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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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Reflux Derived From the Dry-Out Zone / /

/¥ -
A DT TR
Calculating Reflux of Condensate

to the Boiling Zone

Heat produced by the decay of spent fuel will cause waste package temperatures to
exceed the boiling point of water. A portion of this heat may be consumed by
vaporization of water dripping onto the packages, resulting in reduction of package
temperature. A similar reduction in the temperature of the drift wall may be caused by
vaporization of water in the surrounding rock. Water will vaporize as long as
temperatures remain above boiling. The vapor will flow away from the boiling zone and
condense where temperatures are below boiling. The condensate may then flow back
to the boiling zone. This return of condensate to the boiling zone is called refluxing. A
particular unit of water may participate in the reflux cycle many times. With every cycle,
some portion of the refluxing water may escape and flow away from the heat source,
possibly toward the water table.

Refluxing water may originate from two sources: 1) infiltration from ground surface, and
2) water boiled out of a dry-out zone in rock surrounding the waste package.

A method of calculating the amount of water that refluxes each year is presented below.
However, it should be noted that some of the important variables that contro! refluxing
are poorly constrained. Reliable estimates cannot be made until more precise values of
these variables are obtained.
Reflux Derived From Infiltration
The amount of infiltration-derived water that refluxes in year ‘N, is:
Ri=je0.ken Z"™ " Il (1-Li) ] (Note, j varies from 0 to N - 1, k from N to 1)
And for a constant infiltration rate:
R| =;-02.M ‘ (1'L)’
Where:
I = amount of infiltration in year N [m)
j, kK= summation indices
N = years since start of refluxing

L; = fraction of infiltration that escapes the reflux cycle each year

Note: For constant I, R, converges to IL,. )0

L §/E)7

The total amount of water vaporized from the dry-out zone and available for refluxing is:

D=(T)(n)(S-8)
Where:

T = thickness of dry-out zone [m]
n = porosity of rock

S = liquid saturation

S, = residual saturation

s with refluxing infiltration, some portion of refluxing dry-out zone water may escape
the cycle sach year (Lo). In addition, dry-out zone condensate may take more or less
than a year to participate in a reflux cycle. The number of years required for water to
compiste one reflux cycle is ‘P'. This gives rise to two cases:
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The amount of dry-out zone water that refluxes in year ‘N’ is:

Ro =[ (D) (P-Lp)*' 1/ P"

»

Case |l P<10

-¥

In this case, the amount of dry-out zone water that refluxes in a given year is:

Ro=,.02"'" D (1.L°)1IP(N-1)0]

Total Reflux

The total amount of refluxing water derived from both infiltration and the dry-out zone in

year ‘N’ is:

Rr=R +Rp

For Case | with a constant infiltration rate this is:

Ry = jooZ*' 1 (1-L) + [ (D) (P-Lo)*" }/ P"

For Case Il with a constant infiltration rate:

R1=,.¢.2'H '(1-'.?"“.02"? 1D(1 |. WP (N-1}+]
ﬂ /‘/ YLy,

DESclIA FTer oF PEFLcy Trn  (Sorl]

Then: ] /Z %//4-;;‘

D = (20 m) (0.15) (0.9-0.0)=2.7 m.

e

o Lp=02

e P=1/3(Casell)

/]

In year 4, the amount of reflux due to infiltration and dry-out zone water is:

-

Rr =R+ Ro oo™ 1 (1-L) + 12" D (1.Lg) ™ 01! T2 7
i ka-V;L
=202 [(1X10°) (1 - 0.1 + 08227 (1 - 0.2)*"} / V\ /

[/ [

= 1X10° m [ (0.9)° + (0.9)" + (0.9) + (0.9)% + 2.7 m [ (0.8)° + (0.8)"° + (0.8)"" ]

= 1X10° m+ 1X10°m [2.44 ] + 2.4 m [ 0.327 )

NN

The predominant source of refluxing Aer ay éh)ange wi tnme At early times,
refluxing water may be dominated by water derived from the dry-out zone. At later

times, water derived from infiltration may dominate. if water escapes the reflux cycle, all

dry-out zone water will eventually be lost and the amount of refluxing water will stabilize
to the value of R, (/L;). Iif no losses occur, the amount of refluxing water will grow at a

rate equal to ‘I. The reflux cycle will stop once waste package temperatures drop below
boiling.

Example Calculation

NS
alculate the amount of reflux occurring in year four. That is, four years after refiuxing

\\‘Negins. Assume:

N~
%@mtnﬂon Derived Reflux

e 1= 1X10° m (constant)

B ™

\\3‘“\. L, =0.1

Dry-Out Zone Derived Reflux

o T=20m

e n=015

e 8S=09

e Sr=00

=0.888 m.
NOTE: this resuilt represents the amount of refluxing water, not water escaping the
reflux cycle.
Derivation of Reflux Expressions
Inflitration Derived Reflux
Year Infiltration Reflux Loss Storage
1 hy b Ly h-lly =k (1-1
2 k +h(1-U L+ (-1 heh(1-19-
L+ L{1-1)
= [ (1-L3+ 1y (1 - 1)7)
3 I Iyl (1-0+ 1 (4 - L)Y

Li(hs+ [l (1449% 4 (1 - 0D

I+ [l (149% 1y (1- 97+
L(l+ ;lz -+

W1 -1)°D
=(ly(1- Loqu,(u_.)u
h(1-%

andsoon..

Thus, the amount of infiltration-derived water that refluxes in year four is:

Ro= g+ 13 (1-L)' + la (1-L*+ 1y (1-L)°

Ri = juo kenI"™ ' I (1-LY ] (Note,  varies from O to N - 1, k from N to 1)

Or, if the infiltration rate is constant:

Ro=j o' 1(1LY]
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e Dry-Out Zone Derived Reflux /C @ /?’ 57 — P Case 1, TPA Code Test - ﬁeﬂux Module
- Casell N tpa Lres
4
ForP=1/3 ; 1 3 ‘
1' x . IS nq £ /""'%/é/bo/q’”cﬁ/k- —————— 11
| ] Thickness = 20 m -
1 Year Cycle Reflux Loss Storage L ] PA ﬁw"/ f/—’“—"/ <,¢u’\ Period = 100 -
. 1 Li=0.1 i
J T N % 0 0 0 D — 10—: """"" ol Ld=o.l _' 10
‘ 1 1 ] D-LoD = D1 ]
_[ 2 B(t-Lo) D040 m&fw.?)((tﬁ o — e R e Fo
’ 3 D(1-Lol? LoD(1-Lol? DAL LD’ —~ N | |3
| = D(I-Lo)® B g4 N(\&”‘"’ ,,,,,, F8 7
! 2 1 D{1-Le) LoD(1-Lo)} LoD(-D)* Bl E 1 ‘ - =
| 2 D(1-Lo)} LoD(1-Lo); LoD(1-L)? , = 7 3 ( C 7 >
i 3. DLy LoD(-Lo) LoD ~ 2 ] : El
andsoon .. ~ ‘,_g 6 3 - 6 ;Q‘
Thus, the amount of dry-out zone water that refluxes in year 2 is: - % ] infiltrati 5 =
S atloaior g
D[ (1o (1-Lo)*+ (1-Lo ] ~ & : :
. ~ ¢ ] - 4
= ool D (1-40)*"! ~f G 43 f
=Rn = "w-1 PN 1)e) & E .
Ro= 45" D (1o Mp F-/4-92 S I
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. .y | 0.1 1 10 100 1000 10000
8-26-F2 To: Sitakanta Mohanty A 4 F-AeF7] R
Na From: George Rice Years
Subject: TPA Code - Mass Balance for Reflux Module !
Date: 821197 TPt el ov7P7 " afilpes. ves =~ H0L570 —

