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Abs t rac t :  The Data Q u a l i t y  Object ives (DQOs) were es tab l i shed f o r  t h e  
r e a c t i o n  k i n e t i c s  s tud ies  o f  the  f i r s t  group o f  f u e l  samples shipped 
from t h e  K West Basin t o  t h e  Hanford 327 B u i l d i n g  ho t  c e l l s  f o r  
examinations. A Thermo-Gravimetric Analys is  (TGA) system was se lec ted  
f o r  these measurements and associated hydrogen re lease and i g n i t i o n  
temperature t e s t i n g .  
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DATA QUALITY OBJECTIVES FOR THE REACTION KINETICS 
STUDIES OF K WEST FUEL SAMPLES 

1.0 INTRODUCTION 

The Data Q u a l i t y  Object ives (DQOs) were es tab l i shed f o r  t h e  r e a c t i o n  
k i n e t i c s  s tud ies  and d r y i n g  c h a r a c t e r i s t i c s  o f  the  f i r s t  group o f  f u e l  samples 
shipped from t h e  K West Basin t o  the  Hanford 32? B u i l d i n g  hot  c e l l s  f o r  
examinations. A Thermo-Gravimetric Analys is  (TfA) system was se lec ted  f o r  
these measurements. These TGA examinations are an extens ion o f  t h e  
c o n d i t i o n i n g  examinations conducted on the  i n i t i a l  f u e l  samples from K West 
(Lawrence 1995a). 
examinations f u l l y  support t h e  In teg ra ted  Process Strategy (IPS) t o  reso lve  
t h e  s a f e t y  and environmental concerns associatedl w i t h  t h e  d e t e r i o r a t i n g  f u e l  
i n  t h e  K Basin (Lawrence 1994). 

The DQO process was employed t o  ensure t h e  planned 

The examinations covered by t h i s  DQO are the  TGA measurement o f  samples 

This  DQO complements 
t o  e s t a b l i s h  t h e  ox ida t i on  k i n e t i c s ,  d r y i n g  behavior, hydrogen release, and 
i g n i t i o n  temperatures o f  t h e  i r r a d i a t e d  f u e l  m a t e r i a l .  
and expands the  DQO on cond i t i on ing  f o r  these samples t o  e labora te  on t h e  TGA 
t e s t i n g  (Lawrence 1995a). 

Current  c o n d i t i o n i n g  and storage process modeling and design based 
acc ident  analyses i n v o l v i n g  a i r  ingress t o  t h e  Mul t i -Can is te r  Overpack (MCO) 
are u t i l i z i n g  o x i d a t i o n  k i n e t i c  data publ ished f o r  u n i r r a d i a t e d  uranium 
adjusted t o  account f o r  e f f e c t s  o f  i r r a d i a t i o n .  
unduly pena l ize  the  design margins t o  account f o r  the  l a c k  o f  data on 
i r r a d i a t e d  N Reactor f u e l .  
da ta  t o  bracket  expected cond i t ions  t o  compare t o  the  publ ished data.  The TGA 
measurements a1 so p rov ide  a complementary t o o l  t o  p rov ide  comparative da ta  f o r  
the  hydrogen re lease measured i n  the  cond i t i on ing  t e s t i n g  (Abrefah 1995) and 
the  i g n i t i o n  temperatures measured i n  t h e  c o n t r o l l e d  temperature and 
atmosphere furnace. 

t h e  d r y i n g  c h a r a c t e r i s t i c s  o f  t h e  f u e l  ma te r ia l .  The TGA w i l l  be used t o  
determine t h e  d r y i n g  c h a r a c t e r i s t i c s  o f  the  damaged f u e l  t o  p rov ide  suppor t ing 
da ta  f o r  process d e f i n i t i o n  t o  remove t h e  waters o f  hydra t ion .  
measurements are i n  progress f o r  the  K East f l o o r  and p i t  sludge t o  determine 
t h e i r  d r y i n g  c h a r a c t e r i s t i c s  (Makenas 1995). 

