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P R O C E E D I N G S  

CHAIRM~N DON V. DEERE: Gc, od mornirlg. This is a 

jc, int meeting ,of the panels c,f the Nuclear Waste Technical Rev- 

iew Board: the Panel c,n Structural Geology and Geoengineering; 

and the Panel on Hydrogeology and Geochemistry. 

We have invited the Department of Energy to present 

to us the updated informatic, n on the studies they have been 

making on the SAS ..... Studies on Alternative Strategies--and other 

items. These have been cc0vered in part in our previous 

meetings. I believe this will be the third meeting that will 

let us know what the prc, gress is. 

Mr. Brocum, I will turn it over to you. 

MR. BROCUM: Goc, d morning. The Department of Energy 

is pleased to be here at the meeting of the Panel Review Board 

to present the status of our f,-,ur ma.jc, r activities: surface- 

based testing; the Calicc, Hills cost/benefit analysis; the 

Explc°ratory Shaft Facility Alternative Study; and the Alternate 

Life Strategy. 

My name is Steven Brocum. For the record, this 

slide is incorrect. You have had a reorganizatic, n, which I 

think you heard about yesterday. I am now the Acting Director 

of the Requirements, Analysis and Verification Divisic, n c,f the 

Office of Geologic Disposal. Paul Gertz is the Director of the 

Office of Geologic Disposal. 

Today we have a quite a few people here from the 
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approximately six or seven months. They all started late last 

year, early this year; and they are all due to be completed by 

the end of this year. 

This is a status presentation. We don't have all 

the answers, but I t h i n k  you w i l l  note we have made a l o t  of  

progress.  

OVERALL MANAGEMENT OVERVIEW 

Mr. Maxwell Blanchard 

MR. BLANCHARD: By way of i n t r o d u c i n g  the t op i c  I 

would l i k e  to  p rov ide  you w i t h  a s t a t u s  of each of  these four 

a c t i v i t i e s .  Mr. Brocum descr ibed the sequence in  which we are 

going to  d iscuss  them. 

These Task Forces had two ro l es .  One as to  p rov ide  

input  t o  some techn i ca l  i ssues  t ha t  were ra i sed  by the Commis- 

s ion s t a f f ,  t h i s  group here: the  Technical Review Board; as 

wel l  as the u t i l i t i e s .  So tha t  centers  d e f i n i t e l y  around the 

Ca l i co  H i l l s  Risk Bene f i t  Ana l ys i s  and the Surface-Based Tes t -  

ing P r i o r i t i z a t i o n .  

In the sys temat ic  bas is  for  program dec i s i ons ,  a l l  

of  these have a need for a more sys temat ic  b a s i s  for f o l d i n g  

them toge the r .  As a consequence, we have been using dec i s ion  

a n a l y s i s  as a guide to  help develop a more sys temat ic  approach 

t o  t h i s .  

We w i l l  be d i scuss ing  tha t  more as we progress i n t o  

25 the topic. 
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The objective of the Surface-Based Testing Prioriti- 

zation was, first, to develop the methodology for early tests 

that influence site suitability. This methodology, we felt, 

should fold, like hand in glove, into a methodology for eva- 

luating s i t e  s u i t a b i l i t y .  

We have been l ook ing  for  q u i t e  some t ime and t r y i n g  

to  evolve,  as a matter  of  f ac t ,  a methodology t o  f o l d  e a r l y  

t e s t i n g  i n t o  the management on an annual b a s i s  so we can be as-  

sured we had tha t  data and the s e n s i t i v i t y  a n a l y s i s  t ha t  went 

w i t h  t h a t  data t o  merge t ha t  w i t h  the  funding to  p r i o r i t i z e  our 

funds for  the year in the na tu re  of  the t asks .  

We are moving in  t ha t  d i r e c t i o n  very n i c e l y .  

The C a l i c o  H i l l s  Risk B e n e f i t  A n a l y s i s  Task Force 

was t o  eva lua te  the  b e n e f i t  of  these t e s t s .  Th is  i s  a c o l l e c -  

n/i t i v e  view of  a number of  t e s t s ,  ~t s p e c i f i c  t e s t s .  We w i l l  
/ 

t e l l  you more about t h a t  l a t e r  on fo r  ways t o  exp lo re  the 

Ca l i co  H i l l s  versus the impacts on what w i l l  happen as a conse- 

quence of e x p l o r i n g  the  Ca l i co  H i l l s .  

Looking at the E x p l o r a t o r y  Shaft  A l t e r n a t i v e  Study 

and i t s  sys temat i c  e v a l u a t i o n  of o p t i o n s  for  c o n f i g u r a t i o n  and 

c o n s t r u c t i o n  methods w i th  a goal to  recommend t ha t  the t h i r d  

o p t i o n  i s  c o n s i d e r i n g  inpu t  from Ca l i co  H i l l s .  

Finally, we will discuss the evaluation of alterna- 

tives to the top-level licensing strategies that are now on the 

Site Characterization Plan that, at the .outset, appear to 
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i mprc,v(_~ s , : : h o d u l  i n!-I ,-,-,~t~.z.. ,-,r p e r  f,-,rman,::~-:., ,-,r h a v e  t h e  I i k e l  ihc,,-:,d 

t C 2r (.;I *'Z+ [i, ( ]  . 

Thee , - u r r e n t  s t a t u s  ,-,f e a c h  ,-,f t h e s e . "  F o r  t h e  S u r -  

fa , : : i :e -Bas~d T e s t i n g  F ' r i c ,  r i t i z a t i , - : , n  m e t h o d , - , l o g y  i s  n e a r l y  c,::,m- 

p l e t e  f o r  p r i o r i i ; i z a t i o n .  T h e  m, - ,de l s  f o r  t h e  s e n s i t i v i t y  s t u d - -  

i e s  a r e  w e l l  u n d e r  d e v e l o p m e n t .  Y o u  w i l l  s e e  t h e y  a r e  m o v i n g  

d,-,wn the path, and are very inf,.-.,rmative and useful. 

The suitability method,-,l,-,gy is nc, w being defined; 

and it is being defined in a way that is very compatible with 

this meth,-_,dc, logy sc, the two fit in a way in which it will be 

not at all difficult to prioritize the funding based on things 

y,-,u can begin t,-, per,-eive ab,-,ut the Site Chara,zterizati,-,n 

Plan from a suitability standp,m, int. 

F,-,r the Call,toO Hills Risk Benefit the preliminary 

Task F,-,r,-e re,m,m, mmendation has been made from that for charac- 

terizing the Cali'mo ro,mk unit. As you re,;all, it is the r,-,,;k 

unit beneath the Top,-,paw Spring and above the water table. So 

it is one of those prin,mipal barriers to radionuclide retarda- 

tion. 

That input has been given to the exploratory shaft 

people. They have been waiting for it. They would like to 

have had it quite some time ago; but they have it now. Then 

the draft report is now under preparation for the Expl,-,ratory 

Shaft Alternatives. The options have been selected for the 

analysis. 
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The scoring of options began in June. The input 

from Calico Hills was not scored. That was held up. The sen- 

sitivity studies will be continued into mid-September. The ex- 

pected draft recommendations will be provided to the Department 

of Energy in the December time frame. 

For the Alternative Licensing Strategy, the Task 

Force report is in draft form and it is undergoing internal re- 

view now. 

A l l  of these tasks, I might say, have gone through 

our procedures for i d e n t i f y i n g  items and c l e a r l y  support 

safety .  They a l l  went through grading, and they a l l  have a 

f u l l  set of documentation. 

How w i l l  the Department of Energy respond to  these 

recommendat ions? 

F i r s t ,  we w i l l  i n i t i a t e  management reviews of these 

recommendations. We w i l l  be looking at how they a l l  f i t  t o -  

gether as well as the recommendations wi th in  themselves. From 

a programmatic standpoint ,  we w i l l  be holding i n t e r a c t i o n s  with 

the Nuclear Regulatory Commission. 

Two of them--the Cal ico H i l l s  and the Exploratory 

Shaf t - -are  a l t e rna t i ves .  The Department of Energy has given, 

at previous times, a promissory note to the staff of the 

Nuclear Regulatory Commission that we would meet with them and 

discuss the results of those studies before we made any deci- 

si ons. 
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Then in order to determine an appropriate course of 

action we will have to develop an implementation plan. In the 

course of doing that a number of things will be considered. 

One will be, certainly, to subject the Task Force recommenda- 

tions to peer review before the implementation plan can be 

final ized. 

The peer review can be in several areas. It could 

be a question of the extent to which each of these methods ac- 

tually met the classical approach to decision analysis. Was 

t h a t  process fo l lowed? Were we set  up to  do i t ?  Did we do i t ?  

Another one could be t o  rev iew the ac tua l  data t ha t  

was a v a i l a b l e  p r i o r  to  now: a l l  the a v a i l a b l e  data,  whether i t  

was by the p r o j e c t  or pub l i shed  on the open l i t e r a t u r e .  Was 

tha t  a p p r o p r i a t e l y  cons idered by the exper t s?  

Another approach could be t o  determine whether or 

not the con f idence l e v e l s  and the ac tua l  va lues used by the 

expe r t s  could be agreed w i t h  by another independent group of  

expe r t s .  

So we have a broad spectrum of  p o s s i b i l i t i e s  fo r  

peer rev iew on these recommendations. 

A lso,  d e c i s i o n s  t o  implement these recommendations 

may involve reassignment of staff as well as reallocation of 

the Fiscal Year 1991 budget. Any impacts of staff or budget 

reassignment on other Department of Energy commitments will, ,of 

course, also have to be addressed as we best fit these into our 
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overall program. 

There are some issues that are relevant to implemen- 

tation. One is the Nuclear Regulatory Commission's acceptance 

of the Department of Energy quality assurance program. 

As you know, the Department of Energy has been try- 

ing for quite some time to get all of our participants LAp to 

what we call a Gold Star Art. 

The availability of permits? We still assume that 

January of 1991 is the first realistic potential start date. 

Of course, it assumes that we would have budget to conduct ex- 

panded field programs, which are suggested in some of these 

Task Force recommendations; and that would start in 1991 be- 

cause we need the money t o  do i t .  

Then, s ince  some of these Task Force recommendations 

i nvo l ve  some major changes in  s t r a t e g i e s ,  some of these s t r a -  

t e g i e s  cannot be changed w i t h o u t  o u t s i d e  invo lvement :  w i t h  the 

Nuclear Regu la tory  Commission as I mentioned be fo re .  So i t  i s  

not a u n i l a t e r a l  a c t i o n  by the  Department of  Energy by any 

means. 

I would l i k e  t o  share w i th  you our pe r cep t i on  of  the 

manner in which these Task Force a c t i v i t i e s  f i t  t o g e t h e r .  

In many ways, they a l l  s t a r t  w i t h  the s t r a t e g i e s  

that are described in the Site Characterization Plan prepared 

several years ago. We described how we would demonstrate corm- 

formance with the regulations, and then identify program 
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activities for performance to design so that the Site Charac- 

terization could be conducted by useful information: the demon- 

stration of compliance. 

Starting with this center line, beginning the part 

of Chapter 8 that describes the exploratory shaft, we developed 

the Alternative Task Force to look at other ways, different lo- 

cations, other  c o n s t r u c t i o n  methods and o ther  l a y o u t s .  

E v e n t u a l l y  we w i l l  have p r e f e r r e d  E x p l o r a t o r y  Shaft  

A l t e r n a t i v e  c o n f i g u r a t i o n .  Before we could achieve t ha t  we had 

t o  have the C a l i c o  H i l l s  Risk Bene f i t  Ana l ys i s .  

As you r e c a l l ,  t he re  were d i f f e r e n c e s  between the 

S i t e  C h a r a c t e r i z a t i o n  Plan c o n s u l t a t i o n  d r a f t  and the s t a t u t o r y  

d r a f t ,  the na tu re  of which being how we would go about running 

t e s t s  at the  Ca l i co  H i l l s ;  and i t  took some t ime be fo re  we 

could provide an input that the experts working in the Calico 

Hills Risk Benefit Task Force thought would be sufficient to 

bound the nature of the exploration program so that whatever 

preferred configuration was selected by Exploratory Shaft Faci- 

lity they would have full cognizance and understanding of how 

extensive that underground test program could get. 

We feel the input that came into this group from the 

Calico Hills Risk Benefit Study did appropriately bound the 

largest meaningful underground test program that one would ex- 

pect to conduct in that rock. So the design with be consider-- 

ing that as an upper bound. 
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After that configuration is selected we will be mov- 

ing on with Exploratory Shaft Design. 

The Surface-Based Prioritization Testing started 

with the Characterization Test Program: that is, the program in 

geology, hydrology, geochemistry and so forth. That is de- 

scribed in 31. 

Then using decision analysis we developed a method 

for prioritizing those activities relative to the regulations 

and the strategies for demonstration and compliance. Then, 

once the methodology i s  developed, the methodology i s  appl ied 

to  the tes t  program to p r i o r i t i z e  those th ings that  are more 

sens i t i ve  to waste i s o l a t i o n  using s e n s i t i v i t y  and uncer ta in ty .  

Then, once tha t  i s  done, the Underground Test Pro- 

gram w i l l  be v i s i t e d  wi th  that  same methodology, and then that 

w i l l  provide input to  the design; and t h i s  Underground Test 

Program w i l l  consider the inherent t radeo f f s  between the Calico 

H i l l s  Underground Test Program as wel l  as the Underground Test 

Program at Topopaw Spring. 

Once t h i s  was developed, t h i s  methodology for p r i o r -  

i t i z a t i o n ,  i t  was c lear  that  we had a good s t a r t  to begin de- 

veloping the methodology for s u i t a b i l i t y  ana lys is .  As that  

methodology is evolved--and it will be described to you by our 

speakers--it is the type of thing that will be applied vehe- 

men t I y. 

I don't mean to suggest that this is not also 
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applied vehemently. We are Ic-z, king at the methodology and the 

sensitivity, and certainly the analysis that goes with prior- 

itization to be the very manner in which those c,f us who are 

doing the Site Characterization will be applying that 

information to make decision about: first, where to put our 

funds .... how much emphasis, level of effort to place; as well as, 

as we mc, ve downstream and get in test information, to help us 

answer how much is there. 

We are also considering the description of the basic 

program as the Alternative License Application Strategy. We 

considered that and looked at different ways to conduct the 

same program. 

To use a common phrase, it could be considered every 

better ideas to do the program differently. At some point this 

It was not meant to be the answer of basis 

We then changed the program because it was 

I will conduct other inputs that go along 

Eventual ly  these kinds of concepts w i l l  be i nco r -  

porated in the mission plan; and there has to be some degree of 

c r e d i b i l i t y  for a l l  of these to f i t  i n t o  these s t ra teg ies .  

Indeed, I think you will see the day that these 

things are moving along in a direction very similar to what 

some of the recommendations are for the Alternative License Ap- 

plication Strategy. 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

16 

We have taken some steps to insure that these 

efforts are integrated. We used similar decision analysis ap- 

proaches. We held monthly or more often coordination meetings 

among the Task Forces. Some staff were shared by multiple Task 

Forces; some of the experts were, in fact. 

There were also common-influence diagrams at a very 

high level because they relate to the approach to waste isola- 

t i o n .  

Some issues? What is  the appropr ia te  tes t  program 

from the Calico H i l l s  p ro jec t?  The Study compared d i f f e r e n t  

exp lora t ion  s t r a t e g i e s  ra ther  than spec i f i c  t es t s  because there 

is  not enough knowledge and understanding involved about the 

t es t s  that  have already been conducted. 

However, the spec i f i c  t es t s  we evaluated using the 

Surface-Based P r i o r i t i z a t i o n  methodology is  very e lus ive.  So 

we asked another quest ion:  What is  the best program that  

should be conducted during const ruc t ion  as we go down through 

the ro,:ks? Then: What is  the tes t  program that  should be con- 

ducted at the mean tes t  leve l? 

I f  an opt ion for more extensive exp lo ra t ion  of the 

Cal ico H i l l s  i s  chosen, then the t e s t i n g  s t ra tegy  for the 

Topopaw Spring may require a re-evaluation. Again the prior- 

itization methodc, Ic0gy will be used tc, focus on this program. 

~ How will the ,:hanges in the plan testing impact the 

• r*" 

requiremeAts and restart a tactical desiqn? Our view is that 
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the c, ptions under consideration are thc, ught tc, be possible to 

accommodate the range of likely changes in the test plan. We 

have options for more extensive testing in the Calico Hills. 

There are a number of other options for exploring the Calico 

rock outside of that. 

There will be, or could be, a restart of the design 

or changes in the program scope at any time. 

With respect to the Underground Test Program, it is 

certainly possible that the test program at Topopaw Spring 

could be refocused in a manner to enhance testing on the con- 

structability and thermomechanical issues. This are topics 

where the test program in the Calico Hills rock would be focus- 

ed on those things that most affect the radionuclide operation 

of retardation: hydrology and geochemistry. 

Can we develop a method for  e v a l u a t i o n  of  s i t e  s u i t -  

a b i l i t y  t h a t  w i l l  a l l o w  major changes in  program s t r a t e g y  

should they develop in the  next few years? 

There are a few t h i n g s  we t h i n k  are encompassed in  

these methodologies t h a t  suppor t  t h a t .  One i s  t h a t ,  r i g h t  now, 

these methodologies a l l o w  favo rab l y  c o n d i t i o n s  t o  compensate 

for  the p o t e n t i a l l y  adverse; and we assume t h a t  t he re  w i l l  con- 

t i n u e  t o  be the  m u l t i - b a r r i e r  approach t h a t  i s  i nhe ren t  i n  the 

regu l  at ions.  

What r o l e  does exper t  judgment p lay? As you can 

see--and our subsequent speakers will show .... they have played a 
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very large role in these Task Force deliberatic, ns. There 

really is no c, ther way to do it at this stage. 

Probably, in the Ic0ng run, with respect to, License 

Application and Demc, nstration Performance there is still no 

other way. 

P r e d i c t i o n s  about performance t h a t  impacts on t h a t  

performance are c u r r e n t l y  based on large-component exper t  j udg -  

ment; but they use the data in  the models t h a t  e x i s t  now. 

There i s  a l o t  of  i n f o r m a t i o n  about the geology,  the hydro logy ,  

the rock c h a r a c t e r i s t i c s  and the geochemist ry  about t ha t  s i t e .  

Therefc, re ,  I d o n ' t  t h i n k  the expe r t s  f e l t  they were 

on very d i f f i c u l t  ground w i th  respec t  to  the a c q u i s i t i o n  of i n -  

format ion t ha t  was pub l i shed .  The ques t i on  was: How much con- 

f idence do they have in  the va lues as they apply  the dec i s i on  

a n a l y s i s  process;  and what range of  va lues would they cons ide r ,  

and what l e v e l s  of  conf idence do .they have in  those ranges of 

value? / 

Of course, all of them felt they would feel more 

comfc, rtable if more information were available. That is de- 

finitely a Site Characterization procedure for the judgments to 

be updated and refined. It is presumed that if some measures 

of central tendency will be nearer the confidence level will be 

h i gher. 

That may not be the case, but most people would like 

tc, see it that way. 

EXECUTIVE COURT REPORTING. INC. Rr)~ l~.~--r~r~l 
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How diE, es the sequence c,f testing enter intc, the Task 

Force consideration? Well, testing that provides information 

that is impc, rtant to identifying the suitable conditions will 

be dc, ne as soon as possible. 

From a management standpoint, we are going to get 

into the trade-offs. If we, early on, wanted to identify those 

characteristics to build confidence that you knew very well in 

a barrier--like the Calico Hills rock--the barrier having 

orders of magnitude differences in hydraulic conductivity and 

distribution of radionuclide-retarded minerals from, say, there 

south you would want tha t  i n fo rma t ion  very e a r l y  t o  conf i rm 

tha t  e i t h e r  t ha t  i n f o rma t i on  was as good as your expe r t s  

thought i t  was or as bad as your exper ts  thought i t  was; and i f  

i t  were ou ts i de  the bounds perhaps the conc lus ion might be on 

the ragged edge. 

You w~uld l i k e  to  have tha t  i n fo rma t ion  e a r l y .  

The t r a d e - o f f  i s :  I f  you fo l l ow  a c l a s s i c  program 

i t  might take two or th ree  years to  do the t e s t s  and cons t ruc -  

t i o n  to  get down to  the Topopaw Spring or down to the Cal ico  

H i l l s .  So there  i s  a t r a d e - o f f  in  going fas t  and g e t t i n g  t h i s  

information that you might think is critical t o  understanding 

h,-,w good is the Calico Hills waste isolation, versus doing 

sc, mething a second time or doing something that may n,i~t give 

you the record-keeping that you would like to have. 

Sc, it is not going to be easy to g,:, through this and 

I:-- Y I:'- I "  I I T T ~ ) I ~ .  I - ' N I  I D T  ~ , E E ,  n D T T I ~ I I . ? ,  T I ~ I I - '  
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r each a ,: ,:,n,:: I us i ,::,n. 

These trade-offs will relate cost and schedule, and 

tile value of the information will co, me right back tc, expert 

judgment on that. I think that is what are after? 

What is the appropriate level of surface properties 

to assume now and in the future? All the Task Forces were con- 

fronted with this. In the technical opinions it is apparent in 

the way they drew their influence diagrams. It is also appa- 

rent in their human distributions for the values they chose: 10 

percent, 50 percent, 90 percent confidence. 

So conservatism is shown and uncertainty is shown in 

their opinions; and that will be described as the decision ana- 

lysts get up here and explain to you the process they followed. 

Reference for managers with regard to conservatism 

also, in some cases, are encompassed or will be encompassed in 

the studies. Future competence conservatism will be an issue 

that needs to be address at the highest level of the Department 

of Energy. 

It is clear that whoever the director is of OCRW he 

will be confronted at shc, uld point with: Should I or shc, uld I 

not support a license application? When he does that, he knows 

the process is one whi,:h calls for a very rigorous and system- 

atic critique of what is in that license application. 

When he is in the process of doing that things hap- 

pen to the confidence in the data and analysis. Oftentimes 

IZXECUTIVE COURT REPORTING, INC. 301/565-0064 
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th~.~y d,:,n't ,-ome c, ut to be as g,::,c,d as pe,:,pl~:. ~ h,-,ped they were. 

It would not be surprising if that dire,::tor decided 

he w,-,uld like t,-, have more conservatism than the Envir,-,nmental 

Prote,mtJon Agency released. He would probably be too anxious 

to move forward with the Environmental Protection Agency re- 

lease on that and an SAR on that that was 3.1. 

If he had his druthers or was king for a day, it 

would be two or three orders of magnitude below that. He would 

also like to have a very high confidence that he was orders of 

magnitude below that. 

How much you characterize the site and how much con- 

fidence y,-,u want is the trade-off in c,:,st and scheduling. 

That, I think, is what the Department of Energy had t,-, begin to 

f,-,,-us on because that costs money; it takes time; and it is not 

altogether clear, always, whether or not that confidence will 

be the conservatism required for a reasonable cost. 

That ends what I was going to say about an overview. 

The Task Forces will be described later this morning and tom,-,r- 

row. I would like to go on and discuss the status on Alterna- 

tive License strategies. If you have any questions on the 

overview, I will be glad to deal with them. 

CHAIRMAN DEERE: Are there any questions at this 

stage? 

DR. DOMENICO: On a slide, maybe 9, where you show 

the diagram ,-,n Surfa,-e-Based Prioritizatic, n "resting, even with 

EXECUTIVE COLIRT REPORTING, INr:. 301 I.=;A:-~-C~CIA0-~ 
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those_ ~ running parallel they ~ill actually be done in sequence, 

I believe. I~ that right: the VS explorat,r, ry shaft will not be 

started until the Surface-Based Prioritizatic, n Testing prc, gram 

is cc, mpl et ed? 

MR. BLANCHARD: 

DR. DOMENICO: 

MR. BLANCHARD: 

NO • 

That is not true? 

Under the strategy described in the 

SEP, they would both be parallel. Under the current program, 

the Surface-Based Prioritization Testing program, we believe we 

will be ready to start January 1 with our quality assurance 

program, with all the plans, procedures and everything. 

The Exploratory Shaft Facility surface disturbance 

work cannot start until the SF design is finished. So there 

will be information coming in from the Surface-Based Prioriti- 

zation Testing programs, beginning in January, that can help 

us; and perhaps, in some ways, provide usable information to 

help define the design. 

DR. DOMENICO: 

going to run in sequence rather than in parallel. 

If I see that line connecting the Calico Hills Risk 

Benefit Analysis to the Exploratory Shaft Alternative Study, 

does that mean the Calico Hills will be investigated by way of 

the Explorat,-,ry Shaft? 

MR. BLANCHARD: Yes. 

DR. DOMENICO: 

I think that is what I said: they are 

Strictly? 

EXECUTIVE COURT REPORTING, INC. 301/565-.-0064 
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MR. [~LANCHARD: IT; is not the c, nly. Subsequent 

speakers will describe Surface-Ba~_ied Pric, ritization Testing 

pr,-,grams that examine the C.ali,:, z, Hills, and other ways th,it we 

use the c,-,mbinatic, n of a Surface-Based Prioritizatic, n Testing 

program and the Underground tc, chara,:terize the Call,--c, Hills: 

some of which are inside the area where waste emplacement will 

occur in the mountain, s,-,me of which are ,_-,utside that area; and 

some of these strategies show an augmentation of certain ways 

to explore in additi,-~n tc, the Surface-Based Prioritizati,-0n 

Testing program. 

For instance, angle drill holes into that rock and 

outside the waste empla,-ement area. 

DR. DOMENICO: If you did start the Surface-Based 

Pri,-,ritization Testing program in January of 1991, are you 

looking at two years, three years for its completion? What 

sc, rt of schedule are you l,:,:,king at, more or less, if things go 

wel i? 

MR. BLANCHARD- A lot depends on how much comes out 

of the Surfa,-e-Based Prioritization Testing program; but, in my 

view, it is approximately a five-year exploration program: the 

Surface-Based Prioritization Testing. It could be l,:,nger. 

A lot depends upon the rate at which we can drill 

holes; and that is a very costly activity. If ,::,he wanted to 

drive it as quick as you could, you would want to run drilling 

rigs 24 hours a day. That gets very expensivr.,: it c,:,nsumes l,-,t 

F~FC.I ITTVF. F:nl IP.T F..'.F-PARTTNI~. INE:. "..'.c'~I /=...¢-.~.-~-~f-~..~i 
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S,-:,me ,:,f t h e s e  r i g s ,  a s  y o u  )::r1ob#~ a r e  Ltn:[qLte r i g s .  

We are trying tc ,  drill d r y  a n d  , : o r e  dry. 

rigs. 

S:, they are expensive 

Not all our holes are like that, but the ones where 

we wanted to, treat ,:ore and the ones where we want to place in- 

struments and measure the properties with,=,ut having to subject 

to the large perturbati,:~n are. 

That requires a big budget. 

nc, t look like it wc, uld support that kind of activity. 

will tend tc, lengthen the program. 

DR. DOMENICO: 

MR. BI...ANCHARD: 

t i on . 

The 1991 budget does 

So t h at 

Thank you. 

S,-,rry, I misunderstood your ques- 

MR. McFARLAND: That prioritization for sub-surface 

testing does not start until after y,:,u have a preferred confi- 

gut at i on. 

MR. BLANCHARD: That is true. There is some risk 
I 

inherent in everything you do, and that is one of them. 

On the other hand, we want to make sure the design 

can a,-commodate. It is better if y,-,u design something a little 

bit bigger at a small delta in cost and then decide, a year or 

twc, lat~.:.~r, we dc, n't really nr..ed to do that. Y,:,u have tc, keep 

building in that ,-ase. 

I f yc, u w e n t  t h e  ,::,thr:..~r rout~._',  f r c ,  m d,-,wn s,-,..-.,l~,.~ t,::, 

E X E C U T I V E  COURT R E P O R T I N G ,  tI',IC:. 3ctl/'565.-C~.:-~64 
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minimum cost, minimum time, and the you decided you wanted 

something bigger yc, u would be in a really difficult situation. 

It would be very expensive. 

consuming. 

The retrofit would be very time 

The strategy we have here is that the current Under- 

ground Test Program in the SCP is geared toward the total cost 

spread. It is not likely to get any larger. 

So we think that, from a design standpoint, that 

scope is not likely to get much larger, except for more drift- 

ing in the main test log area. 

The same is true with the 

Calico Hills. When we add the Calico Hills in it and say "Do 

this extensive drifting, '° it starts from the northeast sector 

and it crosses and goes to three different places. It goes all 

the way down to the southwest. 

We think that is also an good program, which would 

be an underground test program: thousands of data points, 

hydraulic conductivity, and so forth. 

That is a large underground test program that we 

considered in our configurations. I believe that those of us 

who are familiar with both the test program and the engineering 

prc°gram needed for the Exploratory Shaft Facility will have 

found the design requirements so the design will move ahead, 

assuming the large underground is at Topopaw Spring as well as 

at Calico Hills. 
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1"h,-~t is probably n,',t at all r~w~r~ibl~-:. 

CHAIRMAN DEERE: Is there a potential fc-,r stopping 

thc.~ testing? F,:,r instance, you have priorities for d~velc, ping 

met h,.-.,dol c, gy t,-, identify early tP_sts that ,-c, uld ir~fluence the 

site suitability decision. This was a point brought up, I 

think, by various people in the past. 

As yc, u recall, the Board felt it might be necessary 

to get the shaft down before y,-,u w,-,uld really find the adverse 

things; but let us say your surface testing does find some 

questionable things. 

Do you have a procedure by which these are re-eva- 

luated or de, yc, u have to run through a certain four years of 

program of five years before you get a cut-off point? When do 

you say, "We have s,-,mething that needs to be looked at c,-0m- 

pletely different than we anticipated"? 

Can you d,-, that? 

MR. BLANCHARD: I think we can do that. I think our 

current Surface-Based Prioritization is geared towards doing 

that. Steve and Bruce Judd and Russ Dyer talked about the man- 

ner in which they wc, uld go ab,_-,ut doing that. 

I think: you will recognize it is inherent in that 

methodol,'.,gy t,'., pull out th,:',se things that are values that come 

out of ,-,ur Surfa,-e-Based P'r,::,gramy that ex,-eed the 'EJO percent 

level c,r way ,=,fr the 50 per,::ent ,zc, r~fidence level, which would 

cause y,-,u tc, ask the questior~: Do we have to, rethink th:L*.~ :Ln 
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its relationship to waste isolati,-0n potential? 

I hc, pe  yc, u will a s k  that same question t c ,  e a c h  o f  

t hc ,  s e  s p e a k e r s  and  t h e y  w i l l  g i v e  y,:,u ,::c, n v i n , : : i n g  evid~:.- 'n,:e o f  

the capabilities. 

CHAIRMAN DEERE: They probably know that I shall. 

[Laughter ] 

CHAIRMAN DEERE: I failed to introduce Dr. Domenico, 

who, is the first appc, intee we have had from President Bush to 

our Technical Review Board. I want to welcome him publicly at 

this meeting. He als,-., will be a member of the panels that are 

meeting here. 

You all know him, from his past attendance at the 

meetings, as a consultant in hydroge,z, logy for the Board. 

MR. BROCUM: Max had mentioned he had made certain 

commitments t,-0 the Nu, zlear Regulatory Commission about making 

presentations on Calico Hills and the Exploratory Shaft Faci- 

lity. 

For everybody's information, there is a meeting on 

July 31st where we will set up the next six m°z, nths c,f schedules 

with the Nuclear Regulatory Commission. 

The second is one to which I think Max alluded, but 

it did not come out very clearly for me and I would like clar- 

ify it. 

When we p u b l i s h e d  t h e  S:i. t e  C h a r a c t e r i z a t i o n  R e p , - , r t  

t h e  pr , . : ,g ram we h a d  f,:z,r i n v e s t i g a t i c , , l  wa~ nc, t c, n l y  f,-,r s i t e  
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suitability but to get all the information we need for 

F construction and design. 

Since then the Secretary has issued a 60-day report 

to Congress which is evaluating things really early. When Max 

talks about the studies at Calico Hills versus the Topopaw 

Spring, the value of that information to each of those units 

has to be considered. 

If you define "suitability" as the ability to accom- 

modate waste, the value of the Calico Hills increases relative 

to Tc, popaw Spring. 

These are all the issues that are kind of swirling 

around as we do our studies. You have to remember the original 

program was not only for suit suitability: it was for con- 

structability and to get design information. 

The third thing: In our reorganization we have set 

up a new office that is responsible for systems engineering and 

regulatory requirements. It is their charge to make sure that 

all our requirements are in place before we proceed, and they 

are reviewing all the requirements. 

I just want to make those points clear. 

Our current schedule is to enter design in March if 

1991 and to start ,:onstructing the shaft in November of 1992. 

Those have not changed. 

DR. BLANCHARD: Thank you. 

It would seem appropriate now to discuss, for a few 
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minute~, the previ~.~w tc, the current Alternative l_icense 

Appli,-ation Strategy. I would like to giw~ y,c,u a summary of 

the status and s,c, me examples. 

Perhaps y,c,u will remember that the purpose and scope 

was really a management s,::oping study. It was to identify p,-,s- 

sible alternatives for management and conduct of the Rep,-,sitory 

Program. It was not intended to be a basis for justificati,c,n 

of programmatic decisions. 

This is an input to, Dr. Bartlett, the Director of 

OCO. There are a number of other inputs that are happening at 

the same time. 

For instance, his boss, Ed Watkins has some views to 

be considered. The Nati,-,nal Academy of Scien,-es' rep,:,rt on the 

Santa Barbara meeting is one that Dr. Bartlett is considered. 

Tom Isaacs has a strategic plan with this he has been involved 

for over a year now. That is another input. 

There are c,c, nversati,z, ns Dr. Bartlett has had with 

the Commission, with the Environmental Protection Agency, with 
! 

Congress, individuals on the Hill and with the utilities who 

are all provided input to him so he can make his mind up and 

prepare the different strategies. 

/ 
I did nc, t want to present the results of this atlas 

a n d  l e a v e  y o u  c o n f u s e d .  I w a n t  t o  m~ike s u r e  y o u  u n d e r s t a n d  

this is c, ne of many inputs h~ is cc, ns:idering; and that we did 

no  I: c o m p a r e  i t  a s  a b a s i s  f o r  t h e  . j u ~ . ~ t i f i , : a t i , : : , n  o f  m a j o r  i:~r,::,- 
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There are thrc:~e tasks in this effc, rt. 

Identi f(,::ati,:,~ Pc, licy an~J Alternative Studies. 

One i s t he 

the ew~luati,-,n of the renting those strategies according to 

what people perceived as benefits in terms of cost to their 

schedule. And the difficulty it would take to duplicate. 

Is it within our contrc01, almost within our control 

or way out of c°ur control in the Department of Energy? 

The preparation of a summary has gone with this 

document for the things we are recommended and some that will 

nc, t be considered because of what has gone before. Graphically 

this represents the activities. 

We started out by identifying everybody's better 

ideas of how tc, cc, ndu,:t this effort. We had two wor~'shops 

which included project participants, consultants and people 

outside the prc0gram. The utilities were included, also. 

We identified and described the strategies: broke 

them up and 'then did an analysis on them. A core team analyzed 

these and helped prepare them in a more readable fashion, and 

then divided them intc, three different categories. These were 

the categories of the diffi0:ulty with implementing them: high 

meaning very difficult; Ic, w meaning easily accomplished by the 

Department of Energy. 

Within these pages of strategists they then prc°ceeded 

,,,~tth the ,:,-,re 1:earn t,:-, c~,/a].uate. They t,:-,ok these three }e,/el-~ 

,~l ' lother o n e  w,.~.:s 
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and r a n k e d  th~.~m ba.me,J ,::,n f,~,_-.t::.~: wh,-.~t t h e y  w,::,uld ,.:::,st, 

.... h~-.c.lu)~_ and what am,-,unt of sense they seemed tc, make. 

31 

To additional wc, rkshc, ps were hr.~Id with project par- 

t i c i l : . ~ a n t s  and  i n t e r e s t e d  p a r t i e s  a t  h e a d q u a r t e r s ,  a s  w e l l  as  

c o n s u l t a n t s .  Then  w h a t  we had  was an u p g r a d e  f r c ,  m t h e  i d e n t i - -  

fication of the strategies and the descriptions to prioritize 

the list and primritization c,f the effects related tc, cost and 

schedule. 

The core team prepared a draft report. There were 

four categories; and I will discuss these with you now. 

The difference in the strategies were basically 

those things which were felt to be of low 'difficulty were basi- 

cally things that were within the Department of Energy control 

in changing the surface if the Underground Test concept or the 

nature of the tests. 

The things that fell into the medium difficulty 

category were thc, se plus the addition of one big thing: regula- 

tory influence. There the Department of Energy would have to 

meet with the Nuclear Regulatc, ry Commission or the Environ- 

menta]. Protection Agency, or others, to make any changes in the 

program: items that fit into that level. 

When we go to the high difficulty strategies, it is 

the:~e plus the legal framework and the fundamental relationship 

in Department of Energy, the Enviror~mental Protection Agency 

and the Nuclear Regulatory Commissiorl area~ identi ~ied in the 
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This ,-,he would require C,:,ngress c,r ,:'Ot.JtrtFi c,r ,::,threr 

,.:,t.tt~:side bc, dies. I think th,z, se were reas,::,nable class(++s int,-, 

whi,-h to, st..tbclivide these ideas. 

Here are s,:,me examples ,-,f the strategies. Low 

level: incre?ised reliance on the ge,-.-hemical barriers. As y,-,u 

remember, the SCP does not consider the geo,_-hemistry barrier in 

forming their calculations. 

1"he travel time through the Calicc, Hills ro,-k, is 

sufficient so c, ne does not need to rely on the geochemi,-:al bar-- 

rier as a primary barrier. 

ply say s,-,. 

It is easy to shift that: just sim-- 

Of c,-,urse, what gc, es with ~+hat is an tlnderground 

Test Pr,-,gram where yc, u know the three-dimensi,-,nal chara,_-ter of 

all those minerals that would be radionuclide stored; and, in- 

deed, we have laid out a Site Characterization Pr,-,gram the pur- 

pose of which is to acquire a good three-dimensional under- 

standing of the abundance of radic, nu,-lide st,-,red minerals in 

the Calico Hills as well as in those rocks that are in the path 

underneath the reposit,-,ry all the way ,-,ut. 

Another one would be to complete the c,-,rrela'tir,n be- 

tween performance all,-,,-ati,-,n and the Site Testing P,-,-,gram. That 

is rel,~tively easy "t,_-, de,; and, in fact, we are dc, ir~g t h a t , ,  We 

have paced exer,i:ises gc, ir~g ,:,~ nc,,.~ in ,::,t.tr t~+~sting pr,:,gramj and 

we als, E, have this St.tr face-Based F'ri,-,ritizatic, n, ..:hi,Th in effect 

' / + + - I - ' I  I"L" T ( J,l~- 1-*r ' l l  I++~-, I -  t-~,~'+ C'~+,I-'tI~.,T "P I~II+-. + T Ni l  .+* e~+-+ I ! C~,~- ,I~..+.++;I-++C~ ,,+ 
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doers the sam~:. ~ thing.. 

These are two examples that are identified there. 

When we g~,.~t d,:,wn to analyzing them, we a,:tually are doing them 

in the process c,f ,-,-,nducting our current pr,-,qram. 

In terms of rulemaking, here are some examples. We 

take the initiative in rulemaking to try to resolve licensing 

issues as early as you ,-an. Anc, ther c°ne is to res,z01ved dis- 

posal issues as part of Performance C:onformation. 

This one wc, uld suggest that you begin leaving waste 

a little bit earlier, and that you begin conducting programs to 

see whether or nc, t your predictions are as reasonable as you 

had hoped they are. 

Then you get into a high level of difficulty and in- 

troduce concepts like using a test and evaluation facility, as 

it is des,zribed in the Nuclear Waste Policy Act, or convert the 

Exploratc, ry Shaft Facility to a demonstration facility which 

has high level waste. Both of these follow the Nuclear Waste 

Poli,:y Act; but I am not sure. 

I would have to read the writing very closely. We 

may have exceeded the time line on that one. But this one is 

definitely n,z,t consistent with the Act as it was written. 

So the~ie would require some ~ignificant ,:hangr.~s, but 

they might be some interesting w°.c, rthwhile pr,:::,grams. 

That kind of gives y,:-°u a pi°::turL~:- of what is ,::oming 

out ,.-:,f the atlas. 
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Mr;'. Br'~F:NAF'D- Ma:,:, in th<:.~ last two bull:its y,:,u 

mentic, ned three kinds of facilities- a test and ev,-:xluation fa- 

cility; a dem,:,n~:~tratic, n facility; and aml Exl:)l,:,rat,::,ry Shaft 

Fac i I i t y. 

What is the d:Lfferen,:e between those three:-.' 

MR. BLANCHARD: When one looks at the report and 

reads the description of the scenarios, you get a better under- 

standing of hc, w different they are. 

I have not Ic,:::,ked at the report for quite some time 

that supports the current draft; but my perception is that when 

they used the wc, rds "test and evaluation facility", they really 

meant it was that paragraph in the Nuclear Waste Policy Act. 

When they are talking about upgrade Exploratory 

Shaft Facility, they are referring to doing things which are 

not current subscribed to in the program: like bringing in fuel 

elements, putting them in a waste package and running sc, me 

underground tests, putting them on mechanical and so forth. 

There cc, uld be other dem,-_,nstration facilities encom- 

passed in this contract: for instance, we cc, uld do it somewhere 

other than at Yucca Mc, untain. 

All c,f those are not a part of the current program, 

and they all require ,:,ther b,::,dies to get into the pi,:ture and 

~.'...tart th : ink : i . r~_q ,::~b,:::,ut h,":,~.~ , . . ~ . e f u l  i t  i s  a n d  h,::,w w e l l  c a n  t h e y  b(..: 

t r  a n ~  t e r r e d .  

I t  i ~  n,.::,t ~~ ] . t , : : , [ i l e ther  ,:: ]. (~..-.-ar ~.~hat t h e  b e n e f i t :  '~c, u l d  

~'-v_ .~--i-'l ITTt,)..r7 I - 'N I  t f ; ' T  I:;'F~--£-'NIZ"I'T~',II"G r h l t  . . . .  ~,"Jl ...'~,,¢:..,:'-~.--r-'~;--,K:.,:t 
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J, , J  

b e .  You w o u l d  h a v ~  t,-, lo,::,k a t  t h e  whc, l e  p r o g r a m  to, t r y  tc, 

undc.~r st and t he sc,.-_,p~2. 

Before long we will have this report available. I 

am sur~_: Dr. Bartlett will tie pleased to, dis,-uss it with yc, u or 

have someone discuss it with you. 

D,_-, you have army ,:,timer questions? 

MR'.. BARNARD : 

on gec, chemical barriers. 

In the first bullet you place reliance 

Do y,:,u have a strategy that increases 

your reliance on long-lived canisters? 

MR. BLI~NCHARI): Yes. It turns out to fit somewhere 

between here and here. If you said, "Gee, let's have a very 

robust canister. Let's have a goal a design gc, al of a 10,000- 

year waste canister," the current regulations of any of those 

would lead you t,-, believe that the waste is assumed t,-, fail at 

1,000 years. 

So if you were going to change the strategy to rely 

on a very robust waste ,-anister and y,-,u were going pay a l,-,t of 

money to get s,-,me materials that were going to last a long 

time, then y,=,u w,=,uld have to do something to the regulations 

which would allow you to shift your strategy to take credit for 

that. 

Maybe .i.t is just a question ,-,f something .l. ike rule- 

making an,:.i the interpretati,::,n of the: applicable, paragraphs of 

NCR-.60. On the c, ther hand, it may not be tlqat easy. 

However, it .i.s thc.~'r-e. It i~.-" ,-,he of the s,::(~.naric,-~s. 
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[ thi,l!, i.i; i-. ~1:.4, but I am n,-,b sure. 

MP. BARNAF'D: How many strategies are th(-~r~e: a 

,:,:-,ul_~le d,,,zen-' Y,:-,u have ~.~ix listed there. 

MR. BL.ANCHARD.', Thee draft rep,z, rt is ab,z, ut that 

thick; and my guess is there must be 50 ,-,r 60 different scen- 

a r i ,:::, s. 

MR. REITER: Max, I realize your report was written 

befc, re the A,zademy report on rethinking came out; but I see 

there are certain elements here in whi,-h there is a bit of an 

c, ver Iap. 

I w,-;,nder to what extent the ideas expressed in that 

dc,,::um~,.~nt appe,~r as ultim~-.~t~ strategies, in parti,:ular the wh,=,le 

concept that the whc, le legal regulatory framework, be,zause of 

t~le uncertainty, is unsuitable fc, r the task at hand. 

I think the scenaric, s in here bound many of those 

that ar~.~ identified in the National Academy c,f Sciences report, 

but n,-,t all. Of course, they don't go into the more philoso- 

phical nature of the Academy report, which talks ab,-,ut are we, 

as a country and as a group, using modeling and statistics 

applied for the purpose of whi,zh they are best intended, or in 

the process of trying to, manage a program like this and made 

i c, ng -.-t (~.r m pr ed i ,- t i c, ns. 

Are ,..;e mi..sapplying tlqem and g~-en~,~rai, in(:1~ as a ,:;:c,r'ise- 

qu~.:.~nc,:..~, fal':~:-.c~ ,:c, ni"idence in predictic, r,s where:._ ~ therr~ i .s  signi fi.-- 

,cant :ir~l-,~.~r~nl- L,.i-,,::~.::-.~r'tair]i.y in ur",d(.'.rrsbanding the pr,::,c(:~s~F,e:~, th.-~t 

F-Y~'K"I ITT',I.F- c.rll Ir;,T ~;,!-z.F-,nl;,TThh':; T}ll" "~f'~1 l~-C-r<-....t'~c~i:d 
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That .~~eem(:~d to be one c,f the fundamental themes I 

read irlt,:, that r~.~p,::,rt as I read it. I think that is very 

thc, ught-prov,-,king and very pr,-,fc, und, and ,-,ne that causes s,-,me 

search thrc, ugh this prc, gram t,-, de,-ide, "If that is the case, 

what dc, we d,-,, now?" 

I don't think the atlas was that through-provoking. 

Does that help? 

MR'.. REITER: Thank you. 

MR. BLANCHARD: Then I would prc, pc, se tc, introdu,:e 

the first speaker on the Surface-Based F'rioritization Testing 

activity, who is Russ Dyer. 

SURFACE-BASED TESTING PRIORITIZATION 

Int r odu,: t i c,n 

MF.'.. DYER: As Max said, I am Russ Dyer. I work for 

the Rate and Site Evaluation Division at the Proje,ct Office. 

I am going to run through a quick intrc, duction to 

the Surface-Based Prioritization task. Let's start out with a 

program of what you are going to hear and from who: the cast of 

,.': har ac t er s. 

I will spend 5 of 10 minutes giving you an introduc- 

tic, n, gc, ing ,::,ver why the study was initiated~ and sh,::,,,~ing y,:,u 

g,-,als, par"ticipants and s,:-hedule. I will be f,..-,ll,c, wed by Bruce 

.Iudd wh,:, will talk ab,::,ut the de,:-isi,::,n analysis framew,:,rk we are 

using :in the pric, r:i. tizati,:::,n. He will ,::c,'.'~?r an ,::,'.-~.~'rview of the 
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,n(.'tl~,:,d,.~,i,:-.]'),' va~ :arq 1o,:,~:ii~!j at, m,::,deling.--bv..~ildin 9 and d<~ta as--- 

~:.e[~f~m6::l,t ~ ;;:~r~(l i~,2:,mc9 as'.-3essment<..i and ar~al ysi F_:.. 

Cu,--rently we a;'e '.:..,:hedt.tled at the lun,:h br;nak at 

t h i s  i:]c, i n t , ~  b e t w e e n  M r .  J u d d  a n d  t h e  f , : : : , l l c ,  w i n g  s p e a k e r ,  S t e v e  

M a t t s , . - , n .  D e p e n d i n g  c,n hc, w t h e  s c h e d u l e  g o e s ,  we  m a y  w a n t  t o  

adjust that. 

Steve Mattson will pick up next looking at possible 

methc, ds t,-, assess site suitability: Ic--,king at the suitability 

assessment and decision--making, and the relationship to the 

services testing prioritization effort. 

Finally, I will be back to wrap things up and give 

you a Department c,f Energy perspective on the pric, ritizatic°n 

effort. 

As you are pr,:-0bably aware, in November of 1989 we 

rep,-,rted to Congress that we were refc, cusing our scientific in- 

vestigations: specifically we were refocusing the investiga- 

tions whether or not the site has any features that would indi- 

cate it was not suitable as a potential Repository Site. 

This Task Force, this effc, rt, was initiated in order 

to prepare this change in our charter. 

