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typographical errors in equations in NRUTIL. The functions in NRUTIL are passed as
arguments to numerical routines in the NUMRECIP module (routines zbrak and zbrent)
to find roots. These root finding routines will be tested as part of Task 12.




Test Procedure:

Equations in Fortran format were copied into Mathematica to be translated into standard
mathematical notation. Translated equations were visually compared to equations in
Mohanty and Adams (2005). Equations in this paper are intended to estimate
temperatures in a system with natural backfill on top of drip shields. Equations in
NRUTIL consider all possible cases, such as no-backfill and no-drip shield. Equations
for these cases can be inferred from equations in Mohanty and Adams applying
symmetry arguments.

The attachment includes a comparison of the original Fortran lines, the Mathematica 5.1
translation, and the corresponding equation in Mohanty and Adams (2005), or derived
equations from symmetry arguments for the cases not explicitly considered in the paper.

Test Results

Location: The file translations.nb is a Mathematica 5.1 notebook including the
translations from Fortran to standard mathematical notation.

Test Criterion or Expected Results:

Equations in NRUTIL must be consistent with equations in Mohanty and Adams (2005)
or with inferred equations.

Test Evaluation (Pass/Fail): PASS

Notes:

Tester: Osvaldo Pensado Date: May 25, 2005




NOTE: Notation in NRUTIL closely follows the Mohanty and Adams (2005)
parameter. Consult this paper for meaning of parameters and coefficients.

function fTargetBackfillOuter (temperatureBFO)

Fortran form
d_kecv2 = 0.38640 ®* D_kair * ((D_pr / (0.861d0 + D_pr))**0.2540) *

&

& (

& (dlog{radius_rw/radius_bfo)**4.0d0) *

& D_g ® D_beta * (temperatureBFO - D_Temperature_RW) /
& {

& D_nu * D_alpha *

& {

& ({2.040 * radius_bfo)**(-3.0d40/5.040)) +
& ((2.040 * radius_rw)**(-3.0d40/5.040))

& ) **5.040

& )

& )

& **0.25d0)

Mathematica translation

radius v 14 0.5
_[ Dpr |0 nghﬂmMJ D_gD beta (temperatureBFO - D Temperature F¥)
d kev2 = 0.386D kair =
- - 0.861+D pr D muD alpha ((2 radius bfo)-¥5+ (2 radius rw)-3/5)3

Mohanty and Adams (2005)
D 4 -l1/4
114 (/"D—M) QB(beo‘Trw)E
J blo g (12)

]

Pr
0.861+Pr

ke, =0.388k,; [ : 3
va(DQ,?,“ + D,;,s's)

Conclusion: Equations match

Fortran form
a_kr2 =
dlog(radius_rw / radius_bfo) * D_SBolt ® radius_bfo *
(temperatureBFO**2 + D_Temperature_RW**2) *
(temperatureBFO + D_Temperature_RW) /
(
(1.040 / D_EmissBF) +
((1.0d0 - D_EmissRW) / D_EmissRW) *
(radius_bfo / radius_rw)

)

RRRRRIRRR

Mathematica translation
Log] —————::-:; ] D_SBolt radius bfo (temperatureBFO? + D_Terperature _sz) {temperatureBFO + D_Temperature W)
d kr2 = =

1 (1-D EuissiW) radius bfo
D PissiP D i ssB radius xw




Mohanty and Adams (2005)

r
,n('ri] rblo (Tt;o + Tr:)(Tblo+ Trw)

k,2 = bfo
_’_ﬂ_ﬂ(ﬁa)
eb!c er.v 4 ™

Conclusion: An extra factor D_SBolt, representing the Stefan-Boltzman constant
(5.67x10°® W/ (cm? K*)), appears in the Fortran equations. This extra factor is not an
error. There is a typographical error in Equation (14) in Mohanty and Adams (200S).
The radiative thermal conductivity, k,, must include the Stefan-Boltzman constant.
Equation (11-14) in the Risk Analysis for Risk Insights Progress Report (Mohanty el
al., 2005, Doc Q200505230001) does include the Stefan-Boltzman factor. Equation (1l1-
14) in the RARI report is reproduced below:

