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OBJECTIVE

USE EXISTING THERMAL MODELING TOOLS AND
TECHNIQUES TO EVALUATE THE THERMAL
PERFORMANCE OF VARIOUS WASTE
CONTAINER CONFIGURATIONS AND SPACINGS



'ﬂlERMAL PERFORMANC% EVALUATION OF YUCCA
MOUNTAIN PROJECT CONTAINER CONFIGURATIONS
HAS CONTINUED SUCCESSFULLY SINCE 1982

—— 350°C

o
TEMPERATURE

TIME

THERMAL DESIGN ) ©
CRITERIA

THERMAL DESIGN
EVALUATED
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e
CONTAINERS MAY BE EMPLACED VERTICALLY

OR HORIZONTALLY ALONG ANY OF 300 DRIFTS

-l

REPOSITORY DRIFT
LAYOUT

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

1
HORIZONTAL
EMPLACEMENT

VERTICAL
EMPLACEMENT
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e —
THE WASTE DISPOSAL CONTAINER AND ITS

NEAR-FIELD ENVIRONMENT HAVE
OPERATING TEMPERATURE CONSTRAINTS

llig
HM' Vs  BOREHOLE
| L WALL

iy
i

y

WASTE
PACKAGE
A

oT < 350°C O T, > 97°C

CLAD, MAX

ADDED T INFO TO BE PASSED ON: T,y 1aua can. 00. Tstrucrune, ETC:
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ALTHOUGH VARIOUS THERMAL ANALYSIS
TOOLS HAVE BEEN USED FOR CONTAINER
ANALYSIS OVER THE PAST 7 YEARS, ALL

HAVE BEEN BENCHMARKED AND VERIFIED

[TRUMP=TACO=TOPAZ] + [2-D + 3-D MODELS]

D

EVALUATIONS OF

TOOLS AND MODELING TECHNIQUES

MRS COMMON CANISTER CONFIGURATIONS
PRELIMINARY CONFIGURATIONS FOR SCP-CDR
CONTAINER DESIGN

ALTERNATE CONFIGURATIONS

(e.g., PWR/BWR HYBRID)

OTHER |
e MODEL PARAMETER VARIATIONS
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ONE EARLY PWR CONTAINER CONFIGURATION WAS
- USED FOR SEVERAL THERMAL MODEL STUDIES

Rotated section _\
‘ \ | ? X Pintle
| 1! [ / L Y
H i— - -+ —— 70em 0.D. - E®
. I T :
‘o.m floor § : 1\ . l )
% » * Caninu/
a,-ai ﬁ
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VO T OTI I TITI TS

I K Argon

Volume modsied _/ .
due to symmetry 5

24.3 cm square

Fuel
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| 70 cm diam. !
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. e
CgMPARISON BETWEEN V%RTICAL AND HORIZONTAL

Temperature (“C)
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N
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EMPLACEMENT SHOWED SIGNIFICANTLY

DIFFERENT RESPONSE
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Time after emplacement {years)

WF e PWR.SF
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PORIFT......ovvoee 46.86m
Directory No............P57V3I3A

lllllllllllllllll

900 1000

Temperature (°C)

T T 1T T T T 1 711

Maximum fuel ]
- camistr HORIZONTAL

300

250 —
Liner

200 Borehole wall

150

100
Host rock 1 m from borehole wall
50 - -
30 | | | ] ] P | ] 1

0 100 200 300 400 500 600 700 800 900 1000
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WF ... ............ PWRSF
LPD................. 50 kW/acre
APD ................ 40.6 kW/acre
10 yrpwr — Ave .. ..... 3.05 kW

10 yr pwr — Peak . ... .. 3.3 kW

Cdiam: "+ - s 0.68 m

Ppkg ................. 45m

Poh - 52 m
Directory No. .. ....... PSOH3.3A
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S e | e
INCLUDING THE EFFECTS OF AXIALLY-VARYING
HEAT OUTPUT AND ORTHOTROPIC MATERIAL
- PROPERTIES IN A 3-D MODEL SHOWED AN
INCREASE OF 15°CIN T OVER 2-D MODEL

MAX, CLAD
3-D ROCK/2-D CONTAINER '3-D ROCK/CONTAINER MODEL WITH AXIALLY
ANALYSIS MODEL VARYING POWER OUTPUT AND ORTHOTROPIC
MATERIAL PROPERTY
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TEMPERATURE (°C)

(LPD), HAVE A VERY STRONG EFFECT ON THE

CONTAINER WALL TEMPERATURE, THUS
AFFECTING ITS PROPERTIES

/’ APD=84 kW/ACRE

300

10 YR-OLD FUEL

g X304 m
66 CM DIAMETER CONTAINER
250
APD=66 KW/ ACRE
200
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100 o

