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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your
expectations, we will replace it free of charge. Simply write to us:

) Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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SUBROUTINE UFIELD (FIELD, KFIELD, MSECPT, KSTEP, KINC, TIME, NODE,

|
‘ 1 COORDS, TEMP, DTEMP, NFTELD) 31 |
E;() INCLUDE ‘ABA_PARAM.,INC’
DIMENSION FIELD(MSECPT,NFIELD),TIME(Z),COORDS(3),
ﬁ¥5 g)u 1 TEMP (MSECPT) , DTEMP (MSECPT)
7> m@% et ger D Sowe A o c
' %/L\e vy é?‘\ *l, CLJk*f¥i, c This subroutine updates the values of temperature at nodal p01nts
Caﬁtx\9¥%ﬁvn414 ()\ <t " | c along a line using temperature calculated by ABAQUS. The line is 1
LI i C defined by nodes NLST, each of which lies at a distance ZLST from
/V\eechQ % J/,e de‘é\r\,epq .ﬂ,}}—./ M‘&k . c the line’s or1g1n The arrays NLST, ZLST, and TLST are consistent !
~ c and in order of increasing ZLST. All three arrays are initialized
COM Q )€ \/\ i w - C in the BLOCK DATA named KDAXIS, but only TLST is updated inside
Y c this subroutine
v ) walll  cuy c
= . c Author: G. I. Ofoegbu !
'7:\ le ) ol - C Date: August 2 2000 |
c System: ABAQUS 5.8 (UserSubroutine) 1
¢ %L 'D <i£5hi)b\ 4’6&? c2c¢q/,“c:<;2’) c

COMMON /KNLIST/ NLST(81)

T a7
B’@ W dN W So M COMMON /KRZLIST/ ZLST(81)

\
— k WVQ}LJ ’42) < p, Qw‘ c COMMON /KTLIST/ TLST(81) J
"24.10.% Uy ) 0o\ OLSA ‘

Imon

1 ' N—

- - ~ 1
Uelug wg&/ oL be magcumﬁ?? 100 T = 1

1 | IF (; .GT. 81) THEN [ ,Qé ,UMLQ S

/. H—t C . .
Tw D)’ﬂ‘e(/ \Aj 4 2014-7 a /}Z)//"W/qé/”‘? g Error message for debugging if necessary = arr ‘.em(/)(’)“@tmwmm

RETURN

/ .
ST JZ e M/a))é“ M[ /,/§£,’1L P é/’aa/é)p IF (NLST(I) .NE. NODE) GO TO 100 Mpe ]
Fiwy, ol , Ao 4/{) ( k; Ve, %ge,y Lo o TLST(I) = TEMP(1) S

( FIELD(1,1) = TEMP(1) 7/5//3 \
Mé;/ /JIDML f[ P2ropR el o A S— ek & .
7‘“ / m/ é BLOCK DATA KDAXIS
X?L L{ZM Hecidec g INCLUDE ‘ABA_PARAM.INC' |
] COMMON /KNLIST/ NLST (81)
- COMMON /KZLIST/ ZLST(81)
mpP COMMON /KTLIST/ TLST(81)
q 6’, DATA NLST/
(5o > DY, \ 9 . , A ! - 2597, 2607, 2617, 2627, 2637, 2647, 2657, 2667, |
C T "l e S5 A el T 1 2677, 2687, 2697, 2707, 2717, 2727, 2737, 2747,
) . 2 2757, 2767, 2777, 2787, 2797, 2807, 2817, 2827,
T 3 2837, 2847, 2857, 2867, 2877, 2887, 2897, 2907,
I 4 2917, 2927, 2937, 2947, 2957, 2967, 2977, 2987,
Q‘ 5 2997, 3007, 3017, 3027, 3037, 3047, 3057, 3067, |
6 3077, 3087, 3097, 3107, 3117, 3127, 3137, 3147,
hc“z "M—O Cone . r 7 3157, 3167, 3177, 3187, 3197, 3207, 3217, 3227,
LOO IA/ \da -‘H’&M{;#\ ) 8 3237, 3247, 3257, 3267, 3277, 3287, 3297, 3307,
S 9 3317, 3327, 3337, 3347, 3357, 3367, 3377. 3387
A 3397/ |
O&Q_ﬁ M\e/ Sane / v from— DATA ZLST/ ‘
L JJ \Lﬁ _/70”{ 0.00, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, ‘
A QLG 7 : A — 2.00, 2.25, 2.50, 2.75, 3.00, 3.25, 3.50, 3.75,
«.//Az ﬁ - 4.00, 4.25, 4.50, 4.75, 5.00, 5.25, 5.50, 5.75,
6.00, 6.25, 6.50, 6.75, 7.00, 7.25, 7.50, 7.75,
8.00, 8.25, 8.50, 8.75, 9.00, 9.25, 9.50, 9.75, » :

10.00, 10.25, 10.50, 10.75, 11.00, 11.25. 11.50. 11.75.
.00, 12.25, 12.50, 12.75, 13.00, 13.25. 13.50, 13.75. -

Vs / ’ V= = é < 2
Zﬁn L LA ey el

14.00, 14.25, 14.50, 14.75, 15.00, 15.25, 15.50, 15.75,
16.00, 16.25, 16.50, 16.75, 17.00, 17.25, 17.50, 17.75,

18.00, 18.25, 18.50, 18.75, 19.00, 19.25, 19.50, 19.75,

L

POO-IOUTI™WN R
[
)

NZAVIR =T 4aN y I
20.00/

;:6 é‘in/ifﬁ? e B mﬁﬁ;“&da — i s

SUBROUTINE FILM(H, SINK, TEMP, KSTEP,KINC, TIME, NOEL, NPT,

OSQV S, &[\@! &.D ) X > j“ ) % { . I 1  COORDS,JLTYP,FIELD, NFIELD)