The adjustment f a c t o r  may 

The TGA measurements w i l l  p rov ide  t h e  necessary 

The source term f o r  p ressu r i za t i on  o f  the  MCO i s  s t r o n g l y  dependent on 

S i m i l a r  
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The following basic assumptions were made concerning the implementation 
of the IPS. 
be addressed by the Characterization Program to support the IPS 
(Lawrence 1995b). 

These assumptions were necessary to establish the basic issues to 

The basic assumptions are: 

1. Fuel will be sorted by visual examination into the following three 
classifications during reracking. 

a. Visibly undamaged fuel with possible incipient failures. 

b. Intact failed fuel with some dimensional distortion and minimal 
fuel loss. 

c. Grossly failed fuel, fuel chips, and rubble. 

2. Desludging will not be 100% effective. 

3. Independent fuel and sludge laboratory testing will be 

4. Basin sludge will be transferred to thle Double Shell Tanks (DSTs) 

The first assumption recognizes the opportunity reracking provides for 
fuel sorting and possible reductions in the number of MCOs or volumes of fuel 
that needs to be conditioned. The RL approval of the IPS also identifies fuel 
segregation as a basis for the level of conditioning each MCO will undergo 
(Hansen 1995). 

selected a target value of 25 grams of residual sludge or less per assembly as 
a performance specification (e.g., upper bound) (WHC 1995). 

The bulk of the testing will consider fuel and sludge separately however, 
some tests with commingled material may be conducted based on results of the 
independent tests and specific design questions to be answered for the IPS. 

conditioning testing in the furnace and they are directly applicable to the 
complementary TGA measurements (Lawrence 1995a) : 

Fuel and Corrosion Product Drying Behavior: What are the dry out 

representative of commingling for processing and storage. 

for storage. 

The IPS recognizes that desludging will not be 100% effective, and has 

The following areas of technical uncertainty were established for the 

characteristics of the K Basin fuel material (fuel and corrosion 
products) as a function of time, temperature, pressure, and gas 
composition? 

Sludge Drying Behavior: What are the dry out characteristics of 
sludge which will accompany the fuel in the MCO as a function of 
time, temperature, pressure, and gas composition? 

7 
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Hydride Decomposition Behavior: 
uranium hydride present dissociates as a function of the in-MCO 
conditions of time, temperature, pressure, and gas composition? 

What is the degree to which the 

In addition the pyrophoric properties of the material after conditioning 
are needed to support process design and safety considerations. 
characteristics of the oxide layer formed on the uranium during the 
passivation portion of the conditioning process are needed to support process 
definition. 

Evaluations of the initial conditioning data reported (Abrefah 1995) 
identified reaction rate data and hydrogen generation rate data as valuable 
information for initial design model calibrations (Wiborg 1995). 

informal meetings were held with various stakeholders to develop the input and 
concurrence was reached for this DQO covering reaction kinetics studies. 

The 

Stakeholders for the TGA measurements are listed in Table 1 .  Formal and 

Table 1. Stakeholders for Thermo-Gravimetric Analysis Measurements. 

jividual Point of Contact 
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Figure 2. Schematic o f  Thermo-Gravimetric AnalysislDifferential 
Scanning Calorimetry/Quadripole Mass Spectrometry System. 

P 
v) 

11 



WHC-SO-SNF-DQO-007, Rev. 0 

Figure 3. Interaction Between Thermo-Gravimetric AnalysislDifferential 
Scanning Calorimetry, and Quadripole Mass Spectrometry. 

r 
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determinations. The QMS also provides identification of volatile species as 
well as changes in partial pressures supporting TGA/DSC measurements of 
thermal degradation, absorption, desorption, oxidation, and reduction. 