There are three primary gc, als we are pursuing tc0 

reach overall objectiw~o The first goal is to develop an expl- 

i , : i t  d e , : i s i , ' : , n  a n a l y s i s : - ,  m e t h , : , d  t o ,  p r i , : : , r i t i z e  t h e  e x i s t i n g  Su'~ .... 

f a,:: e ...- B a ~:~ e d P r i ,: , r i t i : a t i ,-, n T e s i'; :i. r'~ g P r o g r a m d u r i n g t h e i n i t i a 1 

plna~:~es ,: , f  si ,.Je i. n , / e s t  i g a t  i , : ,n.  

l . . - . . f rc l - . i  I " l - T ! ~ f f  l - ' n l  I~, 'T" [ ; , l : - P N F . . ' r l ' k l l : ;  T h l t - '  "~~-i.I , . r ~ - r : : : _ _ c ' . , . . ' ~  -I 
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T h i s  i s  i n  "resp,-,n,:~e t,:, , . : r i t i c i~ im . :~  and ,-,:,mm,ent,= rr,-_,m 

indu~;~t |"yy t h e  S t a t e  c,f Nr~.vada and t h e  g e n e r a l  p u h l : [ c .  T h : i s  i s  

an e x a m p l e  do , -umer l t  ,_-,r w h a t  we woLt ld  h o p e  t o  ,'-ome ou ' t  , . : i t h .  I t  

i s  a p r i c ,  r i t i z e d  l i s t  c:,f t e s t s  t h a t  we w,-,uld i n i t i a t e  e a r l y  on 

during t h e  Site Chara,mterization Program. 

I would stress that, right now, we are only looking 

at the Surface-Based Testing. A later phase will look at the 

whole testing program. 

The second goal of the Task Force is to recommend 

methods tc, re-prir, ritize testing at any point during Site Char- 

acterization: an aim that would all,:,w us at points during the 

prc, gram t,:, re-examine the testing program in light ,zf data that 

has been acquired and, if necessary, re-prioritize the testing 

pr og r am. 

That is what we see here in this block. 

We have completed tw,:, tests. We have acquired some 

data fr,:,m a couple of tests. That is what the check marks in- 

di,:ate. Based on that data, we have re-examined the existing 

tests and we have re-prioritized test four: we have decided it 

needs to be accomplished this test that used t, =, be number 

three; and we have completely eliminated Test Number Five. 

This gets to Dr. Deere's question earlier. 

The  meth,-,d a l s o  w i l l  g i v e  {..is a t o o l  fc, r dec id : i ,  ng 

~..;h(~n to, s t c ,  p testing. I..le ,...r~.ual].y s p e n d  a c , : - , n s i d e r a b l e  amc, u n t  

o f  t i m e  { : a l k i n g  ab,::,ut t h e  ,--..~pp|-,:::,a,::h we a r e  u s i n g .  

EXECUTIVE COUF.'.T REF'ORTING~ INC.  3(')1/"5G5I"('|()~":~'~ 
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TI ] ,  =. l:l~i. Y,-I b~ tl. [ ~:,l; ,,7.~s I;,;.', rc:~,T, onlnlt_~llct .-t dr-.;t ~ I; ~/~,c.}lTP~,.:,~j f,z,F 

s~tT.t s t . ~ i t a h i l T ,  i:y al. a n y  t im{~  d u r i n g  Si. t e  i-_:h<-.~racterir z a t i , - , r i .  

Thi=. ;  "_~h,:',uid t.]ca coilf..sii:~l-l-~f]l; ' , ,4 i th  w h a t  w,;~# a r e  u s i n g  f o r  bhc:: f i r s t  

t ,,,,c, c,b .j e,:: i. :i. y e s .  

Tl.',ir_~ is a d e , : : i . s i , - , n  tree t h a t  B r [ t , : : e  and Steve will 

lead you through several times. The decision was to, pro, teed 

with licc~.nsing, cc, ntinue the testing program or abandon the 

site. 

Just for a quick overview of the persc, nnel invc, lved 

in this effort to date: Steve Mattson has been the anchc, r of 

the team; Bruce Judd, with Precision Analysts Corporation, pro- 

rides the expertise on de,:isic, n analysis; Scott Sinnc, ck c,f San- 

dia L.abc, ratc, ries, performs assessment input: he has been a com-. 

mort thread through may c,f the Task Fc, rces ensuring we have con- 

tinuity betw~een different Task Forces; B,:,b Williams ,:,f the 

United States Geol,:,gi.,:al Survey; Martha Pendletc, n ,:,f SAIC; B,:,b 

Game of Weston; and Augie Matthusen of SAIC. 

Bob, Augie and Martha have re,:ently been tasked with 

wc, rking on the suitability methodology. 

Dc, ing the r, versight is my staff: Jeremy Bc, ak ,_-,f the 

Yuc,:a Mounta:i.n Project Office; Jeff Peter of headquarters; and 

B i l l  H a s l e b a , : : h e r  ,::,f W e s t o r ~  h a v e  b e e n  i n v , - , l v e d  i n  p r c ,  v i d i n g  

c, v e r . " . . ~ i g l ~ t  - f o r  t h e  p r c , . j e c t , ,  

T h e  inpt. .d.;  t ,- ,d.: :)7 L s  b a s e d  ,:',n e:..: i s t  .4. r~g s L t ¢ :  -~. da ' l . ;a  a n d  

exp~= , r ! ;  . jL~dgm,:d l ' l . .  We:# h a v e  made extensive u s e  c , f  e'.<pr._.,rt .ju~:l~.]lmeni'; 

E X E C U T I I I I , ' E  IZZ[131-1R'F R F F ' O R T  INrTi,  I N C .  3C) 1 .... ...(- ...... - ix .  6, 
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"~,.:, F-~r, a.:~ }:$~-u,:r:, ,.Ji. 11 be e : < p l a i n i n g  t,.:, y,-,u. 

Th~::,re aYE-., d i f f e r e n t  s i t e  d a t a  f r c ,  m e ' , ~ i s t i n g  s i t e - -  

d a t a  b a s e s  and f'r'c,m p r i , : , r  . ~ - t u d i e s ,  repc ,  r t . ~  and  su , :h  l : h a t  a t ( :  

a l r e a d y  i n  e x i s t e n c e .  T h e  t e , : : h l l i c a l  e x p e r t s  ~,,e havc:~ be~i,n u s i n g  

,::c, mr~ f r o m  o u t  N a t i , : , n a l  l._abc, r a t o r i e s  and  i:lt-}]e.~} p a r t i c i p a n t s :  L o s  

Alamo, s, Lawren,:e Berkeley Laboratories, Lawrence LJvermc, re, Oak 

Ridge, Pacific Nc, rthwest, SAIF:, Sandia, University ,-,f 

California at Berkeley, West GS, Weston Consultants, et cetera. 

So, far we have involved over 60 technical experts in 

the exercise to date. 

This is a rundown of some of the schedule: the a,-_ti- 

vities and deliverables. We initiated this project in January. 

Right now we are down from this level. We have pretty well de--. 

vel,:,ped the prioritizatic, n methc, dc, logy. We think we are well 

along in defining the suitability methodology. 

The next phase is data defining and analysis, work- 

ing toward the final draft report on prioritization in late 

September, and the final report in October which will cover 

both prioritization and a rec,:,mmendation on a suitability 

m e t h o d o l o g y .  

The involvement of our expert panels has been focus- 

ed along the topic of w,::,rking groups, if you will. These are 

the t,::,l:~ular w,.-.,rksh,:',ps we have held t,::, date., 

Back  i n  F e b r u a r y  ,,~e had s o r t  c,f a k i c k - , : : , f f  m e e t i n g  

w h e r e  ,~,Je id r÷ :n t : i f i r~ .d  cr:i. t i c a l  ,.-:,::,llcerns and u n c e r t a i n t i e s .  You 

EXECUTIVE COURT REF'ORTING, INC.  3~:.t/565--OOE',,:~ 
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will see the w,:,rd "F'AX ....... we potentially had th,:,se c,:,ilditi,:,n~ .... 

,-_omi. r~g :intc, the sui tabi I ity issue. 

W,~ .~1.3o i,d;.1Dted t o  i d e n t i  ~y a n y  o t h e r  . c o n c e r n s  am,:,ng 

c, u r  t e c h n i , : a l  s t a f f  t h a t  might n o t  b e  e x p l : i , ~ i t l y  mer l t : [c ,  n e d  i n  

the PAX. So, this wc, rkshop was tn identify c, ther c,-,ncerns and 

uncertainties that we needed tc, filter through the system. 

This was held as a Perf,z, rman,ce Panel W,c, rksh,c,p: unsa- 

turated znne, saturated z,c, ne, migrati,-,n, c,-,ntainer and gas 

transport, and on. We are nc, t through yet. We still have a 

few worksh,-,ps to dc,. 

This concludes my introducti,z,n part. I will be back 

to talk to you after the ,=c, mments c,f the others. If there are 

any questic, ns about the introduction I can address them nc°w. 

If not, Bru,:e Judd will f,c, ll,c,w with the framework of the Deci- 

sic, n Analysts' framewc, rk of the task. 

Any questions? 

MR. ROY WILLIAMS: I n,c, tice your list of sources of 

experts does nc, t include any universities. 

MR. DYER: That is true. We are m,c, stly wc, rking from 

within the prc, ject right n,c,w. 

We think of this as a sc,c, ping study. Perhaps in the 

later phase we can eXl.~and the list c,f experts we pc, ll to, take 

i n  m°:::,r~,-,, p a r t i c i p a n t ~ . : . ,  m o r e  e x p e r t ~ . , .  

MR. ROY W I L L I A M . ~ :  Hc, w many  h y d r , : : , g e o l c ,  g i s t s  d: ,  y:_~', 

h a w e  klqerc:.t ].:i.~sted a~ e ' , , p e r t s ?  I nc, t i , : ' : e  c,::,mr:~ ,::,f 'tlq~em., 
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I W,AE ,:uri,z,u~;~ s i n c e - o n e ~ - n f  t h e  prc ,  b l e m s  her~=~ i.s t h ~  

hyd r  c, ge,=,l c, gy prc, b]. enF_;.. 

t her e. 

MR. DYER: 

MR. ROY WILLIAMS: 

I am going tc, have tc ...... 

There is a slide c,f that up 

MR. DYER: Oh. 

guess is probably about a dozen. 

MR. MATTSON: 

little bit ,:,f difference. 

MR. DYER: In the core team? 

MR. MATTSON: Yes. 

I would defer to Steve ,z,n that. My 

In  terms of the co, re team, there is a 

MR. DYER: Bill Wilson would be the only person in 

there that I wc, uld characterize as a hydrc, geolc, gist; but this 

is just the core team. 

MR. ROY WILLIAMS: Thank yc, u. 

MR. McFARI..AND: Early in the program--when it was 

introduced, I believe, in January of February--this particular 

study was introduced as the prioritization of all the studies. 

The intrc, ductic, n you gave on page 4 indicates that 

scientific investigation would be prioritized. We have ev,-,Ived 

nc, w to just Surfa,:e-Based Testing. 

Could yc, u Pxp]ain the rati,-:,nale that led yc, u to 

t~-un,:at~,~ the test~.:, from all to just those that are sur fa,:r'~.- 

b a ~.: r-~ d '? 

MR. DYER" O k a y .  Th(.~ ,:.:,riq:i. n a l  chark~:n '  and :i.n~H';rL.u::- 
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t i , : - ,n . -_-  f i r . , : ,m  hl?~d(]l.lI',lrt1~.r',"~ ,.,)c.T~!: t , ] ,  f,7_,,:l. l.:] ,:,r~ t} lr2 ,r..~,.irf,:~.,.:f:Ir4az-,ed 

F'rc,  g r a m  be,: ,.u.:t~.ue :i.l: ].,:..,okE~d ]. :i. I::c2 th(--: S u r  f a c e - - B a s r . ? d  F'r , : , g ram . . . .  

I~'J~21].~ acB ML~x a l l d  S te , / (?  m e n t i , : : , n e d  earlier we_ thir]k 

the Surfa,ze"'Bused Program will be underway a c,:::,uple of years 

before the Underground Pro, gram. There was a need t,-, examine 

prioritization c,f the Surfa,ze-Based Program with a higher 

priority than the t,z, tal prc, gram. 

Our initial charter was to f,z, cus on the Surface- 

Based Pr,-,gram. The method te,-hnique that we are devel,_-,ping can 

be applied t,.-J, the whc, le testing program. In ,-,ur secc, nd phase 

,:,f the applicati,z,n of this meth,-,d we intend to, Filter the 

entire testing prc, gram thr,-,ugh the methodology. 

MR. McFARLAND: Were the w , : : , r k s h , : , p s  advertised? 

MR. DYER: Within the project. 

MR- McFARI._AND: 

MR. DYER: N,z,. 

MF.'.. M,:FARLAND: 

N,-, ,z, bservers were invited? 

Yc, u had a requirement on the parti- 

cipants, I would assume, that they have all had s,z, me exposure, 

ba,zkgr,-,und or asso,-iation with the program? 

MR. DYER: That is correct. 

MR. McFARLAND: All from within the program. 

MF.'. DYER: All from within the program. 

There is an u p  side and a dc, wrl s i ( J e  ~;c, th~9.l.;. The u p  

s i d o ,  :i.s t h a t  t;hE, rc~ i~-. nc, t m u c h  edu , -a t i , . - . : , n  i n v o l v e d . -  w e  dc, n ' t  

havc~ t o  - ;spend m u c h  t i m ~  b r i n g i r l g  L~r~,::,l~l.,n u p  t,::, ~p('.~,:~,:l. T h e  d,:',,,,n 

1" I~ I I--" 
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.~.~id,., i s  t h J . t  w,.~ a r c .  ~ t.t~_sinq p e o p l e  whc, h a v e  a n  ir-~ki.m.~ ,:~ 

f a m i l : [ a r i i : y ,  r e ] a t i , : . : , n s h i p  w i t h  t h e  p r c ,  g r a m , ,  

DR.  D O M E N I C O :  T h i s  s e e m - ~  l i k e  s,::,me 1:3r,.:,!3re~:-=.~. f r c ,  m 

s t u f f  I h o a r d  bc-~f,:::,re,, I h o p e  w e  g e t  a r o u n d  t o  h e a r i n g  y o u  p r e - - -  

sent them when yc, u have sited the tests: one, two, three fc, ur; 

and I hope some part of the program will put some emphasis on 

just what yc, u are gc, ing to be testing for that you think is im- 

portant in, quote, suit suitability as opposed to gathering in- 

fc, rmation ultimately f,-°r license. 

I think there is a big difference between what yc, u 

are doing and gathering logged information for licensing. We 

would hc, pe to hear just what y,:::°ur clinical cc, ncerns are how you 

are going to test fc, r them. 

MR. DYER: We agree completely. That seems like a 

perfect lead-in for the following speaker: Bruce Judd. 

CHAIRMAN DEERE: While you are preparing, I will add 

one statement. I think we should go on re,-c, rd that we agree 

with you completely, Russ, that there is an up side and a down 

side to the use of only inside programs facilities. 

[Laughter ] 

MR. BLANCHARD: 

,:-,f t h e  p , : . ' , i n t s  t h a t ,  I am s u r e ,  R u s s  w a s  ,-,.--,nsid~:~rf--,d'-' 

E a c h  c, f  tl~(-~ T a s k  F o r , - ' e  l e a d e r s  w a s  c , : : , n f r , : : , n ted  , . , , i th  

p r o d t..t ,:- i n (] s,:-,  m (.~ e a r 1 y r ,e :i.-'. u i t s w h i ,:: h ,. ~ e ,:- o t_t 1 ,~ i d e n t i 1: y a ,'_.-. ,,4 o r t h - 

,.,d~ :i. 1 t.:~ ~ ,::,r~ (:I ,...JFt :i. ,..-. h ,,~J,-:,t t l. (:i -:l~. S L t r  e t..t !~. ',,J~e a r  ~, m,- : ,v  j. n (~:I i n a f..) o..=J :i. [; :i ' /~o 

Dr. Deere, could I help discclss some 
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dir~e,:tic, r-~ ',~i th thc~ t.~ek:5; =uld ider-,l.i fyiIlg those peop]e i,n 

hydroge,-,Ic, gy, gec-::hemistry and ro,-l:: mechanisms who, have b.c.-.,en 

working with the program, and ,.~h,-, have auth,-,red a number ,:_-,f the 

papers that were ,-ited in the SF:F' and wh,-, have beeF, w,-,rkinq 

with our PA pe,-,ple in d,-,ing that, wh,-, re,-ognize we were wc, rking 

internally and not seeking a lot of outside expertise; bert, at 

the same time, we felt we were working with people who had the 

most knowledge ab,-,ut th,-,se properties: about hydraulic condu,:- 

tivity and the values for radic, nuclide retardatic, n fc, r the in- 

dividual elements in that spent fuel. 

We felt that would give us a sh,z,t in the arm to get 

started fast. It has not been our intention t,-, n,z,t in,zlude in 

these prc,,_-esses ,:,utside pe,-,ple. As y,_-,u will see, some people 

who are not in the program were used as consultants where we 

could bring them up to speed easily, or where we knew from our 

own understanding ,-,f that individual they did have a l,-,t of 

knowledge the properties of a bent tuft or a welded tuft. 

In my introduction I talked about: What is manage- 

ment going to d,-, to get these re,z,-,mmendations. It is the De- 

partment of Energy's intent to apply, where we judicially duti- 

fully need t,_-,, peer review on these re0-,-,mmendati,-,ns c,f these 

Task Forces. 

Under tlne provisions of ,.-.,ur Quality Assurance Pr,-,- 

gram, a peer revi~;-:w i'..-., defined as people who are not withir~ the 

p r o g r a m  a n d  who  d,:::, n o t  r e , : : i e i v e  m,::,ney f r , - ,m t h e  D,-::,F:artmrgr'~t ,':,f 
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Enc~rgy  £,:,,- , , . ; , : , rk ing i n  t h e  p r , ; ' , g ram.  

T h e r e f o r e ,  t h e  Q u a l i t y  A s s u r a n c e  d e f i r - ~ i t i c ,  rl ,::,F p e e r  

rc~.,lie,..~ i s  c, u t s i d e  e . x p e r t : ~ .  T h a t  i s  t i l e  d i r e c t i c ,  rl :i.l~ w h i c h  w~.:~ 

a r e  gc,:i, n g .  R i g h t  ,::,r wrc,  n g ,  it seemed tc ,  be t h e  b e s t  rc,  u t e  

given the charge we ha~l at the time. 

CHAIRMAN DEERE: Thank you. 

Let's take a short break at this-time. 

[A brief recess was taken.] 

CHAIRMAN DEERE: We will rec,:,nvene. 

We knc, w there is going to be lots of interest in 

this subj~.ct, as well as the past and the future dis,::ussi,-,ns 
f' 

this afternoc, n. I would, therefore, ask. that the questions be 

asked only by the Board Members, their staff and cc, nsultants 

during presentation if they feel they w,-,uld like to interrupt. 

At the end c,f the presentati°::,n again we will have 

questions from the Board. At that time, we would like to ask 

thc, se in the audience who have a technical questic, n tc° be sure 

an take opp,-,rtunity to bring it up. I would simply ask that we 

save to the last the questions from the audience. 

Position Analysts' Framework 

MR. JUDD: I will be providing a dis°ussion of the 

methc, dology, the analytic methods i f you will, ,4e will he using 

:i.n t h e  p r i o r i t i z a t i c ,  n o f  S u r f a , : " e - . . B a s e d  Te<~-~ting. I w i l l  b e  i:)~°,::, - 

r i d i n g  f i r ' s l ;  fc, r an , : , v e r v i e w  ,::,~ t h e  m~:..dJhod,.:,l,.:,gy. 

I _.s.hoLtld ~.-:.ay t h a t  many  o f  th~.~ e].~-~m~~.nt<~. °-,,," th:[~:- 
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mebhocJ y,.:._,. ,,~.LII cse(2 i n  th,:2 o thc . , r  T a s k  F,::,rcc~ r e p o r t . z .  F~c, l ;h~n l  
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three. 

This is the "what" if yc, u will: What are we trying 

t,-, de,? The se,:;ond part ,:,f it will be: Hc,,..~ are we doing it? 

In particular the develc, pment of m,-,dels that are used to 

provide quantitative inputs to the de,-ision-making prc,,-ess, and 

als,-, the data-assessment process that provided the quantitative 

inputs t,-, the models. 

Finally, I will give you an illustrati,-,n ,-,f how it 

all fits t,-,gether for Surface-Based Prioritizatic, n. 

I w,-:,uld like to start out with a glimpse of the 

final produ,-t. Lik~_~ any unveiling, I w,':,uld like your first im- 

pressic, ns, and I w,-,uld like y,-,u to see what is the first thing 

y,-,u n,-,tice 'm'n the next viewgraph. As I say, this is a glimpse 

of the final pr,-,duct. 

What was the first yellow b,-,x that you noticed? 

[N,::, resp,-,nse. ] 

MR. JUDD: We were at the Water Slide this weekend. 

We asked a cut little 5-year-,;,Id girl, "Take out ,z,f a hat some 

tests f,-,r and prioritize them for this viewgraph." S,-, there is 

a b s , . - . , l u t e l y  n,::, a n a l y s i s -  t h a t  h a s  gc, ne  i n t o ,  t h e  s e ! e , : : t i c ,  r~ ,::,f p r i . - -  

o r : i . t i e s ,  t e s t s  ,::,r rea~.>::,ns, c,r a n y t h : i ,  ng  on t h i s  " / i e w g r a p h ~  b u t  

i l ;  i s  int ,=.~nded to, i l l u s t r a t e  t h e  t yp , : ,  ,::,f l-,r,-,,JLb:t We i n t e n d  t,::, 

haw....-, aV thl.-~ end ,'_:,f t h i s  prc,,-er~.s,, 
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Down the left hand side is a lis'!rt of pric, ri~:ies: 

Pric, rity One, F'ri,:-,rity Two,; high, mediumg how~ Hc, wev~:~r yc, u 

want to characterize them. 

The next thing I illustrate are some, qu,:,te, tests. 

I think this is an important pc, int. 

You have already heard Russ Dyer using the word 

"tests". Yc, u will hear me use it. Each of us in the room may 

thing of different things when we think c,f the wc, rd "test" 

Th,-,se most familiar with the Site Characterization 

Plan will think of the specific tests that are identified in 

the Site Characterization Plan; and yet you will nc, tice that 

when I use the wc, rd "test" here I seem tc, be implying sc, mething 

perhaps different c,r m,-,re highly aggregated, or ,-utting acrc, ss 

different activities c,r pc, ssibly even cutting across different 

study plans in the SCP. 

I think the most cc, nsistent interpretation of the 

word "test", when I put it down, will be categories or test 

groups in the Site Characterization Plan; but even there will 

be sc, me variation on those. Let me give you some examples,, 

For example, a test might be ground-water flow time 

in the:.7. un~.~.aturated zc, ne,, I call that a test b~..-,cau~:~.e it is wc, rk 

t h . - i t  i ~. d,: : ,ne t o ,  r es,:-,l. ,,'(:_~ ,::,r p r , : : , v i  d e  i r-r f o r m a t  .i. c,n a1::,,-,ut a r ' a , - t , : : , r  

,:::,r a p a r a m e t e r  t h r . ~ t  i:_.-, h i g h l y  u n c e r t a i n °  

I n  t h i  ~:~. ,-a~'.~ t l .~e  un,::(~.~rta:i, n t y  ~ s.'.', H,:,,,.~ I. ,:,r~g ,,.~,:,ul. ,:J i ~ 
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t.:~,t,: .~ ,..~at~r or .:.~ r.idi,",n~.v:1, idm ~ t,:-, migrate in the s.!tur,~i;,ed ;-:,:,ne" 

Anc, ther examl:)le might be th(.-., retard-lti,':,n rate c,f Farbc,n--14, 

hist,:,rt,::_~l climate change, C,'r" matrix Vc.~r~LE~ fra,::ture fl,::,,,,~ ill 

the ur]saturated zone. 

All of these are things that, throughotvt ,-,Lir dis,-us- 

si,-,n, I will be referring to as "tests"; and, yet, they are in 

many cases crc,ss-,:Lttting some of the tests in the Site Chara,_-- 

terizatior~ Plan. 

S,-, if this is a glimpse of OL.Ir final ,-,UtpLlt there 

wc, uld be a list of pric, rities, a list of these categories ,:,r 

groups of tests, and then some reasons why these are more 

highly rated in terms ,:,f pric, rity than some of these down here. 

We have to keep thinking back to the charge we had: 

t,::, identify tests that could provide early detection of unsuit- 

able site c,-,nditions. These are not conditi,-,ns we know abc, ut 

right now. These are uncertainty. 

These tests will help resolve uncertainty or provide 

informati,-,n about th,-,se uncertain fact,-0rs. Therefore, in each 

of the reasons I list here "uncertainty" is a key w,z, rd. 

DR. DOMENICO: Those l,-.:,k m,z, re like issues. 

Will y,-,u have actual testing pri,-',ritized under ea,:h 

,::,f what I ,~,:,uld ,::all issues and yc, u arc-? ,:al. ling te~.t~-:: what y,:,u 

,.'~r,-.? actually gc, iF;g to d:., ab:.:,L,t the, im.~,ue of g,",:-,,.u-,tl...t,~a-l:~:y flc, w 

time Jr-, the ~'.att.tr-ated z,:'qie fr,:',m a te~..-'..ting l.~.e;"~:H~c~,:tive? 

I,-JOt..,.l d t h a t  b(~ p a r t  c, f  y,:..,,.tr p r c ,  d u , r t ,  t,.:,c,? 
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DR. JUDD: There may be a mapping fr,-,m th(,P item,s 

that are in the pr,z, duct straight t, Z, issues in some cases. 

DR. DOMENIF:O: We are Ic, oking fc, r the tests tc, re- 

solve th,z, se issues, I think: at least in my view. 

The question is: Under Pric, rity Test Number One, 

would you have a suite of activities--like further tritium 

testing, Chlorine-36 testing, pumping testings--and priorities 

under those? Would that be part of that product? 

DR. JUDD: The initial pass at this prioritization 

would take that entire suite and say: That suite of activities 

because they provide, perhaps, partial resolution about the 

uncertainty and travel time receive a higher priority than may- 

be another suite down here related to historical climate 

change. 

Does that answer your question? 

DR. DOMENICO: Yes. 

DR. JUDD: 

DR. NORTH: 

Okay. 

Let me follow up on that a little bit. 

Do you have a methodology for grouping tests at the 

level of what is in the SCP to y,z, ur tests, in quotes, suite, or 

"issue" in Dr. Domenico's terminology? 

DR. JUDD: 

DR. NORTH: 

We have a mapping. 

Can you tell us abc, ut the mapping or 

illustrate it in some fashi,-,n, like the ground-water flc, w in 

the saturated zone related tc drilling spe,-ific bore h,-,les, or 
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Do you mean an example'7 

Yes. What I would like tc, see is an 

52 

example of the mapping sc, we get some idea of what is involved 

in dning it. 

DR. JUDD: Let me give you one example. I will jump 

ahead to number 44, here. 

The uncertainty that was being addressed at this 

point in our analysis was the characterization of flow in the 

unsaturated zone: frecht [phi flow versus matrix flow. We ask- 

ed one of our expert panels to provide a list of the categories 

of tests that would help resolve that uncertainty. This is the 

l i s t  they p rov ided .  

Th is  i s  the d i s t i l l a t i o n  of about an h o u r ' s  d i s c u s -  

s i on ,  some of  which p rov ided  very d e t a i l e d  l i s t s  of  ac tua l  

t e s t s  in  these areas,  and o ther  p a r t s  of  the  d i s c u s s i o n s  say ing 

"Those can be c h a r a c t e r i z e d  at a h igher  l eve l  l i k e  t h i s . "  

So i t  i s  d e f i n i t e l y  a s u i t e  and i t  cu t s  across many 

d i f f e r e n t  types  of  i n v e s t i g a t i o n .  

DR. BLANCHARD: Mr. Judd, l e t  me help ask the ques- 

t i o n  that was asked by Dr. North. 

DR. JUDD: Thank you. 

DR. BLANCHARD: You may recall in, I believe it was, 

April when we were talking about the performance assessment 
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links to the Site Testing Pro, gram we mentioned s,-,mething called 

Paratrack, which is an extensive computer program that takes 

the design and the performance issues, w,z, rks them all the way 

down to parameters that are coming out of the test program, and 

then shc, ws frc, m a performance or a design standpoint where 

those comm,-,n parameters are used and how they are used. 

That helps us assure that, if there are five or six 

different people or groups that are using hydraulic conduc- 

tivity, we know which ones are using it for hc, t-ground-water 

travel time versus which ones are using it for drainage and, 

thus, a sl,-,pe on the repository layout. 

The Paratrack is part of this mapping Bruce men- 

tioned where we have a road map which shows how these 

individual test categories that went into how this logic Bruce 

is about to tell you about works its way back and which 

parameters are more i m p o r t a n t  f o r  what r easons .  

I cannot  remember whether  or no t  we gave t h e  p r e s e n -  

t a t i o n  on Par a t t a c k .  

Oh, yes. 

meeting: the  l a s t  t a l k .  

DR. NORTH: 

Did we? A b r i e f  one. 

There  was one. I t  was a t  t h e  c l o s e  o f  t h e  

Yes. We have heard about  i t  b r i e f l y .  

The point I would like to raise here is that this 

map is not simple. 

DR. BLANCHARD: 

DR. NORTH: 

That is right. 

These are rather ,-omplex relationships, 
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and the documentatic, n of them is going to, be quite impc, rtant. 

In other words, when you really translate this into practice 

the interested parties need to be able to see how this map 

works in detail. 

DR. BLANCHARD: You are quite right. 

DR. JUDD: Thank you, Max. 

DR. DOMENICO: That was a l ong  glimpse. 

DR. JUDD: I guess we ought  t o  l ook  at  i t  from e v e r y  

a n g l e ,  he re :  see what i t  l o o k s  l i k e  b e h i n d .  

High lew_~l, high priority items help resolve uncer- 

tainty more than some of the lower priority items in this list. 

You will see throughout at least my discussion this morning 

that the concept of the resolution of uncertainty and early 

testing can help resolve some uncertainty about the unsuitable 

site conditions. 

How do we approach it? As Max said, there is a very 

tight linkage between test priorities and site suitability. As 

the theme here illustrates, our analysis tries to identify 

t e s t s  t h a t  w i l l  s i g n i f i c a n t l y  i n f l u e n c e  t h e  d e c i s i o n s  about  

s i t e  s u i t a b i l i t y .  

I have now used a c h r o n o l o g i c a l  sequence o f  p a r t s  o f  

a d e c i s i o n  t r e e  here  t o  i l l u s t r a t e  t h e  sequence o f  d e c i s i o n  

making,  and then  we w i l l  t a l k  about  how e a r l y  t e s t i n g  can f i t  

i n t o  t h e  sequence.  

L e t ' s  s t a r t  w i t h  a d e c i s i o n - - t h e  d e c i s i o n s  are 
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colored in red--an early decisic, n to condu,-t a particular suite 

c,f tests--again ! abbreviate by saying just "tests"--early or 

do the status quo: two alternatives. 

Status quo, in this case, would be the Site Charac- 

terization Plan as it is currently written. 

What happens next? There is a series of things. I 

will spend a few minutes on this rather than jumping over it 

quickly. 

First there are test outcomes; and I have said test 

outcome positive, test outcome negative. I don't mean to imply 

here good and bad. A positive test might be purged water was 

found. A positive test result might be retardation for Carbon- 

14 was quite significant. 

I d o n ' t  mean t o  imp ly  good and bad w i t h  p o s i t i v e  and 

n e g a t i v e .  I t  i s  j u s t  t h a t  the t e s t  outcomes can cc, me out one 

way or ano ther ;  and we are not sure,  e a r l y  on when you dec ide 

to  conduct the  t e s t s  how the t e s t s  w i l l  come ou t .  So t h e r e  i s  

u n c e r t a i n t y  about t h a t  p o t e n t i a l  r e s u l t ;  and t h a t  u n c e r t a i n t y  

here i s  i n d i c a t e d  i n  b lue .  There i s  another  one coming down 

t h e r e .  

We feed t h a t  i n f o r m a t i o n  from those t e s t  r e s u l t s  

i n t o  a d e c i s i o n  about the  s i t e  s u i t a b i l i t y .  Hang on. I 'm 

s o r r y ,  f o r g o t  an i m p o r t a n t  f a c t o r .  

You get the  t e s t  r e s u l t s  fo r  the t e s t  outcome, but 

you a l s o  do some e v a l u a t i o n  of  i t .  You take the r e s u l t s  and 
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put them in a perf.-~rmance assessment, and see what those parti- 

cular results imply about the overall performance of the site 

acc,-0rding to various criteria. 

That evaluation is pretty important. There is not a 

single test result that you would get that would say "This 

suit, automatically, categorically, is unsuitable." You need 

to analyze that or evaluate that before you can conclude it. 

That informatlon--both test outcomes and their eva- 

luation--feeds into a suitability decision which, as Russ men- 

tioned, we represent using some simple alternatives here: re- 

commend the site, abandon the site, continue testing. These 

are all possible decisions--and, of course, there are others a 

well--that might come out of the site suitability assessment. 

But there is still uncertainty. Even though we have 

tested and gotten some positive and negative results, there is 

some residual uncertainty about whether or not unsuitable con- 

ditions e i t h e r  e x i s t  today or might e x i s t  in  the f u t u r e .  So 

Even though we have done our t e s t i n g  we remain uncer ta in  about 

them. 

This i s  a chronology.  So t ha t  says tha t  t h i s  s i t e  

s u i t a b i l i t y  dec is ion  has to  be made before we know for sure 

whether or not the c o n d i t i o n  a c t u a l l y  e x i s t s .  Test ing  and 

these test outcomes may reduce that uncertainty, but in may 

cases it will not eliminate it. 

So our prioritization methodology Iook,a at those 
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decisions, and the possible results that the early tests might 

produce and tests that have results--positive or negative--that 

can influence that decision are given early priority. 

How do they influence that decision? What is the 

mechanism for influencing a site suitability decision? 

As point number two here states: Those tests that 

can influence this decision probably reduce the future uncer- 

tainty out there; and, hence, improve our ability to make a de- 

cision back here. 

Therefore, these tests are reducing uncertainty 

about the future and, ~hereby, influencing our decisions. That 

is a conceptual picture of some of the features of the methodo- 

logy. We w i l l  take more t ime now to  l i n k  t h i s  t oge the r  and 

g i v e  a more complete d i s c u s s i o n .  

Before I do t h a t ,  are t h e r e  q u e s t i o n s  about how t h a t  

f i t s  t o g e t h e r ?  

[No response.  ] 

DR. JUDD: I sa i d  these were p a r t s  of  a d e c i s i o n  

t r e e .  In t h i s  next  v iewgraph I have now connected some of  the 

p a r t s  o f  t h e  d e c i s i o n  t r e e  t o  c o n s t r u c t  a ve ry  s imp le  d e c i s i o n  

t r e e :  an i d e a l i z e d  s i t u a t i o n ,  i f  you w i l l .  

Th is  shows how t e s t  outcomes might a f f e c t  a s i t e  

suitability decision. You have the same decision at the be- 

ginning: to conduct the tests early or conduct the tests--this 

was the status quo--in the planned sequence. 
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If you test early, I have illustrated a couple pos- 

sible outcomes of the testing and the evaluation. You discover 

some results that, once evaluated, show there is a major pro- 

blem for the repository. 

decision? 

What, then, is the site suitability 

I t  may be. i f  t h i s  i s  a major problem, t h a t  the de- 

c i s i o n  would be t ha t  branch down the re :  to  abandon the s i t e .  

Th is  i s  an i l l u s t r a t i o n  of  a p r e f e r r e d  d e c i s i o n  path.  Up here,  

i f  t h e r e  i s  a major problem d iscovered  by an e a r l y  t e s t  we 

abandon the  s i t e .  I f  t h a t  outcome does not happen- - i n  o ther  

words, if there is no major problem discovered--then there is a 

decision illustrated here. 

Let's say the decision at that point is to continue 

with the planned sequence of tests. Just as if you did not 

take that early test up there and you continued on this trend, 

then you would continue with the pattern of testing. 

So the d e c i s i o n  t h a t  i s  made here and here i s  the 

same d e c i s i o n :  t o  c o n t i n u e  w i t h  the planned sequence of t e s t s .  

I t  i s  on ly  up here,  i f  you d i s c o v e r  a problem, t h a t  you would 

abandon s i t e .  

The p o i n t  of  t h i s  i s  t h a t  t e s t s  t h a t  have these pos-  

s i b l e  outcc0mes that can change the preferred decision or change 

the preferred course of action--tests that can affect this de- 

cision and change it from what decisic0n would have been made 

otherwise--those tests are said to have high value of 
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in for mat i,0n. 

You will hear that phrase a lot today and tomorrow. 

They are said to have high value of information and, therefore, 

they would be given high priority in the analysis we are doing. 

That i s  the t echn i ca l  d e s c r i p t i o n  of  value of  i n f o r -  

mation. We w i l l  g i ve  you some a d d i t i o n a l  i l l u s t r a t i o n s  of  t ha t  

l a t e r  in  my t a l k  as wel l  as in  t he  Cal ico  H i l l s  and Exp lo ra to r y  

Shaf t  F a c i l i t y  t a l k s  t ha t  f o l l ow .  

That concludes the i n t e n t  o f  our methodology: t o  

i d e n t i f y  those t e s t s  t ha t  can a f f e c t  t ha t  d e c i s i o n .  I w i l l  now 

s t a r t  t a l k i n g  in  a b i t  more d e t a i l  about how we go about t h a t .  

Any ques t ions  before I proceed? 

[No response. ] 

DR. JUDD: The quest ion  at hand i s :  Which t e s t s  can 

be e a r l y  i n d i c a t o r s  of  an u n s u i t a b l e  s i t e ?  In ,order to  answer 

t ha t  I t h i n k  you need to  ask and then answer a couple more 

quest ions.  

Those two ques t ions  are: What do our e x i s t i n g  data 

say about the s i t e ?  I f  we had to  make the dec i s i on  today, do 

the data i n d i c a t e  the s i t e  i s  s u i t a b l e  or unsu i t ab le?  

Then you immediately f o l l ow  those ques t ions  w i t h :  

How l i k e l y  are the t e s t s  r e s u l t s - - t h e  t h i n g s  we might f i nd  from 

early testing--to change the conclusion about the site"? 

If those outcomes are unlikely to change the conclu- 

sion about the site, there may be little te,:hnical value for 

E Y I : : : ' P I  I T T U I : : '  I ~ r l l  I I O T  D r - . - I : ' J r l D T T k l l ~  T h l P  "3. t - ~  / ~ . / ' ~ . _ t - ~ r ~ _ . t  
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further testing. "Technical value": I will refer tc, that fre-- 

quently as will at least one of the other Task Forces. 

The technical value for testing came into considera- 

tion because we said: Is the site suitable or not based on 

what we knc, w now? And can test results change that? If they 

can change that decision, then there would be some technical 

value in terms of reducing uncertainty. 

there is not. 

not i on : 

I f  they cannot, then 

But l e t  me be very quick to  add something to  tha t  

There may be many other reasons for  t e s t i n g  besides 

s imply ga ther ing  i n fo rma t ion  tha t  a f f e c t s  s i t e  s u i t a b i l i t y  

dec is ions ,  such as conduct ing t e s t s  or groups of t e s t s  tha t  

w i l l  f a c i l i t a t e :  other t e s t - d r i l l i n g  bor ing holes,  i n i t i a t i n g  

l o n g - d u r a t i o n  performance conformat ion t e s t i n g ,  ga ther ing  i n -  

format ion tha t  w i l l  be used for design or c o n s t r u c t i o n .  

That i n fo rmat ion  may not a f f e c t  a dec is ion  on s i t e  

s u i t a b i l i t y ,  but i t  may be very impor tant  to  have: for  

ins tance,  the geochemistry may be an impor tant  issue in choos- 

ing m a t e r i a l s  for the waste package. So the re  may be some s i g -  

n i f i c a n t  bene f i t  to  t e s t i n g  tha t  i s  not r e f l e c t e d  in s imply 

t h i s  r e l a t i o n s h i p  to  s i t e  s u i t a b i l i t y :  b u i l d i n g  s c i e n t i f i c  con- 

sensus; p rov id ing  a d d i t i o n a l  i n fo rmat ion  tha t  i s  requ i red  for 

1 icens ing.  

All of those are reasons for testing. So if we come 

up with a conclusion that says there is no technical value for 

EXECUTIVE COURT REPORTING, INC. 3C)1/565--0(')64 
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testing be,zause it is finding an unsuitable condition there may 

be other reasons for testing, as well. 

When these are a factor management may need to 

revise priorities, and our Task Force may need to revise 

priorities based on each of these considerations. 

There are some caveats to that technical value of 

information, but let's recall that our charge is to identify 

tests early on that can provide early detection of unsuitable 

condi t ions.  

How do we go about t ha t?  You can always answer a 

quest ion w i th  more ques t ions .  In order to answer the two major 

ques t ions  I j us t  l i s t e d  I t h i n k  you have t o  answer some 

a d d i t i o n a l  ques t ions .  

By the way, t h i s  does not get any more d e t a i l e d :  I 

am not going to  have any more l i s t s  of  t e s t s  beyond t h i s  l i s t  

of  l i s t  of  l i s t s  here. 

When I am t r y i n g  to  answer, Do e x i s t i n g  data 

i n d i c a t e  whether or not the  s i t e  i s  s u i t a b l e ? ,  the thought 

process i s  something l i k e  t h i s :  What i s  the p ro jec ted  

performance of t h i s  system? How well w i l l  t h i s  system perform? 

How c e r t a i n  or unce r ta in  are we about the performance? How 

much conf idence do we have in  the performance of the t o t a l  

system: the site, the waste package, et cetera? When you put 

them all together, do they met our criteria for being a good 

system'7 Yes or no. 
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That is an indication, coupled with the waste 

package, of whether or not they are suitable. So I claim you 

have to go through that thought process in order to answer this 

first question; and you will see an analysis that steps through 

each of those in sequence, and I will get to that in just a 

minute. 

Let me first introduce the kinds of questions you 

have to ask in order to answer this question: How likely are 

test results to change the basic conclusion about the site? 

F i r s t ,  what are the major u n c e r t a i n t i e s  at the s i t e ?  

What do I mean by "ma jo r "?  That they can have a s i g n i f i c a n t  

e f f e c t  on the performance and they are h i g h l y  u n c e r t a i n .  I f  

they are h i g h l y  u n c e r t a i n ,  then maybe t e s t i n g  can help r e s o l v e  

them. I f  they have a s i g n i f i c a n t  e f f e c t  on importance,  t ha t  

means they  are impo r t an t .  

What are  the major u n c e r t a i n t i e s ?  What t e s t s  can be 

done or what s u i t e s  of  t e s t s  t o  r eso l ve  these u n c e r t a i n t i e s ?  

Very impor tant  c o n s i d e r a t i o n :  How accura te  are the t e s t s ?  I f  

they are p e r f e c t l y  accu ra te ,  t h a t  i s  g r e a t .  Most t e s t s  are not 

p e r f e c t l y  accura te .  That f a c t o r  needs to  be cons idered .  

F i n a l l y ,  you ask: What s p e c i f i c  outcomes of the 

t e s t s ?  I f  we examine the minera logy of  a p a r t i c u l a r  sample, 

what k inds of r e s u l t s  from those t e s t s  can change our dec i s i on  

or could be put into a suitability assessment or a performance 

evaluation?; and the results of that change or decision. 

EXECUTIVE COURT REPORTING, IN(]. 301/565-0064 
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Finally, are th,-,se ,-,utcomes likely or not? 

That is a long list of questions to be answered. 

Yet that is the thought process we went thrc, ugh to develop the 

analytic method. 

It is also a boring viewgraph because it has only 

lots of words on it. I am going to stop using words now and go 

into pictures. Before I do that, are there questions? 

[No response. ] 

DR. JUDD: Okay. 

How do I measure the performance of the system to 

get a what do existing data indicate about the site? One 

useful indicator of an unsuitable or unacceptable performance 

of the site--and I will refer not to post-closure: after the 

repository has been loaded and the depths have been sealed--is 

a measure of unsuitable performance of the site. 

In our first application of the methodology we have 

been using the release to the accessible environment: 

cumulative curies released over 10,000 years. In our 

methodology that serves as a proxy for Other applicable post- 

closure performance measures and, as you all know, there are 

several others; but we will this as a proxy in trying to rank 

tests. 

If there are some tests that are not related to 

total system performance, post-,'_'losure, then the priorities 

would have to be re-evaluated; but in our illustration now and 
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in our first applicatic, n of the methodology we are using that. 

That measure gets at this first question: What is 

the projected performance of the system'? 

The second question is: How uncertain are we about 

that performance? How confident are we in our current 

estimates of the performance? Let's do that in a picture. 

The uncertainty in that measure is illustrated or 

represented using a probability distribution. The way I have 

drawn it is a complementary cumulative distribution, but let's 

start with the variable first. 

The v a r i a b l e  i s  how much i s  re leased to  the 

a c c e s s i b l e  environment.  I have done t h a t  as a r a t i o  of the  

cumula t i ve  c u r i e s  re leased  for  a p a r t i c u l a r  r a d i o i s o t o p e  to  the 

s tandard in  the Environmental  P r o t e c t i o n  Agency appendix t o  the  

r e g u l a t i o n .  

That r a t i o ,  i f  i t  i s  one, says t h a t  the t o t a l  

cumula t i ve  r e l ease  over 10,000 years e x a c t l y  equaled the number 

t ha t  was i n t h e  appendix of t h a t  s tandard .  I f  i t  i s  ten,  t h a t  

means the ac tua l  r e l e a s e  over 10,000 years was ten t imes what 

was in  the t a b l e :  .1 would be a t e n t h .  

On t h i s  ax i s  i s  complementary cumula t ive  

p r o b a b i l i t y ;  o r ,  in  o ther  words, the p r o b a b i l i t y - - l e t  me p i ck  a 

point here; the point is coming down to .01--that the release 

will exceed this amount, be greater than this amount. In this 

case, there is a 5 percent chance the release will exceed that. 
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Notice it does nc, t say the release will be ,one times 

the table or ten times the table. It says the release is 

uncertain: we are not sure what it will be; and, in fact, it 

could be very low as a percentage of the table, it could be 

h i g h e r ,  and now t h e r e  i s  a p r o b a b i l i t y  d i s t r i b u t i o n  drawn on 

t h o s e  r e l e a s e s .  

T h i s  c u r v e  or t h i s  p r o b a b i l i t y  d i s t r i b u t i o n  r e f l e c t s  

t he  l e v e l  o f  c o n f i d e n c e  t h a t  we have i n  t h e  p o s t - c l o s u r e  

pe r fo rmance ;  and we t a l k  about c o n f i d e n c e ,  knowing about t h e  

s i t e  and c o n f i d e n c e  about knowledge about  t h e  s i t e .  T h i s  c u r v e  

r e f l e c t s  t h a t  c o n f i d e n c e ,  i t  r e f l e c t s  t h a t  knowledge.  

I f  t h i s  cu r ve  heads way ou t  here  at  s o r t  o f  a 45 

degree a n g l e  i t  says  we a re  h i g h l y  u n c e r t a i n  about t h e  

r e l e a s e s .  I f  t h i s  c u r v e  plummets at  some p o i n t ,  comes s t r a i g h t  

down, i t  says  we a re  no t  s u r e - w h a t  r e l e a s e s  w i l l  be i n  t h i s  

r e g i o n ,  bu t  we a re  p r e t t y  c o n f i d e n t  t h a t  t h e y  w i l l  not  be above 

t h i s  l e v e l .  

That c u r v e  r e f l e c t s  our  c o n f i d e n c e .  

Q u e s t i o n s  on t h a t ?  

[No response .  ] 

DR. JUDD: I am su re  you have ~een t h i s  i n  many ways 

and c o u l d  g i v e  me t h e  l e c t u r e  on t h i s  as w e l l  as I cou ld  

explain it to all of you. That is the curve. 

If we are trying to get a, first, what is the 

performance ,of the system we need a performance measure and we- 

l : " ~ r - r : l l T l U l : : "  f " :n l lD .  T P..P'-PI ' lPTTI'dR_ TbJf':_ ~t'1"l /~,cr'-:_,~-~-~,¢..~ 
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are using cumulative curies. How uncertain are we about 

performance?' This illustrative curve illustrates that. 

The third question is: Does the system meet 

performance criteria or not? As I mentioned, we are going to 

use the Environmental Protection Agency standard--or we will 

use, perhaps I have not mentioned that--we will use the 

Environmental Protection Agency standard as one possible 

criterion for judging post-closure performance. 

The standard has a couple of points measured. It 

has, there has to be a 90 percent chance that you will be 

within one times the table or, on my scale: complementary 

cumulative, 90 percent chance that you will be within that 

means a 10 percent chance you will exceed it. That is this 

point here; and then there is another point here. 

You have to have .999 probability that you will be 

within ten times the curies released that are specified In the 

table, of .001" you have to be ~ less than .001 probability of 

exceeding that. 

Does this curve, the purple one, meet the standard 

or not? The way I have drawn it, it does. We are on the left 

side, which says that our cumulative curies are less than the 

Environmental Protection Agency standard. For instance, the 

Environmental Protection Agency standard said that we had to 

have no more than one chance in ten of exceeding one times the 

table; and for this purple curve we have . 1 chance in ten of 
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exceeding a fraction: less than a tenth °of the table. 

So that curve meets the Environmental Protection 

Agency standard. 

Is the site suitable? I have not said that. 

not said formally that this site is suitable, but I F1ave said: 

Here's is a criterion that, if we applied it and it were our 

only criterion, yes, this site would be suitable: if this were 

the only criterion. In our first application of the analysis 

that is the first one we are going to use. 