- AR A INCLUDE ‘ABA_PARAM.INC’

v DIMENSION H(2),TIME(2),COORDS(3),FIELD (NFIELD)
(W i an ,Lﬂﬂfg(@ fh/Ou/L (‘Ao/ —

L Y A, R . S dmmmmome T [J . o

P —————

This subroutine evaluates the ambient temperature SINK required
to implement a convection boundary condition at the boundary point

ligle: BLBT = ool tobes alons M;J? dieebionc |

defined by coordinates COORD (at integration point NPT of element
NOEL) . The ambient temperature is solution-dependent and is set

MT&@C«/] behioe , / w(P G A

equal to the temperature along the KDAXIS line at the axial I "
coordinate of NPT. The KDAXIS-line t:emperature is initialized in

2T =~ Z2- e e % e‘fég Qaf/(/( ‘UOé)@ I

the BLOCK DATA named KDAXIS and is updated in subroutine UFIELD. - T
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SIEY
R N c This yersion of the subroutine is for an ax::Lsymmetric_: rpodel' (axial — -
SIS SRR (D) e che comvection coetricient is L&) Fen, pet  vsER-
e e C
l C Author: G. I. Ofoegbu N E— T Vi ﬂ’£~—5"”£
—— ~ c Date: August 2 2000
c System: ABAQUS 5.8 (UserSubroutine) - Loy
T o
: COMMON /KZLIST/ ZLST(81) lﬁP
R COMMON /KTLIST/ TLST(81) ME W
c !
fromm— (1) = 2.65 ! )
I1:11(2) = 0.0 - A i \EN i
A A A TR = C o O RD S ( 2 )
?g (zC .LT. ZLST(1)) THEN - / Mrkace f
— Laey &
c Error message for debugging if necessary N a4
I ¢
RETURN //
% L
s 100 I= T + 1
IF (I .GT. 81) THEN ™\
s c ‘\\\\
c Error message for debugging if necessary
R c
F RETURN \\\\\
et ENDIF _ ‘\\\\
IF (2C .GT. ZLST(I)) GO TO 100
. 20 = ZLST(I-1) ‘\\\
zl = ZLST(I)
R TO = TLST(I-1)
T1 = TLST(I) \\\\
e SINK = TO + (Tl - TO)*(ZC - Z0)/(Zl - 20) \\\\
RETURN
I END \\\\
A2 .“ i /7 A — : ey 7 Y Y /Zl ' //\\
WlibonV  IBAROS commanlls Jp  meluble  wHun —
Aput- dedb Ao o r/)pmaﬂe olove 2 ysee —
/L{uéfbm@w/d . 4
l L . 3 /
q{
| L Litiad Colbone TNPE=FiLy , Ui/ //
() Ak 24,6 . -
() / — T Fewry /
FMW =, i.,\‘e 9(3 f\l)(.l\"(;' /
Y ~
? el L4 . —_—~
W VSR SUBROUTINES  TwPuT - air lemp bl £ //
| / N\
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Figure |. Temperature within air gap based on a steady-state solution assuming 1.0 m'/s
volumetric flow rate for inlet region (bottom figure) [inlet air temperature = 24.6 deg], and the
exil region (op higure). [Note: Total axial length of model = 20.0 m, Constant wasie package
volumetric heat flux = 237 Wim’, Outer waste package surface on left side and concrete liner on
right side of air gap, Air flow in positive y-direction (i.c., upwards)]
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lumetric

Steady-State Heat Transfer Analysis

- ows
.o m3/c

——————

W>

AUTOMATIC TIME CONTROL WITH -

A SUGGESTED INITIAL TIME INCREMENT OF 1.00 M A

AND A TOTAL TIME PERIOD OF 1.00

THE MINIMUM TIME INCREMENT ALLOWED IS 1.000E-05 S///g/ob
THE MAXIMUM TIME INCREMENT ALLOWED IS 1.00

UNSYMMETRIC MATRIX STORAGE AND SOLUTION WILL BE USED

INCREMENT 1 SUMMARY
TIME INCREMENT COMPLETED 1.00 ,  FRACTION OF STEP COMPLETED 1.00
=~ STEP TIME COMPLETED 1.00 , TOTAL TIME COMPLETED 1.00

ELEMENT OUTPUT

/7L k//// >Lﬂé : <~ .y

ﬁagre 7,

/f/h/l% 2

lonsitercile /L /,:. :

THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEMENT TYPE DCAX4 AND ELEMENT SET

o /)-( /ha/ 14// 4
Jo

+'0W e, <

SN Z.

7S
il
(‘CO(F%

! (’ch_ C”/L{/ét«fL o

ﬁ@ w0

Lo

) MJZ-\/

A

=

WP ELEMS u)@ f@ pdc 4?_,
ELEMENT PT FOOT- HFL1 (I‘q,cL, he b;ﬂ Tﬂ/ ¥
NOTE
w mpr
6 1 98.30 g/{g/ﬁd
6 2 98.30
1 - WAL
6 3 98.31 1-©
6 4 98.31
126 1 98.29
126 2 98.29
126 3 98.29 %*" 5 m
126 4 98.29
246 1 98.27
246 2 98.27
. 246 3 98.27 %-:, (0
246 4 98.27
366 1 98.26
366 2 98.26 %vv 15 24N
366 3 98.26
366 4 98.26
480 1 98.32
480 2 98.32 0
480 3 98.32 T2 M
480 4 98.32
MAXTMUM 98.32
- ELEMENT 480
MINIMUM 98.26
ELEMENT 366
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THE FOLLOWING TABLE

weegte

WP_ELEMS
e

S O O

6
126
126
126
126
246
246
246
246
366
366
366
366
480
480
480
480

MAXIMUM
ELEMENT

MINIMUM
ELEMENT

THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEMENT TYPE DCAX4 AND ELEMENT SET