Y T Y ¥ | ——

o 100 200 400 600 800 1000

NMTAICSP A25/3- 19/20-90 10

TIME AFTER EMPLACEMENT (YEARS)



Aﬁ ALTERNATIVE DESIGN Oi 8 x 30.4 m SPACINGS Wﬁ;‘o
USED FOR VARIOUS OTHER PARAMETER STUDIES

PWR/BWR HYBRID DESIGN DISPOSAL CONTAINER

NOTES:

ARTH®
ALL suanccg ARE EARTH S 3VBEACE STRUCTURAL
ADIABAYIC XCEPT SUPPORTS
EHOL L_AND
?°§m 'S sun} .sen-e AIR FILLS
ALL DIM[NSIWS IN M REMAINING SPACE
K ___C 1
DlM[NSlONS ARE FOR
1/8 OF A MODULE , 200t
FUEL BO
NODE NO./LOCATION
O / CONTAINER CENTERL INE o SEACH AT 360W

yd
/
“o \
uua‘

[T ]
et -0
208 @ & e 3
|
-5 800 -62 - 55,
......
v sestov | PWR FUEL BOX
ADIABATIC PLANES (3eaCH AT 11oow) BOREHOLEN
MIDWAY BETWEEN o | oo WALL
BOREHOLES
-2 sent-o0 |
N
. X CONTA INER
SHELL L 71x3. 66)
B ___ & 1 -
n/zoagncnou cAvITY l'“ . T/ (D)= NODE NO./LOCATION
CONTA INING 4740/zw Q s 55 5 3 3 P s 3 7 55 s "
(THERMAL LOAD 1S FOR
(e o 15,7 bipiiir pibiiiii
I CAVITY MIDPLANE ALL DIMENSIONS IN METERS.

CHECKED EFFECTS OF

FUEL CONDUCTIVITY, MATERIAL EMISSIVITY, FUEL AGE,
CONTAINER MATERIAL, BOREHOLE SPACING, ANNULUS PACKING,
BOREHOLE GAS FILL vs. LEAD FILL
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e | e
THE HYBRID DESIGN CLADDING REACHES
A MAXIMUM TEMPERATURE OF 336°C
AFTER 3.2 YEARS

TEMPERATURE (°C)

NNWEYD( 3PWR4BWR) INCOLOY 825 CON/1OYR-NORMAL BEST CASE 10 2/15/88 GLJ NNWS | HYB( 3PWR4BWR) INCOLOY 825 CON/10YR-NORMAL BEST CASE 10 2/15/88 GLJ
TIME=  3.20000E+00 YEARS
T-BOREHOLE WALL = 198 DEG.C NIN2-3= 2.17€+402
MAX{+)= 3.36€+02
330008 + CONTOUR LEVELS
129.000 - TEMPERATURE (DEG.C)
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230 . 600 -
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L P
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'”‘” X L X T
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120.000 | ‘-:.‘k_\_‘
110.000 Ps\tc INSET) ]
100 . 000 S UNUES WS TR WA S N 1 i. TR WY WA SEUU S S
EEEEEEEE R R R R R
EEEEEEEEEREREEEEEEEE | 7 MOTTEST FUEL SPoTs
QO M - . N N ™ A v e D O & e ~ ~ - @ & » -
TIME (YEARS)

4.75 kW ON 8 X 30.4 m SPACING
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IF SPACING IS REDUCED TO 15 x 126 ft (SCP CDR),
THE LOAD MUST BE REDUCED TO 4.1 kW FOR A
SIMILAR THERMAL RESPONSE

NNWEYB( 3PWRABWR) INCOLOY 825 CON/10YR-1.73:1 SCPCHK CS13A 4/8/88 GLJ NNWS| HYB(3PWR4BWR) INCOLOY 825 CON/10YR-1.73:1 SCPCHK CS13A 4/8/88 GLJ
TIME=  5.00000£+00 YEARS

= MIN 2.43E402
T-BOREHOLE WALL = 227 DEG.C f ; 3 356402
230 000 Lna | L L T 2 T T Y T T T ] ONTOUR LEVELS
s0.008 g ] { (rzw:mruﬂs-"c)
30.000 (\\ ] i A= 2.00€+02
200.000 ™ 4
70 oo0 H ] 8= 2.20£+02
200 090 = J / e C= 2.40E+02
179.000 !
709.000 / D= 2.60E+02
O e - ' - / / €= 2.80E+02
8 100 000 . (INSET) ! ) , Vi = 3.00£402
Q 2%.000 b ) - » - - » .
~ 22e.000 B 3.20€+02
l&J 218.000 3.40€E+02
oy 0e.000 |
o oo | ) 1} 3.60£+02
X «se.000
Lt
Q. 're.cos 4
EJ 1e9.029 o
—  130.000 L ’ -
.sos | CONTAINER _—
10000 | 2 .
129 000
118,000
1e.000 |
o fsee insen) /
. H-
BEEEBEEEEEEEEEEEEEEE > @ =HOTTEST FUEL SPOTS
EEEEEEEEEEEEREEERERER
-] - - - ”~ - - - - - - - - - ~ ~ - - - - -
TIME (YR)

