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ABSTRACT 

WAPPA-C is a waste package performance assessment code t h a t  
p r e d i c t s  the  temporal and s p a t i a l  ex ten t  o f  t h e  loss o f  conta in -  
ment c a p a b i l i t y  o f  a given waste package design. 
enhanced by t h e  a d d i t i o n  o f  t h e  c a p a b i l i t y  t o  c a l c u l a t e  t h e  sen- 
s i t i v i t y  o f  model r e s u l t s  t o  any parameter. The GRESS automated 
procedure was used t o  add t h i s  c a p a b i l i t y  i n  only two man-months 
o f  e f f o r t .  The v e r i f i c a t i o n  ana lys i s  o f  t he  enhanced code, 
WAPPAG, showed t h a t  t h e  s e n s i t i v i t i e s  c a l c u l a t e d  us ing  GRESS were 
accura te  t o  w i t h i n  t h e  p r e c i s i o n  o f  p e r t u r b a t i o n  r e s u l t s  aga ins t  
which t h e  s e n s i t i v i t i e s  were compared. S e n s i t i v i t i e s  o f  a l l  
summary t a b l e  values t o  e i g h t  d i ve rse  data values were v e r i f i e d .  

This code was 

V 





I .  INTRODUCTION 

MAPPA' i s  a waste package performance assessment code t h a t  p r e d i c t s  

t h e  temporal and s p a t i a l  ex ten t  o f  t h e  l o s s  o f  containment c a p a b i l i t y  o f  a 

g iven  waste package design. 

r a d i a l  geometry on t imescales up t o  one m i l l i o n  years a f t e r  i s o l a t i o n .  

WAPPA has f i v e  d i s t i n c t  b a r r i e r  d e ~ r e d a t i o n  process models t h a t  are d r i v e n  

i n t e r n a l l y  by waste decay and e x t e r n a l l y  be r e p o s i t o r y  s t r e s s  and f u ids .  

The f i v e  process models t r e a t  t h e  e f f e c t s  due t o  r a d i a t i o n ,  thermal heat 

removal, mechanical s t ress ,  co r ros ion  and leaching. The mode l l i ng  pproach 

i s b a r r i  e r - i  n teg ra ted  and process-sequent i a1 . These process model s are  

coupled a t  t h e  system l e v e l  by s t a t e  va r iab les  such as source inventory ,  

decay power, temperatures and r a d i  snucl i d e  d i s t r i b u t i o n s ,  ma te r i  a1 p roper t y  

degredat ions and b a r r i e r  i n t e g r i t y  parameters. The WAPPA code w i l l  be 

used i n  con junc t i on  w i t h  UCBNE10.2,* mod i f i ed  t o  i nc lude  i n t e g r a t e d  decay 

chains, and w i t h  BRINETEMP3 i n  t h e  o v e r a l l  r e p o s i t o r y  performance assess- 

ment. BRINETEMP w i l l  be used t o  c 3 l c u l a t e  b r i n e  f l o w  ra tes  and waste pack- 

age sur face  temperatures as i n p u t  t o  WAPPA. The rad ionuc l i de  f l u x e s  out o f  

t h e  waste package as c a l c u l a t e d  i n  WAPPA w i l l  be used as i n p u t  t o  UCBNE1O.E 

t o  c a l c u l a t e  t h e  m i g r a t i o n  o f  t h e  rad ionuc l i des  through t h e  groundwater. 

The purpose o f  t h i s  paper i s  t o  r e p o r t  on t h e  t e s t i n g  and v e r i f i c a t i o n  o f  a 

ve rs ion  o f  WAPPA t h a t  w i l l  c a l c u l a t e ,  a t  t h e  use r ' s  op t ion ,  t h e  d e r i v a t i v e  

o f  a1 1 responses w i t h  respect t o  any v a r i a b l e  used i n  t h e  code. 

The code models the  problem i n  a one-dimension 

1 
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11. BACKGROUND 

The O f f i c e  o f  Nuclear Waste I s o l a t i o n  (ONWI) i s  respons ib le  f o r  t h e  

c h a r a c t e r i z a t i o n  and performance assessment of candidate h igh - leve l  waste 

s a l t  r e p o s i t o r y  s i t e s .  Because o f  t h e  l a r g e  u n c e r t a i n t i e s  general l y  asso- 

c i a t e d  w i t h  the  data c h a r a c t e r i z i n g  geo log ica l  media and waste behavior and 

because o f  t he  p r e d i c t i v e  na ture  o f  t he  s imu la t i ons  suppor t ing  t h e  assess- 

ment s e n s i t i v i t y  and u n c e r t a i n t y  ana lys i s  a re  necessary components o f  t h e  

o v e r a l l  performance assessment. Te date  both s t a t i s t i c a l  and d e t e r m i n i s t i c  

methods have been used t o  c a l c u l a t e  u n c e r t a i n t i e s  associated w i t h  t h e  

geo log ica l  d i  sposal o f  h i  gh-1 eve1 waste. 4 

General ly,  s t a t i s t i c a l  methods are  p r e f e r r e d  f o r  codes w i t h  a moderate 

number o f  parameters; d i r e c t  d e t e r m i n i s t i c  methods when t h e r e  are  many 

performance measures o f  i n t e r e s t  and a moderate number o f  parameters; and 

a d j o i n t  d e t e r m i n i s t i c  methods when t h e r e  are  a l i m i t e d  number o f  p e r f o r -  

mance measures and a l a r g e  number of  parameters. For l a r g e  codes w i t h  an 

ex tens i ve  da ta  base, such as t h e  computer models used by ONWI f o r  p e r f o r -  

mance assessment, t he  d e t e r m i n i s t i c  approaches a re  more cos t  e f f i c i e n t  f o r  

producing a comprehensive rank ing  c f  s e n s i t i v i t i e s  o f  r e s u l t s  t o  data. 