The technical specifications for the TGA/DSC/QMS system are summarized in 
Table 2. 
which is at least 100 times greater than most TGA systems. 

kinetics, (Table 3) and hydrogen release, and ignition temperatures (Table 4). 
The hydrogen release and ignition testing is complementary to similar 
measurements using the control led temperature and atmosphere furnace in the 
hot cell (Lawrence 1995a). Detailed test matrices for the drying studies will 
be developed following an evaluation of the data from these initial 
28 samples. 

the first two elements to be examined, including samples from the damaged and 
undamaged areas of the elements which have and have not been conditioned using 
the vacuum conditioning process. The overall comparisons and impacts of the 
measurements are also summarized in Table 3. Two tests under each set of 
conditions are planned to provide some assurance that the results from a given 
test will be reproducible. 

The system has the capability of handling fuel samples up to 20 gm 

An initial test matrix of 28 samples will be measured for oxidation 

The test matrix for oxidation kinetics (Table 3) includes samples from 

Samples are obtained from the first three elements removed from the 
K West Basin for examination (Lawrence 1995a). Small samples are sectioned 
from the elements mid-point and from the degraded end. Samples will be 
sectioned further to remove the cladding material and conform to the size, and 
weight limitations of the TGA System (Table 2). 

The test matrix for hydrogen release and ignition temperatures (Table 4) 
is smaller due to the complementary nature of this testing with the hotcell 
furnace testing (Table 4). 
elements shipped to the hot cells again with samples from the damaged and 
undamaged portions. 
be made are also summarized in Table 4. 

These tests include samples from all three 

The intent of these measurements and the comparisons to 

I3 
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Element/ Damaged 
Objective Sample 

TGA-17 4378 Impact of 
Damage on 
H for 
Fuel in 4378 

H For 
Undamaged 

Impact of 
. . . . . . . . .  Fuel 

. . . . . . . . .  From 
4378 

Damaae on 4366 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  

Impact of 

I TGA-20 I H I 4366 I No 

TGA-18 

TGA-19 

H 4378 Yes 

H 4366 No 

TGA-21 

TGA-22 

TGA-23 

TGA-24 

I TGA-25 

I TGA-28 I Ti I 4366 

H 4366 Yes 

H 4366 Yes 

H 1990 No 

H 1990 No 

TI I 4378 No 

Intent 

TGA-26 

TGA-27 

TI 4378 Yes 

TI 4366 No 

Fuel in 4366 H for Fuel * / l r l  From 4366 . . . . . . . . .  On H p[d Damaged . . . . . . . . .  

Fuel in 4366 . . . . . . . . .  For 

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  

i for Fuel 
i 

For 

T a m a g e d  Fuel from I Fuel 

Effect of Impact of 

T, for 
Fuel in 4378 
Effect of 

4378 and 4366 

Fuel in 4366 I I 

W m < 

0 
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7.0 DATA QUALITY OBJECTIVE STEP 7: OPTIMIZE 

The examinations w i l l  be conducted w i t h i n  t h e  conf ines  o f  t he  th ree  
elements shipped t o  t h e  ho t  c e l l s  from the  K West Basin. 
p lans f o r  t h e  t h r e e  elements w i l l  i nc lude  both samples f o r  i n i t i a l  
meta l lography t o  d e f i n e  the  i n i t i a l  f u e l  s t a t e  and s i s t e r  samples f o r  
c o n d i t i o n i n g  t e s t i n g  as w e l l  as the  TGA t e s t i n g .  I n fo rma t ion  gained from t h e  
m a t e r i a l s  responses du r ing  t h e  f i r s t  s e r i e s  o f  t e s t s  w i l l  be used t o  develop 
t h e  s p e c i f i c  t e s t i n g  parameters f o r  t h e  f o l l o w  on t e s t s  w i t h  t h e  m a t e r i a l .  
L i m i t a t i o n s  i n  t h e  q u a n t i t i e s  o f  t e s t  samples a v a i l a b l e  f rom t h i s  i n i t i a l  f u e l  
shipment may make i t  d i f f i c u l t  t o  exp lo re  more than a l i m i t e d  range o f  
cond i t i ons .  

D e t a i l e d  examinat ion 

19 
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