MR. ALLEN: And i f  the  pu rp le  curve were c o r r e c t .  

DR. JUDD: Yes. 

I have 

If this purple curve accurately expresses the degree 

of information or the confidence we have in that site, and if 

this purple curve makes it Ioo~( like we know for sure it will 

be less than that when, in fact, we don't know that and we are 

highly uncertain, then I think this whole thing would be out 

the window. 

Good p o i n t .  

MR. CORDING: And you could have severa l  pu rp le  

curves,  depending on, fo r  example, how one l a i d  out the 

c a n i s t e r s  or avoided f a u l t s  and t h i n g s  l i k e  t h a t .  Is  t h a t  

possi  b i e? 

DR. JUDD: Yes, t h a t  i s  p o s s i b l e ,  of course.  That 

is a very good point and let's illustrate it. 

If we have a team of- analysts, site experts and 
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waste package experts working together and they say, "If we 

make some assumptions about this site we get a curve down here. 

If we make sc, me assumptions about this site," about h,-,w the 

models are or about what parameters we assume about the 

geology, "we get a curve out there." 

So you can have multiple curves there depending on 

what you put into that analysis. 

What should the curve reflect? If we are highly 

uncertain about those factors you mentioned, then this curve 

ought to reflect that uncertainty. For instance, if the waste 

package material depends on ground water chemistry and we are 

uncertain about the ground water chemistry and, therefore, we 

are uncertain about the materials, that set of uncertainties 

should be reflected in a single curve when the decision is made 

about suitable or unsuitable site. 

MR. CORDING: It could be a situation where it is 

not just uncertainty, but a fact that you say, "We know that we 

Can achieve a different curve if we do something else." It is 

not uncertain that we do that, but we would then actually have 

a different curve. 

DR. JUDD: Good p o i n t .  

For ins tance ,  changing the ma te r i a l s  in  the waste 

package might pull this thing back or push it out. Very g,.-,,_-,d 

point. 

MR. ALLEN: But also it is true that you could have 

i ~ EXECUTIVE COURT REFORTIN',. INC. ."~();/sA~.--(~('~.~ 
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a given °:urve for a given model, assuming that mc°del is 

correct. 

DR. JUDD: Yes. 

MR. ALLEN: But i f  you t r y  to  est imate the 

uncertainty of that model being correct, you could have quite a 

different version. 

DR. JUDD: Let's assume this purple one reflects a 

particular model and you are assuming, in your analysis, that 

model is correct and someone says, "Here is an alternate 

model." You run that one through and you find out that it is 

over here. 

Technically to have this curve represent the 

uncertainty you would need to have someone say, "Okay, I am 

going to bite the bullet and create the curve; and I assign a 

probability to the first model being correct and a probability 

to the second model being correct. I cannot rule out that 

second model. I think there is one chance in a hundred that it 

i s  r i g h t .  " 

You put those two f a c t o r s  together  and you wind up 

again w i th  a s i n g l e  curve.  That i s  a par t  ,of the a n a l y s i s  tha t  

i s  hard because people can defend the va r ious  models and i t  i s  

hard to get somebody to say, "I think there is a I0 percent 

chance that model is right," versus 1 percent or something. 

Excellent point. 

So this curve, once it is constructed, shows the 
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degree ,:,f understanding we have about perf,-~rmance of the site. 

That is the purple one. The red one represents a standard that 

,:an be held up, and it actually specifies how confidence we 

have to be or how confident we must be. 

We have to be to the left of that curve. 

MR. REITER: I would like to relate back to the 

concern raised earlier about invoking outside expert judgment. 

I think the concern--and we have seen this in other 

kinds of studies--is that if you would go, let's say, to the 

State of Nevada or EPRI or some other group and ask them to 

convene some experts, they might have different weights as to 

which model is correct. 

Therefore, it may not be possible to reduce all the 

models to a unique known distribution. I think the concern 

about making sure you reflect in your curve a wide range of 

opinion would express itself in knowing whether or not that 

curve is correct, or which way it is. 

DR. JUDD- If you have a group that says that 

alternate model has only one change in a hundred of being right 

and another group that says, "No, it has only about a 50 

percent chance of being right," then you can draw the two 

,: ur yes. 

The philosophy we are pursuing in this methodology 

is, when we get that significantly different set of ,.-°pinions, 

do the analysis with one set of judgments, do the analysis with 

EXECUTIVE COURT REPORTING, IN(]. 301/565-0064 
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tile other set of judgments, and see how it changes tile ranking 

of those early tests. 

So when we have a difference in assessment of 

probabilities, we analyze both sets and ask: Does it change 

the ranking on which tests should be done early? 

MR. REITER: So you are planning to go outside the 

program to solicit expert judgment to provide alternate 

weights? 

DR. JUDD: What I said was: If we get alternate 

probability assessments. Our current set of experts have been 

those that were described earlier; and those people don't all 

agree either. 

So we are getting alternate sets of opinion from 

them and that is how we are treating it analytirally. I will 

let the answer stand on going inside, going outside. 

DR. DOMENICO: I would make a point  here. 

Whether or not you make that  s tandard in t h i s  

p a r t i c u l a r  case, assuming you can keep the package i n tac t  f o r  

the f i r s t  1,000 years, i s  going to depend on a few th ings:  

c r i t i c a l l y  ground water t rave l  t ime, c r i t i c a l l y  the f lux  of the 

mountain, the c r i t i c a l l y  the re ta rda t i on  c a p a b i l i t i e s  i f  that  

is built into your model, and lastly maybe the solubility of 

the individual nuclides. 

l 

Does that not tell you, already, something about 

your prioritization of testing? Does that not now give us some 
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clue as to the priorities of testing in the sense that that 

curve is going to depend basically on those factors'7 

DR. JUDD: Yes. 

You are saying that the curve--in other words, the 

performance of the system--depends heavily on those factors; 

and now the question is: How likely are those tests to affect 

that curve? 

You are saying because there is a strong dependence 

of that curve on some of these basic uncertainties therefore 

the testing will affect that curve and affectthe suitability. 

DR. DOMENICO: I am saying more than that, I think. 

I am saying it is almost dictating your priorities in testing, 

what you have to test for, if you are looking for failure. 

I have the feeling that this would be a great 

exercise if we were ten years in the past and we knew nothing 

about the mountain. But we have a billion dollars worth of 

information and we do know something about the mountain. 

I think the position of that curve depends on those 

three or four factors that I just mentioned. My point is that 

that should guide, somehow, in the establishment of priorities. 

DR. JUDD: You will see all of those factors 

identified--What are the major uncertain parameters?--and then 

about those we will ask: What tests can be done? How accurate 

are the tests? Et cetera. 

But, yes, you will see those factors in there. 

EXECUTIVE COURT REPORTING, INC. 301/565-006.4 
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MR. BROC:UM: I want to make one point here. 

In fact, those points are guiding much of the 

prc, gram today. For example, we have arm extensive gee, chemistry 

program. One of the major programs we would like to start on 

the current plan testing is studying unsaturated zone 

hydrology. 

I t h i n k  the p o i n t s  are,  in  f a c t ,  r e f l e c t e d  in  the 

S i t e  Eva lua t i on  Plan,  and r e f l e c t e d  in  the ongoing 

i n v e s t i g a t i o n s  and the i n v e s t i g a t i o n  we p lan t o  s t a r t  when we 

can get pe rm i t s  to  get on the s i t e .  

DR. JUDD'. Thank you, Steve. 

I am now going to back away from this specific 

measure of performance to a more general one, and back away 

from the Environmental Protection Agency standard to a more 

general concept; and proceed with that general discussion. 

We are not limited to a particular performance 

measure or a particular standard for what is a suitable site or 

not. In fact, in concept, we can construct a decision line on 

the graph to indicate where we would judge the site unsuitable 

,or judge the site suitable. 

The Environmental Protection Agency standard, let's 

say, is over here somewhere; and, yet, the Department of Energy 

might want to be more conservative than that. We want to be a 

little bit this side or an order c,r two of magnitude this side 

of the Environmental Protection Agency standard because there 

F - - Y E f ~ l  I T ' l l ,  PC" I - ' r l l  H:;)T D E I : : ' f l l D T l r M I ' ~  T K I I "  
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are c, ther performance criteria or for whatever reason. 

Therefore, conceptually you could draw a decision 

line there and say, "Nc, w, if our performance is worse than that 

we will walk away from the site. If our performance is better 

than that the site is a,:ceptable and we will recommend the 

site. " 

Here is that same performance curve, but notice now 

that I have not given it cumulative curies released relative to 

an Environmental Protection Agency standard: it is just a 

general per forman,ze measure; and I will speak in these terms. 

Max mentioned in his discussion how the Department 

of Energy might choose to build some conservatism into drawing 

that decision line at some distance back from the Environmental 

Protection Agency standard. 

So I am going to refer now to this as being the 

point at which you change the decision. It is not necessarily 

the Environmental Protection Agency standard. 

The basic conc lus ion would then be- I f  your 

performance assessment shows you are on t h i s  s ide  of the l i n e ,  

the s i t e  i s  s u i t a b l e .  I f  there are some e a r l y  t e s t s  you can do 

tha t  would show you t h i s  s i t e  i s  u n s u i t a b l e - - i n  other words, 

throw that line over to the other side---thc, se tests might 

receive high priority. 

That gets us into the topic of testing. You recall 

the issues we wanted tc, address here are: How likely are the 

E X E C : U T I V E  COIJRT REF'OF:...TING. I N C .  .qO1 /.~,F,.~..-e~f'~A.,:.t 
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test results to0 °-hange the basic conclusic°n about the site up 

here? What are the major uncertainties? What is the accuracy 

of the tests? Et cetera. 

Let me use that graph to illustrate how that wc, uld 

wor k. 

We evaluate the effects of testing, or the outcomes 

of those, on estimates of total system per forman°-e. The purple 

curve is the one we had before. 

Let's say that one of the uncertainties in the 

problem is flux, and flux is highly uncertain. That is one of 

the factors contributing to the uncertainty in that performance 

curve. 

Now let's conduct some tests that have to do with 

f l u x ,  t ha t  p rov ide  i n f o rma t i on  about f l u x .  We might l ea rn  two 

t h i n g s  from tha t  t e s t i n g  program. 

The f i r s t  of  the two t h i n g s  i s  we may get some 

i n d i c a t i o n  t h a t  f l u x  i s  on the h igh end of the  range. We might 

get some i n d i c a t i o n  t ha t  f l ux  i s  on the low end of  the range. 

I f  you put h igh f l u x  i n t o  the a n a l y s i s  i t  w i l l  s h i f t  t h i s  

pu rp le  curve to  the r i g h t  where the green one i s ;  i f  you put 

low f l ux  i n t o  the a n a l y s i s  i t  s h i f t s  i t  back to  the l e f t .  

One thing we might learn is flux can be high or flux 

can be low. 

The other thing that happens--and this is an 

impc, rtant fact, als,:,--from the testing we gain more certainty. 
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Nc, tice that the purple curve went from this point all the way 

over to this point; it is highly uncertain; and the green 

curves are narrower reflecting greater certainty in both cases. 

Where the flux is low the green curve is still more 

narrow than the purple curve was. If flux is high the green 

curve here only covers this much of the horizontal axis whereas 

the purple one covered that whole axis. 

So we learn two things from testing: We know 

something about flux; and, of course, we might learn it is very 

close to our initial estimate and, therefore, this green curve 

is right on top of that one. We learn something about the flux 

and we reduce our uncertainty. 

Therefore, our estimate on performance is more 

certain after testing; but, of course, is either better or 

worse--it can be on this side or this side--relative to the 

original performance curve. 

You will see in the example I give you a bit later 

that the first step in our method is to determine the 

sensitivity of performance to what you might learn from the 

various tests. Then, of course, thenext step is to draw that 

decision line, the red line in this case, and say, "Is it 

possible that something we will learn from testing," like the 

green curve, "will get over here to the right side ,0f the 

curve?" 

That will be a case where performance is now 
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unsuitable--we are on the unsuitable side c,f that curve .... so 

what we learned in the test detected an unsuitable condition 

and made abandc, ning this site the better of the two 

alternatives illustrated here. 

Therefore, this would be a case of the test changing 

a decision or affecting a site suitability decision; and that 

would be a primary factor that goes into the priorities. 

Other factors that need to be taken into account 

later are cost and schedule; but first, before we look at cost 

and schedule of the testing, we need to figure out: Are those 

t e s t s  capable of p r o v i d i n g  in fo rmat ion  tha t  would show the s i t e  

i s  unsu i t ab le?  

That was our charge: e a r l y  d e t e c t i o n  of unsu i t ab le  

c o n d i t i o n s .  

That i s  a graph ica l  d e s c r i p t i o n  of the methodology, 

i f  you w i l l .  I t  i d e n t i f i e s  t e s t s  tha t  ,-an change a dec is ion  

from the dec i s i on  t ha t  would be taken w i thou t  the a d d i t i o n a l  

testing. 

There are some caveats.  F i r s t  you need to  recognize 

what ,0ur r e s u l t s  w i l l  show i s  tha t  t e s t i n g  has value when i t  

has the p o t e n t i a l  t o  a f f e c t  a r e p o s i t o r y  dec i s i on ;  and we w i l l  

recommend conducting tests early if they have a significant 

chance of affecting that decision. 

We will recommend stopping testing, at least from a 

technical point of view: technical value of the testing, when 

I:'~ ¥|:*'I'"I IT'fUr:'- l-'f"ll II:;,T l:;,Ic'*Pl'-Ir)T Tl~h'."~ TI~II-" "*-~1"i I Ir~-,,':-_~...-t-~t~,~:..1 
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That is where 

As soon as I mention I need to go to this next point 

that says, "We are focusing only on the value of information 

prc, vided by the test relative t,-~ post-,'-Iosure performance," 

there are other benefits of testing besides this one that is 

1 isted. 

But by focusing on what is the value of information 

we avoid a problem. The problem we avoid is also listed on the 

slide here, and this gets back to the Chairman's question 

earlier: something about when do you stop testing? 

By focusing and asking the question, "What value do 

I get from the information?", it puts a pragmatic spin on the 

testing program. From a management point of view it says, "Can 

we, at some point, stop the testing because we are not learning 

anything further about the site that will change our decisions 

about its suitability?" 

So we avoid to some extent that quest for the last 

decimal point on a parti,zular parameter, that often futile 

quest for certainty. 

That is an overview for you of the methodology. 

This might be a gc, od point to see if there are other questions. 

MR. PRICE: Do you have any comment on the 

gradeability ,of scientists to tak.e the test result.s and magnify 

from that uncertainty instead of reducing certainty, which is 

l:.~F-f':l ITT',)i c I":I"11 IP.I" I'@F:'-Pf'II:,.""I'TNI'~_ TNI":_ ~'~! /~.~'~.--~h~m~..~t 
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sort of the general tenure .:,f what you have presented to us? 

Oftentimes you conduct a test and the next thing you 

know you are more uncertain than you were before. 

DR. JUDD: Yes. Exactly. Good question. Let me 

use one of my curves here to illustrate that. 

That happens all the time: You conduct a test and 

you learn something that had not been considered beforehand. 

You are saying that after we conduct the test we are more 

uncertain than we were before. 

Therefore, it is as if we were drawing this green 

curve and, after we do the test, this thing stretches wider 

than the original curve did: we are more uncertain after 

testing. Was that it? 

MR. PRICE: That is the gist of it. 

if that would change your purple curve. 

I d id  not know 

I f  

DR. JUDD: I t h i n k  you need to  change the pu rp le  

I t  i s  s o r t  o f  i r r e l e v a n t  to  change i t  at t ha t  po in t  curve• 

because i t  i s  a f t e r  the t e s t i n g  and green i s  the co lo r  for  

a f t e r  t e s t i n g •  

What happens when you t e s t  and wind up more 

uncertain after you test is there are some important things 

that you did not think about when constructing this curve. 

How does this prioritization method handle that? 

there are alternate conceptual models, alternate ways of 

thinking about the problem that people can identify early in 

E Y E I - " I  I T  T I ~ / E  i ~ r ~ I  I E ,  T E I E E ,  r l E ,  T T b.ll'~.. r 1~11 ~ 
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our discussic°ns c,r during c, ur discussic, ns and get the 

q~tantified and int,", the purple curve, that is great. 

If there are things that people cannc, t think about 

because there are things c, ut there that we don't kn°:0w--and, by 

the way, we don't know what they are: we cannot identify them, 

we cannot put them in the analysis; the unknown unknowns, what 

is lurking out there--I would challenge anyone to put those 

into analysis if they cannot be identified. 

So we can gc° halfway, I think, in meeting your 

c o n c e r n .  

Those results that can be anticipated or considered 

possible ,:an be brought into the analysis. Those that simply 

cannot be identified cannot be brought into the analysis. 

Very good point. 

MR. ALLEN: The very fact that, very often, 

increases in scientific knowledge lead also to an appreciation 

of greater uncertainties should lead us all to be, perhaps, 

more conservative in our estimation of uncertainties on the 

basis of the limited data. 

DR. JUDD: Yes. We need to be a little more 

realistic initially when we state just how uncertain we are. 

The psychol0=,gists who do research in this area shc0w that when 

we estimate probabilities we think" we know more than we do. 

We are too narrow. So °:,ur probability elicitatic0n 

techniques try, as best they can, to get people to think of 
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In 

identify it, we have. 

I at er on. 

You w i l l  hear more d i s c u s s i o n  of t ha t  

That is a summary of what we are trying to do. I 

now need to add it is great to say this and say that is the 

intent. It looks relatively simple when you put it on a graph. 

Implementing it is difficult; and it requires some very careful 

develc, pment of models and assessment of data. That is what I 

would like t,:, talk abc, ut now. 

broader uncertainties than they might normally have done. 

other words, would try to, get them to be more realistic in 

exactly hc, w un,::ertain they are. 

I cannot guarantee we succeed in that, but we at 

least recognize it and make an attempt. 

MR. ALLEN: I think that at least my experience in 

trying tc, understand earthquakes on the west coast is that very 

often the problem, it turns out, is that we assume a certain 

model with a great deal of certainty and the problem is with 

the model: that there were other models that should have been 

considered. 

That is where the uncertainty is. 

DR. JUDD: Exactly. 

In the E x p l o r a t o r y  Shaft  F a c i l i t y  a n a l y s i s  you w i l l  

see some e x p l i c i t  r e p r e s e n t a t i o n  of  t ha t  u n c e r t a i n t y  both in 

the parameters of the  model and in  the  model i t s e l f .  To the 

ex ten t  we have been unable to  take t ha t  i n t o  account and 
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Our proje,-t comprises five tasks. The first is 

developing the methodology. In everything you have seen s, z, far 

we have wc, rked out how ,we are going t,:, do it. There are some 

c, ther issues related to how to draw those decision lines and 

so, me other factors on which we have not yet finished our 

methodology. 

Developing the model and assessing the data is 

mostly what I am going to be talking about in this discussion 

now. We are well on the way, as Max pointed out; but, as I 

say, it is a difficult and large task. So there is still work 

to be done. 

Analysis and review, and report preparation. We do 

some of that as we gc, along. As we get a portion of the model 

completed we do the analysis associated with it; but we have 

not done very much to date. 

Here is a schematic of some of the steps and 

components, if you will, of our framework. We are trying to 

take lists of tests or categories of tests and set priorities. 

So we are trying to get from here to there. 

In order to do that we need an analysis model. I 

will be describing that and how we build it. Out of that model 

c,-°mes these purple curves; and input to the model is the red 

decisic°n line. Out c0f that prc.:ess cc, mes priorities. 

I gave you the flavc, r of hc0w we get frc°m there to 

there, but did nc, t give you t,_,o much c,f the specifics. 
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I am going to focus, in this di.scussion, c,n how we 

get to the model, the structure of the model and the data that 

are assessed t,-, feed that m,-,del. Of the diagrams you see here 

this one is a probability distribution. You are familiar with 

those and you will see a lot of discussion of it in this talk 

as well as the others. 

Then this is a representation of an influence 

diagram. Max and Russ both mentioned those. I will use that 

as a technique for creating the model: in other words, 

identifying the parameters that ought to go into the model and 

the relationships. 

We also use this influence diagram as a guide to 

which data to assess when and how to assess it. So this 

influence diagram is an important piece of the analysis. 

Each of the groups you will see will be displaying 

these influence diagrams. So if you will bear with me I will 

take five minutes to explain a little bit about that influence 

diagram because you will see a lot of those. 

We are going to use these influence diagrams to 

identify the key parameters that ought to be in the model; and, 

also the relationships am,z0ng factors or variables in the model. 

For example, let's say an issue ...... if I °.-.an use that 

word--,-,r a parameter or an uncertainty in the m,-0del is the 

travel time for Carbon-14 in the unsaturated zone. If I wanted 

to make an estimate ,:.',~ that ..... let's say I were an expert in that 
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t,-,ptc; and, ,",f ,:ourse, T am rl,_',t ...... I might say, "I c,::,uld make a 

much hetter estimate of that if I knew the flow time of," let's 

say, "an inert gas in the unsaturated zone; and I ,::c, uld make a 

better estimate of this if I knew what retardation,*' if any, 

"there is fc, r Carbon-14." 

If I knew these two factors I would make a better 

prediction of how long it would take Carbon-14 to be 

transported through the unsaturated zone. 

The influence diagram illustrates the factors that 

are important to making estimates on these high level bubbles, 

if yc, u will; and we tend to illustrate only the un,:ertainties 

~in these bubbles. 

For example, if I want to estimate travel time if 

knew gas flow time that would be helpful; but maybe I don't 

k.now that and maybe I need to know some other parameters. One 

of the parameters I need to kn,-~w for the gas flow time is the 

thickness of the unit. Maybe that has been measured to many 

digits of a,::curacy. So that is a known parameter, and it might 

not appear on the diagram. 

As you see these influence diagrams you may say, 

*'Some factors are missing." They may be missing because they 

are known. These things are used primarily tc, illustrate what 

is unknown: in c, ther words, what is uncertain. 

You tend to ,::c, nstruct these inflL~ence diagrams from 

the tc, p d,:::,wr~, and the arrc, ws have a spec'ial meaning. They have 
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tc. do with probablistic dependen,::e and independence; and I will 

illustrate that as we gc, along. 

her e. 

I don't want to mention it 

You will see these bubbles. Yc, u have, I am SLlr e 

used something like these in various ways if you have been 

doing analysis. These may have some different rules than the 

ones you are used to, however. 

up and surprises you. 

So every now and then that pops 

It surprises you that the influence diagram seems to 

have a different set of rules from another bubble kind of chart 

you might be using. 

As Max mentioned, we have developed a common set of 

influence diagrams. Maybe they don't use exactly the same 

words, but the importance factors are there in each of them. 

We have developed these for the three Task Forces that are 

listed here. 

For instance, if what we are interested in 

projecting is the post-closure performance of the repository 

system as a whole measured in terms of dose or health effects, 

we might start an influence diagram at this level and then say, 

"In order to estimate that what things do I have to know?" 

One thing yc, u need tc, know is how much is released 

to the accessible environment, and then how that is 

transpor ted. 

For our study ...... Surface-Based Prioritization ..... we are 
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focussing c,n this leve[, release to the accessible environment, 

be,-ause we are gc, ing to use the Er, vir,:,nmental F'rc, tecti,-,rl Agen,-y 

standard ,M~ich sets a criterion at this level. So ,,,Je have not 

done the translation up to othr~r levels. 

You will see the Expl,-,ratory Shaft Fa,-ility gr,z, up is 

working up at this level because of the nature of their 

problem. They are considering cost and schedule, and other 

things that need to be traded off with post-closure 

perfc, rmance; and, it is, in the judgment ,-,f that group, easier 

to work up at this level for those kinds of trade-offs than to 

make trade-offs that involve this level. 

So you will see different levels of analysis in 

these influence diagrams, but the influence diagrams are 

consistent at least at these upper levels. As you push to 

lower levels, some of the influence diagrams gc, off into more 

detail in areas that other diagrams for the other Task Forces 

do not. 

What do I need to know in order to estimate releases 

to the environment'? If I am going to devel,-,p a model that 

produces an estimate of this I need to know about direct 

releases, waterborne releases and gas-phase releases. So this 

is the way we divide that up. 

I am gc, ing to take that middle yellow bubble, 

waterbc, rne releases, and begin to break that down. If I wanted 

to, estimate the waterborne release, I need to start with a 



2 

3 

5 

6 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

:24 

25 

87 

,:c, ntainer; hc, w mu,-h is released from the container; and how 

mu,-.h ,-rosses the engineered barrier system to the unsaturated 

z one. 

The next important question: How much of the 

waterborne release is transported through the unsaturated zone 

to the saturated zone, moving down for example. There also 

could be mechanisms fc, r moving in other directions; but this 

one says if I am going down this is the next logical step. 

Finally, how much is released to the accessible 

environment. 

In develc, ping the models--I am referring now to our 

model development--we begin to break these things down at that 

level. Then, of course, each one of those can be broken down. 

Let's take what happens in the saturated zone. 

There is the flow time of ground water, and there is also 

retardation: both important factors that need to be looked at; 

and then we continue down to the point where we can assess 

probability distributions from experts. I am not there yet. 

We could ask somebody, "What is ground water flow 

time in the saturated zone?"; but that individual might say, 

"If I could break that up into flux, porosity and distance I 

could make a better assessment." 

Then you begin to ask these experts abc, ut flux. 

That cc, uld be br,m, ken int,-, the saturated z,-,ne, the gradient, and 

hydraulic cc, nductivity. That, in turn, ,:~in be br,:,k~-~n d,-,wn into, 
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the Vat'ious [~3,1:tc, i'5. 

When we did the assessment of flux in the saturated 

zone, the influence diagram was br,-,ken down to this level and 

then we assessed probability distributions on these variables. 

Bc, y, is that a techni,-al term. What did we assess'.--' 

We asked the scientists how much the don't know. 

"How much don't yc, u know about flow principles?" "Hc, w much 

don't you know about transmissivity?" In other words, what is 

the degree of uncertainty in these factors. 

Yes, Warner? 

DR. NORTH: Bruce, would you comment on the use of 

performance assessment models in this process? Are you dealing 

only with expert judgment or are you dealing with experts 

supported by all the models and the data they have available to 

t h e m'? 

DR. JUDD: It is the latter; and, in fact, we asked 

people when they rome t,--, the workshops to bring with them 

printouts of results, et cetera. 

There are modeling activities going on in the 

performance assessment area to calculate release at the upper 

level from parameters such as these, and also to calculate 

release at the upper level from mu,zh lower parameters. 

Snmetimes the individuals d,:-,ing that performance 

modeling are different frc, m the experts t,-, whom we have been 

speaking in order t,::, assess these probability distributi,-,ns. 
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S,::, som~~tim~!-=s the pc.-?,:.-,l ]I~.= who have given us these distributic, ns 

may nc, t be t,-,tally familiar with s,z, me of the modeling that is 

going on in the performance and assessment area. 

Am I coming ,:-lose to the answer 'to your quest i ,-,n -' 

DR. NORTH: Yes, and it leads me to comment again on 

the need to document this kind of mapping. The way you get the 

data and the judgment that goes into it is not a simple 

process. It is extremely complicated. 

For th,-,se who are not so familiar with influence 

diagrams, you might want to comment on the relation of this 

sort oF an exercise to m,-,re traditional sensitivity analysis in 

systems engineering. 

DR. JUDD: Okay. 

The construction of the model from the factors is, I 

think, basi,-ally the same in systems engineering as we on this 

Task Force are doing it. That part of it is the same. 

Let me make sure this is the question you are 

ask i ng. 

When I am trying to determine the sensitivity, for 

instance, of my upper level performance output to uncertainties 

in the problem, when we conduct that sensitivity we reflect the 

assessed probabilities d,-,wn at this level and then flc, w the up 

thr,z, ugh the model and sh,-,w the effects of that assesrlment on 

the upper level parameters. 

What is often done in system:-', engineering is to 
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cc, n.~itru,::t a m,:,d(:.,l that has maybe these variables in it and then 

change the variable~.~ by I(-) percent or 1 percent, and determine 

how much tile uppP.r performance measure changes. 

This method does nc, t de, it that way. It asks, "What 

is our degree of uncertainty in these parameters?", and "Let's 

determine sensitivity of the upper level to that range of 

uncertainty," rather than just an arbitrary 10 percent 

var iat ion. 

Does that get at your question? 

DR. NORTH: 

DR. JUDD: 

Yes. Thank you. 

You will see other Task Forces talking 

about assessing probabilities at a different level in tile 

influence diagram: in many cases, at higher levels, assessing 

them up there rather than-down there. 

The reasc, n for the difference is due to the nature 

of tile analysis that is being done. 

We are trying to set priorities on tests and it is 

dc, wn at this level where there begins to be a fairly explicit 

concrete mapping between tile actual tests being done and the 

factors in tile influence diagram. 

MR. ALLEN: What if it turns out that you very 

accurately assess the uncertainties of flc, w thickness, 

transmissiv:ity and porc, us fracture flow, but it turns ,-,ut there 

is s,:.'.,me other element, so, me ,-,ther bubble you have f,::,rgc, tten 

ab,-,ut, which is really dominating this thing and ~_-.,::,meh,-_:,w you 
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have n,z,t included it on the influence diagram? 

DR. JUDD: Yes. We are going to miss it. 

If it is nc, t put on the influence diagram it does 

not get put into the analysis. 

MR. ALLEN: 

DR. JUDD: 

Is that n,i~t a very real possibility'? 

It seems like a real possibility. 

Each of our workshops--f,-,r instan,-e, our workshop on 

the saturated zone--had a table this size and maybe two-thirds 

of the number of people sitting around the table. The reason 

for getting all those people there, even though not all of them 

were expert in ea,-h piece, was t, z, try to get most of the things 

on the influence diagram, at least those that group knew about 

and was familiar with. 

If those groups are not familiar with something it 

will not appear in the influence diagram; and if there are 

major tests that ought to be conducted on parameters that are 

not being analyzed here, that represents a potential 

shortcoming. 

On the other hand, the groups with which we have met 

have taken a look at these, helped us develop them to some 

extent, and then at the end of the workshop said, "Okay, you 

have the majc, r fact,-,rs. Now let's worry about what the 

uncertainty is in them and what the tests are that we ,-an d,-,." 

Warner brought up the imp,-,rtant issue c,f modeling. 

This describes the fa,-tc, rs, only. This is not yet a cc, mF~uter 
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We are ,-onstructing a series of models that can be 

used tc, take thc, se judgments, dnwn at this level fc, r example, 

and ca.lculatc- ~ what we are interested in at the top, which is 

performance or curies released over 10,000 years to the 

accessible environment. 

This model is a performance assessment model, if you 

will. The ,-,ne we are using has less detail than the c, nes that 

are being developed for the site suitability assessment, et 

cetera. It has less detail because what is important tc, us is 

tc, get from issues like these or factors lik.e these up to 

performance rather than greater detailed issues below this up 

to performance. 

So our level of analysis is more aggregated. 

I mentioned simulation here. There are so many 

variables in the problem we are using a Monte Carlo simulation 

technique rather than a decision tree; but we can go back and 

forth between those techniques depending on the complexity of 

the analysis for a particular radionuclide. 

But for most of them we need a simulation model, and 

that is that indicated there. So the model is a representatic, n 

c,f these factors that allc°ws us to get from the lower level 

assessments up to the top. 

When there are alternate models ..... when sc, me has said~ 

"Yc, u have those variables and that is the standard way tc, think 

FXFF:I I'rTVP" F:I311PT r,:'FPfIF,.'TTNFi. TI',.IF:, ~r.-)'l /.-~F:,.-,..--(')C)~:,4 
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abc, ut the problem, but you shc, uld re,-ognize there is another 

way t,:, do it ..... ,-,ut intent then is to be able t,-, reflect bc, th of 

those m,-,dels in this one and be able to dc, the sensitivity 

analysis t,:-, say: Does it matter to a calculated performance 

result which if these we use? 

MR. PRICE: I think Clarence's comment struck to the 

validity ,-,f the models that when we are dealing with a 10,000- 

year framework we are in danger of creating elaborate models 

and elaborate processes that end up, when we put all the 

numbers together, as really a form of numerology. 

I think the A,-ademy of Scien,-es' repc, rt was somewhat 

directed in this area. 

DR. JUDD: Gc, od point. 

MR. ROY WILLIAMS: By a simulation model, are you 

talking abc, ut deterministic type models? 

DR. JUDD: Deterministic? 

MR. ROY WILLIAMS: Are you talking ab,-,ut 

deterministic simulation models? 

DR. JUDD: No. 

In the model there would be a set of equations in 

whi,_-h, if you plugged in one value for each of the parameters 

in the equation, you cc, uld compute one output number, whi,-h 

would be one level c,f ,::umulative curies ,-,f release. Maybe it 

is 890 curies of Carbon-14 over ic),000 years. 

The equatic, n:~s in the mc, del are deterministi,-, but 
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thr_~ i n p u t s  t,:, th0_~ m,: ,del  ..... f,:,r i n , s t a n c e ,  th (e  f l o w  t h i , : k n e - ~ s s  an~l 

satur,-.~ted z,-,ne--are probab]istic and so you take this model, 

which itself is determii1istic, and run it three times, a 

hundred times, a th,m, usand times picking p,.-.:,irits off the 

prc, bability distributi,:,n fc, r ea,-h of these uncertainty 

variables and, therefore, computing a probability distributi,:,n 

on ,:al,_-ulated perf,-,rman,;e whi,:h is the purple curve. 

Did I answer your question? 

MR. ROY WILLIAMS: Yes. I just have ,;,ne more. 

S,;, the expert judgment comes in in deciding what 

pr,;,bability distribution is acceptable, defensible? I am 

trying t, m, tie it up with what you have already said. 

DR. JUDD: Yes. Good question. Let me twist it 

ar,_-,und a bit and see if this answers it. 

What is a good probability distributi,:,n on fl,:,w 

Is it one that is defensible? Is it one that is thi c kness? 

c,-,nservative? Or is it ,_-,ne that is, yes, prudent and 

defensible, but one that accurately reflects how much we don't 

know about flow thickness? 

It has to be wide enough to reflect the true degree 

of uncertainty in the parameter; and if it is t,:,c, narr,:,w then 

it is, in my ,-,pinic, n, a biased probability assessment: biased 

toward m,-,re ,::ertainty than we really have; and we are gc, ing t,-, 

get bad results if we all assume we kn,::,w m,::,re aboLvt these 

variables than we do. 
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By the way, testing will show up t,-, have~ n,:, value if 

we are highly certain. I think the imp,::,rtant thing is getting 

pec, ple to, represent their true range c,f uncertainty ,-,n this, 

and tc, d,-, it in a prudent and defensible way. 

In our w,-,rkshop panels we ,m, ften hear the phrase, "T,-, 

be conservative, I will tell you . . ." these numbers; and our 

resp,-,nse is, always, "Don't be conservative. Tell us how 

uncertain you really are." 

"Well, there are things that could lead us to that 

end and there are things that could lead us to this end." 

"Good. N,-,w we are getting at that true un,-ertainty." 

This model is a k.ey. What it computes, then,-- 

cal,-ulates--is the purple curve; and then we take s,-,me 

additional steps--which I will not illustrate here, but I will 

in the next se,-ti,-~n--to say if we did testing how w,_-,uld that 

curve shift down or shift up? 

If we did some testing related to the fl,-,w thickness 

can it shift our uncertainty low or high to the green curves? 

Of course, it may make the un,mertainty more narrow or the range 

of the performance measurement more narrow. 

Theref,-~re, that model is critical in computing both 

this purple curve and the green sensitivity curves. As I said, 

the decision line we are using in the mc, del initially is the 

Envirc, nmenta] Prote,mti,'.:,n Agency standard; and y,z,u will see that 

in an illustration which is the next part c,f the dis,:ussi,:-,n. 
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rel ease. 

p,-, i n t. 

I am going to give you an example related to gas 

Are there questions7 We are at a good question 

DR. NORTH: I think I would like to ask a general 

question both to, you, and to Dr. Blanchard and others, getting 

at what are we trying to do here, and how does it relate to 

recommendations this Board made in its first report and in the 

j u s t - r e l e a s e d  Nat iona l  Academy Study? 

I am gc, ing to read some excerpts from page 29 of 

t ha t  s tudy under the heading of  "The Elements of a More 

Flexible System". The A0:ademy reports starts off: 

In a program governed by t h i s  a l t e r n a t i v e  approach, 

change would not be seen as an admission of  e r r o r .  

The system wc, u ld  be r e c e p t i v e  and respons ive  t o  a 

c o n t i n u i n g  stream ,of i n f o r m a t i o n  from S i t e  Charac- 
t e r  i z a t  ion.  

Then I w i l l  sk ip  down to  the f i r s t  b u l l e t ,  which they labe l  

" I t e r a t i v e  Per formance Assessment " :  

The bas ic  approach o u t l i n e d  here would s t a r t  w i th  a 

s i m p l i f i e d  performance assessment based on known data 

and methods of  i n t e r p r e t a t i o n .  Given the i nhe ren t  

u n c e r t a i n t i e s  and t e c h n i c a l  d i f f i c u l t i e s  of the p r o -  

cess, the p resent  system may we l l  expend l a rge  e f -  

f o r t s  on small r i s k s  and v ice  versa.  An i t e r a t i v e  

approach, on the o the r  hand, could a l l ow  c h a r a c t e r i -  
z a t i o n  t o  g ive  p r i o r i t y  t o  major u n c e r t a i n t i e s  and 

r i s k s  wh i l e  t he re  i s  s t i l l  t ime and money l e f t  t o  do 
something about them. 

As in probablistic risk assessment, analysis focuses 

,:,n efforts to reduce the important risks and uncer- 

tainties. In this case, that means acquiring infor- 

mation on the design features and licensing criteria 

EXEr. UTIVE COURT REPORTING, INC. 301/.J6J-~.~64 
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tFlat are most likely to determine wFlether the site is 

suitable or shoL11d be abandoned. 

My questic, n is: Is what you are doing consistent 

with this statement? 

DR. JUDD: I would say it is. Let me ask Dr. 

B1 anchard. 

DR. BLANCHARD: I certainly believe so. We tried to 

structure this with Bruce in a way which would allow us to take 

the available data and to get the experts to give us their view 

on the probability of wFlat are the conduct hydraulic 

conductivities, and give us 10, 50, 90 confidence values and 

even values way out at the 99 percent level; tie those, through 

the influence diagrams, to radionuclide releases; and then put 

this in a system where we have the capability of using this 

methodology in near real-time so we can look, as new 

information comes in, at what the impact would be on these 

performance predictions made by the experts and substitute for 

the old data the new data set; and do this in a time frame, in 

a managerial c o n s t r u c t ,  which a l lows us to  make changes as we 

fund a c t i v i t i e s .  

Our goal i s  t o  put t h i s  in  place for  F isca l  Year 

1991. 

DR. NORTH: In other words, this is an exercise not 

to be done once and put on the shelf; but, rather, this is an 

iterative management tool to be used again and again and again 

EXECUTIVE COURT REPORTING, INC 301/J6J- }064 
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as different qu~stic, rls are raised or different data becomes 

avai 1 abl e. 

We can then take it back to this structure and 

iterate the perfc, rmance assessment yet ,one more time to derive 

insights with respect to which uncertainties or risks may be 

more important while there is yet time to dc, something about 

them, in the words of the Academy. 

Is that what we are saying'? 

DR. BLANCHARD: You are quite right. Our perception 

is that we will be able to dc, this. Dr. Judd has worked hard 

in order to set up a structure and a methodology which will 

allow us to be able to do it with not a great amount of 

difficulty. 

Wouldn't you say that is true, Bruce? 

DR. JUDD: 

MR. ALLEN: 

you feel otherwise'? 

DR. NORTH: 

The hard work, thank you. 

Warner, does your tone of vo ice  imply 

No. The ques t i on ,  I t h i n k ,  of  where we 

are going w i th  a l l  t h i s  complex d e c i s i o n  a n a l y s i s  methodology 

i s  an ext remely  impor tan t  one. I t h i n k  i t  i s  impor tan t  t o  

c l a r i f y  the use of  t h i s  methodology as an ongoing management 

t o o l  for  d ia logue  and d i s c u s s i o n  about t h i s  problem area as 

oppc, sed tc, we do it once, we get a number and, based on that, 

we made a conclusion; and then we are over and done with. 

I think the Academy study is recommending the 

EXECUTIVE COURT REPORTING, INC. 301/565-0064 
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iterative approach. I think that is consistent with what you 

just presented. 

However, making sure that we all agree on this point 

seems like a very useful thing to do at this time. 

DR. JUDD: Thank you for making that point. 

Dr. Steve Mattson, when he is talking about the Site 

Suitability Assessment, will refer again to that iterative 

nature of the analysis and the decision-making that goes along 

with it. 

I would like, now, to illustrate this with an 

example taken from an analysis of gas-phase releases. This is 

an analysis we put together for this briefing. Some of the 

data you will see are data that we assessed from our workshop 

panels; some are data we provided on our own; and some are data 

we had from the workshop panel and we changed them somewhat for 

the purpose of the illustration. Please don't take this as 

anything other than illustrative. 

In order to do an analysis of gas-phase releases we 

begin to break down the problem into release from the waste 

package to the unsaturated zone--this is going up, now--and 

then from the unsaturated zone to the accessible environment. 

The last part of that--from the unsaturated zone to 

the accessible environment--is similar to, what you have seen in 

other discussions: You need to know about the flow time of not 

only radionuclides, but an inert gas, let's say; and then add 

EXECUTIVE COURT REPORTING, INC. 301/565--0064 
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in the retardatic, n, if any, for the particular radionuclide of 

interest here. 

In order to get at what is released from the waste 

package, we can begin with: What is the inventory? That is 

uncertain. What is the fraction of that inventory that is 

volatile and released rapidly as the container fails'7 Then we 

have a more general question: 

from the package? 

Those are factors that are all uncertain. 

What is the overall release rate 

They need 

to be analyzed in order to determine test priorities in this 

area. 

What about t h i s  one? I have th ree  f a c t o r s  down 

here. The c o n d i t i o n  of the package and how tha t  i n f luences  the 

ra te  of cont inued f a i l u r e  and the r a tes  of f a i l u r e s  of the 

.- ladding in  the fuel tha t  i s  i n s i d e  the cc0ntainers. Not a l l  

the con ta ine rs  con ta in  spent f ue l ,  but for those tha t  do what 

i s  the ra te  of f a i l u r e  of  the c ladding? 

These package c o n d i t i o n s  are f u r t h e r  modeled by the 

s i t e  c o n d i t i o n ,  the p r o p e r t i e s  of  the host rock,  the f l ux  or 

the h y d r a u l i c  c o n d u c t i v i t y  of  the host rock,  and the f l u x .  

I sa id  we are t a l k i n g  about gas, and yet  no t i ce  tha t  

we are q u i c k l y  i n t o  some issues tha t  r e l a t e  a lso to  the 

waterborne releases. So here are a couple of factors that 

influence, eventually, gas releases. The same factors are put 

into the analysis of the waterborne release. 

EXECUTIVE COLIRT REPORTING, INC. 301/565-006,4 
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There are a variety of fa,ztors there that needs to 

be ,-onsidered. We have assessed probability distributions on 

eight c,f these parameters. The assessments here are alsc, used, 

as I mentioned, in the waterborne; but we will just take the 

gas-phase part of it. 

There are eight factors there listed as uncertain. 

In our workshops we assessed probability distributions on those 

factors. Let me give you an example. 

The rate of failure of containers is indicated by 

this diagram to depend on the conditions of package. 

Containers will fail more rapidly under certain conditions than 

under other conditions. 

There is a gross chara,zterization here of the 

conditions of the package as wether ~ry. Conceptually you can 

imagine assessing a probability that the conditions will be 

wet, a probability that they will be dry. 

In fact, this is a continuum, but for the example I 

will make it a discrete choice: either it is wet or it is dry. 

We had a third one in the analysis: moist condition; but some 

of these data looked similar to the wet condition so I have 

simplified the example. 

Let's say conditions are wet; my container-failure 

rate depends on that fa,zt; and that is illustrated here. How 

do I quantify container-failure rate? 

In this example, with this workshop, the mean time 

EXECUTIVE COURT REF'ORTING, INC. 301/565-0064 
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to failure, the average time to failure for all the containers 

in the repository was the measure these people felt was the 

best way to quantify the failure c,f the containers. So, for a 

wet condition we assessed a probability distribution on how 

long the mean time to failure would be. 

This group was highly uncertain about that mean time 

to failure. There were many parameters that are not shown on 

the page anywhere here that influence this uncertainty. What 

is the material ,of the canister? What is the chemistry of the 

environment in which that container has to exist? 

All of those were factors that were discussed in the 

process of assessing this curve and, to the extent possible, 

they were reflected in this curve. The low mean time to 

failure might be a real mismatch between the chemistry and the 

container design. High time to failure might be a good 

matching: even though it is a good match, we have a good match 

of the chemistry of that environment to the materials. 

The reason I am going through this is to illustrate 

there are a lot of things you need to think about when 

assessing a probability distribution. Here is an example of an 

illustrative distribution that was assessed. We did it also 

for dry conditions. 

You will see me, in subsequent viewgraphs, use three 

points to characterize that distribution: the 90th cumulative 

percentile point, the 50th percentile, and the 10th percentile 
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Thc, se three p,-~ints are all the information we carry 

We do the same thing 

point . 

forward into the next two or three pages. 

for the dry conditions. 

We could have assessed probabilities on wet and dry, 

but in fact we computed them from flux hydraulic ,-onductivity 

types of calculations. 

Here is a page of other illustrative assessments 

that were needed for each of those variables. Let me pick out 

one of them here because I will be referred to that later. 

Let's take gas-flow time in the unsaturated zone. 

This illustrative distribution had a I0 percent chance that 

flow time will be ten years or less: rapid transport through 

the medium; a median, or 50th percentile, point of 50 years; 

and a 90th percentile that the time would be 3c)0 years or less. 

We use that we go farther. 

If you put this together in a model it ,:omputes the 

purple curve. In other words, it computes a probability 

distributic, n that takes into account all of those eight 

uncertainties and computes cumulative releases for all the 

possible combinations of those releases. 

Initially we did this with all possible 

c,-,mbinatic, ns, then we simplified it somewhat for this graph. 

You get about the same picture in either case. So we get the 

purple curve cc, mputed and, for reference, we drew the 

Environmental Protection Agency standard on this curve. 
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This is illustrative, created for this discussion. 

We are not trying to make comments about where we are relative 

to the standard; but to illustrate the methodology we wanted a 

curve that was somewhat close to the standard. 

MR. BARNARD: Is that real or hypothetical, then? 

DR. JUDD: It is a real calculation based on these 

inputs; and these inputs came some from the annals that we 

talked to and some we provided ourselves. I put more 

credibility on the ones that came from the panels we talked to, 

although our intent is to do this iteratively: to take these 

initial results, compute curves like this, find out which of 

these assessments are most critical to these curves, and then 

go back and talk further with those experts. 

MR. BARNARD: In some of your previous examples you 

had green u n c e r t a i n t y  cu rves ,  too .  

curves  for  t h a t  one? 

DR. JUDD: 

MR. BARNARD: 

DR. NORTH: 

Do yc, u have some green 

I have some green ones coming up. 

Okay. 

Bruce, be fo re  we leave t h i s  I would l i k e  

to observe in passing that I am very skeptical about how fast 

that curve falls off: how steep it is as we get down there. 

I realize that it may have come out that was as an 

artifact of taking 3 pc0int representatic°ns of the kind you just 

showed us. That is fine as an illustration of the concepts. 

However, as this gets refined you are going to want 
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tc, fc, cus c,n the tails of the distributions that lead to these 

relatively improbably outcomes involving large releases; and 

that does not show on your illustration. 

DR. JUDD: That is gc, od. Let me ask Scott. 

How far out do we get before we are releasing 

everything? 

MR. SINNOCK: That is approximately representing the 

release of the entire rapid-release fraction. 

DR. JUDD: This roughly, here. 

MR. SINNOCK: So the steep plunge is a physical 

maximum based on the input distributions of the total rapid- 

release fraction available for release. 

DR. JUDD: As the uncertainty increases on that 

rapid-release fraction it is going to pull this out to the 

right. 

DR. NORTH: So you are saying there are some basic 

physics which limit the release quantity such that it is 

inconceivable that you could get it above one. 

MR. SINNOCK: Given out assessments on what the 

total Carbon-14 inventory was, what percentage of our inventory 

was in the rapid-release fraction, which means that as soon as 

there is a hole poked in the container that is accessible for' 

vibration from the outside. 

DR. JUDD: Notice we only had the upper end of the 

probability distribution, 3-i/2 percent, available for rapid 
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release. If that were up to 30, 40, 50 percent it will scale 

this point to which you are referring. 

DR. NORTH: So that would sound like the 

distribution that one really needs to explore and document in 

great detail: that it is really very unlikely for all reasons 

we can assemble--expert judgment, model runs, et cetera--that 

that number is going to be significantly above 3.5. 

DR. JUDD: Or so. 

MR. ALLEN: Is this not only model-dependent in the 

sense that, for example, your model here does not include the 

probability of an earthquake rupture through the canister? 

However low that may be, that is simply something that has not 

been included here. 

DR. JUDD: Thank you. Yes. In about four 

viewgraphs I will get to that; but I should have mentioned that 

this has today's conditions as best reflected in those 

judgments, and not some of the disruptive scenarios. 