Both the  d i r e c t  and a d j o i n t  p e r t u r b a t i o n  methods, which have been w ide ly  

used i n  analyses o f  nuc lear  systemsy5 r e l y  on model reruns f o r  c a l c u l a t i n g  

f i r s t  d e r i v a t i v e s .  

depending upon t h e  scope o f  t he  ana lys i s  and the  number o f  va r iab les  o f  

i n t e r e s t .  

use o f  computer c a l c u l u s  and t h e  cha in  r u l e  o f  d i f f e r e n t i a t i o n  t o  ca lcu-  

l a t e  f i r s t  d e r i v a t i v e s  o f  any model v a r i a b l e  w i t h  respect t o  any o the r  

model var iab le .  I n  add i t i on ,  t o  avo id  t h e  c o s t l y  programming e f f o r t  o f  

The cos t  o f  t h e  reruns can be p r o h i b i t i v e l y  expensive 

To circumvent t h i s  problem, a procedure6 was developed t o  make 
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implementing t h i s  c a p a b i l i t y  i n  t h e  var ious  codes o f  i n t e r e s t  t o  ONWI,  a 

Gradient-Enhanced So f tware  System (GRESS) was developed t h a t  automati c a l  l y  

adds the  necessary l i n e s  of coding t o  any FORTRAN source program. 

has already been success fu l l y  app l i ed  t o  t he  W E N T ,  UCBNE10.2 ,  ORIGENZ and 

TEMP computer codes.8999109P1 The f o l l o w i n g  sec t ions  summarize t h e  a p p l i -  

c a t i o n  o f  GRESS t o  WAPPA and t he  t e s t i n g  and v e r i f i c a t i o n  o f  WAPPAG, t he  

gradient-enhanced vers ion  o f  WAPPA. 

GUESS 
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111. APPLICATIOW OF GRESS TO WAPPA 

The t r a n s l a t i o n  o f  WAPPA through t h e  GRESS precompi ler  requ i red  about 

two man-months e f f o r t  and r e s u l t e d  i n  t h e  vers ion  o f  WAPPA t h a t  has an 

automated d e r i v a t i v e - t a k i n g  c a p a b i l i t y ,  WAPPAG. Most o f  t he  e f f o r t  i n  

t r a n s 1  a t i n g  WAPPA was expended i n  changing t h e  three-dimensional a r rays  

t o  two-dimensional a r rays  and e l i m i n a t i n g  a l l  doubly argumented var iab les .  

These changes were necessary because of t h e  l i m i t a t i o n s  o f  t he  c u r r e n t  ver- 

s i o n  o f  GRESS. These l i m i t a t i o n s  will no t  be present i n  t h e  next ve rs ion  

o f  GRESS, 

o f  WAPPAG requ i red  about one man-mclnth o f  e f f o r t .  

The t e s t i n g  and v e r i f i c a t i o n  of t he  d e r i v a t i v e - t a k i n g  c a p a b i l i t y  

WAPPAG has t h e  c a p a b i l i t y  t o  c a l c u l a t e  t h e  f i r s t  d e r i v a t i v e  o f  any 

v a r i a b l e  w i t h  respect t o  any o the r  v a r i a b l e  i n  t h e  code. For most a p p l i -  

ca t i ons ,  t he  va r iab les  w i t h  respect t o  which t h e  d e r i v a t i v e s  w i l l  be cal-  

c u l a t e d  are chosen t o  be data  values of i n t e r e s t .  These va r iab les  w i l l  

be r e f e r r e d  t o  as parameters. The va r iab les  f o r  which d e r i v a t i v e s  are 

c a l c u l a t e d  w i t h  respect t o  the  parameters of i n t e r e s t  w i l l  be r e f e r r e d  t o  

as the  responses. I n  WAPPAG the  user has f u l l  c o n t r o l  over t h e  choice o f  

parameters and responses. I n  a d d i t i o n  t o  t h e  d e r i v a t i v e s ,  f i r s t  o rde r  

s e n s i t i v i t i e s  a re  a l s o  c a l c u l a t e d  i n  WAPPAG. The s e n s i t i v i t i e s ,  s, are 

de f i ned  by s = (a/R)/(dR/da), where R and a are  t h e  re fe rence values o f  t h e  

response and parameter o f  i n t e r e s t .  Defined i n  t h i s  manner, t he  values o f  

s are normalized s e n s i t i v i t i e s  i n  t h e  sense t h a t  s i s  equal t o  t h e  percent 

change i n  response R per percent change i n  a, 
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I W .  SENSITIVITY COMPARISONS WITH RERUNS 

The sample problem used i n  th - is  i n i t i a l  v e r i f i c a t i o n  i s  one t h a t  

accompanied the  WAPPA source tape t h a t  ORNL had received from ONWI. 

problem models the  performance o f  d Commercial High Level Waste (CHLW) 

borehole concept f o r  t h e  proposed Deaf Smith County I reposi tory.  The waste 

The 

c a n i s t e r  has a cas t  s tee l  overpack and is modeled w i t h  one g lassy waste- 

form, two metal b a r r i e r s ,  two a i r  gaps, two cor ros ion /ox ide  l a y e r s  and one 

h i  gh-MG b r i n e  crushed s a l t  backf  i 11 . 
The responses chosen f o r  comparing s e n s i t i v i t i e s  f o r  t h i s  v e r i f i c a t i o n  

s tudy are t h e  masses out  o f  the  waste package o f  the  24 nuc l i des  considered 

i n  the  sample problem (Summary Table 10 i n  the  WAPPA output ) .  The nuc l i de  

d i s t r i b u t i o n s  are ca l cu la ted  a t  260 t i m e  steps a f t e r  i n i t i a l  placement o f  

t h e  wasteform i n t o  the  repos i to ry ,  bu t  t he  r e s u l t s  are p r i n t e d  f o r  on l y  52 

t i m e  steps o f  i n t e r e s t .  The nuc l i de  masses l i s t e d  i n  Summary Table 10 o f  

t h e  WAPPA output  are the  t o t a l  masses out  o f  t he  waste package i n t e g r a t e d  

over  a l l  t h e  years up t o  each o f  t he  52 t ime  per iods.  S e n s i t i v i t i e s  and 

g rad ien ts  f o r  t h e  10,800 year  time per iod  were ca l cu la ted  bo th  by reruns 

and by WAPPAG f o r  se lec ted  data from the  var ious  i n p u t  f i l e s ,  The r e f e r -  

ence c a l c u l a t e d  responses are l i s t e d  i n  Table 1, which i s  a copy o f  Summary 

Table 10 o f  t he  WAPPA output.  

t i  v i  t i es and GRESS-cat c u l  a ted  sens i t i v i  t i es are shown i n  Tab1 es 2-7. 