(14)

r
In (ﬁ] Ol o (Tb%o +Tr3! )(beo"' Tow )
__ v

K=
" Lﬂ;em{fm]
Sofo €w \w

Fortran form
fTargetBackfillOuter = D_Temperature RW - temperatureBFO +

&

& (D_Thermal_Load_Above / (2.040 ¢ 3.1415940 * D_WPSpace)) *

& (

& dlog(radius_rw / radius_bfo) /

& (d_kcv2 + d_kxr2)

& )

& )

Mathematica translation
radius rw

D Themmal Load Above —=
( - - - )Ing[nﬁMuJ!o]

fTargetBackfillOuter = D Tenperature R - temperatureBFO
arge ) Temperature i - temper " (2314159 D Wpspace) (d kov2 +d kr2)

Equation (10) in Mohanty and Adams (2005)
,,,(LQN_J ,n('bfo' ,n[fdso] /,,lﬁJ

q bfo/ , \fdso/, \fdsi fwp (10)
2nwpl | key2 +Kr2  Kof kds  kev1+kr1

Twp —Trw =

can be rewritten as

Twp - Trw = (beo - Trw)+ (Tdso - beo) + (Tdsi - Tdso)+ (Twp - Tdsi) , where, for example

rfW
In| -
r
beo - Trw = 9 -2
2nwpl k,,, + k,,



NRUTIL defines the following function

rf‘W
In PR
q bfo
AT =T, ~Too +
bfo ™w bfo 27:Wp/ kcvz + krz

The TPA code iteratively finds the root of the equation AT,, = 0; thus allowing to

define the temperature T,..
Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)



function fTargetThermalLoad(thermaload)

Fortran form
gcondK = (2.0d0 * 3.14159d0 * D_WPSpace * (1.040 - D_FracInv) *
& D_CondFloor) / dlog(D_DriftDiaFloor/D_WPDia)

Mathematica translation
23.14159D WPSpace (1 - D FracInv) D CondFloor
geo } = Dndfé;ﬂmmm -
Log| == D WeDia ]

This equation does not explicitly appear in Mohanty and Adams (2005). This equation
is used to estimate the thermal conductance of the invert. In Figure 1 in Mohanty and
Adams the invert is modeled as a cylindrical segment spanning from the waste package
to the drift wall. The fraction of the drift not covered by the invert is represented
by D_FracInv.

Equation (10) in Mohanty and Adams (2005):
,n{_m] ,,,('bfo) ,n(fdso) /,,[M]
9

bfo . fdso dsi er (1)
2nwpl | koy2+kr2 - Hof kds  kev1+kr

Twp —Trw =

Equation (10) can be rewritten as

7-wp - Trw = (Tbl -T )+ (Tdso - Tblo) + (Tdsi - Tdso) + (T - Tdsi) , where, for example

w wp

r
In| -2~

T _ __9q Toto
™ 2nwpl k,, + K,

Using a symmetry argument, the conductance between two concentric cylinders of radius
r, and r; (r, < r;), is therefore computed as

gcondK = 9 __op wpl _k_
L-T, r
In| =
h

It is assumed that a medium of thermal conductivity k fills the space between r, and
r,. If the space is partially filled, by a fraction f, the equation can be corrected as

gcondK = _9__o wp/——kf—
7: _'7; ,é
In| =
h



From the previous equation and the notation in Mohanty and Adams (2005), the following
equation is derived for the thermal conductance of the invert:

Kien (1— D_ Fracinv)

re
In| -~

Fwo

gcondK = 2n wpl

In the previous equation ﬂ; represents the initial rock wall diameter. As time
elapses and drift degradation proceeds, the drift wall radius grows. Thus, in

) - : .
general, [, > ﬁf. 1£f, > I, an additional contribution to the conductance must be

computed. The following statements in NRUTIL are intended to define that case.

Fortran form
gcondKip = (2.0d40 * 3.14159d0 ® D_WPSpace *

& (1.040 - D_FracInv) *
& D_CondRW) / dlog(D_RWDia / D_DriftDiaFloor)
gcondKeq =

& 1.040 / ((1.040 / gcondK) + (1.040 / gcondKip))

Mathematica translation

23.14159D WPSpace (1- D _FracInv) D_CondRW )

geondKip = D Fbia ;
L09| 5 riripmarios |
1
geondKeq= ———3 —
goondK  goondKip

Applying the same approach to derive the invert conductance and the notation in
Mohanty and Adams (2005), the following equation is derived for the conductance of the
cylindrical segment or rock material below the invert:

k., (1- D_ Fracinv)

r
In(—j—)
rrw

The equivalent conductance is computed as the conductance of two elements in series:

1
1 1

+
gcondK  gcondKip

geondK = 2n wpl

gcondKeq =

Thus, equations in NRUTIL are consistent with equations in Mohanty and Adams (2005).