Thank you. 

With those provisos this curve, then, represents, 

when it is done not for illustration but done for real, the 

degree of confidence. Let's get some blue curves first, and 

then we will get some green ones. 

One of the first things, then, we are doing is 

analyzing the sensitivity of that purple curve to the 

uncertainty in s,-,me of the important parameters. That gets at 
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a question Dr. North raised earlier. 

Meantime, regarding container failure, we had long- 

lived containers on the order of 100 °".r 20,(')00 years. Those 

were the high points, the 90th percentile points c°n the 

probability distribution; short-lived containers on the order 

of 100 or 1,000 years being at the other end of that 

prc.bability distribution. 

What happens when you change that parameter from its 

low to its high value so this curve is plugging in those values 

instead of admitting there is uncertainty? Assume we knew that 

it is those two values that are appropriate for the model, that 

would pull this purple curve down to here, and we would push 

the purple curve up to the blue line if the lifetime of those 

containers were very short. 

This shift in the purple curve, that shift in 

performance, is an indicator of how much you might learn from 

testing confidently if you could resolve the uncertainty about 

whether container failure looks like those numbers or looks 

like these numbers. 

In other words, if we could do a test program, 

unambiguously, with no uncertainty, that these were the values 

that is what happens tc0 that curve. Notice that it has a 

tendency to shift down mc°re than it has a tendency to shift up 

primarily because in the expected case or the middle case the 

container failures wer~ relatively quick. Therefore, a lot of 



2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

"22 

23 

24 

25 worl." c,n different d:imensions of the graph. 

108 

the material is getting out. 

It is only when you shift the parameters to very 

long-lived containers that you find it makes a significant 

shift downward. 

Here is another one. This was the issue of Carbon-- 

14 retardation. Nc, ti,:e it als,:, causes some shift in the purple 

curve, but now another interesting thing happens at the top. 

Carbon-14 was quantified as a multiplier on the 

gaseous flow time through the unsaturated zone. In the 

assessment y,z,u saw in the earlier table it went from I to a 

factor of 50 to a factor of 500. It is this row right here. 

If we knew it were 500 it not only pulls the curve 

to the left, but pulls it down. Why is that? 

The probability of there being zero release is I 

minus the probability that you read on this axis. This says 

there is about a 25 per,zent chance of having a positive release 

and a 75 percent chance of no release. 

This is the case where the multiplier here is 500, 

the gas-flow time in the middle case was 50; 500 times 50 is 

25,000 years; the cumulative curies we are computing are only 

over 10,000 years; and so there is significant chance, when the 

multiplier is 5c~0, that there wc, uld be zero release within the 

period. That is why this curve is shifting up and down here. 

We chose these two curves because the sensitivities 

On this one the 



2 

3 

4 

5 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

109 

biggest change is u p  in here: the pr,-,bability , : , f  n o  release. 

The other one was simply s,-aling the curve left and right. 

N,-,ti,_-e again we don't get a vic, lati,i~n ,-,f the 

Environmental Pr,-,tecti,-,n Agency standard here, but there are 

two things that have been left out. One is the faulting and 

other disruptive scenarios; and the other is that these 

sensitivities here assume you could know for sure what the 

multiplier is on Carbon-14 and, in fact, we are uncertain about 

that. 

Our testing will produce results that might shift 

the curve ba,-k and f,-,rth--and this is important--and it will 

shift it by less than the brown curves here because the tests 

are imperfect. If we get a test result that says the 

multiplier Io,-,ks high that test result might be wrong. 

So you d,.,n't shift this thing all the way down to 

the degree it is illustrated here. Testing will cause a shift 

in that curve, but it will be less than what you see here. 

DR. NORTH: Bruce, it occurs to me that if you 

looked at rapid-release fraction, which we were just talking 

about, it could very well come out the other way. 

For example, if I hypothesize a scenario with a 1 

percent chan,-e ,-,f a rapid-release fra,-tion approaching 100 

per,cent and then you had the opportunity to test, perhaps 

within the engineered barriers, whether in fact that could 

happen, that ,-ould lead to a high value c,f inf,-,rmation. 
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DR. JUDD- Yes, because the possibility of a high 

rapid-release fraction on the order of 100 percent instead of 

3.5 means that the right hand curve for that sensitivity ,::ould 

be way over here. 

DR. NORTH: What you would then do would be to 

spread that lower tail out instead of dropping it. If I 

propose 1 percent you can see where that would come on that 

cumul at ive. 

DR. JUDD: Yes. Good point. 

So testing needs to be factored in. I will go, 

fairly quickly, through how we are quantifying that. I showed 

this viewgraph earlier. 

When there is a major uncertainty the next thing we 

do is identify the categories of Surface-Based tests and assess 

their accuracy. The accuracy is assessed the same way in all 

three Task Force discussions. So what I am going to say now 

will help speed the presentations a little bit later because we 

are all using the same order of the assessment. 

I will use an example from the unsaturated zone so 

it is shifting from gas over to waterborne release here. 

Assume, for a minute, it is fracture flow in the unsaturated 

zone. What is the likelihc, od that the testing prc, gram and the 

interpretation of the results will follow the testing will 

correctly conclude fracture flc, w o r  the likelihood that it will 

make a mistake and inaccurately conclude that it is matrix flow 
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when, indeed, it is fracture flmw7 

There is, in the illustration, a 25 percent chance 

of making an error in the assessment of what the true flow 

conditions are. Here is a case where it is really matrix flow 

and the conclusion is fracture flc, w: again an error. 

So these probabilities of making an error are 

incorporated in the analysis. If this is a continuous 

variable, there is a related way to do it which is described on 

the viewgraph, but I will not take time tcI go through that 

ri ght now. 

What this does in a Carbon-14 example is: If we had 

the brown curves before, when we take into account the tests 

and their inaccuracies the brown curves shift to the inside to 

become green curves, for those related to testing, and notice 

there is a more narrow band between those. 

So the sensitivity of a performance calculation to 

testing results will always be no greater than the sensitivity 

to the basic underlying uncertainty; and this case shc°ws it 

coming in quite a bit. 

I did not calculate these numbers. I just drew them 

with a pen. 

That is how testing is taken into accc°unt. The last 

issue I want to discuss is the disruptive cases, which are nc, t 

in the analysis. 

Here is a set of the factors that influence gas 
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release from the waste package. We have discussed each ,-,f 

those issues, but these disruptive cases down here .... either 

climate change or faulting .... have not been discussed. There are 

,-_,ther conditions that need to be considered: water table rise, 

vul,:anism, et ,zetera; but let me just pick the example of these 

t wo. 

These two possibilities of future events can affect 

the fa,-tors that are in the analysis. So we need to go through 

a process c,f asking how that effect occurs. 

Here is a list of questions. I have ,-overed up some 

of the questions to make the list a little easier to deal with. 

I will expc, se those in just a minute. 

What is the disruptive case climate change? What is 

its likelih,-,od? An illustrative value here, that we assume for 

the sensitivity analysis, is a 10 percent chance of a pluvial 

condition. So that defines a degree of ,-limate change. 

How do you measure the magnitude of the climate 

change? There are many ways: precipitation, et cetera. Let's 

pick one of those and measure it using net infiltration. Then 

what are the next questions we need to ask'? 

If we did have the climate change--in other words, 

if this o,-curred and we are in this pluvial c,-,nditi,-,n--then 

what is the uncertainty in the magnitude c,r the assessed 

pr,c, bability distribution ,_-,n net infiltrati,-,n given that a 

climate ,-hange oc,-urs. This is the next step in the analysis: 
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the probability thc it expresse~-i, h,z, pefully, the true degree of 

uncertainty in that infiltration. 

What parameters d,-,es that affect? Let's say that 

one of the parameters is flux. How big is the effect7 I wish 

I had a bl,_-,w-up of this sc, y,_-,u could see it a bit better, but 

assume we have a probability distribution on flux, but if you 

assumed high infiltration it increases the flux dramatically 

over to this curve here. 

I am abc, ut ready to d,-~ a sensitivity analysis that 

says if infiltratic, n is at its highest level, or at a high 

level here, and we incorpc, rate that high level intc, our 

assessment of flux, which shift the flux distribution over, 

what happens to performanlze? 

Here is an illustrative calculation of, basically, 

rerunning the model and finding a shift in that curve for that 

pluvial condition, for that increase in flux; and the average 

increase in flux was, I think, a factor of 15 that we did as a 

sensitivity analysis. 

This is intended to illustrate the process of doing 

the sensitivity analysis to incorporating those conditions. It 

is our intent to incorporate those conditions in our base case 

along with the pr,-,babilities c,f those cc, nditions occurring. 

However, as y'i"U pc, inted c, ut they are not in the 

current base case in the purple curve so we illustrate it with 

a sensitivity, and this shows it is shifting back: to the right. 
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It says here these are illustrative not computed. 

We actually did sc0me computatic°ns since we drew the viewgraph 

and the shift was something like that. 

That is the last factc°r I wanted to mention that 

needs to be taken into account. 

Let's summarize then. 

These influence diagrams that the probability 

distributions are key to producing a quantitative model. A 

quantitative model is key to assessing the priorities of tests. 

The process works by looking at performance computed 

using the model and the assessed data, comparing that to a 

decision line; and those tests that can cause us to jump over 

that decision line--in other words, those tests that can be 

detectors of unsuitable site conditions--would receive high 

priority. 

Other factors, such as the cost and the schedule, 

will be factored in; but only after we have identified which 

ones affect the decisions, first. 

is difficult and time-consuming. 

The process of building this 

As Dr. North points out it is 

more than just a one-time exercise. 

This type of analysis can be used iteratively, 

sequentially for management decision-making. As long as we are 

careful to do,:ument the process I think it will serve that need 

as well as the needs of the Surface-Based Prioritization Task 

Fc, r c e. 
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of Bruce? 

11..5 

That ,-oncludes my discussic, n ,:,f the methc, dc, l,:,gy. 

CHAIRMAN DEERE: Are there questi,-,ns from the panel 

DR. DOMENICO: I see one prc, blem in applying this in 

the real world: well, I see a l,:,t, but probably c, ne in 

par t icul ar. 

[Laughter ] 

DR. DOMENICO: It probably has to do with the 

Environmental Protecti,-,n Agency standard. 

Correct me if I am wrong, but you have a number for 

an Environmental Protection Agency standard for a single 

nuclide if it is released. If you have mr, re than c, ne nuclide 

in the envirc°nment, y,-,u have a ratio where the sum has to be 

equal to or less than one. 

Therefore, in order to say something about Carbon- 

14, for example, you have to say something about what happens 

t0-° the rest of the invent,z, ry, which would shift, I believe, the 

Environmental Pr°-,te°ztion Agency star~dard to the left: that is, 

you can release less than what that number is if y°z°u have other 

ones out into the accessible environment. 

In the sense y°z°u are using that as the criteria, I 

see a pr,-,blem in the application of this to y,-,ur prc, blem. 

DR. JUDD: Yes. 

DR. DOMENICO: I may be wrc, ng cn that standard, but 

I dc°n't think so. Maybe you ,_-an comment on that, Steve. 
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T,: have Scott ,-omment on it might be 

Sc,-,tt Sinnock, Sandia National 

I am not sure I understand. 

Yes, in the standard you slim all the nuclides 

ratioed to the given limit. Therefore, an actual comparison of 

the standard has all the nuclides in it. 

DR. DOMENICO: I think what you have used in here is 

the number they give for, let's say, Carbon-14. 

MR. SINNOCK: 

DR. DOMENICO: 

Yes. Exa,-t I y. 

I don't know how many curies. 

But when you have other ones in the a,zcessible 

environment it must release less than what that number is. So 

in order to say something about one nuclide you have to say 

something about all of them. 

MR. SINNOCK: If that were true for Carbon-14, the 

other nuclides would add to and push that curve to the right. 

DR. DOMENICO: 

i n  o t h e r  words.  

MR. SINNOCK: Yes. 

DR. DOMENICO: 

appl icat ion. 

MR. SINNOF:K: 

And it may indicate closer failure, 

That is the prnblem I see in its 

Unless it turns cut we have n,-,t d,-,ne 

the others: that Carbon-14 was d,-,minant, in which case we are 

C:'YIL-'t-'I ITT~.. 'I::" I ' F I I  I1~'1" I ; , I ~ I : : , O P ' I - T I ~ h . ~  TI~Ir" "~-.(~1 I r - . ~ r - , . - . t ' ~ t ' ~ . . t  
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only talking abc, ut a per,-ent ,-,r two fc, r the c, ther ntt,-lides and 

then yc, u _-,-,uld nc, t see it c,n the width -,f the pen. 

But exa,+-tly: the ,-,ther nu,-lides would shift that 

curve to the right. 

Carbon-14. 

radionuclides as well. 

MR. CARTER: But I think, fortuitously, you picked 

You may be hc, me free with that. 

DR. JUDD: Our intent is too model the other 

We ,-h,-,se gas be,-ause of that 

simpl i ficat ion. 

MR. PRICE: What y,-,u have sh,-,wn has a sh,;,ulder at 

the probability ,-,f one-tenth, or a m,-,ment, around about there; 

and the Envir,_-,nmental Protection Agency standard has a step 

that gc, es down there and makes that look like that is the 

critical part of the curve for evaluation. 

Any comment on the realisti,- aspect of the 

Envirc, nmental Protection Agency standard? 

mean'7 

Do you know what I 

DR. JUDD: Until you said the last part of that I 

was with yc, u. 

MR. PR ICE: 

sh,-,w the Envir,-,nmental Protecti,-,n Agency standard. 

DR. JUDD: 

Page 49, any one of those curves will 

Envirc, nrner~tal Prc, te,-t:Lon Agen,-y standard, at that pr,-,bability, 

which creates one area c,f greatest cc, ncern abc, ut the way things 

MR. PR ICE : 

When y,-,u said "realistic" y,-,t.t l,-,st me. 

At ,-,ne-tenth y,_-,u get ,-losest t,-, the 
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are acting. 

That is really an ,~rtifact of the Environmental 

Prc, tecti,:,n Agency standard, is it not'? 

DR. JUDD: If the Environmental Protection Agency 

standard were m,-,re than just two p,z, ints, it would be more of a 

curve. 

MR. PRICE: If you smooth out the Environmental 

Protection Agency standard you would have a lot more roc, m. 

[Laughter ] 

DR. NORTH: Given that the Board has raised some 

questions earlier, as has the National Academy, about the 

Environmental Protection Agency standard it seems to me we 

might want t,-~ restrain ourselves from asking to,_-, many questions 

at this time of this group of people. 

MR. PARRY: Your attempt here is to pri,:,ritize 

Surface-Based Testing or in situ testing. What you have shown, 

it appears to me, for the Carbon-14 is that the critical 

characteristic is the rapid-release fraction. 

Would that not, then, suggest testing programs 

outside of the site itself, but looking at what the effect is 

going to be of the actual release fra,'-tion? 

DR. JUDD: Yes. The analysis y,:,u have seen here 

will identify those issues or th,::,se factors, such as rapid 

release. The question of how they might best be analyzed is, 

as y,::,u say, a separate ,-~r se,::ond question that needs to, be 
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When we assess from our panels ,-,f experts what the 

tests are that are g°:,ing on they may be tending to fc.:us on the 

ones inside the repository blclck: Surface-Based Testing; and 

you are right, there may be others. 

MR. PARRY: Also your calculations, which are very 

interesting and preliminary I understand, also suggest there is 

not too much advantage to a long-lived canister. 

It is unf,z, rtunate Dr. Varink [phi is not here. 

DR. JUDD: Yes. I think we have to be very careful 

drawing any conclusions off of one illustrative set of 

calculations that focused only on Carbon-14. 

MR. PARRY: Right. ! fully agree; but it is still 

an interesting phenomenon. 

CHAIRMAN DEERE: 

aud i en, z e? 

Are there any questions from the 

MR. ROBERT WILt_IAMS: First let me compliment the 

group. I think you are making very good progress in addressing 

what the utility industry was concerned about. This 

methodology, I think, is very responsive in terms of what we 

have been arguing for and proclaiming for. 

I think it is very important, though, to underline 

that even a probablistic methodology is doing what the Academy 

rep,:,rt pr,:,tested against. In the present level of 

illustration, it is giving you, I think, a too optimistic 
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feeling c,f the degree c,f certainty in where yc, u stand. 

Sc, I just want tc, end,-,rse Warner's and Jack Parry's 

views that we view all ,-,f these results with caution. I think 

may of them are counter-intuitive. 

DR. JUDD: Okay. 

As mentioned, the next dis,-ussion has t,:, do with 

possible methods to assess site suitability. Dr. Steven 

Mattson, the Chairman of our Task Force, will give that 

d i sc ussi on . 

DR. MATTSON: We are ahead of schedule so we propc, se 

having one more presentation of abc, ut 15 minutes. 

CHAIRMAN DEERE: That sounds go,-,d. 

DR. MATTSON: But there may be some discussi,z,n that 

needs to go with that. 

Possible Methods to Assess Site Suitabilit}{ 

DR. MATTSON: As a third component the first part of 

the Task Fc, rce was to look at ways of prioritizing tests, 

especially early during Site Characterization, that ¢c, uld look 

at the potentially adverse conditions or other concerns that 

people may have ab,z, ut site suitability; and that wc, uld be the 

iterative process. 

In this third step we have also been tasked with 

recc, mmending l~ossible methc, ds in which we could dire,-tly assess 

site suitability. 

A site suitability assessment helps the Department 

E'XECUTIVE COURT REPORTIN3, INl-:. 301/565-0064 
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of  Energy make d e c i s i o n s  abc, ut the s i t e .  Here I haw~ shown tw,0 

de,-ision trees. The first place where it helps us make 

decisions is whether tc, continue testing c,r to stc, p testing. 

The continue-testing has c, ptions. It could be as- 

planned in the Site Characterization Plan or it could be some 

revision of the plan presently in the Site Characterization 

Plan, or it could even include an altered strategy tc, wards 

reading the licensing regulations; and the other options, 

obviously, is to stop testing. 

The site suitability decision helps us make 

decisions about whether to recommend the site, to abandon the 

site or to use an altered strategy; and that altered strategy 

could include either licensing ,::hanges, design changes c,r other 

things in the Overall strategy that has been put forth in the 

Site Characterization Plan. 

In these types of decisions you will note there is 

similarity between what we have presented before in the 

Surface-Based Prioritization and this present analysis. 

Our evaluatic, n of possible site suitability methods 

comprises three primary tasks. The first task is to identify 

possible suitability assessment methods to be evaluated. That 

includes what criteria should be applied. 

That requires some management input from the 

Department c,f Energy. Timing optic, ns: When do you do this 

t y p e  ,:-,f a n a l y s i s  and  h,ziw , : , f t e n ?  And w h a t  k i n d  ,-,f t e c h n i q u e s  

E Y E r " I  I T T ~ E  i - ' n l  I ~ , T  E,  E r - ' . , 13E ,  T T h l I . - . ;  T M t - '  .~b.(%t / ~ ~ ~ l i l i  ~-~ (-~ ~ .j~ 
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The sec,-,nd part ,-,f this task includes the evaluati,:,n 

,-,f the feasibility and defensibility ,-,f the methods that might 

be rec,-,mmended. Third is t,-, rec,-,mmend pr,-,mising methods t,-, the 

Department of Energy management. 

F,m,r the present time we have begun the elements 

under the first bullet. I w,m, uld like, next, to g,m, through each 

of the bullets under step one. 

In terms ,-,f perf,-,rmance measures that c,-,uld be 

applied, under this meth,-,dc, logy we have talked about the 

Surfa,-e-Based Prioritization Task Force and we have chosen for 

this first go-around to use a post-cl,m, sure performance measure 

and t,-,tal system releases. 

As all of you are probably well aware, there are 

several other criteria under the p,-,st-closure framework that 

also have regulatory guidelines, such as the 1,000-year ground 

water travel time. Those could be incorporated into this 

methodology, as well. 

There are also, which we are not considering at the 

present time in the Surfa,-e-Based Prioritization Task Force, 

other pre-closure radiological safety issues; there are 

feasibility types of analyses, su,mh as siting and construction 

or operation in closure; we have not included costs and 

schedule; and there are other elements that ,::c,c~id be 

inc,::,rp,-,ra't~.~d into here, as we.ll as there are c, ther pre-closure 

EXECUTIVE COURT REF'ORTING, INC. 301/565...-04~64 
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impacts which include ,:,::,rlcerns about the envir,:,rlm~nt, 

socioecc, nomics and transportation. 

These types of criteria, th,:,se that get thrust into, 

this methodology, will need to have a strong dependence on 

management as well as other pe,-,ple su,:h as the Nuclear 

Regulatory Commission. 

DR. NORTH: To expand on this point a little bit, 

were most of these criteria nc, t involved in the 1986 analysis 

using all the attribute utility that was carried out in 

connection with sele,:tion of three sites out of five'? 

DR. MATTSON: There are many elements of that in 

this, yes; and certainly ,:,ne of the options is to use that as a 

blueprint, if you will, for other types. 

Here we are trying to in,:orporate the widest frame 

of what could be incorporated if we need to look at suitability 

of a site. 

Does that answer your question? 

DR. NORTH: 

DR. MATTSON: 

Yes. Thank yc, u. 

In terms of timing, suitability 

assessments cc °u l d  be carried out at various times during Site 

Characterization. It may be appropriate at this pc, int in time 
i 

c,r s,:,on tc, ,:arry ,=,ut that analysis, or it may be appropriate 

after a major testing program has ended or it may be 

apprc, priate again tc, dc, that ,very near the cc, mpletic, n c,f site 

suit abi I i ty. 

EXECUTIVE COURT REF'OF.'.TING. INC. 301/o6J.-o~_)64 
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So there are different ciptions which 0:c, uld be 

applied. It cc0uld be donr-, at regular intervals or it ,:ould be 

dc, ne continu,-~usly, °-°r it could be associated with major testing 

pr c°gr ares. 

DR. NORTH: Lest there be any un°-ertainty with 

respect to my previous comment, I have clearly voted for the 

"continuc°usly" optic, n at the bottom. 

DR. MATTSON: Each suitability assessment would 

involve two types of decisions. As I said before, there are 

options on whether to continue testing or recommend the site, 

or alter strategy or abandon the site. 

In this type of analysis if we start with the 

present time, or some time in the future, we have our prior 

base of information. Any recent information we have collected, 

which at the present time we are uncertain about and that is 

going to help us base our decisions in a way similar to the way 

the Surface-Based Prioritization methodology was applied to 

make decisions ab°-~ut whether it is appropriate to stop testing 

or cc0ntinue testing-- 

If we continue testing, we will get new test results 

and there is s°z°me uncertainty associated with that; and this 

will allow us again t, z, make the de,-ision to continue testing or 

stc0p testing mu,-h as we had the decision down here. 

Based on that decision, in turn, either we will 

c0:,ntinue testing or we will make de°::isi,:°ns ab,-,ut recommending 

EXECUTIVE .OIJF..T REF'ORTING, INC 3c)I/565-...0(]64 
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the site, abandc, rling the:? site or altering the strategy. 

Obviously this de,:::isi,:,n would be up here, as well. Sc, that 

tree would sort c,f cc, ntinue c, ne in that c,:,ntinuous manner. 

These are methods that could be used t,:, look at 

suitability; or, as Bruce put up before, this could be the 

accumulative probability curve. One measure is the 

Environmental Pr,:~te,::tion Agen,:y standard. 

There could be another performance measure up here, 

as well, in whi,:h we have decisions where management feels 

comfortable seeing probabilities up above that line should be 

areas in whi,=h we should think about abandoning the site or 

making that recommendation; areas that fall below a certain 

probability are areas in which we would end up recc, mmending the 

site; and there may be a grey zone in between in which we might 

de,-ide to continue testing or alter our strategy in one form or 

the other. 

Another alternative method that could be utilized is 

a multi-attribute utility analysis ab,:,ut analyzing decisions 

about the repository. This is similar to a viewgraph I put up 

before, except that rather than the value of testing it is the 

value of utility measure, if you will, that would be assessed 

by not c, nly technical pe,-,ple, but also management. 

Out,:c, mes of decisic, ns are quantified using selected 

p e r f o r m a n c e  m e a s u r e s .  Thc, s e  d e c i s i c ,  n s  a r e  t h e n  a n a l y z e d  a n d  

evaluated using a utility functic, n which incc, rporates b,-,th 
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~nanagemc~nt and other .judgment~.-: which are impc, rtant. 

We will evaluate suitability asse~i~isment methc, ds and 

recc, mmend those that are practical and defensible. Benefits 

from these re,:c, mmendatic, ns or methc, ds will assist the 

Department of Energy about the site on aspects of when tc, 

continue testing and when to stop testing, and decisions about 

the site itself: abc, ut whether tc, recommend the site, abandon 

the site or to turn to an alternate strategy. 

This methodolc, gy we are presently looking at is to 

be developed and to be consistent with the Surface-Based 

Prioritizatic, n approach that Bruce dis,:ussed with you 

previously; and we hope to build on existing mc, dels and 

information we already have within the program as well. 

Are there any questions? 

[No response. ] 

CHAIRMAN DEERE: Any questions frc, m the audience? 

[No response. ] 

MR. BROCUM: Since we are ahead of schedule, we may 

as well finish on the Surface-Based Pric, ritization Testing 

before lunch. Russ Dyer will present the summation and the 

Department of Energy perspective. 

Summation and DeDartment c,f En_ergN_ F_'ers_pective 

MR. DYER: Let me f(:,llow up c,n the talks of both 

Bru0-e and Steve, here, and stand back a little bit and give you 

a perspective, and summarize what we have been thrc0ugh here in 

EXEF'UYIVE IzOUF.'.T REPORTING, INC. 3(:~I/565-~:~f.:IG4 
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s,::,m~:. ~ p r , . - t t y  f i n e  d e t a i t .  : : :  - 

T h i s  e f f o r t  h a s  t h r e e  c o m p c ,  n e n t s  t o  i t ,  t h r e e  gc, a l s .  

The first is to, examin~n the ,.:urrerlt Surfa,=e-Based Pr,z, gram as 

outlined in the Site Characterization F'lan--by Surface.--Based 

Prc, gram we also include laboratory tests--and prioritize those 

in some rank order to get a list of things on which we want to 

,-oncentrate, fc, cus ,-,ur assets in the initial phases ,=,f the Site 

Char acter i zat i,:,n Plan. 

Part and parcel of this is t,_-, develop a t,-,ol, a 

method, which can be used iteratively to re-examine the testing 

program at any point in time; and that is the second bullet on 

here to which we alluded earlier: Giw.:.n a future state of 

kn,-,wledge based ,'-,n testing that is accc, mplished some time in 

the future we can re-prioritize, re-examine the testing program 

at some point in t i me. 

This method, this technique, also gives us the 

ability t,:, determine when t,:, stop testing. 

The third comp,::,nent of this Task Force is developing 

a draft method for assessing site suitability. The 

prioritization effort focused on a rather limited performance 

measure: the cumulative releases. Site suitability is a more 
l 

complex issue. We are still grappling with all of the things 

that need tc, gc, into a suitability evaluation. 

Tc, summar:ize frc, m Bru,::e's talk, the test 

prioritization apprc, ach quantifies the current level of 

E X E C U T I V E  COURT REPORTING, INC. 301/565-c~-~64 
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u n c e r t a i n t y  a n d  h o w  w e l l  i t  , ) an  b e  r e s c ,  l v e d  t h r , : : , u g h  t e s t i n g .  

TI-~is q t t a n t i  f i c a t i o n  r i g h t  nc, w i s  b a s e d  on  t h e  j u d g m e n t  c,f  t h e  

Department c,f Energy experts: the people invnlved in the 

testing pr,-,gram t,-, date. 

The site suitability approach, which Steve 

introduced you to, can address broader criteria and 

quantitative per fc, rmance measures such as cumulative curies 

released, the 191 standard; the ground water travel time from 

10 CFR 60.112; pre-clnsure rod safety; or other ,-riteria we may 

wish to build int,_-° the evaluation. 

These approaches can produce significant insights as 

far as justifying tests or defining the sensitivity of 

decisinns tn technical and value judgments. 

All together the two approaches--the prioritization 

and the site suitability approach--provide defensible methods 

for determining the value of tests: as Bruce pointed out our 

methc, dology for the prioritization effort is based ,-,n a value 

of informati,z0n philosophy; deciding whether or not to continue 

testing: again based on a value of information philosophy; and 

finally deciding whether or not to recommend the site: this 

would be in the site suitability decision. 

This concludes our presentation about the Surface- 

Based Prioritizati,-°n effort. Are there any questions from the 

p a n e ]. i:' 

MR'.. M°= FARLAND ,'. A point of curiosity, Russ. 

EXEI-:UTIVE i-:OURT REPORTING, INC. 301/565--0064 
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Yc, u have 107 test:plans that will eventually b~e 

developed. Hc, w many ,-,f those tests are surfa,-e-based? 

MR. DYER: That is a difficult problem to answer. 

There are 106 study plans. If we l,-,c,k at it frc, m 

the parameter level, categories of information t,:, be gained, as 

I recall there are approximately 2,000 parameters. My guess is 

that pr,:,bably ab,-,ut 1,200 t,:, 1,500 of th,:,se parameters are 

gathered in the Surface-Based Program; some of them are also 

gathered in the sub-surfa,:e program. 

That is my estimate. 

MR. BROCUM: We have categorized study plans in 

other ways. Some ,:,f them are primarily Surfa,:e-Based, some of 

them are primarily analysis, some of them are Exploratory Shaft 

Facility based. I think we had 12 or 15 Expl,-,ratory Shaft 

Fa,-ility, 50 primarily Surface-Based, and the rest were 

analysis and modeling and stuff. 

That kind of gives y,-,u an idea of the scope. Y,_-,u 

can debate because some of these parameters have gotten two 

ways or more. 

MR. M,_-FARLAND: Thank you. 

MR. DYER: Any other questions? 

ME'. CORDING: Russ, included in the Surface-Based 

Testing are there angle h,z, les in,::luded, presently.-' 

MR. DYER: I am gc, ing t, z, have tc, defer t,-., Max.. 

I am n,z,t aware of any. 

EXECUTIVE F:OURT REF'ORTING, INt. 3()I/565-.-cx)64 
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DR. BLANC:HARD:- The current program described in 

Chapter 8 of the Site Characterizatic, n Plan dc, es nc, t have angle 

bore holes identified, althc, ugh it has an intent to do so 

wherever it is clear we have the techn-:,Iogy. 

As you knc, w, we have been develc,ping an air- 

drilling, air-cc, ring system with an LM-300. Althc, ugh we have 

done off-site tests successfully in Utah and Arizona, we have 

not yet dc, ne the tests on the test site with the rc.zk types 

that we really h,-~ve there at Yu,"°'-a M,'-°untain. 

To a large extent, how well we can do angle drilling 

depends upon some success first at Yucca Mountain. We are 

considering some design approaches that Lang has looked at fc, r 

secc, nd LM.-3t.'x] model which would allow us tc° dc° angle drilling. 

We are not yet able to say we have-the technolc, gy to 

dc, dry angle drilling and dry coring on the M,z, untain. 

MR. CORDING: Max, dc, yc, u feel that with further 

testing, whether c°n c°r c°ff the Mountain, and develc°pment of 

that it is just a matter of getting it done, not sc, much a 

matter of whether or not it is p,z°ssible to d°:, it'7 

Do you think, in other words, it can be done with 

further development? 

DR. BLANCHARD: 

hypc, thesize on that. 

ME'.. CORDING: 

program has c,'-,me quite a ways. 

I am n,s,t in a position to 

I t h i n k  i t  i s  c l e a r  th~'~t y o u r  o t h e r  

Yc, u h a v e  d o n e  q u i t e  a b i t  

EE}<ECUTIVE EOURT REF'ORTING, INC. 301/565-.0064 



2 

4 

5 

6 

7 

8 

9 

I0 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

2"2 

23 

2.4 

:25 

alr~;~,idy with the verticc~l holes and there has been a ic, t c,f 

progress in what has been d,z, ne off-site. 

It seems that at least there are some con,]epts that 

the can begin tc, investigate the p,",ssib:ility of the angle hc, les 

and ,'.-,;)me up with a program that allows them to at least 

investigate that and g,_ in with a prototype of some sort 

somewh er e. 

DR. BLANCHARD: You are quite right: we would like 

very much to be able to do that; but at the same time we feel 

that drifting in the Topopaw Spring and the Calico Hills to the 

features of interest, especially thc, se that might represent 

anomalous values that might fit into models so we could improve 

our understanding, will give us much more useful informatic, n 

than angle bore holes. 

So we are counting very much on in situ test 

programs in both those rc, ck units; and think that that will 

give us thousands of data points rather than few, and those 

thousands of data points will allow us to have a better 

understanding of the values of things like hydraulic 

conductivity and, at the same time, develop a more meaningful 

measure of central tendency sc, we know what we want to use in a 

calculation with respect to a mean value or a standard 

devi at ion. 

MR. F:ORDING: I would certainly agree w:i. th that 

emphasis on the underground drifting. 

EXECUTIVE F:OURT F:EFOFTIN-, ,  INF:. 3 0 1 / 5 6 5 - 0 0 6 , 4  
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DR. DOMENIF:O: 

better than anybody. 

3.-~ 

M..i:,:, p r o b a l ' ) ] . y  yc, u can  address this 

I knc, w models like this are hungry for quar~titati',.'~-~ 

numbers: travel times and things; but is the Surface--Based 

F'rioritizatic, n Testing Program going tc, include the indirect 

methods of determining ground water velc,,:ity and travel times'? 

I am very keenly interested in the continuation of 

tritium and chlorine studies which I think are the best 

indicators of travel time. They are indirect and they may not 

lead tc, some quantitative description. 

I would hope that sort of information would not be 

filtered through the cracks because of the data-hungriness of 

this appr,:,ach. 

DR. BLANCHARD: You are quite right. 

As you knc, w, in what we have laid out in the Site 

Characterizatic, n Plan on topics like this we have a number of 

different redundant ways to apprc, a,:h realizing what ground 

water travel time is likely to be. 

Using isotope measurements to determine the age is 

just as important as more mechanical or statistical methods. 

We intend tc, use all of the tools we have at hand. 

This prioritizatic0n, as Bruce mentioned earlier, 

will try tc, Ic-:,k at these different sub.--techniques under c, ne 

topi , : : :  sc, we can  insur ( -~  t h a t  we g i v e  t h e  p r o p e r  p r i c ,  r i t i z a t : L o n  

t o  t h i s  s u i t e  o f  t e s t s  t h a t  a r e  a p p l i c a b l e  t o  t h a t  s u b j e , : : t  and 

EXEC.:UTIVE COURT F:EF'ORTING, INC.  3(].!/565--c~(-~6 
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MR. BF'OCtJM" As  a r e a l - w c ,  r ] . d  example, we are 

modifying the Chlorine..-36 study plan to make sure we can do 

IZhl,-ri = ~ n~.-ob evaluation from the be°re holes in addition to the 

Exploratory Shaft Facility for the shaft of the ram. 

That is being modified today even though we have 

already submitted it to the Nuclear Regulatory Commission. One 

of their first and formal comments was: Are you going to be 

able to do these from bore holes'7 

We decided to modify that study plan. That is being 

modified right nc, w. 

CHAIRMAN DEERE: I think the importance of the 

angled bore holes increases as there is a delay in the 

shafting. This was what got us interested a few months ago in 

looking at it again. 

If the exploratory shaft stays on schedule, you will 

get better information perhaps. 

DR. BLANCHARD: One of the cases in the Calico Hills 

study is using angled bore holes, which I think you will hear 

about this afternoon. 

MR. BROCUM: That is right. 

DR. BLANCHARD: One of the eight different ways c°f 

studying includes angled bore hc°les. 

CI.4AIRMAN DEERE" " f ' t lank y,::,u. 

MR. DYER : Le,::,r~? 
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MP. P E I T E R :  Rus~-;, t h i s  i s  s o r t  o f  a fc, l l,:,,,~ up  ,::,f~ 

s o m e  o f  t h e  p r e v i c ,  u s  q u e s t i c ,  n s :  t h e  q u e s t i c ,  rl Bc, b W i l l i , ~ m . ~  

raised about the m,:,deling. 

If we look at the study there is a whc01e range c,f 

kinds of ,:onclusions you come out with about prioritization of 

tests and about site suitability. It seems tc, me that people 

indicated that really one of the key assumptions in the 

modeling uncertainty depends on your group of experts. 

Do yc0u have any feeling that if other people 

convened groups of experts, which kinds of conclusions would be 

the most robust? By "robust" I mean where would the various 

grc, ups tend to agree that, yes, this is a good conclusion? 

MR. DYER: There seems to be a common ground. I am 

the Department of Energy representative on the EPRI efforts. 

There are several efforts going on right now. 

MR. REITER: Yes. The Nuclear Regulatory Commission 

has completed a Phase One performance assessment. 

MR. DYER: That is right. 

There seems to be some common ground which most 

groups recognize, as Dr. Domenico did: things on which emphasis 

needs to be put. Then there are some outliers that are 

i d e n t  i fied. 

gr OLtp s. 

Different outliers are emphasized by different 

We a r e  s t i l l  t r y i n g  t c ,  f i g u r e  c, u t  hc, w t o  b r i r ~ g  i n  

th,:,s~'.! o u t l i e r : i - i :  h o w  t o  "J. f l , : :oYp,:z, r a t ( 9  t h e m  i n  t h e  p r o g r a m .  We 
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think that the way we have it n,::,w, as Bruce pc, inted out, the 

methodc, l,-,q'_=y allows us to process thr,-,ttqh___ virtually all the 

alternate models we ar~.~ examining. 

S-: we cc, uld take a mc, del suggested by any grc,up and 

see what the implicatic0ns might be of that mc, del. If y,z,u 

follow it tc, the end result, in the simplest measure if there 

are nc, implicatiuns on performance it may nc, t get as much 

attention or deserve as mu0-h attention as some other issues 

that dc, have a str°z, ng impact on performance. 

MR. REITER: Could you qive us a ~t-se,_ond summary 

of where there is agreement where there is disagreement7 What 

are the ,-0utliers, what are not? 

MR. DYER: Agreement? What seems to be the case is 

that tlne series of questions had to do with hydrology of the 

site: whether we have fracture flow; what the flux is. 

MR. REITER: 

MR. DYER: 

that. 

MR. REITER: 

different outliers. 

MR. DYER'. : 

Is there any disagreement? 

I have not heard any disagreement with 

Y,z,u said there were differences in 

They mostly fall into the categc, ry of 

what Bruce referred t,-, as disturbed 0-ases, disturbed scenaric, s; 

and it would what would be the consequence or the importance of 

a i,::,~ probability, high c,-,nsequence event. 

Where we seem tc0 have some range of disagreement is 
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a s s t g t l i n g  pr,:,l.~.-~bi, l i t t e s  f,.:,r th~.:.~se h i g h  , : , - , n s e q u e n , : e ,  lc ,  w 

p r o b a b i l i t y  e v e n t s .  

DR. JUDI): One thing I might add is that the 

met hodol,, ,' ::gj will be there for the Department ,-,f Energy t,-, 

insert other judgments, other opinions, other models-- 

MR. DYER: 

DR. JUDD: 

MR. DYER: 

CHAIRMAN DEERE: 

That is right. 

.... and look at the implication. 

I hope I addressed your quest i,:,n, Leon. 

Are there additional questions? 

[N,:, response.] 

CHAIRMAN DEERE: 

136 

re,zonvene after lunch? 

What time would you like tc, 

DR. BLANCHARD: At your convenience. Right now the 

schedule shows the Calico Hills would start at 2:15. Because 

it is a very sensitive subject there may be some extra 

discussion during the presentation. 

So you may want to reconvene prior to that time. 

CHAIRMAN DEERE: Or would it be better t,:, wait until 

2:15? 

DR. BLANCHARD: I think it would better to start a 

little early, which wc, uld allow us to have some extra 

discussic, n time should it be needed. 

CHAIRMAN DEERE: Okay. That is very goc, do Is 1:45 

c, kay? Then we will start witlq Dave D,::,bson's presentatic, n. 

DR. BI_ANCHARD~" T h a t  g i v e s  u s  p l e n t y  c,f t i m e .  

E X E C U T I V E  COURT REF'ORTING, I N C .  3 0 1 / 5 6 5 - 0 0 E : , 4  



2 

~7 

CHAIRMAN DEERE: Fine. I:.45. 

[:At 1'}::15 p.m., the meeting recessed to recc, nvene at 

3 1:45 p.m. :] 
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~F-TERNOON SESSION 

C.:I4AIRMAN DEERE,", Tile pr,-_,ceedirlgs ,:,n Ca] i co Hills 

Risk Benefit Analysis. 

DR. BLANCHAF.'.D: David Dc, bsc, n from the Department of 

Energy's Yu,-,za M,-,untain Project will be the first speaker. 

CALICO HILI_S RISK MANAGEMENT STUDY 

MR. DOBSON: Thank yc, u. As Steve mentioned, my name 

is David Dc, bson. I am with the Department of Energy in Las 

Vegas. I am gc, ing t,-, give you kind of a two-fc, ld presentatic, n 

to begin the discussion of the-Calico Hills Risk Benefit 

Anal ysi s. 

In this analysis, I played parts of two roles. I 

was a member of the Task For,-e as a geologist; and, of course, 

I work for the Department of Energy. So in the introduction I 

will give you the initial ,:onstituti,z,n c,f the Task Force and 

what our goals and objectives were, and then I will do the 

first part of the presentati,:,n whi,zh is a discussic, n of the 

development of the alternative strategies. 

This is the structure for the first 10 ,:,r 15 minutes 

of my talk: as I said, the introduction. We are going to start 

with a one-slide summary ,=,f our ge,:,Iogic orientatic, n and then 

discuss briefly the rationale fc, r the study~ the ,-,bjectives and 

methods that we used in the study; the c,:,mpositi,-,n ,-,f the Ta~k 

Force: who were the people wh,-, did this .... and I will introduce 

:--:,::,me ,::,f them who, are here in a few minutes; finally, I want t,:, 

E X E C I I T I V E  C[]URT R E P O R T I N G .  I N C .  3C~1/565--Cx)64. 
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g i ve  you, s,:,rt c,F up frc, r~t, the rc.~iu l ts  of th~ s t u d y ;  and th(.~n 

we w i l l  cc, nc lude  wii. h a qu ick  p i c t u r e  c,f the  s t ru ,z tL t re  ,-,f the  

presentation" what y,::,L~ are going t,:, hear for thE? next few 

h c, u r s. 

Most of you are familiar with cross sections that 

Ioc, k s,i~mething like this cross section c,f Yucca M,:,untain 

show:ing the prin,zipal hydro-stratigraphic units, actually 

showing primarily the lithologic units with the focus c,n the 

Calico Hills hydrogeologic unit, which was the subject of our 

anal yses. 

The Calico Hills n,z,n-welded hydrogeologi,: unit 

consists of unwelded tufts c,f the Calico Hills member c,f the 

paint-brush tuft. Of course, it lies below the repository 

horizc, n, bel,:,w the welded tuft of the Topc, paw Spring and the 

non-welded, and through the canyon members. It overlies the 

crater flat tuft and the tc, p mc, st of the crater flat tuft is 

the pass member. 

As most of you are familiar, Calico Hills is 

identified in the Site Characterization Plan and we believe it 

to be the principal barrier to potential migration of 

radic, nuclides. I want tc, make a couple of extra points about 

the Calico Hills unit. 

The most impc, r t a n t  o'F these pc, i n t s  i s  ' t h a t  th( . .~re  are 

really tw,:, very d.[ fferent rc, ck types ,::c, ntairled wil. hin the 

C:al:i.,:::o H i l l s , ,  There , .  i s  a z e o l i t i c  f a c e  w h i c h  i s  exp,:::,~e(::l 
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p r i m a r i l y  in the nor thern and eastern p o r t i o n s  of the proposed 

r e p o s i t o r y  b lock,  and there  i s  a v i t r i c  face which i s  exposed 

best in  the south and west.  

This i s  a schematic p i c t u r e  of t ha t  con tac t ,  which 

i s  somewhat e r r a t i c  and the z e o l i t i z a t i o n  i s  concentrated in 

d i s c r e t e  beds. 

Again, we w i l l  focus the remainder of  our d i scuss ion  

on the performance of  the Ca l ico  H i l l s  non-welded t u f t .  We are 

t a l k i n g  about t ha t  p o r t i o n  of the Ca l i co  H i l l s  t ha t  i s  above 

the water t a b l e .  We are t a l k i n g  about the unsaturated zone 

performance of  the Ca l i co  H i l l s .  

Why do we do t h i s ?  

When the Department of  Energy re leased the o r i g i n a l  

c o n s u l t a t i o n  d r a f t  of  the S i t e  C h a r a c t e r i z a t i o n  Plan i t  

conta ined an a c t i v i t y  which d id  not have a whole l o t  of  d e t a i l  

in  i t ,  but i t  conta ined an a c t i v i t y  which proposed in  s i t u  

d r i f t i n g  i n  the Ca l i co  H i l l s  u n i t  below the  main t e s t  l e v e l .  

During t h e i r  comments one of  the o b j e c t i o n s  

i d e n t i f i e d  by the Nuclear Regulatory Commission i s  summarized 

here. They s ta ted  t h a t ,  "The need had not been es tab l i shed  t o  -~ 

extend the sha f t  i n t o  a d r i f t  h o r i z o n t a l l y  from ES1 in  the 

Ca l i co  H i l l s  u n i t . "  They a lso  s ta ted  t h a t ,  " P o t e n t i a l  adverse 

impacts on waste i s o l a t i o n  as a r e s u l t  of  p e n e t r a t i n g  the 

Ca l i co  H i l l s  had not been demonstrated."  

Because of these concerns the Nuclear Regulatory 

E×ECUTIVE COURT REPORTING, INC. 301/565-0064 
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Commission recommended a t h r e e - f o l d  s t r a t e g y :  One ,  consider 

c h a r a c t e r i z i n g  the Ca l ico  H i l l s  w i t hou t  p e n e t r a t i n g  the b a r r i e r  

between the r e p o s i t o r y  hor izon and the water t a b l e .  

They a lso  suggested a d e t a i l e d  d iscuss ion was needed 

by the Department of  Energy to  show why the b e n e f i t s  would 

ioutweigh the p o t e n t i a l  adverse impacts of p e n e t r a t i n g  the 

Ca l ico  H i l l s  ra the r  than ob ta i n i ng  i n fo rma t i on  by some 

a l t e r n a t e  means. 

F i n a l l y  they s ta ted  tha t  i f  a l t e r n a t e  means could 

not be developed then, ".  . . j u s t i f y  d e s t r u c t i v e  t e s t i n g  in 

the Ca l i co  H i l l s  and inc lude  the consequences of connect ing 

pathways for  p o t e n t i a l  r a d i o n u c l i d e  m ig ra t i on  from the waste 

emplacement areas to  the water t a b l e .  " 

In response to  the  Nuclear Regulatory Commission 

o b j e c t i o n  the Department of  Energy made some changes t o  the 

f i n a l  S i t e  C h a r a c t e r i z a t i o n  P l a n .  What we d id  to  respond to  

the o b j e c t i o n  p r i m a r i l y ,  oin l a t e  1988, was defer  t h e  

d e s c r i p t i o n  of  how to c h a r a c t e r i z e  the Ca l ico  H i l l s  pending the 

complet ion of  a Risk Benef i t  Ana lys i s  which considered those 

t h i ngs  the Nuclear Regu la to ry  Commission recommended we 

con~ ide r r  i n c l u d i n g  s p e c i f i c a l l y  the needed data, a l t e r n a t e  

means of  ob ta i n i ng  the data, the  b e n e f i t s  of  ob ta in ing  the 

data, and f i n a l l y  the r i s k s  to  s i t e  performance by ob ta in i ng  

the data.  

We committed at t ha t  t ime to  cQnsult w i th  the 
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Nuclear Regu la to ry  Commission be fo re  we took any a c t i o n .  

I d id  want t o  make one a d d i t i o n a l  comment. The 

Nuclear Regu la to ry  Commission d i d  not say, "Don ' t  do in  s i t u  

t e s t i n g " ;  and, i n  the  Department of Ene rgy ' s  response, we d id  

not say,  "We w i l l  n o t . "  

They sa i d ,  "Before  you do i n  s i t u  t e s t i n g ,  you h a v e -  

to  demonstrate you are not going t o  compromise t he  i n t e g r i t y  o f  

the  s i t e . - "  Fo~ the  reasons I have summarized w~  then set up 

the C a l i c o  H i l l s  Risk Bene f i t  A n a l y s i s .  Today we are r e p o r t i n g  

t o  you the  p r e l i m i n a r y  recommendations. 

A qu ick  summary of  the o b j e c t i v e s  and m e t h o d s .  

The s tudy ,  as Max mentioned e a r l i e r  t h i s  morning, i s  

being conducted in  accordance w i t h  a l l  o f  the  requ i rements  of  

the  Yucca Mountain Projec.t  Q u a l i t y  Assurance Program. That has 

c e r t a i n  i m p l i c a t i o n s .  

. . . . .  I t  means t h i n g s  l i k e  we ensure-everybody i s  

q u a l i f i e d  be fo re  we s t a r t ,  which i s  on ly  good p r a c t i ~ e .  I t  

means we have a p lan and t h a t  we. f o l l o w  t h a t  p lan .  And i t  

means we have p roduc ts  we s p e c i f y  we are going to  genera te ,  

l i k e  i n t e r i m  p roduc ts  and a f i n a l  r e p o r t .  

