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February 10, 1997
MEMORANDUM T0: Charles J. Haughney. Acting Director

Spent Fuel Project Office. NMSS

FROM: Earl P. Easton. Section Chief
Transportation and Storage Safety Section
Transportation Safety and Inspection Branch
Spent Fuel Project Office. NMSS

THRU: Susan F. Shankman. Chief
Transportation Safety and Inspection Branch
Spent Fuel Project Office. NMSS

SUBJECT: MEETING WITH THE DEPARTMENT OF ENERGY REGARDING ACTINIDE ,

ONLY BURNUP CREDIT '

On January 23, 1997, a meeting was held between representatives of the U.S.
Nuclear Regulatory Commission, the Department of Energy (DOE), and its
contractor, to discuss DOE's " Topical Report on Actinide Only Burnup Credit
for PWR Spent Nuclear Fuel Packages." Attachment 1 is a list of attendees.
Attachment 2 is a copy of the meeting handout. which includes an agenda. A
notice of public meeting was issued on January 9. 1997.

The DOE is currently responding to NRC's request for additional information
(RAI) on the topical report. dated March 22. 1996. DOE plans to submit formal
responses to the RAI in March 1997.

During the meeting. DOE staff and contractors made presentations on the
planned revisions to the topical in the areas of criticality validation,
reactor records, and burnup measurements. A second meeting, tentatively
scheduled for February 1997, is plarined to present the revisions to the
isotopic validation and cask modeling chapters of the topical report.

Attachments: 1. List of Attendees
2. Meeting Handout

cc: See Attached
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Meetina Summary Distribution

cc: R. Loux. State of Nevada
C. Johnson. State of Nevada
B. Price. Nevada Legislative Committee

.

J. Meder. Nevada Legislative Counsel Bureau
W. Barnes. YMP0
C. Einberg DOE / Wash. DC
M. Murphy. Nye County. NV
M. Baughman Lincoln County. NV
D. Bechtel Clark County, NV
D. Weigel. GA0
P. Niedzielski-Eichner. Nye County, NV
B. Mettam. Inyo County, CA
V. Poe. Mineral County, NV
W. Cameron, White Pine County, NV
R. Williams Lander County, NV
L. Fiorenzi. Eureka County, NV
J. Hoffman. Esmeralda County, NV
J. Regan. Churchhill County, NV
L. Bradshaw. Nye County, NV
W. Barnard NWTRB
R. Holden. NCAI
T. Burton. NIEC
S. Brocoum. YMP0
R. Arnold. Pahrump. NV
N. Stellavato. Nye County, NV
J. Lyaicky. AMA
R. Milner. YMP0
B. Russo. EPA
A. Gil

i
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ATTENDANCE LIST !

Meeting between NRC and DOE Staff i
January 23, 1997 1

l Charles Haughney NRC/NMSS/SFP0

Marissa Bailey NRC/NMSS/SFP0

Donald Carlson NRC/NMSS/SFP0

Dennis Damon NRC/NMSS/FCSS

| Allen Howe NRC/NMSS/SFP0

| Eric Leeds NRC/NMSS/SFP0

Robert Lewis NRC/NMSS/SFP0

Charles Marotta NRC/NMSS

Bruce Moran NRC/NMSS/FCSS

Fritz Sturz NRC/NMSS/SFP0

Dennis Vinson NRC/NMSS/DWM

Bernie White NRC/NMSS/SFP0

Carl Withee NRC/NMSS/SFP0

Priscilla Bunton DOE

Christopher Kouts DOE
|

i Bill Lake DOE

Ram Murphey DOE

Daniel Thomas DOE /0CRWM/YMP-M&O

Emilio Fuentes M&O/TRW

Chi Kang M&O/TRW

Dale Lancaster M&O/TRW

Meraj Rahimi M&O/TRW
!

Mark Wisenburg M&O/TRW

Andrew Cheslirman BNFL Instruments

Archer Haskins BNFL

Paul Highberger JAI

Kyle Jones Vectra

; Robert Sweeney IBEX

Gary Tjersland Holtec Intl.,

j Altheia Wyche SERCH
Licensing /Bechtel

,

I Al Zimmer General Atomics
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Technical Exchange
On PWR |

Actinide-Only Burnup Credit !

January 23,1997 !

(
!

!

[

|

Contents ;

;

!

Agenda |
Overview of TechnicalProgram BillLake |

Status of TopicalReport Revisions Dale Lancaster '|
Criticality Validation Emilio Fuentes !

| Venfication ofReactor Records Dale Lancaster
\

-

~ ;

_ . _ _
__ __ _ .)
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Agenda
:

,-

8:00 am introductory Remarks NRC/ DOE |
'

,

:
'

8:15 am Overview of Technical Program DOE

8:30 am Status of Topical Revisions DOE
9

9:00 am Criticality Validation DOE |

10:00 am Break

10:15 am Verification of Reactor Records DOE |

11:15 am Open Discussion NRC/ DOE /Public

11:45 am Recap and Closing Remarks NRC/ DOE /Public ;

'

.

1

l f
.

Civilian Radioactive Waste
Management System

"#
an nt & Or* rating

.

[

__ --



___

. . . .

i
'

I
!

U.S. Department of Energy |
Office of Civilian Radioactive Waste ;

Management
.

i

NRC/OCRWM TECHNICAL i

EXCHANGE ON BURNUP CREDIT
PRESENTED TO

U. S. NUCLEAR REGULATORY COMMISSION !

!

|
PRESENTED BY :

Bill Lake, USDOE |

f** 3 Office of Waste Acceptance, l

,

l i Storage and Transportation,

!
i

January 23,1997 '

i

!
|
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TODAY'S TOPICS OF
DISCUSSION

TECHNICAL PROGRAM OVERVIEW

STATUS OF DOE RESPONSE TO RAI

CRITICALITY VALIDATION
VERIMCATION OF REACTOR
RECORDS

\
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| MILESTONES

SL B MIT TOPICAL REPORT (5/31/95)

RAI SENT TO OCRWM (3/22/96)
TECHNICAL EXCHANGE MEETINGS
- General Response Plan (5/31/96)

- Criticality Validation, Measurements (1/23/97)

- Isotopic Validation, Cask Modeling (2/97)
'

SL BMIT REVISED TOPICAL REPORT.

(3/31/97) :

!
!

- |
|

. _ _ _ _ _ . _ . __ _- -_ _ __________ _ _ __
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. . ..

:

MAJOR CHANGES |
|

| ADDITIONAL ISOTOPIC DATA ;

ADD 1TIONAL CRITICALS i
~

t

TREATMENT OF DATA :
,

MODELING EFFECTS
.

;

VERIFICATION OF REACTOR |

RECORDS
\

'SAMPLE CASES
;

.

.

_ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ ._____ _ .--
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>

CRITICALITY SAFETY ;
i

.