Fortran form
fTargetThermalLoad = D_Thermal_Load - thermalLoad -
& (D_Temperature WP - D_Temperature_RW) * gcondKeq

Translation

fTargetThermalLoad = D_Thermal_Load - thermallLoad - (D_Temperature WP -
D_Temperature_RW) * gcondKeq

By an iterative approach, the TPA code finds the root to the equation
fTargetThermalload = 0. This is eqguivalent to requiring

QWp = qabova + (Tw - Trw)keq

where

q.,, = D_Thermal_Load : heat output from the waste package

Oapove = thermal load above the drift wall

(Tp - To) k. = heat loss between the waste package and drift wall

The unknown variable in the equation is Quoy,.-

Conclusion: the format of the NRUTIL equations is consistent with equations and
concepts in Mohanty and Adams (2005).



function fTargetDripShieldOuter (temperatureDSO)

Fortran form
calc_mphi = -1.040 * DLOG(D_di * 1000.040) /
& DLOG (2 .0d0)
calc_sigmaphi = (calc_mphi * D_sort**2 - calc_mphi) /

& (0.675d0 + 0.67540 * D_sort**2)
calc_mdp = DEXP(
& -1.040 * (calc_mphi * DLOG(2.0d40) + 2.5 *
& calc_sigmaphi**2 * (DLOG(2.0d0))**2)
& )

Mathematica translation

calc mphi - . 2910110001

- Log(2]

calc mphi D_sort? - calc mphi
0.615+0.675D sortz '

calc mdp = e"(CAleTPhLTog(2)+2.5 cale, siguaphi? Log(2)2)

calc sigmaphi =

Mohanty and Adams (2005) equations

®=- log, Dp .
0S2-0
Op=— (6)
0.675+0.675S?

Dy =exp {— [E(m 2)+250% (In 2)2]} (4)

Conclusion: The factor 1000 next to D_di is to transform a particle diameter from

meters to milimeters. Thus, NRUTIL equations are consistent with equations in Mohanty
and Adams (2005).



Fortran form
calc_sigmadp = DSQRT({
DEXP (
-1.0d40 * (
2.0d40 * calc_mphi * DLOG(2.0d40) +
4.040 * calc_sigmaphi**2 *
(DLOG(2.0d0) ) **2

)

R RRRRRR

Mathematica translation

calc sigmadp = \/ o (2cale mphi Tog[2] +4 cale sigrphi? Log(2]?)

Mohanty and Adams equation
o3, =exp |- 20 (n2)+ 403 (2]} (9
Conclusion: equations are consistent

Fortran form

calc_cdp = (calc_sigmadp / calc_mdp)
calc_gama = (DEXP(
-1.0d40 * (

3.0d0 * calc_mphi * DLOG(2.040) +
4.5d0 * calc_sigmaphi**2 *
(DLOG(2.0d0) ) **2
)
) -
3.040 * calc_mdp * calc_sigmadp**2 -~
calc_mdp**3
} / calc_sigmadp**3

RRERRRRERRR

calc_perm0 = calc_mdp**2 * D_phi**3 /

& (72.040 * D_tau * (1.0d0 - D_phi)**2)
calc_perm = calc_perm0 ® (calc_gama ®* calc_cdp**3 +

& 3 * calc_cdp**2 + 1.0d0)**2 / (1.040 + calc_cdp**2)**2
Perm = calc_perm / 1.0d6

10



Mathematica translation

calc sigmadp
cal. s ="
e cdp calc mdp
e-(saxs_mmg[z].qjcalc_ugume 1og(2}?) - 3cale mdpcalc sigmadg? - cale mdp?
calc gama = = = = ;
= calc sigmadp?
calc mdp? D phi®
calc_pemmd = = ;
E 72D _tau (1-D_phi)?
calc_ perm0 (calc gamacalc cdp3+ 3calc cx:lp2 +1)2
calc perm = = = = ;
{1+calc_cdp?)?
calc perm
Perm= —=———;
108