Yege d —> rode o/ so LeSUe TS ¢ B o T e d

Mass balance calculated as follows: i
; o Loy S AL EN AR fl L. eSS

total reflux = total infiltration + dry-out water /
§-2¢r

Percent difference = [ total reflux - (total infiltration + dry-out water)] X 100 Input file tpa.inp as supplied w.\t}f) TPQ Version 3. I‘e ad C
+ H : + out Not a basecase dataset. Use only for beta testing.
; f‘& (tOtal refiux + total infiltration dry water)/2 TPA 3.lbeta4, Job started: Tue Aug 26 07:39:45 1997
| -~ Subarea Averaged Infiltration/Deep Percclation Including
‘?\ After Reflux and Diversion - Values for Each Vector
A Mass :
9 balances performed for three cases: vector time avinfil avreflux avdivert
1‘( . . . unitless yr wm/yr mn/yr mm/yr
A 1. “Moderate” conditions: Mass balance difference = 0.06% - . 1 0.1000000E+00 5.144821SE+00  2.7544821E+00  8.2634464E-01
'QQ Thickness of dry-out zone =20 m - 1 2.5693704E+01  5.1448215B+00  6.9864341E+00  2.0959302E+00
i Period = 100 f ) 1 5.8077611E+01  5.1448215E+00  7.2491623E+00  2.1747487E+00
SN L ! . | /hq; !;,-‘/'ﬁ.,/ 1 9.8893734E+01  5.1448215E+00 7.1756778E+00  2.1527033E+00
=~ Q Loss factor (infiltration) = 0.1 _F - 1 1.5033768E+02  5.1448215E+00  7.0739401E+00  2.1221820E+00
N Loss factor (dry-out) = 0.1 j/‘o (’13/7‘7’4}4107'1 2.1517675E+02  5.1448215E+00  6.9527686E+00  2.0858306E+00
) v - 1 2.9689880E+02  5.14482158+00  6.8108273E+00  2.0432482E+00
N . ' . £ a.'/. /2§ 1 3.9989989E+02  5.144B215E+00 6.6476912E+00  1.9943074E+00
Py 2. Refiux forced to occur at early times: Mass balance difference = 4.1% r 1 5.2972070E+02  6.373B383E+00  7.6936522E+00  2.3080957E+00
v Thickness of dry-out zone = 100 m 1 6.9334463E+02  6.3738383E+00  7.4943494E+00  2.2483048E+00
0\ Period = 1 1 8.9957344E+02  6.37383B3E+00  7.2854446E+00  2.1856334E+00
. Lo \ 1 1.1595007E+03  6.7496751E+00  7.4525303E+00  2.2357591E+00
( Loss factor (infiltration) = 0.9 — 1 1.48710B6E+03  4.4886201E+00  4.9979532E+00  1.4993860E+00
y Loss factor (dry-out) =0.9 ’ 1 1.9000200E+03  3.2858578E+00  3.6209015E+00  1.0862705E+00
‘U 1 2.4204465E+03  4.4947567E+00  4.7020430E+00  1.4106129E+00
. N : 1 3.0763831E+03  8.2302200E+00  8.3334861E+00  2.5000458E+00
\’\ 3. Reflux forced to persnsl to late times: Mass balance difference = 0.9% 1 3.9031145E+03 6.7801498E+00 6.8244343E+00 2.0473303E+00
(run = 20,000 yrs) 1 4.9451126E+03  5.9622745E+00  5.9782781E+00  1.7934834E+00
ickness out = 1 6.2584292E+03  4.3152098E+00  4.3193102E+00  1.2957931E+00
TM? _ of dry-out zone = 100 m _ 1 7.9137110E+03  B8.7454765E+00  8.7458956E+00  2.6237687E+00
Period = 100_ . 1 1.0000000E+04  1.084713BE+01 1.0847239E+% 3.2541718E+00
Loss factor (infiltration) = 0.01 ) 4 &~ 1( @_
Loss factor (Dry-out) = 0.01 # €
Mass balance calculation can be improved by forcing TPA code fo report output at earlier timas.




Case 3, TPA Code Test - Reﬂdyﬁ(lﬁ(;ﬁﬁé

! 100 tpa-3.res : : ‘ 100 ——————
tpa-2.res — R P, ' ! -
i 10000 ; = 10000 {1 ZTw~- I;.ay:e,/&;/‘:p/ . I
] F . P ; >y - .
X ] i Thickness = 100 m £ — i Jwﬁe / P/; IQU / Thickness = 100 m : - ————
5 Period = | i i | | Period = 100 .
: Li-09 il 1 tpa-3.ceen | ; e
¥ : 14=09 : oLy ; ; Li=0.01
- ; 4 ‘ ; { i 3 Ld =001 ;
o S i R 1 1000 . : : ; - SR —
T : . A E = : : : : I
= LA /J)Mﬁo/‘"’/jw ¢e,/ i %’ 1 : : 5 z
> ; : : ' I — N R— 1 ; : : = ————
) a—— . I I . ' | |
g e /)’f‘il%-lﬂf/'//fpa.r‘z-éauﬂ T e £ : 3 i >
~ é : z 3 S Y g 10 o e e e n o)
5 100 5 : Flo g = B ‘ - 5 SE—
E= ] a s F 1 b=t i a - 9
o 3 : : F a = 1 ! infiltration =3
= 4 : : F < - e i -
— N H '
g ! s - 2 T e | .
4 s | I = ~ N 3 |
: N L 10 .
v : = Y D : !
g : Jinfiltration : [ 3 ¥
5;) ! ! g ' N ~ : —————
O 1 : : ; [ ~f { :
| fi> a | § . % | ; | S
: ‘ ; : ‘\J 1 -4 - Illlll‘l L ‘IIIIVi T T T T LR — 1
. : ‘ ‘ ‘ : ‘ 3 R
t; 1 T ™TTTTTTTY T TTT ™TTTTTT T T T T ™T=TTTTTT 1 \‘\\ 0.1 1 10 100 1000 10000 e
\ 0.1 i 10 100 1900 10000 N\ |
| e
Years
Years
v -~ . - - -~ " - - N O~ = - '
) VAl -~ ; Ao 1T -~ D&, A - L) (= o
TP4 cvrvz = jafilper.res -  nodimiren some 4 - (P4 Cote 00 TP T > idtilper. fres AROLCFen S
e -, , P . — s.— = A2 e - ) 2 e~ XNRPA XA e
RO~ /d RS o Oof FPS So I woviy  freF ot ioly furl _Tcre [(7 = O.f = Aliew e LB Lo e
— - ; [ Lf' -— /0 -.3 -
ScALE ~ AMCW A1 = Lo ~2. res le3 %7 2K
g )
- — N | WP N .\ a. / «fé /9. g T — e ——
/34 ¥ S ) P /
Input file tpa.inp as supplied with TPA Version 3.lbeta4 Code. "// (- b 7 j‘] Input file tpa.inp as supplied with TPA Version 3.lbetad Code. N
Not a basecase dataset. Use only for beta testing. Not a basecase dataset. Use only for beta testing. ———
TPA 3.1lbetad, Job started: Wed Aug 20 15:58:16 1997 oA 3. 1betad. Job started: Thu Aug 21 07:48:15 1997
Subarea Averaged Infiltration/Deep Percolation Including Subarea Averaged Infiltration/Deep Percolation Including [EI—————
After Reflux and Diversion - Values for Each Vector After Reflux and Diversion - Values for Each Vector
vector time avinfil avreflux avdivert vector time avinfil avreflux avdivert S —————
unitless yr mm/yT mm/yxr mm/yr unitless yr mm/yr mm/yr mm/yr
1 0.1000000E+00 5.1448215E+00 1.0084630E+04 3.0253891E+03 N 1 0.1000000E+00 5.1448215E+00 1.1714482E+00 3.5143446E-01 ——————
Do 1 1.5864169E+00  5.1448215E+00  4.7649273E+03  1.4294782E+03 O ] L 5 13874098+01 5. 144B215E+00  3.1896084E+00 9 5688251E-01
1 3.9585937E+00  5.1448215E+00  1.8980492E+01  5.6941475E+00 I 1 116155228402 5 1448215E+00 4 6510457E+00  1.3953137E+00
, 1 7.5057209E+00  5.1448215E+00  5.1503133E+00  1.5450940E+00 } I L 197787498402 5. 144B215E+00  5.5361887B+00 1. 66145665400 FUU—
hoy 1 1.2809757E+01  5.1448213E400  5.1448215B+00  1.3434464E+00 D ' 1 3.0067536E+02  5.144B215E+00  5.9811515E+00  1.7943454E+00
1 2.0740907E+01  5.14482158+00  5.1448215B+00  1.5434464E+00 - h""’ﬁ’/ 1 4.3035349E+02  5.1448215E+00  6.1496777E+00  1.8443033E+00 U
4% L j1 3.2600394E+01  5.1448215E+00  5.1448215E+00  1.5434464E+00 (‘6» S — A 1 5.9379761B+02  6.3738383E+00 7. 4130562E+00  2.2239168E+00
b;/hé/syx 1 5.0333941E+01 5.1448215E+00 5.1448215E+00 1.5434464E+00 i h./;’ o See 1 7.9979978E+02 6.373B3B3E+00 7.4057906E+00 2.2217372E+00
) 1 7.683099BE+01  5.1448215E+00  5.14482158+00  1.5434464E+00 e o e B L osatnnemios  ¢.74967516400  7.75702218+00  2.32710665+00 e
Tﬁ'?,eu"’ 1 1.1650208E+02  5.1448215E+00  5.1448215E+00  1.5434464E+00 ()(5 —n s Aoaf 1 1.3866893E+03  6.7496751E¢00  7.7247380E+00  2.3174214E+00
K 1 1.7579253E+02  5.144821SE+00  5.1448215E+00  1.5434464E+00 N T A Ee 1 1.79914695+03  3.2858578E+00 4 .2215254E+00  1.2664576E+00 I
Y g L 3-0444962E202  5.1448215E+00  5.1448215E+00  1,5434464E+00 R — ) .1 2.3190014E+03  4.4947567E+00  5.3830236E+00  1.6149071E+00
f'ca_'/'*”“'i) 1 3.97019498402  5.14482158+00  5.1448213E+00  1.5434464E+00 3 T ~3 #2K 1 2.9742172E+03  7.9682058E+00  §.7995807E+00  2.6398742E+00
] 1 5.9525154E+02  6.3738383E+00  6.3738383E+00  1.9121515E+00 P L 2 n0Ca0Ei03 € 78014988400  7.5461336E+00  2.263B401E+00 R
1 8.9166886E402  6.3738383E+00  6.3738363E+00  1.9121515E+00 1 4.8408930E+03  6.5916447E+00  7.2812782E+00  2.1843834E+00
1 1.3349031E+03  6.7496751E+00  6.7496751E+00  2.0249025E+00 1 6.1527663E+03  4.3152098E+00  4.9206021E+00 1.4761B06E+00 ———————
1 1.9976734E+03  4.4605153E+00  4.4573326E+00  1.3371998E+00 1 7.8062290E+03  6.6288966E+00  7.1455931E+00  2.1436779E+00 o
1 2.98871698+03  8.1609048E+00  8.1598405B+00  2.4479521E+00 1 9.8902252E+03  9.3661355E+00  9.782B9B9E+00  2.934B637E+00
1 4.4706289E+03  6.4882750E+00  6.48768BOE+00  1.9463064E+00 1 1.2516858E+04  8.1726389E+00  8.4933898E+00  2.5480170E+00 FU——
1 6.6865391E+03  4.0380920E+00  4.0381627E+00  1.2114488E+00 1 1.58274225+04 1 0014201E+01 1.0245078E+01 3 .0735235E+00
1 - 1.0000000E+04 1.0847138E+01  1.0847138E+0l  3.2541414E+00 1 2.0000000E+04  3.0054835E+01  3.0206411E+01  9.0619232E+00