FRESH FCEL ASSEMPTION ;-

- Safety considerations [
'

- Inherent safety margin: Unq6antified ;

ACT1XIDE-ONLY BERSUP CREDIT !-

!

- Added safety considerations: Bounded ;
;

:- Ignored fission products
''

* Inherent safety margin: Estimated

'

;

:

i

4

- - - , - -.-,-.,-,...---.--% -
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SAMPLE ANALYSES

MAY 1995 TOPICAL REPORT
- MPC CONCEPTUAL DESICS

REVISED TOPICAL REPORT
- ACTUAL CASK DESIGNS

General Atomics: GA-4

Holtec: HI-STAR MPC-32

Nuclear Assurance Corporation: STC ;s

Transnuclear: TN-40 .

VECTRA: NUHOMS-24P, NUHOMS-MP187
i

|
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Civilian Radioactive Waste EE FFManagement System
TRW Environmental Safety

nt a operating
Systems Inc.

Overview of the Status of
Actinide-Only Burnup. Credit Topical

Report Revisions

|

Dale Lancaster '

January 23,1997
.
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_ _ _ _ _ _ _ _ _ _ _ _
-



.- _ _

.

.
. . . .

Introduction.

Objective of the Meeting.

Changes to the Topical Report Since Last*
'

Meeting

Schedule*

Summary*

|

~

,

!

Civilian Radioactive Waste
Management System i

er agement & operating

i

i
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i

!

Objective of the Meeting |
|

'

Summarize the changes in the topical*

: report due to the response to NRC
questions. j

.

!

Present the changes in detail to Chapters i: *

3,5 and 6. !

!

Provide a revised schedule for response*

t

act. .t.ivi ies. !.

t :

!
!

s

Receive some feedback. !*
;

Civilian Radioactive Waste I
Management System

gement & operating j

I

I
t

. _ - _ _ _ _ _ _ - - _ _ . . - _ _ _ _ _ _ _ __
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:

I

: Key Changes to the Topical Report |
t

i
!

!

lsotopic Validation (Chapter 2) |=

!

-Increasing the chemical assay data from 19 |,

samples to greater than 45 samples. |:
:

.

-Parametric fit of trends.
i

!

-Uncertainties as a function of the parameters. !

.

- Am-241 is treated solely as a daughter |
: product of Pu-241 !

!
! s

Civilian Radioactive Waste
|Management System

1/22/97 4
Management & Operating
Contractor

.
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'

Key Changes to the Topical Report
i

!

Criticality Validation (Chapter 3) ;|*

|

-increasing the number of critical experiments |
used from 34 to 57 |

'

-Changed the statistical approach to allow the-

uncertainty to vary as a function of
spectrum. (This change makes the statistical
approach consistent between Chapters 2 and
3)

-Defined the Upper Safety Limit as the most
limiting of that from either the UO or MOX2

set of experiments.

Civilian Radioactive Waste
Management System

"7 5
nt & operating

.
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Key Changes to the Topical Report )
|

Package Modeling Assumptions (Chapter 4) |*

!

- Axial burnup profile data base is increased I

from 500 to 3135 shapes.

- All qualifying axial shapes were analyzed and
the most conservative shape selected.

-For burnups beyond 25 GWD/MTU the method
recommends a k bias unless analysis is
performed with the worse shape.

- An assembly horizontal burnup gradient
database was formed and conservative tilts

'

identified. The cask analysis must use these
conservative horizontal tilts.

$"A","."|My*AY"'"
- -

== m .,.1,,
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|| Key Changes to the Topical Report
.

Loading Criteria (Chapter 5) |*

| !

-The loading curve will not be reduced to |;

cover reactor record uncertainty. j
'

-The utility will demonstrate that the assembly |
reactor record burnup is sufficiently above |.

| the loading curve to cover the uncertainties. |
i

Burnup Verification (Chapter 6) !*
i

-

- A measurement device specification is given.
.

- An assembly rejection criteria is clearly |
: defined. :

!

-Detector system designs are moved to the |
'

Appendix |
'

| Civilian Radioactive Waste |
Management System i

"# #
ne a operating

!

!
:
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i

Key Changes to the Topical Report ;
.

Appendices I*

-There will be sample calculations performed !
'

by several cask vendors on their casks.
These casks will be casks for which a license :

.
~

or a license application exists with the NRC. |
!

-The sample calculations will be performed j
with the vendor's code system so the j

'

! methodology will be demonstrated with more
than just SCALE 4.2 and the 27BURNUPLIB.: ;

!
-Description of burnup measurement systems |

will be included as appendices. |
|

Civilian Radioactive Waste |
.

Management System
'

"# *
Man nt & Operating
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I Schedule

Two technical reports*
,

|
1

-Validation for Actinide-Only Burnup Credit
~ March 15,1997|

-Package Modeling Assumptions for Actinide-
' Only Burnup Credit ~ March 15,1997

,

i

Final responses and revision of the*

i Topical March 31,1997 |
,

;

I

One or Two More Progress Meetings with |*

the NRC February,1997*

i

I

Civilian Radioactive Waste
Management System I

"# *
nt & operating '|

-- - - - - . . - - - - - O
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Conservatism in Cask Analysis
All of the following must occur for the,

! cask to go critical:

1. The cask floods.

2. The k,,,is greater than expected by
~ 5%.

3. The calculations of k are as high as
possible (not the average) when'

compared to the criticals.

4. The arrangement in the cask is most
.

limiting. .

5. The assemblies have no burnup.
?!!'3"O!C1"'""

"# ''
Man ement & Operating
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If Burnup is Assured, The Following Additional l

items Are Required To Go Critical: :
5. The error in the burnup reactivity |

change is equal to or greater than: |
|

a) The fission product worth, plus |
-

t

b) The worth of increasing each |

isotope's concentration in the most |
reactive direction by the largest error !

!possible given the experiments.

6. The worst USL of UO or MOX applies. |2

7. Each assembly in a cask has the worst j
'

axial profile. !

S'!%"."."M'i m |
" " " ' "

=g7, . _,,,
!

- "

!
!

I

_ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _:
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If Burnup is Assured, The Following Additional.

items Are Required To Go Critical:

8. Each assembly has the worst
horizontal tilt and is loaded in the most

! limiting direction.

9. Each assembly has the burnup loading
limit value.

10. All parameters in burnup analysis are at
their most limiting condition for each
assembly.

!
11. Each assembly is at the lowest burnup i

allowed by the reactor record '|
uncertainty. j

n'%" ""n! ss", '""'' |
'

' "Manageant & Operating

!
i

, _ _ . . . - . _ _. . .
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. . ,

I

Summary |
;

Added more data to address comments. |*

| \

Added significant amount of analysis. ||
*

|

| !
-

!

Continue to Use a conservative approach. |*

;-

Will complete on March 31,1997. |*

[
i

;

!
,

%

!

Civilian Radioactive Waste !
Management System
Man nt & Operating

i

!
:

I

!
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E FYgen nt Sy temMa
TRW Environmental Safetyuanagemeni a operating

contractor Systems Inc.