Mohanty and Adams eguations

Cp, —  Coefficient of variation of the particle

size distribution= 6, /D, [unitless]

3 2 4\
i Biq,s (y(’, ,+3C5 + 1)
0| (rcs)

y  — Skewness of a particle size distribution

(3)

[unitless]

The equations in Mohanty and Adams (2005) do not include the skewness equation. The
skewness is defined as

(D,*)-3D,0,,° - D,
’Y = 3 = 3
Cp,

3
where <[)p > is the third moment of the particle size distribution. It is therefore

inferred that

(Dp3> = exp{— {36In(2) +45¢,° In(2)2]}

The above equation is not included in Mohanty and Adams (2005). However, that equation
was published as Equation (17} by Manmath N. Panda and Larry W. Lake, Estimation of
Single-Phase Permeability from Parameters of Particle-Size Distribution. AAPG
Bulletin, V. 78, No. 7 (July 1994). p. 1028-1039

Conclusion: NRUTIL equations are consistent with Mohanty and Adams (2005) equations
and the paper by Panda and Lake (1994).

11



Fortran form
calc_perm0 = D_di**2 *® D_phi**3 /
& (72.040 ® D_tau * (1.0d0 - D_phi)**2)
calc_perm = calc_perm0 * (D_gama * D_cdp**3 +
& 3 * D_edp**2 + 1.040)**2 / (1.0d40 + D_cdp**2)}**2
Perm = calc_perm

Mathematica translation
el D di?D phi®
PSS 92D tau(1- D phi)? |
calc pem0 (D_gamaD cdp®+3D_cdp? +1)%

cal = ’
cpem (1+D_cdp?)?

Mohanty and Adams (2005)
2
Dy | (e, +33 + 1)
= 2 2
72:(1-9) (1+ Cf,p)

K (3)

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

12



Fortran form
D_Perm = Perm
K = Perm
alfam = D_alpha
Rari = D_g * D_beta * K ® radius_dso *
& (temperatureDSO - D_Temperature_BFO) / (D_nu * alfam)
qgqcl = 2.040 * 3.14159d0 * D_km *
& (temperatureDSO - D_Temperature_BFO) /
& dlog(radius_bfo/radius_dso)
NCapu = 0.4440 * (Rari**0.5) * dlog(radius_bfo/radius_dso) /
& (1.0d0 + 0.91640 ® ((radius_dso / radius_bfo)**0.5))
D_Nassult = NCapu
D_Rari = Rari

Mathematica translation
D Pemm = Perm;
K= Perm;
alfam= D_alpha;
_ D gD betaKradius dso (temperatureDSO - D_Temperature BFO)

Rari = ’
D_nualfam

23.14159D km (temperatureDSO - D Temperature BFO)
qel= = Log[ radius hfo = = i
radius dso ]
radius hfo ]
radius dso
radius dso | 0.5
radius

0.44 Rari®-® Log(
NCapu =

1+0.916
D Nassult = NCapu;
D Rari = Rari;

Mohanty and Adams (2005) equations

I,-T
Ra,i - QBK”, do bfo (2)

va,
q.= 2nk Tdo_ beo
W] ()
fi
In{r,/r,
Nu = 044Ra” ) — 9)
1+0916(r; /1)

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)
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Fortran form
gl = NCapu * qcl

keff = gl * dlog(radius_bfo/radius_dso) /
& (2.040 * 3.14159d40 * (temperatureDSO -~ D_Temperature_BFO)}

kbf = keff

Mathematica translation

gl = NCapuqel;
radius bfo
ql Log[ ——=—]
keffo radius dso ;
2 3.14159 (temperatureDSO - D_Temperature BFO)
kbf = keff;

Mohanty and Adams equations

g'=Nu-q, (16)

"

k.=K,=—
g ! 2n Tdo - beo

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)
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Fortran form
D_gcond_bf3 = kbf

fTargetDripShieldOuter = D_Temperature_BFQO - temperatureDSO +
& (D_Thermal_Load_Above * dlog(radius_bfo/radius_dso) /
& (2.040 * 3.1415940 ¢ kbf * D_WPSpace))

Mathematica translation
D gcond bf3m kbf;
D Thermal Ioad AboveLog[—?—_:ig-g]
- - - us
£T. tDripShieldouter = D T rature BFO- temperatureDSO = ;
argetDrips ChL - ' 23.14159kbE D WpSpace