/¢£ g i Ré '“? l;
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E‘\"th‘ < e 4»45/':-5'?2““5 From File ‘infilper.res’ m‘———-—“\"’_ a7 /'{c?f‘z A7 —c. "4 —_ /“o A A T — /’fﬁ; - <
- [l CAic e F7EL Reflux Parameters: o~ 0C . T ‘ A4 T tei g7 Zce F7Z¢E TS T~
“HSS B cpm T',;':r';"sf:f?;“ C :/fo.n er/ 1 [hone 6 lbo /a ~ic e/ reffey [test~Ffoa~]. 14
T oS- THES Initial Saturation = 0.9 . Y ! ' i ! / g
+ vl TS e C 456.1/ Residual Saturation = 0.1 i’?é‘:‘w;‘/ re=t/ “')&/ I—— * VYA 7‘{%
¥ N SGC'FJ S‘. PT?:;:OO fP“—-/«X/s ‘—"":j— Comparison of reflux2 results"obtair.)eq using Mééhema;fg;é;a;g;1u2enzi:bggil)e:
. I This comparison for "moderate" conditions (see page h
Ld=0.1 Time(yrs) TPA Code Mathematica Ratlg(TPA/Mat )
Amount of reflux derived from vaporized dry-out zone water: T 26 6. 928 3:32; 32330 T,u o /fw-?e/
20m(0.14)(0.9 - 0.1) = 2240 mm e 58 AT 6.953 1000 7
Thus, For mass balance: 400 6.648 6.648 1.000 67/60/5 x";‘%/
' Total Reflux = Total Infiltration + 2240 mm ~ 900 7.285 7.285 1.000 =
UT .. - 1160 7.453 7.452 1.000 (/u
| 1487 4 998 4.995 1.000 B /Cx
. ~ 1900 3.621 3.621 1.000 ) »f !.z
I 2420 4.702 4.694 i.ggg noth-vs-lpa
Time avinfil avreflux total infil total reflux 3076 8. 3:2 2'33‘; 1.000
(yn mm/yr mm/yr mm mm T 3322 2:978 5.978 1.000
6258 4.319 4.319 1.000
; [ ™ 7914 B.745 8.746 1.000
i 0 5.1448 27545 0 0 ' 10000 10.85 10.85 1.000
; 25.69 5.1448 6.9864 132.169912] 125.1211861 T //' 7 G 277
58.08 5.1448 7.2492 166.640072 230.545542 O —— /] !\ — 7 ;
11 98.89 5.1448 71757 209.959288| 294.3410085 J
150.3 5.1448 7.0739 264.494168, 366.28/5968 .
o\ 250l siee]  ew 350.09752] 485106415 N Reflux2 - TPA Code vs Mathematica, Case 1
’.“ 296.9 5.1448 6.8108 42033016  562.2:4306
‘ 3009 5.1448 6.6477 5209144 693.11275 ot math-ve-tpa-|
A2 529.7 6.3738 7.6937 747.55714]  930.7/5686 [ 1 S P :
%’, \ 693.3 6.3738 7.4943 104275368 12423784 e oty - ho.»ge,/ '6;4/64/5';»&? [rickness = 20m]
\ 899.6 6.3738 7.2854 1314.91494] 1524512606 ] N fiond.cod Period = 100
= 1160 6.7497 7.4525 1708.6797 1918.87458 T - 1 ref /;»“// retionl.cad o
! 2 -~ 1487 4.4886 4.998 1837.46205! 2035655675 I g ] I S i
i ~ /\‘\‘ 1900 3.2859 36209 1605.43425| 1779.800285 - S L P —
i 'L ) 2420 4.4948 4702 2022.982)  2163.954 < 1 )
vy L 3076 8.2302 8.3335 41738  4275.644 - E | o f
:gﬂl '1 3903 6.7801 6.8244 6206.75005] 6267.79165 B g 14 : ;
~ | ™ 4945 5.9623 5.9783 6638.7904  6670.2067 2 . / oo
20 };\! 6258 4.3152 43193 6747.17875! 6760.3744 B gf 1 1
N |k 7914 8.7455 8.7459 10814.2596] 10817.9856 i o 4
| \f 10000 10.847 10.847 20434.9775! 20435.3947 % T
B T S
Wls ‘ Totals 673529546 69550.1622 - ] :
B e A _
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Case 13:

Thickness = 500m
Period = 100

Li = 0.1
1d = 0.1

With seismo, faulto, and volcano

Cunne/. ces  FilesS

i E
D . ~ T .
; - v Pl edse  Slen. T oS L€ LA adge S
’ﬁ hd N * Input file tpa.inp as supplied with TPA Version 3.1 Code.
i Base case data set Rev 3.1.1 9/22/97
ﬂ{ TPA 3.1, Job started: Thu Sep 25 14:09:35 1997
[ a L - - — § - B ‘ } - Cumulative Releases from EBS, UZ, and SZ by Nuclide
'd}’;d C L 7 (/4/?, 7 L~6 L?T* S ed p,ﬁf?zr "”{f\é’. C e {7 £ L//é “\'«______,_,_,_.—-—-—-——Mmm Summed Over All Subareas - Values for Each Vector
l ,S 4 N o A =i T/‘/ifo‘-" - /:/60 ~1 T/)A g‘ 7] — ”LS‘ o ' vector nuglide ebscumrl uzcumrl szecumrl
ﬁ Y 4 w__¢~f unitless unitless Ci Ci Ci
i - ) _ ) ' 1 Cm246 8.2554E-04 8.2330E-04 6.5119E-04
m US TG BXe o 748¢8  Curmmard. 1 U238 1.5547E-04 1.54938-04 1.2629E-04
U / P , - " 1 cm245 6.9455E-03 6.9258E-03 5.5470E-03
| , oY / > //?( @ . - i 1 Am241 5.5657E-04 6.1891E-04 9.3470E-04
" LSl pfS [C A e /f})& .S\T/I 2t & . Lo — . 1 Np237 3.0061E-01 3.0039E-01 2.8086E-01
) / . /7 N "'\\~ 1 am243 5.3941E-02 5.3786E-02 1.2038E-02
I /llol"lé/f\, /50 a ""/Qe./ff_)gfun 3 1 Pu239 1.1925E-02 1.1904E-02 1.2526E-02
- 7 f 73 Y A 4 T | 1 Pu240 1.0244E-02 1.0219E-02 9.0347E-03
| . 1 U234 5.7879E-04 5.7680E-04 4.7026E-04
2 — ~¢ 1 Th230 3.2281E-02 3.2230E-02 2.6840E-02
k . . : ¢ 1 Ra226 2.1031E-02 2.1040E-02 8.2178E-03
| — - 4
o e T - I/ OLC 4o e TS0 AN 4L Te Do o 40/9@/;1 { 1 Pb210 2.0824E-02 2.0855E-02 8.0346E-02
. - , 5 ] Q\. 1 Cs135 1.1387E-01 1.1384E-01 8.4619E-16
’ 4 e N e o 1P e — Y Ao A . 1 1129 3.42008-02 3.4104E-02 3.1489E-02
1HL T 4 sl ol 4 REte i1seE S C = [ Fees S Ao - 1 Tc99 1.3786E+01 1.3747E+01 1.2450E+01
. ) . <. 1 Ni59 1.9039E+00 1.8985E+00 1.3924E+00
| » — r— . N N
l 20 i ot - 80 TH UL TG Z‘/m, p ’7'/) [RoN T P8 }__// - S 1 c14 4.6033E-01 2.2725E-01 2.1348E-01
' S { e 1 se79 3.9441E-01 3.9335E-01 3.3591E-01
-0 ) A s ., ) P ) 1 Nb94 5.6708E-04 5.6565E-04 3.6040E-04
oo T 7S Aee MDD T/ Fead Aopen  Hedbees) - » 1 c136 1.3250E-02 1.3213E-02 1.2418E-02
r
-