,

.
Criticality Validation for

Actinide-Only Burnup Credit

{ Chapter 3).

.

\

Emilio Fuentes
January 23,1997

.. . ._ . ._
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Objective
.

To present a methodology for validating a
computer code system to calculate the

,

. subcritical multiplication factor of a spent
nuclear fuel package

\

i

4

, - ,

( g.g ...,,,

-- -- - - - - - - - - - - - _ - -



, . .
. .

,

' Introduction j

-I'A) Acceptability of benchmark set of critical ;
experiments !

: ,

-(B) Equality analysis on UO -only/MOX |2
experiments j

|

'

-(C) Selection of appropriate trending |
analyses

: ;

| -(D) Methodology to compute Calculational !

Uncertainty |

1

-(E) Methodology to compute Upper Safety !
! Limit !~

.

-(F) Results for SCALE 4.2 .

1

3Civilian Radioactive Waste
|Management System

t/2187 3 -

Man ment a operating

!

I
!

1 '

|
_ - _ - - _ _ - - _ - _ - - - - _ _ _ _ - - _ _ . . - _ _ _ ..-
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i

(A) Benchmark Set of Critical Experiments !

Selection |-

-34 from original Topical report )
:
!

-23 additional experiments j
.

~

:
!

!

i

i

-High concentration of higher isotopes of i
Plutonium !

!.

!

- Available experiments with similar conditions |
as light water ~ reactor fuel assemblies !,

I

!

iCivilian Radioactive Waste
Management System ,

"# *
anagent a operati.w

,

!

!

5
_ _ _ _ _ _ __
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. . . .

(A) Benchmark Set of Critical Experiments
.. ..d _ C... ..e , _ .e d p.. O,,....

2,, . . f..e . ..
(et 99

LWR UO. Feet Pla tasikas - 19 Ewe:6nwenn

Absabe pbsm:

Espednume 1 2.35 Eny. 001.14e Atisoeber (11 0) Ref. 3 5

j Espennens 2 2 15 Esp. 09 7: Ekasal Ref. 3.3

Eupedness 1 2.15 Eup. 024: Aheninon ytmes Ref 3-5'

Ewedness 4 2 11 Eur 028. Siemiesssed Ref 3-5

Reflessing walls:

Esperinum 3 4 31 Urank. = sth Ref 3-4

Enredowns 6 4.11 t o weth Ref. 3 4

Ewednesa 7 4.31 Sul eans Ref. 3 -7
.

Sotable Beron:

Enpedeem 8 4.19 E y.17 3. sie baron Ref. 3 8
Expedusem 9 4 31 Esp. 377: 2350 rpne Ref 3 8
Espedawen to 4 St Eup I1t no bison Ret 3 8
Eapedness tI 4 11 Eo. ItI: 21 M runnb Ref 3 0

flea sesps:

Expederm 12 4 13 Esp. 214R. nea traps Ref. 3-9
(no ve44)

Expedwens Il 4.38 Eup. 214v3: fles traps Ref. 3 9
fehh voids)

00, ad argutas letice:

Espesteem 14 2.35 EPRi ktoX Converison Ref. 312
Ewedamm I5 2 15 E PRI ntox Comparison Ref 3-12

UO spare
lamces

Enpedeem 86 246/402 UO,tGd,0. Campaisan Ret 3-11
Espedowns 17 $ 74 SAXTON ktOX Couparisen Rei,3 43

EsedweneIa 5.74 1AXTON kt0X Canoetsosa Ref.1 -t 3 s

3al assy ersysw/absebes:

Enpednum 19 1.46 Cose IV: 84 B. Cries Ref. 3-10
I pedt baseen assembleas

Civillan Radioactive Waste
Management System

''' * ' 8
Management a operating
Contractor

|
-____.



- .. .

. . . .

(A) Benchmark Set of Critical Experiments.

UOs.G adolinium Lastice - 2 Emperonents

UO fod Os fuelrods:

Empermeene 20 1.94/2.46/4.0 Core 14: I2 OJ fuelrods Ref. 3-11

Emperbnema 21 2 Core 16: 16 Gd fuei reds Ref. 3 11

8.94/2.4E/4 0
2

LWR Mined Omide Criticals - 16 Emperimients

EPRI

UO /PuOn
*Zwe%PuO :

.

Empersnent 22 0.71 0.700.in. psc h, O ppmb Ref. 3 12

Emperiment 2 3 0.71 0.700.in. pikh,688 preah Ref. 3 12

Empet eneme 24 0.78 0.8 70.in. pink. 0 ppab Ref. 3 12

Enperimeas 25 0.71 0.870.in. pach. t 090 Ref. 3 12

Empetenene 26 0.78 ppsb Ref. 3 12

l'aperisment 27 0.71 0.990 in. pech. O ppmb
0.990.in. pach,767 ppeb Ref. 312

SAXTGH
UO /PuO
6.6wi%Pu0 :

Emperheent 28 0.71 0.52.im. pisch Ref.3 13
Emperbuene 29 0.71 0.56-in. pioc h Ref. 3.I 3
Emperbeens 30 0.78 0.56.is. pitch,337 ppab Ref.1 8 3

I?mperknen 31 0.71 0.7 3 5 in. phc h Ref. 3. I 3
Emperhaest 32 0.71 0.792 in. phch Ref. 3 13
Emperbeest 33 0.78 1.04. ia. pitch Ref. 3 8 3

'PNIA976
MOX and UO.
2=t%PuO :

Emperiment 34 MOX 0.71 MOX and 00 rods in Ref.3 14
UO 4.31 uniforn, p onern

Civillan Radioactive Waste
Management System

# *
Managernent & Operating
Contractor
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(A) Benchmark Set of Critica! Experiments i

PUP
UOa/Pu Ostriangular
2.0wl%Pu 0,
8.0es%Pa.240:

Ret 3-15
Ref.1 15

Empes knent 35 0.71 0.80.In lattice spacing Ref.1 es

Empeshnena 36 0.75 0 934almike spubs Ref.1-il
1 OHa l"** 9"W Ref.1 tiEsper ament 37 0.71 1.143 in leeks sperig g,g,3 33

Emperknent 38 0.71 1.324almete sexes
Emper hisent 39 0.71 1.3s6.bi luike spectg

Espes bnent 40 0.71

WP
UO./PeOs trinquier
2.0me%PeO.

* 16 Ont%Pu-140:

Expev6nem 48 0 71 0 93 4s tmike spwing Ref 3 15

Egerinem 42 0.71 106 inistere spacing Ref. 3- 5 5

Empe:6nese43 Oft I.8414m imeks spuivig Ref.1-IS
*

E gersneve 44 0 78 912 in tutke spareg __. _ Ref.1 IS

PUP
4Nh/ruO:esingutee
2 0we% Purh
24 Dei %Pm.240.