WO R OB W R W N B W R W N

CL_ELEMS

e

481
481
481
481
519
519
- 519
519
559
559
559
559
599
599
599
599

B W R B WD W N R W N

ELEMENT PT FOOT-

NOTE

pachsse

res_lcms_ss.out Page 2

HFL2 Cmcz‘qﬁ ke«i’“ﬂ%)&

-5.2412E-03
-3.7638E-03
-5.2412E-03
-3.7638E-03
~0.4395
~0.4402
-0.4395
-0.4402
~0.4334
-0.4336
-0.4334
-0.4336
-0.2536
-0.2541
-0.2536
-0.2541
1.7562E-02
.1818E-02
.7562E-02
.181BE-02

N BN

2.1818E-02
480

~0.4402
126

(oho/

[ e

ELEMENT PT FOOT-

NOTE

HFL1

-3.8670E-03
-3.8670E-03
-5.7317E-03
-5.7317E-03
-1.9566E-02
-1.9566E-02
-1.8818E-02
-1.8818E-02
3.8786E-03
.8786E-03
.4485E-03"
.4485E-03
.0277E-02
.0277E-02
.0628E-02
.0628E-02
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Spt. A

Z-ceords

IS PRINTED AT THE INTEGRATION POINTS FOR ELEMENT TYPE DCAX4 AND ELEMENT SET mewsmsommn]

MPAE et
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639
639
639
639

MAXIMUM
ELEMENT

MINIMUM
ELEMENT

THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEME

W N

CL_ELEMS

ELEMENT PT FOOT-
NOTE

481
481
481
481
519
519
519
519
559
559
559
559
599
599
599
599
639
639
639
639

MAXIMUM
ELEMENT

MINIMUM
ELEMENT

.uwm;—a.bwwi—-.bww;—-.bwwl—-»wmr—a

-1.5563E-02
-1.5563E-02
-2.0256E-02
-2.0256E-02

2.0628E-02

599

-2.0256E-02
639

C!>D7C',¢;£H(
{ et

HFL2

.9107E-03
-1648E-03
.9107E-03
-1648E-03
-1.7229E-02
-1.6929E-02
-1.7229E-02
-1.6929E-02
-1.8928E-02
-1.8700E-02
-1.8928E-02
-1.8700E-02
-9.8315E-03
-9.6910E-03
-9.8315E-03
-9.6910E-03
9.9228E-03
.0456E-03
.9228E-03
.0456E-03

b N
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@ v o

9.9228E-03
639

-1.8928E-02
559
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THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET WP NODES

NODE FOOT-
NOTE

NP T;*/(Daa/,éafe "C)
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| s

147 42.53
287 42.58
427 42.62
567 42.63
MAXIMUM 42.63
AT NODE 567
MINIMUM 42 .50
AT NODE 7

-0 THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET AIR_LEFT

NODE FOOT- NT11

NOTE
2593 24.60 — T=O mp#
2793 26.79 - = S 4
2993 28.44 - 2e(o "o’///é/w
3193 29.71 - - I
3393 30.67 T =157
L S——
- 'ZO WAL
MAXIMUM 30.67
AT NODE 3393
MINIMUM 24.60
AT NODE 2593

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET AIR NODE

NODE FOOT- NT11 [M‘JAIC

NOTE Mpﬁ
$1¢ (w

2797 24.60
2997 24.60
3197 24.60
3397 24.60
MAXIMUM 24.60
AT NODE 3397
MINIMUM 24 .60
AT NODE 2597

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET AIR_RGHT

NODE FOOT-  NT1l
NOTE

2602 24.60

2802 25.82

3002 26.66

3202 27.26

2 O O R R W U B R

7\.;{k ; EL' ]k gL . ,{LTL _% L FL,V oy [ U SO G B S
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3402 27.69
MAXIMUM 27.69
AT NODE 3402
MINIMUM 24.60
AT NODE 2602

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET CL_NODES

=z ggm)
NODE FOOT-  NT11
NOTE
#1Pf
568 31.75 Sl
628 31.76 :
688 31.80
748 31.83
808 31.82
MAXIMUM 31.83
AT NODE 748
MINIMUM 31.75
AT NODE 568

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET ROCK_LNO
NODE FOOT- NT11

M S Q‘:z.’-}s’ w)

— - .
570 31.75 =0 i
630 31.76 .

T
690 31.80 2 =00 WM ( )‘7 +¢ " Pmmmmm“"
750 31.83 X =60 pr{

(=

810 31.82

MAXIMUM 31.83

AT NODE 750

MINIMUM 31.75 ﬂ DsL e

AT NODE 570 67 .

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET ROCK_RNO

NODE FOOT- NT11

NOTE
1632 31.77
1872 31.78
2112 31.80
2352 31.81 -
2592 31.81
MAXIMUM 31.81
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’ STEP 1 STEADY STATE