_/:0"1 THE pBasecrse To/oF Foar /«/efS\_ﬁ_-Zz,, Y=

SA4LCES . Avov~rF SF LS Preq oot 708 T Ht 7 LS T—e S &

L T AEF _
T Aoz

A4 LSS [Hleqn 70 BES L ~ome———

Copae St bpe To g4 FHFCL~cTS o~ S o4

Case 27:

L 7257

Thickness = 315m
Period = 200

Li = 0.1
d = 0.1

i
‘ l//) =3 ko 222 .
{ AT i f
1 i’ .
i Case 11: e ———————— i —
’p Thickness = 500m
- Period = 100
Li = 0.1
Ld = 0.1 e
Input file tpa.inp as supplied with TPA version 3.1 Code. R
Base case data set Rev 3.1.1 9/22/97 e
TPA 3.1, Job started: Thu Sep 25 13:34:22 1997
Cumulative Releases from EBS, UZ, and SZ by Nuclide ——— —
Summed Over All Subareas - Values for Each Vector
r& vector nuclide ebscumrl uzeumr! szcg?rl
b unitless unitless ci ci
\u 1 cm246 8.2554E-04 g.2330¢04 6.5119E-04 ———
N 1 0238 1.5547E-04 1.5493¢704 1.2629E-04
! 1 cm245 6.9455E-03 6.9258¢70 5.5470E-03
\ 1 Am241 5.5657E-04 6.18917704 9.3470E-04 ot
N 1 Np237 3.0061E-01 3.0039701 2.8086E-01
™ 1 Am243 5.3941E-02 5.3786£702 1.2038E-02 e
: 1 Pu239 1.19258-02 1.1904§792 1.2526E-02
K P 1 Pu240 1.0244E-02 1.0219F792 9.0347E-03
U234 5.7879E-04 5.7680f704 4.7026E-04 S ——
r ~ ! 2-02 2.6840E-02
i ’ 1 Th230 3.2281E-02 3.2230f 2.69108-02
1 Ra226 2.1031E-02 2.1040870% slgémE:oz i
< 1 Pb210 2.0824E-02 2.0855F : E —— i
ot 1 cs135 1.1387E-01 1.13842°02 8.4619E-16
RN 1 1129 3.4200E-02 3.4104%°02 3.1489E-02
< 1 Tc99 1.3786E+01 1.37475401 1.2450E+01
! 1 Ni59 1.9039E+00 1.8985%+00 1.3924E+00
1 cl1s 4.6033E-01 2.2725%701 2.1348E-01
p _ £-01 3.3591E-01
1 se79 3.9441E-01 3.9335
7‘& 1 Nb94 5.6708E-04 5.65656704 3.6040E-04
; 1 €136 1.3250E-02 1.32138702 1.2418E-02
i I
— S

.~ Cumulative Releases from EBS,
_\ Summed Over All Subareas - values for Each Vector

9/22/97

Input file tpa.inp as supplied with TPA Version 3.1 Code.

Base case data set Rev 3.1.1
.\’\\(\TPA 3.1, Job started: Fri Sep 26 15:31:39 1997
N

and SZ by Nuclide

¥
A
:)\\ vector nuclide ebscumrl uzcumrl szcumrl
Q?( unitless unitless Ci ci ci
.S 1 Cm246 1.5665E-05 2.0437E-06 0.0000E+00
E\: 1 U238 2.4817E-06 3,2434E-07 7.5370E-12
NN 1 Cm245 1.4653E~-04 1.9131E-05 0.0000E+00
1 Am241 1.1000E-05 1.7868E-06 0.0000E+00
\h\) 1 Np237 6.7626E-03 8.8381E-04 3.9537E-05
» \\\ 1 Am243 1.1309E-03 1.4764E-04 0.0000E+00
\\;5 1 Pu239 2.5588E-04 3.3484E-05 1.8737E-06
1 Pu240 1.9324E-04 2.5222E-05 1.3822E~06
\\\\ 1 U234 9.2293E-06 1.2062E-06 2.8009E-11
1 Th230 1.9545E-03 2.55428-04 2.758BE-16
1 Ra226 1.5254E-03 1.9967E-04 0.0000E+00
1 Pb210 1.5193E-03 1.9913E-04 1.6956E-07
1 Cs8135 6.58B1E-03 8.6104E-04 0.0000E+00
1 1129 5,.55B86E-04 7.2650E-05 1.B8469E-05
1 Tc99 2.2437E-01 2.9322E-02 3.6192E-03
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G-d5-%2 S PREVTors PaAGe.

A /B
v Case 29: (o ‘

Thickness = 310m

15

W g
TPA Code Sensitivity"f% Réfltx Period

5Skm-period-vs-dose

~Q
>
™
e
-+

- Period = 200 5
Li = 0.1 2.6 1 5
Ld = 0.1 ]
; 1 } 0.02
Input file ‘tpa.inp as supplied with TPA Version 3.1 Code. 2.55 N ' g
Base case data set Rev 3.1.1  9/22/97 } ; /40“5/5‘/60 aQ - s
p . TPA 3.1, Job started: Fri Sep 26 15:54:05 1997 — - ! - I
¥ R rk Cumulative Releases from EBS, UZ, and SZ by Nuclide ! C 1 [
w\ Summed Over All Subareas — Values for Each Vector '""L.——-—-— - 25 . lw]
i [ Q
M vector nuclide ebscumrl uzcumrl szcumrl E R + 0.015 g
/ 1 unitless unitless ci ci ci — 8 1 5 - m———————
‘ ™ 1 cm246 0.0000E+00 0.0000E+00 0.0000E+00 e — 2.45 - g
1 U238 0.0000E+00 0.0000E+00 0.0000E+00 o~ R 8 =X
ln‘ (‘ 1 cm245 0.0000E+00 0.0000E+00 0.0000E+00 . "N" ] s t_’
: . 1 Am241 0.0000E+00 0.0000E+00 0.0000E+00 a 1 | o
‘ LS 1 Np237 0.0000E+00 0.0000E+00 0.0000E+00 Z 2.4 1
O~ T P23 00000800 0.0000:00 0 0000E~00 o 1 10,000 year simulation Foor &
. Pu . B+ . B+ . E+ ] P i
N 1 Pu240 0.0000E+00 0.0000E+00 0.0000E+00 8 ] glf;zcé)fW}:ssfixrlnau Q § I
< 1 U234 0.0000E+00 0.0000E+00 0.0000E+00 a 2.35 ]| Peak dosea - N
NN 1 Th230 0.0000E+00 0.0000E+00 0.0000E+00 | Thickness = 100 m N . o
S 1 Ra226 0.0000E+00 0.0000E+00 0.0000E+00 vﬁ JlLi=Ld=01 AN | =
1 Pb210 0.0000E+00 0.0000E+00 0.0000E+00 o : AN ‘ o
1 Cs135 0.0000E+00 0.0000E+00 0.0000E+00 o O 2.3 \ - 0.005 i cm———————
1 1129 0.0000E+00 0.0000E+00 0.0000E+00 i 4 N . | <
1 Tc99 0.0000E+00 0.0000E+00 0.0000E+00 ) ] . =
I 1 Ni59 0.0000E+00 0.0000E+00 0.0000E+00 W\ 1 .. i ~
i 1 c14 0.0000E+00 0.0000E+00 0.0000E+00 r 2.25 ~ t
: 1 se79 0.0000E+00 0.0000E+00 0.0000E+00 \‘t i /. ~L
o 1 Nb94 0.0000E+00 0.0000E+00 0.0000E+00 N B ‘ ‘
! 1 c136 0.0000E+00 0.0000E+00 0.0000E+00 e 07 ] . - 0
i - N . PR
1 \Q " T T T AL N R O T T LI I M A T T T LIRS
N 10 100 1000 10000
\\
» Period PN 417
| O-73 < v ;//// ////f
i - - ¥ ' . S — o — B i . ' ;
[C-23-71 N0 (S g g we o] e - CHPaES QeSS ; ¢

TPA Code Sensitivity to WP/Failure ai t= O

[l peps e, TePey e s > Ipa.inp-mesqupioesd

¥ .. TPA Code Sensitivity, Reflux vs Peak Dose St v s
e o n O 1 - \ 2
IM X 3 o mmm?‘“)\\ Skm-dose-vs-reflux s ] 5 Dashed line = 10% WP failure at t = 0 s i - 0035
) 0 5 & 26 P | 26 A Solid line = 0.5% WP failure at t = 0 L i
N 69 A e 6] N [
ﬁ_é ¢ S § = ] e 1 A\ P2 [Hhenef&ilbofgr c§/ L 0.03
| 5y ; \ ] _______1029_____.————,-——- S _ . P\ N o P -
C NN ] ] Y o] = 1 ez .[/o‘b r / S—'e" ~2.caq o [ &
i S— ] II" / Aom e’/ A / é‘a b ' e E 2.5 4 ; P S L 0.025 jd
TR R ) ~ 254 L 0 Fom & - 5 i e ~
Q ‘ b E ] Np237 r, c.<’7/ f/)(../‘ull / / Pb210 § i gj o ;"‘/ . /' I g
L '& N o 4 o ] i S ﬁfl’vi.ca.l\, ya : - ﬁr} Q ] ‘ - 0.02
YT g & ] ‘ : ‘ ; i A g 244 0 NN L i ol
! [ ] ; / ae Z . o
{ AT @‘T\f 4] L _ g ] ] i S
~ O ! B\ e ————————, I R [ =
¢ K R SO A —— s N 2 ] - 0015 O
i e ~ LN Z . L 10,000 year simulation - o { ) ] - - a
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‘ vy o Y ] ‘ - : - ) v 2.3 A 8
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PROGRAM REFLUX1_98 —— MNWQ\L____,___
*

