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Test Objective: Verify that functions in the module NRUTIL are consistent witb 
equations in paper 

S. Mohanty and G. Adams, A Model For Estimating Heat Transfer Through Drif 
Degradation Based Natural Backfill Materials, 40th U.S. Rock Mechanics Symposiurr 
in Anchorage, Alaska, June 25-29, 2005. 

Test Environment Setup 

Hardware (platform, peripherals): Pentium 4, 3 Ghz and 2 GB of RAM. 

Software (OS, compiler, libraries, auxiliary codes or scripts): Microsoft Windows XP, 
auxiliary scripts programmed in Mathematica 5.1. 

Input Data (files, data base, mode settings): The code NRUT1L.f was directly 
inspected. 

Assumptions, constraints, and/or scope of test: The test focused on detecting 
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. 
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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. 

Tester: Osvaldo Pensado 

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. 

Date: May 25, 2005 

Test Results 

Location: The file translationsnb 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. 
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NOTE: Notation in NRUTIL closely follows the Mohanty and A d a m ~  (2005) 
parameter. Consult this paper for meaning of parameters and coefficients. 

function fTargetBackfillOuter(temperatureBF0) 

Fortran form 
d-kcv2 = 0.386d0 D-kair * ((Dqr / (0.861d0 + Dgr))**0.25dO) * 

& (  
& (  
& (dlog(radius-rw/radius-bfo)**4.OdO) 
& D-g D-beta * (temperatureBF0 - D-Temperature-RW) / 
& ( 
& D-nu * D-alpha * 
& ( 
& ((2.0d0 * radius-bfo)**(-3.0d0/5.OdO)) + 
& ((2.0d0 * radius-rw)**(-3.Od0/5.OdO)) 
& ) **5. OdO 
& 1 

& **0.25d0) 

Matharnatica translation 

Mohanty and A d a m  (2005) 

log[:;;i4 - D - gDbeta(hpratureBEl)-D - - Temperature - IW) 
D-nu D-alpha ( (2  radius - bfo) -3/5 t (2 radius - IW) -315) 

L 

Conclusion: Equations match 

Fortran form 
d-kr2 = 

(12) 

radius-bfo * & dlog(radius-rw / radius-bfo) * D-SBolt 
& (temperatureBFO**2 + D_Temperature_RW**2) * 
& (temperatureBF0 + D-Temperature-RW) / 
& (  
& (1.0d0 / D-EmissBF) + 
& ( (1.0d0 - D-EmissRW) / D-EmissRW) * 
& (radius-bfo / radius-rw) 
& )  

0.25 
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Mohanty and Aaams (2005) 

Conclusion: An extra factor D-SBolt, representing the Stefan-Boltzman constant 
(5.67~10'~ W/(cm2 K4)), appears in the Fortran equations. This extra factor is not an 
error. There is a typographical error in Equation (14) in Mohanty and Adams (2005). 
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 (11- 
14) in the -1 report is reproduced below: 

Fortran form 
fTargetBackfillOuter = D-Temperature-RW - temperatureBF0 + 

& (  
& (D-Thermal-Load-Above / (2.0d0 3.1415940 * D-WPSpace)) * 
& (  
& dlog(radius-rw / radius-bfo) / 
& (d-kcv2 + d-kr2) 
& )  
& )  

Mathematica translation 

Equation (10) 

4 Twp - T I  =2nwpl 

in Mohanty and Adams (2005) 

can be rewritten as 

Twp - T, = (Tbfo - T-) + (Tdso - Tbfo) + (Tdsi - Toso) + (Twp - Tdsi), where, for example 
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NRUTIL defines the following function 

The TPA code iteratively finds the root of the equation ATbfo = 0; thus allowing to 
define the temperature Tbro. 

Conclusion: NRDTIL equations are consistent with equations in Mohanty and Mama ( 2 0 0 5 )  
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function fTargetThermalLoad(therxna1oad) 

Fortran form 
gcondK = (2.0d0 * 3.14159dO * D-WPSpace * (1.0d0 - D-FracInv) * 

& D-CondFloor) / dlog(D-DriftDiaFloor/D-WPDia) 

Mathematics translation 
2 3.14159 D - WPSpacs (1 - D - FracInv) D - CondFloor 

I D-kiftDianoar 
goondK = 

D-WK)ia 

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) : 

