at 250' and 150'C (duplicates of each point given), 2 graphs 
of weight l o s s  vs time at 250' and 150'C. 
corrosion rate in tuff water with time, only a sihgle time point at 
250'C. 
each alloy, at 2 times. 

Graphical presentation of 

Corrosion rate of Fe alloys in DIW at 25OoC, 2 data points for 

Irradiation Corrosion: 
alloys. 
months. Ductile iron exhibits pits over 2/3 of surface. Observations 
reported for Ti alloys, no SCC, no crack extension, weight change did 
vary with position of coupon in autoclave (radiation field). Weight 
changes in Ti alloys are presented graphically as a function of sample 
position (18 points for each alloy). 

Corrosion rates vs exposure time for Fe 
Duplicate sample points for each alloy at 1 month and 3 

SSR and FCG Studies: 
Grade-:! and Grade-12 at 250'C as a function of displacement rate. 
Data are for percent reduction in area and percent elongation in air 
and basalt water at 25OoC, LT and TL orientations. 
effect of temperature on ductility at constant strain (% elongation 
and % reduction in areas), duplicate samples, Ti Grade-2 LT orienta- 
tion, total of 8 points for each (Le., % elongation or % area reduc- 
tion). 
points at 0.1 Hz high F- water, 4 points at 1 Hz normal basalt water. 

Graphical presentation of SSR tests on Ti 

Graphical data on 

Crack growth rates vs stress intensity for Ti Grade-2, 19 
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Crack growth rate vs stress intensity for Ti Grade-12, 21 points at 
0.1 Hz high F' basalt water and 6 points at 1 Hz for normal basalt 
water. 

(c) Waste Form Release: Table summarizing composition of PNL-76-68 waste 
glass : 

1. Groundwater Effects: Normalized release of Cs and B vs time in 3 
waters, 3 to 4 points for each ion in each water. 

2. SA/V Effects: Log of normalized release vs log SA/V for Na, B, Si, Cs 
and Ca, 4 points for each element. 
previous work. Si, Na and Ca releases as a function of leach time. 
Concentration (atm X )  of B, Na, Si, Cs in depletion layer as function 
of SA/V. 

Graph also includes results of 

3. Radiation Effects: Table of Si release rates vs temperature for irra- 
diated and unirradiated samples (3 values each) in DIW, dose rate de- 
pendence for release of Si, B, Cs and Fe ( 5  points for each, dose 
rates up to 2 R/h). 
tures, irradiated and unirradiated. Graph of ppm B and Cs vs time in 
unirradiated and irradiated DIW and basalt water at 50'C. Effects of 
radiation on waters; pH and concentration of oxalate. 

Log Si and Log B removal vs 1/T at 3 tempera- 

(d) Component Compatibility Tests: 

1. Solution/Kock: 
solution species and pH, graphical comparison of BWIP and PNL data for 
Na and Si. 

Tabular comparison of BWIP data with PNL data for 9 

2. Waste Form/Clay: pH vs temperature for various mixtures, 
log moles in solution for Mo, Cs, Na and Si in the glass-Kaolin system 

vs 1/T. 
g/glass 

3 .  Thermal Gradient Effects: Graphical presentation of relative distri- 
bution of Nd, Mo and Cs, after migration in basalt under a thermal 
gradient (6 to 22 points each). 

4 .  Single Pass Continuous Flow Leaching/Sorption: No data. 

5. Sensitivity Tests: No data given. 

6. Interaction Tests: PNL-76-68 glass release data for B and Cs with and 
without ductile iron coupon, 3-4 data points for each, reaction depth 
layers for glass in 3 waters with and without Fe coupon. Changes in 
Si and Ca concentrtion in basalt and tuff water when Fe coupon present 
(no glass), 5 points each with and without filtration to remove col- 
loids. Reaction layer thickness for basalt water + clay + glass, DIW 
+ clay -i- glass vs time, 5 points each over =35 days. 



7. System Tests: ,For salt tests, report lowering of solution pH to 3.0. 
In basalt and granite, report reduced concentrations of soluble Cs 
relative to sa3.t tests and glass-water tests under hydrothermal condi- 
tions. U not found in rock surfaces contacting liquid, only in sur- 
faces cantacting vapor. U not observed at concentrations >15 ppb. 
Changes in solution composition with time given for Cs, Mo, B, Na, Si 
and K. Weight % of Si, Na, Fe, U, Zn, Mo and Zr in glass reaction 
la.yers vs depth. 

UNCERTAINTIES IN Tm-QATA 

(a) Backfill Materials: 

1. Water Migration: Water content as a function of position in the sam- 
ple is given for several times. No error bars are associated with the 
ind-ividual pqints. Hydraulic conductivity values are given for Na- 
and Ca-bentonite as a function of compacted density. No error bars 
are given and only a single value is reported for tuff groundwaters. 

2. Radionuclide MZgration: Batch Qs are reported with no indication 
of range anticipated from replicate measurements. Only a narrow range 
of conditions have been used (25OC, oxic, 28 days). 

3. Thermal Conductivity: The thermal diffusivity is given with a stand- 
ard deviation. However, the thermal conductivity for dry compacted 
Na-bentonite is calculated with an assumed heat capacity. The results 
give a range in conductivities that are reported to be "considerably" 
higher than the. values used in design studies." The thermal 
conductivities of Na- and Ca-bentonite (air saturated) have been 
determined as a function of compacted density for various composition 
pressures. Ranges within a given measurement are not reported. 
Potential changes with temperature are not addressed. 

4 .  Composition Studies: 
pressure and weight percent water with no indication of 
reproducibility. 

A limited number of points is given for each 

5. Materials Stability Studies: Expansion data do not give an indication 
of scatter or uncertainty to tell whether there are significant dif- 
ferences as a function of temperature. Clays tested were heated under 
dry conditions. In some instances only two points are given. A sin- 
gle dose rate was used for the radiation studies, only five points are 
given with no information on scatter or uncertainties from replicate 
determinations. Samples irradiated were heat treated so that no data 
are .available on range of expansion and permeability with water 
content, etc. 

(b) Corrosion Studies : 

1. General Corrosion Studies: General corrosion data at 150' and 25OOC 
consist of three points for each retal/water system and an indication 
that at least replicate determinations were made. Data for cast iron 
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1 

i 

alloys in tuff water at 250°C consist of single time points (repli- 
cates) experiments. 
(replicate samples). 
loss of Fe alloys in basalt water at 15OOC and that at 250OC. 
no change with time at 25OOC vs an almost linear. increase with time at 
150°C. 

In DIY, at 250°C there are only 2 time points 
A d.ifferent behavior is noted between weight 

Almost 

2. Irradiation Corrosion: For ductile Fe and 2 1/2 Cr, I.% Mo, only 2 
time periods were samples (1, month and 3 months). 
are given. In both cases the sample-to-sample values of the corrosion 
rate increases with the time of exposure and is greater than the rates 
observed in basalt water with no irradiation. Titanium. Grade-2 cou- 
pons show sensitivity to dose rate at 250OC. 
however, in spread of each data point presented. 

Replicate samples 

No indication is given, 

3. Environmental-Mechanical Tests: Data presented have no indication of 
the scatter or uncertainty in each point. There is a limited number 
of data points presented and only one temperature is used. 

( c) Waste Form Release : 

1. Groundwater Effects: There are no error bars associated with each 
data point or statement of the degree of reproducibility. 
single temperature (90°C) is considered. 

Only a 

2. SA/V Effects: 
previously obtained values. 
cibilities. 
indication is given of range in each data point. 

Data presented include a comparison where possible of 
This may give some indicat2on of reprodu- 

In work done by PNL and reported in this report, no 

3. Gamma Radiolysis Effects: Replicate data points are given in some in- 
stances (unirradiated). Radiolysis effects alter release of some ele- 
ments by as much as a factor of 10. Replicate values for irradiated 
samples not given. 

(d) Component Compatibility: With few exceptions, no indication is given of 
the spread or uncertainty in the data presented. Data do, however, indi- 
cate the presence of other barrier materials can affect the behavior of 
glass o r  Fe alloys or bentonite in a manner different from that 
anticipated based on single component studies. 

DEFICIENCIES IN THE DATA BASE 

(a) Backfill Materials: 

. 1. Water Migration Studies: These studies concentrated on the water mi- 
No work was reported for the refer- gration in Na- and ca-bentonite. 

ence backfill nixturt baqalt/bentonite in the form to be used in a re- 
pository in basalt, 001: is there any work reported on the changes in 
migration rates with t+qrtrature. 
reported for the referrnee hdcfill utcrial (basalt/bentonite) under 
conditions anticipatod in the repository. 

Mydraulic conductivities are not 
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2. 

3. 

4 .  

5. 

Radionuclide Migration: 
fill material, basalt/bentonite, have not been reported for compari- 
son. Temperatures at which they have been determined are less than 
ambient temperature in the horizon and do not consider possible range 
in temperatures from time of breach (i.e. at 300 years as a maximum 
temperature). 

Retardation properties of the reference back- 

Thermal Conductivity Studies: 
reference backfill material. No data are reported for changes in 
thermal conductivity with water content . 

Data presented do not include data on 

Compaction Studies: 
backfill . No information is given for the reference 

Material Stability Study: No information is given on the reference 
backfill material. For data presented, no combined study of tempera- 
ture and radiation effects under various weight percent water content. 

Corrosion Studies: 

1. 

2. 

3. 

General Corrosion Studies: 
tion of its applicability. Temperatures were limited, test times were 
short and it appears that only replicate samples were studied. 
tuff groundwaters only a single time was samples (=1 month). 

A single flow was used with no justifica- 

For 

Irradiation Corrosion: Studies were short-term and data indicate 
larger sample-to-sample uncertainty for longer exposures. Only a 
single temperature was utilized and data on basalt/water interactions 
at 90 OC indicate decreased pH and increased oxalate concentration. 
These tests do not take into account the environment of the corrosion 
barrier (backfill material, varying temperature, etc.). 

Environmental-Mechanical Tests: 
groundwaters but did not include irradiation and tests were reported 
only for 25OoC (SCGR) and 90°C (FCG). 

Testing was performed in typical 

Waste Form Release: There is a good indication of range or uncertainties 
in some of the data. Effects of temperature and changes in waste form 
characteristics are not addressed. Much of the work reported is centered 
on Cs, Sr, Si, etc. release. At 300 years, the minimum containment time, 
Cs and Sr should not be the main concern. In general, the information 
has very little to do with what the repository will be like at 300 years 
and beyond, and how the immediate environment will affect releases of 
long-lived nuclides from the waste form. 

Component Compatibility: 
a range of scenarios for studying multicomponent behavior. 
stances, the presence of other components (e.g. glass + Fe coupons) 
alters the behavior of the single component. However, these tests as re- 
ported do not include the interplay of heat and radiation, or necessarily 
include all pertinent components. While multicomponent tests may not 
yield highly quantitative data, reproducibility of data would be an 
indication of potential long-term performance. 

These tests indicate the importance of defining 
In a l l  in- 
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APPLICATION OF DATA TO LICENSING 

[Key Data ( 1, Supporting Data (X)]. 

GENERAL COMMENTS 

This document summarizes PNL's cur ren t  da t a  on s i n g l e  component, bicompo- 
nent  and some systems tests. 
mendations have been made f o r  f u r t h e r  test programs. While much of t he  infor -  
mation can be used as support ive da ta  f o r  narrowing test ranges o r  test pro- 
grams, and f o r  looking at p o t e n t i a l  ranges i n  package component behavior, much 
of the  information does not  apply t o  an t ic ipa ted  repos i tory  conditions.  
on tu f f  is  scarce, t e s t i n g  times are shor t  and i n  most ins tances  do not con- 
s i d e r  the  i n t e r p l a y  of r ad ia t ion  and temperature. Some materials t e s t ed  are 
not d i r e c t l y  r e l a t e d  t o  current  package designs (e.g. the  b a c k f i l l  data) .  

From the  cur ren t  s t a t u s  of these  tests recom- 

Data 

ORGANIZATION PRODUCING DATA 

DOE/Pacific Northwest Laboratory. 
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ABSTRACT 

The disposal of tiifn-level nuclear wastes i n  unoergrouno repos i tor ies  in 
the continental Z i t e c  %ares requires  the  development of a has te  package tha t  
will contafn r a d i o c x l i c e s  f o r  a time period comensurate w i t h  performance c r i -  
t e r i a ,  which aay ne up 50 1000 years. This report adoresses E a t e r i a l s  t e s t i n s  
i n  support of a baste Faccage f o r  a basa l t  (tlanford, kashington) o r  a t u f f  
(Nevada Test Si te)  r e x s i t o r y .  

The materials i m e s t i g a t e d  i n  this t e s t i n g  e f f o r t  e r e :  

0 sodium and c a l c i z  centoni tes  and mixtures witn sano o r  basa l t  as a 
backfi l l  

0 iron and t i t a n i w a a s e d  a l loys  as s t ruc tura l  b a r r i e r s  

0 borosi l icate  haste  c l a s s  PNL 76-68 as  a waste fo=. 

The tes t ing  a l s o  i-corporated s i te -spec i f ic  rOcK =cia  and ground waters: 
Reference k t a n x  Er.ta5lzture-1 basa l t  and reference b a s a l t  cround water, Bull- 
f rog t u f f  and h7S s-13 e l l  Water. 

The resu l t s  of t r .2  t e s t i n g  a re  discussed in four ajar categories:  

0 Backfill Haterials: emphasizing water migration, raoion-clioe migra- 
t i o n ,  physical prczer ty  and long-tenn s t a b i l i t y  s t u d i e s .  

0 Structural Larr iers :  emphasizing uniform corrosior.. i r r z o i a t i o n -  
corrosion, an0 esr:ronmental-mechanical tes t ing.  

0 Waste Fom k l ~ a s ~  Znarac ter i s t ics :  emphasizins Srounc a a t e r ,  samp 
surface area/scl..:;sn volume r a t i o ,  and g a m a  rad io lys i s  e f fec ts .  

0 Component CG:.:afiCility: emphasizing solut ioa/rocr ,  glass/ rock,  
glass/s t ructural  t a r r i e r .  and glass/backfi l l  in te rac t ion  t e s t s .  Th 
area a l so  inclLoes s e n s i t i v i t y  t e s t i n g  t o  detemine p r i m r y  parame- 
ters t o  be s tcc iec ,  and t h e  r e s u l t s  of 'syste=S. t e s t s  bnere m r e  
than two waste pacLaSe components were combines during a s ing le  t e s t .  

The objective o f  the f i r s t  two categories  i s  the select ion of candidate 
mater ia ls  and developmecc of basel ine property information t o  evaluate material 
o r  function l i fe t imes.  
basic processes involveo b i th  waste fOrm/SOlUtion in te rac t ions  so t h a t  a 
re lease model can be derived f o r  predict ing the radioactive 'source-term" a r i s -  
i n g  from waste form/solition contact. 