Equation (10) in Mohanty and Adams (2005):

n[I) i B0 pf'ds0 M@ﬂ
q \ibfo dso’  _‘fdsi/, “fwp ( )
wwpl | koy2 +kr2  Kof kds  kev1+krt

Twp"Trw :2

Equation (10) can be rewritten as

Twp - Tm = (beo - Trw ) + (Tdso - Tblo) + (Tdsi - Tdso) + (Twp - Tds,-) , where, for example

In(—r""’]
q rdSO
T, -T, =—a @07
wo T 2nwpl Kk,

In NRUTIL, the objective function, AT,,, is defined as

|n ’bm
q ﬁmo
AT,, =T, -T,, +
bfo bfo dso 2TIVWD/ kb,

The TPA code solves the equation AT,, = 0; thus defining temperatures satisfying

|n(lﬁ2)
T,
T -7 =9 ‘ool
dso bfo 2n|”p/ km

in consistency with equations in Mohanty and Adams (2005).

Conclusion: equations in NRUTIL are consistent with equations in Mohanty and Adams
(2005).

15



function fTargetDripShieldOuterNoBackfill (temperatureDSO)

Fortran form
krl = dlog({radius_rw/radius_dso) * D_SBolt *® radius_dso ®
(temperatureDSO**2 + D_Temperature RW**2) *
{temperatureDSO + D_Temperature_RW) /
(
(1.040 / D_EmissDS) +
((1.040 - D_EmissRW) / D_EmissRW) *
(radius_dso / radius_rw)

RRRRRRR

)

Mathematica translation
Log[ — mdios o0 ] D SBolt radius dso (temperatureDSo’ + D_Temperature RW) (temperatureDSO + D Temperature RW)

1 +(LQpnanmﬂmiﬁw
D EmissDS D EmissBW zadius v

krl=

Mohanty and Adams equation

In f’— o(T +T2:) (T +Tas)

k= — 13
" 1 1’—Edsi rwp) ( )

ewp €dsi f dsi

Note: equations are not identical; however, the equation in NRUTIL can be derived by
replacing the wp subscript by dso and dsi by rw. The conductance equation is
symmetrical. It applies to two concentric cylinders, the cylinder with the larger
(smaller) radius is represented by ry,; (r,)in Equation (13). Since radius_rw >
radius_dso, the replacement is valid.

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams
(2005).

Fortran form
kcvl = 0.386d0 * D_kair * ((D_pr / (0.861d0 + D_pr))**0.25d0) *

& |

& (

& (dlog(radius_rw/radius_dso)**4.0d40) *

& D_g * D_beta * (temperatureDSO - D_Temperature_RW) /
& (

& D_nu * D_alpha *

& (

& ((2.0d40 * radius_dso)**(-3.0d40/5.0d40)) +
& ((2.0d0 * radius_rw)**(-3.0d40/5.040))

& ) **5.0d0

& )

& )

& **0.25d40)

Mathematica translation
0.5
)0,25 [ ] D gD beta (temperatureDS0 - D_Temperature KW)

kevl=0.386D kau[

0.861+ D_pr D_nu D alpha ((2 radius dso)-¥5+ (2radius rw)-3/5)5

16



Mohanty and Adams equation

) 4 1/4
i [Inggﬂ] gB(Twp ‘Tdsi)
il (11)

va (03 + D)

Pr
For =°'386ka"[ 0861+ Pr)

Note: eqguations are not identical; however, the equation in NRUTIL can be derived by
replacing T,, by temperatureDSO and T,; by D_Temperature RW. The thermal conductivity
equation is symmetrical. It applies to two concentric cylinders, the cylinder with
the larger (smaller) radius is represented by ru; {(r,) in Equation (11). Since
radius_rw > radius_dso, the replacement is valid. In Mohanty and Adams (2005), the
equations presented correspond to the backfilled case. NRUTIL equations address
general cases, including the no-backfilled case. Equations describing specific cases
can be derived from equations in Mohanty and Adams (2005) by applying symmetry
arguments.