Comparisons between re run-ca lcu l  a ted sensi - 

The f i r s t  parameter w i t h  respect t o  which s e n s i t i v i t i e s  were ca lcu-  

l a t e d  was the  thermal power source term a t  t he  t ime o f  b u r i a l .  Th is  

va r iab le ,  RHEAT(l), i s  used i n  t h e  Thermal Model t o  c a l c u l a t e  temperature 

w i t h i n  the  var ious  problem annul i ,  The temperatures are then used i n  

t h e  Mechanical, Corrosion and Leach models. Thus t h e  s e n s i t i v i t y  o f  t he  
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responses o f  i n t e r e s t  w i t h  respect t o  RHEAT(1) provides a good t e s t  f o r  

WAQPAG s ince  a l l  bu t  one o f  t he  process models are involved. The r e f e r -  

ence thermal power source a t  t ime o f  b u r i a l  i s  984.3 wat ts  per m e t r i c  t on  

o f  i n i t i a l  heavy metal. The s e n s i t i v i t i e s  o f  t he  nuc l i de  masses escaping 

the waste  package boundary 10,000 years a f t e r  i s a l a t i o n  o f  t h e  waste t o  

t h e  value o f  R H E A T ( 1 )  are  l i s t e d  i n  Table 2. The s e n s i t i v i t i e s  c a l c u l a t e d  

us ing  NAPPAG are  w i t h i n  t h e  c a l c u l a t e d  p r e c i s i o n  of  t he  f i r s t - o r d e r  sensi-  

t i v i t i e s  est imated f r o m  reruns, 

The 14C, 1291, I3%s and 137Cs masses are t h e  most s e n s i t i v e  t o  t h e  

i n i t i a l  decay heat. Note t h a t  i f  the  value o f  R H E A T ( 1 )  i s  changed, i n  

r e a l i t y  t h e  subsequent t a b u l a r  values o f  RHEAT i n p u t  t o  WAPPA would be 

changed p r o p o r t i o n a l l y .  I f  t he  s e n s i t i v i t y  t o  i n i t i a l  decay heat i s  impor- 

t a n t ,  t h e  s e n s i t i v i t i e s  t o  a l l  twenty values o f  RHEAT would be ca l cu la ted ;  

b u t  f o r  the  purpose o f  v e r i f y i n g  WAPPAG on ly  t h e  s e n s i t i v i t i e s  t o  R H E A T ( 1 )  

were ca lcu la ted .  

The second parameter chosen f o r  v e r i f i c a t i o n  purposes was t h e  he igh t  

o f  t h e  wasteform, SHTWP. 

i n t e r e s t  i n  most s e n s i t i v i t y  s tud ies ,  t h e  he igh t  d i  r e c t l y  a f f e c t s  the  v o l -  

ume and dens i t y  o f  t h e  wasteform and dose r a t e  d e n s i t i e s  and thus  provides 

a good v e r i f i c a t i o n  t e s t .  The WAPPAG and re run-ca lcu la ted  s e n s i t i v i t i e s  

o f  t he  element masses t o  SHTWP are compared i n  Table 3 and show e x c e l l e n t  

agreement. The s e n s i t i v i t i e s  t o  SHTWP are genera l l y  g rea ter  than those t o  

R I l E A T ( 1 ) .  

t h e  wasteform height.  

Although t h i s  parameter would no t  be o f  r e a l  

The 99Tc, 12%n, Pu and Am nuc l ides  are t h e  most s e n s i t i v e  t o  

The t h i r d  parameter w i t h  respect t o  which s e n s i t i v i t i e s  were ca lcu-  

l a t e d  was t h e  ou ts ide  rad ius  o f  the  wasteform. The s e n s i t i v i t i e s  shown 
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i n  Table 4 v e r i f y  t h a t  WAPPAG c o r r e c t l y  c a l c u l a t e d  the  s e n s i t i v i t i e s  o f  

t h e  nuc l i de  masses t o  t h i s  parameter. A l l  o f  t he  s e n s i t i v i t i e s  o f  the  

n u c l i d e  masses t o  t h i s  rad ius  are grea ter  than the  corresponding values 

w i t h  respect t o  he igh t .  Th is  r e s u l t  was a n t i c i p a t e d  because the  problem 

mode l l ing  i s  one dimensional i n  the  r a d i a l  d i r e c t i o n .  Thus t h e  rad ius  

a f f e c t s  not  on ly  the  dose and p roper t y  d e n s i t i e s  t o  a h igher  order  than 

does the  he igh t ,  bu t  a change i n  rad ius  a f f e c t s  the  a n a l y t i c a l  s o l u t i o n  

o f  the  temperature p r o f i l e .  

The gas gap th ickness between t h e  metal c a n i s t e r  and the  overpack f o r  

t h i s  sample problem i s  1.5 cm. 

t h e  f o u r t h  parameter examined. The s e n s i t i v i t i e s  o f  the responses o f  

i n t e r e s t ,  t he  nuc l i de  masses escaping t h e  waste package du r ing  t h e  f i r s t  

10,000 years, t o  a change i n  the  ou te r  rad ius  o f  t h i s  gap were ca l cu la ted  

by WAPPAG and reruns. The s e n s i t i v i t i e s ,  shown i n  Table 5, are i n  good 

agreement. 

oppos i te  i n  s ign  compared t o  the  s e n s i t i v i t i e s  t o  SRTEMP(1). 

heavy elements, an increase i n  gap th ickness decreases t h e i r  escape from 

t h e  waste package by about 2 percent f o r  each percent increase i n  the  gap 

th ickness.  The 14C, I2’I, 135Cs, 137Cs and 230Th are t h e  only nuc l ides  

whose s e n s i t i v i t y  i n d i c a t e s  an increase i n  mass out o f  the  waste package 

f o r  an increase i n  gap th ickness.  -lowever, a t  10,000 years the  decrease 

i n  the  escape o f  the  heavy a c t i n i d e s  i s  more impor tant  s ince  t h e  I and Cs 

r a d i o a c t i v i t y  are very low a t  t h a t  time. 