Empertneve 45 0 71 0 904a lmake spwing Ref.3 15
Esperinese 46 0 7t 0 93 in tutke spaces Ref. 3-15

Espetiness 47 0 78 1.05 ta lmilce spectry R ef. 3 - 8 5

Eyesinem 48 0 71 8.143 tiimike specteg Ref.1 IS
Egeenessu 49 0 78 8.124almtke spectg ket. 3 4 5
Egeeinem 50 0 70 I 196 in Istice spectag kef.1 11

rt)P
UO,/Pv0s trisgular
4 OmitPuo :

Enreiniwee SI 0.71 0 854nimikespacing Ref. 3 -15
Espertemve 32 0.78 0 934minske spacug Ref. 3-15

'
Emperinese 53 0 71 1.054a lmike epachy Ref. 3-15
Esperinese 54 0 71 P.1434m latim specig Ref.3 15
Esperinese SS 0 71 1.386 kilatice specivig Ref.3 15
Euperinese 36 0 78 l 604alavice spectg Ref.1 - 15
Emperisswee 57 0 71 9.704almake eputng R ef.1 -11

Tmd tennber et Espertnerus = 57

Civilian fladioactive Waste
Management System

"7 7
3Management a operating

Contractot
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.

FA'i l Benchmark Set of Critical |
t ;

xper.iments::
!
;

Range of Applicability-

!

. -Experiments span anticipated SNF package |
conditions

!
I

i

:

i

!

i
'

I
;

!
:

Civilian Radioactive Waste ;

Management System iit20er e

Mans nt a operating

:

i

!
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(A) Benchmark Set of Critica Experiments

. . . ..ekt..e..... ....... ,,C..t..t.....tm..e.

. . . . . . . C...I.e...

:::':::.. ManissassiM 2%MisR5646
...e._._.

Es.o.. C. m . .e-. ,,e.e..et U.,. U.,,, U.,.. U.,.

. . . . . . ....,9 . . . . . . .....t

Pe.3 43 A ss.le t

R osee p e se St Owe #MT U Uetreedeseed UO. eed M O X teet

te h et 0ftse508% UOs IIS # 3 74%
* essest sees U 0. 0 8:0.. I94se4ett

toe S U 339) MON . 9 f t se 4 3 8% tes % U.tllt
I se 4 SS test PeO,)

.

CoeHeeT6me 5 ee I99 Yease ./A

s ..e n.a .- . ..a an.. n.

F a npa s a me e

F set i t"F t t'F

Te myeeeesse

f eet M eeerseI Fese F eet lesedeseee U O. f eet. UO,
U D, - 04:0,

MOX

Ctedates. Fleenter Cted4 6e s Zarcele y
Sedekee Smet Ahu hem

S e nee k se Sie s t

F eel M oserset De nseep 8 9 9 ee 3 4 4 g arm UO, 9 3 ee it 4 gism'8

(90 % ee fit et etteteeket U O n - 04.0.- 9 5 se le i t .e m'
Ase 6ev n MOX: 9 1 es 19 4 ars e '

f eel tied Steese leseee, beessegeesees S quese med wiseseles leesses.
Oeometey be wee g e se son

0 ?? ee 9 97 em pelke ele t 96 ee t It em petke des
e te 7 ee 4 elI em gap 4eee 999em gop
9 90 se i iI em eledd6en OD 0 99 ee t 44 em stedeeen OD

*
Feet eed spestes t le se t el em pitch U O e: 9 e t se 3 il em p eest

U Os - 04:0, t 6 4 e m peac h
M,0 X I 31 to 4 II s ee then

Civilian fladioactive Waste
Management System
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(A) Benchmark Set of Critical Experiments
h^' C - h kk Thh hArray Parameters

Fixed Neutron Borated materish (e.g., External B.C rods
absot bers B.C. borated stainless steel

boral, etc.) Boral, stainless steel, and
aluminum plate:

Materiah of Guide tubes Water gaps

construction
withN array

Mode rator . Es - | Y -
Conditlens w ..k ... r e . ; f e. e .-

- Water Density Ig/cm' I g/cm'

Water 70*F 70*F
Temperature

Moderator to Fuel 1.5 to 2.3 U0: 1.09 to 5.073

Volume Ratio UOs - Gd O : 1.88t

MOX: 0.49 to 10.75

Soluble Doron 0 ppm UOn: 0 to 2550 ppm,

Concentration Uni . GJ,0 : 1579 to 16543

MOX: 0 to 1090 ppm

j%: - -|_
-- Y h!r[ 5 *# ~' Ylisgk, gRenettor and

Ce dati n . kkhs Of
Reflector Water, depleted uranium Depleted uranium, lead, water.
Composition and anil stainless steel reflectors

stainless steel reflectors
s

Interaction with Fissile uranium and Iissile uranium and plutonium
other fissile plutonium isotopes in SNF untopes b MOX fuel pins
material

Civilian fladioactive Waste
Management System

"' " # ''Management a opetaling
Contractor

. - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ - - _ _ _ _ - _ _ _ _ - _ _ - - - --



..

. . . .

(A) Benchmark Set of Critical
Experiments

Comparisons with SNF using measured--

values and representative values from
SAS2H (NITAWL, ORIGEN-S), CSAS

| .
(NITAWL, KENO) modules of SCALE 4.2

1

-isotopic concentrations

- Actinide ratios

-Neutronic behavior (flux spectra)
!

!
!

Civilian Radioactive Waste
Management System

;

Man ni a operating t/22n7 u
;

i

- - _ _ _ _ _ _ - _ _ . - - _ _ - - __Y
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(A) Benchmark Set of Critical Experiments

isotopic Comparison of Critical Experiments to SNF
1.80% Enrichment.15 OW1/MTU

100

to O EPRI

A g $ e SAXTON@ , ,

y A PM.4976g
* - -I E E - V O PUP (2,8)'

E X PUP (2,16)A
A

O 6 v Pt.P(2,24)
0. 8

~g A * pgp(4}

a 0

O' ' ' ' ' ' ' *0.01 '

U234 U235 U236 U238 Pu238 Pu239 Pu240 Pu241 Pu242 Am241
Isotopes

s

Civilian Radioactive Waste
Management System

1/21/97 12Managernent & Operating
Contractor
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q'A) Benchmark Set of Critical Experiments

isotopic Comparison of Critical Experiments to SNF
4.50% Enrichment,50 GWd/MTU

100

$
* O EPRI$ 10
* * SAXTON

O A
* A PM.4976g

E o PUP (2,8)' ~ A'

* X PUP (2,16)
A( ,

A y 5 v PUP (2,24)
Q

* PUP (4)
h 6O x

A
| A

4' ' ' ' ' ' e a n0 01

( U234 U235 U236 U238 Pu238 Pu239 Pu240 Pu241 Pu242 Am241

Isotopes

..

i
l

-

Civilian Radioactive Waste
Management System

t/2 47 v3Management & Operating
Contiactor

I
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:

(A) Benchmark Set of Critical Experiments

Spectrum Comparison of Critical
'Experiments to SNF (30,4.5)

,

. 2 e
* * baw1484a ;

.21.5 Y t =*?
A sam 792O [

-

1- i

g- 0.5 B "m, Eepri99b !
'- '

'
'

0 - -

* aralpu
0 10 20 30

Energy Group la auo2puo4
;

\

i

Civilian Fladioactive Waste {
Management System

statist 14Mana nwnt a operating
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t

.