Tre haste  form research centers  on understanding the 

The l a s t  area, ccr-.:cnent coizpatibility tes t ing ,  i s  aimed a t  learning how 
waste package materials i r . teract  w i t h  each other under repository conditions. 
Information gained frocc tne f i r s t  th ree  areas  i s  being used to understand the 
systems interact ions revealed by t e s t i n g  in  the  fourth area. Another purpose 
of component compatibility t e s t i n g  i s ,  as  the  name implies. t o  spot potent ia l  
problems among materials as  ear ly  a s  possible. 
being used t o  develop a rodel describing t h e  behavior of the  waste package as a 
whole, under both expected and off-normal conditions. 

Data from a l l  four areas a re  
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Composition of Umtanum basalt, bentonite/groundwater, basalt/groundwater, 

pH changes vs time of backfill/groundwater. 
backfilllgroundwater , basaldbentonite and silica and aluminum concentrations 
of major repository constituents. 

MATERIAL 

Umtanum basalt sized to -115 to +250 mesh and ultrasonically washed to 
minimize surface conditions of the outcrop. Wyoming bentonite -400 mesh, as- 
received. Synthetic groundwater. 

TEST CONDITIONS 

Individual and multicomponent tests were performed in a gold bag placed 
in a rocking autoclave. 
300 bars, respectively and test ratios of water-to-solids were at 1O:l and 
15:l. Test durations spanned from three days to three months. Periodic 
solution samples were collected and analyzed. 

Temperature and pressure were increased to 3OOOC and 

METHODS OF ANALYSIS 

During the tests small quantities of solution were periodically drawn and 
analyzed for cations by inductively coupled plasma spectrometry. 
characterized by ion chromatography. Post-experimental analyses of solids 
were determined by scanning electron microscopy, scanning transmission 
electron microscopy and X-ray diffraction. 

Anions were 

AMOUNT OF DATA 

Two sets of 10 data points for basalt composition at repository elevation 
and as an outcrop are reported as weight percent. Three data sets, two with 
seven data points, the other with eight data points are given in mg/L 
conditions for which these data sets are reported, are groundwater contacted 
with either bentonite, basalt and bentonite, and basalt at 300°C and 300 bars. 

The 

UNCERTAINTIES IN THE DATA 

The changes in concentration vs time of the backfill (basalt, bentonite, 
groundwater) indicate that a reaction is occurring. 
ica increasing to a maximum concentration at 334 hours and then gradually de- 
creasing, whereas sodium continually decreased until the test was terminated. 
The pH also continued to decrease from an initial value of 9.78 to 5.35. No 

i / ,  discussion of the environment, whether it was reactive or inert, in which the 

This is evidenced by sil- 



test was performed, is given. 
effects of radiolysis nor are there repetitive tests to establish a range of 
values for data points. 

Also, the data presented do not include the 

DEFICIENCIES IN THE DATA BASE 

Additional experiments in a controlled environment with waste container 
materials present would be useful to substantiate the data given. Also, 
longer test times, beyond three months could help to resolve the changing 
ionic composition and perhaps achieve a near steady state. Tests performed in 
the presence of radiation could alter the rate of change in the reported data. 

APPLICATION OF DATA TO LICENSING 

GENERAL COMMENTS 

This appears to be a suitable scoping experiment and could provide a base 
Additional tests where the pressure and partic- for developing further tests. 

ularly the temperature, would be controlled variables, could provide insight 
for changes in ionic composition of the backfill and lead to more clearly 
describing any reactions occurring. 

ORGANIZATION PRODUCING DATA 
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ABSTRACT 

Scdium bentonite is a candidate nuterial for the t r ~ s t e  pclcage 
kackfill corrtpnent in a repository in basalt at  the EIanford S i te .  
Preliminary hydrothemid aqxzjments have been conduct4 under 
near-field qeodumical canditiccls expected to occur in the reference 
repository location in the G r d e  mnde Basalt. Experiments have 
W conducted i n  the kasalt/gmmdwater, bentonite/groundtJater, 
and baEalt/bWnitdgro/sroroltSwater system. The -hints have 
been conducted at 300OC using a 5imulated Grancie Wnde cgoumkciter, 
referecrce vmtanun b a s a l t 8  and d u n  bentonite. Key data qenerated 
by the expxkts inclub - h t a l  solution analyses as a 
fmctiun of the and preliminary solids analysis by ,ccaMing 
transnission electron microscopy and X-ray diffraction. .Slution 
tremls of the major aqueous species bere similar in the three 
syotems and are characterized by: (1) the gradual reduction of 
the pH MlUe 'b9.75 to a Steady-State MlUe Gf s6, (2) an 
initial rapid increase followed by a gradual d s r a s e  i n  silica 
axcentration8 and (3) a s l ight  or negligible increase i n  sodium, 
sulfate, an3 chloride concentrations. In  the bentonite/qound- 
water experhnt, mall amounts ( ~ 1 % )  of an albite reaction 
product v m  obsemed. Conversely, the formation of illite, a 
comrdn bentmite altezation prcduct, bas not obsemed. T k s e  
results indicatn thaL d u n  bentonite w i l l  rmin sufficiently 
stable at  3OO0C unck hydrothe-mal conditions in basalt to 
permit its use as a backfill raterial. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Solu t ion  PH vs time; concent ra t ion  of  F-, ~ 0 5 2 ,  s i ,  AI, K,  vs t i m e  
f o r  va r ious  combinations of basa l  t / basa l  t water, N a  bentoni  t e /basa l  t water, 
breakthrough time as a func t ion  of Kd, hydraul ic  conduct iv i ty ,  swel l ing  pres- 
sure ,  s o l u t i o n  d a t a  f o r  b a s a l t  + s y n t h e t i c  groundwater, rad ionucl ide  so rp t ion  
on b a s a l t  and b a s a l t  secondary minera l iza t ion ,  rad ionucl ide  so rp t ion  on 
t r ea t ed  bentoni te ,  chemical ana lyses  of Umtanum basa l t .  

MATERIALS 

1. Basalt/Groundwater In t e rac t ion :  Crushed b a s a l t  from Umtanum flow, 
simulated groundwaters, rocking autoclave.  

2. Bentonite/Groundwater In te rac t ion :  Baroid Nat ional  Western Bentoni te  
(-400 mesh), s y n t h e t i c  b a s a l t  groundwater, rocking autoclave,  DIW. 

3 . Sorpt ion Studies:  Crushed b a s a l t ,  Baroid Bentonite,  s y n t h e t i c  
groundwater, hydrazine t o  impose reducing condi t ions.  

4. Phys ica l  P rope r t i e s  of Crushed Basalt /Bentonite:  No da ta  a c t u a l l y  
generated - authors  c i t e  o t h e r  pub l i ca t ions  . 

TEST CONDITIONS 

1. 

2. 

3. 

I 

4 .  

Basal t/Syn the  t i c  Water I n t e r a c t i o n s  : 
(1: 10) 3OO0C, 300 ba r s  and 2OO0C, 300 bars .  
from 616 hours  t o  1,004 hours a t  3OO0C, and 1,004 hours a t  2OOOC. 
Two sepa ra t e  l a b o r a t o r i e s  conducted t h e  tests. 

Basalt powder/synthe t i c  water 
Time of t e s t  va r i ed  

Bentonite/Groundwater In t e rac t ions :  Water t o  bentoni te  r a t i o  (10: 1) 
temperature of 3OO0C, 300 bars ,  616 hours. Second experiment a t  
3OO0C, 300 bars ,  water:rock r a t i o  of  15:l f o r  72 hours. 
ment a t  3OO0C, 300 bars ,  1 O : l  water t o  rock r a t i o ,  DIW and 72 hours. 

Third experi-  

So rp  t i o n  S t ud i  es : 

Basalt/Groundwater: 6OoC, o x i c  and anoxic  condi t ions ;  60 days. 

Basalt Secondary Minerals/Groundwater: Temperature unspecif ied,  
ox ic  condi t ions ,  50 days (Eh -0.3 t o  -0.4 V reducing and 
$0.4 to $0.5 V oxidizing).  

Bentoni te/Groundwa ter: 
t o  use,  tes t  a t  65OC, ox ic  and anoxic  condi t ions ,  t o t a l  t i m e  
s i x  days. 

Bentoni te  heat t r e a t e d  t o  45OoC p r i o r  

Physical  P rope r t i e s  of Crushed Basalt /Bentonite:  
generated - authors  c i te  o t h e r  publ icat ions.  

No da ta  a c t u a l l y  
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METHOD OF DATA COLLECTION/ANALYSIS 

1. Charac te r iza t ion  of Umtanum Basalt Syn the t i c  Water In t e rac t ion :  So l ids  
by XRD, EDS, SEM, STEM, s o l u t i o n s  by ICP, ion-exchange chromatography, 
room temperature pH, atomic adsorpt ion,  gravimetr ic ,  co lo r ime t r i c  and 
f luorometr ic  techniques.  

2. Bentonite/Groundwater: So l ids  analyzed by STEM and SEM. 

3. Sorp t ion  Studies:  Batch equi l ibr ium technique, so lu t ions  analyzed by 
a, B and y counting techniques. 

4. Physical  P r o p e r t i e s  of Crushed Basalt /Bentonite:  No d a t a  generated.  

AMOUNT OF DATA 

1. 

2. 

3. 

Basalt/Groundwater In t e rac t ion :  

(a) Chemical Analysis  of Basalt: 10 oxides  no ranges i n  composition 
given. 

(b)  So lu t ion  Data f o r  Basalt + Synthe t ic  Water: 

(1) A t  300°C-300 bars: 7 po in t s  f o r  11 ions and pH over  616 
hours (concent ra t ion  i n  mg/L). 

(2)  A t  300°C-300 bars :  7 po in t s  f o r  11 i ons  and the pH over  
356 hours (concent ra t ion  i n  mg/L) - meant t o  be a dup l i ca t e  
run  . 

(3) A t  300OC-300 bars: 
1,004 hours. 

9 p o i n t s  f o r  13 i o n s  and the  pH over  

(4) A t  200OC-300 bars: 8 po in t s  f o r  13  ions  and t h e  pH over  
7 18 hours . 

Ben t o n i  te/Groundwa ter In t e rac t ion :  

(a) X-ray a n a l y s i s  and bulk chemical a n a l y s i s  o f  bentoni te ,  no range 
i n  composition given, 10 oxides  quant i f ied .  

(b)  So lu t ion  data:  

(1) A t  300°C-300 bars:  7 po in t s  f o r  12 ions  and the  pH over 
616 hours, same ions  as i n  basalt /groundwater i n t e r a c t i o n  
p lus  boron. 

Sorpt ion S tud ie s  : 

(a)  Basalt/Groundwater: Batch Kd's (mL/g) f o r  8 nucl ides  under 
oxid iz ing  condi t ions  and f o r  4 of these  ( U ,  Se, R a ,  Np) under 
reducing condi t ions.  Kd given wi th  e r r o r  (+ 10). - 
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(b)  Basa l t  Secondary Minerals/Groundwater: Batch Kd (mL/g) f o r  
10 rad ionucl ides  under oxid iz ing  condi t ions.  
e r r o r  (+ - la). 

Kd reported with 

( c )  Bentoni te/Groundwa te r :  

(1) Batch Kd with t i m e  f o r  U and Np under oxic  and anoxic 
condi t ions.  Kd values  reported with e r r o r  (+ la) ,  t i m e :  
s i x  days. 

- 
(2) Batch Kd f o r  U under  oxic  and anoxic condi t ions,  t o t a l  

contac t  time 30 days, i n i t i a l  concentrat ion i n  so lu t ion  
var ied  over -3 orders  of magnitude. Kd given with e r r o r  
(+ - la). 

( 3 )  Batch Kd including e r r o r  (+ la) f o r  Cs and S r ,  t o t a l  con tac t  
t i m e  seven days, i n i t i a l  concentrat ion i n  s o l u t i o n  var ied  over 
s i x  orders  of magnitude. No e r r o r  reported f o r  anoxic data.  

4. Physical  Proper t ies  of Crushed Basalt /Bentonite:  No data  on b a s a l t /  
Summary given of a v a i l a b l e  published da ta  (g raph ica l )  on bentoni te .  

ben ton i  te/sand . 
UNCERTAINTIES FOR THE DATA 

1. 

2. 

3. 

BasaltlGroundwa t e r  In t e rac t ion :  

( a )  I n i t i a l  groundwater composition. The groundwater compositions f o r  
the two independent s e t s  of experiments d i f f e red  s u b s t a n t i a l l y  i n  
S i ,  K, Ca, SOz2 and C1' content.  
the spread i n  concentrat ions of a l l  spec ies  a s  a func t ion  of time. 
While the o v e r a l l  values  f o r  each ion follow a general  trend t h e  
absolu te  values  a r e  no t  d i r e c t l y  comparable without some ind ica t ion  
of range of uncer ta in ty .  
pH e x i s t  between 2OO0C and 3OO0C. 
enough i n  the case of s eve ra l  spec ies  t o  i n d i c a t e  r e a l  d i f f e rence  
and n o t  experimental e r ro r s .  However, no ranges a r e  ind ica ted  t o  
a s ses s  the  magnitude of these d i f fe rences .  

No i nd ica t ion  i s  given f o r  

Differences i n  so lu t ion  concent ra t ions  and 
The d i f f e rences  a r e  l a rge  

Bentoni te/Groundwater In t e rac t ion :  There i s  no i nd ica t ion  of spread in 
data  f o r  a given measurement and no i nd ica t ion  of  r e s u l t s  from a r e p l i -  
c a t e  t e s t .  For those ions charac te r ized  there  i s  the same o v e r a l l  trend 
f o r  bentoni te/groundwa t e r  a s  basa l  t/groundwa t e r  a t  300OC. 
t i o n  was given on behavior a t  o the r  temperatures. 
undergo a l t e r a t i o n .  

No informa- 
Bentonite w a s  noted t o  

Sorpt ion.Studies:  Uncertainty e x i s t s  i n  the  use  of batch Kd to  determine 
r e t a rd ing  c a p a b i l i t i e s  of b a s a l t  o r  bentoni te .  
is ts  i n  the use  of a chemical (hydrazine) to  produce reducing conditions.  
The batch Kd's a r e  reported with an estimated e r r o r .  

Further  uncer ta in ty  ex- 

Data reported f o r  



b a s a l t  a t  65OC and 60 days cannot be d i r e c t l y  compared wi th  the  Kd re- 
ported f o r  secondary minerals under ox ic  condi t ions  since the  temperature 
f o r  the  second da ta  set  i s  n o t  indicated.  However, i t  should be  noted 
t h a t  the absolu te  d i f f e rence  i n  the two values  f o r  U under oxic  condi- 
t i ons  i s  -3 o rde r s  of magnitude. For the ben ton i t e  so rp t ion  s t u d i e s ,  the  
ben ton i t e  w a s  f i r s t  pre- t rea ted  t o  remove organics  thus r e s u l t i n g  i n  a 
non-typical bentoni te .  In the d a t a  reported,  some uncer ta in ty  exis ts  as 
t o  whether equi l ibr ium was t r u l y  reached. The da ta  a re  however repor ted  
wi th  es tima ted e r ro r s .  