In a d d i t i o n  t o  t h a t ,  t h e  Department of  Energy 

decided we would conduc~ the  s tudy  us ing  t he  p r i n c i p l e s  of  

d e c i s i o n  a n a l y s i s ;  and I w i l l  get i n t o  the reasons for  t ha t  in 

j u s t  a second. F i n a l l y ,  the Task Force was i n s t r u c t e d  t o  base 

the e v a l u a t i o n  p r i m a r i l y  on the two c r i t e r i a  t h a t  were 
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i d e n t i f i e d  in the Nuclear Regulatory Commission o b j e c t i o n .  

Those I have summarized here as the b e n e f i t  from t e s t i n g  versus 

the r i s k  to  performance. 

You w i l l  hear a l o t  of  the d i scuss ion  t o d a y - - i n  

f ac t ,  you have a l ready  heard a l o t  t h i s  morning--about how you 

measure thin value of  t e s t i n g .  Bruce, t h i s  morning, t a l k e d  

about something he ca l l ed  techn ica l  value and whether or not 

t ha t  i s  d i r e c t l y  r e l a t e d  t o  t h i n g s  l i k e  performance. You w i l l  

hear, c e r t a i n l y ,  more d i scuss ion  about t h a t ,  

Risk t o  per formance- is  ~ e l a t i v e l y  easy t o  q u a n t i f y .  

You can es t imate ,  at l e a s t ,  what k inds of  re leases  you t h i n k  

you are g o i n g - t o  generate,  but doing a comparison w i t h  the 

b e n e f i t s  i s  somewhat more d i f f i c u l t .  
/ 

That leads i n t o  what I sa id  I was going t o  

summarize, which i s  why i t  was we se lec ted a value of  

i n fo rma t i on  technique of  dec is ion  a n a l y s i s - f o r  t h i s  a n a l y s i s .  

There are several  reasons which are probably a l l  

b a s i c a l l y  common sense, but I wanted t o  w r i t e  them down t o  I 

remember them. One i s  t ha t  we wanted to  s t r u c t u r e  the process 

so the re  would be a c lear  d e f i n i t i o n  o f  what the dec i s i on  

c r i t e r i a  were. When we got done w i t h  t h i s  we wanted to  - 

-understand what was d r i v i n g  the dec i s i on  and what was not .  

Secondly, the  dec i s i on ,  as I mentioned, requ i red  

some c o n s i d e r a t i o n  of a v a i l a b l e  q u a n t i t a t i v e  data and model 

r e s u l t s ,  but i t  r e a l l y  had to  be considered in  l igh t ,~  
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basically, of expert judgment. We recognized we would not be 

able to set up a quantitative model, run it through, and the 

answer would fall out. That was not a realistic goal, and 

probably will not be for a long time to come. 

Finally, the objective was to compare benefits of 

testing to the potential for adverse impacts on site 

performance. Again, you will hear a lot more today about what 

t ha t  means i n  terms of the  value of the t e s t i n g  and our a b i l i t y  

to  reduce u n c e r t a i n t i e s  about how ~he s i t e  i s  going to  perform. 

This i s  a schematic of  the  s t r u c t u r e  of the a n a l y s i s  

we d id .  I want to  say a couple of  words about i t .  

In order t o  meet the o b j e c t i v e s  the Nuclear 

Regulatory Commission had g iven us and tha t  we had i d e n t i f i e d  

i n  s e t t i n g  u p t h e T a s k  Force, the f i r s t  two fea tu res  we had to  

do were de--fine the i n f o rma t i on  needs and i d e n t i f y  t e s t i n g  

techniques which were a p p l i c a b l e .  

From those we had t o  compose a se~ o f  p o s s i b l e  

s t r a t e g i e s  ~o be eva lua ted .  Then we developed a screening . 

process to  do t h a t .  You w i l l  hear more about t ha t  in  a few 

mi nut es. 

In p a r a l l e l  w i t h  the development o f  the l i s t  of  

poss ib le  a l t e r n a t e  s t r a t e g i e s ,  we were working on developing 

d e c i s i o n - a i d i n g  methodo logy - -Ho l l i s  Cal l  w i l l  t a l k  about t ha t  

in great detail--at more or less the same time, starting later 

in the process. 
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In order for us to q u a n t i f y  our assessments, i f  you 

w i l l ,  q u a n t i f y  our judgments of  how we were going t o  eva luate  

these d i f f e r e n t  s t r a t e g i e s  we had to  have models for how we 

thought the s i t e  was going t o  perform and how we thought the 

t e s t s  were going to  do at t e l l i n g  us how the s i t e  was going to  

per form. 

So we had to  develop what I have c a l l e d  here 

conceptual models of  s i t e  behav io r .  Th is  requ i red  t h e  work of  

a good sub-set  of  t h e  panel members. You w i l l  hear more d e t a i l  

about what assumptions we made, when we set up the models, t o  

es t ima te  how we thought the s i t e  was going t o  perform and what 

the waste i s o l a t i o n  impacts would be. 

As you w i l l  hear, a f t e r  we set up the conceptual 

models we e s s e n t i a l l y  assessed our exper t  panel for t h e i r  

op ln ion  on how they thought the ° s i t e  was going to  perform in  

terms of the t o t a l  system, in  terms of  t h e  Ca l i co  H i l l s  i t s e l f ,  

and i n  terms ~ of  two other components of  the t o t a l  system which 

inc luded something I w i l l  c a l l  source term, i n  quotes. 

I t  i ~  not- source term in  the sense of waste package 

EVS or waste term tha t  you have heard before ,  but a v a i l a b l e  

i n v e n t o r y  t o  the Ca l i co  H i l l s  u n i t .  

Then f i n a l l y  we assessed how we thought t h e  

sa tu ra ted  zone performance would c o n t r i b u t e  t o  the o v e r a l l  

per formance. 

We then performed an eva lua t i on  e s s e n t i a l l y  using 
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the decision-aiding methodology we developed and using all the 

technical inputs we developed, and produced some results. We 

reviewed those results and finally developed a recommendation. 

We are just near minutes from the recommendation 

n o w .  

[Laughter  ] 

MR. DOBSON: 

you who d id  i t .  

Force. 

people.  

Before I t e l l  you t h a t  I want t o  t e l l  

The C a l i c o  H i l l s  Task Force was not a l a r g e  Task 

We i n t e n t i o n a l l y  set  t h i s  up to  be a smal l  group of  

We t r i e d  t o  get s u f f i c i e n t  t e c h n i c a l  b read th  of  

knowledge to  cover al~ the major program areas in  terms o f  

hyd ro logy ,  geology,  geochemis t ry ,  performance assessment and 

s i g n i f i c a n t  input  from eng inee r i ng .  

However, ~ s  I sa id ,  the  Task Force was not designed 

to  i n c l u d e  everybody in  t he  program or a l l  p o s s i b l e  f i e l d s  of  

e x p e r t i s e ;  but we d id  empower the  Task Force t o  go get 

e x p e r t i s e  where they f e l t  they needed i t .  

We used t h i s  a b i l i t y  i n  a couple of  s p e c i f i c  

examples I can t h i n k  o f .  ~;e used some of  the  Los Alamos people 

t o  he lp  us out w i t h  some of  our es t ima tes  of  r e t a r d a t i o n ,  and 

we used some of  the Sandia people to  help us out w i t h  some of  

our models for  waste i s o l a t i o n  impacts.  

This i s  a l i s t  o f  the people who d id  the work you 

are seeing here.  Several of them are here today and I would 
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like to introduce them in case anybody has any questions they 

would like to ask them at the break of later on. 

Elizabeth Browne and Hollis Call from Applied 

Decision Analysis were our decision analysts. Hollis is 

sitting at the front table; Elizabeth is in the green dress in 

the first row at back. As I said, they helped us set up the 

decision-aiding methodology and helped us recognize a lot of 

what our technical assessments meant. 

Bruce Crowe is not here today, but he provided part 

of the geological input and acted as a translator for the 

geochemistry program for us. Ernie Hardin, who is also sitting 

at the front table, was the task leader. Ernie is a rock 

mechanics geophysics modeling type who had a lot of work to do 

t o  get t h i s  t o  the p o i n t  where i t  i s  t o d a y .  

Barnie Lewis from the United Sta tes  Geological  

Survey i s  the  sec t i on  of  the Unsaturated Zone Sect ion of the 

Nuclear Hydrology Branch. He i s  not on ly  speaking, I t h i n k ,  

p r e s e n t l y  on but w i l l  be the p r i n c i p a l  i n v e s t i g a t o r  for Ca l ico  

H i l l s  u n t i l  we can get someone on s t a f f  who w i l l  be w r i t i n g  up 

s tudy plans and t a k i n g  some of  the  next s teps,  and then Barnie 

w i l l  be t ha t  person 's  s u p e r v i s o r .  

Jack Robertson in  the second row back the re  i s  a 

h y d r o g e o l o g i s t .  The quest ion was asked e a r l i e r  about whether 

or not we had anyone independent i nvo lved  in  any of these Task 

Forces. Jack i s  independent o f  our program and he was brought 
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in because we were aware of his knowledge. He was, until the 

early 1980s, Chief of the Hazardous Waste Program for the 

United States Geological Survey. He left that and went into 

consulting in contaminant transport with Weston and, now, has 

his own firm: Hydrogeologic. He provided a lot of the input 

you w i l l  see on hyd ro logy .  

I might mention t ha t  p r i o r  to  Barn ie  Lewis '  

p a r t i c i p a t i o n  B i l l  Wilson was a member of  t h i s  Task Force i n  

the very e a r l y  f o r m u l a t i v e  p e r i o d s .  

We have two more: Scot t  Sinnock,  who almost a l l  of  

you know, i s  s i t t i n g  way in the back. Scot t  d id  p rov ide  a 

s i g n i f i c a n t  amount of  performance assessment i npu t  we u t i l i z e d  

in t h i s  Task Force. We a l so  have C h a r l i e  Voss, a l so  back t he re  

somewhere, who has had a c o n s i d e r a b l e  amount o f  exper ience in  

rev iew ing  t h i s  program over the past e i g h t  or ten years.  His 

e x p e r t i s e  i s  in  rock mechanics and mining eng inee r i ng ,  but he 

i s  f a m i l i a r  w i t h  most o f  the S i t e  C h a r a c t e r i z a t i o n  performance 

assessment aspec ts  of  our program. 

I have two pages o f  v iewgraphs t h a t  summarize the 

r e s u l t s  o f  the  C a l i c o  H i l l s  Risk B e n e f i t  A n a l y s i s .  The f i r s t  

one--and we w i l l  go i n t o  t h i s ,  as I sa i d ,  severa l  t imes i n  

c o n s i d e r a b l y  more l eng th  l a t e r  o n - - i s  w i t h r e s p e c t  t o  p r e d i c t e d  

per formance. 

The a n a l y s i s  we d id  suggests  t h a t  the Yucca Mountain 

s i t e  i s  l i k e  to  meet t o t a l  system performance s tandards  by a 
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wide margin.  I d o n ' t  want to  get too  narrow about t h a t ,  and I 

d o n ' t  want t o  go i n t o  too  much d e t a i l  ~bout what t h a t  means. 

You w i l l  see we d id  not do a comprehensive t o t a l  

system performance assessment i n  t h i s  a n a l y s i s .  We d id  s o r t  o f  

a l i m i t e d  t o t a l  system performance assessment so i t  i s  not 

r e a l l y  t o t a l ,  I suppose. 

• We d i d  not cons ide r  some d i s r u p t i v e  even ts ,  such as, 

for  example, human i n t r u s i o n .  We d i d  cons ide r  n a t u r a l  

d i s r u p t i v e - e v e n t s ,  such as c l i m a t e  change. You w i l l  get more 

d e t a i l  on t h i s  l a t e r ,  but  I want t o  make i t  c l ea r  t h a t  t h a t  i s  

not a l i c e n s i n g  assessment I j u s t  gave you: i t  i s  a focused 

assessment o f  performance t h a t  we d id  t o  suppor t  t h i s  a c t i v i t y .  

DR. NORTH: 

I read " .  

Can you expand on t h i s  f i r s t  b u l l e t ?  

• . i s  l i k e l y  t o  meet by a wide 

margin . . . °' t o  mean t h a t  you cannot r u l e  out  some scena r i os  

where i t  would not  be met by a wide marg in  and might even not 

be met at  a l l .  

What k i nds  o f  s c e n a r i o s  l i k e  t h a t  e x i s t ,  and t o  what 

e x t e n t  d i d  you look at them? 

MR. DOBSON: Warner, you are go ing t o  get a l o t  more 

d e t a i l  on what we d i d  i n  terms of  the  t e c h n i c a l  assessments. I 

t h i n k  you w i l l  see t h a t  s ta tement  cap tu res  i t  p r e t t y  w e l l :  t h a t  

i s ,  we are severa l  o rde rs  o f  magnitude below the s tandard .  

However, t h a t  i s  not t o  say t h a t  c e r t a i n  d i s r u p t i v e  

scena r i os  have been cons idered t h a t  could c o n c e i v a b l e  r e s u l t  in  
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some violations [sic]; but we will get ba,:k to that. I am sure 

you will have opportunity to ask many more questions. 

A corollary or a second aspect of that is that 

because the expected performance is very good and partly 

because the tests vary in their ability to characterize the 

site, test results are not likely to change that view of 

performance assessment. 

That has implications with regard to the variable 

that Bruce described this morning as technical value. That is 

not to say that testing has no value, but that in terms of the 

part of the model we set up specifically to reduce uncertainty 

with respect to the performance of the site the value is low. 

MR. REITER: This is a performance assessment 

included all factors, not only Calico Hills? 

MR. DOBSON: I t  i s  not a comprehensive, as I sa id ,  

complete t o t a l  system performance assessment. I t  does inc lude  

--and you w i l l  get a d e s c r i p t i o n  in some d e t a i l  of  t h i s  l a t e r  

on--assessments of  re leases f~om the engineered b a r r i e r  system 

through the Topopaw Spr ing.  I t  i nc ludes  an assessment of  t h a t .  

I t  i nc ludes  an assessment of  performance i n  the 

C a l i c o  H i l l s  non-welded u n i t  and i t  i n c l udes  an assessment of  

performance in  the sa tu ra ted  zone. That inc ludes  a r o l l e d  up 

summary of assessment of released to  the access ib le  

envi  r onment. 

I t  does not inc lude  a l l  poss ib le  scenar ios .  For 
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example, you heard something this morning about gas-phase 

releases. The Calico Hills is not expect to be a barrier in 

terms of gas-phase releases. We are talking about aqueous 

releases through the Calico Hills. 

So i t  i s  r a t h e r  broad, but i t  i s  not e v e r y t h i n g ;  and 

we would be p e r f e c t l y  happy t o  spend as much t ime as you would 

l i k e  t o  d i s c u s s  what i t  does and what i t  does not covem as we 

go th rough t h e  p r e s e n t a t i o n .  

DR. NORTH" Again,  my concern i s  i f  you j u s t  looked 

at l i k e l y  s c e n a r i o s  IL am not sure  you looked i n  the  r i g h t  

p lace .  

MR. DOBSON: I d o n ' t  t h i n k  we j u s t  looked at l i k e l y  

~zena r i os .  I d o n ' t  t h i n k  we looked at  a l l  s c e n a r i o s .  But we 

d i d  cons ide r  e x p l i c i t l y  t h i n g s  l i k e  c l i m a t e  change. When I say 

" e x p l i c i t l y  °. I d o n ' t  mean t h a t  we modeled them, but  we had them 

i n  the  model. 

We cons idered  t h i n g s  l i k e  t e c t o n i c  changes r e s u l t i n g  

i n  changes t o  ground water f low i n  the  model. You w i l l  hear 

H o l l i s  and E r n i e  d e s c r i b e  i n  some d e t a i l  what t h i n g s  we modeled 

us ing  the d e c i s i o n  process and what the  components were o f  t~iat 

model. 

DR. NORTH: You heard me ask the q u e s t i o n  of Bruce 

Judd earlier about the tails of the distribution: the unlikely 

outcomes which might change this conclusion of meeting the 

total system performance standard by a wide margin. 
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I f  yc.u .just loo;~ed at the 90 percent to I0 percent 

par t  of  the curve you might miss some very important  

phenomenon. I want you to  assure me as we go through t h i s  tha t  

you looked s y s t e m a t i c a l l y  at the extreme outcomes and the 

p o t e n t i a l  for t e s t s  to  be able to  determine very  u n l i k e l y  or 

unexpected c o n d i t i o n s  t ha t  might imply f a i l u r e  to  meet the 

t o t a l  system performance standard.  

MR. DOBSON: I hope tha t  we can assure you of t ha t  

throughout these p r e s e n t a t i o n s .  I t h i nk  tha t  i s  the i n t e n t  of  

our p r e s e n t a t i o n s .  

We did t r y  to  capture those t a i l s  of  the 

d i s t r i b u t i o n s .  That was an e x p l i c i t  par t  and I know H o l l i s  

w i l l  t a l k  about t ha t  in  a l i t t l e  b i t .  

I t h i n k  i t  was recognized from the very  s t a r t  t ha t  

the po in t  you j u s t  made i s  a very  v a l i d  one: tha t  you need to  

b~ aware of those low p r o b a b i l i t y ,  h igh conmequence events and 

the e f f e c t  they could have on your understanding of  the system. 

DR. NORTH: I am concerned e s p e c i a l l y  i n  the  
r 

quest ion of  eva lua t i ng  t e s t s  t ha t  you were, i n  f ac t ,  

exhaust i ve. 

The usual way t h i s  k ind of methodology f a i l s  i s  the 

quest ion Dr. A l len posed to  Bru,-e Judd e a r l i e r :  Did you 

inc lude  eve ry th ing  i n  the diagram? I t  i s  r e l a t i v e l y  easy. 

There i s  some h i s t o r y  in  the dec i s i on  ana lys i~  and 

psychology l i t e r a t u r e  I could po in t  t o  tha t  very wel l  q u a l i f i e d  
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people sometimes forget to include an obvious category of 

failure mode. 

So we all want to be assured you have done an 

exhaustive search. 

MR. DOBSON: I could not agree more. In fact, we 

are looking forward to the meetings and the interactions we 

will have with the Nuclear Regulatory Commission in the near 

future to lay all this on the table and let people look at it. 

That is part of the reason for our wanting to do 

these presentations and wanting to go back to the Nuclear 

Regulatory Commission. 

I think we have been exhaustive, but we cannot 

promise there is nothing we have missed. 

c o n t i n u i n g  t h i s .  

Impacts. Another r a t h e r  fundamental conc l us i on ,  I 

t h i n k ,  t h a t  we came up w i t h  i s  t h a t  a l l  the assessments we d id  

i n d i c a t e  t h a t  the  l i k e l y  impacts t o  performance in  the  a b i l i t y  

of the s i t e  to  i s o l a t e  waste are very small  for  a l l  the 

c h a r a c t e r i z a t i o n  s t r a t e g i e s  you w i l l  hear desc r i bed .  

We went th rough a set  again and we cons idered 

d i s r u p t i v e  events i n  t h a t  set  as wel l  in  terms of i n  what 

c o n d i t i o n s  could the excava t ions  cause r e l e a s e s .  We b a s i c a l l y  

concluded the impacts are going to  be small fo r  a l l  these 

s t r a t e g i e s .  

F i n a l l y ,  under the ca tegory  "The B e n e f i t s  of 

That i s  the  i n t e n t  of  
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Additional Testing" there are a couple of points I would like 

to make. 

One is that the analysis does indicate significant 

differences among the different strategies we considered in 

terms of their ability to correctly, if you will, predict 

h y d r o l o g i c  c o n d i t i o n s .  

You w i l l  see more d i s c u s s i o n  of  both what the 

s t r a t e g i e s  are and our assessments of  how we l l  they are l i k e l y  

to  do at de te rm in ing  e x i s t i n g  c o n d i t i o n s .  

F i n a l l y ,  we b e l i e v e  the t e s t i n g  i s  l i k e l y  to  improve 

the unders tand ing  of  s i t e  c o n d i t i o n s ,  ~nd inc rease  conf idence 

and performance p r e d i c t i o n s .  Th is  i s  a l i t t l e  b i t  l i k e  the 

l a s t  bullet~ t h a t  Bruce Judd showed t h i s  morning. 

Outs ide of what he c a l l e d  t e c h n i c a l  va lue,  t he re  i s  

va lue t o  t e s t i n g  in  terms of demonst ra t ing  t h a t  you d id  not 

miss something fundamental when you d id  your i n i t i a l  

assessments e a r l y  on. 

So the recommendation i s  the f o l l o w i n g :  "The Ca l i co  

H i l l s  Risk B e n e f i t  A n a l y s i s  recommends t h a t  the Department and 

the E x p l o r a t o r y  Shaf t  F a c i l i t y  A l t e r n a t i v e  Task Force should  

p lan for  the c h a r a c t e r i z a t i o n  s t r a t e g i e s  number 2 and 5 [which 

you w i l l  hear about in  j u s t  a m inu te ] ,  both of  which i nvo l ve  

ex tens ive  d r i f t i n g  in  the Ca l i co  H i l l s  w i t h i n  the r e p o s i t o r y  

b lock .  These two s t r a t e g i e s  [which you w i l l  hear desc r ibed ,  as 

I s a i d ]  i nvo lve  the  p o t e n t i a l  t o  do on the order  of  4 minimum 
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,0f about 12,0C)0 feet ,0f drifting to access various structural 

zones and lithologic zones within the Calico Hills." 

That summarizes the first part of the introduction. 

MR. BARNARD: I think your conclusions and 

recommendations are quite significant. I noticed on one slide 

you said your analysis considered available data and model 

results combined with expert judgment; then, on another slide, 

you list the personnel who worked on the Task Force. 

Is the Task Force your expert .judgment? 

MR. DOBSON: Yes. 

Unlike what you heard described this morning, we did 

not have a core group that went out and solicited panels. The 

group you are hearing from is the group I described and that is 

listed on that page. 

MR. BARNARD: Dr. Robertson is the only independent 

per son? 

MR. DOBSON: Yes. Jack was probably the only person 

who was certainly completely independent. There were a few 

others, including our decision analysts, obviously, who are not 

project participants; but the majority of the Task Force was 

composed of p ro jec t  p a r t i c i p a n t s .  

The remainder of the presentat ion today i s  shown on 

t h i s  s imp l i f i ed  graphic. The f i r s t  two parts include the 

summary of the information needed and the alternate strategies 

considered. I will do that part of the presentation in the 
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next 20 or 30 minutes. 

Fc, llowing that we are going to go into a discussion 

of the framework for evaluation and a description of the expert 

assessments we did. As I mentioned before, Hollis Call will do 

those presentations. 

Finally, following that, we will have a summary of 

the geotechnica l  i n p u t s :  the r e s u l t s  of  the model eva lua t i ons  

tha t  I j u s t  descr ibed and the assessments of  the subsystem 

performance elements we considered.  Ern ie  Hardin from Science 

A p p l i c a t i o n s  w i l l  do t h a t .  

A f te r  t h a t ,  H o l l i s  w i l l  come back to  t a l k  about the 

r e s u l t s  of  the e v a l u a t i o n  model and what i t  means w i t h  respect 

to  our dec i s i °n -mak ing ;  and I w i l l  be back at the end to  t a l k  

about the conc lus ions  and recommendations for where we go from 

here. 

I t  was obvious to  us from the s t a r t ,  and to  the 

Nuclear Regulatory Commission as wel l  when they wrote t h e i r  

o r i g i n a l  o b j e c t i o n ,  t ha t  p r i o r  t o  d e f i n i n g  what e x a c t l y  the 

t e s t i n g  s t r a t e g y  ought to  be we needed to  consider what k inds 

of i n f o rma t i on  we needed to  get from the Ca l i co  H i l l s .  

The f i r s t  t h i ng  we d id  when we formed the Task Force 

was we formed a subpanel which cons is ted of mainly our 

hydrologists and there was some geological input. We asked 

them to define the information needs from the Calico Hills non- 

welded unit, including three kinds ,0f categories. 

E , C ~ l ~ l - ' l c ) ' - r  T t,,ll"..:" T k l l  ~ 
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The first was what kinds of information do we need'? 

What are the parameters you need to measure? Is it 

conductivity or transmissivity, or what properties. Second was 

the locations for which that information was needed. We 

recognize that those properties are especially variable and you 

need to know them not only in the matrix, but ~ in fault zones 

and anomalous zones. 

Finally, if we could were there any specially 

correlations that we could establish between the information 

needs? 

They came back wi th a summary of the in format ion 

needs that  i s  shown schemat ical ly  on t h i s  viewgraph. They had 

eight  categor ies of types of in format ion:  s ix  of what they 

ca l led  rock in format ion needs inc lud ing matr ix p roper t i es  and 

cond i t ions ,  s i n g l e - f r a c t u r e  p roper t ies  and cond i t ions ,  the same 

needs for f rac tu re  systems, fau l t -zone p rope r t i es  and 

cond i t ions ,  f r a c t u r e - f a u l t  system geometries, and anomalous but 

not f ractured rock p roper t ies ;  and also we needed 

c h a r a c t e r i s t i c s  of f l u i d  condi t ions in the rock: l i q u i d  and 

vapor. 

DR. DOMENICO: Are any of those va r iab les  in the 

Cal ico H i l l s  known today wi th regard to in format ion needs? 

MR. DOBSON: There is existing information in all of 

these, but it is limited as you aware. There are a few 

measurements of matrix properties. Actually I am not sure that 
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I can say there are any measurements of properties in the fault 

zones of the Calico Hills. There probably are not. 

We have on the order of half a dozen or a dozen 

drill holes through the Calico Hills now so we do have a set of 

matrix properties, some saturation/moisture content 

measurements and a few. 

DR. DOMENICO: To my knowledge, there are two 

measurements of permeability, both of which is horizontal, one 

of which is high and one of which is low. Is that correct? 

MR. DOBSON: 

MR. HARDIN: 

I am s o r r y ,  I d o n ' t  know. 

There were 11 core samples taken t h a t  

have been r e p o r t e d  i n  a Sandia r e p o r t  t h a t  I t h i n k  i s  i n  d r a f t .  

DR. DOMENICO: I was r e f e r r i n g  t o  i n  s i t u  t e s t s ,  

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

MR. HARDIN: I cannot comment on t h a t  r i g h t  n o w .  I 

would have t o  t h i n k  about t h a t  one. 

DR. DOMENICO: Wel l ,  I can. I t h i n k  I remember. 

MR. DOBSON: Okay. 

DR. DOMENICO: There are two. I t h i n k ,  from t h a t  

m a t r i x  t h e r e ,  t h a t  i s  about i t .  

MR. DOBSON: There i s  no ques t i on  t h a t ,  as you w i l l  

see, the  c u r r e n t  u n c e r t a i n t y  i s  a s i g n i f i c a n t  problem w i t h  

completing assessments like this. The data set that exists is 

extremely incomplete and we need a lot more information. 

Our subpanel came back and said, '°Not only do you 
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need t.', knc, w those kinds of informations, you need to know 

certain characteristics of that information, things like what 

are the values, what are tile statistical characteristics of the 

values like the mean and standard variation, and the spatial 

distribution. If you can determine, directional variability. 

Representativeness, if you can get some kind of a measure of 

that. Finally, any correlations between parameters you can 

establish. " 

The subpanel came back with a rather extensive list. 

It is a table 10, 12 pages long of information needs that 

probably will show up, if I had to guess, in the study plan 

when we get around to writing that. 

I wanted to show a graphic that summarized some of 

what I said about the need for information in different areas. 

This shows, in color, some of the reasons you need to have 

information from different areas of the repository block. 

Most of you are familiar with the conceptual 

perimeter drift diagram. In the three colors this shows the 

contours of the approximate thickness of the zeolitic units in 

the C a l i c o  H i l l s .  In the south and western p o r t i o n  of the 

r e p o s i t o r y  t h e r e  i s  very l i t t l e  z e o l i t i c  at Ca l i co  H i l l s .  I t  

i s  p r i m a r i l y  v i t r i c ;  but t he re  may even be a small chunk of the 

repository where there is no continuous zeolitic horizon 

underneath the proposed repository. 

There are also a number of structural zones where we 

EXECUTIVE COURT REPORTING, INC. 301/565-0064 



2 

3 

5 

6 

7 

8 

9 

I0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

162 

feel it is important tc, have information of various sorts, 

including the Solitario Canyon Fault Zone on the bounds of the 

rep,z, sitory block on the west, the drill hole wash structures 

which may or not be faults but certainly ,-onstitute major 

lineaments on air photographs, the Ghost Dance Fault which cuts 

the repository, and the Inregut [ph] Fault Zone which is 

present to the south and east of the repository. 

We felt we needed information from all of those 

areas. 

The next step, after having identified the 

i n f o r m a t i o n  needed, was to  eva lua te  the v a r i o u s  techn iques  one 

could use t o  acqu i re  the needed i n f o r m a t i o n .  We put t oge the r  

some t a b l e s  in  which we summarized p o s s i b l e  techn iques  for  

a c q u i r i n g  a l l  t h a t  i n f o r m a t i o n .  

This i s  an example of  one and i t  c o n t a i n s  some 

q u a l i t a t i v e  l e t t e r s  t he re  we d o n ' t  need to  t a l k  about too  much; 

but b a s i c a l l y  the purpose i s  to  show you t h a t  the v a r i o u s  

techn iques  we have c o n s i d e r e d  have inc luded  sur face-based 

techn iques ,  i n c l u d i n g  main ly  mapping which i s  what i s  shown on 

the far  r i g h t ,  over here;  i n c l u d i n g  geophys ica l  t echn iques ,  

which can be ,-onducted either from the surface or from the sub- 

surface; including bore hole drilling, and that includes of 

course both vertical holes and angle holes that we added as a 

separate category because of the hydrologic value of the multi- 

well clusters and also underground bore holes from the main 
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test level; and finally we added excavation and we separated, 

we had three categories: the shaft, drift and ramp type 

in  for mat ion.  

We q u a l i t a t i v e l y  evaluated the i n f o r m a t i o n  needs in  

terms of how well each ,0f the techniques could p rov ide  tha t  

kind of i n fo rma t ion  as an i npu t  or a too l  t o  developing the 

s t r a t e g i e s  we were going to  use. 

I am through the f i r s t  two pa r t s  of  t h i s .  I am now 

going to  move to  the s t r a t e g i e s  we d id cons ider .  

As I sa id ,  g iven the d e f i n i t i o n  of  the i n fo rma t i on  

needs we then went and composed a set of  v a r i a b l e s  or op t ions  

tha t  we could use to  develop d i f f e r e n t  t e s t i n g  s t r a t e g i e s .  The 

va r i ous  op t ions  were i d e n t i f i e d  such tha t  they had d i f f e r e n t  

c h a r a c t e r i s t i c s  w i t h  respect  t o  at l eas t  two impor tant  t h i n g s .  

One i s  t h e i r  a b i l i t y  t o  p rov ide  d i f f e r e n t  types and 

amounts of t e s t i n g  i n f o r m a t i o n ;  and second i s  t h e i r  p o t e n t i a l  

impact on the performance of the s i t e .  Let me see i f  I can 

g i ve  you a l i t t l e  more c l a r i f i c a t i o n  on t h a t .  

The s t r a t e g i e s  d i f f e r e d  in  the types and amounts of  

surface-based t e s t i n g  they had. We inc luded as a base the 

cur ren t  program descr ibed in the S i t e  C h a r a c t e r i z a t i o n  Plan, 

which i s  p r i m a r i l y  the v e r t i c a l  d r i l l i n g  tha t  you are a l l  

f a m i l i a r  w i t h ,  in  a l l  of  the s t r a t e g i e s .  

Some of the s t r a t e g i e s  included expanded v e r t i c a l  

and angle bore hole d r i l l i n g  from both the sur face and the main 
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test level, and we did have a drilling engineer on the Task 

For.-e to help us put in only things we thought were technically 

feasible. 

Finally, some of the strategies included the 

addition of a small undergrc.und facility in zeolitic Calico 

Hills rocks at Pryle Pass, which is north of Yucca Mountain. 

In other words, especially in cases where the strategy did not 

contain in situ excavation near the repository block, it was 

felt that in situ excavation in an area away from the 

repository would be a minimum necessary requirement in order to 

suppor t  the  a b i l i t y  o f  t h i s  techn ique  or s t r a t e g y  t o  p r o v i d e  

a l l  the  i n f o r m a t i o n  needed. 

For s t r a t e g i e s  t h a t  had underground e x c a v a t i o n  i n  or 

near the  proposed r e p o s i t o r y  b lock ,  the  p r i n c i p a l  v a r i a b l e s  I 

mentioned t h a t  we developed are shown here.  

The f i r s t  one was the  amount o f  e x c a v a t i o n :  whether 

i t  was a l i m i t e d  f a c i l i t y  versus  an e x t e n s i v e  f a c i l i t y .  The 

second was whether i t  was connected w i t h  the  main t e s t  l e v e l  

E x p l o r a t o r y  Shaf t  F a c i l i t y .  The t h i r d  was the  l o c a t i o n  o f  the 

i n i t i a l  p e n e t r a t i o n  i n  the  Ca l i co  H i l l s  u n i t ;  and t h a t  i n c l u d e s  

l o c a t i o n s  both i n s i d e  and o u t s i d e  the e x p l o r a t i o n  b lock .  

I want t o  p o i n t  out t h a t  we f e l t  t h a t  each of these 

things was sensitive to one or both of those criteria: the 

potential impact on the site, and the potential amount of 

information you get out of it. 
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For example, with respect to the first category: 

amount of excavation, a limited facility in general could be 

expected to have lower impact. It could also be expected to 

provide less information. 

A facility that is outside of the exploration block, 

of course, would have lower potential impact, but it would also 

provide less representative information. 

A connection with the main test level shaft facility 

was viewed largely as something not that would provide more or 

less test information, but that conceivably you could construct 

scenarios where there was greater impact if you had connected 

pathways from the main test level. 

A couple of other constraints on possible locations 

for underground facilities were identified by the group. These 

were selected with some rationale, but not in any quantitative 

performance assessment sort of sense. 

We felt we needed on the minimum of on the order of 

100 meters of thickness of the Calico Hills from the base of 

the Topopaw Spring to the water table. To consider an area for 

a strategy less than that, we felt we were going to get into 

problems with capillary effects from the water table and not 

having enough room to do an adequate test program. 

Secondly, for outside strategies we adopted a 

minimum of a 2,000-foot setback from the exploration block just 

to get that far outside the repository block. It was selected 
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somewhat arbitrarily, the ratic, nale being that that far away 

from the block there would be little or no impact as a result 

of the excavations. 

Given the options and the constraints that I have 

des,-ribed, we identified six general areas as possible sites 

for Calico Hills test facility access. These locations were 

then combined with other variables, primarily the other 

variable being: How much surface-based testing do you combine 

with how much in situ testing when you constitute something you 

call one of your strategies? 

This map shows where the six general areas were. It 

a l s o  shows t h e  s k e t c h ,  t h e  2 , 0 0 0 - f o o t  se tback ,  fo r  t h e  o u t s i d e  

zones. The areas  you w i l l  hear us t a l k  about  i n c l u d e  n o r t h  and 

n o r t h e a s t  l o c a t i o n s  bo th  i n s i d e  and o u t s i d e  Of t h e  b l o c k ,  a 

c e n t r a l  l o c a t i o n ,  sou th  and s o u t h  eas t  l o c a t i o n s :  one i n s i d e  

and one o u t s i d e ,  and a west l o c a t i o n .  

These were, as I sa id ,  t e n t a t i v e l y  i d e n t i f i e d  as 

places where you might put the access for the Cal ico H i l l s .  

DR. DOMENICO: Is there  a l i n e  someplace where you 

c o u l d  say C a l i c o  H i l l s  i s  u n s a t u r a t e d  t o t a l l y ?  Where would 

that line be? 

MR. DOBSON: I could not tell you exactly, but it 

would prc, bably be somewhere around in here. There is just a 

little bit c,f Pryle Pass on the west edge of the repository. 

You saw that color graphic I saw before? 

EXECUTIVE COLIRT REPORTING, INC. 3~:~i/565--0064 



0 

3 

4 

5 

6 

7 

8 

9 

I0 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

DR. DOMENICO: Yes, I did. 

MR. DOBSON: At one point I had in the presentatic, n 

an isopack map of the thi_kne~ °of the Calicc, Hills. 

The total thi,-kness of the Calico Hills' unsaturated 

unit in the repository block goes from about 3(}0 feet, here, to 

about 1,000 in the southwest end. So the minimum thickness of 

the Calico Hills is at the northeast end, and it is 300 ,0r 400 

feet there; and it gets thicker to the southwest. 

DR. DOMENICO: Let me ask it again. 

Five of those locations will encounter unsaturated 

Calico Hills and one will encounter saturated? 

MR. DOBSON: No. 

unsaturated Calico Hills. 

DR. DOMENICO: A l l .  

MR. DOBSON: Yes. 

i n  u n s a t u r a t e d  C a l i c o  H i l l s .  

quest i on. 

MR. HARDIN: 

i s  t h e  t h i n n e s t .  

A l l  o f  t h e s e  w i l l  encoun te r  

So i t  i s  a l l  u n s a t u r a t e d .  

A l l  o f  t hese  l o c a t i o n s  would be 

I am s o r r y ,  I m i s u n d e r s t o o d  t h e  

In the northeast the unsaturated part 

MR. DOBSON: -You will see in a couple of minutes 

that we eventually screened out the northeast option because it 

was so thin. That was exactly the reason we screen it out; but 

it met the minimum standard. 

When we first drew it up there was roughly on the 

order of 70 or 100 meters, about 300 feet, of thickness 0-,f it 
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out there; but because it was sc, small we eventually screened 

out that optic, n. 

DR. NORTH: Could you review for us the vitric 

versus the zeolitic areas? 

MR. DOBSON: Sure. They overlap, Warner, as I am 

sure you have seen. 

DR. NORTH: Yes. 

MR. DOBSON: The contact is kind of gradational 

going from northeast to southwest. On the extreme southwest 

edge there is a few hundred feet where tile Calico Hills has 

little or no zeolitic facies. You start to pick up thin beds 

of ze,z, litized Calico Hills as you move more to the northeast. 

By the time you get to the northeast the entire thickness is 

zeol it ized. 

The previous viewgraph I showed that had the colors 

on i t  had con tou rs  of  the  t h i c k n e s s  o f  the  z e o l i t i c  C a l i c o  

H i l l s  so t h a t  i f  you put my p o i n t e r  about l i k e  t h i s  you are 

l o o k i n g  at about the 100- foo t  t h i c k n e s s  o f  z e o l i t i c ,  and here 

would be about the  300 - foo t  t h i c k n e s s  of  z e o l i t i c .  So the  

thickness decreases along contours to the southwest. 

In most of the block there is some zeolitic and some 

vitric, but the thi,_-kness decreases dramatically to the 

southwest. 

I mentioned that when we combined all these things 

we came up with 24 p,-,ssible combinations for the undergr,-~und 
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portion of the strategies. This shows them summarized 

according to the variables that I gave you a few minutes ago. 

The area, of course, is the first. North or 

northeast are lumped together here; south or southeast are 

lumped tc, gether here; then central and west; and then there is 

the option of being inside the blc0ck or outside the block for 

the north and south options. 

There is the option of having an extensive facility 

or having a limited facility so that permutes into two more 

chances. Finally there is the option of integrating the 

facility with the Exploratory Shaft Facility or leaving it 

separate. 

We numbered those and then we began to screen the 

opt ions. 

MR. BARNARD: Dave, in that center column, 

"Extensive Operational Facility", can you describe the 

difference between an extensive facility and one that is not? 

MR. DOBSON: Yes. You will see that in a minute, 

but if you want a quick summary of it the extensive facilities 

were facilities where we planned to have tile ability to access 

virtually any structural feature in the block. So they were 

designed such that you would need to plan for 12,000 feet or 

more of drifting in the Calico Hills. 

The limited facilities were planned such that they 

would require 5,000 feet or less, approximately. That is 

EXECUTIVE COURT REPORTING, INC. 301/565-0064 



2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

r. 

23 

24 

25 

drifting, now; that dc, es not in.:lude shafts and/or ramps 

getting int,:, them. 

MR. BARNARD: 5,000 feet of drifting is a limited 

,-,perational facility? 

MR. DOBSON: Yes. That was based, actually, on some 

input from our mining engineers on approximately where the 

transition would be in terms of ventilation requirements and 

additional support shafts. That is where we came up with the 

threshold: somewhere between 5,000 and 10,000 feet. 

You would get sort of a quantum leap in support 

requirement s. 

We learned that after having composed these 24 

possible underground configurations we got the full Task Force 

back together, and screened and aggregated the options with the 

goal of producing a finite set of strategies we could evaluate. 

As I said earlier, we did a pre-screening phase. 

Before we composed the strategies we took the components of the 

strategies--whether it was extensive or limited, whether it was 

limited, et cetera--and we did a kind of pre-screening by 

qualitatively evaluating them, as I mentioned, with respect to 

potential impact and test utility or amount of testing 

information provided. 

These then go qualitatively ranked, as I said, such 

that a facility inside the block that had extensive drifts and 

whic:h was integrated with the Exploratory Shaft Facility would 
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potentially have the highest impa,-t. Extensive fa,-ilities 

inside the block als,-, ranked high in terms of test utility. 

You would get the most information from a l,:,t of 

drifts in the repository bl,m, ck. On a relative scale, an 

outside fa,mility that was small, not extensive, would provide 

the least testing information, but would also have the lowest 

imp a,-- t. 

So we developed this sort of pre-screening set of 

informati,:,n, again to help us compose the strategies. Given 

that information we screened out some of the possible options. 

I have a few examples here of the ones that got s,:reened. 

We eliminated outside options that were not 

integrated with the Expl,:,ratory Shaft Facility. We felt that 

would extend the boundary of the working facility, and there 

was not really any rationale for doing it; and all it w,-,uld do 

was potentially add waste isolation impacts to the site. 

We s,:reened out inside options that were not 

connected with the Exploratory Shaft Facility partly because, 

depending on where it was, it could potentially reduce useable 

area of the proposed repository; and partly also because, in 

most cases, you are going to require an extra penetration 

anyway to get down to the Calico Hills. So we did not feel we 

were saving much by leaving inside opti,m, ns that were not 

connected with the Exploratory Shaft Facility. 

Relevant to the question Dr. D,:,meni,-o asked a few 
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minutes ag,:-,, the nc, rtheast ,-,utside option was eliminated 

beizause the available thickness of the Calico Hills was right 

,-,n the margin and we felt it was n,z,t enough to really leave us 

a lot of flexibility. 

The west outside option was eliminated for a couple 

of reasc, ns. One is that because clf the down-through of the 

Solitaric, Canyon Fault you have to go pretty far west to get to 

Calico Hills balzk in the unsaturated zone. By the time you are 

that far to the west you have what we felt were fairly 

significant questions ab,-~ut representativeness; and we really 

did not Pnow anything about what the rocks look like out there. 

Finally, the central inside option was eliminated 

partly because of pc, tential reductions in useable area, and 

partly alsc, because, as you will see, we felt the information 

that was provide by that strategy was provided probably even 

better by some of the other strategies we ,-ame up with. 

The remaining options after the screening were 

combined, as I said, with surfa,ze-based testing options to 

create eight strategies. We think the strategies we came up 

with represent an appropriate range of the possibilities in 

terms of maximum information provided by testing versus 

minimizing potential impacts. 

There is :,ne last :important slide before I start 

des,::ribing what the individual strategies were. There was s,-,me 

question earlier--and Max mentioned this morning I think .... that 
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we did not do a detailed study plan for these investigations: 

We have n,-,t said that at latitude such and longitude such you 

should do a percolati,z,n test. 

We did, h°-,wever, define what we thought the basic 

testing program w,-,uld be for the underground portion of the 

Calico Hills test in any of these cases. This is taken, at 

least in part, from the original Site Chara,-terizati,-,n Plan. 

These were the techniques we were planning to use. 

We still feel that all of these are appropriate and 

applicable so I wanted to go over them. 

Each of the strategies, of course, gets a mapping 

program. In our current program, that is a photogeometric 

mapping program combined with lots of apa-phase mapping. We 

have extensive mapping of the wall rock. This supports the 

studies of the geo,'hemistry, the geo,zhemical retardation 

p o t e n t i a l .  

DR. DOMENICO: 

e l i m i n a t e d  a l l  of  them, d i d n ' t  you? 

MR. DOBSON: No, no, no. 

DR. DOMENICO: 

MR. DOBSON: 

DR. DOMENICO: 

MR. DOBSON: 

sc, utheast outside. 

DR. DOMENICO: 

David, which areas are l e f t ?  You 

What i s  l e f t ' ?  

The north. 

The north is left'? 

The n,-,rth inside, the south inside, the 

Okay. Thank you .  
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I kept marking things gone. 

[Laughter ] 

MR. DOBSON: On that map there is one comment I did 

not make that I intended to make. 

Of course, we were considering the Calico Hills, and 

drifting and testing within the Calico Hills. We did not 

explicitly consider where a shaft at the surface would start. 

We did n,-,t c,-,nsider if an access was in a valley or on a ridge. 

We have just provided that we needed to get access 

here, and that those other aspects of the analysis--many of 

which are being considered by the Exploratory Shaft Facility-- 

were not explicitly considered by the Calico Hills. 

We just considered where we needed access to the 

Calico Hills. 

MR. McFARLAND: Dave, could we back up a moment? 

MR. DOBSON: Sure. 

MR. McFARLAND: The central inside option was 

eliminated because of potential reduction in useable repository 

area. Would you clarify that? 

MR. DOBSON: The main reason is that if you have an 

opening going down through the proposed repository horizon the 

tendency c,f our 60 requirements is that you leave space around 

anything. You have to leave a pillar around any c, pening, 

whether it is a drill hole or a shaft. 

MR. McFARLAND: You are talking shaft apart from the 
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Exploratc°ry Shaft Facility? 

MR. DOBSON: Yes. 

We dc° have access to the central part of the block 

in several of our strategies. That is why we eliminated that 

particular opt i c°n. 

There was also a question in the central part with 

that testing. I did not gc° into all of these. For the central 

option you are limiting your ability to get to structural 

areas. You are kind of in the best, biggest block of the 

repository and you cannot get over to things like the Ghost 

Dance Fault and Solitaric. Canyon Fault without more extensive 

drifting than we planned for. 

MR. McFARLAND: All options are connected to the 

Exploratory Shaft Facility, right? 

MR. DOBSON: No, all are not. 

MR. McFARLAND: Al l  i n s i d e  opt ions .  

MR. DOBSON: Al l  ins ide opt ions are, now.  They 

were not when we started. 

We started with the assumption that they need not 

be, but during our screening we eliminated those inside options 

that were not connected to the repository. 

MR. McFARLAND: Mainly the central one. 

MR. DOBSON: 

MR. E:ORDING: 

That is right. Exactly. 

But you are not eliminating the 

possibility of a drift through the central area. 
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MR. DOLqSON: bl,::,t .at ali • Y,::,LI wi 11 see a dr i ft 

thrc, ugh the central area on at least two of our strategies. 

DR. DObIENICO: Y,::,u are saying i f y,:,u dc, have a,:cess 

to either the north or the south areas it will be through the 

Explorat,-,ry Shaft Fa,-ility? 

MR. DOBSON: If it is within the block, yes. 

You will see strategies that have access to the 

southeast oLvtside the block that are not connected to the 

Exploratory Shaft Fa,-ility; but for our strategies that are in 

the block they are connected to it. 

MR. ROY WILLIAMS: Dave, what happened to your 

fracture mapping up there ..> 

MR. DOBSON: Fracture mapping is part of the mapping 

pr ogr am. 

MR. ROY WILLIAMS: Is that an oversight, or it just 

doesn't do anything like that? 

MR. DOBSON: To get back to the information, you 

will re,-all we had four different categories of rock 

information related to fractures. Those are the principal 

component s. 

I fully expect that the mapping program is going to 

c,:,ncentrate primarily on fra,-ture mapping. I probably should 

have been more clear about it and put d,-,wn "fracture mapping" 

In additi,-,n t,-, the mapping and standard sampling 

programs we anticipate will be done during the underground 
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exploratic, n peri°:,d, c,r wc, uld be done, w¢~. als, E, have plans for 

pilot bore hole type test~-~ that could be dc0ne. Sc°me of these 

were described in connectic, n with other tests for the main test 

level. 

Hydrologic testing in whatever the access facility 

is tests like the radial b,:,re holes tests that are already 

being planned; exploratory drilling from underground openings 

for features that we suspe°zt might be there or know might be 

there from other information and hydrologic tests of any major 

features intersected by the drifts. 

In other words, if we find faults in any of these 

drifts we are going to stop and try to figure out what the 

characteristics are of that fault. 

In addition, for the extensive drifting strategies 

you will see we assumed that some additional kinds of 

experiments would be done since there will be so much more room 

available, basically. Those include bulk property experiments: 

things like bulk permeability; we have some described in terms 

of pneumatic tests in the Site Characterization Plan now, but 

we could do them hydrauli,-ally as well; and some percolation 

transport experiments could be run. 

There are something not too different than from what 

Allen Flint is probably planning on the surface now, but being 

done in the Calico Hills. 