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

Fortran form
fTargetDripShieldouterNoBackfill =
D_Temperature_RW -~ temperatureDSO +
{D_Thermal_Load_Above / (2.040 * 3.14159 * D_WPSpace)) *
(
dlog(radius_rw / radius_dso) /
(kevl + krl)

RRRRRR

)

D_gconv_2dw = kcvl
D_grad_2dw = krl

Mathematica translation
(D_Thermal Load_Above) Log| oot
-~ - - adius dso .

tDripShieldouterNoBackfill = D ature RW- tureDSO
fTargetDrips e - e 0 ¢~ 73.14159 0 WeSpace) (kevL s )

D geonv_2dw = kevl;
D grad 2dw=krl;

Equation (10) in Mohanty and Adams (2005) for the backfilled case:

A

nf 2] B ,n"rdso) ,,,(ﬁ}
9 b 4_fdso’ ' [fdsi fwp (10)
awpl | key2+kr2  kof kds  kev1+kr

Twp-Trw =7

For the no-backfilled case, applying symmetry arguments, the following relationship
can be derived:

17



ln(——r MJ ln(——r"”) In| .
r, Fs r,
q dso + dsi + wp

T, -1, =T -T )+ (T —To)+ (T, - Tosi) =
wp w ( dso rw) ( dsi dso) ( wp dsr) 275 Wpl kcvz + k,g kds kcm + k”
where
In(rr””)
Tdso_ w g =

" onwpl k, +k,

In NRUTIL, the objective function, AT4,, is defined as

In(nﬂ]
q rdso

+
2rnwpl k,,, + K.,

AT, =T, ~ T

The TPA code solves the equation AT, = 0 to define temperatures consistent with the

equations in Mohanty and Adams (2005). There is a minor difference in the NRUTIL
equations, that include a suffix 1 for the effective thermal conductivities: kcvl and
krl. Such difference in the suffix is irrelevant. It is only a name change.

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)
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function fTargetWastePackage (temperatureWwP)

Fortran form
krl = dlog(radius_dsi/radius_wp) ® D_SBolt * radius_wp *
(temperatureWP**2 + D_Temperature_DSI**2) *
(temperatureWP + D_Temperature_DSI)} /
(
(1.0d0 / D_EmissWP) +
((1.040 - D_EmissDS) / D_EmissDS) *
(radius_wp / radius_dsi)

RPRRRRRRR

)

Mathematica translation
Log[ Tading w‘] D_SBoltradius wp (belperatu.rewﬁ +D Temperature | DSI?) (temperatureWP + D Temperature DSI)
1 {1-D ExissDS) radius wp
D BxissWP D EmissDSradius dsi
Mohanty and Adams (2005) eguation

krl=

,
i 7"— (72 +Tds,)(rwp+rdsi)
kg =— ~ (13)
_1_+lﬁ(’w_p)
€wp  Cosi \asi

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

Fortran form
kcvl = 0.386d0 * D_kair * ((D_pr / (0.861d0 + D_pr))**0.2540) *

&

& (

& (dlog(radius_dsi/radius_wp)**4.0d40) *

& D_g * D_beta * (temperatureWP - D_Temperature_DSI) /

& (

& D_nu * D_alpha *

& (

& ({(2.0d40 * radius_wp)**(-3.040/5.040)) +

& ({(2.040 * radius_dsi)**(-3.040/5.040))

& }y**5.0d0

& }

& }

& **0.25d0)
Mathematica translation

b pr o 25 [ Log 2252 14 p gp beta (temperatureH? - D Tenperature DSI) 05
kevl=0.386D kair(
- 0.861+D_pr D nuD alpha((Zrad.ms wp) -3/5 + (2 radius dsi)-¥5)5

Mohanty and Adams (2005) equation
1/4

4
D
Pr ‘ ‘\I"D—:;—IJ gB(Twp‘Tdsi)

0861+ P/ | “va (03 + 0G3)

Kevt =0.386kai,(
Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)
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Fortran form

ftargetWastePackage = D_Temperature_DSI - temperatureWP +

{
dlog(radius_dsi / radius_wp) /
(kevl + krl)

)

R R R R

Mathematica translation

(D_Thermal Load_Above) Log|

(D_Thermal_Load_Above / (2.040 * 3.14159 * D_WPSpace)) *

radius dsi ]
radius wp

ftargetWastePackage = D Temperature DSI - temperatureWP +

(23.14159 D WpSpace) (kcvl +krl)

Equation (10) in Mohanty and Adams (2005):