ABAO VS 1Cesulis

HEAT TRANSTFER

———

AUTOMATIC TIME CONTROL WITH -

e
1.00 ?ar G/Q A a}@ ( -
t A SUGGESTED INITIAL TIME INCREMENT OF 1‘ " ELEMENT PT FOOT- HFL2 Ky e “ ?c W .
I“‘“‘“‘“‘“‘W““‘” AND A TOTAL TIME PERIOD OF : NOTE /
.000E-05 .
[ THE MINIMUM TIME INCREMENT ALLOWED IS 1.000 AIPA mg
THE MAXIMUM TIME INCREMENT ALLOWED IS 1.00 y//f/o)) e 1 1.2893E-03 ’
SR 6 2 1.5088E-03 5 //X%?d
UNSYMMETRIC MATRIX STORAGE AND SOLUTION WILL BE USED 6 3 1.2893E-03
— 6 4 1.508B8E-03
N 126 1 -3.3661E-02
INCREMENT 4 SUMMARY 126 2 -3.3703E-02
}-wmwww 126 3 -3.3661E-02
126 4 -3.3703E-02
ST ERR— N TED l . 0 0 .
} TIME INCREMENT COMPLETED 0.203 ., FRACTION OF STEP COMPLE L 00 246 1 -6.1674E-02
s STEP TIME COMPLETED 1.00 , TOTAL TIME COMPLETED ° 246 2 -6.17058E-02
- 246 3 -6.1674E-02
S — + 246 4 ~6.1705E-02
366 1 -6.5261E-02
r— E LE M E N T 0 u TPU T e 366 2 -6.5 343E- 02
——— 366 3 -6.5261E-02
366 4 -6.5343E-02
pross———— 480 1 -2.1159E-03
480 2 -1.8759E-03
T ELEMENT SET 480 3 -2.1159E-03
NT TYPE DCAX4 AND
THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEME 480 4 1 .8759E-03
WE_ELEMS +¢ Pa,ofw}e
— wao Wz MAXIMUM 1.5088E-03
. ELEMENT PT FOOT- HFL1 ( C C(A{r& \'\,e(:g Wy Wy ELEMENT 6
NOTE ' ) t
. _ MINIMUM © -6.5343E-02
6 1 98.28 N 0+—'Q ' ELEMENT 366
5 2 98.28 T % =Oe O M —
e ——— 6 3 98.28 4 _l_ ¢
h,, < f iy ] T
6 4 98.28 ! :
126 1 98.28 - . “{'Q J b‘j\ L THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEMENT TYPE DCAX4 AND ELEMENT SET™ ==
126 2 98.28 —L/ -4 O A P 17 it : CL_ELEMS ¢ OMU@{'(_ /‘ , ‘
126 3 98.28 \ ‘
’_——-—'————_—— ~ ¢
— 126 4 98.28 / ! ELEMENT PT FOOT HFL1 Cci ot / V)
246 1 98.28 0 o NOTE
246 2 98.28 % - (0,0 M .
246 3 98.28 4 481 1 3.4255E-04 V 044
"
246 4 98.28 /ﬂﬂ ; 481 2 3.4255E-04 %,«.-e_ ;////w
98.28 g//f/w B 481 3 2.8777E-04
366 1 . - 16 O po\ ‘ - /e
166 2 98.28 % - b 481 4 2.8777E-04 qpﬁ *VY.
166 3 98.28 + 519 1 -3.2300E-03
366 4 98 .28 N 519 2 -3.2300E-03 L —woora§
480 1 98.27 L 519 3 -3.2035E-03 J . (\
e 480 2 98.27 : 519 4 -3.2035E-03 G ON RBGglen-
480 3 98.27 % = ZO. 0O WA ‘ 559 1 -1.0968E-03
— —
50 4 08 27 ; 559 2 -1.0968E-03 P“?é‘
559 3 -1.0135E-03
 —
MAX TMUM 98 .28 L 559 4 -1.0135E-03
o BLEMENT 126 599 1 2.2424E-03
599 2 2.2424E-03
S .
MINIMUM 98.27 599 3 2.3527E-03
e BLEMENT 480 B 599 4 2.3527E-03
; i
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.

frm————

-
}*._,_mwm

639 1 2.9167E-03
639 2 2.9167E-03
639 3 2.5125E-03
639 4 2.5125E-03
MAXIMUM 2.9167E-03
ELEMENT 639
MINIMUM -3.2300E-03
ELEMENT 519
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147
287
427
567

MAXIMUM
AT NODE

MINIMUM
AT NODE

42
42
42
42

42.
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.43
.43
.44
.44

44

567

42

.42

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET AIR_LEFT

RE
THE FOLLOWING TABLE IS PRINTED AT THE INTEGRATION POINTS FOR ELEMENT TYPE DCAX4 AND ELEMENT SET NODE FOOT -
CL_ELEMS Concrctp [Sen . [ NOTE
ELEMENT PT FOOT- HFL2 ( & o “/Q L\*ﬁc)# Uy / A 2593
NOTE / 2793
2993
481 1 2.9840E-04 mer- Elrelo) 3193
481 2 2.7649E-04 3393
481 3 2.9840E-04
481 4 2.7649E-04 MAXIMUM
519 1 -9.5026E-04 AT NODE
519 2 -9.3963E-04
519 3 -9.5026E-04 MINIMUM
519 4 -9.3963E-04 AT NODE
559 1 -2.7532E-03
559 2 -2.7199E-03
559 3 -2.7532E-03
559 4 -2.7199E-03
599 1 -2.8508E-03
599 2 -2.8067E-03 NODE FOOT-
599 3 -2.8508E-03 NOTE
599 4 -2.8067E-03
639 1 6.7616E-04 2597
639 2 5.1446E-04 2797
639 3 6.7616E-04 2997
639 4 5.1446E-04 L 3197
j } 3397
MAXTMUM 6.7616E-04 I
ELEMENT 639 - ; MAXIMUM
‘ ' AT NODE
MINIMUM -2.8508E-03 - 3
ELEMENT 599 i . MINIMUM
1

" AT NODE

-
11

mpp  shgloo

N ODE

NT11

24
24
25
25
25

25

.60
.85
.09
.33
.55

.55

3393

24

.60

2593

NT11

24
24
24
24
24

24

.60
.60
.60
.60
.60

.60

3397

24

.60

2597

Wote *

a4
5.0

(/0.0 Jewmn &

5.0 X~ Cou/
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¥l nodle
Set
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THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET AIR_RGHT

(gf( Paa,e 4 /@r P@C’J

NODE

locaton %ﬂw'nf/ node set 5)

aﬁfﬁgﬁﬂ,

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET WP_NODES

-0 m
NODE FOOT- NT11 P

)'fvaW ("C/)

NOTE

FOOT-
NOTE

NT11

24
24
24
25

.60
.74
.88 7
.01
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3402 2514
MAXIMUM = 25.14
AT NODE 3402
o MINIMUM“, 2460