4. Physical  P rope r t i e s  of Basal t /Bentoni te  Packing Material: 
system basa l t / ben ton i t e  are reported.  
t i o n  of p o t e n t i a l  behavior. 
material o r  the condi t ions  i t  w i l l  experience. 

No d a t a  on the  
Data reviewed g ive  only  an indica-  

The da ta  are n o t  app l i cab le  t o  BWIP b a c k f i l l  

DEFICIENCIES OR LIMITATIONS I N  THE DATA BASE 

1. 

2.  

3. 

Basalt/Groundwater - Bentonite/Groundwater: In both cases, t h e r e  i s  no 
way t o  d i r e c t l y  judge the  u n c e r t a i n t i e s  due t o  experimental  e r r o r s  and 
those a s soc ia t ed  w i t h  the tes t  system. In addi t ion ,  these  tes ts  do n o t  
cover a temperature range o r  inc lude  the  effects of  r a d i a t i o n  and the  
presence of a container .  The l a r g e s t  unce r t a in ty  and de f i c i ency  of t h e  
da t a  f o r  eva lua t ing  t h e  performance of a basa l t -bentoni te  b a c k f i l l  i s  
t h a t  tests were n o t  conducted wi th  a mixture (basa l t /bentoni te )  t h a t  i s  
being proposed f o r  use i n  the repos i tory .  

Sorp t ion  Studies:  The l a r g e s t  u n c e r t a i n t i e s  i n  the da ta  are due t o  the 
fact  t h a t  the mix of  b a c k f i l l  material (bentoni te  and b a s a l t )  w a s  n o t  
t e s t ed ,  t h e  range of condi t ions  under which the  Kd's were measured was 
very  narrow and does n o t  encompass the  range of a n t i c i p a t e d  condi t ions  so 
t h a t  a s e n s i t i v i t y  of the  so rp t ion  p rope r t i e s  could be obtained. 

Physical  P r o p e r t i e s  of B a c k f i l l  Material: 
the  fact  t h a t  there  are no d a t a  on the  basa l t / ben ton i t e  phys ica l  
p roper t ies .  

The g r e a t e s t  de f i c i ency  i s  i n  

APPLICABILITY OF DATA TO LICENSING [KEY DATA ( ) , SUPPORTING DATA (X) ] 

Rela t ionship  t o  WP Performance I s sues  Already Iden t i f i ed :  

The da ta  gene ra l ly  address  I ssue  Number 2.2 i n  the  S.C.A. (NUREG-0960, 
Vol. 1, 1983). 

General Comments : 

No da ta  are presented f o r  the  system basa l t /bentoni te .  The da ta  pre- 
sented do, however, give some base l ine  information on the p o t e n t i a l  in ter-  
a c t i o n  of b a s a l t  o r  ben ton i t e  wi th  groundwater. 
given and only a l imi ted  number of experiments are reported.  The Kd meas- 
urements may serve as support ing information and do i n d i c a t e  p o t e n t i a l  ranges 
of  Kd's under ox ic  and "anoxic condi t ions"  a l though the  means of  ob ta in ing  
anoxic condi t ions  and the o v e r a l l  usefulness  of Kd's i s  suspect.  

N o  uncer ta in ty  a n a l y s i s  i s  
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J b s  trac t (Summary) From Reference: 

Hydrotheraal experfmenrs i n  the basalt/grounfwater and  the bentonite/ 

groundwater sysre.rrs were conducted a s  p a r t  o f  an overall program designed 

to evaluate the suitabili ty of crushed b a s a l t  a d  bentonite as waste 

package backfi l l  materials i n  a b a s a l t  enviroment. 

the experiments uas to estimate the chemical fe.g. ,  long term) s t a b i l f t y  

The major purpose of 

of these materials. 

?relfmfnarj hydrotkesmal experiments were Mmpleted a t  3c;ooC, 3W 

bars and 2 0 0 ~ C .  300 bars i n  thz basalt/groun.'uater system to determine the 

chemical s t a b i l i t y  of crushed basalt. 

3 ~ 0 0 ~  experhen3  as a f u m t f o n  of tfme an i  reaction products indicated 

that the primary reactfon WdS the alteration of the b a s a l t  glass phase to 

i l l i t e  and/or s z s t f t e  c l a y s  and quart%. 

state p11 values o f - 6 ,  the apparent r a p f d  Occurrence o f  d h f y h l y  reducing 

environment i n  t ~ a  system, and an insigniricant imrcase i n  tb' sozution 

concentration o f  potentially corrosive aqueous speifes (f luoride,  

chloride, a d  s u l f a t e )  weze observed. These data indfcate that a waste 

pdckagc b a c k f i l l  containing a significant a u n t  o f  c r u s t r d  basalt w i l l  

provide a near-field geoclrmfcal environment favorable t o  tho chemical 

s tabi l i ty  of cetal canfster motcrid1s. Also, such an envfronment w f l l  

promote the lw solubility of actinides. 

Analysis o f  solution d a t a ' f r o m  the 

The establfslment of steady 

A preliminary experiment was also completed i n  the sodium bentonite/ 

groundwater system a t  303oC, 3to bsrs. Amlyses o f  tha reacted solutions 

and solids shew that bentonite remafrs essentially stable w i t h  only minor 

alterations to albite. 

sccondury minerals I n  basalt, and sodium bentonite dC 60 t o  GSOC under 

oxic.and anoxic conditions. These d a t a  fniicate t h a t  cesium and strontium 

w i l l  be co.zpletely contained in a waste package backf i l l  due to  ths 

formation o f  insoluble secondary minerals, ion exchange, and speci f ic  

adsorption. 

i,ox) y r  and uranium and plutonium w i l l  be retained under reducing 

corditions over 300 y r .  An irrreasc i n  retention t f m e  can be c2pctccl t o  

=cur with M fncrease i n  temperature. Theoretically, calculations and a 

l i m i t e d  d a t a  base have been used to  propose a reference waste package 

f a c k f f l l  co.:pnent which w i l l  (1) dff fusional ly  control mas8 transport, 

( IJ exert d svelling pressure less than hydrostatic pressure (-10 H P a l ,  

a& ( 3 )  e f f ec t i ve l y  condvt  h a t  u a y  rrom the vaste package such that 

naxinu~ allovable waste package temperatures are not exceeded. The 

referenze Sackf f l l  co.zjmnent consists of 25% sodim befitonfte and 75% 

crus)cd basalt w i t h  M i n i t i a l  densfty OC 3.1  g/CJI' rend a thickness of 

.Sorption dcta  were generated on c r u s k d  basalt, 

Under reducing conditions, neptunium wf.11 be retained beyond 

0.152 m. 
A5-104 



WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Dehydrated Wyoming bentonite was analyzed by X-ray diffractometry (XRD), 
thermo-gravimetric analysis (TGA), and differential scanning calorimetry 
(DSC). Solution samples from the hydrothermal tests were analyzed by induc- 
tively-coupled plasma-atomic emission spectrometry (ICP-AES) and ion-chroma- 
tography (IC). Hydrothermal reaction products were studied by XRD, scanning 
electron microscopy (SEM), transmission electron microscopy (TEM), and 
energy-dispersive spectrometry (EDS). 

MATERIAL 

Materials reacted were: 

(a) Wyoming bentonite, as-received, smaller than 400 mesh 
(b) Umtanum basalt, crushed, hand-picked to remove altered material, sized to 

-120 to +230 mesh by sieving, and washed with ultrapure water to remove 
adhering fine particles 

(c) Synthetic Umtanum groundwater. 

TEST CONDITIONS 

Bentonite dehydration tests were run in furnaces at atmospheric pressure 

Experiment durations ranged from 1 to 365 
and fixed temperatures from 250' to 550'C to determine the thermal stability 
of bentonite in a dry environment. 
days. Hydrothermal tests (30 MPa pressure) to determine packing material 
bentonite/basalt stability in a saturated environment utilized either 
Dickson-type rocking autoclaves or cold-seal devices. 
claves allowed sampling of the water several times during each test, without 
disturbing experimental temperatures and pressures. Experiments were run at 
temperatures as high as 300'C to bring the reactions to a steady state on a 
laboratory time scale (60-379 days). 

The Dickson-type auto- 

METHODS OF ANALYSIS 

See Type of Data. 

AMOUNT OF DATA 

For the dehydration of bentonite study, the following observations were 
made : 

(a) Differential scanning calorimetry thermograms (5) for Wyoming bentonite 
at ambient pressure: 
55OoC/270 d. 
samples disappeared with increasing 'temperature. 

as-received, 25OoC/340 d, 37O0C/340 d, 440"€/365 d, 
The structural water peak sear YOO'C in the unreacted 



(b) TGA data indicate that structural water was lost after heating bentonite 
at 440°C for 1 yr, but remained at heating temperatures below 370°C. 
Those samples dehydrated at - <370°C and were able to reabsorb water. 
For the hydrothermal experiment with an equal mixture of basalt/ 

bentonite/water, reacted in synthetic groundwater at 150°C for 120 days, the 
following observations were made: 

(a) Significant quantities of Si, Al, K, Ca, Na, and SOk2- entered the 
solution from the solids. 

(b) Bulk XRD spectra for the reacted samples were virtually identical to that 
of the unreacted sample. 

For the hydrothermal experiment performed at 300°C: 

(a) The concentrations of Si, Al, and K in the water peaked within 60 days. 

(b) There was evidence of the presence of alteration products, iron smectite, 
quartz, cristobalite, feldspar, and zeolite. 

UNCERTAINTIES IN THE DATA 

Statistical information and detection limits of instrumentation were not 
given. 

DEFICIENCIES IN THE DATA BASE 

Basalt was finely crushed and washed, which is not representative of 
basalt to be used in packing material. 

Radiation effects were not studied. 

Loss of structural water at high temperature as shown by thermal analyses 
is discussed but not loss  of sorbed water with increase in temperature. 

These are relatively short-term studies. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ) 9  Supporting Data (X)]  . 
GENERAL COMMENTS 

The interpretation of the various results that is given seems to confuse 
sorbed water and structural water in bentonite. No XRD scans are shown, so it 
is not possible to tell whether the peak position attributable to the montmo- 
rillonite, i.e. "swelling" portion of the clay, was altered by the heating 
process. 
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ORGANIZATION PRODUCING DATA 

Rockwell Hanford Operations. 

Allen, C. C., D. L. Lane, R. A. Palmer and R. G. Johnston, "Experimental 
Studies of Packing Material Stability, '' in The Scientific Basis for Nuclear 
Waste Management, VII, Vol. 26, G. L. McVay, Editor, New York, Elsevier 
Publishing, 1984, pp. 105-112. 

AVAILABILITY 

Published proceedings. 

KEY WORDS 
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ABSTRACT 



__ 

I 

TYPE - 

WASTE PACKAGE DATA REVIEW FORM 

F DATA 

02 content  i n  basa l t / syn the t i c  groundwater system, concent ra t ion  of 
Tc i n  s y n t h e t i c  b a s a l t  groundwa t e r / b o r o s i l i c a t e  g l a s s  w i  th and wi thout  

b o r o s i l i c a t e  glass system, hydrau l i c  conduct iv i ty  o f  packing material as a 
func t ion  of d e n s i t y  and temperature. 

I crushed b a s a l t ,  concent ra t ion  of Np and Pu in synthetic b a s a l t  groundwater/ 

MATERIAL 

Boros.$licate g l a s s ,  syn the t i c  groundwater, crushed b a s a l t ,  basa l t -  
bentoni te packing material. 

TEST CONTIITIONS 

1 . Basal t/Groundwa ter  In t e rac t ion :  
simulated basalt groundwater a t  100°C and 1 5 O O C  f o r  3000 hrs.  
Groundwater s a tu ra t ed  wi th  a i r  (-8 mg/L). De-oxygenated, deionized 
groundwater and crushed b a s a l t  a t  7OoC and crushed basalt /groundwater 
(Eh measurements). 

Crushed Grande Ronde b a s a l t  and 

2. Radionuclide Releases: 

(a) Tc-doped b o r o s i l i c a t e  g l a s s / syn the t i c  groundwater + crushed b a s a l t  
a t  20OoC/30 MPa, SA/V = lo3  m - l ,  water / so l id  = lO/?I. 
du ra t ion  400 t o  2800 hours. 

T e s t  

(b)  Pu, Np In b o r o s i l i c a t e  g l a s s / syn the t i c  groundwater, a t  20OoC/30 
MPa, SA/V = lo3 m-l, water / so l id  = 10/1. 
hours. 

T e s t  dura t ion  -1200 

3. Hydraulic Conduct ivi ty  of Packing Material: 75% crushed basal t /25% 
sodium bentoni te ,  bulk dens i ty  from -1.6 g/cm3 t o  2.0 g/cm3, temp- 
e r a t u r e s  of 25OC, 6OoC and 90°C. 

METHODS OF DATA ANALYSIS 

Not s p e c i f i c a l l y  given. 

AMOUNT OF DATA 

Graphical  Presentat ion:  

(a )  Dissolved 02 data:  16 t o t a l  p o i n t s  w i th  e r r o r  bars.  

(b)  Radionuclide concentrat ions:  Tc - 22 d a t a  poin ts ,  some wi th  
( '  i e r r o r  bars .  

239Pu: 
237Np: 

5 da t a  po in t s  - no e r r o r  bars.  
4 da ta  po in t s  - no e r r o r  bars. 
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( c )  Hydraulic Conductivity: 18 da ta  poin ts  - no e r r o r  bars ,  th ree  
tempera tures .  

t e s t  

(d)  Modeling of Release Rate: g raphica l  presenta t ion  of calculatei  
r e l ease  vs  time f o r  four water v e l o c i t i e s .  

UNCERTAINTIES FOR THE DATA 

1. 
whether the e r r o r  bars r ep resen t  errors i n  r e p l i c a t e  measurements and/or  
de tec t ion  l i m i t  error. Data only r ep resen ta t ive  of condi t ions f o r  f r e s h  
b a s a l t  sur faces ,  no r a d i a t i o n ,  and no o ther  package components present  (e.g. 
c a n i s t e r ) .  
a r e  n o t  appl icable  to the waste package environment. In  conjunct ion with some 
information on simulated groundwater/basalt ,  the  da ta  ind ica t e  more oxidizing 
conditions.  Presence of r a d i o l y s i s  and o ther  ma te r i a l s  may r e s u l t  i n  
condi t ions d i f f e r e n t  from those reported.  