(A) Benchmark Set of Critical Experiments |
;

I

!

!

Adequate and Appropriate for Criticality j-

Validation ;
!
r

|
!

!

h

,

!

,

!

>

[
'

!

I
!

Civilian Radioactive Waste !

Management System f
1/21/97 1s -

Management & Operating ;

Contractor ;

!
:

t

!,
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't

(B) Equality Analysis .

:

i
'

i

i

Benchmark set of experiments comprised ;-
.

of two subsets of data: 21 UO -only and |2

. 36 MOX experiments |
|

Can the two subsets be statistically !-

combined? !
!

I

i
'

!

!
'

'
Civillan Radioactive Waste
Management System j

Man enwnt a operaung

:
|
!

. - - - - . _ _ _ _ _ _ . _ _ _ - _ _ . _ _ _ , _ _ _ _ _
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(B) Equality Analysis
.

r

Subset Comparison !
i

1.01 !
m u# '

,a J'
_

- 1.005 * UO2"
''%4r !

1 m .m- 9 i

m'e ' .e. e' in a MOX
$ 0.995

-- - 4"e * T(3
ens " #s-

m
UO2 FIT---

0.99 ,- * Su
,-

,

e
m - - - - - - MOX FIT,

O.985'

,

0.98 : : :
-

.

15 16 17 18 19 20
,t

Average Lethargy for Absorption ;

.

'

Civilian Fladioactive Waste !
Management System |

""I '#Management & Operating i
Contractor !

!

P

!
. . _ __
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.

. . . .

,

f

(B) Equality Analysis ;
t

!

|
>

(

From graph, data subsets seem-

independent ,

l
.

Equality test on data supports hypothesis f-

that the two subsets can NOT be j
~

statistically combined (95% confidence) |

!
!
!

!
:

!s

;

|
|

,

|Civilian Radioactive Waste ~

Management System
trws7 is

Manyment a operating

:
. :
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(C) Selection of Appropriate Trending
Analyses

4

Spectral trending-

,

.
- Average Energy Group for fission (AEG) 3

i

!

- Average Lethargy for Fission (ALF) |
1

!

- Average Lethargy for Absorption (ALA) !

:

- Average Lethargy for Capture (ALC) |
f

'

!

!

|
Civilian Fladioactive Waste ,

iManagement System
|traer is

Mana ni a operating

|

_ _ _ _ - _ . . . ..
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q'C) Selection of Appropriate Trending Analyses

:

'

Spectral Trending (subsets)
alf-u

1.01 -

1.005 - ' ala-u
#'1-- H# # alc-u* 0.995 - m ,e _

=

0.99 ; g 3#' alf-p'

'

O.985 -

0.98 : : : : : - - - ala-p !

15 16 17 18 19 20

Average Lethargy
- - - alc-p

Civilian Radioactive Waste
Management System

1/28/87 20
Manage nt a operating

|
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!

(C) Selection of Appropriate Trending Analyses j
i

General trending-
,

;

-Initial enrichment i
:

-Fuel density j
-Pellet diameter |

~

-Gap thickness
-Clad outside diameter ;

-Fuel rod spacing (pitch) !
!

-Moderator / Fuel volume ratio j
-Soluble boron concentration |

'

!
!

Can NOT show a trend with 95% i-
'

! confidence for any parameter, either |
subset !

Civilian Fladioactive Waste
Management System |

"# 2'
Mana nt a operating

!
- o
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(C) Selection of Appropriate Trending Analyses

_

keff vs Pitch

1.01 -

"- an a
g , _ _ _m, " ,g ,, e ,1.005 m

, ,, __,, ,,

1 m a m'
me a
{gfg ",0.995 a a MOX,

*
0.99 E'

"0.985

0.98 : : : - - - - - - MOX FIT-

1 2 3 4 5

pitch (cm)
,

Civilian Radioactive Waste
Management System

tasm7 2
Man nt a operaung

_ _______- ____ _ - . -._
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(C) Selection of Appropriate Trending Analyses

keff vs Mod / Fuel Volume Ratio
i

1.01
" =m g

1.005 m a
, , ,, g .a . a , ___m .,- -

,-- -- -- * UO2..

1 m m"
m8 8 m MOX ;

'

$ 0.995 " *

(
__ 1 am

* ~~
- - - UO2 FIT

0.99 Eg
. - - - - - - MOX FITm

0.985

0.98 - - -

'

0 2 4 6 8 10 12
'

Mod / Fuel Volume Ratio ,

;

,

Civillan Radioactive Waste
Management System

27 23 ian ment a operating

i

,
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,

!

(C) Selection of Appropriate Trending |
Analyses ;

,

)

Trending by nuclide :-
.

!
:

.
-Reaction rate lethargies for each isotope |

!

!

+ Absorption
i

+ Fission !
- |

+ Capture ;

:

!
.

'

Can NOT show a trend with 95% i-

!confidence
Civilian Radioactive Waste ,

|Management System
1/2trer 24 iManagement a operating

|Contractor

|
;

I



. . _ . ._ _ _ - - . - - - - ._ - . - - _ ... . - -

. . . . .

!

(C) Selection of Appropriate Trending !.
Analyses !

;
6

|

1

Plutonium trending !-

:

!

-PuO concentration ;
. 2

i
!

i
!

'! !

;

Trend with 95% confidence |-

i
'

!

l
?
r

'

>

I

i
.

Civilian Radioactive Waste
Management System

tr2tus7 2s !
Management a operating

!Contractor
}

[

t

I.
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!

|

: (C) Selection of Appropriate Trending-
Analyses

;

Trend only with Average Lethargy for-

Absorption (ALA) for each subset
.

T

1

Civilian fladioactive Waste :

Management System
v2wsr 2s

Mana ni a operating

i

!

- _ _ .
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1

4

('D) Criticality Calculations Uncertainty

,

,

IStatistical method to compute uncertainty-

for multiple regression analysis !
:

!
.

Same method for chapter.s 2 and 3-

For one dimension:- .