AT NODE - 2602 -

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET CL_NODES

NODE FOOT- NT11

NOTE

568 31.67

628 31.67

688 31.68

748 31.68

808 31.69
MAXIMUM 31.69
AT NODE 808
MINIMUM 31.67

AT NODE 628

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET ROCK_LNO

NODE FOQOT- NT11

NOTE

570 31.67

630 31.67

690 31.68

750 31.68

810 31.68
MAXIMUM 31.68

. AT NODE 810
MINIMUM 31.67

AT NODE 630

THE FOLLOWING TABLE IS PRINTED FOR NODES BELONGING TO NODE SET ROCK_RNO .....L

NODE FOOT- NT11

NOTE
1632 31.67
1872 31.68
2112 31.68
2352 31.68
2592 31.68
MAXIMUM 31.68
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SUBROUTINE UFIELD (FIELD, KFIELD,MSECPT, KSTEP, KINC, TIME, NODE,
COORDS, TEMP, DTEMP, NFIELD)

INCLUDE ‘'ABA_PARAM.INC'

DIMENSION FIELD(MSECPT,NFIELD), TIME(2), COORDS (3),
TEMP (MSECPT) , DTEMP (MSECPT)

This subroutine updates values of mean air temperature as a function
of z-axis coordinate for an axisymmetric model.

Author: G. I. Ofoegbu
Date: August 21 2000
System: ABAQUS 5.8 (UserSubroutine)

COMMON /KRDATA/ RAD(16),AREA(16),VEL(16)
COMMON /KZDATA/ TMEAN (2401),TLAST(2401)

pli = 3.141592654
tTol = 1.0d-8

r0 = rad(1l)
rMax = rad(1l6)
rinc = 0.11

vRate = 1.0
tArea = pi*(rMax*rMax - r0*r0)
uAvg = VRate/tArea

temN = temp (1)

~ tCur = time(2)

Determine address of current node in vector F using its z coordinate

z = coords(2)

z0 = 0.0
zMax = 600.0
zInc = 0.25

if (z .lt. 20) z = 20
else if (z .gt. zMax) z = zMax
j =1+ (2 - z0)/zInc

Determine address of current node in vector RAD using its r coordinate;
Correct address for possible truncation error’

r = coords(l)

if (r .1t. x0) r = r0

else if (r .gt. rMax) r = rMax
i =1+ (r - r0)/rinc

if (r .gt. rad(i)) 1 = i+l

aN = area(i)
uN = vel (i)

dTMean = aN*uN*temN/ (tArea*vAvg)

Initialize accumulated term if there is a change in total time;
Otherwise continue the accumulation

If (dabs(tCur - tLast(j)) .gt. tTol) then

tMean(j) = dTMean
tLast (j) = tCur
Else
tMean(j) = tMean(j) + dTMean

EndIf
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C

Return
END

BLOCK DATA KDAXIS

Tmair00l.f Page 2

INCLUDE 'ABA PARAM.INC'
COMMON /KRDATA/ RAD(16),AREA(16),VEL(16)
COMMON /KZDATA/ TMEAN(2401), TLAST(2401)
DATA RAD/

B R o NN e e

o O O o

.120000000000,
.560000000000,
.000000000000,
.440000000000,

.774088429845,
.078194598712,
.382300767580,
.686406936447,

.045479074034,
.083753169170,
.071136000208,
.018646088420,

1 0.900000000000, 1.010000000000,
2 1.340000000000, 1.450000000000,
3 1.780000000000, 1.890000000000,
4 2.220000000000, 2.330000000000,
DATA AREA/

1 0.330024308260, 0.698061887628,
2 0.926141514278, 1.002168056495,
3 1.230247683146, 1.306274225363,
4 1.534353852013, 1.610380394230,
DATA VEL/ .

1 0.000000000000, 0.025447374307,
2 0.072070066802, 0.079599739164,
3 0.082923754059, 0.078324306790,
4 0.049455808989, 0.035153079149,
DATA TLAST/2401%0.0/

END

O M B o NN R

o O O O

.230000000000,
.670000000000,
.110000000000,
.550000000000/

.850114972061,
.154221140929,
.458327309796,
.862210103778/

.060836487627,
.084790951866,
.061479174278,
.000000000000/

SUBROUTINE FILM(H, SINK, TEMP, KSTEP, KINC, TIME, NOEL, NPT,

1 Co

ORDS, JLTYP, FIELD, NFIELD)

INCLUDE 'ABA_PARAM.INC'

DIMENS

Co---67--1--

C

a0 aaaoaao0ao0ooonoananan

ION H(2),TIME(2),COORDS(3), FIELD (NFIELD)

This subroutine evaluates the ambient temperature SINK required

to implement a convection boundary condition at the boundary point
defined by coordinates COORDS (at integration point NPT of element

NOEL) . The ambient temperature is solution-dependent and is set
equal to the mean air temperature at the z coordinate of NPT

which is determined by linear interpolation in vector TMEAN

This version of the subroutine is for an axisymmetric model (axial

coordinate equals COORDS(2)) and the convection coefficient is

assume

Author:

Date:

System:

COMMON

H(1)
H(2)

zC = C

z0 = 0.

zMax =
zInc =
jl =1
j2 = 3
jMax =
if (j2

Ttml =

tm2 =

d to be constant (2.65 W/m/m/K)

G. I. Ofoegbu
August 21 2000
ABAQUS 5.8 (UserSubroutine)

/KZDATA/ TMEAN(2401), TLAST (2401)