The ou te r  rad ius  of t h e  gap, SRTEMP(4), was 

Except f o r  230Th, a l l  t h e  mass s e n s i t i v i t i e s  t o  SRTEMP(4) are 

For  t h e  

The f i f t h  parameter w i t h  respect t o  which s e n s i t i v i t i e s  were ca lcu-  

l a t e d  was the  233U mass a t  5,000 yedrs. 

datum taken from ORIGEN2 output  and i n p u t  i n t o  WAPPA as a member o f  t he  

This value, WADTOX(11,13), i s  
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t a b u l a t e d  mass i n v e n t o r i e s  a t  each o f  twenty ORIGENZ t ime  steps. The 

WAPPAG s e n s i t i v i t i e s  o f  inasses t o  RADTOX(11 ,13 )  are zero, and t h e  rerun- 

c a l c u l a t e d  s e n s i t i v i t i e s  f o r  a -1.0% p e r t u r b a t i o n  are a l s o  zero as shown 

i n  Table 6. 

S e n s i t i v i t i e s  were c a l c u l a t e d  w i t h  respect t o  a s i x t h  parameter, 

R G A F I A ( l ) ,  t h e  gamma ray source i n  photons/sec/MTIHM a t  t ime o f  i s o l a t i o n  o f  

t h e  waste. Because t h e  cumulat ive gamma dose r a t e  does no t  a f f e c t  p roper t y  

degradat ion and r a d i o l y s i s  enhancement f a c t o r s  i n  t h e  model u n t i l  a c r i t i -  

c a l  dose l e v e l  i s  reached, RGAMA(1)  had no e f f e c t  upon t h e  masses aut o f  

t h e  waste package. The zero s e n s i t i v i t i e s  i n  Table 7 con f i rm  t h i s  e f f e c t  

and v e r i f y  t h a t  f o r  t h i s  t e s t  case t h e  a r i t h m e t i c a l l y  c a l c u l a t e d  WAPPAG 

s e n s i t i v i t i e s  a re  c o r r e c t  f o r  t h i s  parameter. 
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V. UAPPAG SE#SITIVITIES FOR TWO LEACHING PARAMETERS 

WAPPA p r i n t s  fou r teen  Summary Tables p r o v i d i n g  var ious  types o f  

i n fo rma t  i o n  based upon t h e  n u c l i d e  concent ra t  ions throughout t h e  t ime  

period be ing  modelled. For t h i s  sample problem t h e r e  are  24 n u c l i d e s  and 

52 p r i n t e d  t ime steps, r e s u l t i n g  i n  a t o t a l  o f  17,472 p r i n t e d  values. 

S e n s i t i v i t i e s  o f  these responses t o  t h e  leach r a t e  c o e f f i c i e n t  f o r  d i f f u -  

s i o n  o f  t h e  m a t r i x  component, WLRHLF, and t o  t h e  d i f f u s i o n  c o e f f i c i e n t  

o f  t he  rep resen ta t i ve  m a t r i x  component i n  water, WDBULM, were c a l c u l a t e d  

u s i n g  WAPPAG. Resu l ts  o f  d i r e c t l y  c a l c u l a t e d  s e n s i t i v i t i e s  were obtained 

from p e r t u r b a t i o n s  o f  WLRHLF and WD3ULM. Comparison o f  these s e n s i t i v i t i e s  

t o  t h e  WAPPAG-calculated s e n s i t i v i t i e s  v e r i f i e d  t h a t  t h e  WAPPAG s e n s i t i v i -  

t i e s  were accurate t o  w i t h i n  t h e  p r e c i s i o n  o f  t he  d i r e c t l y  c a l c u l a t e d  

s e n s i t i v i t i e s ,  





The WAPPA-C wa t e  pack 
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Vi. CONCLUSIONS 

ge performance assessment code was enhanc d 

by the  a d d i t i o n  o f  t h e  c a p a b i l i t y  t o  c a l c u l a t e  t h e  s e n s i t i v i t y  o f  model 

r e s u l t s  t o  any parameter. The GRESS automated procedure was used t o  add 

t h i s  c a p a b i l i t y  i n  on ly  two man-moclths o f  e f f o r t ,  

expended f o r  t e s t i n g  and v e r i f i c a t i o n  ana lys is .  The v e r i f i c a t i o n  ana lys i s  

showed t h a t  t h e  s e n s i t i v i t i e s  Ca lcJ la ted  us ing  GRESS were accurate t o  

w i t h i n  t h e  p r e c i s i o n  o f  t he  p e r t u r b a t i o n  r e s u l t s  against  which these sen- 

s i t i v i t i e s  were compared. The s e n s i t i v i t i e s  f o r  a l l  summary t a b l e  values 

were v e r i f i e d .  

Another month was 
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VII. FllTURE WORK 

The GRESS precompi ler  i s  p r e s e n t l y  being updated t o  handle most a l l  

I n  FORTRAN 77 statements and t o  handle up t o  seven-dimensional arrays.  

a d d i t i o n ,  work i s  now underway t h a t  w i l l  couple t h e  d e r i v a t i v e s  between t h e  

GRESS versions o f  UCBNE10.2, BRINETEMP and WAPPA. 

v i d e  s e n s i t i v i t i e s  o f  t h e  responses of i n t e r e s t  i n  an o v e r a l l  performance 

assessment study t o  the  bas ic  data. A software system i s  be ing  developed 

t h a t  w i l l  automate most o f  t h e  ac tua l  coup l i ng  o f  g rad ien ts  between t h e  

This coup l i ng  w i l l  pro- 

va r ious  computer codes. 12 

Another a c t i v i t y  t h a t  might prcve b e n e f i c i a l  would be t o  c a l c u l a t e  

s e n s i t i v i t i e s  o f  se lec ted  i n te rmed ia te  va r iab les  in any o f  t he  codes o f  

i n t e r e s t .  By ca re fu l  s e l e c t i o n  o f  t h e  i n te rmed ia te  v a r i a b l e s  f o r  which 

s e n s i t i v i t i e s  t o  o the r  va r iab les  coulld be ca lcu la ted ,  t h e  e f f e c t  o f  d i f -  

f e r e n t  phys i ca l  process upon t h e  responses of i n t e r e s t  cou ld  be i s o l a t e d .  