) o) )
9 bfo "dso. dsi/ Twp ( )
2nwpl [ key2 +kr2 - kof kdgs  koy1+kri

Twp —Trw =

Equation (10) can be rewritten as

71@ _'7;w = (T;M -T, )*'(7. —'TLm)'F(7;M _'7250)4_(7;p

w dso

!n(ﬁ)
q Fwp

T _-T, =
' 2nwpl k,,, +k,

wp

In NRUTIL, the objective function, AT,,, is defined as

In(———r"“)

r

T q wp
* 2nwpl k,, +k,,

cvl

AT, =Ty

The TPA code solves the equation AT,, = 0; thus defining
equations in Mohanty and Adams (2005).

"7;y)' where, for example

temperatures consistent with

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)
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function fTargetWastePackageEarly(temperatureWpP)

Fortran form
krl = dlog(radius_rw/radius_wp) * D_SBolt ® radius_wp *
(temperatureWP**2 + D_Temperature_RW**2) *
({temperatureWP + D_Temperature_ RW) /
{
(1.040 / D_EmissWP) +
((1.0d0 - D_EmissRW) / D_EmissRW) *
(radius_wp / radius_rxw)

RRRRRRR

)

Mathematica translation

Log[ radius “’] D_SBolt radius wp (temperatureip? + D Temperature K¥') (temperatureWP + D Temperature KW)

krl = 1 (1D Tuissi) zadius vp

+
D EnissWP D BxissiW radius v

Mohanty and Adams equation

[asi 2
In| = 6 Fup(Too + Ta ) (Tup + Test)
wp
kyy = (13)
;ﬂ_(f_)
€wp  Sasi \lasi
Using symmetry arguments, the NRUTIL equation can be derived from Equation (13) by

replacing T,; by D_Temperature_RW. This case is intended to represent the case when
the drip shield is not present (preclosure).

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

Fortran form
kevl = 0.38640 * D_kair * ((D_pr / (0.86140 + D_pr))**0.2540) *

&

& (

& (dlog (radius_rw/radius_wp) **4.0d40) *

& D g * D beta * (temperatureWP - D_Temperature_RW) /

& (

& D_nu * D_alpha *

& {

& ((2.040 * radius_wp)**(-3.0d40/5.040)) +

& ((2.040 ® radius_rw)**(-3.040/5.040))

& ) **5.040

& )

& )

& **0,25d0)
Mathematica translation

0.5
0.25 Log[ ] D gD beta (temperatureHP - D_Temperature FW)
kcvl=0.386D kalr[ J
0.861+ D_pr D nu D_alpha ((2 radius wp)-3/5+ (2 radius_rw)-35)5
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Mohanty and Adams (2005) equation
1/4

, 4
D ,
N fpﬁqmm%g

0.861+Pr.

wp
vu (D\;,gl5 + DaSBiIS ) 5

Kevt =0.386kai,L (11)

Using symmetry arguments, the NRUTIL equation can be derived from Equation (11) by
replacing T,,, by D_Temperature_RW. This case is intended to represent the case when
the drip shield is not present (preclosure).

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

Fortran form
ftargetWastePackageEarly = D_Temperature_RW - temperatureWP +

& (D_Thermal_Load_Above / (2.040 * 3.14159 *® D_WPSpace)) *

&

& dlog(radius_rw / radius_wp) /

& (kevl + kril)

& )

Mathematica translation
radius v
(D Thermal Load Above) Log[ —=-]

radius wp

ftargetiastePackageRarly = D Tenperature i - tenperatureii®
¥=t. - e T 23.14159 D Wespace) (kv +krl)

Equation (10) in Mohanty and Adams (2005) applies to the backfilled case with a drip
shield present:

) ogn) ) ol
q bfo dso rdsi wp ( )
wwpl | koy2 +Kr2 kof kds kov1+krt

Twp-Trw=3

If the drifts are open and the drip shield is not present, equation (10) can be
replaced by

r
In| -2
r,
T, T, =—1 L
2nwpl k,,, + k,,

In NRUTIL, the objective function, AT,,, is defined as

In(i"'i-]
q T

-T.,+
¥ 2nwpl k,,, +k,

AT, =T,

cvi

The TPA code solves the equation AT,, = 0; thus defining temperatures consistent with
equations in Mohanty and Adams (2005).

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adams (2005)

22