* By GRice January - February, 1998 “W”””””“““*”“”“”“\L__—”_,_,
*

* ~ \;3\\‘ T
* NOTE: this is a stand-alone program. Thus, it uses files and \\,

* contains subroutines that will not be included in the final version. 9 = B ———

* The final version will be a subroutine of the TPA code. T

*

LA AR R AR R e g R R Y R R R 2 i L]

Véo)

AR AR AR SRR s R Y s R Y YRR e

* *
* The OUTPUT of this program is 'reachDrift’: the amount of water *

4

* that reaches the drift each year. The program reads two inputs: *
* infiltration and dry-out zone thickness as they vary with time.
* *

LA AR R S AR R e g Y F S S SN e )
LA AR LR R R e e Y Y e R P R X AT ]

’.
ce/refloyc

,
4

REAL Qm3PerYrinSA(100000), SAarea, thickness(100000)
REAL interpOm3PerYrinSA(100000), interpThick(100000)

jv

B .

re (/U,L’]_ 5.~

INTEGER ntim, nthick, iSA, timestep(100000), tim(100000)
INTEGER interp_tim(100000)

A / one /

REAL MPrs_TSw, initSat, residsat M

REAL equivThick(100000), perchedvol(100000})

REAL reachDrift(100000), loss(100000) ————————————————
Parameters: TmT—

cellLength = length of unit cell holding one waste package. Units = m.

S ————

cellWidth = width of unit cell holding one waste package. Units = m.
delEqTh = change in equivThick each year. Units = m.

delT ~ Thermal gradient in vicinity of boiling isotherm. CNWRA T———— ",
experiment (Green et al.) indicated value of - 700. Units = none.
depress = distance boiling isotherm depressed by flow of water. Units = m

A T

equivThick = Water equivalent of interpThick. Units = m.
h = enthalpy of phase change. Units = J/kg
initSat = initial satoration of TSW matrix. Units = none S ——————————

interpQm3PerYrinSA = Interpolated values of Qm3PerYrinSA created by interpolation
subroutine (maplist). Units = m"3/yr

interp_tim = array in which times go from 1 to end (e.g., 10000 years) in increments
one year. Created to allow interpolater (subroutine maplist) to create
interpolated values of infiltration (interpQm3PerYrinSA). Units = none T ——

interpThick = Interpolated values of thickness created by interpolation
subroutine (maplist). Units = m

iSA - subarea (SA) number currently being evaluated. Passed from main.
kRock = Thermal conductivity of rock. Units = W/m-K
MPrs_TSw = matrix porosity of repository horizon - Topopah Springs tuff (TSw) . A ——

Units = none.
n2 = number of years for which interpolated values of Om3PerYrinSa

and dry-out zone thickness (interpQm3PerYrinSA and interp_thick) will
be produced. Number of years in interp_tim.
nthick = number of values in table that gives thickness of dry-out zone vs time —————————— A,

ntim = number of times in ntim array. Passed from main.
perchedvol ~ Volume of water perched above dry-out zone

per unit cell (waste package). Units = m"3. T o T
Q = Steady flowrate, a function of perched volume. Flow that crosses boiling
isotherm. Units = m"3/s - —

Qm3PerYrinSA - water infiltrating from ground surface in a given year. Calculated
by UZFLOW and passed from main. Units = m~3/yr

reachDrift =~ amount of perched water that reaches the drift each Y
Units = m~3/yr.

M A N R E R R E e

r(;)ﬂ D 92

DD

V=

Lh
S /=

17 /
}Q //&[/ AN (o
residsat = residual saturation of TSW matrix. Units = none ——
K rhoLiq = density of water at boiling isotherm. Units = kg/m”™3
SAarea = area of subarea currently being evaluated. Passed from subroutine e,

gsarea. Units = m"2. .
shedlFact = fraction of perchedvol that dissappears from system each year. Mechanism

causing dissappearence not specified.
shed2Fact = fraction of ‘Q’ that dissappears from system each year. Mechanism
causing dissappearence not specified. ——

thickness = Thickness of dry-out zone above waste package. Read from file
‘dry_thick.dat’. Units = m

o ————————————

A 2-2o-7g

tim = array containing times for which reflux is calculated. Passed from main
program. Units = years

vaporize = amount of water that crosses boiling isotherm but
vaporizes before reaching drift. Units = m~3/s.

[ O T N T Y

: 7 A 2-20-9g

OPEN(12, FILE = ‘out’)

OPEN(22, FILE = 'uzflow.res’)
OPEN(24, FILE = ’'stop.i’)
OPEN(25, FILE = ’'dry_thick.dat’)

ntim = 8
nthick = 20
n2 = 20

MPrs_TSw = 0.14
initSat = 0.90
residsat = 0.00

Subroutine to read timestep, tim, and Qm3PerYrinSA and thickness from files uzflow.res
and dry_thick.dat. It then calls a subroutine that interpolates

the infiltration and thickness data so that there are

n2 years of values for infiltration and thickness.

This subroutine also calls the subroutine that converts Om3PerYrinSA

from m"3/yr to m/yr.

* k% N R

CALL INTERPOLATE (ntim, timestep, tim, Qm3PerYrinSA, n2,
& interp_tim, interpQm3PerYrinSA, nthick, thickness,
& interpThick, iSA)

Subroutine that calculates the amount of water perched above the dry-out zone.
The sources of this water are infiltration and water vaporized from the
dry-out zone. Also calls subroutines that calculate losses to system and
depression of boiling isotherm (Phillips).

LI

CALL PERCHED_VOL (n2, interpQm3PerYrinSA, interpThick,
& MPrs_TSw, initSat, residSat, equivThick, perchedvol,
& reachDrift, loss)

»

Write results to file ‘out’

WRITE(12,101)
101 FPORMAT({1x, ' I, 3x, ’‘reachDrift’)

DO 20 I = 1, n2

WRITE(12,102) I, reachDrift(I)

102 FORMAT(1x, I3, 3x, F10.6) / /g Z_ZC') ?5”

20 CONTIRNUE

CLOSE (UNIT = 12)
CLOSE (UNIT = 22)
CLOSE (UNIT = 24)
CLOSE (UNIT = 25)

STOP
END

(R e e s a2 S b
E e e e e R A e e R A R 22 Y

SUBROUTINE INTERPOLATE (ntim, timestep, tim, Om3PerYrinSA, n2,
interp_tim, interpOm3PerYrinSA, nthick, thickness,
interpThick, 1i8Aa)

[ X 3

INTEGER ntim, nthick, n2

REAL Om3PerYrinSA{ntim), SAarea, thickness(nthick)
REAL interpgm3Per¥YrinSA(n2), interpThick(n2)

INTEGER interp_tim(n2), iSA, timestep(n2), tim(ntim)

*
* Subroutine to read timestep, tim, and Qm3PerYrinSA lists from data file uzflow.res
# This subroutine also calls the interpolating subroutine and the subroutine that
+ converts QmiPerYrinSA from m~3/yr tp m/yr.
*
CALL uzflow_reader (ntim, timestep, tim, Om3Per¥YrinSa,

& n2, interp_tim, interpQm3PerYrinSAa)
*
* Subroutine that reads thickness of dry-out zone from data file. Also calls
* interpolating subroutine
.
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& n2, interp_tim, interpThick)

RETURN
END

PO T T T2 s R TR R R R RS R S A RS A LA L bbb
O e T e s L T T ST S AR AL L LR AR SR AR AL R AR

SUBROUTINE uzflow_reader (ntim, timestep, tim, Qm3PerYrinSa,

/
-7 TN
CALL thickness_reader { nthick, timestep, tim, thickness, “““"““””””“”““”“”~\;—________ﬂ, <4

T e

B

“NNW”W““““““““WWMw\uﬂ‘—___“____~

CALL maplist ( nthick, tim, thickness, M’ Z— 2 /\P(’ 5

& n2, interp_tim, interpThick)

RETURN
END

subroutine maplist(nl, x1, yl, n2, x2, y2)