Equation (10) can be rewritten as 

In f - 
9 rbfo I Tbfo - T, = - 
WPl k C " 2  + k,, 

Using a symmetry argument, the conductance between two concentric cylinders of radius 
rl and r2 (rl < r2), is therefore computed as 

k gcondK = = 271 wpl- 
T -T2 

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 

9 k f  
gcondK = - = 271 wpl- 

Tl -T2 
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From the previous equation and the notation in Mohanty and Adams ( 2 0 0 5 ) ,  the following 
equation is derived for the thermal conductance of the invert: 

kinvert (1 - D- Fraclnv) 
gcondK = 2n wpl 

In the previous equation r z  represents the initial rock wall diameter. 
elapses and drift degradation proceeds, the drift wall radius grows. Thus, in 

general, rw 2 r," . 
computed. The following statements in NRUTIL are intended to define that case. 

As time 

If rw > r," an additional contribution to the conductance must be 

Fortran form 
gcondKip = (2.0d0 * 3.14159dO D-WPSpace 

& (1.0d0 - D-Fraclnv) * 
& D-CondRW) / dlog(D-RWDia / D-DriftDiaFloor) 

& 1.0d0 / ((1.0d0 / gcondK) + (l.Od0 / gcondKip)) 
gcondKeq = 

Mathsmatica translation 
2 3.14159 D - WPSpace ( 1 - D-FracImr) D-CondRW 

I 

I D I U h  
D-Dr&bS'la 

QoondKip = 

1 - -P gcondKeq= A+----- 1 

Applying the same approach to derive the invert conductance and the notation in 
Mohanty and Adams (20051, the following equation is derived for the conductance of the 
cylindrical segment or rock material below the invert: 

k, (1 - D- Fraclnv) 
gcondK = 2 x  wpl 

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

1 

+ 
gcondK gcondKip 

1 1 
gcondKeq = 

Thus, equations in NRUTIL are consistent with equations in Mohanty and Adams (2005) 
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Fortran form 
fTargetThermalLoad = D-Thermal-Load - thermalLoad - 

& (D-Temperature-WP - D-Temperature-RW) * gcondKeq 

Translation 
fTargetThermalLoad = D-Thermal-Load - thermalLoad - (D-Temperature-WP - 
D-Temperature-RW) * gcondKeq 

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

9, = 9,,, + (Twp - T,) keg 
where 

qw = D-Thermal-Load : heat output from the waste package 
gabowe = thermal load above the drift wall 
(Tw - T,) k, = heat loss between the waste package and drift wall 

The unknown variable in the equation is qshvs. 

Conclusion: the format of the NRUTIL equations is consistent with equations and 
concepts in Mohanty and Adams (2005). 
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function fTargetDrigShieldOuter(temgeratureDS0) 

Fortran form 
calc-mphi = -1.0d0 * DLOG(D-di * 1000.0d0) / 

calc-sigmaphi = (calc-mphi * D_sort**2 - calc-mphi) / 

calc-mdp = DEXP( 

& DLOG(2.0dO) 

& (0.675d0 + 0.675d0 * D_sort**2) 

& -1.0d0 * (calc-mphi * DLOG(2.0dO) + 2.5 * 
& calc_sigmaphi**2 * (DLOG(2.0d0))**2) 
& 1 

Mathematics translation 

calc - l~phi D - sort2 - ~alc - nphi 
0.675 + 0.675 D sort2 

talc sicpaphi= I - - 
- (cak-nphi Log[2] +2.5 Qlc-sigE@i2 Log[2]2) . calc - mdp= e I 

Mohanty and Adam (2005) equations 

C@ = 
0.675 t 0.675 St 

- 
Dp = exp { - [ z( In 2) + 2.50; (In 2)2 

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). 
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Fortran form 
calc-sigmadp = DSQRT 

€4 DEXP ( 
& 
& 
& 
& 
& 
& ) 
& ) 

Mathematics translation 

1.0d0 ( 
2.0d0 * calc-mphi * DLOG(2.0dO) + 
4.0d0 * calc_sigmaphi**2 * 

) 
(DLCG(2.Od0))**2 

Mohanty and Aasmp equation 

( T *  DP =exp ( - [2~( /n2)+40~( /112~]}  (5) 