Basalt/Groundwater In t e rac t ion :  For the da ta  presented i t  i s  not c l e a r  

Data reported on Eh achieved with crushed b a s a l t ,  DIW a t  7OoC 

2. Radionuclide Releases  From Glass: Data suggest  a four  orders  of 
magnitude decrease in the s teady s t a t e  concent ra t ion  of Tc when b a s a l t  is  
present .  
(e.g. r e p l i c a t e  measurement o r  de tec t ion  l i m i t s ) .  
i nd ica t ion  i s  t h a t  the s teady s t a t e  concentrat ions a r e  lower than Tc. No 
ind ica t ion  i s  given of range of concentrat ions o r  unce r t a in t i e s .  
the data  a r e  no t  appl icable  to  repos i tory  condi t ions.  No information was 
given on the spec ia t ion  of Pu and Np o r  the v a r i a t i o n s  i n  steady s t a t e  
concentrations wi th  temperature, presence of cor ros ion  products o r  o the r  
changes (pH, Eh) i n  groundwater proper t ies .  

It i s  n o t  c l e a r ,  however, what the e r r o r  bars  on the da ta  represent  
For Pu and Np, the 

I n  genera l ,  

3.  Hydraulic Conduct ivi ty  of Packing Materials:  These data show an 
enormous amount of s c a t t e r  (e.g. a t  25OC and a bulk dens i ty  of -1.7 g/cm3 
the hydraulic conduc t iv i ty  appears to  range over -2 orders  of magnitude). 
There a r e  no da ta  on the e f f e c t  of higher temperatures (>90°C) which the 
packing may experience and which over time may a l s o  cause a l t e r a t i o n  i n  the 
bentonite.  

4. Model of Diffusive Radionuclide Release: Many unce r t a in t i e s  a r e  present  
in the assumptions made i n  modeling the r e l ease ,  e.g. the assumption t h a t  
reducing condi t ions a r e  present  so t h a t  -the concent ra t ion  i n  so lu t ion  i s  
s o l u b i l i t y  l imi ted  f o r  the lower redox s t a t e  of the radionucl ide,  and t h a t  
mass t ranspor t  i s  dominated by d i f fus ion  ( i . e .  no f r a c t u r e  flow, c o l l o i d a l  
t ranspor t  e t c . ) .  No s e n s i t i v i t y  ana lys i s  was done to ind ica t e  the ove ra l l  
impact of unce r t a in t i e s  i n  key parameters on the r e s u l t s  from the model. 

DEFICIENCIES I N  DATA 

Only a very narrow range of condi t ions is  considered. Radiolysis,  pres-  
ence df o ther  package cmponents  a r e  no t  included. No data .re given on 
changes i n  the s teady s t a t e  concent ra t ion  of the radionucl ides  as  a funct ion 
of t w e r a t u r e  o r  changes i n  water chemistry, o r  the e f f e c t  of o ther  package 
cmponents.  Informatior  on b a c k f i l l  mater ia l  i t  over a l i r i t e d  t e a p s r i t u r e  



, range wi th  no cons idera t ion  of changes i n  groundwater chemistry,  r a d i o l y s i s  o r  
pe r iod ic  wet t ing  and drying. In t h e  model c a l c u l a t i o n s  the re  i s  no sensit iv- 
i t y  a n a l y s i s  t o  i n d i c a t e  impact of u n c e r t a i n t i e s  i n  key parameters on t he  
r e s u l t s  of the ca l cu la t ion .  

APPLICABILITY OF DATA LICENSING [KEY DATA ( ) , SUPPORTING DATA (XI 1 

Rela t ionship  t o  WP Issues Already I d e n t i f  led: 

The da ta  gene ra l ly  addresses  i s s u e s  i n  the  SCA (NUREG-0960, Vol. 1, 
1983). See I s sue  Numbers 2.1, 2.2, 2.13. 

Genera 1 Comments : 

The r e p o r t  summarizes recent work by BWIP, and as such the  d a t a  contained 
i n  the  r e p o r t  are of l imi ted  value.  
radionucl ides ,  and packing materials. However, t he  t es t  condi t ions  reported 
do n o t  s imula te  t h e  range of condi t ions  t h a t  may exist  i n  a repos i tory .  The 
release c a l c u l a t i o n s  are one-dimensional, and seve re ly  l imi ted  by the  
assumptions made and the  lack of any estimate of the impact of u n c e r t a i n t i e s  
i n  the  da ta  on the r e s u l t s  of t he  ca l cu la t ion .  

It does o u t l i n e  p o t e n t i a l  behavior of 

ORGANIZATION PRODUCING THE DATA 

DOE/BWIP . 

Wood, M. I., Relyea, J. F., Myers, J. and Apted, M. J., "The Near F ie ld  
Waste Package Environment i n  Basalt and I ts  Effect on Waste Form 
Releases," RHO-BW-SA-331P , December 1983. 

AVAILABILITY 

P r e p r i n t  f o r  Civil ian Radioactive Waste Management Information Meeting, 
December 1983. 

KEY WORDS 

Basalt water, s o l u b i l i t y  of rad ionucl ides ,  hydraul ic  conduct iv i ty ,  
basa l t -bentoni te  b a c k f i l l ,  one-dimensional release model. 

DATE REVIEWED 

Apr i l ,  1984. 

I .  



A l icensable waste package for a nuclear waste 
reposi tory i n  basal t  must control lon - te rm radio- 

1 tmi t s  a5 def ined by regulatory c r i t e r i a .  Oemon- 
s t ra t i on  o f  sa t is fac to ry  long-term performance 
requires experimental data that  characterize radio- 
nucl ide behavior I n  the expected geochemfcal waste 
packaqe environment, Also, an accepted model i s  
required to  pred ic t  the long-term reladse o f  radlo- 
nucl ides frcm the waste package in to  the host rock. 
Experimental data are sumnarired that per ta in  t o  
radionucl ide behavior i n  the nuclear waste reposi- 
t o ry  i n  basal t  waste package (e.g., oxygen consump- 
t ion, hydrothermal reactions, hydraul i c  conduc- 
t i v l  ty). A simple, one-dimensional, composi t e  
media transport model I s  descrlbed that provides 
calculat ions o f  maximum radionucl ide release rates 
and cumulative releases (over 10,000 yr) a t  the 
waste package packing material/host rock interface 
on a radionucl ide-by-radionucl ide basis. The model 
demonstrstes that radionucl ide release from the 
waste package i s  l i nea r l y  dependent on the solubi- 
l i t y  values chosen f o r  the radionuclides o f  
interest. The calculated releases are cmpared 
with Nuclear Regulatory Con iss ion  and-Environ- 
mental Protection Agency c r i t e r i a  as wel l  as the 
avai lable experimental data. The experimental 
data indicate that  the maximum release rates and 
cumulative releases o f  the radionuclides techne- 
tium, neptunium, and plutonium frm the waste 
package should sa t i s f y  Environmental Protect Ion 
Agency and Nuclear Regulatory Con iss ion  
requirements. 

nucl ide release t o  the host rock with 3 n approved 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Calculated rad ionucl ide  s o l u b i l i t i e s  i n  a b a s a l t i c  water environment. 

MATERIAL 

Ni, Se, Z r ,  Pd, Sn, Sb, Sm, Eu, Pb, Th, U ,  Np, Pu, Am; reference b a s a l t  
groundwater (Jones,  1982, RHO-BW-ST-37P). 

CONDITIONS 

React ions and log Ke va lues  taken from compilat ion of  R a i  and Serne, 
Experimental data from R a i  e t  a l .  (1982) and Benson and Teague, and Phillips. 

Nair e t  a l .  (1982). 

Temperature 25OC; pH - 9.5, Eh from -0.6V t o  0.OV ( c a l c u l a t i o n  f o r  the  
nuc l ides  N i ,  Se,  Sn, U, Np, Pu), presence o f  SO2 and HS' a t  low Eh, o r  
only 
s o l u b i l i t y  i n  chemical compositions of 29 n a t u r a l  Grande Ronde groundwaters. 

a t  a l l  Eh f o r  a s i n g l e  groundwater composition (Jones,  19821, 

METHODS OF ANALYSIS 

Using AG: (298OK) f o r  i nd iv idua l  s o l i d s  and aqueous spec ies  and 
wi th  log Keq f o r  chemical e q u i l i b r i a ,  ca l cu la t ed  n o s t  s t a b l e  d isso lved  
species under a set of environmental condi t ions.  

AMOUNT OF DATA 

S i x  g raph ica l  summaries of Log o f  concent ra t ion  i n  mol/L vs Eh a t  25OC. 
A table i s  g iven  l i s t i n g  the s o l i d  c o n t r o l l i n g  s o l u b i l i t y ,  dominant s o l u t i o n  
spec ies ,  range o f  computed s o l u b i l i t i e s  i n  Grande Ronde waters (mol /L) ,  
s o l u b i l i t y  i n  the reference Grande Ronde groundwater (mol/L), compared t o  
experimental  s o l u b i l i t i e s  f o r  N i ,  Se, Pb, Th, U, Np, Am ( a l l  a t  Eh = -0.3V). 

UNCERTAINTIES I N  THE DATA 

Uncertainties are p resen t  because of the assumptions made (no r a d i o l y s i s  
effects, s i n g l e  s o l u b i l i t i e s ,  s i n g l e  pH, low temperature). This  makes these  
c a l c u l a t i o n s  of  l imi ted  value. The second major source of unce r t a in ty  i s  i n  
the  thermodynamic da ta  base used, i.e. the  completeness and accuracy of t he  
thermodynamic data.  The au thors  a l s o  no te  t ha t  u n c e r t a i n t i e s  wilL r e s u l t  if 
k i n e t i c s  are slow o r  c o l l o i d a l  p a r t i c l e s  form. 

The ca l cu la t ed  r e s u l t s  i n  genera l  i n d i c a t e  the largest  range in so lub i l -  
i t y  as a func t ion  of  Eh f o r  Ni, Se, and Sn (15 t o  20 o rde r s  o f  magnitude). 
The range i n  d a t a  over  the 29 groundwaters i s  gene ra l ly  two t o  f o u r  o rde r s  of 

Changes i n  the , magnitude at Eh = -0.3V and increases as the Eh increases. 
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dominant spec ie s  i n  s o l u t i o n  f o r  Pu could r e s u l t  i n  8 o rde r s  of magnitude i n  
the s o l u b i l i t y .  For U, changes i n  the  dominant spec ie  i n  s o l u t i o n  appear t o  
r e s u l t  i n  a range of  s o l u b i l i t i e s  t ha t  d i f f e r  by 12 o rde r s  of  magnitude. 
Where experimental  da ta  are a v a i l a b l e  f o r  comparison, the  agreement when i t  
exists i s  usua l ly  wi th in  one t o  two orders  of magnitude. In those cases where 
the ca l cu la t ed  s o l u b i l i t i e s  do n o t  ag ree  with experimental  da ta ,  the  
d i f f e rence  i s  abou t  5 t o  6 o rde r s  of magnitude. 

DEFICIENCIES I N  THE DATA BASE 

Since the paper does n o t  p re sen t  t he  d e t a i l e d  ca l cu la t ions ,  no assessment 
of the adequacy of the  assumed e q u i l i b r i a  can be  made. One major l i m i t a t i o n ,  
acknowledged by t h e  au thors ,  i s  i n  the completeness and accuracy o f  the  ther -  
modynamic da ta  base. A second l i m i t a t i o n  i s  the assumption of  cons t an t  pH 
and, f o r  very near f i e l d ,  and t h e  inf luence  of so lub le  spec ie s  from o t h e r  
b a r r i e r  materials (e.g. co r ros ion  products).  Changes i n  r epos i to ry  water 
characteristics due t o  i r r a d i a t i o n  and temperature are n o t  considered. A s  
such, the da t a  are of  l imi ted  value f o r  es t imat ing  o r  p red ic t ing  the 
concent ra t ion  of rad ionucl ides  i n  the  water near the package. 

APPLICABILITY O F  DATA TO LICENSING [KEY DATA ( ) , SUPPORTING DATA (X) ] 

Rela t ionship  t o  WP Performance I s sues  Already Iden t i f i ed :  

The da ta  addresses  I s sue  Number 2.13 i n  the S.C.A. (NUREG-0960, Vol. 1, 
1983). 

Genera 1 Comments : 

These c a l c u l a t i o n s  i n d i c a t e  a wide v a r i a b i l i t y  i n  s o l u b i l i t i e s  as a func- 
t i o n  of redox condi t ions ,  groundwater chemistry and spec ia t ion .  A s  such, they 
show the  need f o r  experimental  determinat ion of s o l u b i l i t i e s  under cond i t ions  
more pertinent t o  a waste package. 
t ies  t h a t  might have t o  be considered f o r  modeling and serve as a da ta  base 
f o r  comparing experimental  w i t h  predicted data .  

The d a t a  i n d i c a t e  the range i n  s o l u b i l i -  

ORGANIZATION PRODUCING DATA 

DOE/BWIP. 

AUTHORS/REFERENCE 

Early,  T. O. ,  Jacobs,  G. K., D r e w e s ,  D. R. , "Geochemical Controls  on 
Radionuclide Releases from a Nuclear Waste Reposi t o ry  i n  Basalt , 
Estimated S o l u b i l i t i e s  f o r  Selected Elements," RHO-BW-SA-282P) I4 O 2  

AVAILABILITY 

Pub li shed . 



KEY WORDS - 
S o l u b i l i t i e s ,  b a s a l t  groundwaters, a c t i n i d e s ,  Eh, spec ia t ion .  

DATE REVIEWED 

A p r i l ,  1984. 
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Abs trac t (Summary) Prom Reference: 

Two basalt flows w i t h i n  the Grande Ronde Basalt a t  the Hanford S i t e  

i n  southeastern Washington are candidates for a high-level nuclear waste 

repository. In order t o  determine the anticipated rate  o f  release and 

mi gration of key radionucl ides from the repository, solubil i t y  control s 
must be detemfned. So7ubf7itfes, sol f d s  controllfng solubtli ty,  and- 

aqueous speciation i n  groundwater have been determined from available 

thermodynamic data for a variety o f  actfnides and fission products. 

Groundwater compositions used include a l l  available analyses from the 

sel ected radi onucl ides include hydroxi des and hydrous oxi des (Pd, Sb, Sm, 

Eu, Pb, Am), oxides ( N i ,  Sn, Th, Np, P u ) ,  elements (Se, Pd, Sb ) ,  and 

si 1 icates (Zr, U) 

Pd, Sn, Sb, Sm, Eu, Th, U, Np) and carbonate species ( N i ,  Sm, Eu, Pb, U, Np, 

Pu, Am). In addition t o  limitations i n  completeness and accuracy of  thermo- 

dynamic data, sol ubi 1 i t y  estimates o f  the radionucl ides are sensi ti ve t o  

the following: 

(3) formation o f  metastable solid phases, and (4) coprecipitation. 

effects have been evaluated for each radionuclide and are significant f o r  

Se, Pd, Sn, and possibly U and Np. 

calculated a t  ambient temperature ( 4 5  f 5'C) for Grande Ronde basalts for 

those nucl ides for which sufficient data exi st. Effects of metastabi 1 f t y  

and coprecipi tation cannot be treated quantitatively b u t  their  contri bu- 

tions have been estimated i n  reference t o  available experimental data .  