For example, cons ider  t h a t  t h e  degradat ion o f  a m a t e r i a l  a f f e c t s  the  

c a l c u l a t i o n  o f  a v a r i a b l e  y t h a t  in t u r n  i s  used i n  t h e  de terminat ion  o f  

a response R. 

determined by c a l c u l a t i n g  t h e  s e n s i t i v i t y  of R w i t h  respect t o  y. 

more, i f  a s e n s i t i v i t y  o f  R w i t h  respect t o  a data value a i s  ca l cu la ted ,  

t h e  p o r t i o n  o f  t h e  s e n s i t i v i t y  due t o  t h e  degradat ion process can be de te r -  

mined by a l so  c a l c u l a t i n g  t h e  s e n s i t i v i t y  of y t o  a. 

process i s  i n t e r t w i n e d  i n t o  t h e  c a l c u l a t i o n  o f  t h e  response o f  i n t e r e s t ,  

dummy va r iab les  can o f ten  be in t roduced i n t o  t h e  equat ions i n  such a manner 

t h a t  they  m u l t i p l y  any va r iab les  e f f e c t e d  by t h e  phys i ca l  process. By then 

t a k i n g  ou t  t h e  process o f  i n t e r e s t  and c a l c u l a t i n g  t h e  s e n s i t i v i t y  o f  R 

wi th  respect t o  t h e  dummy var iab le ,  a q u a n t i t a t i v e  value of t h e  s e n s i t i v i t y  

o f  t he  e n t i r e  process upon R can be determined. 

The e f fec t  of t h e  degradat ion process can be q u a n t i t a t i v e l y  

Fur ther -  

Even i f  the  phys i ca l  
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A t  some p o i n t  the s e n s i t i v i t i e s  w i l l  be used i n  con junc t ion  w i t h  

response sur face techniques andlor s t a t i s t i c a l  methods t o  q u a n t i f y  the 

o v e r a l l  u n c e r t a i n t i e s  i n  the performance assessment t h a t  a r i s e  from use 

o f  t he  computer models. Present ly  work i s  being c a r r i e d  out t o  i d e n t i f y  

t h e  best way t o  use the  s e n s i t i v i t y  data i n  an u n c e r t a i n t y  ana lys is .  



I .  

Table 1. Reference Values o f  Summary Table 10 f o r  Sample Problem 

20.0 

0.1 749Zt * O S  
C.201 a 3 E - 0 1  
O.lS?flE*OZ 
C.2C17.i-91 
L . c d l / l € - o z  
‘.249396+05 
C.23592E+Q4 
0 . 2  5 5 P 2 E + 0 4  
C.91560E-90 
c * S ?  5 2 5k-02 
O.tQ1 lli-01 
G.2C17lE-Ol 
C.ZCl?lE-01 
0.2C17oe- 01 
t.ZClo2E-Ot 
C, 201 62E-01 
0.2O102E-Ol 
C.ZC162E-01 
C.Lt ‘162E-01 
i . 2 l 1 e c ‘ - J l  
1;. d P 1  I1 c - 0: 
i.r?~l171E-Ol 
~ . ~ C l J Z € - ” l  
C.20132E-CJl 
U.t57?2Et07 

-------*-- 
30.0 

---I - ---e- 
0.19117E+OJ 
C . 2  7 31 f E-01 
0.20tP?E*OL 
O.273fOe-01 
0.2733OE-02 
0.2721ZE+O3 

t . 2 5 5 0 4 E t O C  

C.bZ547E-02 
0 . 2 7 3  $1 E-01 
0.27331e-01 
C.27331E-01 
C.27329E-01 

C.2550LEt04 

C.10e47E-05 

G.27310€-01 
C*2731CE101 
G.2731OE-Ot 
C.2731OE-01 
C.Z7310E-01 

C.27331E-02 
C.27331E-02 
C.27210E-01 
C.L721OE-01 
0.17254€+07 

C.27310E-01 

35.0 

OilPSOTE+03 

0.23143E+02 
01307k3E-01 
0 3074 3E-02 

---------- 
0,3071 BE-OI 

0.27755€+03 
0.2 5942Et04 
0.25942ktO4 
0.1 1343E-03 
0.o73JOE-02 
0.3074kE-01 
0.30744E-01 

0.36741E-01 
0.30714E-01 
0.30714E-01 
0.30714E-Gl 
0,39714E-81 

0.30714E-01 
0.30741L-02 
0.30 7 4 4 E - b  2 
0.3053et-01 

0*30744€-01 

0.30714~-ai 

o 0,17bZoE+Ot .30536~-01 

ci.0 

0.19950Et03 
--.--e---- 

0.373bOE-01 
0.26949E*O2 

0.37k14E-02 
0*21373E+03 
0*24419€+04 
0*2b419E+04 

0169409E-02 
0.3761 7E-01 

0. I741 7E-01 

0.37114E-09 

0.12C29E-OS 

0.37417E-01 

0.37411 E-01 
0.37355E-01 
0.37355E-01 
0.37355E-01 
0.373555-01 
0.3955SE-01 
0.37JSSE-01 
0.37 b l  ?E-02 
0.3741 7E-02 
0.36829E-01 
0.30529E-01 
0.1 il049€+07 
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Table 1 IContinued) 

2 2 5 . C  

0.2@8"5E*Of 
0.14I'J'c+CC 
0.41135E+02 
0 . 1 5 G P l f + ( t  
3 . 1 5 l G l  t - a t  
0.29563t+OJ 
O.i?i3SE+L* 
$.2723CE+O4 
0.1 4 7 t e  i - o s  
0.73611 E - C Z  
0 . 1 5 1 5 1 E + i C  
0.1 5 1  51E+CC 
0.1 5151  E + C C  
0.1 SO04 €+On 
0.14L?aE+CC 
0.14<7>€ +Or 
0.1 4276itOG 
0 .1427 tE+Gi  
U. l4z?octOC 
0.14276t tCC 
0 . l S l S O E - i l  
-3.1 535OE-01 
O.71UL3E-CI 
u.71 U Z  3 6-01 
3. l t :o?E+07 