2.65
0.0

OORDS (2)
0
600.0
0.25
+ (2C - z0)/zInc
0+ 1
1 + (zMax - 20)/zInc
.gt. jMax) j2 = jMax

tMean (j1)
tMean (j2)

s

J J J 4 J

s

/J

T

71
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zl = 20 + (jl1 - 1)*zInc

z2 = z0 + (j2 ~ 1)*zInc

SINK = Tml + (tm2 - tml)*(zC - zl1l)/(z2 - zl)
Return

END




72 73
| Mebe:  wile o Lo m oy Q/Q ﬂﬂvﬂﬂﬁé Y run % IS _amaifyses
! AMQM C(M,Q cown q'-o..._\:[— '8.23'“ A Bl o : ¢, (/ Q@@ﬁﬁg iﬁaﬁ’/ ¥ 2.) /u/'e
! o sa 0 -?M (% cﬁﬂt{— ; 4/(,\,( ) M\r; }4‘5.@0() S /0/9 Qc./ wm)émgéfg._ﬁmmﬁ%ﬁd
| ote 0 & ol olbmads’ o eviad dpectior, | ke UeQ ey MfﬁQ
| wad D400 Eoen Jl/f,«,m.j/ﬂ oo e : %4«0(}% St LI g/é , rer toa,
: er/ wee re; QMCQ.C& __CC_MY/L/) A ) V{)‘ %Z(bcﬁ)@ww .:F‘/ Su'ﬂ}{_z.u. MEC My
(ocre e vin %&V Fadia O ! r€c [)‘7&7 _\M ﬂzrv M%\g&m@ _@e& . v Nuwmdevoi)
| oithiy e Yok Mcda G 404..2,0 1 Wﬂ-r/m()vé o @ IM/ Me»wm / f;wﬁ‘j
’0‘(— ﬁL\,“'QA.\ pueV ?g SO0 /%ﬁ M%\a‘ “’/Z\-C, ! /‘)’ZAC'\?«)S em) ;ALQ(
m' nec e«;garvr m@m Vév ]%\ W%m c‘tj_/ém Nota s L.)f'_ll'/f HKTJ A
L : 0.28 w-- c;\a(QHW LA 14 R tec .C Su 2P oy o wa - discove
| (arc D. U M K:t *64»4—5%" \,OL« g 7 W 64,4/,//—'1“/) V‘Gr/ nﬂLi/j’k_
Ywouc [n ‘\/t\-e aly o cfP- 4/{5@')17/%”« '4)614 fszl‘)"a/ . fx/e,snd(
/5‘% &% (S Cuide o) w/ @MM other/ ra L G' Lot mf..m,!&gme“ z
; /;7' ﬂ:?wm«/ Who- _hel rp it s Z:Q . dprob et
Ccop + emnet- ﬂaQ_z !z:‘Q.IZ . evc\ep -e 24o0 ewme
| owaz@/) qg on_ Jte M“‘m:iz‘;;wzgfgﬂ Q)XM ] C\»&é- mh—r 3y, ./W 97/' PJLG 4 -—hp
R Sl =S T
i v Ceo .t )
e Las, ur Zﬁg on/ 6/,4,,% SaLs  with 2 ML Ram ol 1CL
/Q/ frﬁgm 0&‘%‘ /%)) WV%//}? DD Memery wefle VLU’Y[ 1LD
A//gp WW M/ /fé% Aygé- ?"06;((/ éﬂv@&///é Me v vz )Zo Nruan_
2 M ses ! umy o be rem., ‘celid o, (5 /
ﬂAcl Yrow _542&3»? i~ fﬁr‘eg Do wer< e
{\j[@ %‘7'“:/% 2 J/‘\.(’ //(@72/6(/5 N / a//% U ore. \\ //
L w/m/ oty Y efoh Los, M ) |
e <
o~ _~ ] N
~ - J Pl
~_ AN
< e ~N
7 U i NPT
- ~ gl — 7 NI
= K ] N




her

/ 2 2 I /£ P — \\,PJ ." < "b \E ol v
. AT Y. e X REE S
Moo Numbey _of  elemend  aw Fhe / o o d ¥
Cou NJ&Z \ﬁf\Q/\.u <u,v-.£a/z:ﬂ wa 4/{'\4_ jw 4 . ~ I S ; ff
% divectdon.  _So_cu to 1 / @ SR8
Cedduco & oL P,Qf mﬁ»«% : e / & g b \\? é\k\"\ L}
_C.al/ J/(’\I /'QJ)IVLV) r‘a,céu,?.)/—.bg—‘—. S LA A L %Q < \\S \@\i:l ; \\l:) \(:N
W\dl‘Zﬂ/ﬁ nA2 J’éu /’Pn@//'wﬂﬂ@ /Q_MJ}’ o= i}\? CE ,S g\st(\y 5\5 '5.;
V- S s Ve y< g™
/LL SCQQVAZ/Z Moesl lWao. . fMWW QL‘QQJO@.»( ) 3 g’
_ﬂn v%%g Ve ﬁc/f// /}')ﬂ;v/ // ;«;? 6{ ﬁ Zz N p— .
U, M/W a/p (2 T / / ,{’,,;m
A U f/% Yy PR # { -
Ve Gy
“ > Z\L T =l e " m /%Cé( LA
, | Ceofn - Dllw r;&%«xﬁﬂﬂ,}ﬁv ol
[ A 1705{7 / rnu,cf\o‘ﬂe e moso il‘iwx 25 1
Woy e 200 Yo Mo oir A
% a? m%mmw %e BRI | ' \\
L,mw Dir _lrnandds mﬁ/é ;
: 30 ?Cl / " : %wm_wﬁq// e Py, o e WA g
Aﬁ /‘p%ﬁ/ /lev % r.govtc j/{/ﬁa N&/C;,p{
‘?/tuv i n[),,,, %f / ~L/1 pﬂ/ﬂ -/’17/) {Z/Vé/ﬂﬂﬁ . ( \Teg %DP%M )
Jeve oy e ezl el eor . 4
4rM - \/CZ«A /f% f)fiﬂl L J;L— MR Vote . Cavily, radiathor  Suyfere ot