Oominant soluble species include hydroxy complexes (Zr , 

(1) Eh and the degree o f  redox equilibrium, (2) temperature, 

Eh 

Solubili ty estimates also have been 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Graphs of the solubility of SrCl2; SrCl2*H20; SrC12 *2H 20; SrCl *6H 20 (in 
weight percent) as a function of temperature for different systems: 
SrCle-H20; SrCl2-NaCl-H20; SrC12-KCl-H20; SrC12-NaC1-KC1-H20. Most of the 
data presented was obtained by G. 0. Assarsson (1953-1955). 
that gathered for the SrC12-NaC1-H20 system. 

Original data is 

MATERIAL 

Salts: SrC12*6H20, SrC12*2H20, and NaC1. 

TEST CONDITIONS 

Original data were generated from determinations of the solubility of 
NaCl, SrC12*6H20 and SrC12*1H20 from 18°C to 115'C, using the technique of R. 
W. Potter and M. A. Clynne (1978) for measuring the solubility of highly 
soluble salts in aqueous media. The NaCl content was fixed at 0, 5, 10, 15 
and 20 weight percent. 

METHODS OF ANALYSIS 

Data were fitted with equations using polynomial regression techniques. 
No statistical information was provided. 

AMOUNT OF DATA 

Number of data points is not specified. The presence of NaCl in solution 
reduces the SrC12 solubility by an amount dependent on the NaCl concentration 
and the amount of total dissolved solids is higher. 
reported by Assarsson for SrCl2-KCl-H20 and SrC12-NaC1-KC1-H20 systems. 

Similar effects were 

UNCERTAINTIES IN THE DATA 

Error bars on plots were not shown. 

DEFICIENCIES IN THE DATA BASE 

Solubilities of SrC12 in complex systems at temperatures higher than 
100°C have not been measured. 



APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data ( X > l .  

GENERAL COMMENTS 

A s i g n i f i c a n t  po r t ion  030%) of t h e  Sr contained i n  spent f u e l  and 
b o r o s i l i c a t e  silicate is  predicted t o  be released t o  b r i n e  and b i t t e r n .  This 
paper examines t h e  behavior of Sr as SrCl2 i n  the salt  environment. Most of 
t h e  d a t a  presented is  compiled from other  publications.  

ORGANIZATION PRODUCING DATA 

U. S. Geological Survey. 

AUTHORS /REFERENCE 

M. A. Clynne, I-Ming Chou and J. L. Haas, Jr., "SrC12 S o l u b i l i t y  i n  
Complex Brines," i n  S c i e n t i f i c  Basis f o r  Nuclear Waste Management 111, J. G. 
Moore, Edi tor ,  New York, Plenum Pres s ,  1981, pp. 499-506. 

AVAILABILITY 

Published proceedings . 
KEY WORDS 

S o l u b i l i t y ,  Strontium, b r ine ,  b i t t e r n ,  salt .  

DATE REVIEWED 

October 1984. 

No a b s t r a c t  or summary was  given. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

(a) 
(b) Load-elongation p l o t  
(c) 

General corrosion - penetrat ion rate pm/yr 

Elongation and reduction of area versus s t r a i n  rate 

MATERIAL 

(a) 2 1/2% C r ,  1 1/2% Mo Fe-base a l l o y  
(b)  1 1/4% C r ,  1/2% Mo Fe-base a l l o y  
(c) Duc t i l e  cast i r o n  (ASTM 11536-77, Grade 60-40-18) 
(d) 
(e) 
(f) High p u r i t y  i r o n  
( g )  Permian Basin No. 2 brine. 

Cast mild steel (ASTM A27, Grade 60-30, AISI 1025 equivalent)  
Wrought steel sheet  AISI  1025 

TEST CONDITIONS 

15OOC maximum, up t o  seven months duration: 

General corrosion: 

Without r a d i a t i o n  and w i t h  gamma r a d i a t i o n  (lx105 rad/h and 2x103 rad/h) 
Oxic (1.5 ppm DO) and anoxic (0.5 ppm DO) 
Flow-through autoclave 35 ma/h, pressure not specif ied.  

Slow-strain-rate (SSR) tests f o r  stress-corrosion cracking: 

Oxic Permian 2 b r ine  
Control - i n  air 
Strained to  f a i l u r e  a t  rates of 10'4/s and ~ X ~ O - ~ / S .  

METHODS OF ANALYSIS 

No statistics given. P l o t s  of da t a  show a s i g n i f i c a n t  amount of 
scatter. A corrosion model is  presented: 



where 

P is  the uniform penetrat ion rate of carbon steel i n  p / y r  
T is  i n  Kelvin 
F is flow rate i n  !2/sec 
V is  volume i n  R 

2 A i s  area i n  cm 
R is  r ad ia t ion  dose rate i n  rad/h. 

AMOUNT OF DATA 

37 data  poin ts  general  corrosion (oxic and anoxic) - wit.-out i r rad-at ion.  
21 data  poin ts  general  corrosion - with gamma i r r ad ia t ion .  
6-8 data poin ts  f o r  each of two s t r a i n  rates. 

UNCERTAINTIES I N  THE DATA 

Not s t a t ed .  

DEFICIENCIES I N  THE DATA BASE 

(a) 
(b) 
(c) 
(d) These are short-term data.  
(e) Specimens w e r e  polished p r io r  t o  tes t ing .  
( f )  

U s e  of flow-through Permian Brine 2 i s  not j u s t i f i e d .  
Data f o r  p i t t i n g  corrosion w a s  not provided. 
Ef fec t  of alpha r ad io lys i s  on br ine  and corrosion w a s  not considered. 

Corrosion under equilibrium conditions was  not s tudied - fo r  example, 
salt  rock should be present as p a r t  of the  near-field chemical 
environment. 

GENERAL COMMENTS 

This paper descr ibes  ongoing s tud ie s  a t  PNL. Preliminary conclusions 
were given concerning the  e f f e c t  of r ad ia t ion  on the  corrosion of carbon steel  
i n  flowing Permian Basin Brine 2 a t  temperatures ranging from 11O-15O0C. It 
appears t h a t  dose rates of -10 rad/h enhanced corrosion by a f a c t o r  of =6 and 
t h a t  dose rates of 4!x103 rad/h showed l i t t l e  or  no enhancement over t h e  
durat ion of the  test. 
presented w i l l  have t o  be supplemented by fu r the r  t e s t i n g  i n  systems t h a t  
b e t t e r  simulate the reposi tory environment. 

5 

The i ron  a l loys  t e s t ed  behaved s imi la r ly .  The data  
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ORGANIZATION PRODUCING DATA 

Pacific Northwest Laboratory. 

AUTHORS/REFERENCE 

Westerman, R. E. and others, "Evaluation of Iron-Based Materials," in The - 
Scientific Basis for Nuclear Waste Management, VII, G. L. McVay, Editor, New 
York, Elsevier Publishing, 1984, pp. 427-436. 

AVAILABILITY 

Published Proceedings. 

KEY WORDS 
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DATE REVIEWED 
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ABSTRACT 

Desiyn s tud ies  f o r  h lyh- leve l  nuclear waste packages 
fo r  s a l t  repos i to r i es  have i d e n t i f i e d  low-carbon s t e e l  as 
a candidate ma te r ia l  f o r  containers. Amnng the  rcq i t i rc -  
ments are strength,  cor ros ion  resistance, and fab r i cab i ' l -  
ity. The s tud ies  o f  t he  cor ros ion  res is tance and s t ruc-  
t u ra l  s t a b i l t t y  o f  iron-base ma te r ia l s  ( p a r t i c u l a r l y  low- 
carbon s tee l )  are t rea ted  i n  t h i s  paper, The ma te r ia l s  
have been exposed i n  b r ines  t h a t  a re  c h a r a c t e r i s t i c  o f  t h e  
po ten t ia l  s i t e s  f o r  s a l t  repos i to r ies .  The e f f e c t s  o f  
temperature, r a d i a t i o n  l eve l ,  oxygen l e v e l  and o the r  para- 
meters are under tnves t iya t ion .  The i n i t i a l  developnlent 
o f  corrosion models f o r  these environnients f s  presented 
w i th  discussion o f  the  key mechanisms [under considerat ion.  



WASTE PACKAGE DATA REVIEW FORM 

! 

. I  

TYPE OF DATA 

Reference brine solution compositions, uniform corrosion rates (mm/yr) of 
18 metals in four water compositions, pH vs temperature of three salt (brine) 
compositions corrosion rate w/r/t dissolved O2 content (three Ti alloys), 
temperature effect on uniform corrosion rate of three Ti-alloys; effect of y 
irradiation on corrosion rates of the four metals; corrosion rate Ti-50A vs 
time . 

Brine A and By seawater, mild steel (1018), Corten A steel, Cr-Mo steel, 
Pb, Cu, cupronickel, 304-LSS, 316-LSS, Nitrone-50 SS, Ebrite 26-1 SS, Monel 
400, Incoloy 825, Inconel 600, Inconel 625, Hastelloy C-276, Zircaloy-2, 
Ti-50A, TiCode-12. 

CONDITIONS 

(a) Initial screening tests: 29 days to six months accelerated tests at 
25°C. Seawater, Brine B, Brine A, Brine A with 600 ppm 02. 

(b) General Corrosion: 
1) Ti-50A: 30 days; 
2) Ti-50A: Brine A, temperatures -225°C to -50°C; 
3)  Ti Alloys: 250"C, 30 days, Brine A and seawater; O2 conc of 30 

ppb or 450-500 ppm; second work in Brine A, 30 ppb 02, T = 70"C, 
150"C, 250"C, 30 days. 

(c) Corrosion Mechanisms: 
1 )  TiCode-12: pH = 1 concentrated NaCl; 200"C, three weeks. 
2) TiCode-12: 400 to 600°C in air. 

(d) Radiation Studies: lo5 to lo7 rad/h, seawater, T = 9O"C, 49 o r  87 
days . 

(e) Environmental Cracking and Embrittlement (TiCode-12) 
Tensile Tests: constant strain rate to sec-l, 30 to 

25OoC, air, Brine A, Brine B or  flowing oxygenated 
solution, prior y irradiation in brine, heat 
treatment, weldments. 

(f) Physical/Mechanical Metallurgy: 
Sensitized vs unsensitized (mill-annealed) TiCode-12, corrosion 
rates vs pH, HC1 acid medium. Temperature not given. 

METHODS OF ANALYSIS 

I ,  (a) Initial Screening Tests: weight change for general cotrocion 
rates. Oherration for leaching attack. 
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(b) General Corrosion: 
1) Ti-5OA: 30-day test at single temperature - weight loss. 
2) Ti-50A: Temperature dependence of corrosion rate; weight 

3)  Ti-alloys: 0, dependence and temperature dependence; weight 
change. 

change . 
(c) Corrosion Mechanisms: Electrochemical polarization techniques: 

Auger, ESCA, Raman: 
1) TiCode-12: 2OO0C, pH = 1, three weeks: Auger spectrum. 
2) TiCode-12: 400 to 600°C in air: Raman spectrum. 

(d) Radiation Studies: weight change 

(e) Physical and Mechanical Metallurgy: weight change. 

AMOUNT OF DATA 

(a) Initial Screening Tests: Table of general corrosion rates in mm/yr; 
notation of observations on localized attack. Table of pH change vs 
temperature (25 to 27OOC) for Brine A, Brine B and seawater. 

(b) Uniform Corrosion: 
1) Graphical presentation of corrosion rate (mm/yr) of Ti-50A vs 

time, four points, 30 days. 

2) Ti-50A: corrosion Brine A vs temperature - graphical 
presentation, with four points. 

Ti alloys (Ti-50AY TiCode-12, Ti-0.2% Pd); 12 data points (seven 
each for two types of water) for effect of two O2 concentra- 
tions. Nine data points for three temperatures in Brine A at 30 

3)  

PPb 02. 

(c) Corrosion Mechanisms: 
1) TiCode-12; pH = 1 concentrated brine; 20OoC; three weeks; 

graphical presentation; Auger spectrum 

2) TiCode-12; 400-600°C in air; Raman spectrum of surface oxide. 

(d) Radiation Studies: Four metals (Ti Code 12, 304L, 1018 steel and 
Inconel 625), 14 corrosion rates (mm/yr) in various waters, dose 
rates (either lo5 or lo7 rads/h) and time. 

(e) Environmental Cracking and Embrittlement. 
1) Graphical presentation of reduction of area, ultimate tensile 

strength and elongation vs strain rate (ratio of properties in 
Brine B and air). 

(f) Physical and Mechanical Metallurgy: Graphical presentation of cor- 
rosion rates (mm/yr) vs pH for sensitized and unsensitized TiCode- 
12, four points for each material. HC1 concentration varies from 
=1.6 M to 0.4 M. 
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1 JNCERTAINTIES IN THE DATA 

i 

Initial Screening Tests: No indications given of spread in corro- 
sion rates under identical conditions. Where pitting etc., observ- 
ed, no indication of the magnitude. Most data at a single tempera- 
ture, pressure and time (28 days). 
values at given temperature for each solution. 
values with composition of solution at given temperature can be as 
much as 2 to 3 pH units. 

No indication of spread in pH 
The spread in pH 

Uniform Corrosion: 
1) Ti-50A general corrosion rate - no point scatter; scatter in 

measured rate from t = 1 day to 30 days. May be as much as 
~3x10'~ mm/yr based on differences at t = 15 days and t = 20 

2) Ti-50A: uniform corrosion vs temperature: no scatter associ- 
ated with individual points. Rate change (mm/yr x lo3). Two 
orders of magnitude change over temperature range studied. 

concentration in Brine A and seawater at 250°C and with tempera- 
ture in Brine A at 30 ppb 02: No indication of variability of 
each data point; only two, extreme O2 concentrations studied. 
For temperature studies only one 02 (530 ppb) studied at three 
temperature's . 

3)  Ti-50A, Ti-12, Ti-0.2% Pd: corrosion,rate as function of O2 

Corrosion Mechanisms: 
1) TiCode; pH = 1 NaCl solution; 200°C: three weeks: represents 

2)  TiCode-12; 400-600°C (in air): Single spectrum - work done pri- analysis of changes under limited set of conditions. 

marily to investigate usefulness of technique for studying cor- 
rosion mechanisms. 

Radiation Studies: No individual point scatter indicated. Order of 
magnitude increase for TiCode-12 in corrosion rate in Brine A with 
factor of =2 increase in total dose. Very little increase in sea- 
water corrosion with total dose. Order of magnitude difference in 
rates at highest total dose between Brine A and seawater (seawater < 
Brine A rate). For 304L Stainless Steel in Brine A a factor of 200 
increase in the corrosion rate for factor 52 increase in total 
dose. Only one temperature studied; increase in H2 levels noted. 