YnPPP 
A h h S T E  PACLA6E P E R F U R H P N C E  A S S E S S C E N l  C O O €  

P A C E  NO. 3 8 2  

C t i t h  dOREH0LE C U h C S P T :  0 V E I R  C E I T I N G  T I R E .  C.000 
C A l r J S T E i l  WITH C A S T  S T E E L  O V E R P P E K r  2 M E T A L S #  24 N U C L l O E S s  2 A I R  GAPS 

O E P F  $PITH C O U N T Y  CHLk HIGh-MG BRINE CRUSHeD S I L T  R l C Y F I L L  6.000 

SUHMARY T A B L E  # 10 

ss0.a ------..-- 
0.20904€*03 
0.20315€+00 
0 ~ 4 3 1 4 ? € * 0 2  
0.2 2 7 6 5 ~  t o t  
O.22791Z-01 
Q,t??J?E+o: 
01 2732 2f+O4 
5.2?322€+04 
0.15705€-Of 
0.74166E-02 
0.22939EtOG 
0.22939€+0@ 
O.Z293SE+OC 
0.22?06E+OC 
0.2057lE+OC 
0.20571E+OC 
Q.2057lEtOC 
0.2OS71E+OC 
0.20571€+00 
O,2OSIlE+OC 
0.22931E-01 
0 .22933 f -01  

5.75962E-01 
o . ? 1 9 6 3 ~ - a i  

0 1 096 4 €+01 

, 400.0 
---..*-.--- 
0.2093lE+03 
0.228 9 O E t O O  
O.L3t96€*02 
0.25802€+00 
0.258 41 E-01 
3 . 2 ? 7 f B C + C 3  
C.2736SE+04 
C.Z?34SC*OI 
O.16047C-O5 
O.74320t-02 
0 .  060 3? € * 00 
0 . 2 6 0 3 9 € + 0 0  
0 260 39 E to0  
0.25730Et00 
O.Z2891E+OO 

6.22891 E t 0 0  
0 a 2 28 91 E t  00 
0.22891 Et00 

0.22891 € t o 0  

a . z t d ~ i e + o o  
C r26CZPP-01 
0.26C 29E-Of 
0.173212-01 
C.7?327€-01 
@ . l @ P 9 C E * O ?  

45010 

0.2C95C Et03 
O.25OP7E*OO 
0.44163E402 
0.2eu2o€+cP 
0.28872E-fYl 
G 2F713 &*US 
0.273E4Ct04 
0 ,273 t4S tO4  
0 1 63@ LE-0 5 
0174458E-02 
0.2 9133E*00 
0.2 91  3SE+00 
0.2Y13S€+00 
0.28736E*OO 

--.--.--.* 

0.2 5 1  C~E+I IO 
0.251CJE+00 
0*251C§E+II5 
0.2 5105E+OO 
O.2SICSE*GO 
O . Z S I O S E * O O  
0 * 291  1 b E-01 
0.2911 6E-01 
0.78477E-01 

0.19012EtC7 
0.7&477€-01 

500.0 

0.20973Et03 
0.27200E+00 
O.L456SE*02 

0.31 880E-Of 

*-----_-"- 

9~316tOE+00 

U * d ' + I P l E t O 5  
0.27381€+04 
0 . Z t f B l E + 0 4  
0.1 6 7 2 1  E-05 
0.74381 E-02 
0.32Z2OE+OO 
0 .32220Et00  
0 .32220Et00  
0.31727E+00 
0.2721 7E*00 
O.Z?217E+00 
OS2?217E+00  
0.27217EtOO 
0.27 2 1  7E+OO 
0.27217t tOO 
0.3219CE-01 
0.32194E-01 
0.7F4bIE-Of 
0.79441E-01 
0.19030E+07 
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Table 1 (Continued) 

C L i M t L T  --------- 
C 
b a  
Sr 
T C  
S O  
1 
c 5  

U P  
T h  
0 
U 
U 
N P  
Pu 
P u  
P U  
Pu 
P U  
Pu 
A 18 
en 
CfU 
i lr  
U A T K I X  

c b  

PhGC NO. I84 

C H L h  B O R E H O L E  C C h C t P T :  0 l E C R  hfTTING T I R E .  4. ooa 
C P N I S T I R  h I T M  C A S T  S T E E L  C V E R P h C K r  2 HElALSr 26 NUCLXOES# 2 AIR S I P S  

D E A F  S P I T H  C O U N t r  CHLU H I G H - R C  trRINE CRUSHEO SALT BACKPILL 6.000 
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Table 1 (Continued) 

N A P P A  
I L P S T E  P b C t i u b c  P E R F G R R A Y C E  A S S E S S C E H T  CODE 

C h L h  iiGREhOLE C O I C E F T t  0 Y E I I  hETTXRG T I N E .  4 .000  
C A N I S T E R  H I T H  C A S T  S T E E L  O V E R P A C K I  2 METALS. 2 4  N U C L I O E S I  Z A L A  G A P E  

D E P F  S R l T H  C O U N T V  C H L U  tiIGlfc-MG B R I N f  C R U S H E D  S L L T  L I A C K F I L L  0.000 

S U M M A R Y  T A 6 L E  I 10 

10000.0 

0.21 321 E + O J  
C . ~ ? 1 2 d € ~ O 1  
0.51787EiO2 
0 . 4 0 4 3 9 € * 0 l  
o.42394ctoo 
0.3028?€+03 
C . Z 7 b Y  SEI04 
c . 2 7 t 7 5 e i o 4  
0,72772E-05 

--------..- 

o . s i a a i e - 0 2  
C.5e3flEt01 
0 .56331EiOl  
2.56331E+Gl 
O . k Z C 6 O E t O 1  
C.ltZl8E+Ol 
0.1221@E+O1 
0 .12218EtQl  
0.1 2-21 UP to1 
0.1 ~ z t e ~ t o i  
C . l22?8E+Ol  
C.35?20€+00 
O.JSCZOE*OO 
6 .94059€-01  
G .  9CQ59E-01 
C.19365€+07 
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Tab le  2. Comparison o f  WAPPAG and Oirectly C a l c u l a t e d  S e n s i t i v i t i e s  
t o  Thermal Power a t  Time o f  Burial 

Rerun per tu rba t i on ,  % -0.944833€+00 
Parametet- value, W/MTIHM 0.984300E+03 
Parameter name RHEWT( 1) 