That summarizes the test prc°gram. I am now going to 
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quickly go thrc, ugh the strategies. I am gc, ing to d, z, them in 

order from least excavation to most. Unfortunately therr,~, are 

nc, t in numerical c, rder. Th~.y just came out this way. 

Strategy Number Six is a Surface-Based Testing 

Program c, nly. It represents the minimum program that the Task 

Force felt was appropriate to consider. It is a bigger program 

that what is currently in the Site Characterization Plan. 

In this we added some of the things I described to 

you before. We have angle holes on the Solitario Canyon Fault, 

c°n the Ghost Dance Fault and through the drill hole wash 

structure; and include a deepening of the multi-purpose bore 

holes through the Calico Hills, and it includes some angle 

hc°les drilled from the main test level through the Ghost Dance 

Fault underground. 

It also, includes the Pryle Pass test facility that 

we described. That would be a facility that would be on the 

order of a 200-foot long added which could be drilled in from 

Pryle Pass into zeolitic Calico Hills, and would allow access 

for tests of whatever sort we wanted to do. 

That is the minimum strategy that we considered. 

MR. ALLEN: What is the rationale for two vertical 

holes adjacent to one another'7 

MR. DOBSON: In the current Site Characterization 

Plan the multi-purpose bore holes are drilled solely to analyze 

impacts from the shaft, and are not drilled through the Calico 

EXECUTIVE COURT REPORTING, INC. 3C~I/565-0064 



0 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Hills; and we drilled to the bottom of T,:,p,:,paw Spring. 

S,::, this in,::ludes deepening thc, se holes. That is 

all. 

DR. BLANCHARD: Clarence, they are drilled prior tc, 

c,;,nstruction of the expl,-~ratory shaft sc, you get a set of 

baseline conditions. 

MR. ALLEN: Related to the Topopaw shaft. 

MR. DOBSON: Yes. This just says we will make them 

characterization hc, les, drill them through the Calico Hills. 

I am not going to summarize the word-sides that go 

with each of these in the interests of time, but they are there 

for anyone to ask questions if you would like. 

DR. DOMENICO: In terms of hydraulic testing, will 

you do any of that in saturated Calico Hills? 

MR. DOBSON: Yes, I would anticipate that most all 

of these would be drilled--well, no. You will not encounter 

saturated Calico Hills unless yc, u drill sort of west of the 

center line of the repository; but then you will. 

DR. DOMENICO: You will encounter saturated Pryle 

Pass. 

MR. DOBSON: That is right, somewhere around the 

central part of the facility. 

DR. DOMENICO: So basically hydraulic testing is out 

in this program, in this phase. 

MR. DOBSON: Remember, I am just describing the 
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t~esting in the unsaturated z,:,ne. I don't think that wc, uld 

imply that the guys doing the characterization program in the 

saturated zc, n(~ are not g,-~ing to test the Calico Hills. I think 

they ar e. 

DR. BLANCHARD: Dave, there is c, ne point I think we 

want tc, make ,zlear. 

The Surface-Based Program that has been described to 

you previously for both anomal,z, us features as well as the 

geostatistically-based program assumes a combination of drill 

holes to acquire a core as well as drill holes to place sensors 

to make hydrologic measurements in both the saturated and the 

unsaturated z c, ne. 

All of these test strategies for the Calico Hills 

assume that program is carried out as planned. These are 

deltas to that program. 

MR. DOBSON: I guess I would reiterate that. 

This program assumed that the current unsaturated 

and saturated zone drilling zone programs that are planned and 

that are in the Site Characterization Plan are a fundamental 

part of this analysis. 

All of those do collect information on the Calico 

Hills. 

DR. DOMENICO: 

MR. DOBSON: 

The Calico Hills saturated zc, ne? 

~,nd unsaturated z o n e  in places; but 

what we are talking abc, ut here is the activity that was 
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originally in the Site ISharacterizati,-,n Plan that pr,-,pc, sed 

doing in situ testing in the Calico Hills, and an increment on 

top of the program in the existing Calico Hills. 

S°-° everything I am talking about here does not 

represent the only testing we plan to do in the C'ali,-o Hills. 

It represents the additional increment of testing beyond that: 

the primarily vertical drill hole program that is des,-ribed in 

the current Site Characterization Plan. 

The next strategy was an attempt to get some 

information from in situ testing without getting too close to 

the reposit,i~ry. So we added a small facility in the southeast, 

on the order of a cc, uple thousand feet of drifting, with access 

to sc, me of the structures that exist down there. 

There are some faults down there including probable 

extensions °-0f the Gh,-0st Dance Fault. It also added some angle 

drill holes c,n the northeast in the drill hole wash section, in 

the Solitario Canyon Fault and Pryle Pass test facility I 

mentioned earlier. 

Therefore, this was slightly more information than 

we got out of the last one, including an in situ facility, but 

not within the repository block. 

The next was Strategy Number Seven. It was 

basically similar to the previous one, but had an extensive 

program of drifting in the southeast un,-,-,nnected to the 

Exploratory Shaft Facility. 
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It appear~:~d the sc, utheast was the best area for 

getting informatic, n that was closely analogous to, but not frc, m 

the repository block, t%s most of you are aware, there are a 

number of faults and fractures in the southeast section. Sc° it 

would be an area where they inf,-0rmatic°n would give us sort c,f 

structural information on how the Calico behaved in a 

structural zone. 

It also included some additional angle holes on the 

Ghc, st Dance Fault and the Solitario Canyon Fault and drill hole 

wash structure because, again, of the fact we were not going to 

get any in situ studies of those within the block. So we threw 

those angle bore holes into the strategy as well. 

Strategy Number Three is one we refer to sort of as 

something like what the original base case would have been in 

the consultation draft c,f the Site Characterization Plan. It 

includes a small facility in the northeast that does have 

access to the Ghost Dance Fault, the Inregut Fault and the 

drill hole wash. It is pretty much the same facility as our 

current configuration in the main test level except that it is 

done in the Calico Hills. 

That was a kind of a reference case for us in terms 

of the analyses. 

Strategy Number Four is essentially the same cc, ncept 

as Number Three except that it went to the south end c,F the 

repository. It is limited drifting with access to the 
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S,:,litario Canyon in this case and s,:,m~ of the faults on the 

southeast edge: a small facility. 

Obvic, usly the differen,-e between these two is that 

Strategy Number Four has good access to the vitric tufts; 

Strategy Number Three has gc, od ac,zess to the ze,:,litic; but 

neither of them has good access to the other. 

Strategy Number One was an attempt to s,z, lve the 

problem of getting representative information together with 

getting lots of information . So we came up a strategy that 

involved extensive drifting in the southeast together with a 

limited facility in the northeast, a confirmatory facility 

almost. 

The drifting in the southeast gave us access to lots 

of structural features, also to the vitric/zeolitic transition. 

The northeast would give us some confirmation that the 

information acquired was consistent with that we had measured 

in the southeast. 

We also added an angle drill hole on the Solitario 

Canyon Fault and the southern end of the Ghc, st Dance Fault 

because, again, they would not be accessed in situ; and we 

included the Pryle Pass test facility in the strategy as well. 

So this one is kind of a summary of all kinds of 

stuf f. 

Finally we have Strategy Number Five, which is 

essentially identical to Strategy Number Tw,-_,, which is the next 
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,:,n,:~ you wi 11 hear ab,:,ut. Thi s strategy i n,: i udes exten.~sive 

dri fting within the repository block; it includes ac,:::~.~ss 

several places into the Ghost Dance Fault, access to, the 

Inregut Fault zone to the northwest trending structures and 

drill holes and wash, and a,-,.~ess to the S,-,litario Cany,-~n Fault. 

As I said, we initially calculated this strategy 

would require a minimum of 12,00 feet of drifting. I think as 

drawn here it has something like 18,000 or 19,000 feet. 

It is an extensive facility that gets information 

from all the lithologic units. You get the opportunity to go 

through the vitric/zeolitic transition in c0ne or more places as 

required, and you get lost of structural information as well. 

The only differen,:e between this strategy and 

Strategy Number Two,, which I will put up in five seconds, is 

that this strategy has its access in the north and Strategy 

Number Two has its access in the south. That was done partly 

because of integration needs for the Exploratory Shaft Facility 

group. 

If we used only one strategy and they had a sc°uth 

facility it was going to be very difficult to integrate; but 

from the view of the Calico Hills Task Force the information 

provided by this strategy and Strategy Number Two are 

identical. 

We were interested in getting extensive exposures in 

the Calico Hills and it really did not matter, because the 
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facilities were so extensive, whether the a,::,-es5 came in the 

north or the south. 

Tc, confirm that statement, there is Strategy Number 

two with the ac,-ess in the south. 

That is all I have to say for the first part ,-,f the 

presentation. 

DR. DOMENICO: 

MR. DOBSON: 

DR. DOMENICO: 

I have a hard question to phrase. 

Ok ay. 

Drifting requires you have an 

exploratc, ry shaft. That is number one. A Ic, t of us are 

interested in early assessment of the site: site suitability. 

Which parts of your strategies will serve those 

needs? Drifting is going to come before you can give an early 

assessment, assuming things are done in sequence. 

Will your selected strategies serve the program of 

early assessment ,-,f site suitability? Did I state that 

clearly? 

MR. DOBSON: 

DR. DOMENICO: 

MR. DOBSON: 

Most of it. 

Okay. 

You might want to join in, too, Max. 

I guess I would say that the Task Force did not 

expli,-itly go about prioritizing the Calico Hills tests with 

respect t,:, the other tests that are being dc0ne. I think 

someone mentioned this morning--and it might be a log:Lcal next 

step .... the in wc, rk that Bru,:e and Steve described~ and Russ, 
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they might want to go b,~,:;: and rank essentially the underground 

tests versus the surface-based tests. 

I don't think what we have done here would prevent 

yc, u from making this a high-priority item, but we did not 

explicitly address that. I guess that is the main thing I have 

to say. 

We were not asked to rank the Calico Hills tests 

versus some others. 

DR. DOMENICO: No. I do not want a ranking. The 

Cali,::c, Hills, you said, is your main barrier. 

MR. DOBSON: Yes. 

DR. DOMENICO: If you are going to get an early site 

suitability analysis you have to investigate, somehow, your 

main barrier. 

MR. DOBSON: I agree. 

DR. DOMENICO: How do your selections meet that need 

or d° z, they? Maybe we have to depend on other things. 

DR. BLANCHARD: Dave, can I help? - 

MR. DOBSON: S u r e .  . . . . . .  ~'~'i 

DR. DOMENICO: I s a i d  i t  was a hard  q u e s t i o n ,  Max. 

DR. BLANCHARD: As Dave t a l k e d  t h rough  these  

sequences you can see t h e r e  are d i f f e r e n t  degrees °0f impacts  t o  

the  C a l i c o  H i l l s .  Each one of  these  causes more d r i f t i n g ,  

which is an impact tc° the Calicc° Hills. 

It is not necessarily much of an impact on 
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performance; and presentations that c,--,me subsequent tc, this 

will describe the perceived nature of the magnitude of the 

impact on per formanre as a consequence of that drifting. 

The real benefit of drifting in the Calico Hills 

allc, ws you to gain thousands of test points about hydrc, logy and 

about radionuclide retardation properties. 

does that. 

The earl ier one 

In the Ca l i co  H i l l s  the e a r l i e r  you e i t h e r  l ea rn  

that your experts' judgments were wrong because they did not 

have enough information on which to base a good premise, or 

that you confirmed they are in the right trends. 

Therefore, the timeliness with which you conduct 

these underground test programs in the Calico Hills within the 

area of the waste emplacement area--in other words, inside that 

boundary--the better off you are with respect to acquiring 

information on early degrees of unsuitability or early 

disqual i fiefs. 

The timeliness issue, rather than being addressed by 

this particular Task Force, is being addressed in the 

Exploratory Shaft Facility Alternative Strategies because 

timeliness has to address schedule and cost, and other factors, 

in addition to the test program that would be outlined in the 

Calico Hills. 

So if you had your druthers--if cost and time were 

not very important ...... the first approach wc, uld be to go for it as 
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fast as you cc, uld: have acce.ss to the Calico, Hills at the range 

of properties or exposure, allow testing in the range of 

properties where you have order c,f magnitude changes in 

hydraulic c,:-,nductivity and zec, litic-type minerals. 

That is not necessarily the way yc, u wc, uld manage an 

engineering program or the way you would choose to spend your 

money if y,z,u had a more ordered process. 

Therefore, in the end, I think, it is going to turn 

out to be very much a management judgment and depend a lot upon 

the amount of dollars available. 

However you are right that if you go in a very step- 

wise methodical process one might spend a year or two or three 

years, as you construct your exploratory shaft slowly, going 

througl~ each one of the rock units until you get down to the 

Ca l i co  H i l l s ,  and then not s t a r t  your Ca l i co  H i l l s  t e s t  program 

for t h r e e  or four years from now. 

Time po in t  you are t r y i n g  t o  make about time 

t i m e l i n e s s  of the a c q u i s i t i o n  of  t h i s  i n f o r m a t i o n  t o  l e a r n ,  

e a r l y  on, about the performance c h a r a c t e r i s t i c s  c.f t h a t  rock" 

u n i t  i s  very impor tan t ,  and i t  i s  one t h a t  we are watching very 

c 1 osel  y .  

DR. DOMENICO: But I am t r y i n g  t o  see a connectic, n 

between this program and the Surfa,-e-Based Pri,z, ritization 

Program. This morning we learned they are all integrated. 

Drifting is going tc, ,:,:,me tc:, late for an early site 
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assessment 7 

MR'. BROCUM: Probably. 

At the beginning of Dave's talk he said these things 

were changes and additions general to our Surface-Based 

Drilling Program, which has an extensive component of drilling 

down to the water table: 18 or 20 holes. 

We have a major drilling problem which will happen 

irregardless of whichever choice in the Calico Hills drifting 

we make. 

DR. DOMENICO: So we have 20 holes in the Surface- 

Based P r i o r i t i z a t i o n  Program in add i t ion  to these? 

MR. BROCUM: I don't know the exact number. Ernie 

Hardin is the expert. 

down to the water table, which will be extensively cored and 

tested. 

We have a large number of holes going 

DR. DOMENICO: 

t h i s  morning. 

That i s  r i g h t .  I d i d  not know t h a t  

MR. BROCUM: I am s o r r y .  

MR. DOBSON: I am s o r r y  i f  I d i d  not make t h a t  

c l e a r .  There i s  one o ther  f a c t  t h a t  maybe I w i l l  th row i n .  

Th is  i s  a l l  an increment on the c u r r e n t l y - d e s c r i b e d  

bore ho les ,  the  unsa tu ra ted  zone d r i l l i n g  program, which has I 

think 18 hc°les in the repository area, and the systematic 

drilling program, which has 12 in the first phase. 

Those are 30 bore holes, all of which go through the 
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Calico Hills int,:, the saturated zc, ne, and dc, testing thrc, ughc, ut 

the unsaturated zc0ne and in the saturated zc, ne. In some cases 

we will use the same holes for that. 

All of this testing that I am describing is an 

increment on that: specific characterization of the Cali,-o 

H i l l s .  

I would add one r e l e v a n t  p iece of  i n f o r m a t i o n .  You 

w i l l  see our assessments of  how good the t e s t s  are at p rov i d i ng  

the k ind of  i n f o rma t i on  you need. We recommended t h a t  we 

thought  Ca l i co  H i l l s  d r i f t i n g  should be done as soon as 

p r a c t i c a b l e  p a r t l y  because of  the  fac t  t ha t  the u n c e r t a i n t i e s  

w i th  d r i l l i n g  on ly  s t r a t e g i e s  remain h igh .  

We f e l t  you get a c o n s i d e r a b l e  b e n e f i t  w i t h  in  s i t u  

obse rva t i on  of  c o n d i t i o n s  in  the Ca l i co  H i l l s .  That i s  j u s t  a 

r e l e v a n t  obse rva t i on  t o  your p o i n t ;  but I t h i n k  t h e r e  i s  no 

ques t i on  t ha t  we plan a b ig  d r i l l i n g  program, and t h a t  t ha t  

w i l l  be fo l lowed up w i t h  a s p e c i f i c  c h a r a c t e r i z a t i o n  program in  

the Ca l i co  H i l l s .  . 
t 

Our recommendation was, as you saw, as I mentioned 

e a r l i e r  S t r a t e g i e s  Number Two and F ive,  e x t e n s i v e l y .  

MR. ALLEN: Wi l l  a s i g n i f i c a n t  number o f  those ho les  

in the o r d i n a r y  p lan be w i t h i n  the r e p o s i t o r y  b lock? 

MR. DOBSON: Yes, a dozen, something l i k e  t h a t .  

CHAIRMAN DEERE: It w°:,uld seem t,:0 me, Dave, that 

Number Five would have the advantage over Number Two that yc°u 
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have an earlier access tc, tlie Gh,-,st Dance Fault, unless yc, u are 

really after what it is like at the very far end and then the 

one you have, Strategy Numtler Tw,-,, gets yc, u d,-,wn and over but 

still involves a l,-,t more drifting and maybe six more mc, nths of 

time than others. 

MR. DOBSON: If the Ghost Dance Fault were your 

primary target. If, on the other hand, you chose the Solitario 

Canyon Fault you might give benefit to the southern strategy. 

DR. BLANCHARD: If one wanted to do it as fast as 

possible, you would actually want to go in from both the 

southwest and the northeast at the earliest possible time with 

either ramp or shaft and connect in the center, which would 

allow you to start your underground test program at b,-,th ends 

where the access was. 

CHAIRMAN DEERE: I agree with that, certainly. 

You say this is an add-on to your existing program, 

but certainly you must be getting benefit out of the new 

program that should cause modifications in the original 

program, like reduction. . . . . .  . i -.~ 

MR. DOBSON: Perhaps. 

You saw, when I first described the Surface-Based 

Testing Program, that we considered some of the things you 

might want to add given various strategies f,-0r underground 

exploration, for in situ exploration. 

The current program we have in the Site 
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Chara,::terizatic°n Plan is pretty specific, thc, ugh. I suspe,::t we 

wc, uld nc, t want to delete much, if any, c0f thc°se things. 

The systematic pr,-,gram gets yc, u spatially 

distributed information that we think we are going tc0 need in 

almost any case, although some small number of those holes 

might be deleted if, in fact, you had a lot of drifts there. 

That certainly is a possibility. 

The site vertical bore holes in the unsaturated zone 

drilling program are feature-specifi,:. Therefore, this program 

has clusters of bore holes on the Ghost Dance and clusters of 

bore holes on the S o l i t a r i o  Canyon. 

I suspect you are probably s t i l l  going t o  want t o  do 

tha t  because i t  g ives  you access for va r i ous  k inds of hyd rau l i c  

testing. 

CHAIRMAN DEERE: A l o t  of which would not be 

necessary if you had access to it. 

MR. DOBSON: 

be re,--onsidered. 

Perhaps. Those things would certainly 

?,. 

t 

MR. McFARLAND: At one t ime in  the past mentioned 

CHAIRMAN DEERE: Y e s .  

there was a constraint, real or implied, that drill h0-,les would 

not penetrate the repositc, ry stru,:ture: that they would be 

l,-,cated in columns and regi0-,ns outside of actual repository 

drift and tunnels. 

MR. DOBSON: Yes. That ,-,-,rues out of I0 CFR 
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15(c)(i)? I cannot remember the number; but it says to the 

extent practical locate bore holes in shafts and pillars. 

Of course, we felt that would be more important with 

shafts than with bore holes. 

MR. REITER: You can answer this later on. That is 

fine. 

What i s  the s i g n i f i c a n c e  of the p r o p e r t i e s  of the 

I think I would like to defer that to 

sa tu ra ted  Cal ico  H i l l s  w i t h  respect to  performance assessment 

as compared to  p r o p e r t i e s  of  the unsaturated Ca l ico  H i l l s ?  

MR. DOBSON: 

Ern ie  for l a t e r  on. 

You w i l l  see tha t  we d id assess how we thought the 

performance would be of the sa tura ted  zone; and tha t  i s  a 

But I would probably best s i g n i f i c a n t  par t  of  our a n a l y s i s .  

not go i n t o  tha t  now. 

MR. REITER: We are going to see what the effect 

would have of p a r t i c u l a r  assumed p r o p e r t i e s  in  the unsaturated 

Ca l ico  H i l l s  on the forms assessment? o 

MR. DOBSON: Yes. You are c e r t a i n l y  going to see 

what c o n t r i b u t i o n  we f e l t  you got from the sa tu ra ted  zone. 

That inc ludes  not on ly  the Cal ico H i l l s :  i t  inc ludes  a l l  the 

sa tu ra ted  zone. 

MR. REITER: What about the unsaturated: in c, ther 

wc, rds, the range of properties that it is possible you c:uld 

find in the unsaturated Calicc, Hills? What impa,::t would that 
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have on the per f,m, rman,::e assessment7 

MR. DOBSON: I think I am a bit cc, nfused. 

We did the unsaturated Calic,-, sc, mewhat separated 

from the saturated. We did the saturated zc, ne independent ,_,f 

the unsaturated zone assessments: n,:,t unrelated, but n,z,t in the 

same mc, del 

MR. REITER: Are we going to see that? 

MR. DOBSON: Yes, you will see what we did with the 

saturated zone. 

I will not introduce Hollis Call from Applied 

Decision Analysis. He will tell you about the framework that 

we used in the expert assessments. 

Framework _f,'-_,r Evaluation and Description of Expert Assessments 

MR. CALL: I feel like an FBI agent. 

My name is H,z, llis Call. Elizabeth Browne and I have 

been the decision analysts on this project for the last three 

or four m,z, nths we have been in the process. 

I am going to describe for you the methodology that 

we developed, implemented and used over the past four months of 

condu,mting this analysis. There will be a lot of similarities 

with what you have heard this m,m, rning in Bruce's talk, but 

there will be one important difference, at least: this is what 

we have a,mtually d,m, ne, n,m,t what we are planning tc, do. 

Some of what we have had tc, dc, t,:, fit this int,:, the 

time ,:,::,nstraints and s,_-, ,c,n just t,-, get cur analysis completed 
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will a,:cc, unt for some c,f the difference yc, u are going tc° hear 

about. 

To give yc, u a quick lock at the road map, this is 

the discussion of the framework we used to evaluate the 

strategies. 

Bruce talked a lot about some of the basic 

principles of decision analysis and information analysis. I am 

going to review with you again a few things. Those of you who 

are familiar with this please bear with me. I think it will 

help to go through this. 

! have used a very simple, what I hope is a 

relatively intuitive, example to help illustrate some of the 

basic principles. 

The idea is that you have a decision to make about 

buying some stock. It is not relevant example for me because 

consultants don't make enough money to buy stock, but for many 

of the rest of you maybe this will be more meaningful. 

The d e c i s i o n  you have t o  make i s  whether 

[Laughter  ] 

MR. CALL: 

or not you are going to  buy some s tock .  At the same t ime, 

somebody o f f e r s  you the o p p o r t u n i t y  t o  buy some research t o  

help g ive yc, u some i n f o r m a t i o n  about how t ha t  s tock might 

perfc, rm; and perfc, rmance here is defined in terms of how much 

money you might make or lose. 

So you have a decision about an irrevocable 
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investment of some money in the st,:,ck, and nc, w somebc, dy has 

,-omplicated the problem for you by saying, "You can buy some 

i n f,-,r mat i ,-,n. " 

How do you decide whether or n,-,t to buy the 

information'? And, more generally, how d,:, you decide how much 

information to buy? It can be a very complicated problem, and 

it appears in a lot of different settings. As you will see in 

a few moments, it is exactly the nature of the problem we are 

talking about for Calico Hills. 

The basic framework is very simple. It is the same 

framework we used in the Calico Hills analysis. You have a 

decision about buying some research. The research is going to 

tell you something, here in quotes, about if the stock will 

perform low or high. And then you get to make a decision about 

buying the stock based on the results of this test. 

Down here if you don't buy the research you simply 

make the de,zision based on the information you have currently. 

In either case, you have the uncertainty about how 

the stock i s  going to perform. You cannot reduce that 

uncer ta in ty .  I t  i s  something that  i s  going to  happen in the 

fu ture.  A l l  the in format ion is  going to t e l l  you is  something, 

imper fec t l y ,  about the performance of that stock. 

Then we have all the values assc,,ciated with the 

decisic, n, a result, a decision ab,-,ut buying the sto,-k, and 

ultimately the performan,-e of the stc, ck. 
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The next slide is the last one of this simple 

example: same structure, but now we have supplied some uf the 

probablistic inputs that we are also going to supply to the 

Calicc° Hills evaluation framewc, rk. 

Fc, r the moment I am not going tc° go into the 

explanation of how all these probabilities are developed, but 

yc°u can, fc, r example, look at the priors you might have on how 

the stock is going to perform: what you believe the stock is 

going to do now based on your current information, 40 per°sent 

chance low/60 percent high. 

You have also developed some probabilities about 

what the test results are going to tell you. Those help give 

you an updated probability distribution on how the stock is 

going to perform given a test result. 

The is all pulled together in taking expectatic, n on 

all of these events, we roll true back and we take optimal 

paths for the buy or no-buy. This framework tells us, very 

importantly, that if the test result is low the optimum choice 

i s  not to  buy; i f  the t e s t  r e s u l t  i s  high the optimum c h o i , = e  i s  

to buy. 

Down here if you don't buy the research it says, 

" G o  ahead and buy it. " 

All that is the same is that the information has 

changed your decision: tFlat witF1 the information you make a 

different choice than yc, u make without the infc, rmation. It is 
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a very simple example, but very same principles. 

This is one way tc, describe decision analysis. It 

helps you make decisic, ns based on what you ,:an dc0, what you 

knc, w, and what yc°u prefer: very simple ideas. They can get 

very complicated depending on the nature of the problem. 

How do we implement this relatively simple set of 

principles for Calico Hills? Three basic steps. 

First, identify major decisions: in the first case 

it was whether to buy the research, whether to buy the stock: 

identify the ~(ey uncertainties and probablistic relationships; 

and identify all the outcomes and values. 

I am going to take you through those steps for 

Calico Hills. 

Step One: Identify the major decisions. We 

categc, rize the de,:isions in two ways for this analysis. One we 

are calling immediate decisions: the things you have to do 

right now; the things the Department of Energy is going to 

decide on in the near future and, in fact, decide on on July 

29th, at least at some level. 

-'d -~- '~-.- A!~ ~" : 

That is the question of if they would test, or 

°:onceivably nc, t test; and if they test, there were eight 

possible options yc°u heard Dave describe. 

In addition, what are the future decisic, ns the 

Department c,f Energy can make? A simple exampley again: 

whether c°r not tc. buy the stc, ck. In this case, it is far m°:,r~e 
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compl i _ated. 

There are decisions about siting: Is this the right 

place t, z, put the repc, sitc, ry? There are decisions about design: 

What are all the engineered barriers that will go into this? 

D,z0 you rely on a race-pa,zkage design of a ,-ertain type or 

anot her ? 

Finally, there are decisions about emplacement: Do 

you put the waste in in the actual engineer-designed 

repository? 

Now that we have identified those decisions we can 

talk about one of the simplifications that we had to make to 

make this analysis manageable in the time frame we had 

avai fable. 

This is a very complex set of decisions. You can 

see with a test result of low or high in this case you have all 

these decisions to make; and there are probably many more than 

just siting, design and emplacement. We have just simplified 

them to those three basic types of decisions. 

What is it that is common to all those decisions? 

There is something that has to do with how the repository is 

going to perform; and performance we have defined in terms of 

r ei eases. 

One of the outcomes we were told is crit~i,zal for 

this analysis is releases from the repository. So we said, 

"What is it that is ,-ommc, n to these'-'" If it is releases~ there 
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do with a behavioral assumption, in effect of: 

behave? 

200 

That has to 

H,z,w do you 

Do you behave as if the repositc, ry releases are 

going tc, be high or low, or someplace in between7 We can 

imagine some examples of how that would take place. 

You observe a test result. If it is low and you 

believe that and you act as if it is low, then your siting 

decision might be to go ahead and put tF1e repository at Yucca 

Mountain; to perhaps take a particular design path; and, 

ultimately, to go ahead and put waste in it. 

Alternatively if releases are high that decision 

process might be cut very short. It might, in fact, not be the 

place you site the repository if you site any place at all. 

The idea in this--and this is fairly key to the rest 

of the framework--is that we would boil down this fairly 

complex decision process into a fairly simple decision. It is 

going to be a little more complicated than this, as you will 

see; but in principle it is exactly like this. 

We call that "act as if releases are at some level." 

That is going to be the basis of all the other decisions you 

are going to make. 

That was Step One: identifying the de,-:isions. 

Step Two: identifying the key uncertainties and 

prc, bablisti,~ relationships. 
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In the simple example w e  used it was just a matter 

-,f what the stc.cl:: perf,c, rman,ce is going t, c, be. In the ,case of 

Call,c, c, Hills and the reposit,c, ry, ,-,f ,c,c, urse it is far m,c, re 

complicated. 

What we wanted to know is something about system 

per forman,ce; and we are un,zertain about system per fc, rman,ce 

be,-ause we don't know about transport through the Calico, which 

runs through about a fourth of the Calico; we don't know ab,c, ut 

perfc, rman,ce impacts of testing: How much does drifting in the 

Cali,-o actually increase the level of releases?; we are 

uncertain about the source of the Calico, Calico flow 

,conditions; and ultimately we are un,zertain ab°c, ut test results. 

As Bruce described the logic of the influence 

diagram earlier t,c, day, the idea is that the ar,cs indicate 

probablistic dependencies. In this case, Calico flow 

conditions, f,c,r example, condition the test results. That is 

what we are going to try to measure. 

We want know something about Ca l i co  f low c o n d i t i o n s ,  

and we are going t o  de tec t  those through the types  of  t e s t s  we 

conduct .  

Ca l i co  f low c o n d i t i o n s  are a c o n d i t i o n  of t r a n s p o r t  

through the Ca l i co ,  the sc, urce behav io r ,  and perfc, rmance 

impa,-ts ,-,f testing. So Cali,-c, flow cc, nditi,-,ns turned ,cut t-, be 

a very impc, rtant variable in c, ur analysis. 

In fact, be,cause of that imp,c, rtance .... this is the 
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same influence diagram with the variable Calico flc, w 

conditions--we, in fact, mc, deled that in quite a bit mc, re 

detail than simply Calicc, flow ,:onditions. 

As I have shown, we had separate ccn:.eptual mc, dels 

for slow matrix, fast matrix, cc, ncentrated fracture and 

distributed fracture through the four major flow conditions we 

defined and on which we did additional modeling. 

By the way, Mr. Hardin, the next speaker, is going 

to give yc, u a much more precise definitic, n of all these flow 

modes: a quantitative definition that we developed in the 

course of our workshops. For now I would like tc, continue with 

a high level presentation of how all this fits together. 

DR. NORTH: Before you gc, on, at this point I think 

many of us will be very interested in more than just the high 

level overview, from which ! am getting very little because ! 

know the decision analysis and I have been exposed to a lot of 

the concepts. 

It comes as no surprise, for example, that you 

disaggregated the way you did. : 

I am interested in just how did you dc, it? I would 

like tc, see a lot more detail; and I would like to lodge a 

request at this point that if thc, se details are nc, t part of the 

presentation we definitely want tc, see them as soon as they can 

be gotten tc, us. 

MR. CALL: The details will be f,:,rthc,:,ming in the 
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rest c,f this presentation and als,-, in Mr. Hardin's 

presentation. The nature of the presentation is such that it 

is kind of hard to throw it all out of whack. 

DR. NORTH: It is not going to be good enough to 

give it to us just at this high level because we cannot judge 

it. You are asking us to take a lot of things on faith. 

I made comments at the very beginning with Dave 

Dobson's overall conclusions reacting to the word "likely". I 

want to see the details. I want to see h,-,w you dealt with very 

low probability combinations which, in my judgment, should be 

driving this whole analysis. 

I want to see how you dealt with them. Just sh,-,wing 

me the influence diagram is not enough. 

MR. CALL: Okay. I appreciate that. I am sure you 

will ask me if I don't answer that question. 

DR. NORTH: Yes. 

[Laughter ] 

DR. BLANCHARD: Dr. North, at the end of the 

presentations on the Calico Hills if we have not provided 

enough information we will be glad to supplement that with 

information at a greater level of detail. 

As you knc, w the Task Force is in the process now of 

preparing the draft report. All the inf,-,rmation to which you 

are referring should be in that report at that level c,f detail. 

DR. NORTH: I think it is very impc, rtant that your 
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draft repc, rt provide, not just fc, r us but for all the c, ther 

interested parties, a descripti°-,n of just exactly what did you 

dc,. 

I read you the quotation from the National Academy 

of Sciences report about this being iterative. I suspect I 

will have a number of iterations that I would like to see in 

terms of different emphasis: different ways of disaggregating 

and the like. There may be a many good questions the people in 

this room can give you and people who are not in this room who 

may be present the next time this is presented. 

I think you need to address all those questions and 

convince us that the insights coming out of your analysis, 

which yc, u have given us: your conclusions, are very robust with 

respect to different ways this analysis might have been done 

and different expert judgment that groups of people, other than 

the ones you had involved, might reasonably apply as their 

judgment for this situation. 

DR. BLANCHARD: Okay. 

MR. CALL: I believe we are going to address those 

points, at least to some extent. 

Let me tell you a bit about one of the conceptual 

models we used for the assessment process which I will be 

describing to you in just a moment. This is an influence 

diagram, or conceptual mc, del, that the expert panel used when 

we did our assessments on fracture flow conditic, ns: both 
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concentrated fracture and distributed fracture. 

I am gc, ing to go, into the details of how we actually 

did our assessments, but this was one of the cc, nceptual mc, dels 

that panel used. They had to justify and explain all their 

judgments in terms of settings of all these variables. 

So when we did the assessment and we asked someone 

about the probability of a particular type of fracture flow 

condition that had to be explained in terms of these variables. 

This provides a very explicit model in a very explicit piece of 

documentation that we used, that-- 

DR. NORTH: That is fine. You are showing me that 

there is an analytical machine over there and that, if I look 

at it, it looks like the kind of analytical machine that ! want 

to see. 

But in order to review it I need the blueprints, I 

need the exact specifications, I need to satisfy myself that a 

lot of good engineering design judgment has been applied to the 

building of the machine. Just looking at it is not good 

enough. 

MR. CALL: Okay. 

MR. ROY WILLIAMS: Excuse me. Could you just define 

a couple of terms for me? I dc°n't what "fracture hydraulic 

properties '° are. I don't know what you mean by that. 

The only hydraulic prc, perties I know of are 

saturated hydraulic conductivity, unsaturated hydraulic 
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,-c, nductivity, stc, re activity, and mc, isture cc, ntent and mc, isture 

t ensi on. 

Fra,-tures don't have those hydraulic prc, perties. 

MR. CALL: We divided up the presentatic, n this way 

for a reason. Ernie is, next, going to talk about the 

underlying geotechnical inputs to this. So we have a fairly 

long discussion that is going to be coming up next where all 

this is gc, ing to be spelled out. 

We are not going to remove this from discussion. 

Ernie is going to use this as part of the basis of his 

presentation. 

MR. ROY WILLIAMS: But you are not talking about 

fracture aperture ,mr something like that? You don't know what 

you are talking about. 

Okay, we will wait for the next speaker. 

MR. CALL: We have discussed Steps One and Two: 

Decision and the Events. Step Three is Identifying the 

Outcomes and Values. 

Again, this is fairly simple. In the stock example 

we had just the profits and losses. In the Calico Hills study 

the outcomes that we valued were the costs of the testing 

strategies, the benefits and risk c,f the act as if decision 

compared to the decision based on pre-releases, and finally the 

impacts ,-,f testing c,n waste isc, lation. 

I am now gc, ing to show you how all this fits 
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t og e~_ t her. 

In the iiTfluen,.-e diagram it relates these variables. 

again at a relatively high level, where there is a decision 

that is going to be made about the act as if. That is, if yc, u 

will, the design basis for siting, engineering and sc, on of the 

repository. 

slide. 

MR. ALLEN: 

MR. CALL: 

Do we have this figure? 

I am sorry, you don't, no. This is a new 

DR. NORTH: Is this the influence diagram version of 

the tree we have in our handouts? 

MR. CALL: Yes. It is just simplified one level so 

that actual releases have in them all the--it is essentially 

the release model for the repository. .So that includes the 

saturated zone effects, the source to Calico and transport 

though the Calico. 

The idea here is to show you how this decision and 

the test results, actual releases and consequences all relate 

together. Okay? 

There is this actual flow condition that is one of 

the flow conditions of the Calico. That determines or 

conditions the test results, which in turn are observed when 

you make this decision. It also conditions the actual 

releases. 

You are only acting on imperfect :information. There 
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is sc, mr~ risk yc, u are facing that, in fact, the site may behave 

all tc, gether differently. That results in sc, me consequences. 

This also shc, ws the perfc, rman,:e impa°:ts c,f testing 

over here because the testing decision both conditions this and 

the performance impacts of testing. 

Let me put up the tree now, which is in quite a bit 

more detail. You can see a bit more of the flesh and bones, if 

you will, of the evaluation structure. 

We have test strategies, test results which are 

defined our four possible outcomes: test results reveal to you 

something about the flow conditions of the Calico; a de,zision 

abc, ut your actions or the basis of your actions: the act as if 

releases where R is less than .01, R is between .01 and .I, and 

so on including R is greater than I; the actual flow 

conditions; releases frc, m the source of the Calico; Calico 

transport; performance impacts of testing; saturated zone 

transport; and, finally, releases to the accessible 

envi r onment. 

If you don't do the testing, you simply make this 

decision with,z, ut the benefit of the test results and you have 

the actual flow. The probability distribution for actual flow 

are your priors or what you know currently. The rest of the 

events are the same except for the performance impacts of 

testing, whi°:h °:,f c,:°urse you don't get if y,-.0u don't do testing. 

DR. NORTH: Does that tree represent the actual set 
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MR. CALl_: 

DR'. NORTH: 

Yes, it dc, es. 

I am always relatively suspicic, us c,f 

decision trees where the de~ree of disaggregati°:,n at every 

branch is the same. 

Did you lay all that out before you had the data, or 

did you iterate around on it a couple of times after you saw 

how it was coming out and what was sensitive? 

MR. CALL: There is a fair amount of iteration. 

If you are just talking about 4 and 3, and 3 and 3, 

I am not sure. 

DR. NORTH: Yes. I am wondering if we need four or 

five or six or seven for the uncertainties that are really 

driving this analysis, in particular getting down to scenarios 

where the probabilities are very low but the consequences might 

be that you don't meet performance by a wide margin, going back 

to Dave Dobson's slide. 

MR. CALL: 

DR. NORTH: 

Right. 

I want to be assured you have done that; 

and I would like to see the numbers that convince me you have 

done this disaggregation in an appropriate way. 

MR. CALL: "Okay. That is the next subject. 

to talk about the expert assessments we did. 

DR. NORTH: No,. Yc, u are missing my point. 

The issue is not how you got the expert judgment 

We want 
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here, but rather how you went from the ,::c, ntinuous pr,-,bability 

distributions you presumably c, btained fr,-,m y,::,ur expert..-... :[nto 

the disc_retized versi,:,ns you have used in this analysis. 

I am n,-,t cc, nvin,-ed y,::,u have d,-,ne it t,-, the p,::,:~nt yet 

where I can sign ,:,ff. 

MR. CALL: Okay. 

In the next se,ztion I will talk. a little bit ab,-,ut 

the difference between the discrete variables and the 

,:ontinuous variables, and h,z,W we went abc, ut assessing th,-,se and 

how we went ab,z, ut discretizing those. 

I think it would be easier for me to g,z, through some 

c,f those slides; and I certainly welcome questions if I have 

not answered it by the time I get through. 

I am going to change the order slightly. I think I 

am g,-,ing t,-, present the sec,z, nd slide in y,z, ur pa,sket first. 

The purpose of the assessment exercise is to capture 

the un,-ertainty ,z,f the experts with whom we work.ed and the 

un,-ertainty on all the variables I have shown you in the 

influen,ze diagram that we used to chara,-terize this problem. 

I want to reinforce the idea that the point of d,s, ing 

this kind of exercise is not to get a number. In fact, ,-,ur 

wh,-,le purpose was to try t,-, test the experts and pusl.~ them into 

e x p a n d i n g  t h e  t a i l s  c, f  t h e i r  d i s t r i b ~ . . : t i c ,  n a s  mu,::h a s  pc, s s i b l e  

so, we w e r e  g e t t i r ~ g  a s  a , : , : : : u r a t e  a r e p r e s e n t a t i o n  ,-,f t h e i r  

,:c, n f i d e r l , : : e ,  th~ .~ i r  u n c e r t a i n t y  ab,: : ,ut t h e s e  v a r i a h l ~ - ~ . s  a s  we 
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This is just some standard stuff. 

I think we have had nine ,:,r ten wc, rkshops now with 

the panels with which we have worked. We went through a 

process of, first, developing the influence diagrams or the 

conceptual models that we wanted everyone to use as a common 

basis f,:,r describing their estimates. 

We defined all the variables in those conceptual 

models precisely with quantitative definitions. And then we 

went through a process of elicitation, in a few cases including 

use c0f the probability wheel just to make sure we were getting 

consistent estimates. 

We have a formal process we use in all cases. 

are the simple sample questions we used. 

DR. NORTH: Could you describe the degree of 

documentation on your fr~rmal process. What is available? 

MR. CALL: I did not do an extensive documentation. 

Hc0w many pages? 

DR. NORTH: I don't care how many pages. I want to 

know what is in it. Do you have a transcript, for example, of 

the meeting? 

MR. CALl.." We don't have transcripts, no. We did 

not have a Cc, urt Reporter at any of c, ur meetings. We had n o  

taping that was done. 

We have all the sc,::,ring sheets. We l"~,:.~ve the basis 

These 
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fc, r all the jL~dgmenl:s writt~]s~ d,J,,.,~n c,n the s,:oring she,~ts. We 

alsc, have nc, tes tal::en by Ernie and, in some ,-ases, ourselves° 

S,_-, I think wE ~. have a fairly extensive set of 

do,-umentati,-,n that we w,-,uld be happy to pr,-,vide t,-, y,-,u for 

review. 

DR. NORTH: Yes. I think we would like to see it. 

MR. CALL_: Great. Assuming you would were very 

,-oncerned about it, we wanted to make sure that all judgments 

we g,-,t were d,::,,:umented extensively. 

Because we were work. ing with a group and not a 

single individual, we had the classic problem of hc, w do we 

aggregate judgments when we have differences. For discrete 

variables, ,-,f c,-,urse, we had differences among the panels as we 

did for continuous variables. 

We used a number of different aggregati,-,n 

te,-hniques. The point was we wanted to make sure that-- 

DR. NORTH: Excuse me. 

On that point, who is the "we"? Did the experts 

agree to be aggravated-- 

MR. CALL: Yes. 

DR. NORTH : 

[Laughter ] 

MR. CALL,', 

--aggregated in this fashic, n? 

I think they agreed to be aggreqated. 

fh~y did n,-.t agree to be aggravated, but they ,,~ere that~ a]~,:,. 

DR. NORTH" Again, is all this d:,cumented'-' 
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Me w e r e  c o n , z e r n e d  t h a t  aiqy a c I g r e g a t i , z , n  te , : hn i ( : : l ue  we 

u s e d  d i d  nc, t m e c h a n i c a l l y  s u p p r e s s  t h e  v a r i a n c e  i n  t h e  

u n c e r t a i n t y  we gc, t f r c ,  m t h e  e x p e r t s .  I n  c, ne c a s e ,  fc, r ex~.4mple, 

we u s e d  t h e  max imum and m i n i m u m  c,f t h e  i n - p , - , i n t s  to, m~~ke s u r e  

we w e r e  g e t t i n g  t h e  s p r e a d ,  and  t h e n  we t ,- ,ok gec, met r i , -_  means  o f  

all the interior points. 

We also developed optimistic and pessimistic sets of 

inputs of the expert opinions. In many cases it was simply a 

matter of taking arithmetic or geometric averages. But we 

think this meaning is clear: we had a lot c,f variance; we 

wanted to make sure that we did not suppress that. 

Then we talked with the experts tc, make sure that 

both the technique was something they agreed with, and that the 

final result was what they agreed with. These are just some 

examples of what we end up with. 

This is a new slide that is very similar t,-, the 

other ones you have. I just want to take you through the 

variables that we assessed. 

The priorities on Calico flow conditions: discrete 

variable. We went through an assessment process and came up 

with the probabilities associated with thc, se four flow regimes. 

Test results, ,-,r the likely fun,-ti,-,ns f,-,r the tests, 

we assessed in the f,-,llc, wing mode: We defined a state of 

Calico flow cc, nditi,-,n .... in this case, for example, slow matrix-- 
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and we said if th,~t w e r ~  the true f ] . c ,w , : o n d i t i c ,  n ,  what ar~ the 

chances the test would tell yc, u eithc..~r slow matri× c,r wc, uld it 

tell yoL.~ fracture matrix, concer~trated fracture ,:,r di~tributed 

fr actur e? 

It is a distribution c,f false negatives and false 

positive for the test. We cc, nducted that assessment for all 

eight testing strategies. 

MR. REITER: The way you phrased it was that if this 

is the true cc, ndition me, re than likely of the tests finding it, 

suppose you phrase it that if this is the result of the test 

what is the likelihoc, d of being a true condition? 

Is that equivalent or different'? 

MR. CALL: If you saw the test, what is the likely 

of that being the true condition? 

MR. REITER: Yes. 

MR. CALL: That is the Bayzian [ph] inverted 

probability, which we will be showing you. What the experts 

have some informatic, n abc, ut is their judgment that the site is 

in one of these states. 

We want to know: Can the test dete,:t those states 

and how good is it at detecting those states? There is a 

fairly standard approach fc, r phrasing that. 

MR. REITER: But he phrased it the other way. 

it be different? 

MR ,, CAL.I_ ,", 

Wou I d 

I t  wc, u l d  a d i f f e r e n t  p r o b a b i l i t y ,  y e s .  I 
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wi I I. sh, - ,w y,:-,L~ th,-'.,~s~2 p r o h a b i  I i ties, in f a c t .  

We did not assess it that way. I c. an shc, w you 

cc, mputatic, nal ly what reversing the positic, n of these two events 

dc, e~:s to the probability. 

Now we are saying: If you observe the test what is 

the likelihood that yc, u are in that state? This is a much more 

reliable way of assessing that relationship. 

MR. REITER: 

MR. CALL : 

Which is the way you are doing it? 

The way we did it in c, ur analysis is we 

defined the flz, w ccndition and we said: If that is t h e  true 

flow cc, ndition, what is the likelihc, c,d that the test tells yc, u 

that. 

ar oun d ? 

MR. REITER: That is better than the other way 

MR. CALL: Yes. 

I will show you what the probabilities are for the 

other way around. 

Release from the source was assessed as depending on 

Calico flow conditions. Our experts told us that if the need 

something about the Calico flow conditions they would be better 

able tc, estimate the distribution of releases from the source. 

We defined source, in this case, in an unusual way,, 

We said that "sc, urce" is the am,'-,unt c,f radionuclide volume and 

distributiorl avail, able to the Calico~ for transpc, rt through the 

Ca I i ,:: o. 
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Ag,-~in, E ' r n i e  Ls gc, i n g  to, g i v e  yc, u a m,:,r~:~ d e l : a i l e d  

descriptic, n c,f that. I dc, n't want to pre--empt his des,:ription. 

Re].eas~:i frc, m the Calico, or transport thrc, ugh the 

Cali,:c,, were assessed c,::,nditioned on the Calico, flow conditic, n 

and the sc, ur,:e. From the previous slide you will remember we 

had a continuous variable for source releases. 

We discretized that variable into three different 

states: low, medium and high. The objective of that 

discretization process was to ensure that we were representing 

the high end of the distribution; i.e., the part of the 

distribution that is going to result in higher releases. 

These are just icons to show you a standard 

cumulative probability distribution. 

In our discretization process we discretized this in 

such a way that we preserved this area of the curve, up in the 

80th to the 100th percentile. We did that, in mc, st cases, 

because those were the areas of the curve that were the most 

signi ficant. 

In transport through the Calico, we defined a flow 

condition; we had to define the source term, now, from our 

previous assessment; and we assessed the cumulative probability 

distributic, n on transport through the Calico to the saturated 

z one. 

The saturated zone we treated as an independerrt 

variable. We said it did not depend c,n the f].c,w c,::,nditic, ns in 
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~;h,? C-,1 i,.:,-,; i ~  ~.~id oo t ;  d(..~,lL~,;~r~J ,:,o the s,-,~.trc,.? !;r~rm~ _tn,..I we  

t r e a t e d  ar.~. a n  i r ~ d e p e n d e n t  m L t l t i p l : i ,  e r  ,:.:,n F : a l i c c ,  relE.--.a~F.es~i. 

T h e n  w e  w e n t  t h r o u g h  t h e  s a m e  p r c ,  c e s s  w i t h  t h e  

s a t u r a t e d  z o n e :  w e  d i s c r e t i z e d  t h e  s a t u r a t e d  zc, n e  a t t e m p t i r l g  t o  

preserve more of this part of the distributi,-,n; we were less 

,:,:,ncerned about this part. 