.

t

'n+1 + (ALA - ALA)'S* fLV (ALA) = t ,,-2)q n S,4 u, g
,

'

t

!

|1
<

Civillan Radioactive Waste
Management System ,

1/21/s7 27 i

Management & Operating
Contractor

:
i

|
)

.
,
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'

(D) Criticality Calcu'ations Uncertainty

1.06 --

____
~~~o o o O

- o _ .o -o
-

_ _ _

. .
.o . . . o

.

-

g oe 0.98 - oM O

-

0.9 ;

Trended Parameter s

Civilian Fladioactive Waste
Management System

, , , , , ,
Management & Operating
Contractor
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(E) Methodology to Compute Upper Safety
'

Limit

Upper Safety Limit (USL) is acceptance-

criterion for the calculated maximum value ;
4

. of k,,,(derived from ANSI /ANS 8.17) t

:
i

i

!

USL = k,(ALA) - Ak,(ALA)-ak,,,
i

i

!
i

|
'

|

!

fCivilian fladioactive Waste
Management System

1/2tro7 2e
Man ement a operating

!

!

!

!
i
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(E) Methodology to Compute Upper Safety
Limit

1.05

.

1- -

-

. ,

~ ~ ~

,.
'

0.95 - , . - !
-

y '
,, _ ,

.
- - - - -

, *~.u -
,

0.9 , ,.
-

|
-

-

-
'

'

,.
- kc

-

' ' ' - - - kc-del,-0.85 usu

- - - - USL
i

0.8
\

Trending Parameter

.

Civilian Radioactive Waste
Management System !

If21/97 30
Management & Operailng
Contractor

!
!
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(E) Methodology to Compute Upper Safety
Limit ;

!

!

Perform independently on 21 UO ,36 MOX |-
2

CaSOS !

!
.

Test each subset for trend with Average |-

Lethargy for Absorption (ALA) i
.

!
'Determine USLs-

[

l

Conservatively combine |: -

i'

~

|
1

'

Civilian Fladioactive Waste
Management System

"# ''
Man ement a operating

1

- __. - --__- .
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!

(F) USL- Results with SCALE 4.2,

,

!

UO -only. subset does not have-
2

statistically significant trend |
|

MOX subset shows statistically significant-

trend -

,

:

:

:

.

N

.

.

!
~

|Civilian Radioactive Waste
Management System |

iManagement & Operating
Contractor ;
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i F; USL- Results with SCALE 4.2'

L i

USL for UO2-only Experiments

1- .. . .

_. 9
. . . ,e . _ . . g .'9_.

#__O.99 - __
7__ ,

.

experiments0.98 *

-0.97 - - - - - - kc
as
# - - - kc-del0.96

0.95 ' - ' ~~~ USL

0.94 -

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

0.93 : : : : : :

16.5 17 17.5 18 18.5 19 19.5
'Average Lethargy for Absorption

Civilian Radioactive Waste
Management System

s/2 iter as
Management a operating
Contractor ,

,
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L

(F) USL- Results with SCALE 4.2
1

I

i

USL for MOX Experiments i
t

!*E m experiments
0.99 ____e_m-g

~~ :

0.98
'

----kc '-

t

t: 0.97
.E 0.96 el----

0.95
:

~ ~ ~ ~ ~
.

~ ~ ~~
0.94 - - USL :
0.93 ,

0.92 : : : : :

15 16 17 18 19 20 i

Average Lethargy for Absorption :

i
,

|!
Civillan Radioactive Waste
Management System .

1/2mr s4
Managenwnt a operating
Contractor ,

*

!
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(F) USL- Results with SCALE 4.2

Combined USLs

0.95 --

O.94 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- - - - - - - - LjO2

'

$ 0.93 - . . ,
<- - - - MOX-

.x

0.92 -- COMBINED

0.91 : : : : :

15 16 17 18 19 20
,

Average Lethargy for
'

| Alisorption

i

Civilian Radioactive Waste
Management System

1/2U97 3s
t Management & Operating

Contractor'

__ _ _ _ _ _ _ _ _ _. . _ . _ _ _ ,- _



-- . _. -

:- - . .

| |
| :

Summary |

Benchmark set of critical experiments is-

adequate set for criticality validation .

t

Need to separate UO -only and MOX- 2

: . subsets |
-

t

-

Use Average Lethargy for Absorption j
.

-

i ALA) as trending parameter

Modified statistical method to compute I;
; .

-

uncertainty and determine Upper Safety |
Limit i USL) 'i

!
!

Civilian Radioactive Waste
,

Management System
Management & Operating
Contractor

!

.

. . , _ _ _ _ _ _ . . _ . _ . _ _ _ . . . , _ __ ._ - __



. _ - - . . - - . - . . - . - . . - - . . . . - - . - - . - - - .- - - - _ ... - . -- -. - ..- - - -

. _. - . . . - .-. -- - ..
_... - -. - .-. . .. _ _ . .

. .

>

Civill:n Ftrdioactive Waste == M s = = |
Management System EITFF !

Managernent a operating TRW Environmental Sately !
contrao ' Systems Inc.

,

!

t

'

r

;

)
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l'A) Benchmark Set of Critical Experiments,

isotopic Comparison of Critical Experiments to SNF
| 3.04% Enrichment 37.1 GWd/MTU MEASURED

100

z * D EPRIm tog
Ag + SAXTON

g h * A PNL4976
Z 1 -A E E A X

- o PUP (2,8)

b * * X PUP (2.16)a
h A V E v PUP (2,24)
2 0

0.1
* PUP (4)0 X 0

~ A A

' ' ' ' ' ' ' ' '0.01

U234 U235 U236 U238 Pu238 Pu239 ru2do Pu241 Pu242 Am241
Isotopes

%
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Management System
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Contractor
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(A) Benchmark Set of Critical Experiments

isotopic Comparison of Critical Experiments to SNF
2.72% Enrichment,18.7 GWd/MTU MEASURED

100

u.
b * O EPRIto

o SAXTON
$ *

A ,
e A X A Pfl.4976

b A
1 -A g O y , - - O PUP (2,8)

Xk a
uj g A g X PUP (2,16)

b o e v PUP (2,24)
El ~~

* PUP (4)n
D A

O A O~

' ' ' ' ' ' ' ' & '
0 01

U234 U235 U236 U238 Pu238 Pu239 Pu240 Pu241 Pu242 Am241

Isotopes

A

Civilian Radioactive Waste
Management System

v2:mr 2
|
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|
!
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(A) Benchmark Set of Critical Experiments

Ratio Comparison of Critical Experiments to SNF i
2.72% Enrichment,18.7 GWd/MTU MEASURED

100

R
*

* O EPRIa to
N h * * * SAXTON
$

3 A PNL4976g , a
*

C 1 - - - m--- -C - - - - o PUP (2,8)
EA O x X PUP (2,16)

A
O Y PUP (2,24)

,
3 R1

-

* PUP (4)g
9 A,

g
A

A ' '' ' ' ' ' ' '

0.01

U234 U235 U236 U238 Pu238 Pu239 Pu240 Pu241 Pu242 Am241
i

Isotopes
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Management System
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(A) Benchmark Set of Critical Experiments

Ratio Comparison of Critical Experiments to SNF
4.50% Enrichment,50 GWd/MTU

'

'

100

$
* O EPRIGr 10

g ; . sme
g A Pt4.4976,
C 1 M- E o PUP (2,8)
g 0 g *

* X PUP (2,16)tu *

Y E v PUP (2,24)

g 0'
* PUP (4)g

e .

' ' ' ' ' ' ' ' '0 01

U234 U235 U236 U238 Pu238 Pu239 Pu240 Pu241 Pu242 Am241
Isotopes

\

Civilian Radioactive Waste
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q'B) Equality Analysis

_ _

Yi -Y2
T=

' 2(n - 1)S , + (m - 1)S 'l 12

)n+m
-

~ \ n+m-2

(I - 1)tg2 _
y1 ~

n-1

\

|

| Civilian Radioactive Waste
| Management System

tr2 rer s
Mana emnt a operating

|
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(C) Selection of Appropriate Trending
Analyses

ALF vs AEG for UO2 subset ALF vs AEG for MOX subset

19.5 - -

20 -
$ /*

3 19 er
,

E
is.s g

'8 /,

j.e, -5 , t o ,818 #p e
17.5 o -

,, 37 gn,
m 17 en

16.5 .

# "16 15 4

19 20 21 22 23 24 17 19 21 23 25
Average Energy Group for Fission Average Energy Group for fission

'
,

i
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(C) Selection ~of Appropriate Trending
Analyses

y = a + bx i

(n - 2hS"~ T .l -b :' '

Cri l

S, = [(x, - x)2

SS - [(y, a - bx,) '

g

,

Civilian Radioactive Waste
Management System

""# #
Man nt & Operating

,

!
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(C) Selection of Appropriate Trending
Analyses

.

keff vs initial Enrichment

-

1
8

* UO2

%
.995 -

g -I ''.
*0

# 0.99 ** UO2 FIT
,

0.985 : : : :

2 3 4 5 6

initial Enrichment (U-235 wt%)

\

Civilian Radioactive Waste
Management System ''' " 7 8

Mana nt a operating
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(C) Selection of Appropriate Trending
Analyses

keff vs PuO2 concentration

1.01

E*
1.005 m a

se,_ __
~~,,___E ;

g
1 -

, , _ _ _ .
_ _ ay

0.995 E E
" !

0.99 I |. . . . .

1 2 3 4 5 6 7 i
,

PuO2 concentration (wt%)
is

f

I
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iManagement System-
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q'D} Criticality Calculations Uncertainty

S = [(x, - x)2m

S = ssa #32 2
,

P w
- n-2

.

SS [(y, - a - bx,)2y

S = 1 [ c ,2
n

i

Civilian 11adioactive Waste
Management System

tatar to
anag nt a operating

:

c

. - _ _ - . - _ _ _ _ _ _ . - _ . - _ _ _ _ _ _ _ _ _ - - . _ _ - - _ - - - - - - - - - - - - - - - - - - - -



-------- - - _ - - _ _ _ _

. . . .

(F) USL- Results with SCALE 4.2
r

|

Combined USLs |

1.02

~ 1.01

g.,s>.jd f.m m" - - - - - - UO2 USL-

4'
m0.99 , - - - - MOX USL,

0.98

$ 0.97 COMBINED
.u

0.96
*: UO20.95