[o}

c map data in first list into second list

c given the first set of {x,y}, and the second 59%7?f {x}, find the
7

c second set of [y ’ ,//2 2\8&‘;)5/

c
c nl = input, integer dimesion of fi
ut., , first array lists
g x}{zi] = input, double precision, array of x-values in first list
¢ y2 -]1- input, double precision, array of y-values in first list
c n2 nput, integer, dimesion of second array lists
¢ x2{:§} : input, double precision, array of x-values in second list
¢ Yy sziput, ?ouble precision, array of y-values in second list
u X
¢ es of y2 based on linear interpolation to of first list
* implicit double precision {a-h,o-2)
dimension x1(nl), yl(nl)
dimension x2(n2), y2(n2)
external ainterl
if( nl .le. 0 ) then
print *, * /
print *, ‘ ###>>> FError in maplist <<<#*x 7
print *, ' nl .le. 0
print *, ' pl = 7, pnl1
print *, * x1 = *, x1
print *, /' y1 = ', y1
print *, ' n2 = ’, n2
print *, ' x2 = ', x2
print *, ’ y2 = ¢, y2
INCLUDE ‘stop.i’
elseif({ n2 .le. 0 ) then
print *, ¢
print *, ’ #¥#>>> Error in maplist <<
<hhn
print *, n2 .le. 0’ F
print *, ‘' nl = ’, ni
print *, ' x1 = ¢, x1
print *, / yl =/, y1
print *, * n2 = ’, n2
print *, ‘/ x2 = ', x2
print *, ' y2 = /, y2
INCLUDE ‘stop.i’
elseif( nl .eq. 1 ) then
do k = 1, n2
y2(k) = yi(1)
enddo
else
do k = 1, n2
¥2(k) = ainterl( ni, x1, yl
enddo ’ yhe xada
endif
return
end
c
. function ainterl( n, t, v, tin )

aonfo0oo6Gco0o0onn

LINEAR interpolation in list of (tim
e, 1
to find value at given time. vaiue) data

n = input, integer, length of

tlnl = input, double precigion, ai;;;yo¥ai§§:s,
assumed to be in

v{n] = input, double precision, a:i:;ng;ngaiigzr

tin = input, double precision, time at which interpolated
value of "v" is requested

ainterl = output, double precision, interpolated value
if tin < t(1), then ainterl = v{l)

-~ A
N & n2, interp_tim, interpgm3PerYrinSA ) e
i
f REAL tim(ntim), Om3PerYrinSA(ntim), interpOm3PerYrinSA(100000) e —————————
| REAL interp_tim(100000) e
. INTEGER timestep(ntim), n2
b T i
. 5 FORMAT (I3, X, £5.1, X, £5.4)
3
L s
w PO 10 I = 1, ntim N
} READ(22, 5) timestep(I}, tim(I), Qm3PerYrinSA(I) e NI
o 10 CONTINUE
o ey, —
-
T s+ Subroutine that converts UZFLOW output from m~3/yr to m/yr. —
L] s
: CALL convertUZ (iSA, ntim, Qm3PerYrinSAa) —
‘-*‘ .00 P&
i b/lj/k~i <;, C/ e T
» Create interp_tim array with n2 years.
*
| Do 20 I = 1, n2
% interp_tim(I) = I
1"
gl 20 Continue
r
v *
i + CALL subroutine to interpolate values of QmiPer¥rinSA for n2 years.
U + This subroutine provided by Sitakanta Mohanty.
*
[ O\
Ll CALL maplist (ntim, tim, Qm3PerYrinSA, \Q
~ & n2, interp_tim, interpQm3PerYrinsa) (\\“
j‘ RETURN \
o END x
"
\r 'i'ﬁﬁitt!Qﬂ'i'.ttt*iﬂtiQti'ﬁifﬁﬁt"ttlk*ﬁii'i'ﬁi**hai*ti*'t’*t** N
' 6\ tiiﬁﬁttitﬂﬁ'iﬁ.i"Q*Qtiit'*'iiﬁi't'ii*itfﬁiti"'ttiitﬁ'tﬁi**k' \
T {
i L SUBROUTINE thickness_reader ( nthick, timestep, tim, thickness, (\J
% () & n2, interp_tim, interpThick )
i
1 o4 INTEGER nthick, timestep(nthick), n2
; { REAL tim( nthick), thickness(nthick), «
‘ & interpThick(100000) NS
-t N REAL interp_tim(100000)
i
; 5 FORMAT(13, £7.1, £7.1) \
Bt ™
i -
J Qﬁ po 10 I = 1, nthick
” ™~ READ(25, 5) timestep(I), tim(I), thickness(I)
NH 10 CONTINUE e
I . ‘
—F * Create interp_tim array with n2 years. e ———
' *
“T Do 20 I = 1, n2 o
.+ interp_tim(I) = I
B
i 20 Continue
| . R
« CALL subroutine to interpolate values of thickness for n2 years.
« This subroutine provided by Sitakanta Mohanty. o ————
»
i B S
T

M}Nl’,ﬁ/

A”’/"_,——*”JL————>




REFLox culd =

{eer 7)

37

dimension t{n)
dimension v(n)

al
S a1 RErLoy code— fepn 7) . 2-10-28
' R
8 e 2-20. M
i c if tin > t(n), then ainterl = v(n)
? implicit double precision (a-h,o0-z) e

[ -0
INTEGER n2 /(l‘i/p g
REAL interpQmiPerYrinSa(n2), interpThick(n2)

REAL perchedvol(n2), cellwidth, cellLength, cellArea

REAL MPrs_TSw, initSat, residsat, equivThick(n2)

REAL maxThick, delEqTh(100000), 1oss(100000)

REAL reachDrift(n2)