—
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USING A REVISED VALUE FOR THE FUEL BUNDLE
CONDUCTIVITY LOWERS THE PEAK CLADDING
TEMPERATURE BY ABOUT 15°C

TEMPERATURE (DEG.C)
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PEAK CLADDING TEMPERATURE IS

ESPECIALLY SENSITIVE TO THE ASSUMED
PROPERTIES OF A BOREHOLE PACKING

TEMPERATURE (°C)
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S
IF 5 YEAR-OLD FUEL IS EMPLACED INSTEAD OF

10 YEAR-OLD FUEL, T

PEAK, CLAD

INCREASES TO

65°C ABOVE THE 350°C LIMIT |

HYBRIB(3PWR4BWR) WASTE CONTAINER/ SYR-NORMAL BASE CASE 6 12/18/87 GLJ

TEMPERATURE (DEG.C)
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THE CHOICE OF STRUCTURAL MATERIAL FOR
THE CONTAINER AND INTERNAL SUPPORTS
HAS ASMALL EFFECTONT

TEMPERATURE (°C)
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IN ﬁEVIEW, A 3-D TUFF MO’EL WITH A 2-D CONTAII\ER
MODEL OF A 4.75 kW LOADED HYBRID DESIGN,
PREDICTS FUEL TEMPERATURES <350°C
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REVIEW OF
WORK-EVALUATIONS COMPLETED

e REVIEW OF MODEL TYPES AND TOOLS

e MRS COMMON CANISTER STUDY - INTERNAL |
DESIGN, ORIENTATION, SPACING

e PRELIMINARY EVALUATION OF PWR CONTAINER
AND BWR CONTAINER FOR SCP-CDR
CONFIGURATION

e PWR/BWR HYBRID CONFIGURATION - PARAMETRIC
ANALYSES
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SUMMARY OF RESULTS
FROM THERMAL ANALYSES

RADIATION = DOMINANT HEAT TRANSFER MODE AMONG
COMPONENTS (~80%)

T oeac ooy FOR VAST PROPORTION OF CONTAINER/SPACING
DESIGNS <350° C (ALSO MOST CASES HAVE TUFF AT 1 m <200°C
AND T, > 95°C)

T OCCURS 3 TO 10 YEARS AFTER EMPLACEMENT

PEAK, CLAD?
MAXIMUM LOAD MUST DECREASE BY 15% WHEN REPCSITORY
AREA PER PACKAGE REDUCED BY 30% TO GIVE SAME RESPONSE

3-D MODEL WITH REALISTIC AXIAL POWER DISTRIBUTION AND
ORTHOTROPIC MATERIAL PROPERTIES HAS T _,, .40
15°C > 2-D MODEL |

EXPECTED VARIATIONS IN FUEL "EFFECTIVE” CONDUCTIVITY,
ORIENTATION, AND SURFACE EMISSIVITY EACH RESULT IN 150C
T PEAK® CLAD, CHANGES
EFFECT OF PACKINGONT,_,, ., HIGHLY DEPENDENT OF
EXPECTED DENSITY AND THEMAL CONDUCTIVITY OF PACKING
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o e ¢ e
WHERE THIS WORK FITS IN

® T ... ciaos T gy AND T, FROM CONDUCTION-
ONLY MODEL IS HIGHLY DEPENDENT ON K, AS
WELL AS SOUCE INVENTORY AND LAYOUT
(DRIFT/PANEL)

@ ADDING IN EFFECTS OF WATER/STEAM REFLUX IN
TUFF ADDS NO CHANGE AT EARLY TIMES AND
5-10°C CENTURIES AFTER EMPLACEMENT

e CONTAINER ANALYSIS, BASED ON INFINITE ARRAY
CONDUCTION-ONLY-IN-TUFF MODEL, IS O.K. FOR

T EVALUATION (EARLY TIMES)

PEAK, CLAD

® CONTAINER TEMPERATURES AVAILABLE FOR:
- HANDLING EVALUATION |

CLADDING CREEP CALCULATIONS

WASTE FORM DEGRADATION CALCULATIONS

CORROSION CALCULATIONS

THERMAL-STRESS CALCULATIONS
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