Environmental Cracking and Embrittlement: 
1) Changes in mechanical properties vs strain rate: data are only 

"representative" of large data set - no errors or uncertainties 
indicated from sample to sample etc. 
scatter not indicated to show what the uncertainty may be. 

Ratio in brine/air >1, but 

2) Physical and Mechanical Metallurgy: Corrosion rates are given 
in highly acidic medium; temperature is not indicated (boil- 
ing?). 
tions. Data do, however, indicate an almost factor of two in- 
crease in general corrosion rate between sensitized and 
unsensitized material. 

Data very atypical of anticipated repository condi- 



DEFICIENCIES IN THE DATA BASE 

No indication is given of replicate reproducibility, Le. point scatter. 
The data represent single component tests under a limited range of conditions 
some of which are not representative of anticipated conditions. 
studies are limited and while a fairly large temperature range is 
investigated, normally only three or four discrete temperatures are studied. 

Radiation 

ORGANIZATION PRODUCING DATA 

DOE/Sandia National Laboratory. 

AUTHORS/REFERENCE 

Molecke, M. A. and others, "Sandia H L W  Canister/Overpack Studies 
Applicable for a Salt Repository,'* SAND81-1585, October 1981. 

AVAILABILITY 

Published. 

KEY WORDS 

Salt, corrosion, canister, brine, commercial wastes. 

DATE REVIEWZD 

May 1984. 
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ABSTRACT 

An experimental program to develop candidate materials for 
use as high-level waste (HLW) overpacks or canisters in a 
salt repository has been in progress at Sandia National 
Laboratories since 1976.  The main objective of this pro- 
gram has been to provide a waste package barrier having a 
long lifetime in the chemical and physical environment of 
a repository. This paper summarizes the recent corrosion 
and metallurgical resulks for the prime overpack material 
TiCode-12 in the areas of uniform corrosion (extremely low 
rate and extent), local attack, e.g. pits and crevices 
(none found), stress corrosion cracking susceptibility (no 
significant changes in macroscopic tensile properties 
detected) and hydrogen sorption/embrittlement effects 
(testing still in process), effects of gamma irradiation 
in 'solution (still in process), and sensitization effects 
(still in process). 
on other al loys  and recent work on alternate overpack 
alloys are reviewed. A l l  phases of these interrelated 
laboratory, hot-cell, and field experimental studies are 
described. 

Previous candidate screening analyses 





WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Initial and final brine composition following a "multicomponent" test, 
analysis and depth of glass surface alteration product, pre- and post-test 
analysis of TiCode-12, mechanical test results on TiCode-12. 

MATERIAL 

PNL-76-68 glass (w/3.5% 238U; S/V = 0.3 cm-'); 304L stainless steel can- 
ister (1.3-mm thick), TiCode-12 (1-mm thick) with welds; 30% by weight 
bentonite-clay/70% sand; saturated brine; rock salt "container, " Inconel 600 
autoclave liner. 

CONDITIONS 
c 

PNL-76-68 glass encased in 304L stainless steel canister; overpacked with 
TiCode-12 canister. 
partially immersed in sand-bentonite; entire system placed in a "machined rock 
salt container"; system flushed with He and pressurized to 13 MPa. 
heated'to 25OOC for total of 95 days. 

METHODS OF ANALYSIS 

Simulated waste package partially immersed in brine and 

Autoclave 

(a) Brine leachate: Inductively coupled plason spectroscopy and ion 
chromatography. 

(b) Glass waste form: optical and electron microprobe analysis. 

(c) TiCode-12 overpack: weight loss, SEM, Auger, X-ray diffraction 
tensile strength. 

(d) 304L stainless steel: EDAX analysis, SEM analysis and optical 
microscopy. 

(e) Autoclave liner (Inconel 600): SEM 

(f) Bentonite/sand backfill: X-ray diffraction; electron diffraction/ 
transmission microscopy, X-ray fluorescence. 

AMOUNT OF DATA 

1. Brine leachant: Initial brine leachant composition, composition 
following mixing with backfill at room temperature; composition fol- 
lowing 95 days of testing (13 cations; 4 anions; pH and concentra- 
tions of U-238 in mg/L) no indication of replicate uncertainties, no 
data on replicate tests. 



2. 

3. 

4. 

5. 

6. 

Glass waste form: 
after 95 days (0.8-0.1 mu) observation of surface spalling, partial 
analysis of major oxides in alteration layer (Mg02, SiOz, FegO3, 
Na20 and Z r 0 2 ) ;  observation of fractures parallel to glass, 304-L 
canister surface; corrosion at glass-metal interface. 

Primarily qualitative surface alteration depth 

TiCode-12: Two uniform corrosion rates (mm/yr) for abraded and 
unabraded samples: 
base metal and weld; surface film (1.2 pm) showed presence of 10 
species including C1 and 238U; no Ti; X-ray diffraction of film and 
surrounding area indicate precipitate of uranium oxide and magnesium 
silicate; presence of titanium hydride throughout specimen; post- 
test H2 levels of -600-700 ppm: percent change as measured in per- 
ceng elongation at 2OoC and 175°C and yield strength at 20°C and 
175°C. 

SEN analysis showed no localized corrosion of 

304L stainless steel: Qualitative observations of surface film and 
general corrosion around canister; particularly at welds; 
observation of cracking in both base and weld metal. 

Autoclave liner: Qualitative observations: 70% of surface covered 
with colored films; evidence of pitting. 

\ 

Backfill material: No numerical data - qualitative observation. 
a) Unglycolated samples: formation of a non-interlayered second 

clay form 

b) Glycolated samples: formation of a second smectite clay 
observed. 

UNCERTAINTIES IN THE DATA 

1. 

2. 

3. 

4 .  

5. 

Brine leachant: No indication is given of uncertainties in a single 
measurement for a set of conditions. Re licate tests were not run. 
Largest changes are observed for Na+, Mge2, B+', Zn+2, Mn+', 
and pH between pre-test and post-test brines. 

Glass waste form: No indication of variation in surface film com- 
position given or a comparison with surface film formed during 
"single" component tests. Data qualitative in nature. 

TiCode overpack: No indication of uncertainties in estimates of 
uniform corrosion rates. Factor of 12 increase in H2 content be- 
tween pre- and post-tested samples; 13% increase in elongation ongo- 
ing from 20" to 175°C. 
(13-34%) at either temperature (factor =3). 

Spread in decrease of yield strength 

304-L stainless steel: Only qualitative data. 

Backfill: 
data. 

Identification of major specie changes - no quantitative 

A5-130 



DEFICIENCIES IN THE DATA 
- 

The data and qualitative information reported in this report represent 
information on a single "package" test. Replicate testing would help estab- 
lish the uncertainties in the data. In addition, this work was conducted in 
the absence of radiation. To further reduce or define uncertainties and the 
changes occurring in whole package interaction tests, replicate tests run as a 
function of time and in a radiation field would be advantageous. Temperature 
is yet another variable that should be included in most component tests. 

APPLICATION OF DATA TO LICENSING [KEY DATA ( ) y  SUPPORTING DATA (X)] 

General Comments: 

Evaluation performed on a borosilicate glass waste form doped with 
fission products and U, surrounded by a T304L stainless steel/TiCode-12 
container/overpack system, a bentonitelsand backfill, excess brine and a salt 
host rock. The components were all breached prior to test to determine 
synergistic effects in a 95-day, 25OOC test in an autoclave. 

The brine pH decreased from 6.8 to 3.8 after test which is stated to be a 
result of reactions between MgC12 and Si02 and aluminosilicates. It could 
also be due to release of HC1 from the salt during heating. 
the glass surface showed the presence of Si02, Mg02, Fep03, Na2OY and Zr02 
plus small amounts of Zn, U, Nd, Ni and Cr. The TiCode-12 container contained 
TiH2 platelets throughout the thickness, omega phase in the beta phase, and 
Ti2Ni on a/B interfaces. At 
this level, embrittlement effects are likely, as shown by other SNL and BNL 
work. 
corrosion, particularly at welds. Brine interaction caused significant 
changes in the bentonite clay. 

An analysis of 

The H2 content increased from 50 to 600-700 ppm. 

The 304L stainless steel container suffered extensive general 

These data are of significant value in assessing synergistic interactions 
between waste package components and address mainly early waste package 
failure at high temperature. 
similar to single  component tests-and thus help validate the latter. 

It has been shown that many of the effects are 

ORGANIZATION PRODUCING THE DATA 

DOE/Sandia National Laboratory and Battelle Pacific Northwest Laboratory. 

AUTHORS/REFERENCE 

Molecke, M. A. and others "PNL-Sandia HLW Package Interaction Tests: 
Phase One," Scientific Basis for Radioactive Waste Management, Materials 
Research Society, Volume 6, North-Holland, NY, 1982, pp. 337-45. 

AVAILABILITY 

Published. 
, 
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Waste package tests, component interactions, hydrothermal conditions, 
brine, salt repository. 
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May 1984. 
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( 1  
WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

(a) Compositions of s a tu ra t ed  salt  br ines  at 25'C i n  ppm f o r  Na+, K+, Ca2+, 
Mg2+, Sr2+, Zn2+, C1-, Sob2-, HCO3-, Br', B033-, and S2- f o r  Permian 
Basin Cycles 4 and 5 and Paradox Basin Cycle 6 .  

(b)  pH values versus accumulated gamma dose ( i n  rads)  and versus annealing 
temperature f o r  Harshaw N a C l  and Permian Basin Cycle 4 rock and brine,  

pH values and gas composition of Cycle 4 s y n t h e t i c  Permian b r ine  doped 
with 244Cm t o  study alpha r a d i o l y s i s  e f f ec t s .  

(c) 

MATERIAL 

Permian Basin Cycle 4 and 5 rock and brine. Paradox Basin brine. 
Harshaw N a C l  c rys t a l s .  

TEST CONDITIONS 

The temperatures at which t h e  experiments were c a r r i e d  out is not 
specified.  The composition of t h e  b r ines  is given f o r  25'C. Gamma 
i r r a d i a t i o n s  between lo8 and lo1' rad were performed on so lu t ions  of 0.1 g 
salt i n  1.0 mR deionized water. 
f u r t h e r  s t u d i e s  had a maximum of 400'C. 

Annealing temperature of rock salt  p r i o r  t o  

METHODS OF ANALYSIS 

Not s ta ted .  No s ta t is t ical  information given. 

AMOUNT OF DATA 

(a) 25 da ta  po in t s  f o r  pH versus accumulated gamma dose ranging from 10 a t o  
lo1' rad. 

(b)  

(c) 

(d)  

12 da ta  po in t s  f o r  pH versus annealing temperature. 

Composition of s ix  cat ions and s ix  anions i n  brine.  

Four da t a  points  each f o r  alpha r a d i o l y s i s  s tud ie s :  

1. pH 
2. gas composition (%I: H2, H20, N 2 ,  O2 
3. Nitrate, mg N/R 



UNCERTAINTIES IN THE DATA 

Statistics not given. Temperatures not stated. 

DEFICIENCIES IN THE DATA BASE 

See General Comments. 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

This is a review of some studies dealing with the alteration of brines by 
radiolysis. 
then the solution pH will be nearly neutral. Graphs showing pH versus total 
gamma dose only consider the range of pH =7-14. 
N2 and the formation of nitric acid are not discussed in regard to effect on 
the pH of the solution. An evaluation needs to be performed to determine the 
identity and contact of significant radiolysis products and what the signifi- 
cant dissociation reactions are that control pH over the range of anticipated 
temperatures. 

The statement is made that if C12 does not escape the system, 

The presence of gases such as 

ORGANIZATION PRODUCING DATA 

Pacific Northwest Laboratory. 

AUTHORS/REFERENCE 

Pederson, L. R. and others, "The Expected Environment for Waste Packages 
in a Salt Repository," in The Scientific Basis for Nuclear Waste Management, 
- VII, Vol. 26, G. L. McVay, Editor, New York, Elsevier Publishing, 1984, pp. 
417-426. 

AVAILABILITY 

Published Proceedings. 

KEY WORDS 

Near-field, salt, brine, pH, radiolysis, gamma, alpEa. 
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September, 1984. 
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ABSTRACT 

This paper discusses resul ts  of recent e f fo r t s  to  
define the very near-field ( w i t h i n  approximately 2ml 
environmental conditions to which rrastc packzges will be 
exposed i n  a s a l t  repository. These condftions rus t  be 
considered i n  the expcrimcntal design for waste packagc 
materials testing, which includcs corrosion of barr icr  
materials and leaching of waste forms. 
corrposf tfons hnvc hccn tlr!tcrmlnctl, and "stan(ldrrl" hrlnc 
conpositions have been selected for testing purposes. 
Fctual brine compositions ni l1  vary depending on origin, 
tcrr(lcraturc, irradiation history, and contact with 
irradiated rock salt. Results of irradiating rock s a l t ,  
synthetic brines, rock salt /brinc mixtures, and reactions of 
irradiated rock s a l t  with brinc sa7uCions arc rcportcc!. 

Site-specific brine 

! 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Estimates for total mass, in kg, of radiation-induced Na-metal colloid 
that would be produced in natural rock salt from the WIPP site by gamma-ray 
irradiation for four packages at various times after emplacement. 

MATERIAL 

.Packages in WIPP salt are: CHLW-2.16 kW, CHLW-9.5 kW, SF-0.55 kW, SF-3.3 
kW. 

"EST CONDITIONS 

Experimental irradiation data previously reported for WIPP salt were used 
t o  estimate amount of Na-metal colloid formation. See AMOUNT OF DATA Section 
for details of irradiation conditions. 

METHODS OF ANALYSIS 

Not specified. No statistical information was given. 

AMOUNT OF DATA 

Radiation-induced colloid growth curves previously developed for WIPP 
salt at accumulated doses ranging from lo6 to 1-2x10 
rates of 3x107 rad/h, 6x107 rad/h, and 1.2~10~ rad/h were used to generate 
estimates of quantities of colloidal sodium (in kg) produced as a function of 
distance (1-15 cm) from the following packages: CHLW-2.16 kW, CHLW-9.5 kW, 
SF-0.55 kW, SF-3.3 kW as a function of time (10, 25, 50, 100, 200, 300, 400, 
500 years). 

8 rad at various dose 

UNCERTAINTIES IN THE DATA 

Author states that information needed to make reliable estimates of radi- 
ation damage in rock salt surrounding radioactive waste canisters does not 
exist at this time. The data used in the estimates were obtained at dose 
rates orders of magnitude higher than those anticipated in a repository and at 
accumulated doses orders of magnitude smaller than those anticipated in a 
repository. 