cellwidth = 22.0
cellLength = 19.0

B MU R——

:férznélf. 9 ? then N g cellArea = cellWidth + cellLength
,
print *, ’ #*#%#3>> Frror in ainterl <<<*** ! . - —
print *,,' n =.:/ n * The equivalent thickness of water perched above the dry-out zone is
N IN?LUDE stop. i * a function of the maximum dry-out zone thickness. When the dry-out zone —
*X Y elseif( n .eq. 1) then * thickness decreases, the maximum amount (minus losses calculated below)
ainterl = v(1) * derived from the dry-out zone remains perched and available to flow toward
return * the drift.
elseif( tin .le. t(1) ) then :
ainterl = v(1) ——————
return DO 10 I~1, n2
elseif( tin .ge. t(n) ) then N B
ainterl = v(n) IF(interpThick(I) .GT. maxThick) THEN
return S maxThick = interpThick(I)
else ENDIF s ——
», dok =2, n
if( tin .1t. t(k) ) then equivThick(I) = maxThick * (MPrs_TSw * (initSat
denom = (t(k)-t(k-1)) & - residsat))
if( denom .1t. 1.0d-30 ) denom = 1.0d-30 S—
frac = (tin - t(k-1))/ denom IF (I .GT. 1) THEN
ainterl = v(k-1) +frac*(v(k)-v(k-1)) delEqTh(I) = equivThick(I) - equivThick(I-1)
return IF (delEqTh(I) .LT. 0.0) THEN
endif delEQTh(I) = 0.0
enddo s ENDIF
endif ENDIF
print *, * 7/
print *, ‘ *%#>>> Error in ainterl <<<#*x - NTINU
print *, ’ should never get here ’ 10 CONTINUE
print *, ‘' n = ', n - 2
print +, ’ tin = /, tin DO 20 I~1, n
doi -1, n -
;rite("}goz il,t(;;i3v§i) * Calculate volume of water perched above the dry-out zone. After the
100 endg;mat( S ) * first year, losses are subtracted from the amount perched.
*
INCLUDE ’‘stop.i’
end IF (I .EQ. 1) THEN
AR AR R A L g R T L LT L L e perchedVol(I) = (1nterme3PerYr1:JSA(I)
WAL RS AL AR R E R L L L S & ELSE + equivThick(I)) cellArea
i CALL LOSSES (I, n2, perchedvol, interpThick, loss
SUBROUTINE convertUZ (iSA, ntim, Om3PerYrinSa) . (réachnrift) ' P ' ’ L/ /4
REAL SAarea, Qm3PerYrinSA(otim) ) / 7 —V: &Z«/
INTEGER iSA, ntim / /// éu / &
CALL gsarea (iSA, SAarea) / / - é
perchedvol(1) = perchedvol(1-1) + ((interpQm3Per¥rins (I)
DO 10 I=-1, ntim & + delEQTh(I)) * cellarea) - loss(I)
ENDIF
Qm3PerYrinSA(I) = Qm3PerYrinSA(I) / SAarea
20 CONTINUE
10 CONTINUE
RETURN
RETURN END
END
ti'.tt!ﬁth'tkfﬁ*iﬂﬁ‘*ﬁft&iti-'Qt*t*ti*t'ii-*'**'**k*ati**'i*t*i*.'ﬁﬁit*tti=72 S ——————s
"*."..',.,".g*'.g‘-.,‘-hggiggﬁﬁ.'fti'i*iﬁ'iiﬁﬁ*ﬁﬁ**“'ﬁ*"ﬁ‘**' QiiQil'ﬁ.’ti'tt'l-"t*'t'*'IQ'f***itlﬁﬁitiﬂttt'iﬁ*tﬁ"ﬁtt*tti*t'*iﬁl*'iliti‘-72
i'ﬂtﬁtﬁ.'.tii*tit'ﬁtth’titiit'ﬁtitiﬁh-ﬁﬂ*ﬁ!tt*'.’i*tt*'*tittiii
SUBROUTINE LOSSES (I, n2, perchedvol, interpThick, loss,
SUBROUTINE gsarea (iSA, SAarea) ﬁ & reachdrift)
, — NS
ﬂ 7 7/// ’?72:) o INTEGER I, n2
7 /L 77X [ N REAL perchedVol(n2), loss(n2), shed1(100000), shed2(100000)
/ I'4 Ay REAL interpThick(n2), reachDrift(n2), shedlFact
m {5 REAL vaporize(100000)
> ———————
g\\Q REAL SAarea shedlFact = 0,01
~ INTEGER iSAa
( Voo
i) SAarea = 1.0 * Shedl is a loss to the system (mechanism undefined) that
Q\\( * occurs every year.
¢ RETURN *
\ END N
(>\) );::Q shedl(1) = perchedvol(I-1) * shedlFact ————
.'i.tl"i"t’ﬁt’*'hQiQﬁ*'t*ﬂ'ﬁtiﬂtﬁ*ttitiﬁti’tif*tﬁﬁttt***'*ﬁttitﬁt**tt*t*=72
W .Q'ii'tﬁtﬁi.’itﬁ'*ﬂQ*ti’ti'i*'tf'iitiit*'titiﬁttﬂﬁi**it*i*i"tti*'i**t**t=72 -
::f:L . . * Shed2, vaporize, and reachDrift are functions of flow beyond T
. SUBROUTINE PERCHED_VOL (n2, interpQm3PerYrinsa, * the boiling isotherm (Q). No flow occurs the first year.
& interpThick, MPrs_TSw, initSat, residsat, »
& equivThick, perchedvol, reachDrift, loss)
s SN
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= . ~ 2-20-78 EXcet Ccode vsen 7o check LESNTS of [foe et Coos
REPioy cones (corvc L.) e P
Nﬂ' +.2 - oW Yo
shed2(1) = 0.0 4@ 2-—25)'“;‘5’ RN I i i T T T /’4L/q = 1O T
vaporize(l) = 0.0 New Reflux <
reachDrift(1) =~ 0.0 g 298
IF(I .GT. 1)THEN lncupomlnaDvy-;dZomTNeknmmd
TN f 0
*
* Call subroutine that calculates 3D depression of boiling isotherm at TSI T —
* long timed with steady-state flow rate. One year assumed to be long time. Year Infilkration | Thickness [ Thick Diff |Max Fact N
* Governing equation from O.M. Phillips, "The Infiltration of a Liquid (m) {m) (m) IJ
: Finger Down a Fracture into Superheated Rock", for CNWRA, 1994 — ( -
1 0.003 5 5 1.00 \/£C = {
CALL PHILLIPS_3ID (I, n2, interpThick, perchedvol, T~ 2 0.003 10 5 1 : o A uc‘j T E— )
& reachDrift, shedl, shed2, vaporize) 3 0.003 100 90 1 EP/K/‘ T{ 4 zlr/‘
ENDIF 4 0.004 80 -20 0 (B4 Y > | 4
5 0.008 60 -20 0 i (=
* — 3 0.004 20 40 [} ¥ S5 Py
: Total amount of water lost to system: 7 0.003 2 ET) 0 - b [
- e 8 0.003 2 (] 0 ’YJ/ .\ 2 ad
[] 0.003 2 0 0 . r~
loss(I) - shed1(I) + shed2(I) + reachDrift(I) 10 0,003 F] [ 0 1' X2 f}_’[
RETURN 11 0.003 2 [} 0 P R
END 12 0.003 2 ] 0 Al ¥ nw"[‘\s
13 0.0035 ) 0 0 ALt H‘b—
'*t‘it.'ti'l-iﬁtii'i’tit'f"tﬁﬁ*ﬁt'*ii'fﬁttt'ﬁhﬁt*i*ttti**t**t.fﬁi&t*'ﬁ*‘-72 14 0.004 2 0 0 l -k
.Qt'iQt"ﬁitl-**"QtItﬁ*iti*'ti*iifﬁQiQ*ﬁﬁtiifiiQi*tt*iﬁtn’t*t*tt!ﬁ'iit**-72 15 0.0045 2 0 ¢ "}I
16 0.005 2 0 0
SUBROUTINE PHILLIPS_3D (I, n2, interpThick, perchedvol, 17 0.004 2 0 0 f“
N reachDrift, shedl, shed2, vaporize) ﬂ 18 0.003 1 -1 0
19 0.002 1 0 0
INTEGER I, n2 4 3”1
: Caicuiate voiume of water perched above dry-out zone
REAL interpThick(n2), perchedvol(n2), reachDrift(n2),
& depress(100000), Q(100000), kRock, shed2Fact, This depends on infillration and dry-out zone thickness
& shedi(n2), shed2(n2), vaporize(n2) a8 well as values caiculated in steps 2 and 4.
*
* Calculate amount of water that flows across the boiling isotherm. It Year Porosity | Saturation] Add Eqv -[ Unit Area | Perched
: depends on the amount of water that was perched the previous year. Thick (m)| _(m*2) | Vol (m*3)
1 0.14 0.8 0.83, 418] 264564
I) = hedvol (I-1)~-shedl(I 86400 * 365 * 0.01
@1 = ({perchedVol (17 ~shedl (1)) / " 2 0.14 09] 063 418] 5205150
rhoLiq ~ 958 3 0.14 0.9 11.34 418} 5262 573
h = 2.432E+06 4 0.14 0.9 0 418] 5211.098
kRock = 2.1 5 0.14 0.9 0 418} 5180.561
delT = 100.0 [ 0.14 0.8 0 418] 5110.116
* 7 0.14 0.9 0 418] 5033.683
i 8 0.14 0.8 0 418] 4958.55
: Calculate depression of boiling isotherm. v 014 0.0 ) 18] 4384.754
10 0.14 0.9 0 418 4812.25 1A -
11 0.14 0.9 0 418] 4741.014 In (@
depress(I) = SQRT{ (rhoLiq * Q(I) * h) / (kRock + delT) ) /!,/ / o I / )
shed2Fact = 0.01 12 0.14 0.9 0 418] 4671.023 / ” A
shed2(I) =~ Q(I)*shed2Fact 13 0.14 0.9] 0 418] 4802483 /] ~
14 0.14 0.9 0 418] 4535.307] 7
* 15 0.14 0.9 0 418] 4460.520
* Calculate amount of flow (Q) that reaches the drift. Flow reaches drift 16 0.14 09 0 418] 4405.108
* only if the boiling isotherm is depressed more than the thickness of the 6{
,f 17 0.14 09 [ 418] 4341.384
* dry-out zone. Amount of flow reaching drift is reduced by amount that P 18 0.14 0% ) 18| 4267.207
* vaporizes in tramnsit and by an undefined loss: shed2. Shed2 (like shedl) I', ‘ '14 0. 1 “’1
* represents water that leaves the system. It is lost even if no flow reaches Z 0 14% "3 ;: 3'14 0.: g :1: ::"‘13
* the drift. . . -
)
L]
e Z Y - C“( Step 2
IF(depress(I) .GT. interpThick(I)) THEN 6 6 ‘ Cailculste first ioss 10 system and volume of flow crossing
vaporize(I) = (interpThick(I)/depress{I)} * Q(I)* ) /q N\ bolling isotherm
reachDrift(I) = (Q(I)- shed2(I) - vaporize(I)) * B6400 * 365 % A d
shed2(I) = shed2(I) * B6400 * 365 /!/, -
ELSE »
reachDrift(I) = 0.0 N Yeoar Perched | First Loss | Q Factor FbiLm Q
shed2(I) - shed2(I) * 86400 * 365 e ~\.\§ Vol ("*3) | Factor {m*alyn | (3D
ENDIF —————— —— A
1 264.504 0.01 0.01] 2.64594 0
RETURN o \ 2| 526.5158652 0.01 0.01] 5.265150| 2.619481
END 3| 5262.572581 0.01 0.01{ 52.82573] 5.212507
- 4| 5211.097061 0.01 0.01; 52.11008] 52.00047
. 51 5160.580084 0.01 0.01] 51.60561| 51.58087
P — 8] 5110.118478 0.0 0.01] 51,10116| 51.08055
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e ~F% /) o W Wa W P54
M 7] 5033662508 0.01 0.01] 50.33663] s0.59018] /U~ 21T JCA1T TN
0 8 4050.550050| 001 0.01] 405855 49 o \/7%__*
e 8] 4884.753007 0.01 0.01] 48.84754] 49.08965 “““ e
10] 4812.250018 0.01 0.01]  48.1225) 48.35008 ! 1.0 0.003
1] 4741.01419 0.01 0.01] 47.41014] 47.64128 N e 2 3.0 0.003 — ; 1.0 5.0 wowme 1 reachDrift ———
12| 4671.023053 0.01 0.01] 46.71023] 40.93604 : ;Ag 8.005 3 §-g lég-g ; g.gggggg 13 )/1)
13] 4602.482568 0.01 0.01] 48.02463] 46.24313 e -0 0.003 — ; : . .
A NS 0 0. 4 4.0 80.0 . 0 g ————
14| 453530867 001 0.01] 45.35307| 45.56438 o 2.0 0.003 s 50 600 - T 0 oe0000 % N
o o108 rosess| 001001 ¢408108] 44.2485¢ e~ ] Moo SMS R AN AN ‘
) X . X . 8 20.0 0 001 3 7.0 2. QK 6 0..000000
. 17] 4341.383575 0.01 0.01] 43.41364] 4361054 P » - B 8.0 2.0 7 26.100811 % "B \
— 18] 426720704 0.01 0.01] 42.67207] 429797 e NIy 62Tl g CodS b 0 2.0 B 25.53572 Lb . e
T 19] 419447217 0.01] __0.01] 41.04172] 4224624 T 9 24973656 G Y QLS\ §{\‘
20 4111.126085 0.01 0.01] 41.111268] 41.5223 12 120 o8 =\ 1 ;;;;gg;g 3 p “Q ——
Sep3 non 2 pomaear 0N
4. 2.0 h ~ .13 22.850798 \ —
Calculate distance doiling isotherm dep d 15 15.0 2.0 ( 14 22.347736 % J 18 (\
(Phillip's 3-D Method) 16 16.0 2.0 15 21.856205 & N '*g ,
17 17.0 2.0 i 16 21.375971 vy /
&} I ig ig-g 1.0 17 20.906790 o b (4 d (\Q____
Year Q rholiq h Therm K | Deita 7 | Depress 20 20 1.0 ( -\ 18 31.496881 N -
£ .0 . . =
i Kl B B I N\ oo ANEE R RN
B — SR — B . °
[P Tea—ccd & Q‘*‘“
1 0 958| Z.43E+00 21 100 (] U ) Q) QY) _f )
2[ 8.30632E-08 058] 2.43E+00 21 100] 0.959073 Tt Zepwtss
3[1es2esE 07| osa[243ev08] 24 100 1384178 [, A :2 0 I psor
4] 1.65208E-08 58] Z.43E+08 21 100] 42812271 7 || T—— )
S| 1.6350E-06 958 2.43E+08 FX] 100] 4.260237 !
6| 1.62004E-08 958] 2.43E+00 2.1 100] 4.239529 Vi S
7] _1.6042€-08 058( 2.43E+08 2.1 100] 4.218758 30 .
8] 1.5802E-08 958] 2.43E+08 21 100] 4.18708 P %.
0] 1.55662E-08 058) 2.43E+08 24 100 4.155722 L7 N P ) -
10| 1.53346€-06 958] 2.43E+08 2.1 100] 4.124683 N METHPA O A0 ;7 — T HLCEFAESS o Her —ov “RLo A
11] 1.51060€-08 058] 2.43E+068 21 100] 4.0939057 ,% AW N £ £ S QL7 Z
12| 1.48833€-08 958] 2.43E+08 21 100] 4.063543 R\ g ;
13 1.40636€-08 958] 2.43E+08 21 100] 4.033438 N - i
74| 144484508 58] 2.43E+00 21 100] 4.003726 X S LT “?6’
15| 1.42375E-08 958 2.43E+08 21 100[ 3.974400 hl 3 13
e o arere ool somsess— T Height of Boiling Isotherm (100 C) Above Waste Package
17/ 1.382886-06 958] 2.43E+08 2.1 100] 3.916044 [~ 3
18] 1.30288E-08 0958] 2.43E+08 2.1 100 3.88851 0 N § .
19| 1.330626-08 958] 2.43E+06 2.1 100] 3.855180 3 boil-isotherm
20] 1.31886E-08 958] 2 43E+06 2.1 100 3.822014] _V vj 100 ; -
U, SRS L : s B
pe i ‘Q‘/ J - Z ‘: 036mm/} : 190
Compare dry-out zone thickness with lsotherm Q 1 / » / > /  036mmiyr
depression. If thickness less than depression, Q (minus| A \ ) Us ‘Sﬂ,('e&j j : 0.36 mm/yr
loss and fraction that vaporizes) reaches arit. | 7] ! RN ee/3d/7
A Otherwise, Q (minus loss) retumned to perched zone - |/ Ve / 1 5 3 | € ] B
o added o perched volume. /A y (\\K A / : ; g —
> , J ~rsefhert .coh
( Year | Second Loss | Second | Thick | Depress |IF - ResulVaporizé || Reach \)S\ i "'4_/: gAe K ; I & ..
. Factor Loss (m) (m) (m*3yn | Dnft d Sl "o
{(m3/y) (m*3/yn) f}r\ ‘g Q —_ ] = ScocAeXx? | 3
I
N/ 1 (] ) 5 0 0 0 0 NA g« (g
\ 2 0.01| 0.026195 10| 0.950973 0 [ 6 \Q \} =] 50 1 L 100 G TTm——
{ 3 0.01] 0.052125 100] 1.354175 0 0 0 { 50 -]
4 0.01] 0.520905 80| 4.201227 0 0 0 (" A ‘S | | o -
N 3 0.01] 0.51589 80[ 4.260237 0 0 0 9] N 3 T 3
e 0.01 0.510808 20 4.230520 0 0 (] N N {) i > R—
7 0.01] 0.505902 2] 4.218758 1] 23.96344] 26.10082 > Y o 1 s 8
[ 0.01] 0.498333 2| 4.18708 1] 23.80335] 25.53158 4 3 { o
\) 9 0.01] 0.490698 2| 4156722 1] 23.62508] 24.97367 U (}ts N ] E;’
) 10 0.01] 0.483501 2] 4.124883 1] 23.44062] 24.42685 N — D ) ¢
1 0.01] 0.476413 2] 4.003957 1] 23.27305] 23.80081 . ~ a T
\ 12 0.01] 0.46938 2[ 4.063543 1] 23.10105] 23.36583 — : 1 5 ~
13 0.01] 0.482431 2] 4.033436 1] 22.02080] 22.8508 { -
14 0.01] 0.455644 2[ 4.003726 1] 22.76000( 22.34775 —_— W 0 L 5o
15 0,01] 0.448095 2] 3.074400 1] 22.50432] 21.85822 AT N L)
16 0.01] 0.442483 2] 3.945482 1] 22.47088] 21.37568
17 0.01] 0.438105 2] 3.916044 1] 22.26764] 200088 wmmwwmm.% » ‘ ; ‘ ‘ -
18 0.01] 0.420797 1| 388851 1] 11.063] 31.4060 N LA 1)) M 3 1 L B 1
19 0.01] 0.422482 1] 3.855189 1] 10.95628] 30.0655 — W«,,Mwmmwk 0.1 1 10 100 1000 10000
20 0.01] 0.415223 0] 3.822014 1 0] 41.10708 ' s
U
Years -