vv\,\,’\~\- CPOOﬁO D\Pf)—")\QQA 9 | dn(/(f l%ﬂd UQé0 CoarSeis LMQ{(\ | ‘ ]
Q CPQD Fohcllr\Lthe acress ‘}4\,'“2 1k)l’w4t/f~0 ; -

el T dlon  seetnl) | il

N N

(oy (‘/TM,C(fQ/"k Mpr‘ﬂ v %Mé&/ !Qfﬁ[L\Q(JW\

/

Mt air am D  comrnele Inog . / / .5 mgé_/&lmm@é&m [ i do 4 &4%‘%‘5@“{%;@“
o | Lrocne ABlQus  Fre 4o ﬂ NAY/NOS C.'zéwp/
\N\OQQM v CeOTSiec k ) S’l\.c-uj In /M a)/ G /\A@m@ 0/7 lJM No-i é&aﬁmwm

o oona/r Cc (\PM e - A

w23




76 77
mochﬂ Z . ey Q,Gq,:*\ MNe 0156(,0 B 7//4 M/A/( Wao M,—M MErzoy o
b Y\ x @06?4 “racla e , R 2 mlkwwmﬁf Scr Rlpood
(oevse. w o Q £ aA.aLe /D ﬁgé‘\w Meachines S 5;44,2&» IS Ll 0|
: %IIC/P // v, f7aa Vét/( 3’”/5 ,)) M/ﬁ = : A Zo?L— (ﬁW@,@TZ; J 7%? mg . %‘
| Creer o h vég/j 7% &// GZ 70 “ N;M 4
! i Bl Crtad s S
| Z(ca(»c/ Ve oS M/\ ‘S =4 Ozl 4 jw (\ ' //
2 G = N /
// \W} <N \ /
~ o/ L N\ | /
\ [,LQ‘W g g v | T N\ e /
§0 0 I \PII L LT‘(\ 1616 M 1B \ /Vl ok /
\% l\a \g&?\ ) l\.,)o {ﬁ‘(\'(\ \4)‘\0‘ ~ \ C/g 5_(/925
NS VA Ty - (2547
R A/ ' ‘ h \ /
& R N/
| N R X
! 3 Y AN
| | / N
' —
Gt 7 N
L — / N\
~ ; wa N
A % \
- IE // X\
1 w3 A .
= e 1 J
PN P2 A% 7 \
— v X
ohe: | | = . g . \
ﬂhcr“*f N\«O) OL,MJ/ 2 1 B
[ LA O o Ny [CW“ + wac VI’WW} w
(@W\Lﬂ /Z"b"/‘»’%mu Hods COMJ& éa,mémo h waste pictzice side, |




78

The  Steadl  fdo

S:a’&«;gv‘% "‘—o XN

ceoisel) w20 wan able 1o

e

QI/O/\.M’/OQQ W t"k("«t)d \/Lw

va e sonn

e%f Yo 2 pscr Suborowtics Cie.

Cead Lian,

Qomg{vvvu" SINIK  tem DeVﬁ)@m«e

oo ol

1 ]
\

CLL_W\ stetemond— lone) of 24

L TC

wh 'k"tzn \/(«e ABH’Q.US

anU‘ Q\—QCJZ— ) W

Q{‘f%d Y QVLCJ(B < aflu/'/)\

oo Wew  cedrevec()

Jebo o SRS

CPYV +Mo o=

HA,L 2¢T onaaa Vork stbesz .

Aftee

(\fljlwnn,(

R =

sobroutle AN  cocli

Ce ’7bvvrvé)%97’

o.,ﬁ arorc  Weve

L0 O and a@»re(./ﬁeﬁ Kso

(’_mﬂ.or-v'l" -\-mpe (onUevs o *Cmchms

IToor?

o-9 'DFLoan' whre

Mserteld  etery yheq o

LA/./%/))

oo USER Subyonbne, whey

¥ =3

bope  Conpercion  Weo e 2a

othe

/Cheche Sheede wuu.jC\ weye/

S w\k"’e—cg

‘<§:6&42¥§“C;‘4 G T:kj\‘<>14}*\

4>
Y {*u.‘\)(-rhsw— QLW(_L

\:)GDu/QxX, t*&ﬂ.ég ICX_ Cl(vaeLuz \0

Zevd e/ ~—

Awh% M'\-e, 'TL\:‘Z

L«Jc;_:? (2 Vo7

rewt

Suvyrce w»f 'eh/n/[

with 2’{

Yo nikul  Joersisy, Mg

S EAL

6..,_/#.9#»%% 60 Vg%  fouo

Peue .0

67—

-Fb}[v Wy

New)  lshye

| J
9@%&2@“ — oA o
’c\L d\)FIELD ﬂ‘/‘fﬁ&‘:ll‘m Wp~

Subrpfile,

Yu)m% M«c cvéwe lengions -éyr

[0 |M7/5 bolumebric _&ir O__rake,

Ore O\M*lwwag A/VCMVL Wey) M&O’\w HC )
wagde

W‘“&Z«Q:,AM&{X»&WM

SouM L e 3{)"%}77 f

TUMAD. . ZQ.Q e,U

~GLJ ! ) e w g&#ﬁkb&ﬂb4 L
ol ! /
NN b\ka L ions (,o/

6. 0@75)%

Uulor ¥ ooy indicded He
heek

weete Seurce G Cuce

Mo

e
adapé:w

\

-oé(/]
by  Doc wWas [ourey
e Ve lug o Yime 2200

QMW»QAA‘M ) d P

Sep 11 09:15 2000 tmAir001.f Page 1

Q00000

a0

Q000

Q0 00

- SUBROUTINE UFIELD(FIELD,KFIELD,MSECPT,KSTEP,KINC,TIME,NODE,
1 COORDS, TEMP, DTEMP, NFIELD)

INCLUDE 'ABA_PARAM.INC'

DIMENSION FIELD(MSECPT,NFIELD),TIME(2),COORDS(3),
1 TEMP (MSECPT) , DTEMP (MSECPT)

This subroutine updates values of mean air temperature as a function
of z-axis coordinate for an axisymmetric model.