NUCLIDE SENSITIVITY SENSXTIVITY MASS OUT AFTER 
( WAPPAG) (RERUN) 10,000 YEARS 

C 14 
Se 79 
S r  90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ra 226 
Th 230 
U 233 
U 234 
U 238 
Ng 237 
Pu 235 
Pu 239 
Pu 240 
Pu  241 
Pu 242 
Pu 244 
Am 241 
Am 243 
Cm 244 
Cm 245 

-0.139775E+Ol 
-0.126189E+OO 
-0.245447E-01 

0.182543E-80 
-O.l4441OE+01 
-0.149290E+Ol 
-0.149290E+Ol 
-0.601444E+OO 
-0.845911E+00 

0.158648E+00 

0.369588E+OO 
0.369588E+00 
0.369588E+00 
0.187171E+00 
-OS134674E+00 
-0.134674EtOO 
-0.134614E+00 
-0.134674E+00 
-0.134674€+00 
-0.134674EtOO 
0.136951Ei00 
0.136951Et00 
0.12519OE-01 
0.12519OE-01 

0.2132096+03 

0.517873Et02 
0.404388E+01 
0.423839E+00 
0.302813E+03 
0.276751Ei-04 
0.276751E+04 

0.111276E+01 

0.727716E-05 
0.818810E-02 
0.563315Ei-01 
0.563315Et01 
0.563315Et01 
0.428%9E+01 
0.122183E+01 
O.l22183E+Ol 
O.l22183E+Ol 
0.122183Et01 
0.122183E+01 
0.122183€+01 
0.358202EtOO 
0.358202E+OO 
0.940592E-01 
0.940592E-01 
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Table 3. Comparison of W.APPAG and Directly Calcu la ted  
Sensitivities to the Wasteform Height 

Rerun p e r t u r b a t i o n  
Parameter value, m 
Parameter name 

NUCLIDE SENSITIVITY 
( WAPPAG) 

0.999998E+OO 
0.37QOOOE+01 
SHTWP 

SENSlTiVITY 
(RERUN) 

MASS OUT AFTER 
10,000 YEARS 

C 14 
Se 79 
S r  90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ra 226 
Th 230 
U 233 
U 234 
U 238 
Np 237 
Pu 238 
Pu 239 
Pu 240 
Pu 241 
Pu 242 
Pu 244 
Am 241 
Am 243 
Cm 244 
Crn 245 

-0.370955E+00 
0.842392E+00 
0 . 9 51906E+OO 
0.112917€+01 
0.115326E+Ol 
-0.415598E+00 
-O0462265E+00 
-0.462265€+00 
OO376176E+00 
0.159067€+00 
0.134239E+01 
0.134239E+01 
0.134239E+Ol 
0.115795E+01 

0.833868E+00 
0.833868E+00 
0.833868E+00 
0.833868E+00 
0.833868€+00 
0.110754E+Ol 
0.110754E+01 
0.986804E+00 
0.986804E+OO 

0.833868E+00 

0.213209E+03 
0.111276E+01 

0.404388E+01 
0.423839E+OO 
0.302813E+O3 
0.276751Et-04 
0.276751E+04 

0.517873Et02 

0.727716E-05 
0.81881OE-02 
0.563315E+01 
0.563315€+01 
0.563315E+Ol 
0.428599E+01 
0.122183E+01 
0,122183€+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.122183€+01 
0.358202EtOO 
0.358202E+00 
0.940592E-01 
0,940592E-01 
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Table 4. Comparison o f  ESAQPAG and Directly Calculated Sensitivities 
to the Outside Radius o f  the Wasteform 

Rerun perturbation 
Parameter value, rn 
Parameter name 

0.998985E-02 
0.267300Et00 
SRTEfVIP( 1 ) 

NUCL ID€ SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WWPPAG) (RERUN) 10,000 YEARS 

C 14 
Se 39 
S r  90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ha 226 
Th 230 
U 233 
U 234 
u 238 
Np 237 
Pu 238 
Pu 239 
Pu 240 
PIA 241 
Pu 242 
Pu 244 
Am 241 
Am 243 
Cm 244 
Crn 245 

-0,193548€+01 
0.197126E+Ol 
Qe247692E+01 
0.236960E+01 
0.24055SEt01 

-0.214671E+01 
-0.247951E+01 
-0.247961E+Ol 

0.111017Et01 
0.234194E.+00 
0.268899Et01 
0 26889%-t-01 
0.268899E+01 
0,241280E+0% 
0.195461E+Ol 
0.195461E+01 
0.195461EtOl 
0.195461Ea01 
0.195461€+01 
0.195461E+01 
0.233614E+01 
0.233614€+01 
0.243261EtOl 
0.243261ENl 

-Oa192568E+O1 
0.214798€+01 
0.250775E+01 
0.252596Et01 
0.255010E+01 

-0.214173W*01 
-0.246728Et01 
-0.246728E+01 
0.151566Et01 
0.272117E+OQ 

0.273259E+01 
0.273269E+01 
0.255367E+01 
0.215058Et01 
0.215058E+01 
0.215058E+Ol 
0.215058E+01 
0.215058EtOl 
0.215058Et01 
0.250435E+01 

0,245171Et01 
0.245171€+01 

0.273269Et01 

0.250435E+01 

0.213209Et03 
0.111276E+01 

0.404388E+OL 
0.423839Ei-00 

0.511873E+02 

0.302813E+03 
0.276751E+04 
0.276751E+04 
0.727716E-05 
0.81881OE-02 
0 5633 15 E+O 1 
0.563315EtOl 
0.563315E+01 
0.428599E+01 
0.122183E+01 
0.122183Et01 
0.122183E+01 
0.122183E+01 
0.122183Et01 
0.122183E+01 
0.358202Et00 
0.358202E+OO 
0.940592E-01 
0.940592E-01 
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Table 5. Comparison o f  WAPPAG and Di rec t ly  Calculated S e n s i t i v i t i e s  
t o  the Outer Radius of the Outermost Gap 

Rerun pe r tu rba t ion ,  I 0.338989E+00 
Parameter value,  m 0.295000E+00 
Parameter name SRTEMP ( 4) 