.DEFICIENCIES IN THE DATA BASE 

These preliminary data were obtained for one type of salt. Measurements 
of colloid levels on a statistically reliable number of different salt samples 
from each potential re ository site need to be made. 
mulated dose to 1-2x10po rad, low dose rate, and straining of salt before and 
during irradiation, need to be assessed. "he amount and effects of alpha and 
beta radiation at a salt-waste interface over long periods of time must also be 
determined. 

The effects of high accu- 

APPLICATION OF DATA TO LICENSING 

[Key Dgta ( ), Supporting Data (X)] 

GENERAL COMMENTS 

These estimates for production of colloidal sodium are based on severely- 
limited data from WIPP salt. The amount of colloidal sodium produced is very 
dependent on specific salt characteristics, e.g. impurities and voids. 

The radiation induced F-center and colloid growth rates and induction 
period properties are strong functions of irradiation temperature, gamma dose 
rate, the strain state of the salt and other factors. For WIPP salt, at a sin- 
gle dose rate, the F-center plateau is highest at 90°C and decreases monotonic- 
ally as the irradiation temperature increases. The F-center growth rate in- 
creases with crystal strain. The colloid growth rate is low at 90°C, increases 
with increasing temperature to a maximum at 150-175°C and, decreases to neglig- 
ible level at 250-300°C. 
to a minimum <3000 sec at 150°C and is lo4 sec at 250°C. The colloid formation 
dose rate dependence is unusual. A s  the dose rate diminishes, the colloid 
growth rate increases and the induction period decreases. In other words low 
gamma dose rates are more effective in producing colloidal Na than high dose 
rates. For the estimates described below, the data used were obtained at dose 
rates l o 3  to lo4 times larger than those expected from canisters (1-2~10~ 
rad/h) . 

The induction period is >lo4 sec at 1OO"C, decreases 

Strain effects are likely to control the total colloid produced in a re- 
pository. Repository salt will be subject to non-isotropic strain, starting 
with mining and coring operations and continuing until isotropic equilibrium is 
established. Straining salt prior to irradiation increases the colloid forma- 
tion rate and decreases the induction period, for strains up to roughly 10 per- 
cent. Apparently studies on strains applied during irradiation have not been 
attempted. Presumably, straining NaCl during irradiation will cause large 
increases in the F-center and colloid formation rates. 

ORGANIZATION PRODUCING DATA 

Brookhaven National Laboratory. 



AUTHORS /REFERENCE 

Levy, P. W. and J. A. Herstead, "Very Rough Preliminary Estimates of the 
Colloidal Sodium Induced in Rock Salt by Radioactive Waste Canister Radia- 
tion," in The Scientific Basis for Nuclear Waste Management,VII, Vol. 26, G. 
L. McVay, Editor, New York, Elsevier Publishing, 1984, pp. 727-734. 

AVAILABILITY 

Published proceedings. 

KEY WORDS 

Salt, colloidal sodium, radiolysis, gamma radiation. 
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September, 1984. 
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ABSTRACT 

Vcry rough c s t i m n t c s  linvc hecn mnclc of t h c  t o t a l  nmocint, 
t h c  formntion rntc nnd Rpntfnl d f s t r f h i t t f o n  of t h c  Nn mctnl 
c o l l o i d  p n r t i c l c s  induced i p  rock s n l t  nd jnccnt  to f o u r  
types of r a d i o a c t i v e  wnstc c n n i s t c r s .  
pn\lntlonn wcrr rcqiilrrtl.  
l i g h t l y  s h i e l d e d ,  2.16 kW, high l c v e l  waste  c a n i s t e r  could  
be converted e n t i r e l y  to c o l l o i d a l  Na (and presumably chlo- 
rinc E n s )  i n  200-400 ycnrs .  Thc t o t n l  Nn mctnl formccl w i l l  
be 250-300 kg. A heavi ly  s h i e l d e d ,  3.3 kW, s p e n t  f u e l  can- 
ister w i l l  conver t  roughly 0.3 pcrccnt  of t h c  R n l t  n t  t h c  
c a n i s t e r  s u r f a c e  to  c o l l o i d a l  No and t h e  t o t n l  sodium metal 
w i l l  be roughly 0.5 kg. Even at  t h e  lowdst c o l l o i d  l e v e l s  
t h c  Nn m t n l  formed Rhoiild E r c n t l y  lnflcic'ncc f n t o r n c t i o n n  
between c a n i s t e r s  and t h e  surrounding sal t ,  p a r t i c u l a r l y  i f  
b r ine  e n t e r s .  

A number of c x t r a -  
Snit Immctlintely ntl.jnccnt 1.0 n 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

No o r i g i n a l  d a t a  is provided. T h i s  r e p o r t  comments OR t h e  v a l i d i t y  of 
t h e  conclusions reached by Jenks and Clarborne as a result of t hese  calcula- 
t i o n s  of expected br ine  in-flow t o  a nuclear  waste r epos i to ry  in salt by d is -  
cussing u n c e r t a i n t i e s  and e r r o r s  i n  input.  

MATERIAL 

Domal and bedded salt formations. 

TEST CONDITIONS 

Not appl icable .  

METHODS O F  ANALYSIS 

Not appl icable .  

AMIUNT OF DATA 

Not appl icable .  

UNCERTAINTIES I N  THE DATA 

According t o  Roedder and Chou, t h e  conclusions reached by Jenks and 
Claiborne as a result of ca l cu la t ions  of expected br ine  in-flow t o  a nuclear 
waste repos i tory  i n  rock salt  are not t r u l y  conservative when t h e  observa- 
t i o n a l  and t h e o r e t i c a l  bases are considered. 
possible  a t  this time, as the re  are too many unce r t a in t i e s ,  but Roedder and 
Chou suggest t h a t  the in-flow ca lcu la t ions  of Jenks and Claiborne are low, 
perhaps by seve ra l  orders  of magnitude, as a result of a combination of t h e  

A t r u l y  v a l i d  ca l cu la t ion  is not 

following: 

1. 
t r u e  i n  s i t u  value i s  almost c e r t a i n l y  much higher ,  perhaps by a f a c t o r  of 
10 o r  more. 

Assumption of a value of 0.19 wt.% H20 f o r  bedded s a l t ,  whereas t h e  

2. Assumption of a Soret c o e f f i c i e n t  (-u) of 0.0004 t o  0.005°C-1 be- 
tween 50' and 2OO0C, whereas t h e  t r u e  value is almost c e r t a i n l y  much higher,  
perhaps even g r e a t e r  than 0.01'C' 1 . 

- 

i ,' 3. Assumptions about t h e  exis tence,  and magnitude, of a threshold value 
f o r  the  thermal g rad ien t ,  below which migrat ion is assumed t o  cease. 
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4. Assumption t h a t  rock sa l t  formations of repos i tory  s i z e  can be con- 
s idered t o  be i s o t r o p i c  and uniformly extremely low i n  permeability. 

5. Assumption t h a t  the o r i g i n a l  l oca t ion  of t h e  water i s  as in t racrys-  
t r a l l i n e  inc lus ions ,  whereas some and possibly much of t h e  water i n  any given 
salt bed i s  more l i k e l y  t o  be already on h a l i t e  g r a i n  boundaries, as i n t e r -  
c r y s t a l l i n e  f l u i d  inc lus ions  and hydrous mineral  impurity grains .  

6. Assumption t h a t  f l u i d  migrat ion through a po lyc rys t a l l i ne ,  polymin- 
eralic rock salt mass can be modelled mathematically as though it  w e r e  a l a r g e  
s i n g l e  c r y s t a l  of salt. 

DEFICIENCIES I N  THE DATA BASE 

See u n c e r t a i n t i e s  . 
APPLICABILITY OF DATA TO LICENSING 

[Key Data ( X I ,  Supporting D a t a  ( 11. 

GENERAL COMMENTS 

The amount of water reaching a waste package in a sal t  r epos i to ry  i s  a 
cr i t ical  f a c t o r  t o  consider during the  breach of containment period. It 
appears t h a t  much uncer ta in ty  e x i s t s  concerning this amount. During t h e  con- 
t r o l l e d  release period, t he  amount of water reaching the  package may not  be as 
critical i f  it can be shown t h a t  the  water w i l l  not be ab le  t o  migrate  t o  the  
access ib le  environment i n  10,000 years.  

ORGINIZATION PRODUCING DATA 

U. S. Geological Survey 

AUTHORS /REFERENCE 

USGS-OPR-82-1131, "A Cr i t ique  of 'Brine Migration i n  S a l t  and I ts  Impli- 
ca t ions  i n  the  Geologic Disposal of Nuclear Waste,' Oak Ridge National Labora- 
t o ry  Report 5818, by G. H. Jenks and H. C. Claiborne, "E. Roedder and J-Ming 
Chou, U. S. Geological Survey. 

AVAILABILITY 

NTIS 
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A crit ique o f  "Brine migration in s a l t  and i t s  implications in the geologic 
disposal of nuclear waste," Oak Ridge National Laboratory Report 5818, by 
G.H. Jenks and H.C.  Claiborne 

by Edwin Roedder and  I-Ming Chou 
U.S. Geoloyical Survey, 059 National Center, Reston, VA 22092 

AB S T R A C T  

Jenks and  C l  ai borne in 1981 pub1 i shed a 164 page 'I.. .cornprehensi ve 
review and analysis of available information relating t o  brine migration i n  
s a l t  surrounding radioactive waste in a s a l t  repository." Calculations are 
presented in t h a t  pub1 icat ion,  t h a t  are  called "reasonably conservative," t o  
show t h a t  the rates and t o t a l  voluiiies of brine expected t o  migrate in to  a 
given emplacement hole in bedded s a l t  over the f i r s t  100 years are suff ic ient ly  
low (e.g., <250 mllyear) t h a t  they are  o f  re lat ively minor concern in t h e  
engineering design o f  a nuclear waste repository. We believe t h a t  because 
the values used for the major input parameters are e i ther  nonconservative, 
selected numbers, or a re  based on inadequate d a t a ,  the resul ts  of these 
calculations are invalid. Neither we nor  others are  able t o  make a t ru ly  
valid calculation a t  t h i s  time as there are  t o o  many uncertainties,  b u t  we 
show t h a t  conservative estimates should be larger ,  and perhaps two orders 
o f  magnitude larger ,  t h a n  those made by Jenks and  Claihorne. 

INTRODUCTION 

One of t h e  factors in establishing the safety,  cost ,  and engineering 
complexity of any proposed nuclear waste repository i n  s a l t  centers on 
the possible migration of brine froiii the s a l t  into the immediate vicini ty  
of the waste package. Jenks and  Claiborne (1981 ; hereafter abbreviated 
J-C) have presented a "comprehensive review and analysis o f  avai lab1 e 
inforiiiation relating t o  brine migration i n  s a l t  surrounding radioactive 
waste in  a s a l t  repository." The i i ia jor  coriclusion o f  this  rcport, for most 
potential users, l i e s  in the very low (and  hence readily manageable) values 
t h a t  they calculate for the possible ra te  of inflow of water into a canis ter  
ctiarrrber (<250 iiil /yr. ). A1 t h o u g h  Soiiie caveats are mentioned in the? r report ,  
t h i s  value (s ta ted t o  be "reasonably conservative"), will ol)viotisly be 
used i n  discussions of the feasi bi 1 i t y  of such repositories. 

This low value i s  based, however, on a ser ies  of assumptions and 
choices of d a t a  from the l i t e r a tu re ,  many of which we show are  invalid t o  
some degree, and  which taken together have the net effect  of greatly reducing 
the calculated rate  of inflow, thus making the resul t  f a r  from "conservative." 
The most iiiiportant of  these assuiiiptions and  choices pertain to:  
water content t o  be used in the calculat ions;  2 )  the ra te  of migration o f  
f lu id  inclusions t h r o u g h  single s a l t  c rys ta l s ;  and 3)  the behavior of 
migrating f lu id  inclusions when they intersect  a grain boundary. A l t h o u g h  
we take similar issue w i t h  numerous other points made by 3-C,  and have soJ 
informed them in the past ,  the following cr i t ique  centers on the nature 
and validity o f  the assuiiiptions iri thcse tlircr! key a r m s .  

1 )  the 

I t  i s  not  now possible to c;ilculcit,e the expected rate  o f  in f low with 
any confidence, as there are far too  many uncertainties a n d  imknowns. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

For the determination of the composition of the rock beds, gamma-ray 
scattering to locate differences in rock density and neutron scattering to 
locate h drogen nuclei in the rock were used. Chemical analyses data for 
Ca2+, big'+, Na+, e, 
brine/inclusions and WIPP Brines A and B and inclusions. 

and C1- were tabulated for Palo Duro 

MATERIAL 

Palo Duro salt beds and brine/inclusions. 

TEST CONDITIONS 

Not stated. 

METHODS OF ANALYSIS 

Not stated. 

AMOUNT OF DATA 

(a) Percentages of anhydrite, clay, and halite for one salt bed in deposi- 
tional Cycle 4, Lower Andres Formation, Palo Duro Basin, Texas, J. 
Friemel No. 1 drill hole. 

(b) Composition of fluid inclusion from above salt in ppm for six ions was 
determined. 

UNCERTAINTIES IN THE DATA 

Not stated. 

DEFICIENCIES IN THE DATA BASE 

(a) 

(b) 

No statistical information is provided. 

Composition of brine/inclusions are initial. 

(c) The radiation alteration of the environment is not consii,xed in the 
alteration of the brine contacting the package. 

- 
( !(d) Cas04 will change to gypsum CaS04*2H20. This is soluble in acidic 

media. 
considered. 

The effect of the change in environment on solubility is not 
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APPLICTION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

It is stated that the chemical conditions around the waste package may be 
It is proposed that 
CaS04 can be corro- 

significantly altered by the anhydrite in Palo Duro salt. 
anhydrite will form a protective coating on the canister. 
sive to carbon steel. 
Gypsum is soluble in acids. 
will cause the dissolution of gypsum. 
groundwater system may be significantly different than solubility in a pure 
water system. It must also be noted that there can be mutual interference 
effects on solubility. If NaCl and CaS04 are dissolved in water together, the 
solubility of CaS04 becomes independent of temperature and is dependent on the 
NaCl concentration (H. J. Neumann, B. Paczynska-Lahme and D. Severin, Composi- 
tion and Properties of Petroleum, New York, Halsted Press, 1981). This leads 
to the general observation that one must consider the effect of the altered 
environment on the package. The definition of initial conditions is of impor- 
tance, but behavior of the package will depend on the change in conditions 
arising from the presence of the package in the environment. 

Anhdyrite when it becomes hydrated w i l l  form gypsum. 
Any change in pK that produces acidic conditions 

The solubility behavior of CaSO4 in a 

ORGANIZATION PRODUCING DATA 

Battelle Memorial Institute. 

AUTHORS /REFERENCE 

Hubbard, N., D. Livingston and L. Fukui, "The Composition and Strati- 
graphic Distribution of Materials in the Lower San Andres Salt Unit 4," in The 
Scientific Basis for Nuclear Waste Management, VII, G. L. McVay, Editor, New 
York, Elsevier, pp. 405-415. 