Author: G. I. Ofoegbu

Date: August 21 2000

System: ABAQUS 5.8 (UserSubroutine)

COMMON /KRDATA/ RAD(16),AREA(16),VEL(16)
COMMON /KZDATA/ TMEAN({2401),TLAST (2401)

Pi = 3.141592654

tTol = 1.0d4-8

r0 = rad(1)

rMax = rad(16)

rinc = 0.11

VvRate = 1.0

tArea = pi*(rMax*rMax - r0*r0)
uAvg = VRate/tArea

temN = temp (1)
tCur = time(2)

Determine address of current node in vector TMEAN using its z coordinate

z = coords(2)

20 = 0.0

zMax = 600.0

zInc = 0.25

if (z .1lt. z0) z = z0

if (z .gt. zMax) z = zMax
dj = (z - z0)/zInc

j = 1 + IDINT(dj)

Determine address of current node in vector RAD using its r coordinate;
Correct address for possible truncation error

r = coords (1)

if (r .1t. r0) r = ro

if (r .gt. rMax) r = rMax
di = (r - ro)/rInc

i =1 + IDINT(di)

if (r .gt. rad{i)) i = i+l

aN = area(i)
uN = vel (i)
dTMean = aN*uN*temN/ (tArea*ulAvg)

Initialize accumulated term if there is a change in total time;
Otherwise continue the accumulation

If (dabs(tCur - tLast(j)) .gt. tTol) then
tMean(j) = dTMean
tLhast(j) = tCur

Else

R
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This version of the subroutine is for an axisymmetric model (axial
coordinate equals COORDS(2))

B W N e

Endlf
Return
END
BLOCK DATA KDAXIS

INCLUDE

tmAir001.£f Page 2

tMean(j) = tMean(j) + dTMean

*ABA_PARAM.INC'

COMMON /KRDATA/ RAD(16) ,AREA(16),VEL(16)
COMMON /KZDATA/ TMEAN(2401), TLAST (2401)
DATA RAD/

0

2

1.

.900000000000,
1.340000000000,
780000000000,
.220000000000,

DATA AREA/

0

0.
1.
1.

.330024308260,
926141514278,
230247683146,
534353852013,

DATA VEL/

0.

0

0.
0.

000000000000,
.072070066802,
082923754059,
049455808989,

N R

L S )

.010000000000,
.450000000000,
-890000000000,
.330000000000,

.698061887628,
.002168056495,
.306274225363,
.610380394230,

0.025447374307,
0.079599739164,
0.

0.035153079149,

078324306790,

DATA TLAST/2401*0.0/
END
SUBROUTINE FILM(H, SINK, TEMP, KSTEP, KINC, TIME, NOEL, NPT,
COORDS, JLTYP, FIELD, NFIELD)

INCLUDE
DIMENSION H({2)

‘ABA_PARAM.INC'
,TIME(2),

) NN =

S O O ©

.120000000000,
.560000000000,
.000000000000,
.440000000000,

.774088429845,
.078194598712,
.382300767580,
.686406936447,

.045479074034,
.083753169170,
.071136000208,
.018646088420,

COORDS (3) , FIELD (NFIELD)

o M O NN R

o O O O

.230000000000,
.670000000000,
-110000000000,
-550000000000/

.850114972061,
.154221140929,
.458327309796,
.862210103778/

.060836487627,
.084790951866,
.061479174278,
.000000000000/

This subroutine evaluates the ambient temperature SINK required

to implement a convection boundary condition at the boundary point
defined by coordinates COORDS (at integration point NPT of element
NOEL) .

The amblent temperature is solution-dependent and is set

equal to the mean air temperature at the z coordinate of NPT
which is determined by linear interpolation in vector TMEAN

assumed to be constant

Author:
Date:

sy
=
I

System:

COMMON

%)
I

2.65
0.0

= COORDS (2)
= 0.0

zMax = 600.0
zInc = 0.25
dj
j1
if

j2

dj

(zC - z0)/zInc

= 1 + IDINT(d])

(31 .1t. 1) 51

= j1 + 1

G. I. Ofoegbu

August 21 2000

ABAQUS 5.8

1

= (zMax - z0)/zInc

(UserSubroutine)

/KZDATA/ TMEAN(2401),TLAST(2401)

and the convection coefficient is
(2.65 W/m/m/K)
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jMax = 1 + IDINT(dj)
if (j2 .gt. jMax) j2 = jMax

C
tml = tMean(jl) ———————
tm2 = tMean(j2)
C
If (§j1 .eq. j2) then
SINK = tml
ELSE ——————
21l = z0 + DFLOAT(jl - l)*zlInc
z2 = z0 + DFLOAT(j2 - 1)*zlInc
SINK = tml + (tm2 - tml)*{zC - zl)/(z2 - z1)
Endif
C
Return ]
END
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ABACUS Translenl Tharmal /Farced Conv. Ancalyses
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. Figure 2. Input mass flux of air per unit area as a function of the radial coordinates of the air
160 nodes across the air gap as used in the ABAQUS transient thermal/forced convection analyses.
The mass flux is calculuted from o volumetric flow rate of 1.0 m'/s, the density of air at room

N to8 L temperature, and the available drift cross-sectional flow arca.
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Figure 1. Input waste package volumetric heat flux as a function of time used in the ABAQUS ==
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axial (z) locations along the 600 m drift. [Note: Blue curves represent | year of heating under —+— surface temperature with axial (z) distance for the 600 m drift. [Note: Blue curves represent |
radiation and conduction for initial waste package heat flux = 500 W/m', and the red curves ] year of heating under radiation and conduction for initial waste package heat flux = 500 W/m’,
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