e
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Height of boiling isotherm above wasle package for 3.6 mm/yr and
0.36 mm/yr infiltration rates. Power = 83 kW/acre. Data from runs
v34-3.6-3.dat" and "3d-0.36.dat". Top of waste depth = 343.4 m.

T Time 3.6 0.36 '
v L1 0 0 7 - S\\(\ S
. 10 4.9 5.2 Y - AN
20 8.2 8.9 ' LN —
- ‘ 30 12.1 13.2 . , o/ ;
40 16.7 18.5 n D S e 3 rice) T ~ -
e 50 21.5 23 Sy & S N - -~ J/ ") T
e 60 23.7 25.1 ' N
70 24.9 25.4 s 7( ; NN R
80 25.9 27.6 (3(;,‘,(/- / Se /;é,ﬂ,v R
o 100 27.6 29.7 \ o
s 200 33.6 37.9 e MU
’ ~
e 400 © 49.5 62.3 ~D
600 70.7 81.7 A )
e 800 78.7 91.4
o 1000 80.7 95.1 o
T 2000 7.3 23.9 S
e 4000 0 0
e , e ——— A ——— S
. 5 72 ’ et e e S—-—
- 1498 T
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SUBROUTINE MASS_BALANCE (n2, interpOm3PerYrinSA, equivThick,

& cellArea, perchedvVol, reachDrift,
& loss, massBal)

INTEGER I, n2

REAL 1nterme3PerYrinSA(n2), equiv’I‘hick(nZ), cellArea N e e 1 N i e o e s
REAL perchedvol(n2), reachDrift(n2), loss(n2)
REAL totIn{100000), totOut(100000), delStore(100000) - R -
REAL delEgTh(100000), massBal(n2), relError(100000)
* -
* Summ mass entering system
* . AR W
totIn(l) = (interpOm3PerYrinSA(1l) + equivThick{l)}*cellArea
DO 10 I=2, n2
delEqTh(I) = equivThick(I) ~ equivThick(I-1) R
IF (delEqTh(I) .LT. 0.0) THEN
delEqTh(I) = 0.0 - -
ENDIF

totIn(I) = (interpQm3Per¥rinSA(I) + delEqTH(I))*cellArea
& + totIn(I-1)
10 CONTINUE

*
+ Sum mass leaving system S S A S
*
totout (1) = loss(l) o o
DO 20 I~2, n2 e —— e o Ao
totOut(I) = loss(I) + totOut(I-1})
20 CONTINUE -
-
* totIn - totOut should equal perchedvol R -
*
DO 30 I=~1, n2 S
delStore(I) = totIn(I) - totOut(I)
massBal(I) = delStore(I) - perchedvol(I)
relError(I) = massBal{I)/((totTn(I)+totOut(T)) 2) A S A i e R
30 CONTINUE
WRITE(21, 101) T o
101 FORMAT (1x, 4x, ’'I’, 15x, ‘totIm’, 12x, ’totOut’, 10x, ’'perch’,
& 15x, ’‘massBal’, 8x, 'relError’) - S i
DO 40 I=1, n2 - o
WRITE(21, 102) I, totIm(I), totOut(I), perchedvVol(I),
& massBal(I), relError(I)
102 FORMAT(1x, IS5, 3x, 5(6x, F12.6)) . S S —
40 CONTINUE
RETURN T
END
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