NUCLIDE SENSITIVITY SENSITIVITY MASS OUT AFTER 
(WAPPAG) (RERUN) 10,000 YEARS 

C 14 
Se 79 
S r  90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ra 226 
Th 230 
U 233 
U 234 
U 238 

Pu 238 
Pu 239 
Pu 240 
Pu 241 
Pu 242 
Pu 244 
Am 241 
Am 243 
Cm 244 
Cm 245 

Np 237 

0.165940E+Ol 
-Om197326E+01 
-0.171478E+01 
-0.186445E+01 
-0.185474E+01 
0.176379€+01 
0.198282E+01 
0.198282E+01 

0 . 285 323E+00 -0.162479E+01 

-0.177831E+Ol 
-0.177831E+Ol 
-0.177831E+01 
-0.185288E+Ol 
-0.197794E+01 
-0.197794E+01 
-0.197794E+01 
-0.197794E+O1 
-O0197794E+01 
-0.197794€+01 
-Oa187275E+01 
-0.187275E+01 
-0.178447E+01 
-0.178447E+01 

0.213209€+03 
0.111276Et01 
0.517873E+02 
0.404388E+01 
0.423839€+00 
0.302813€+03 

0.276751E+04 

0.563315E+01 
0.563315E+Ol 
O,563315E+Ol 
0.428599E+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.122183E+OP 
0.122183Et01 
00122183E+01 
0.358202€+00 
0.358202E+00 

0.276751€+04 

0.727716E-05 
0.818810E-02 

0 . 940592E-0 1 
0.940592E-01 
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Table 6, Comparison of WAPPAG and Directly Calculated S e n s i t i v i t i e s  
to U-233 Mass a t  5,000 Years 

Rerun pe r tu rba t i on ,  % -0.100000E+Ol 
Parameter valine, g/MTIHM 0.480000E+03 
Parameter name RADTOX( 11,13) 

NUCL I D €  SENs 1.r IVITY S E N S I T I V I T Y  MASS OUT AFTER 
(MAPPRG) (RERUN) 10,000 YEARS 

C 14 
Se 79 
sr 90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ra 225 
Th 230 
U 233 
u 234 
U 238 
Np 237 
Pu 238 
Pu 239 
Pu 240 
Pu 241 
Pu 242 
Pu 244 
Am 241 
Am 243 
Cm 244 
Cm 245 

0.0000Q0E+OO 
0.0000Q0E+QO 
0.000000E+00 
0.000000E+00 
0. OOOOOOE 1-00 
0.000000E+00 
0.000000E+00 
0"000000€+00 
0.000000E+QO 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+OO 
0.0000QOE+00 
0.00QOOQEtQO 
0.OOOOOOE+OQ 
0.000000Et00 
0.000000€+00 
0.000000E+00 
0.000000E+Q0 
0.000000€+00 
O.OOOQOO&+QO 
O.OOQQOQE+QO 

0.000000€+00 
0.000000€+00 
0.OOOOOOE+00 
0,OQ0000E+00 
Q.O00000E+00 
O.OOOOOOE+OO 
O.OOOOOOE+00 
0.000000E+00 
O.OOOOOOE+OO 
0.000000E+00 
0.000000€+00 
O.OOOOOOE+OO 
0.000000EtQ0 
0.000000E+OO 
0.000000E+00 
0.000000Et00 
O.O0OO00E+00 
0*000000E+00 
O.OOOOOOE+OO 
0"000000E+00 
0*000000E+00 
0.080800E+QO 
0.000OOOE+00 
O.OOQOOOE+00 

0.213209Et03 
0.111276E+01 

0.404388E+Ol 
0.423839E+OO 
0.302813€+03 
0.276751€+04 
Oo276751E+04 

0.517873E+02 

0.727716E-05 
0,818810E-02 
0.563315E+01 
0.563315€+01 
OO563315E+01 
0.428599EtOl 
0.122183E+01 
0.122183E+01 
0.122183E+Ol 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.358202€+00 
0.358202E+OO 
0.940592E-01 
0.940592E-01 
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Table 7. Comparison o f  WAPPAG and D i r e c t l y  Calculated S e n s i t i v i t i e s  
t o  the  Gamma Ray Source a t  Bur ia l  

Rerun perturbat ion,  96 -0.990000E+02 
Parameter value, p/s/MTIH# 0.743600E+16 
Parameter name RGAMA ( 1 ) 

NUCLIDE 

C 14 
Se 79 
Sr 90 
Tc 99 
Sn 126 
I 129 
Cs 135 
Cs 137 
Ra 226 
Th 230 
U 233 
U 234 
U 238 
Np 237 
P u  238 
P u  239 
P u  240 
Pu 241 
P u  242 
P u  244 
Am 241 
Am 243 
Cm 244 
Cm 245 

S E N S I T I V I T Y  
(WAPPAG) 

O.OOOOOOE+OO 
O,OOOOOOE+OO 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0.000000E+00 
0,000000E+00 
0.000000E+00 
O.OOOOOOE+OO 
0,000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 

0.000000E+00 
0.000000E+00 
0,000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 

0.000000E+00 

O,OOOOOOE+OO 

S E N S I T I V I T Y  
(RERUN) 

0.000000E+00 
0,000000E+00 
O.OOOOOOE+OO 
0,000000E+00 
0.000000E+00 
0.000000E+00 
0.000000E+00 
0.000000€+00 
O.OOOOOOE+OO 
0,000000E+00 

0.000000E+00 

O.OOOODOE+OO 
O.OOOOOOE+OO 

0.000000E+00 

0.000000E+00 
0.000000E+00 
0.000000E+00 

O.OOOODOE+OO 

0.000000E+00 
0.000000E+00 

O.OOOOOOE+OO 

0.000000E+00 

0.000000E+00 

0.000000E+00 

MASS OUT AFTER 
10,000 YEARS 

0.213209E+03 
0.111276E+01 
0.517873E+02 
0.404388E+01 
0.423839E+00 
0.302813E+03 
0.276751E+04 
0.276751E+04 
0.727716E-05 
0.818810E-02 
0.563315E+01 
OO563315E+01 
0.563315€+01 
0.428599E+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.122183E+01 
0.358202E+00 
0.358202E+00 
0.940592E-01 
0.940592E-01 
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