~~~~~ ~
0.94 8 MOX_

0.93 #
0.92 . . .

15 16 17 18 19 20

Average Lethargy for Absorption s

i
'
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Management System
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Man nt a operating

- - - - - - _ - - - - - - - _ _ - _ -- _ ___ _ - _ --_- . _ _ _ _ _ _ _ _ _ _



_. . .m . . . . ._. . . . _ . _ . . . . _ . . . _ _ _ _ . . . . . _ _ _ . . _ . . ._

. . . .
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Contractor Systems Inc.

Carnup Verification for Actinide-Only
Burnup Credit

.

(Chapters 5 and 6)

f

Dale Lancaster '

; January 23,1997
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Introduction ;
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!

Philosophy |*

f

l
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,

-

.

:
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||

*

Requirements
!
!
,

Summary |*

i
L

!

'

i
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Philosophy
|

The Reactor Records on Assembly j*

Average Burnup are of adequate quality i

and use the most pieces of independent j

data and hence are the rec ~ord of choice. !
;

- !

-Monthly flux maps.
.

-Calibrate the reactor power daily. i

!
;

-Large errors in records would be detected in j

power distributions. !
!
:
!s

Civilian Radioactive Waste
|Management System
f1/2227 3

Management & Operating
Contractor

!
!

!

:
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Reactor Record Uncertainty

Define reactor record assembly average*

burnup:

1. Must use the in-core detector system
.

to establish relative assembly-average
power I RelAssm).

! 2. Establish core power (P) using
calibrated instrumentation with known

1

uncertainties I e.g., flowmeters,
! thermocouples, etc.) '

')

' '
. mnt & Operating

.
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Reactor Record Uncertainty
3. Determine the nominal Reactor Record

Assembly Average burnup
(RRAAso,nop) from:i

RRAAso,nop(MWD /MTU,,,,m) =
.

, assem. iiretime [RelAssm(t)*P(t)]dt ]/MTUassem

|

| or
|

RRAAso,nop(MWD / MTUassem ) =
'

sumi [RelAssmi(t) * P (t)* At]/MTU,,,,,i i

S'!!'3"""o!!%1*'"'" - -
g g m . .,.. ,

- - - - -
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Reactor Record Uncertainty

The Utilities then establish the reactor*

record uncertainty associated with each
. assembly by use of power distribution

; inncertainty, core power uncertainty, and
MTU uncertainty.

!

-

The expected value is around 5%.*

!;
i

I i

!|
'

| \
i

,

| |

| Civilian Radioactive Waste ;

Management System |

|war s
ana nt a operating

|

| |
| |
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,

i

Reactor . Record Uncertainty |
:

i

!

The loading curve will use the Minimum*
,

'Assembly Averaged Burnup (MinAA ,nop',i3o

The Minimum Assembly Averaged Burnup |
*

must obey the following equation: ;
i

burnup < RRAA ,nop - UncertaintiesMinAA no
!
|

IThe loading curve is not reduced by the*

uncertainties (rather RRAA isburnup ,

'

reduced).
|

Civilian Radioactive Waste
f

'

Management System '
-

.7 7
nt & operating

i
i

!
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!

!
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~

C,

C, - ACCEPTABLE -
-

C,

E
a.
=
m:

EC -

C,
-

2g.
E
E
2
EC - C -

s
E s
:s

_E

i UNACCEPTABLE 1
,

J C, - , -

g C, ,

E
A a\ -

, ,. I t 2!,,,,t I , , ,. , , ,, , , , , . , . , ,

!
E. E E E, E,3

InitialFuelEnrichment(U435 wt%)"

Assembly Design:

Minimum CoolingTune:

Maximum Number of Removable Bumable Absorber Rods:

Note- This loadng aJrve was generated uth the follomng genene assumphons: Maximum Cycle Average,

ppm Boron of . Maximum CoreOunet

Temperature of . and the Maxrnum Pelet Average Temperature of

' The nominal bumup must be reduced by ;he utility so there is a 95% conidence level of meeting the.