AVAILABILITY 

Published Proceedings. 

KEY WORDS 

Brine, bedded salt, Deaf Smith, anhydrite. 

DATE REVIEWED 

September 1984. 
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ABSTRACT 

The salt bed in depositional cycle 4 of the Permian 
Lower $an Andrcs Forrnotlon, Pnlo Diira Rnsin, Deaf Smlth 
County, Texas consists of massive salt interlayered with 
discrete bands and beds of anhydrite and claystone, The 
mnsslvr? nnlt cnnr,lr,t.:: nf nhniit 90% Iv~lltn, wlLh 7% nnhydrlto 
nnd 31 clnys dlssernlnated In and among the halite crystals. 

The halite in this salt bed contains fluid inclusions 
filled with a (Na, K, MgK1 brine, with an average Mg 
concentration of about 50,000 mgllitcr. The anhydrite in 
tho s n l t  wlll snturotc Lhc brlncn in CnSOq, which in turn 
may coat the waste package with anhydrite because of the 
retrograde solubility of CaS04. This may increase waste 
package lifetime to failure by corrosion. 

j .  
I 

r 
! 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

No test da ta  are provided. The r e s u l t s  of WAPPA fo r  the following are 
presented i n  graph form: temperatures a t  salt-overpack in t e r f ace ,  stress 
boundary conditions,  dose rates from cen te r l ine  CHLW and SF packages, b r ine  
migration inflow rates per can i s t e r ,  penetrat.ion rate, f a i l u r e  thickness,  
accumulated brine.  

MATERIAL 

Not appl icable .  

TEST CONDITIONS 

Not appl icable .  

METHODS OF ANALYSIS 

Not appl icable .  

AMOUNT OF DATA 

WAPPA results f o r  CHLW and SF PWR waste packages i n  Palo Duro (PD) bedded 
salt ,  Gibson Dome (GD), and Richton Dome (RD) are presented i n  graphical  form. 

Boundary Temperatures: Peak temperatures are reached within one t o  20 
years a f t e r  bu r i a l .  They are higher i n  domal salt than bedded salt.  The 
highest  temperature f o r  a SF PWR package is 170°C; f o r  a CHLW package is 
270 "C. 

Boundary Stresses:  Assumed normal stress boundary conditions (ver t ical  
and r a d i a l )  a t  CHLW waste package midplane within 20 years of b u r i a l  range 
from 13 MPa t o  36 MPa. 

Radiation F ie lds :  A SF PWR package a t  b u r i a l  generates a r ad ia t ion  dose 
rate of 3-4 rad lh  at  the salt-overpack in t e r f ace  in  a non-corroded overpack. 
I n i t i a l l y  the intact  overpack sh ie lds  the can i s t e r  metal-brine i n t e r f a c e  from 
two orders of magnitude higher rad ia t ion  f i e l d s .  A CHLW package a t  100 years  
generates a r ad ia t ion  dose rate of <3 rad/h a t  the  salt-overpack i n t e r f a c e  i n  
a non-corroded overpack. 

Brine Migration R a t e :  The br ine  migration inflow rates per c a n i s t e r  are 
t h e  g rea t e s t  immediately a f t e r  b u r i a l  and range from = 2 E/ y r  t o '  3 5  R/yr. 
100 years a f t e r  bu r i a l ,  the  rates range from 4.13 R/yr t o  4 . 3  R/yr. 

A t  
- - I .  

(;, 
I . ,  
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Accumulated Brine Volumes: The maximum accumulated volume of brine at a 
SF PWR waste package in Richton Dome is 400 R before corrosion. The maximum 
accumulated volume of brine at a CHLW package in Palo Duro Basin is =900 11 be- 
fore corrosion. But it is proposed that all of the brine reaching the package 
is immediately used up by reaction with the overpack. 

Corrosion and Failure of the Waste Package: The wall thickness at which 
the CHLW package in Palo Duro Basin would be crushed (i.e. failure thickness) 
is -10 cm. Graphs are presented to show loss  of thickness due to corrosion in 
comparison to failure thickness. 

The waste package is not expected to fail from corrosion for thousands of 
years in the Richton Dome with low Mg thermally-migrating brine. In any of 
the salt formations, the low Mg dissolution brines used in intrusion scenarios 
are not expected to cause the waste package to fail unless pitting and stress 
corrosion cracking cause much greater penetration of the overpack than uniform 
corrosion. 

In the bedded salt formations, with high Mg thermally-migrating brines it 
is necessary to take credit for the ability of the overpack to react with and 
use up the water in the brine to prevent package failure within 1,000 years 
after burial. If the brine is uniformly distributed over the package surface, 
the brine will be used up before corrosion proceeds to package failure. How- 
ever, more detailed modeling of the emplacement procedure and early package 
history will be necessary to determine whether the brine will actually be un- 
evenly distributed. For example, 2.5 times the even-distribution corrosion 
could fail the package within 300 years. These constraints are based on 
preliminary corrosion data and on conservative stress analyses in ONWI-438. 

UNCERTAINTIES IN T W  DATA 

Results of the WAPPA code will depend on assumptions made in the code and 
input. Uncertainties in results were not )provided. 

DEFICIENCIES IN THE DATA BASE 

See GENERAL COMMENTS. Identification of 
uation of the WAPPA code and details of input 
for package failure were based on preliminary 

deficiencies would require eval- 
into the code. These results 
data for uniform corrosion. The 

effects of alpha and beta radiation 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data 

dose rates were not discussed. 

( X I 1  
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GENERAL COMMENTS ( i  

The near-f ie ld  conditions predicted by the  WAPPA code are based on unsub- 
s t a n t i a t e d  assumptions and conceptual waste packages. 
with l i t t l e  explanation of the  s ign i f icance  of the  r e su l t s .  
nology and d i f f e r e n t  time periods considered i n  the  presentat ion of t h e  
information make it very d i f f i c u l t  t o  assimilate and assess the  r e s u l t s .  

Graphs are presented 
Undefined t e r m i -  

ORGANIZATION PRODUCING DATA 

Office of Nuclear Waste Iso la t ion .  

AUTHORS /REFE"RENCE 

Jansen, G., "Performance Analysis of Conceptual Waste Package Designs i n  
S a l t  Repositories," i n  The S c i e n t i f i c  Basis f o r  Nuclear Waste Management, V I I ,  
Vol. 26, G. L. McVay, Edi tor ,  New York, Elsevier  Publishing, 1984, pp. 
445-454. 

AVAILABILITY 

Published Proceedings. 

KEY WORDS 

S a l t ,  Palo Duro Basin, corrosion, br ine,  magnesium, WAPPA, waste package, 
f a i l u r e  analysis.  

DATE REVIEWED 

September 1984. 
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ABSTRACT 

A performance analysis of conancrcial high-level waste and 
spent fuel conceptual package designs in reference repositories 
in three salt formatinns was conducted with the WAPPA waste 
packmle cntle. Cxpecletl contl I t  ions for Lcmpcrature, stress, 
brine composition, radiation level, and brine f low rate were 
used as boundary conditions to compute expected corrosion of 
a thick-walled overpack of 1025 wrought steel. In all salt 
formations corrosion by low Mg salt-dissolution brines typical 
of intrusion sccnarios was too slow to cause thc package to 
Fail For thousands of years after burial. In high Mg brines 
judged typical of thermally migrating brines in bedded salt 
formations, corrosion rates which would otherwise have caused 
the packages to fail within a few hundred years were limited 
by brine availability. All o f  the brine reaching the package 
was consumed by reaction with the iron in the overpack, thus 
preventing further corrosion. Uniform brine distribution over 
the package surface was an important factor in predicting long 
package lifetimes for the high Mg brines. 
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I .  

TYPE OF DATA 

Shielding 

WASTE PACKAGE DATA REVIEW FORM 

ca lcu la t ions  (DOT-IV and FALSTF codes) f o r  a 10-year old PWR 
f u e l  assembly which result i n  the  pred ic t ion  of gamma dose rates as a func t ion  
of pos i t i on  relative t o  t h e  assembly (i.e. two-dimensional) f o r  a bare PWR 
f u e l  assembly, 

MATERIAL 

The PWR assembly considered i n  this r e p o r t  contains 264 stainless 
s tee l -c lad  f u e l  rods with a burnup of 33,000 MWd/MTU. 

TEST CONDITIONS 

Two-dimensional rates are presented f o r  two cases: 

( a )  The r a d i a t i o n  source i s  non-uniformly d i s t r i b u t e d  f i s s i o n  products (i.e. 
a nonsymmetrical burnup d i s t r i b u t i o n  i s  assumed) or  

the  r a d i a t i o n  source is a uniformly d i s t r i b u t e d  spike (60Co) .  (b) 

METHODS OF ANALYSIS 

Codes used t o  calculate absolu te  dose rates were  DOT-IV and FALSTF, with 
input  t o  the codes based on ORIGEN f i s s i o n  product inventory. 

AMOUNT OF DATA 

The dose rates w e r e  ca lcu la ted  f o r  six areas: on t he  s ides  and t h e  end 
su r faces  of t h e  f u e l  assembly, on s p a t i a l  sur faces  1 m from the  s i d e  and the  
end of t h e  f u e l  assembly, and on s p a t i a l  sur faces  2 m from t h e  s i d e  and t h e  
end of t h e  f u e l  assembly. Data i s  depicted i n  the  f i g u r e  below for  the  
f i s s i o n  product (non-uniform burnup) dose rate from a 10-yr old PWR fue l .  
similar set of data w a s  generated f o r  a uniform source d i s t r i b u t i o n  within t h e  
assembly (i.e. 30 ppm of 6oCo). 
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UNCERTAINTIES IN THE DATA 

This was not stated. This depends on assumptions implicit in the code 
and assumptions made for data input. 

DEFICIENCIES IN THE DATA BASE 

It was considered necessary to simply the square PWR assembly design in 
order to make input for the shielding calculation feasible. 
assumed to have the symmetry of a right circular cylinder and to be of homoge- 
neous nature within the assembly volume. 
one-fourth of the assembly was considered in the calculations, i.e. upper 
right quadrant. 
loy, stainless steel was substituted for the Zircaloy in the fuel assembly. 

The assembly was 

Due to the assumed symmetry, only 

Since no cross-section data were readily available for Zirca- 
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I . APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

This report is not directly related to the waste package but it 
highlights types of dose rate calculations that should be performed on the 
package. Most dose-rate calculations treat the fuel assembly as an infinitely 
long source of radiation emitting a specified number of gamma rays per unit 
length. The dose rate is then calculated as a function of one dimension, the 
distance from the line source. This approach ignores the decrease in dose 
that results from the finite length of the assembly and the lower burnup at 
the ends of the fuel assembly. A one-dimensional calculation cannot predict 
the dose rates near the corners and on the end of the fuel assembly. 

ORGANIZATION PRODUCING DATA 

Oak Ridge National Laboratory. 

AUTHORS /REFERENCE 

ORNLITM-6754, "Calculated, Two-Dimensional Dose Rates From a (Bare) PWR 
Fuel Assembly," A. G. Croff, 0. W. Hermann, and C. W. Alexander, Oak Ridge 
National Laboratory, March 1979. 

AVAILABILITY 

NTIS 

KEY WORDS 

Spent fuel, PWR, dose rate, gamma radiation. 

DATE REVIEWED 

September 1984. 
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WASTE PACKAGE DATA REVIEW FORM 

TYPE OF DATA 

Qualitative and quantitative analysis of gases (1) produced by radiolysis 
(gamma& of rock salt at 60°C to an accumulated dose of 1.5 x lo8 rad (rate = 
2.3~10 
Reported in % (by volume) for (1) and in ppm for (2). 
spectrometry. 

rad/h) and (2) released by irradiated salt upon heating to 320OC. 
Analysis by mass 

MATERIAL 

Halite from the Asse salt mine, anhydritic rock salt, gypsum, kieserite 
with 2 weight percent halite and trace minerals, 
from 0.3 to 21 weight percent. 

The water content ranged 

TEST CONDITIONS 

For radiolysis studies 500 g ground salt were irradiated at 60°C for 65 

Only half of the volume in the ampoule was filled with salt, 
6' h at a dose rate of 2.3~10 

length 650 mm), 
Ampoules were purged with nitrogen and sealed. 
tion, ampoules were opened. 

rad/h gamma in glass ampoules (O.D. 55 mm and 

After completion of irradia- 
The irradiated salt was heated up in a vacuum 

mbar) of a mass spectrometer to 32OoC, 

METHODS OF AJ!JALYSIS 

No information on statistics w a s  provided. It is not stated that 
replicate samples were studied. 

AMOUNT OF DATA 

Qualitative and quantitative gas analyses (seven gases) for five salt - 

samples with varying water content. 

UNCERTAINTIES IN THE DATA 

Not provided in the document. De 

DEFICIENCIES IN TEIE DATA BASE 

xtion limits were not specified. 

(a) Replicates need to be studied and statistical information provided. 

(b) Tests were performed in a nitrogen environment. 
formed for a more realistic repository environment, which would include 
some oxygen and carbon dioxide. 

They should a lso  be per- 

8' 
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(3) Tests should be performed to determine if there is a dose rate effect and 
if there is an equilibrium established in gas production at some dose and 
time . 

APPLICATION OF DATA TO LICENSING 

[Key Data ( ), Supporting Data (X)]. 

GENERAL COMMENTS 

This study identified gases that were produced when Asse salt mine rock 
was gamma-irradiated at 6OoC in a nitrogen atmosphere. This data may or may 
not be relevant to the environment that a waste package w i l l  experience in a 
repository. 
investigated. 

The effect of these gases on brine chemistry should be 

ORGANIZATION PRODUCING DATA 

Gesellschaft fuer Strahlen - und Umweltforschung mbH Muenchen Institut 
fuer Tieflagerung, Federal Republic of Germany. 

AUTHORS/REFERENCE 

Jockwer, N., "Laboratory Investigations on Radiolysis Effects on Rock 
Salt With Regard to the Disposal of High-Level Radioactive Wastes," in - The 
Scientific Basis for Nuclear Waste Management,VII, G. L. McVay, Editor, New 
York, Elsevier Publishhg, 1984, pp. 17-23. 

AVAILABILITY 

Published Proceedings. 

KEY WORDS 

Salt, gamma radiation, gases, radiolysis. 

DATE REVIEWED 

September 1984. 
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ABSTRACT 

As a r e s u l t  of t h e  heat  produclny h igh- l cvc l  rnd ioor t ivc  
wa:iI.o, volnl . l ln  cornponcnts which a r e  i n  the  h o s t  rock w i l l  
be l iberatcd  and r t ~ r 1 . h ~ ~  qxtc:~ w l  1 1  lw qencratcd by thermal 
rrorki nq and r a d i o l y s i s .  
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