Finally for the pr,z, bablistic assessments, we 

assessed the performance impa,:ts of testing conditioned on the 

Calic,:, flow c,:,nditions; and we defined it for each test 

strategy since each test strategy involves different amounts ,:,f 

drifting, different types of penetrati,:,n; and, therefore, the 

idea being that it pc, ses different risks for impacts on the 

transport properties ,-,f the Calico. 

To des,:ribe for you the way we did our probablisti,- 

assessment I want to give you one slidefc, r how we did our 

value assessment. Again, if you remember the simple example, 

we had the profits and costs of testing. 

In this case, it is a little more compli,:ated. The 

way we set up the value assessment was in this f,:,ur by four 

matrix. We said that if these are the predicted releases or 

these are the releases you are acting as if are the site 

releases, these are the actual releases. 

The idea here, for example~ is if your predi,-tive 

release is that R is two orders of magnitude belo,~ the 

Environmental Prc, tection Agency standard and you build your 
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rep,:,.:~.it,:,ry acting as if that i'--~ true, and it turn~3 out that is 

a c t u a l l y  t r u e ,  y o u r  v a l u e  c,r; t h a t  c, u t c o m e  i s  z e r o .  

Yc, u w o u l d  de, t h e  same t h i n g  u n d e r  y o u r  , : :uYre t ] t  

a s s u m p t i , : , n  as  y,::,u w,: ,u ld d,:, i f  t h a t  w e r e  a c t u a l l y  t h e  case. .  F o r  

that rea:s,:,r3, we get zeroes on this diagc, nal and in,::rea~ing 

costs or increasing costs on the off-diagonals. 

We went thrc, ugh a one-day assessment process with a 

management panel where we attempted to--and, in fact did--- 

assess values for all these combinations of predicted releases 

and actual releases. 

One of the very important points about this is that 

the release intervals, themselves, imply that the decisions and 

events are sensitive to changes from one interval to another. 

That means if you divided all these by a ,:ouple of orders of 

magnitude--let's say we tried to assess what your preference 

might be if you acted as if releases were I0 to the minus 8 and 

the corresponding actual release was 10 to the minus 7--is 

there a value associated with that? 

We found in our discussions: Probably not; that, in 

fact, what we had to do was push the release intervals down 

into this range, as you can see, and we were able to dc, the 

assessment, and we got sc, me fairly interesting numbers from 

that exercise. 

The p,:.-.,in't h a s  to be, st:i. ll, that "the managers wh,:.:, 

,~ere expressing their prefer~'~nces for thes~ had t,:::, b~-31ieve~ and 
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h a d  t,.:, I),~? a;~]. ~-~ t,-, ~P',;pr~).;:::., th , : , 'se nulmber{~ 10_a.~.~:~d on , : , : : ,mpar isc ,  n s  

c,f w h a t  th~:~.y wc, u l d  d,:, u n d e r  t h i >  pred: i ,  c t e d  v e r s u s  t h i s  a c t u a l .  

One ,::,f t h e  i n t e r e s t i n g  a s s e s s m e n t s  we d i d ,  p e r h a p s  

c, ne  c, f  tl.~e i n s i g h t s  f r o m  t h i r : 4 ,  w a s  t h a t  i f  y o u  p r e d i c t c ~ . d  t h a t  

r e l e a s e s  w e r e  g r e a t e r  t h a n  ,:,he a n d  r e l e a s e s  w e r e  a c t u a l l y  tw,:, 

c, rders of magnitude below the standard, there was a ve.ry high 

value here. 

In some of the dis,:ussion that came c, uut in the 

assessment process some people felt that, in fact, it may be 

higher value than its corollary, which is that you predict it 

is very low and it turns out to be very high. 

The reason for this is that in this case if you do a 

test and you get a result and it says releases are going to be 

very high, it is more likely there will be some type of 

precipitc, us decision to, perhaps, abandon the repository or 

site it someplace else; and, in fact, your opportunity value 

was very high: you gave up a very good site. 

On the other hand, if you predict releases are two 

orders of magnitude below the standard and it turns out they 

are very high, it is not likely that based on that one piece of 

information you simply build a repc, sitc, ry according tc, that 

predictive level a].ong and you never collect another piece of 

infc, rmation again. 

T h i s  i s  some  o f  t h e  d : i s , : : u s s i o n  t h a t  c, c c u r r e d  i n  "th¢'~ 

c o u r s e  c,f  dc, i n g  t h i s  as~.--',essrnent. 
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r i 0 h t ? 

a n d  s a f e t y  cc, s t s .  

MR:. CAL.L:  

ME'.. R E I T E R :  

it to, a common number? 

MF'. F : E I T E P :  Th(Yrr~ a r e  v,or i , : : ,us l - : i n d s  oF ,::,:,st~. h e r e ~  

Th(Sl"~.., a , "~  f i n a n , : : l a l ,  c,-,~-t_,~ a n d  therr-~.. a r e  p u b l i c  h e a l t h  

R i g h t. 

Whc, determined yc, u were gc, ing tc, reduce 

MR. C A L L :  We started to exercise our option with 

the influence diagram, which for some reason is not in the 

slides but I would be happy tc, pr,z, vide it to you and it is part 

of our dc.:umentation. 

In the same way we did an influence diagram for the 

flow conditions, we did it fc, r this value assessment where we 

tried to identify all of the variables, the uncertainties and 

the decisic, ns that result in impacts, financial or c, therwise, 

occurring. 

The way we assessed it ultimately was we assessed it 

based on a U-tile [ph] and then we converted that U-tile scale 

to dollars. 

MR. REITER: Who did that? 

MR. CALL: We did. 

We assessed the management panel's values for all 

the numbers in this table. Then we went through a day-lc, ng 

e x e r c i s e  a n d  we , : : o r l v e r t e d  t h c ,  s e  t o  d o l l a r  e q u i v a l e n t s  1 ]ased  on 

a c c ,  u p l e  mc, r e  a s s e s s m e n t s  c,n t h e  n p, : : , :Lnts.  Th:Ls i s  a l c ,  t c , f  

mec h an i c ~s. 

E X E C U T I V E  COURT REF'ORT]:M('i, I N C .  30.1./5GS"-':-~OL~,,~$ 
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W~e d i s , : u ~ - s , ~ e d  thc , ' -~e  results with th~:~ manag~.~rs. 

A g a i n ,  f o r  a o n e - d a y  e x e r c i . ~ . e  ir~ dc, i n g  t h i s  I t h i n l . : :  we  h a d  a 

fair amount ,-,f agreement. 

We had three sets ,-,f numbers we used in sensitivity 

analysis. Just to give an example, the base ,-ase set ,-,f 

numbers had $25 billi,-,n in the:-,e to cc, rners, I believe: 

s,_-,mething on that ,-,rder. We did a sensitivity analysis running 

all the way up to $250 billion, $2.5 trillion. 

We would like t,;, have spent longer, frankly, in 

doing this exer,-ise, but that was the amount ,'-,f time we had. 

As a result, we did a lot of sensitivity analysis to assure 

ourselves that, in fact, the results were very robust with 

respect to these assessments. 

MR. REITER: What was the assumed cost of that? You 

must Fiave assumed that public health was worth a certain am,;,unt 

of m,:-,ney in this. 

MR. CALL : 

MR. REITER: 

MR. CALL: 

Yes. 

You d e t e r m i n e d  that? 

Right .  We discussed t h a t .  There have 

been numbers published in the l i t e r a t u r e  for $300,000 to  $10 

m i l l i o n .  There i s  a conversion factor  published in one of t h e  

Department of Energy repor ts  tha t  al lows you to  t ake  the cur ies  

re leased and convert those in to  cancer cases over a 1 0 , O ~ - y e a r  

l~eri od. 

We used a lo t  of in format ion l i k e  tha t  d i r e c t l y  from 
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Energy reports. 

now? 

fine. 

That is the end of my presentation. Thank you. 

DR. BLANCHARD: Don, do you want to take a break 

This is a logical point. 

CHAIRMAN DEERE: Yes. Thank you. That would be 

DR. BLANCHARD: A couple of points. 

Hollis, you used some viewgraphs we were not aware 

you were going to use. Since we want to make sure everyone 

here has a copy c,f ea,zh viewgraph that was used here, we would 

like to ask you to pull those c, ut so we can get them 

reproduced. We will distribute them tomorrow m,-0rning. 

Ernie, would you and Jack Robertson, during the 

break, discuss the point about fracture hydraulic conductivity 

that Roy raised so you can cover that very early on in your 

opening remarks? 

MR. HARDIN: Sure. 

CHAIRMAN DEERE: Thank you, Hollis. Based on the 

stock market's performance, you may be very lucky you are not 

involved in stocks. 

[Laughter ] 

CHAIRMAN DEERE: We will take a break n,-_0w. 

[A brief recess was taken.] 

CHAIRMAN DEERE: May we reconvene, please. 
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MR. DOBSON: Our next speaker i s  Ern ie Hardin from 

Science A p p l i c a t i o n s  who i s  going to  t a l k  about the 

geotechnica l  i npu t .  

CHAIRMAN DEERE: Very good. 

Summar~ _of Geotechnical i n p u t s  - 

MR. HARDIN: My name i s  Ern ie  Hardin.  My goal here 

t h i s  a f ternoon i s  t o  g ive you a compact summary o f  the 

geotechnical  inpu ts  to  t h i s  dec is ion  a n a l y s i s .  

This i s  the s t r u c t u r e  of t h e  p resen ta t i on .  You have 

seen t h i s  be fore .  The piece I am about to  g ive you i s  t h i s  

one. You have a l ready been b r i e f e d  on these pieces and the 

manner of expert  assessment. 

This i s  an oct t l ine of the p resen ta t i on  I am going to  

give you. F i r s t  I am going to  go through a couple of  simple 

conceptual models: what I c a l l  the l i n e a r  model for  combining 

var ious inputs  and es t imat ing  t o t a l  system performance. Then I 

w i l l  descr ibe the simple performance measure we assess d i r e c t l y  

in the study, and g ive you d e f i n i t i o n s  for these f low regimes. 

Then I w i l l  go through the s ix  ca tegor ies  of the 

te,-hnical inputs: namely, probabilities on those flow regimes; 

something called test likelihood functions; the assessments on 

the available inventory of radionuclides from the waste form to 

the Calico Hills; then transport through the Calico Hills unit; 

saturated zone transp,:,rt; and waste isolation impacts from 

test i ng. 
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This linear model ! just referred to is really a 

way, as I said, to combine the assessed inputs. The boxes on 

this diagram, for those of you who may not have a hard copy, 

are:  a v a i l a b l e  i n v e n t o r y ;  t r a n s p o r t  through the C a l i c o  H i l l s ;  

t r a n s p o r t  th rough the s a t u r a t e d  zone to  the a c c e s s i b l e  

envi ronment ;  and ~impacts from c h a r a c t e r i z a t i o n .  

The p o i n t  of  t h i s  f i g u r e  i s  r e a l l y  t w o - f o l d .  One i s  

t o  p o i n t  out  t h a t  t h i s  a v a i l a b l e  i n v e n t o r y  i tem i n c l u d e s  what 

we view to  be the c o n t r i b u t i o n s  t o  r e l e a s e s  from waste form, 

waste package, o the r  engineered b a r r i e r s  and the  host  rock .  Of 

course,  we d e a l t  w i t h  t h i s  at a r e l a t i v e l y  h igh  l e v e l .  

The o t h e r  p o i n t  i s  t o  show you t h a t  the  ~ v a i l a b l e  

i n v e n t o r y  or t r a n s p o r t  through the Ca l i co  H i l l s - - o r  another way 

of  say ing t h i s  would be r e l e a s e s  from the  Ca l i co  H i l l s  u n i t - -  

were assessed as cumu la t i ve  d i s t r i b u t i o n s  on the  r e l e a s e  

measure R, which I w i l l  de f i ne  s h o r t l y ,  whereas the  other  

i n p u t s  to  t h i s  pa r t  of  the model were assessed as f a c t o r s  

modi fy ing  r e l e a s e s  from the Ca l i co  H i l l s  u n i t .  

The re fo re ,  impacts from c h a r a c t e r i z a t i o n  was 

assessed as a cumula t i ve  d i s t r i b u t i o n  on a f a c t o r  modi fy ing 

r e l eases  here;  and the i n f l u e n c e  of the s a t u r a t e d  zone l i k e w i s e  

a f a c t o r  t h a t  reduces r e l e a s e s  t o  the a c c e s s i b l e  environment.  

Th is  i s  our o l d  f r i e n d .  The performance measure 

a f f e c t s  d i r e c t l y  by the t e c h n i c a l  panel in  t h i s  s tudy i s  j u s t  

the sum of the re l ease  r a t i o s ,  which i s  de f ined  in the Appendix 
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to 40 CFR 1'91. 

The mixture of radionuclides of course is important 

when you are considering various transport phenomena. We began 

bey taking a volume fraction of the waste, considering its 

components, recognizing that does not go quite far enough, and 

r e c o g n i z i n g  the  p o s s i b i l i t y  for  a s e l e c t i v e  r e l e a s e  of  some of 

the more mobi le spec ies :  for  example, tecniseum [ph ]  99. 

So for  purposes of  assessments i n  t h i s  s tudy  we 

enr i ched  the m ix tu re  of  r a d i o n u c l i d e s  assumed to  i ssue  from the 

engineered b a t t l e r s  by a component o f  the  mobi le spec ies :  a 

g e v e r a l - t h o u s a n d - f o l d  i nc rease  in  the c o n s t i t u t i o n  of  the 

tecniseum 99 i n v e n t o r y .  

That th rows a b i t  o f  emphasis on g e t t i n g  the  

hyd ro logy  r i g h t ,  and a l s o  fo rces  you t o  cons ider  r e t a r d a t i o n  

processes as they app ly  t o  those mobi le spec ies .  

Th is  s l i d e  shows some car toons  t h a t  rep resen t  the  

f low regimes used in  t h i s  model. I w i l l  s t a r t  w i t h  the  

concen t ra ted  f r a c t u r e  f l ow  ~egime. 

The idea h e r e  i s  t h a t  more than 1,000 cubic  meters 

of  year of f l ow  i s  moving down through f r a c t u r e  pathways which 

p e n e t r a t e  at l eas t  90 percent  o f  the t h i c k n e s s  of  the Ca l i co  

H i l l s  u n i t ;  and t h a t  the planned area extent  of  these f r a c t u r e  

pathways would be on the order of 5 percent or less of the 

total repository area. 

The origin of the 1,000 cubic meters per year flow 
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rate is a published performance assessment that relies , - , r l  

congruent leaching assumptions and shows that unless you have 

water in contact with the waste in amounts comparable to this 

number you do not develop releases that approach the threshold 

level used in the Environmental Protection Agency standard. 

The distributed fracture flow regime definition is 

similar to the one I just gave you. Here we are saying 1,000 

cubic meters per year or more of flow moves through 

d i s t r i b u t i v e  f r a c t u r e  pathways through 90 percent  or more of  

the C a l i c o  H i l l s  u n i t  t h i c k n e s s ;  and t h a t  the  area ex ten t  of- 

these pathways would be on the order  o f  50 percent  o f  the t o t a l  

planned area of  the  r e p o s i t o r y .  

For the fas t  ma t r i x  f l ow  regime the  idea i s  t h a t  the 

same t h r e s h o l d  f l ow  r a t e - - I , 0 0 0  cub ic  meters per y e a r - - i s  now 

going through mat r i x  pathways along 90 percen t  or more o f  t h e  

u n i t  t h i c k n e s s ;  and t h a t  t he  average v e l o c i t y  o f  t he  water i n  

t h a t  pathway i s  10 c e n t i m e t e r s  per year .  

A s  I p o i n t e d  out t o  someone over t he  break,  w i t h  a -' 

mat r i x  s a t u r a t e d  c o D d u c t i v i t y  on the order  o_f 10_7 c e n t i m e t e r s  

per second you can get t o  t h a t  c o n d i t i o n .  - 

The d e f i n i t i o n  fo r  the  slow mat r i x  f low regime then 

encompasses o ther  t h i n g s .  We t h i n k  t ha t  slow mat r i x  f l o w  

p robab ly  r e p r e s e n t s  e x i s t i n g  c o n d i t i o n s .  Moreover i t  might 

i nc l ude  f low in one of  these o the r  t h ree  modes, but in an 

amount t ha t  does not meet the numeric c r i t e r i a  in the  
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d e f i n i  t ions.  

• DR. BLANCHARD: Excuse me, Ern ie .  

Before you m.-.ve on I t h i n k  you sa id  tha t  the 

v e l o c i t y  in  your fas t  ma t r i x  f low was for  10 cent imeters  per 

year,  and tha t  shows? 

MR. HARDIN: 1,000. 

DR. BLANCHARD: So tha t  i s  a mistake. 

MR. HARDIN: I apolog ize.  

MR. ROY WILLIAMS: What i s  the v e l o c i t y  you guessed 

at under what you c a l l  concentrated f r a c t u r e ?  

MR. HARDIN: There was no v e l o c i t y  c r i t e r i o n  used to  

de f i ne  t ha t  regime. The i m p l i c a t i o n  was tha t  the  v e l o c i t y  

would be q u i t e  h igh ,  and t ha t  i s  manifested in  assessments of  

performance of  the  Ca l i co  H i l l s  u n i t  in  t ha t  r e t a r d a t i o n  would 

be ra the r  more expected for  c e r t a i n  species i n  the concentrated 

f r a c t u r e  f low regime. 

MR. ROY WILLIAMg: 

w i t h o u t  a v e l o c i t y .  

MR. HARDIN~ 

I d o n ' t  see how you could do i t  

That getu back t o  something I could say 

i n  general about the s tudy .  We Ipproached some of these very  

complex i ssues  at a h igh leve~: for  example, the  idnventor? o f  

r a d i o n u c l i d e s ,  the m ix tu re  of  the d i f f e r e n t  species in  tha t  

i n v e n t o r y .  

MR. ROY WILLIAMS: What do you mean? 

MR... HARDIN: Because to  d isaggregate  i t  f u r t he r  
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would put the problem beyond ,our grasp given schedule and other 

constraints on the study. 

The idea here is to develop a basis for a decision. 

This is not a PA; and we recognize the approximations that have 

been made. 

This diagram represents the probablistic 

dependencies among the q u a n t i t i e s  t h a t  were assessed by the _ 

t e c h n i c a l  panel .  I guess I could go through t h i s  again.  

H o l l i s  has shown you tha t  the d i f f e r e n t  f low regimes 

a f f e c t  the l i k e l i h o o d  for  d i f f e r e n t  t e s t  r e s u l t s ,  d i f f e r e n t  

r e l eases  to  the Ca l i co  and through the Ca l i co ;  and t h i s  s tands 

a lone.  

T ranspor t  th rough the  s a t u r a t e d  zone was not 

assessed, dependent upon d i f f e r e n t  f low c o n d i t i o n s ,  but  waste 

i s o l a t i o n  impacts from t e s t i n g  was. 

DR. DOMENICO: What d id  you do about the re lease  

r a t e  from the  a v a i l a b l e  i n v e n t o r y  of  tecr~iseum? What s o r t  of  

r e l e a s e  r a t e  d id  you assume for  t h a t ?  

MR. HARDIN: We assumed a p r o p o r t i o n  of  the  stream 

of  n u c l i d e s  i s s u i n g  from the b a r r i e r s  would be tecniseum. We ~ 

inc reased  t h a t  p r o p o r t i o n  because we f e l t  i t  was l i k e l y  t o  be 

h igher  t h a n  the  volume f r a c t i o n  would imply ;  and t h a t  

p r o p o r t i o n  would take  you to  the  a v a i l a b l e  i n v e n t o r y  of 

t e c n i s e u m  in  the  waste. 

Now, i f  you took a l l  the  tecniseum out of the 
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waste--you may know t h i s - - a n d  ca l cu la ted  the Environmental 

P r o t e c t i o n  Agency r a t i o  from tha t  re lease,  your performance 

measure value would be on the order of  2, a l i t t l e  over 2. 

DR. DOMENICO: You have an i n v e n t o r y  of  

approx imate ly  over 900,000 c u r i e s  of  tecniseum, i f  I remember, 

in  a t y p i c a l  i n v e n t o r y .  

How long d id  i t  take to  deple te  t h a t  i n v e n t o r y  in  

t h i s  system? 

MR. HARDIN: The answer t o  t he -ques t i on  i s :  I 

cannot  g i ve  you a number in  years ,  but I can say tha t  we 

~cknowledged tha t  i t  would be dep le ted  under t h e o r e t i c a l l y  h~gh 

re lease scenar ios ;  and we d id e x p l i c i t l y  assess the p r o b a b i l i t y  

for re leases under these high re lease scenar ios ,  such as 

d i s t r i b u t e d  f r a c t u r e  f low which you w i l l  see in a moment. 

The i m p l i c a t i o n  the re  i s  t ha t  in  many ways packages 

are invo lved  w i th  the ground water f low system, and t h a t  

~eleases are h igh .  Under the t h e o r e t i c a l l y  h ighes t  l e v e l s  of 

re leases assoc ia ted w i t h  t ha t  f low regime you would deplete the 

tecniseum, so the m ix tu re  would change and i t  has i m p l i c a t i o n s  

for  the performance of  the Ca l i co  H i l l s  u n i t .  

~ -So the re  i s  a coup l i ng ,  but i n  terms of  g i v i n g  you a ~ 

number in  years we have seen some recent work for the Pace 90 

e x e r c i s e  tha t  showed t ha t  i t  could happen in  5,000 or 6,000 

years.  Then, of  course, t he re  are s t u d i e s  assuming congruent 
-. D 

leaching where i t  would never happen or i t  would take much, 
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much longer than t h a t .  

I am going t o  go through each of these s i x  bubbles ~ 

here s t a r t i n g  w i th  f low c o n d i t i o n s ,  then moving on t o  t e s t  

r e s u l t s ,  then a v a i l a b l e  i n v e n t o r y ,  ~ a l i c o  H i l l s  t r a n s p o r t ,  

s a t u r a t e d  zone, and waste i s o l a t i o n  impacts.  

- There i s  an e x t r a  s l i d e  somewhere in  the  handouts I 

I t  i s  a map of  the v i t r i c  and z e o l i t i c  am going to  sk i p .  

f a c i e s .  

With regard  t o  the p r o b a b i l i t i e s  for  f low reg imes,  

t h i s  s l i d e  r e p r e s e n t s  the approach I am going to  take to  

d e s c r i b i n g  the geo techn ica l  i n p u t s  and the bas i s  fo r  them. I t  

i s  r a t h e r  q u a l i t a t i v e .  

I am going t o  t r y  t o  show you r e p r e s e n t a t i v e  

r e s u l t s ,  and I w i l l  t e l l  you what the some o f  th~ major 

i n f l u e n c e s  were from the i n f l u e n c e  diagrams used du r i ng  the 

assessment process.  Moreover, I w i l l  d i g r e s s  a b i t  on the 

d e t a i l s :  the t h i n g s  t ha t  are subo rd ina te  t o  these major 

i n f l u e n c e s ,  but were not represen ted  e x p l i c i t l y  on the 

i n f l u e n c e  diagrams, and what these t h i n g s  mean q u a l i t a t i v e l y  

for  the  assessments generated.  

There are many people i n  t h i s  room who know t h a t  I 

had 50 viewgraphs a few weeks ago t ha t  got i n t o  t h i s  sub jec t  in  

a b i t  more d e t a i l ,  but was d iscouraged from us ing them a l l .  

[Laughter~ 

MR. HARDIN: For the  p r o b a b i l i t i e s  of the f low 
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regimes, one of the major uncertainties here is the likelihood 

for return to pluvial conditions. If precipitation doubled, it 

is considered quite possible that underground hydrologic 

c o n d i t i o n s  at Yucca Mountain would be comparable t o  those at 

Ra in i e r  Mesa today.  

However-, t he  c o n d i t i o n  r e s t s  squa re l y  on the 

l i k e l i h o o d  of  t h i s  r i g h t  here.  

With regard  t o  the b a r r i e r s  t ha t  wou ld  c o n s t i t u t e  

n a t u r a l  f l u x - c o n c e n t r a t i n g  mechanisms, the Topopaw S p r i n g /  

C a l i c o  H i l l s  con tac t  was i d e n t i f i e d  as a l i k e l y  b a r r i e r ,  

perhaps the most l i k e l y  b a r r i e r  in  the between the r e p o s i t o r y  

and the  water t a b l e ;  but t he re  i s  much t h a t  i s  not known about 

the geometry of  the  f ac i es  t r a n s i t i o n s  w i t h i n  the Ca l i co  H i l l s .  

These may act t o  d i v e r t  f l u x  as w e l l .  

In a d d i t i o n ,  when you are c o n s i d e r i n g  the  l i k e l i h o o d  

for  concen t ra ted  f l ow  i n - t h e  Ca l i co  H i l l s  you have t o  cons ider  

what i s  happening above the Ca l i co  H i l l s  t o  concen t ra te  f low.  

So t h e  d i s t r i b u t i o n  of f l u x  produced by o v e r l y i n g  rock u n i t s  

and h y d r o l o g i c  processes was brought  i n t o  the  assessments, as 

, we l  I .  

For ma t r i x  h y d r a u l i c  p rocesses- -most  of  the b u l l e t s  

on here are not as general  as t h i s - - c l e a r l y  s a f e t y  i s  

d i s t r i b u t i o n .  What we t h i n k  we know now about the d i s t r i b u t i o n  

of  v i t r i c / z e o l i t i c  f a c i e s  at the s i t e  and what the p r o p e r t i e s  

a~e was t~ken i n t o  c o n s i d e r a t i o n  in  terms of  i d e n t i f y i n g  which 
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I of these f low regimes are most l i k e l y .  

2 The f r a c t u r e  h y d r a u l i c  p r o p e r t i e s  were very  

3 impor tan t .  We b e l i e v e  there  are s i g n i f i c a n t  d i f f e r e n c e s  from 

4 the v i t r i c  t o  the z e o l i t i c  f ac i es  i n  terms of  how p reva len t  

5 f r a c t u r e s  may be and the nature  of  those f r a c t u r e s .  

6 One s i g n i f i c a n t  u n c e r t a i n t y  ± d e n t i f i e d  by the panel 

7 was mineral coa t i ngs  on f r a c t u r e  wa l l s  which would c o n t r o l ,  or 

8 might c o n t r o l ,  t he  i n t e r a c t i o n  of  ma t r i x  and f r a c t u r e s ,  and the 

9 l i k e l i h o o d  of- f r a c t u r e  f low s c e n a r i o s .  

10 A quest ion  was ra ised  i n  the l a s t  p r e s e n t a t i o n  about 

11 f r a c t u r e  h y d r a u l i c  p r o p e r t i e s  and what we mean. I t h i n k  i t  

12 might be wel l  t o  take a minute on the record t o  t r y  t o  answer 

13 t h a t  ques t ion .  

14 There are d i f f e r e n t  i n t e r p r e t a t i o n s  of what f r a c t u r e  

15 h y d r a u l i c  p r o p e r t i e s  could mean. We do not mean t o  imply here 

16 tha t  the  s p e c i f i c  p r o p e r t i e s  of  any s i n g l e  f r a c t u r e  of minor 

17 ex ten t  would be impor tant  for c h a r a c t e r i z i n g  f low c o n d i t i o n s  in  

18 the Cal~ico - H i l l s .  

29 The idea here i s  t o  deal at a high l eve l  w i t h  the 

20 f r a c t u r e  geometry i s s u e s - - a p e r t u r e ,  p l a n a r i t y ,  pe r s i s t ence ,  

21 - -  ex ten t  and so on- -as  wel l  as the c o n s t i t u t i v e  issues l i k e  

22 coa t ings  on the f r a c t u r e  w a l l s  and so on. That i s  what we have 

23 

24 

25 

done in  t h i s  s tudy .  

CHAIRMAN DEERE: 

concen t ra t i ng  mechanism? 

Does your f a u l t  enter i n t o  the f l u x  

How show one p i c t u r e  on the graphs of 
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the Ghost Dan,-e. 

MR. HARDIN: 

CHAIRMAN DEERE: 

account an i s o l a t e d  f a u l t ?  

R igh t .  

I s  t h a t  the way you take i n t o  

MR.. HARDIN: We t r e a t e d  the  s t r a t o g r a p h i c  b a r r i e r  as 

the mechanism t h a t  concen t ra tes  the f l u x ,  and then the  f a u l t  as 

the condu i t  for  t a k i n g  t h a t ,  or a p o r t i o n  of  i t ,  down to  the 

water t a b l e .  

MR. ALLEN: I am not q u i t e  c l ea r  whether or not you 

are speaking of  the f a u l t  here in  i t s  present  s t a t e  or what i t  

might look l i k e  the  day a f t e r  a b ig  ear thquake on t h a t  

p a r t i c u l a r  f a u l t .  

Was t h i s  cons idered  at  a l l ?  

MR. HARDIN:  We d iscussed f a u l t  r u p t u r e  in  two 

p laces  in  t h i s  s tudy :  for  Ca l i co  H i l l s '  performance and waste 

i s o l a t i o n  impacts.  In each case we were not ab le  t o  come up 

w i t h  a r e a l l y  compe l l ing  argument t h a t  t h i s  wou~d change the  

h y d r o l o g i c  regime at  the s i t e .  

I t h i n k  we are now down to  the  leve l  of  o p i n i o n s  of 

i n d i v i d u a l  e x p e r t s .  I guess I w i l l  t r y  t o  sum t h a t  up by 

say ing t h a t  we d id  not deal w i t h  t h a t  e x p l i c i t l y  or 

q u a n t i t a t i v e l y  in  the s tudy .  

In my judgment in  p r e p a r i n g  these v iewgraphs i t  was 

not a r ea l  b ig  i n f l u e n c e  on the r e s u l t s  t ha t  we r e p o r t .  

MR.. ALLEN: I have a hard t ime b e l i e v i n g  t ha t  the 
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fault zone is going to have the same flow properties right now 

as it would, say, after a couple thousand years just after a 

big earthquake and happen to have I0 centimeters of sluice ,on 

that fault. 

MR. DOBSON: I would add one clarification. 

I think what Ernie said is true. Each of these flow 

cases we were trying to characterize for the predominant 

condition over 10,000 years. So when we estimated a number for 

slow matrix or concentrated fracture flow, that number 

reflected our judgment about the likelihood of this changing as 

a result of climate change or as a result of, for example, 

t e c t o n i c  a c t i v i t y .  

A fundamental change i n  p r o p e r t i e s  as a r e s u l t  o f  

f a u l t i n g  was a p a r t  o f  the  c o n s i d e r a t i o n .  But I t h i n k  E r n i e ' s  

s ta tement  i s  a l so  t r u e .  

As I r e c a l l ,  I d o n ' t  t h i n k  anybody has any l a rge  

p a r t  o f  t h e i r  r a t i o n a l e  fo r  es t ima ted  the  p r o b a b i l i t y  fo r  

concen t ra ted  f r a c t u r e  f low t h a t  the  p r o p e r t i e s  o f  the  f a u l t  

might change. 

- - MR. ALLEN: T h i s  f a i l s  i n t o  Warner 's  c l a s s i f i c a t i o n  

o f  a ve ry  u n l i k e l y  event  t h a t  s t i l l  could have profound 

c on senuenc es. 

MR. DOBSON: 

are. 

I t  depends on what the  consequences 

I t  i s  something we need to  address,  I agree. 

DR. NORTH: I t h i n k  the q u e s t i o n  i s :  Does i t  lead 
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to a much worse flow regime than the worst case you already 

have on there, which I guess is the distributed fracture? 

It might give you a situation, for example, where 

-part way through the 10,000-year period you went from one of 

the other three cases into the distributed fracture case. 

MR. HARDIN: There are so many things I could say 

about this discussion. 

We are dealing with processes that are assumed to be 

quasi-uniform over I0,000 years. We are worried about 10,000- 

year cumulative release. If an earthquake did happen at 9,500 

years, it might change the process; but it also might not 

change the cumulative release. 

DR. NORTH: But do you need tha t  assumption, or i s  

t ha t  j u s t  for  a n a l y t i c a l  convenience? Can you t h i n k  of  a 

scenar io ,  such as Clarence has j u s t  g iven you, where t h i ngs  get 

a l o t  worse over the  lO,O00-year per iod  because something 

changed: you have some k ind of  t r a n s i e n t  phenomenon going on 

there? 

MR. DOBSON: With regard t o  f low c o n d i t i o n s ,  t h e s e  

f l o w  regimes, t h e r e  were a l o t - - I  would say 12 or 15 d i f -  

f e r e n t - - o f  k inds  o f  d i s t u r b e d  ~ o n d i t i o n s  we considered.  Gut of  

those we e x t r a c t e d  what we thought was a r e p r e s e n t a t i v e  se t :  an 

independent, e x h a u s t i v e  k ind of se t ,  d e f e n s i b l e ;  and also a set 

tha t  we f e l t  could be the bas is  for a reasonable dec i s ion  tcr 

c h a r a c t e r i z e  the Ca l i co  H i l l s .  

' 7 
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A b a s a l t i c  d i ke  may e x i s t  down the re ,  but in  our 

view i t  may not be a reasonable  view t o  plan an ex tens i ve  

underground e x p l o r a t i o n  program to  go and look for  i t .  Minera l  

resources  i s  another example. 

Sure, mineral  resources  d r i v e s  pa r t  o f  the human 

i n t r u s i o n  set  of  s c e n a r i o s ;  but again i s  underground e x c a v a t i o n  

the reasonab le  way to  assess the resource  p o t e n t i a l ?  

There were t r a d e - o f f s  implemented and we hope t h i s  

set  o f  four f low regimes cap tu res  the s a l i e n t  aspects  of  t h i s  

problem. 

The on ly  o ther  t h i n g  I can say here i s  t h a t  the  

r e l a t i v e l y  h igh l i k e l i h o o d  of  the concen t ra ted  f low regime or 

the d i s t r i b u t e d  f r a c t u r e  f low regime does not imply t h a t  t h e r e  

i s  a .1 or a .2 chance t h a t  the s i t e  does not meet the 

Environmental  P r o t e c t i o n  Agency s tandard .  

MR. REITER: 

MR. HARDIN: 

Which i s  worse for  meeting t h a t ?  

We developed d i s t r i b u t i o n  f u n c t i o n s  for  

the r e l e a s e s  t h a t  would be assoc ia ted  w i th  each f low regime. I 

d o n ' t  h a v e t h o s e  t o  show you r i g h t  now. 

I b e l i e v e  t h a t  the d i s t r i b u t i v e  f r a c t u r e  regime does 

r e s u l t  in  the  h ighes t  r e l e a s e s  given the  o the r  i n p u t s  o f  the  

s tudy .  

The next ca tegory  of t e c h n i c a l  i n p u t s  I would l i k e  

to  t a l k  about i s  the t e s t  l i k e l i h o o d  f u n c t i o n s .  H o l l i s  has 

a l r eady  given a p r e t t y  good account ing  of what we asked the  
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panelists when we assessed this group of numbers the idea being 

given that some flow regime is the correct result. Given the 

results from some strategy, what is the probability you will 

get the right result? 

We asked the experts to project themselves into the 

future and give us a probability that they would interpret the 

c o r r e c t  or i n c o r r e c t  conc lus ion  based on what they be l i eved  t o  

the impor tan t  r e s u l t s  would be from each t e s t  s t r a t e g y .  So i t  

i-s based-on t h e i r  s c i e n t i f i c  judgment. 

One of the major f a c t o r s  t ha t  went i n t o  the t e s t  

l i k e l i h o o d  f u n c t i o n  assessments i s ,  aga in ,  u n c e r t a i n t y  of  

f u t u r e  changes in  f l u x .  The c l i m a t e  change seems to  be a very 

impor tan t  v a r i a b l e  here.  

The t e s t  s t r a t e g y  l o c a t i o n  was p a r t i c u l a r l y  

impor tan t  for  i d e n t i f y i n g  f l u x - c o n c e n t r a t i n g  mechanisms should 

they e x i s t .  We observed t ha t  the s a t u r a t e d  mat r i x  c o n d u c t i v i t y  

for  z e o l i t i c  Ca l i co  H i l l s  t u f t  i s  most l i k e l y  too low for  a 

fas t  mat r i x  f low as we have de f i ned  i t .  

With regard  t o  the  f r a c t u r e  p r o p e r t i e ~ ,  aga in ,  the 

ex ten t  of  underground e x p l o r a t i o n  of  t a r g e t e d  f a u l t s  and 

f ea tu res ,  and the ex ten t  of  exposure of  f r a c t u r e  m i n e r a l i z a t i o n  

was cons idered  e s p e c i a l l y  impor tan t  fo r  c o r r e c t l y  i d e n t i f y i n g  

f r a c t u r e  f low c o n d i t i o n s .  

DR. BLANCHARD- Roy, can I ask you a ques t i on?  

Before t h i s  p r e s e n t a t i o n  i s  f i n i s h e d  we would l i k e  
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to make sure that we have covered the considerations in your 

earlier question about fracture hydraulic properties. 

MR. ROY WILLIAMS: I concluded that what they are 

talking about is fracture flow treated as an equivalent course 

medium. They misuse the term by trying to apply it to a single 

aperture fault draining an overlying saturated reservoir. 

That is what is going on. 

DR. BLANCHARD: Okay. 

MR. HARDIN: The same term being app l ied  somewhat 

di  f f e r e n t l y .  

This graphic presents  par t  of  the r e s u l t s  of  the 

~ e s u l t s  from the t e s t  l i k e l i h o o d  func t i on  assessments. We have 

• here the p r o b a b i l i t i e s  for  c o r r e c t l y  i d e n t i f y i n g  d i f f e r e n t  f low 

regimes for each of the s t r a t e g i e s .  

On t h i s  a x i s  we have p l o t t e d  p r o b a b i l i t y  from .3 up 

to  .9;  and down here we have the d i f f e r e n t  s t r a t e g i e s .  Two and 

F ive  are grouped together  because of t h e i r  s i m i l a r i t y .  

There are several  general obse rva t ions  I t h i n k  y o u  

can make from t h i s  r e s u l t .  The l abe l s  are very  l e g i b l e  on t h i s  

f i g u r e .  The top curve i s  for a slow ma t r i x  f low.  

These r e s u l t s  say t ha t  i f  the actual  s i t e  c o n d i t i o n  

i s  the slow ma t r i x  f low regime tha t  i s  r e l a t i v e l y  easy to  

c o r r e c t l y  i d e n t i f y  w i t h  respect  t o  some of the other f low 

c o n d i t i o n s .  Fast ma t r i x  f low may be r e l a t i v e l y  hard to  

i d e n t i f y  because i t  may be res t r i r~ ted  in  space, and i t  may be 
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the consequence of a future change in net infiltration. 

Another general observation is that there are some 

large differences in the assessed probability of correct 

results among the strategies. 

Strategy Six at the far right is the all-surface- 

based testing and drilling strategy; and on the far left you 

have extensive exploration inside the block. 

To summarize on the test likelihood function results 

I will say several things. The underground excavation 

strategies are consistently more likely to produce correct 

results than surface-based testing. 

The Pryle Pass outcrop test facility that you heard 

about a little earlier does not appear to contribute much to 

the likelihood of correct results. Also you can say that a 

single small underground facility, a limited facility, in the 

south or the southeast has relatively low likelihood of 

producing correct results whether it is located inside or 

o u t s i d e  the  b lock .  

An ex tens i ve  f a c i l i t y  southeast  of the b l o c k - - h e r e  

we are t a l k i n g  about o u t s i d e  the b l o c k - - i s  comparable to  a 

- s m a l l  f a c i l i t y  i n s i d e  the  no r theas t  par t  o f  the b lock .  

F i n a l l y ,  S t r a t e g i e s  Two and Five are s t a t e d  here to  have 

s i g n i f i c a n t l y  h igher  l i k e l i h o o d  of p roduc ing c o r r e c t  r e s u l t s .  

The next category of technical inputs I will talk 

about is the available inventory for Calico Hills transport. 
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Here the experts assessed the aqueous releases available at the 

top c,f the Calico Hills as a quasi-uniform process over 10,000 

years for each of the flow regimes. 

With this set of assessments some of the major 

factors considered include the total flux associated with the 

flow regimes; and the distribution of flux produced by 

o v e r l y i n g  u n i t s  and processes above the r e p o s i t o r y .  

Again, w e a r e  t h i n k i n g  of  water i n  con tac t  w i t h  t h e  

waste package. How many waste packages f a i l ,  and what happens 

t o  them a f t e r  they f a i l ?  How much of  the  waste form i s  broken 

down and mob i l i zed?  

Th is  i s  r e f l e c t e d  in  a f a i r l y  h igh degree of  

u n c e r t a i n t y  in  the assessments. Your CDF ge ts  a l i t t l e  b i t  

f l a t t e r  when you have u n c e r t a i n t y  as t o  a proces~ l l k e  r e l ease  

of  n u c l i d e s  from a f a i l e d  waste package. 

-The ex ten t  of contaminated water f l ow through 

engineered m a t e r i a l s  in or near the r e p o s i t o r y  was an impor tant  

concern,  as was the  e x i s t e n c e  of  perch water below the 

r e p o s i t o r y :  for example, on top  o f  t he  C a l i c o  H i l l s ;  and the 

impact t h a t  may have on the  i n v e n t o r y  of  n u c l i d e s  a v a i l a b l e  for  

t r a n s p o r t .  - .  

The next g raph ic  i s  the  r e s u l t  of  the a v a i l a b l e  

inventory assessments for two of the flow regimes: concentrated 

fracture flow, and distributed f~acture flow. The idea here is 

to show you the kinds of functions generated by the assessment 
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p r o c e s s .  

Th is  i s  not t he  CDF e x a c t l y  as assessed by the 

t e c h n i c a l  pane l .  I t  i s  processed one s tep .  I am sure H o l l i s  

could d e s c r i b e  t h i s  b e t t e r ;  but i t  r e p r e s e n t s  where the  mass 

was placed on these f u n c t i o n s .  

DR. NORTH: What  would t h i s  have been i f  you had not 

made the assumption o f  the  enr ichment on the tecniseum? 

MR. HARDIN: 

DR. NORTH: 

Di f f e r e n t ?  

Yes. I s  t h a t  the  reason you have a 2 

t h e r e  on t he  r e l e a s e  measure? 

MR. HARDIN: I would suspect i t  would be ve ry  much 

the  same from about here on because tecniseum, g i ven  the 

assumpt ions we have made, i s  gone at about R=2. 

DR. NORTH: Do I read t h a t  as we have about a 1 

percent  chance of  a r e l e a s e  l e v e l  of  10, or does the  graph go 

somewhere el  se? 

MR. HARDIN: 

f low regimes.  

DR. NORTH: Okay. 

MR. HARDIN: I have another s i m i l a r  curve  I w i l l  

show you i n  a minute .  : 

The next  ca tego ry  o f  assessments I would l i k e  t o  

t a l k  about are the  rel~_~ases from the C a l i c o  H i l l s  u n i t .  Here 

we are ask ing :  Given a i n v e n t o r y  r a t e  on n u c l i d e s  t r a n s p o r t e d  

t o  the u n i t  rep resen ted  by a va lue  for  R, what i n v e n t o r y  i s  

Yes, under e i t h e r  o f  these two f r a c t u r e  
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transmitted to the water table in 10,000 years at another value 

for R bounded by the available inventory? 

In some of the major factors considered here in 

addition to the basic distribution, as we know it, of 

mineralogy and hydraulic properties--and, as I ~ay, with facies 

distribution--we observed that fault zones may have tight 

intervals where matrix flow occurs, perhaps over a very limited 

pathway, but that this could have a major impact on the 

transport of radionuclides by certain mechanisms. 

We also identified that flow paths would be 

lengthened, extended, by lateral diversion and by heterogeneous 

distribution of hydraulic matrix properties in the Calico Hills 

unit; and the variation of Calico Hills' thickness has a lot to 

do with the transport of radionuclides through it. So there is 

some dependency on where the nuclides are available on top of 

the Calico and the thickness of the Calico. 

Finally, matrix diffusion effects were quite 

important in this set of assessments. This is reflected in 

uncertainty on the retardation of the mobile species. 

We are talking about at the relatively low levels of 

releases where we have assumed that such species as tecniseum 

99 constitute a very healthy fraction of the released 

inventory. By matrix diffusion here we are talking about 

interaction between flow in the fractures and the adjacent 

matrix be.zause once tecniseum 9'3 atom diffuses into the matrix 
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its progress is substantially impeded. 

CHAIRMAN DEERE: Excuse me. 

t h a t ?  

Could we go back t o  

MR. HARDIN: You b e t .  

CHAIRMAN DEERE: I have a q u e s t i o n  on your  

f r a c t u r e  m a t r i x  on t h e  r i g h t  hand s i d e  where you c o n s i d e r e d  

f a u l t  zones may have t i g h t  zones.  

What form o f  t i g h t  zones were c o n s i d e r e d ?  - 

MR. HARDIN: The terms t h a t  we were u s i n g  were gouge 

and b e t - y o u .  

CHAIRMAN DEERE: How are t h e y  d i s t r i b u t e d ?  

i f  you have one gouge zone p a r a l l e l  t o  one s i d e  so h o r i z o n t a l  

f l ow  would be r e t a r d e d  at  t h a t  p o i n t  i t  c o u l d  not  get i n t o  t h e  

zone, or d i d  you have i t  i n  a v e r t i c a l  d i r e c t i o n  t h a t  when i t  

g e t s  i n t o  t h e  zone i t  goes down and f i n d s  s l i g h t l y  d i f f e r e n t  

c h a r a c t e r i s t i c s ,  bu t  p r o b a b l y  because i t  goes t h r o u g h  ano the r  

bed. 

In  o t h e r  .... 

-- MR. HARDIN: Yes, t h a t  was our i n t e r p r e t a t i o n :  t h a t  

i f  you had f l o w  i n  t h e  v e r t i c a l  d i r e c t i o n  headed f o r  t he  water  

t a b l e  and i t  has ~o d e t o u r  t h r o u g h  even a c o u p l e  o f  meters  o f  

m a t r i x  or porous  media t y p e  m a t e r i a l s .  

CHAIRMAN DEERE: I t h i n k  bo th  w i l l  happen: you a re  

go ing  t o  have t h e  r e t a r d a t i o n  i n  g e t t i n g  i n t o  t he  f a u l t  zone i n  

many, many cases;  and t h e n ,  as i t  goes down t h r o u g h  t h e  

d i f f e r e n t  beds, p r o b a b l y  as you say t h e r e  w i l l  be t i g h t  zones 
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and open zones. 

MR. HARDIN: Yes. 

MR. ROY WILt_fANS: What did you do with that 

information? I don't quite see that. 

MR. HARDIN: What happens when you implement an idea 

like this in this process at the relatively low probability 

level--say 20 per,:ent or at the 50th percentile--is you infuse 

into your judgments additional confidence--a factor of 2, a 

factor of 5--that such processes do have a significant impact 

on t r a n s p o r t  th rough the  C a l i c o .  

MR. ROY WILLIAMS: How do you handle q u e s t i o n s  l i k e :  -- 

How many do you put i n :  how many gouge zones, t i g h t  zones? 

MR. HARDIN: We are back t o  the l e v e l ,  at  l e a s t  i n  

t h i s  s t udy ,  of  i n d i v i d u a l  assessment and the  b a s i s  fo r  i t .  

That i s  something we recogn ize  as an impor tan t  r e s p o n s i b i l i t y :  

a -documenta t ion  job for  us. 

CHAIRMAN DEERE: When you are t a l k i n g  here about a 

h igh  l e v e l ,  i t  means a low l e v e l  o f  i n f o r m a t i o n .  

[Laugh te r  ] 

CHAIRMAN DEERE- In t h a t  r i g h t ?  Ins tead  of  g e t t i n g  

i n t o  the d e t a i l s ,  you are c a l l i n g  them now a low l e v e l .  

I t  seemed to  me t h a t  might be h igh l e v e l .  

[Laughter ] 

MR. DOBSON: We did not address at the level where 

we consider explicitly a different level of gouge zones and 
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fault zones. 

The point of that on the viewgraph is that in the 

view of the people doing these assessments it does not take 

very many gouge zones to add a significant amount of 

performance. In other words, in order to get fracture 

performance you need to have pretty nearly continuous fracture 

flow through it. If it stops in several places, you are going 

to get a good centribution to performance even though there are 

fractures. 

It is qualitatively assessed such that when you say 

at a low probability, I actually think it still might perform 

okay even with fractures because it is not going to be 

continuous fracture flow; but at a higher probability where I 

am more confident of my assessment I am going to be more 

conservative and assume that the flow is continuous. 

So it just a way, as Hollis described earlier, of 

characterizing your uncertainty in how good you feel it is 

going to perform. At some confidence level you say "I am going 

to be conservative: it is not going to do very well; but there 

is some chance it is going to do a lot better than I am 

saying. " 

That is why you do the assessments at various 

confidence levels. 

MR. HARDIN: 

problem we find, 

There are so many uncertainties in this 

in general, the experts have said that at the 
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99th percentile the consequences are relatively dire; and at 

the 10th percentil~9 there are other things that might come into 

play that improve performance: flatten the curve. 

In some parts of the curve we are pessimistic; in 

some we are optimistic. 

The next slide presents another category of 

geotechnical inputs to the study. Here we are assessing the 

release reduction factor associated with transport through the 

saturated zone from the repository to the accessible 

envi r onment. 