Required Minimum Fuel Bumup.

" If the assembly has more than one ennchment, the highest enndiment must be used.

Figure 5-1. Development of Burnup Credit Loading Curve
for a Specific SNF Package

WP.428.R1 5-2 January 17,1997 (11:16am)
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Measurement System Design |
.

Philosophy |
:

The measurement system will be used to j*

confirm the reactor record assembly j
average burnup. j

~

|
.

The level of confirmation should be !*

consistent with the reactivity margin of |
cask systems.

:
i
i.

!

!

Civilian Radioactive Waste >

Management System
"# '

Man nt a operating

:
. _ _ _ _ _ _ . _ _ _ - _
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Measurement System Design Requirements |
1

Seven Areas of Requirements for the*

Measurement System are established: |
!

- Rejection criterion

- -Measurement Accuracy
i

-Correct Horizontal Average |
:

-Operational Considerations; ,

-Characteristics of Assemblies to be Measured i

!

- Analysis Tools |
!

-Pool Compatibility |
!Civilian Radioactive Waste '

Management System |
*

geant & operatmg

|

|



_ .. . _.

. . . .

Rejection criterion

An assembly should be rejected if the reactor*

record and verification measurement are in
disagreement.

t

|
Disagreement is defined as outside the 95% |- *

prediction band of both the reactor records |
and the measurement system; i.e.: |

2*c,,,ctor ,, core, + 2*cmeasurement system |
|

!

|
'

}

|

Civilian Radioactive Waste
Management System

"# "
h nt & operating |

- - -



. .- - - - _. . _. . . _ - ._

. . .

The Problem Graphically
<

I

!
I

i
;

|
|

| O i1

| w J ~| !~
. 15 to 25 30

,

-....s .....s

1 ,

.I i
i
:
1

I
.

,
,

IN OM ;
l i
l )
| | }

'

i

Q !

J IA #| N }
is ro es so i

. . .s s .....s
s

i

4
Civilian Radioactive Waste

i|Management System 1
1/22f97 12 %

~
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Contractor

a
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Rejection criterion'

An assembly will be rejected if its j*

measured burnup deviates from the |
Reactor Record Assembly Average burnup |
(RRAAso,nop) by greater than 10%.

t

The 10% value was selected since the |.*

: estimated uncertainties in the reactor |

records and measurement system are ;

each 5%, and
!.

The reactivity effect of a burnup error of: |*

10% - reactor record uncertainty j
is small compared to-the conservatism in .|
the method. |

|
Civilian Radioactive Waste |
Management System |

"
Managernent & Operating

! Contractor

,
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|
Measurement Accuracy - ;

Dependent Systems |
t

For systems that use the reactor records |*

for calibration, the calibration curve |,

includes the uncertainties in the reactor |
. records as well as the measurement

system.
!

Using similar statistics as used in || *

chapters 2 and 3, an expected burnup |
uncertainty, CBU, around the calibration j

'curve can be established. This
uncertainty must be less than 10%. '

;

i
i

Civilian Radioactive Waste i

Management System |
"# "

nt a operating

!
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a

b

Measurement Accuracy - |
Dependent Systems |

I.

i

I i

!,

! 7
+1 + (x-- x)23n Sgy |

CBU = t '

- a/2,n-2) q n Sxx jn-2
I I

r

Where: |i

:11
-

S, e I(x, - x)2 j
i=l

il -

SS e E(yi - y,7, fg
,

l=l
'

,

'

:

Civilian Radioactive Waste
Management System i

ement & operating

i

f

8
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Measurement Accuracy - |
'

Dependent Systems ;

The minimum sample size for the |*

calibration curve is set by the requirement |
that the burnup uncertainty, CBU, is 10% |
or less. f

. ,

|

The calibration curve must be segmented !*

to no greater than 10 GWD/MTU segments j
to account for possible errors in the slope :
of the calibration curve. !

i

!

!

!

Civilian Radioactive Waste !
Management System |

"# ''
Mana nt a operating

|

|

!
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.

Measurement Accuracy -
.

!
,

independent Systems |

|
!* Systems that do not depend on the reactor

record burnup must meet the following !
'

minimum requirement. |
. t

ABU> 2*fo 2+g 23.s |
t reactor records measurement system ;

|
!

for !

t

ABU=5h c,,,ctor rocore, ;

i

!
| !

s
I

l
!

|
|

!Civilian Radioactive Waste
?

| Management System
1/22rs7 17 [
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;
. . .

:
!

Correct Horizontal Average |
|

|

|
|
!The measurement system must account*

for possible radial burnup tilts across |
!

.

assemblies by measuring at least two
opposing sides of each assembly.

I
t

!
'

!

!
!

!
I

'

i

!
i

Civilian Radioactive Waste
Management System !
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;

!
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f

Operational Considerations |
The measurement must account for the |

*

following: |
|

Detector electronic drift |-

:

I-

t

Detector positioning-

!
1

Pool boron concentration, temperature, and !-

water purity |
|
:

Fuel characteristics differences |
-

!

Counting time 'f-

!

Civilian Radioactive Waste t

Management System .

Man ment a operating -

,

!

t

!
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:

Characteristics of Assemblies to be !

Measured )
The range of parameters for which the !

~

.

measurement system is qualified must be (
clearly stated. These include: |

!
'

fBurnup Range-

;

Initial Enrichment Range !-

;

!
!

Cooldown Range j-

Nominal Dimensions-
;

,!

!
Assembly Design Type |

-

!Civilian Radioactive Waste
fManagement System

h nt & operating

. |
i
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. . . .;

!

Analysis Tools And Pool |

Compatibility~

.

I
!
;

!

The analysis tools used to convert the j*

signals to measured burnup must be |
benchmarked and qualified. !

|
' The process and equipment used for the*

verification measurement should be
compatible with normal operations in ;

spent fuel pools. |4

!

~|

Civilian Radioactive Waste
Management System i
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Contractor

i

.
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Summary

The burnup is determined from the*

Reactor Records. The measurement is
done to confirm the Reactor Records.

Determination of the uncertainties for*
.

reactor records and detector will be the
responsibility of those that are in the best
position to do so.
- Utilities will determine reactor record uncertainties
- Detector vendors will determine their measurement

uncertainties

Vendors and utilities have been contacted* ,

and agree to this position.

s"o'0" % C',"l"'"
"

Mana nt & Operating
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i

;

!
:

Summary |
!
!

Specifications have been established to )*

clarify the requirements of the utilities and |
- measurement vendors. !

|

These specifications have been tested on*
'

current measurement systems and are ,

achievable. !
!
!

l

!
I

is
'
,

I.

!
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