Some of these are kind of subtle, but some of the 

major factors that came into these assessments are, first, the 

implications of a water table rise. Of course, that could be 

associated with an increase in velocity or average velocity; 

but it would also be associated with an increase in aquifer 

transmissivity. 

Another observation was that effective porosity 

values used in the Site Characterization Plan are rather 

conservative. In fact, in our view they don't permit very much 

fracture matrix interaction at all. 

So instead of using values on the order of half a 

percent, for some of our calculations we looked at values on 

the order of 10 percent. 

The experts also made clear that their experience 

with saturated zone transport made them feel much more 
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comfortable about this set .of assessments than the relatively 

novel affair of unsaturated zone transport. 

Finally, with regard to the matrix diffusion process 

that would tend to retard nuclides along saturated zone 

pathways, the 5-kilometer distance to the boundary of the 

accessible environment was regarded as long enough to present 

opportunity for matrix diffusion. 

Therefore, in this argument if you had a conduit for 

rapid flow for, say, a flat zone or a fracture of some type the 

persistence of that feature in the direction of the potential 

metric gradient would be such that we expect that somewhere 

along there flow will slow down enough to permit matrix 

di f fusion. 

This next figure is an interesting summary of the 

cumulative distributions developed from the technical inputs I 

have talked about so far. Here we have cumulative probability 

appl ied from .9 to  I ,  so t h i s  i s  par t  of  the CDF, p l o t t e d  

against  the re lease measure R from zero to  10. 

We have p l o t t e d ,  here, the d i s t r i b u t i o n s ,  based on 

our assessments, aggregated over a l l  f low regimes. We have 

combined the d i f f e r e n t  d i s t r i b u t i o n s  for  the. d i f f e r e n t  f low 

regimes on, say, a v a i l a b l e  i n v e n t o r y .  

This CDF represents the re lease  curve, i f  you w i l l ,  

for the available inventory part of the model. This one 

represents that plus the Calico Hills transport. And this one 
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here represents the first two processes plus the saturated zone 

transport. 

This shows you that the contribution of the Calico 

Hills--which in some way is represented by the difference 

between these curves--is comparable to, perhaps greater than, 

the contribution of the saturated zone. 

However, there is some granularity in these curves 

that were compiled from discrete inputs. A more detailed and 

comprehensive study would generate smoother curves and permit 

you to say more about the differences between the curves. 

MR. REITER: These curves represent the mean of the 

experts? 

MR. HARDIN: Yes. If you take a room full of six or 

eight experts and ask them a question you will get back six or 

eight numbers. What you do with those depends, in this study, 

on which set of assessments you are working with. 

We looked at arithmetic averaging, log averaging and 

some other schemes as well. 

MR. REITER: 

MR. HARDIN: 

MR. REITER: 

MR. HARDIN: 

What do you use here? 

These are based on log averages. 

Suppose you used a r i t h m e t i c  averages? 

Then chances are two or three out of 

your six or eight experts' numbers would dominate. 

MR. REITER: Do you have an example? 

MR. HARDIN: I don't have an example of that to show 
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you. That comes under the category ,of sensitivity studies: 

things you are obligated to do in order to reinforce 

conclusions like this. 

DR. BLANCHARD: I certainly believe so. 

structure In other kinds of assessments the whole ball of wax 

lie in whether to use arithmetic or log averaging. That is 

where 90 percent of the influence is. 

MR. HARD I N: Yes. 

DR. BLANCHARD: It overwhelms everything else. 

MR. CALL: As I described in my presentation, we 

used a number of techniques depending on the amount of 

variation there was among the experts. So in cases where we 

had a lot of variation we used techniques to attempt to 

preserve some of that, particularly the tail. 

MR. REITER: 

We tried to 

go one way or the  o t h e r .  

What you p i ck  here may cause r e s u l t s  t o  

You should be able t o  p resen t  both 

r e s u l t s  and argue why you d id  one o f  the  o t h e r .  

MR. CALL: 

MR. HARDIN: 

R i g h t .  

I guess we agree. 

I t  i s  a ve ry  n o n - t r i v i a l  t h i n g .  

With t h i s  s l i d e  you ought t o  r e f l e c t  on 

MR. REITER: 

DR. NORTH: 

the implications of the curve where you have all three terms: 

the sc, urce, the Calicc, Hills, and the saturated zone. 

I think I need a microscope on my slide to see 

exa,-tly hc, w much that deviates from R=zero and the probability 
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approaching I. That has very strong implications if the 

cumulative on release is really that low. 

It would be interesting to examine some of the 

scenarios in detail and figure out what the leading terms are 

in that; but I am assuming you are getting a considerable 

degree of independent attenuation in the saturated zone which 

is why the deviations I can read by eye for one term alone--the 

source--and then the source plus Calico Hills become smaller 

than I can easily discern when we put all three of them 

together. 

If, in fact, the conclusion is this strong and we 

believe it, which are great big ifs, it makes me a lot less 

worried about arithmetic versus geometric averaging of the 

experts. 

MR. HARDIN: As I said before, this was not the PA; 

and we don't take too much credit for generating this kind of 

r esul t. 

DR. NORTH: I think the interesting question here 

is: How sure are we that we really have dealt with the extreme 

scenarios in all three stages? And is there anything that has 

been missed that would give us a different result? 

MR. CALL: We did spend a lot of time in our 

discussions and the assessments to attempt to characterize the 

region from the 95th and the 99th percentiles. So we are very 

sensitive to that. 
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That was not something we were trying to c, verloc, k. 

In fact, we pushed our experts in several cases to fc, ur 9s; and 

we realized we were well beyond their capability of giving us 

reliable numbers. 

We could easily depart from the structure we 

developed for this analysis and do something in which we 

characterize some things that the events out at the 99th 

percentile. I would have to say, based on the analysis we have 

done so far, I am skeptical of how valuable that would be. 

DR. NORTHz Maybe your biggest job is to communicate 

to others the insights you developed in this exercise; but what 

you have to do, I think, is persuade the rest of us that have 

not lived inside of this exercise for months that you really 

have thought of everything that could be important. 

MR. HARDIN: Now we jump into an important category 

of technical inputs: the waste isolation impacts. Here, again, 

we are assessing a release impact factor for each strategy in 

each flow regime: a factor that modifies releases from the 

Calico Hills unit. 

That factor may be greater than 1 indicating 

releases have increased, or even less than I indicating 

performance is improved. 

A note here: In this process we used the level of 

impacts of analysis in Site Characterization Plan Section 843 

as a kind of target for the level of detail for which we 
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S,:,me of the significant observations in this process 

were: If you are going to have significant transport along 

back-filled or sealed openings it requires water flux along 

those openings. 

Here we are talking about: What is the impact on 

performance on transport of radionuclides through the unit of 

these openings that are constructed in the Calico Hills and 

back-filled with sealing measures, and so on'? 

If you are going to have significant transport, you 

need water flux. For the greatest potential flux through the 

openings you need a natural-concentrating mechanism to collect 

the water so it can somehow infuse into the openings and flow 

there. 

A kind of corollary observation is that a lost bore 

hole--a bore hole of which you lose control during the drilling 

process or subsequently and are not able to seal--may be the 

largest impact you can ,"ommit at the site. This is reflected 

in some of the results you are about to see. 

Here are some more i n c i d e n t a l  obse rva t ions .  The 

plan area and the s i ze  of  openings assoc ia ted w i th  any of  these 

s t r a t e g i e s  are, indeed, small compared to  corresponding 

dimensions of the s i t e  and the Cal ico H i l l s  u n i t .  

Here is another slide with more factors ,-onsidered 

in the waste isolation impact assessments. This is an 
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interesting point. 

The diversion of grc, und water from natural pathways 

into engineered materials may actually improve performance; 

particularly if the water would have flowed along a diversion 

horizon and then into a fault zone, and now it flows into a 

back-filled shaft. 

We talked a long time about rock mass excavation 

damage and the water that would be used in construction. The 

conclusion was that these effect, while they are real effects, 

are probably restricted to the immediate vicinity of the 

openings; rock mass damage would tend to be limited in non- 

welded tuft; and water that was lost during the construction 

process would certainly diffuse in the non-welded tuft and, 

thereby, remain near the openings. 

Ventilation of tufts will remove large amounts of 

water from the wall rock. Finally, flows of materials imported 

during construction and testing are also likely to remain near 

the underground openings. 

So these kinds of arguments tend to restrict the 

spatial extent of the impact. 

This next slide represents one of the kinds of 

quantitative arguments used in developing numbers for waste 

isolation impacts. Here we are Ic0oking at Strategy Two or 

Five, and we are concerned with what happens when you have 

interference between these back-filled openings and a system 
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where flux is being naturally concentrated. 

The idea here is to develop a simple measure for a 

multiplier on releases. So here we have a rati,:, of the up-dip 

drained area to the total repository area, which is on the 

order of I percent, the idea being that water is moving down 

this horizon parallel to dip. When we get to the shaft a 

certain quantity of flow of a proportion of that water is 

diverted into the shaft or even into a ramp, and it flows down 

the back-fill until it gets to the bottom where it drains back 

into the formation. 

What does all this mean in terms of reduced 

per formance? 

We have a travel time ratio which is based on flow 

path length, which is approximated by thicknesses, and then 

saturated hydraulic conductivities. 

The idea is if you take 1 plus the area ratio times 

this travel time ratio, you get a number on the order of 1.05. 

The technical panel felt this was certainly approximate and 

definitely a conservative estimate for a multiplier on 

r e I eases. 

It does not take into account various effects, such 

as where the water would have gone if it did nc, t gc0 down the 

shaft; it assumes saturated flow where unsaturated flow may 

actually oc0"-ur; and there are other effe0-ts. You could 

describe a litany of effects that are not described by thi:s 
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particular approach; but we feel this is a conservative 

measure. 

These curves are the cumulative distributions for 

aqueous releases from the total system with and without impact 

from Strategy Number Two, which represents the maximum impact 

among the strategies we considered. 

Here we have a cumulative probability plotted from 

.99 to I and the release measure R applied from zero to I. 

Here we are seeing that the difference between these curves, 

based on our inputs, is small. 

CHAIRMAN DEERE: What is this? Say it again. 

MR. HARDIN: This is merely a graphic representation 

of the kinds of arguments I have developed in words over the 

last ten minutes. The idea here is that the different, because 

of the impact, is small. 

These two curves almost overlay, based on our 

inputs. 

This is kind of a summary of the results from the 

waste i s o l a t i o n  impacts assessments. Here we have a comparison 

of the  s t r a t e g i e s .  We have taken the  re lease  curve,  the 

d i s t r i b u t i o n  you j u s t  saw w i t hou t  impacts,  and c a l c u l a t e d  an 

e x p e c t a t i o n .  The cor respond ing  value of R i s  1.5 t imes 10_4. 

We haw~ also calculated expected releases for each 

of the strategies in the presence of the impact as assessed; we 

have subtracted to find the delta because °0f the strategy: 
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be,-ause ,-,f the impact ,:haracterizati,z,n; and we haw.~ taken the 

ratio ,-,f delta R to R. 

S,-, this is a relatively simplistic way t,-, present 

s,-,me ,;,f the waste is,_-,lati,-,n impa,_-ts inf,z, rmati,;,n. What it shows 

is that there are almost two orders of magnitude difference in 

terms of impacts. 

I sh,-,uld point out at the beginning that all the 

impa,mts represent very small changes to the expe,zted total 

system releases. 

Down here y'm'u have the outside Strategies, Seven and 

Eight. These are outside plus surface-based testing. They do 

not include long angled dry bc, re holes drilled from the 

underground; and the level of impa,-ts calculated here is on the 

order of .I. I have listed it as less than 1 percent. 

When you move to limited inside strategies, you are 

looking at the effect--in my view: this is my interpretation-- 

of having that shaft, which now may penetrate a natural-flux 

concentrating mechanism, and the increase in impa,mt is 20- or 

3 0 - f o l d ;  then the increase in impact in  extending from a 

l i m i t e d  f a c i l i t y  t o  an ex tens i ve  one i s  another 5-  or 6 - f o l d .  

Now we are a t a l k i n g  about the e f f e c t  of  having a l l  

t ha t  d r i f t i n g .  

The Surface-Based Testing Strategy did n,-,t come out 

at the bottom ,:,f this list because there was some ,::on,mern that 

sc, me of the bore holes prop,z, sed would be difficult tl m , drill and 
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might be lost. That is all I will say about that. 

Finally just a couple of simple points. 

There appear to be some significant differences 

among the strategies in terms of the likelihood of producing 

correct results. Strategies Two or Five generate the likeliest 

likelihood. 

MR. PRICE: That is not inferential statistics that 

have been applied to give a statistically significant. 

MR. HARDIN: No. 

MR. PRICE: 

MR. HARDIN: 

That is not what you mean. 

No0. This is qualitative. 

Another point is that the aqueous total system 

releases are expected to be more than 1,000 times less than the 

threshold level used in the probablistic Environmental 

Protection Agency standard; and the change in those aqueous 

total system releases as a result of extensive characterization 

inside the block is expected to be a small fraction of the 

total aqueous releases. 

That concludes my presentation. 

MR. REITER: Where was Two demonstrated'? Where is 

your second bullet demonstrated? 

MR. HARDIN: That would be the cumulative 

distribution on releases, which would move back just two 

sl ides. 

The threshold level for the Environmental Protection 
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Agen,-y standard is here. 

calculated to be 1.5 times 10_4. 

is the next slide. 

MR. REITER: 

logarithmic evidence? 

MR. HARDIN: 

MR. REITER: 

The expectation 0:,f releases was 

That is ,:,n the table, which 

You did the expectations in terms of 

Right. 

It is allowed: to talk about 

expectati,-0ns in terms of logarithmic evidence? 

MR. CALL: 

MR. HARDIN: 

conditions. 

It is just the expected value. 

Under certain assumptions and 

MR. CALL: Yes. 

MR. HARDIN: We recognize here there are some cases 

in the set of numbers developed by the study where there are 

orders of magnitude differen°-es among the experts. 

MR. REITER: We will be able to see that when you 

present these results in some sort °0f printed media? 

MR. HARDIN: Yes, s i r .  

MR. CORDING: So we w i l l  be ab le  t o  see some of  what 

the experts were estimating as probabilities; and in areas 

where we feel we have some thoughts on those we will be able to 

check? 

MR. CALL: 

MR. HARDIN: 

MR. CORDING: 

Oh, yes. 

That is the goal. 

That will be very helpful. I think 
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that is important for us, in w,-,rking with the Board here, to be 

able to de, that. 

MR. HARDIN: We are especially concerned with the 

waste isolation impa,zts assessments. 

MR. REITER: If you did that with the arithmetic 

average throughout, what would be the results? 

MR. HARDIN: 

predictions. 

MR. CALL: 

results. 

MR. REITER: 

MR. CALL: 

Somewhat more pessimistic release 

We would need t o  run t h a t  and present  the 

But have you run the total? 

We have on some of them. On some of them 

I think it is going to distort the expert judgment group in the 

sense that two or three of the experts will clearly dominate. 

MR. REITER: But some people because there was 

distortion, and other people consider representation? 

[Laughter] 

MR. CALL: That i s  t r u e ,  too .  

As I have mentioned, we have used severa l  d i f f e r e n t  

algorithms for doing that. 

averages. 

We can run them a l l  w i t h  a r i t h m e t i c  

However, I also have to say that would not be 

consistent with what the experts felt was the appropriate way 

of dealing with each variable. 

MR. LANGMUIR: This is a little after the fact, but 
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I wc, uld like tc, go back to the expert list. I am ,'-'oncerned 

that, if I am correct, yc, u only have one expert in unsaturated 

zone hydrc°logy and yc, u have a half an expert in geochemistry. 

[Laughter ] 

MR. LANGMUIR: You have one guy who was supposed to 

be doing both is what I am saying. 

I wonder if that represents really what it should 

represent in terms of a balanced view of what the problems are 

likely to be. 

MR. HARDIN: That is a good point. 

MR. LANGMUIR: Did those folks have additional input 

from others in the program who were expert in those fields? 

MR. HARDIN: Yes. 

MR. LANGMUIR: Is there any way to weight it given 

the distribution of experts you have? What did you do about 

that? 

MR. CALL: They did have access to others. We did 

not restrict them from talking to other people. We brought in 

several retardation experts for days worth of discussions. 

MR. PRICE: Did you consider any technique to get 

concordance or congruence among your experts, such as a delphi 

technique; or did yc, u have each expert rate their expertise as 

they were giving a judgment? 

MR. CALL: No, we did not. 

MR. PRICE: Did yc, u do any statistics of 
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,-or~cc, rdance, like cc, efficients ,-,f ,-,-,ncc, rdance? 

MR. CALL: Actually in a few cases we did some 

summary statisti,-s on the amount of variation in the estimates 

we got; but our basi, z pr,-,cedure was to first, of course, define 

the variable carefully, clearly, and have everyone have the 

same understanding of that variable. 

Then we went through a scoring process where each 

person scored the variable independently, and then we put up 

the scores and we went through a lengthy discussion in which 

particularly the experts that had extreme views would exchange 

in formation. 

We tried to make sure everyone had the same state of 

information underlying their judgment. Then we would iterate 

on the estimates. 

The key point was getting the discussion going and 

making sure everyone had approximately the same understanding; 

and as often happens in these cases we had situations where 

people changed their views substantially on,-e they shared some 

of that information with other experts on the panel. 

MR. PRICE: I think it would be valuable to at least 

know when there was not concordance and the statistical 

treatment to know that, in fact, on some decision basis, 

inferential basis, there was not concordance in this case. 

MR. CALL_: In all cases we asked the panel if the 

number or the distribution we were using would be the best 
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representation ,of the group's .judgment. So we got that level 

of verification from the groups in all cases. 

I think you are right: It would probably be 

interesting to look at th,-,se and t,-, represent that. I do have 

some back--up slides if you are interested in seeing some of the 

representations of some of the variability models. 

MR. LANGMUIR: It looks like you have 14 voting. 

Does the geochemist, who is also a hydrologist, get a half a 

vote when he has an insight in terms of the chemistry ,:,f the 

system, the transport of nuclides: for example releases? Is it 

a half a vote? 

[Laughter ] 

MR. CALL: The person that represents the best state 

of information on that variable tended t,3 have a lot of sway; 

or, at least, that person would have a lot of input to the 

discussion. 

So, in a sense, the weighting took place in an 

informal implicit manner. 

MR. PRICE: But, on the other side, there is the 

persL~nality factor there. 

MR. CALL: There may be. 

CHAIRMAN DEERE: W,:,uld there be people v,:~ting, for 

instance, on the low permeability zones in a fault who were not 

ge,:,logists c,r nr, t mining engineers? Would you have other 

people voting who were chemists or of some other particular 
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MR. CALL: We did. 

MR. DOBSON: The make-up of  the group was 

constituted partly because everybody on that group, I think, 

had a rather broad knowledge ,z,f the geosciences; but, in 

general, yes, with a few exceptions. 

We did some of the performance assessments with only 

part of the group because with only part of it did we feel 

comfortable making assessments of how they felt the site was 

going to perform. Some of the engineers, for example, decided 

they did n,z,t want to participate in that. 

MR. LANGMUIR: Dave, would it make sense to remind 

everybody where the list of experts is? It is in your 

presentation, CHRBA, on page 10. 

MR. DOBSON: I would like to add that I agree that 

we could have gotten a broader range of expertise. We kept it 

small on purpose; and we are not presenting this as the 

consensus of everyone who works on the project. 

Just to respond to one other asked, I think Hollis 

mentioned--and I think it was in every case--when we finished 

with an assessment we went back to the group and we said, "Does 

this group feel comfortable with the distribution we have put 

down here?" In all cases, the group was comfortable with the 

range of values. 

Although we have not done all of them--Hollis has 
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dc.ne a few and, like he said, he can show you a few .... in sc.me of 

the sensitivity studies, in general, for the performance 

assessments in particular arithmetic means 10 to be the most 

conservative. 

If you had one guy say the performance was 10_3 of 

the standard and four others say it was 10_6, when you use an 

arithmetic mean the 10_3 is the bulk of the mass; but we tried 

it both ways, depending on the situations; and we intend to do 

more sensitivity w°:°rk. 

MR. REITER: Dave, there was literally blood on the 

flnor in the Nuclear Regulatory Commission when the panel came 

up and recommended using a safety goal based on medians, which 

is approximately equivalent to logarithm of averages. 

The ACRS literally screamed bloody murder that it 

had to be a mean that was equivalent with arithmetic averages. 

So I think the use of a logarithmic average, if it 

is significantly different, you are going to really have to 

defend. 

MR. DOBSON: I agree. As I said in the beginning, 

that is one of the reasons that our intent is to write this 

stuff up at such a level of detail that everybody can pore over 

it and come back and talk tc° us again. 

CHAIRMAN DEERE: But it seems to me there can be 

differences in the kinds of averaging you do; but just change 

the make-up of that group by one person you can throw this out 

EXECUTIVE COURT REPORTING, INC. 301/565-0064 



2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

24 

25 

the window and dc, n't let the c, thers vote. 

MR. REITER: But when they use logarithmic 

averaging, if you add one persc, n or take away one person it has 

much less impact. That is the advantage to that. 

On the other hand, the question is: If that person 

predicts severe impacts from the point of view of expectation 

and cost, you really should count that in. 

The way you constitute your expert panel, the way 

you treat uncertainty is, in many cases, the driving element. 

I think you have to defend the robustness of your conclusic, ns 

based on the way other pec, ple might do it with other teams and 

other methodologies which maybe will exempt them. 

MR. CALL: That is a very good point. 

Obviously there are lots of different ways we could 

aggregate the expert opinion. Since arithmetic averages seem 

to be an obvious way, we will do that. 

! think we ,:an document to you that, in fact, the 

model is very robust with respect to the aggregation 

t ec hn i ques.  

There i s  one t h i n g  I would l i k e  t o  add t h a t  we have 

not  s a i d  befc, r e .  That i s  t h a t  a l t h o u g h  we have v e r i f i e d  our 

e s t i m a t e s  w i t h  t h e  panel  i n  t he  case o f  each i n d i v i d u a l  

variable, we have not had the opportunity to go back to the 

panel and fc, rmally present them the results of the model along 

with the value assessments, and explain tc, them the 
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significance ,0f all of this~ ~ - 

I think that is a step you really need to be able to 

do. We have not been able to do it because of the schedule 

problems. It is conceivable that could result in some of the 

adjustments of some of the inputs. 

MR. ROY WILLIAMS: 

f a u l t  zone gouge for  a minute. 

I would l i k e  t o  zero in  on t h i s  

That i s  a very good one to  h i t .  

I have walked through p robab ly  more f a u l t  zones and 

underground mines than anybody in t h i s  room w i t h  the p o s s i b l e  

excep t ion  of  Dr. Deere. 

[Laughter  ] 

MR. ROY WILLIAMS: I would be hard put t o  o f f e r  an 

op in ion  on the d i s t r i b u t i o n  of  f a u l t  zone gouge in  a 

h y p o t h e t i c a l  f a u l t  or f a u l t s  anywhere, e s p e c i a l l y  at Yucca 

Mountain where nobody has been in  an underground opening at 

a l l .  

I am wonder ing:  How d id  you get people on these 

panels  to  answer a ques t i on  l i k e  t h a t ?  How d id  you get them to  

ass ign a value t o  t h e ' f r e q u e n c y  or the  d i s t r i b u t i o n ?  

I cannot imagine anybody t a k i n g  a stand on an issue 

l i k e  t ha t  a f t e r  having been in  a bunch of  them. Quan t i f y  i t  

e x p l i c i t l y .  

MR. HARDIN: What I presented to you were some of 

the more persuasive arguments I was able to write down during 

the assessment process. 
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OF:. DOMENICO: What i s  :y~ur numbe~:Roy? 

MR. ROY WILLIAMS: I j u s t  t o l d  you. I would not 

have any idea what number tc, put on a quest ion l i k e  t h a t ;  and I 

have seen a l o t  of f a u l t s .  

MR. HARDIN: On the other hand, we have some s t r a t a  

in  the Cal ico  H i l l s  u n i t ,  p a r t i c u l a r l y  v i t r i c  u n i t s ,  tha t  are 

r e l a t i v e l y  incompetent rock.  

MR. ROY WILLIAMS: We are t a l k i n g  about f a u l t  zone 

gouge, not s t r a t a .  

MR. HARDIN: So where t h i s  data are f au l t ed  one 

might expect those f a u l t s  to  be t i g h t .  

MR. CORDING: To me, t h i s  d i scuss ion  i s  a very key 

par t  of  the conc lus ion tha t  ex tens i ve  h o r i z o n t a l  d r i f t i n g  i s  

very  impor tan t .  Of course, the reason for your s tudy i s  not t o  

prove tha t  t h i s  re lease i s  going to  be 1,000 t imes less than 

th resho ld  l e v e l ,  but i s  t o  eva luate  what you need to  do to  f i n d  

out what i s  r e a l l y  down there .  

I t h i n k  the comments on the f a u l t  gouge and the fac t  

tha t  they are unknown tha t  Roy i s  making i s  a good p o i n t .  I 

t h i n k  some of us feel  we are s i t t i n g  on the l imbs of t h i s  

dec i s ion  t r ee  w a i t i n g  fc, r the dec i s i ons  to  get to  where some of  

us have been: c e r t a i n l y  in  t h i s  area of f a u l t s  and h o r i z o n t a l  

expl,::,rati,_-,n. I am w~ry pleased to see us approa,:hing that. 

Ernie, from yc, ur presentation here, you have not 

gc, tten to the bottom line on your summary which says, 
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"Strategies Two or Five>have significantly higher likelihood c , f  

producing correct results." Looking ahead, that is really 

coming more from the next presentation. 

Is that not correct? 

MR. HARDIN: 

MR. CORDING: 

Yes, t ha t  i s  c o r r e c t .  

You d o n ' t  have any th ing  t h a t  r e a l l y  

con f i rms  t h a t  in  the p r e s e n t a t i o n .  

MR. HARDIN: 

p r e s e n t a t i o n s ?  

DR. NORTH: 

the reco rd .  

Are we ready for  the  next set  of  

I would l i k e  to  get another comment on 

I get concerned in  d i s c u s s i o n s  l i k e  t h i s  t ha t  we get 

too focused on the d e t a i l ,  and the d e t a i l  o f  the numerology in 

which I am very comfo r tab le ,  as some of  you are,  i n  

geosc iences.  I am very comfo r tab le  in  terms of  the language and 

the  arcane procedures invo lved .  

However, I t h i n k  we have t o  r e f l e c t  t h a t  what a l l  o f  

t h i s  i s  doing i s  us ing  judgment as a supplement t o  modeling in  

areas where we are u n c e r t a i n t y .  To t r y  to  put the issue i n t o  

p e r s p e c t i v e  I would again l i k e  t o  c i t e  from the  recent  Nat iona l  

Academy/National Research Coun,-il r e p o r t ,  which seemed to  be to  

do a very good job of  summarizing what I b e l i e v e  i s  the major 

set of issues. 

This is from the bottom of page 24 where the Academy 

repc, rt is discussing natural analogues and then professional 
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judgment as supplements tc, modeling, and I quote: ~ 

"A secc, nd approach is to use the professional 

judgment c0f technical experts as an input tc, modeling in areas 

where there is uncertainty as to parameters, structures or even 

future events. Such judgments, which may differ from those of 

DOE program managers and their staffs, should be incorporated 

early in the process. A model created by this process can 

redirect the DOE program substantially. 

"It is important to bear in mind that all uses of 

technical information entail judgments of what is important and 

what is less so. If the technical community is to learn from 

the successes and failures of the DOE program, it is essential 

that these technical judgments be documented. Setting out the 

reasoning of DOE staff and of independent outside experts 

contributes to learning and builds credibility in the process 

even when the experts disagree with DOE staff and among 

t hemsel yes. °° 

So let's focus on the process. Let's not get too 

lost in some of the details. 

The very explicitness of what has been laid out here 

can be very valuable in terms of finding areas of agreement and 

disagreement; and at the level of which tests make the most 

sense, we may all agree on some relatively robust conclusions 

even though there are many areas of the input data and the 

decision analysis procedures on which reasonable people may 

EXECUTIVE COURT REPORTING, INC. 301/565-006'4 



"3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

270 

disagree, and frequently do. 

MR. BROCUM: We propose continuing. We have about 

anc, ther half-hour presentation. 

DR. NORTH: P1 ease. 

CHAIRMAN DEERE: I think we should. 

MR. BROCUM: Okay. The next presentation is by 

Hollis Call who will summarize the model results. 

MR. CALL: I am going to give you the brief version 

of this and let you ask some questions in the remaining time. 

Summary of Model Results 

MR. CALL: Just to remind you where we are, I am 

going to talk about results of the evaluation model we 

presented early. You have now seen all the technical inputs 

into it. 

I am going to talk about four types of results: what 

we call vent probabilities; release distributions which you 

have seen a lot of: I am not going to spend too much time on 

those; what we call optimal policy: that is, for the decisions 

you have to make what are the optimal decisions according to 

the model, and what are the consequences of those decisions; 

and I am also going to talk a little bit about some 

interpretation: interpreting some of the results. 

On vent probabilities, as you remember we talked 

about an assessment where we said if you had true conditions of 

any one of these and you conducted a test h,-,w likely is it that 
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your t~:st tells yc, u ,:,ne state versus an,z, ther. " ..... 

So in the input we had prior probability 

distributions and we had likelihc,,-,d functions, or probabilities 

test outcomes. I want to talk now about what we call marginal 

probabilities ,-,r: If you ,-ondu,-t any one of these tests how 

likely is it to say slow matrix, fast matrix, concentrated 

fracture, distributed fra,-ture? Then given it has said one of 

those things, how likely is it that you are in one of those 

st at es? 

I am sorry this slide does not give me the shadings 

we need. This is a comparison of Test Strategies Number Two 

and Six, and it is the probability of the test outcomes. You 

conduct either Strategy Two or Six and, for Strategy Two, there 

is a 60 percent chance that the result is going to be slow 

matrix. You can see the corresponding probabilities for the 

other test outcomes. 

For Test Strategy Number 6 it is a little bit 

closer. It is more in the direction of a uniform distribution. 

It is less able to discriminate; and the chances of getting any 

one of the results are closer to even. 

Now that you have conducted the test--again 

Strategies Two and Six--and if the test says slow matrix--that 

is, you have concluded, based on all of the test results, that 

you are in slow matrix--what is the ,-han,-e y,',u are actually in 

slow matrix? 
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Fc, r Test Strategy Two yc, u can see it is very high: 

93 percent c,r in that vicinity. Test Strategy Six is also very 

high, but a little l°-,wer. 

for itself. 

I think the graph pretty well speaks 

happens if your test says distributed fracture? 

fracture is a relatively unlikely flow condition. 

The next one is a little more interesting. What 

Distributed 

What happens 

if you conduct the test and it says distributed fracture? 

For Strategy Two, which is an extensive drifting 

strategy, there is a 60 percent chance you are actually in that 

state; and there is somewhere around a 30 percent chance with 

Strategy Six. Interestingly, with Strategy Six there is a 

higher probability that you are in slow matrix that distributed 

f rac ture :  that  i s ,  that  the p r io r  p r o b a b i l i t y  of being in slow 

matrix is  p re t t y  high and Test Strategy Six i s  not powerful 

enough to change that  view. 

This i s ,  I t h ink ,  a f a i r l y  i n t e r e s t i n g  r e s u l t .  I t  

shows you simply the d i s t r i b u t i o n  of fa lse negatives and false 

pos i t i ves  once t es t s  have been conducted. 

We have ta lked a l o t  about release d i s t r i b u t i o n s .  

This is  a new s l i de ,  and I w i l l  get you copies. I jus t  put 

this together. If you remember, this is our definition of R. 

I want to do a quick comparison of the R we are 

estimating to the Envirc, nmental Prc°tection Agency standard, 

which is a probablistic standard. 
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We d,:,n't know the shape :of the Environmental 

Protection Agency distribution. All we know are two points on 

it, and I am showing one pc, int here as the 90th percentile: a 

rati,:, c,f 1.0. 

According to c, ur model, the chance you are going to 

be at 1.0 or greater is around 10_5. 

Alternatively you can look at it from this 

standpoint: At the 90th percentile our model suggests that R 

is 1.5 times 10_6. This is not a,:tually our distribution: it 

is a graphical representation. 

You have in your slide packet a number of cumulative 

distributi,:,ns, releases to the a,:cessible environment. I think 

everyone understands these are somewhat controversial, and they 

have almost more shock effect than anything else. 

When you look at a distribution that has that kind 

of spike then you realize, as Ernie was showing, that you 

really ought to start truncating the distribution at the 95th 

and above to really start getting any kind of shape to the 

curve. 

The bas ic  message t h e r e  i s  t h a t  given the  i n p u t s  we 

assessed from the experts there were very confident in the 

performance of the site; and that is what is being reflected in 

these distributions. 

I will skip over the rest of thc, se and what I want 

to speak of now is: What does the model tell us is the optimal 
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thing to do? 

As Dave mentioned earlier, based on the analysis we 

have done with the kinds of limitations on the scope we have 

and the inputs we developed, the optimal policy according to 

the model is to not test. 

It says that we are confidence enough in the site 

and the benefits that we gain--i.e.: the ability to improve our 

decision based on the tests--are so low that it is not worth 

conducting. 

Again, that is all based on the analysis we have 

conducted so far. These are $I million and the differences, 

effectively, are all just in test costs. 

Obviously, that is a fairly controversial result. 

DR. NORTH: What have you assumed for  the  cos ts  of 

the t e s t s ?  Is  t h a t  in  the re?  

MR. CALL: We did  not assume any th ing .  Someone 

invo lved in the p r o j e c t  developed an eng inee r ing  cost  es t imate  

for  a l l  the  t e s t s .  

MR. LANGMUIR: Where would Two and Five be on t h a t :  

the two p r e f e r r e d  t e s t  types? 

MR. HARDIN: We have the ac tua l  cost  f i g u r e s  we can 

show you. Two and Five are not the highest cost. The highest 

cost is associated with the extensive outside facility. 

DR. NORTH: Are these numbers net benefit minus 

cost? 
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DR. NORTH: 

better than-- 

MR. CALL: 

negatives. 

DR. NORTH: 

polarity. 

MR. CALL : 

Then I am nc, t quite sure why 27 is 

These are costs. So they are all 

Okay. 

There is just a small problem with 

MR. BROCUM: They are not numbered, but they are One 

through Eight. 

MR. CALL: Sorry, these are One through Eight. I 

don't remember the exact figure for the test costs. 

DR. NORTH: I am wondering if there is any value if 

I look at the costs as being separate from the value of the 

information. If I read those graphs correctly, you have very 

small chances--somewhere between I in I0,000 and 1 in l,O00--of 

exceeding the Environmental Protection Agency standard. So 

there ought to  be some value to  the i n f o r m a t i o n :  i t  may be 

r e l a t i v e l y  low. 

MR. BROCUM: Yes, tha t  i s  f a i r .  

MR. CALL: Some value in  the i n fo rma t i on  in  the 

sense that it changes your decision or is there sc, mething else? 

DR. NORTH: In the sense that if you have that 

result to which you have assigned a prc, bability c,f less than 

1,000 yc, u wc, uld indeed want to change the design of the 
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repository, or maybe not have it there. 

MR. CALL: I can take you through the model again. 

Based on what we have in the model currently it is 

saying there is no value to, the information because it never 

changes your decision. 

There may be some value in another sense. Tomorrow 

you are gc, ing to hear a lot more about that from the 

Exploratory Shaft Facility study. 

Just to share a little more interpretation,--I think 

these are a couple of relevant points--why no testing? 

Expected releases are very low: orders of magnitude below the 

Environmental Protection Agency standard; and releases are the 

things we are worried about. 

The test results are not likely to change that view. 

There is lot being rolled up in this statement 

having to do with the power of the tests, as well as the 

confidence of the experts in the site. 

The next point is: The test costs are relatively 

high. Cheaper incremental or phased tests might be optimal. 

One of the things we always try to do in a decision 

analysis is figure out- Have we somehow restricted ourselves 

in our options to a set of choices that are, in themselves, 

dragging this kind c,f sub-c, ptimal result? 

We wc, uld like to be able tc, come up with alternative 

more flexible c, ptions--and I think this is very consistent with 
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what the Nation=~l hcadr.~my .:,f Sciences repc, rt is saying .... that it 

may, in fact, be a prc°gram, nc°t a $250 million commitment tc, a 

test, that our model is assuming. It may be the program 

cc, mmitment in small steps that is important. 

So you have to remember that is the way we looked at 

it in this model. We looked at eight different options, each 

of which represented a fairly substantial financial commitment 

today.  

I t  i s  p robab ly  t r u e  t h a t ,  in  f a c t ,  t he re  are l o t s  of 

t h i n g s  you can do - -sma l l  s t e p s - - t o  c o l l e c t  the i n f o rma t i on  and 

improving your d e c i s i o n s  as you go a long.  

MR. McFARLAND: 

MR. CALL: Yes. 

MR. McFARLAND: 

C l a r i f i c a t i o n ?  

By no t e s t i n g  do you mean no t e s t i n g  

beyond that presently defined in the Site Characterization 

P1 an'? 

MR. CALL: Since one of the  o p t i o n s  was, i n  e f f e c t ,  

one of the Site Characterization Plan options? 

MR. DOBSON: Close. 

MR. CALL: Close? 

MR. DOBSON: I t h i n k  the answer t o  your ques t ion  i s  

We d id  cons ider  t h a t .  yes. 

MR. CAl..I_: Finally, a preference for testing, which 

was very ,:lear frc, m the managers we assessed, implies at least 

one ,:,i- both of the following. 
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One is that de,:ision-makers, ill fact, place a high 

value on high ,_-,-,nfidence even at extremely low levels c,f 

releases. The difference between 10_8 and 10_7 is significant 

according to that statement. 

All I can say at this point is we did not observe 

that level of sensitivity in our assessment exer,-ise. Granted 

we did that in a day: all those caveats; but I have to say that 

we did not observe that level of sensitivity. 

Finally, there is a value to testing not captured 

very well by this model. I say "very well" because we did, in 

fact, in our assessment exercise try to get at the value of 

building confidence in the site. 

I t h i n k  the manner in  which we d id  t ha t  made i t  very 

d i f f i c u l t  to  get a very good es t ima te  of t h a t  va lue.  As you 

w i l l  hear l a t e r  from the E x p l o r a t o r y  Shaft  F a c i l i t y  s tudy  they 

have approached t h i s  problem in  a s l i g h t l y  d i f f e r e n t  manner. 

Again, the po i n t  here i s  t h a t ,  as Bruce was 

d e s c r i b i n g  e a r l i e r  today,  t h i s  i s  not a, quote,  t e c h n i c a l  

value.  The t e c h n i c a l  expe r t s  fee l  very con f i den t  in  the s i t e  

based on performance. 

Granted we might r e v i s e  some of those t e c h n i c a l  

judgments. I think the model and these results are very robust 

with respect t,-, those judgments. 

But this is just saying there is something beyc~d 

merely the techni,-al value you get from the informati,-,n. 
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I think in anc, ther decisir~n analysis that should 

also compare the investment in data gathering for c,-,nfidence 

building with ,=,ther ways c,f confiden,-e building: maybe risk 

communicatic, n pr,-,grams; maybe lots of other alternatives that 

fit into that that compete very well with data gathering as a 

confidence building exercise. 

Those are just some of the options that I believe 

should be examined. 

That is it unless there are any questions. 

DR. DOMENICO: Would you give me one more feel for 

the inputs that were guessed at by your technical experts? 

MR. CALL: Sure. Any particular inputs? 

DR. DOMENICO: Just give me the list, give the 

smorgasbord. Summarize, again, the list of inputs that had to 

be guessed at by the experts: those things, those parameters, 

whatever. 

MR. CALL: Those are the variables we assessed. I 

showed you some of the more detailed conceptual models we used 

for people to think through these problems, to think through 

these variables. 

We went through each of these variables and did an 

assessment exercise. The panel has met, I think, nine times in 

the last three or four months. We had some fairly intensive 

sessi,-,ns for each of those variables. 

A lot of time and effort went into it. I am not 
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saying that that, in itself, guarantees the numbers are right; 

but I want to emphasize, when you say guessed at I understand-- 

DR. DOMENICO: Well, best judgment. 

When they had to give their best judgment on 

transpc, rt through the saturated zone, did they have to come up 

with velocities? 

MR. CALL: They had to explain their distribution: 

Was there any point on that distribution in terms of things 

like velocity? 

DR. DOMENICO: Velocities, porosities. 

MR. CALL: Right: all the variables that appeared in 

the other influence diagram I showed earlier. 

We did not just ask somebody what their guess was, 

t a b u l a t e  i t ,  and average them. They had to  be able to  j u s t i f y .  

That i s  a l l  par t  of the record.  I t  i s  a l l  pa r t  of the 

documentation. 

DR. DOMENICO: Your a v a i l a b l e  i nven to ry  to  the 

Cal ico was jus t  some heavy s lug.  Is tha t  c o r r e c t ?  

MR. CALL: As Ern ie  was desc r ib ing  i t ,  i t  i s  

a c t u a l l y  a f a i r l y  complex model in i t s e l f  in the sense tha t  we 

had to  make adjustments for d i f f e r e n t  h a l f - l i v e s  for  the 

unretarded species; but that is basically what it is. 

It is a volume and a composition of radionuclides 

available for transport through the Calico. 

DR. DOMENICO: Okay. Thank you. 
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MR. CALL: Are ther~ c, ther questions? 

IN,:, re-. . : - ,p_n~..  ] 

CHAIRMAN DEERE: Conclusions, Dave. 

MR. BROCUM: Dave will give a final conclusion and 

recommendatic, ns of the Calico Hills Task Fc, rce. 

Conclusions and Recommendatic, ns 

MR. DOBSON: I will take about two minutes. I have 

the real conclusions written down here. I wrote them down 

during the last discussion. 

This is the same viewgraph I showed this morning 

that that, basically, Hollis just finished discussing. I don't 

want to spend a lot more time on it. I dc, want to make a 

couple of comments that are relevant to the kinds of 

discussic, ns we have been having. 

We tried to assemble a group to do this analysis 

that was broad in terms to technical expertise; that had not 

agendas; and that spread the range from pessimistic to 

optimistic with respect t c ,  how we felt the site was going to 

per form. 

We are not claiming that group was independent. 

With the exception of Jack Robertson, everyone on the group was 

a project participant or someone who has worked with the 

Department of Energy in reviewing the program. 

On the other hand, we do feel we did analyses which 

are explainable and defensible, not necessarily in all cases 
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corre,ct. But we wel,come the chance to intera,ct with the 

Nuclear Regulatory Commission and you will see that in just a 

minute. That is our next step d,c, wn this road: to go to the 

Nuclear Regulatory Commission and explain to them what we did; 

and als0c0 with the Board and other groups who may be interested 

in reviewing this stuff. 

To re-emphasize something Warner said a couple of 

minutes ago, I think communication is a very important part of 

this pro,tess n,c,t just in terms of what we did in great detail 

but what the implications are of some of these things. 

If we can defend our--I will not call them 

performance assessments--assessments of how the site might 

perform based on the expert judgments we have eli,cited so far, 

we have taken a great step forward and have done something to 

improve the ,-onfidence in the program, I think. 

Because of the anticipated performance we got out of 

our analyses and be,zause of the residual uncertainty that is 

associated with any testing strategy, given the narrow value of 

information model Hollis bui~It for us--and Z built it narrowly 

intentionally to keep it narrowly focused on the criteria that 

were identified in the Nu,zlear Regulatory Commission obje,ction - 

-we identified relatively, what Bruce Judd referred to as, 

technical value of the testing. 

However, I want to add sort of quickly that the Task 

F,c, rce recognized, when we started coming t, c, s,c, me c°f these 
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cc, nclusions two things. One is the preliminary nature of the 

existing data. I think Pat made a goc, d point of that this 

morning when he asked h,m,W many data points there were on the 

Calico Hills. 

Also, s,-,mething Bruce also discussed this morning, 

there is considerable value to testing even in situations were, 

when you use a model like this one, it is difficult to find. 

Those value derive from a variety of sources, like 

confidence, like the demonstration of your knowledge: that you 

are able to convince others of what you did. In fact, tomorrow 

in the Exploratory Shaft Facility Task Force you will see they 

have a variable they call "regulatory acceptance", which sort 

of reflects our ability to convince others of what we believe. 

I want to add one more because I think it was very 

important in the sort of pragmatic approach the Task Force 

recommended in the end in coming up with a recommended 

strategy. 

That is that at this point in time, in the very 

beginning of the program, it pays to be prudent and it pays to 

maintain your ability to do things down the line that you are 

not sure you need to do now. 

That planning, prudence and flexibility is a value 

that gets added t,', this study that was nc, t explicitly in our 

model. 

To summarize, then, we talked before that we felt 
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.-,ur analyses had indicated, and gave us acc, nsiderable amount 

of cc°nfidence, that the impacts to the site from any of the 

strategies we evaluated were very small. 

We also noted, in Ernie and Hollis' presentation, 

there are signifi,-ant differences among the strategies in terms 

of their ability to correctly predict the hydrologic conditions 

that are likely to exist at that site, and those hydrologic 

conditions do have an effect on the way the site is likely to 

perform and how well it is able to meet the standards. 

We also believe the testing will improve our 

confidence in performance, as I just went over. 

For those reasons and several others, the 

recommendation of the Task Force, once again, was that as a 

planning basis for the Exploratory Shaft alternative the 

Department of Energy should plan to be prepared to go with 

Strategies Two or Five, which involve extensive drifting in the 

repository block. 

Those are the only ways you are going to get that in 

situ ability to walk around and do the sort of exploration 

strategy and get the continuous exposure we feel will give us 

that level of confidence. 

The last viewgraph I have has a few speculations on 

where we go from here. 

We have mentioned several times that the next step 

in this pro,-ess is for us to g,-0 back tc, the Nu,-lear Regulatory 
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Commission. When we have cc°mpleted the final repc, rt we have 

committed to meeting with them prior to take further action. 

Therefore, that will be in our plans. At the July 

31st scheduling meeting we have with the Nuclear Regulatory 

Commission we will probably be discussing tile scheduling of 

that meeting. 

There are a lot of other options we could pursue 

with respect to the Calico Hills. We could go into a second 

phase of the Calico Hills in terms of the model development to 

try and hone in on those values associated with testing that 

are not in the model right now. That is one possibility. 

As Max alluded to earlier today, we might elect to 

take the model as it now sits and do an external peer review. 

We might want to go to people who are totally independent and 

see how much their views differ in terms of the numerical 

assessments we did. 

That, I think, is certainly a strategy that the 

Board has recommended and that we are going to consider very 

seriously. I think that over the long haul obviously you will 

see the Department of Energy doing a lot of things like that: 

trying to get the independent external peer community familiar 

with what the program is doing. 

Hollis mentioned in one of his viewgraphs there was 

also the model to date that indicated that maybe a phased or a 

step-wise program might be optimal. I would like to point c, ut 
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that the recc, mmend:~tior~ ,zf the Task Force does n,-,t preclude 

that. 

In fact, thai. might be the next step we might want 

to take. We have re,z,-,mmended the Department of Energy sh,z0uld 

maintain the option to put in extensive drifts, but that would 

not preclude us from saying let's do some small fa,mility first 

and then put in a series of drifts to the Ghost Dance Fault and 

then a series of drifts elsewhere. That is yet another option 

that is within the realm of possibility. 

Finally, the broader implications of this study as 

well as the ones that are going to come out, I think, of the 

Surface-Based Prioritization Task Force and the Exploratory 

Shaft Facility Task Force may have a significant effect on the 

poll,my of the Department of Energy over time. 

I think that all three of these Task Forces are 

helping us learn a lot about what it is that is driving our 

d e c i s i o n s .  

For t h a t  reason, I t h i n k  they have a l l  been 

ext remely  va luab le  and they may r e s u l t  in  l ong - te rm s h i f t s  o f  

p o l i c y .  Of course,  we a l so  have the Nat iona l  Academy r e p o r t ,  

which I t h i n k  says the same t h i n g  in d i f f e r e n t  words than I 

j u s t  used; but t h e r e  are d i f f e r e n t  p o l i c i e s  we could adopt.  

That i s  a l l  I have to  say. 

CHAIRMAN DEERE: Thank you. 

Before the B,",ard brings up their questi°-°ns, if they 
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f r c,m 8 : (-)(') t o 1 (-) : 0 0 t h i s e v e n i n g i n c I ,.::, ~s e d s (-~ s:~ :[ o r~ i n h el" e.. 

[ L a u g h t e r  ] 

CHAIRMAN DEERE: 

DR. DOMENICO: 

t on i ght. 

aud i en,- e? 

CHAIRMAN DEERE: 

Are there questi,-,ns? 

If there are, yc, u have t, z, j,-,in us 

Are there questic, ns from the 

[Nc, response.] 

CHAIRMAN DEERE: Thank you very m u c h .  We are 

delighted to hear the progress of the work you have done. We 

quest i ,-,ned vari,-,us elements of it, but still think it has been 

a very w,-,rthwhile effort and we are anxious to hear what we 

will get tc, morr,:,w. 

MR. DOBSON: We appre,ziate the ,-,pportunity tc be 

her e. 

C:HAIRMAN DEERE: We will recess t,-, meet here again 

tomc, rrow mc, rning. 

[At 6:00 p.m., the meeting was recessed to reconvene 

, , "~ 
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