Conclusion: equations are consistent 

Fortran form 
calc-cdp = (calc-sigmadp / calc-mdp) 
calc-gama = (DEXP( 

& -1.0d0 * ( 
& 3.0d0 * calc-mphi * DLOG(2.Od.O) + 
& 4.5d0 * calc_sigmaphi**2 * 
& (DLOG(2.Od0))**2 
& 1 
& ) -  
& 3.0d0 * calc-mdp * calc_sigmadp**2 - 
& calc_mdp**3 
& ) / calc_sigmadp**3 

calcqerm0 = calc_mdp**2 * Dqhi**3 / 
& (72.0d0 * D-tau * (1.0d0 - Dqhi)**2) 

calcqerm = calcqerm0 (calc-gama calc_cdp**3 + 
& 3 * calc_cdp**2 + 1.0d0)**2 / (1.0d0 + calc_cdp**2)**2 

Perm = calcqerm / 1.0d6 
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Mathematica translation 

& c p d  ( calc-gama dC-alp3 t 3 Calc-d t 1) 

( l+dc-* )2  
calcpezm = 

perm: dcJ-. 
106 ' 

Mohanty and Mams equations 

CDP - Coefficient of variation of the particle 

size distribution = G~~ 10, [unitless] 

y - Skewness of a particle size distribution 
[unitless] 

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

(Dp3)  - 3Dp0, 2 - - 3  Dp 
P3 - y =-- 

% DP 

3 3 

where (Dp3)  is the third moment of the particle size distribution. It is therefore 

inferred that 

(Dp3)  = ~ p { - [ 3 q h ( 2 ) +  4.50+' h(2)']} 

The above equation is not included in Mohanty and Adams (ZOOS). 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. 7 8 ,  No. 7 (July 1994). p. 1028-1039 

Conclusion: NRUTIL equations are consistent with Mohanty and Adams ( 2 0 0 5 )  equations 
and the paper by Panda and Lake (1994). 



Fortran 

& 

& 

form 
calcqerm0 = D_di**2 Dghi**3 / 

calcgerm = calcqerm0 (Dgama * D_cdp**3 + 

Perm = calcqerm 

(72.0d0 D-tau * (1.0d0 - Dqhi)**2) 
3 * D_cdp**2 + 1.0d0)**2 / (1.0d0 + D-cdp**2)**2 

maathomatica translation 
D - d i 2 D g h i 3  

72D - t a u ( l - D g h i ) 2 ’  
C a l c y  = 

Conclusion: ”MJTIL equations are consistent with equations in Mohanty and MLams (2005) 

12 



Fortran form 
D-Perm = Perm 
K = Perm 
alfam = D-alpha 
Rari = D-g * D-beta * K radius-dso * 

qcl = 2.0d0 * 3.14159110 * D-km * 
& (temperatureDS0 - D-Temperature-BFO) / (D-nu * alfam) 

& (temperatureDS0 - D-Temperature-BFO) / 
& dlog(radius_bfo/radius-dso) 

& (1.0d0 + 0.916d0 ((radius-dso / radius-bfo)**0.5)) 
NCapu = 0.44d0 (Rari**0.5) * dlog(radius-bfojradius-dso) / 

D-Nassult = NCapu 
D-Rari = Rari 

mthematica translation 
I)-perm=FeJZ!I; 

K =  pena; 
allam = D-dpha; 

Rari= - - D g D beta K radius-&o ( temperatUreDS0 - D-Tenperature -BED) 
D-nu alfam 

, 

2 3 . 1 4 1 5 9 D _ k m ( t e n p e r a t U r e D S O - D ~ ~ a ~ e - B F O )  

1 Bdilu bfo qcl = 

Mohanty and Aaams (2005) equations 

G o  - Tbfo Ra = gpKv,  
va m 

r, 

/n(r, l r , )  

I t 0.91 6( r;. I r0)"* Nu z 0.44RaY (9) 

Conclusion: "JTIL equations are consistent with equations in Mohanty and Aaamcr (2005) 
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Fortran form 
ql = NCapu qcl 

keff = ql * dlog(radius_bfo/radius-dso) / 
& (2.0d0 * 3.14159d0 * (temperatureDS0 - D-Temperature-BFO) 1 

kbf = keff 

Mathemntlca translation 
ql= Ncapucpl; 

I d l u  bfo 
q-4- 

keff P 
2 3.14159 (teaq?eratur&SO - D - Tenperatme - BFO) ’ 

mhanty and Adam equations 

4 ‘= NU * g, 

k b f  = keff = 

conclusion: NRTJTIL equations are consistent with equations in Mohanty and Aaams ( 2 0 0 5 )  

14 



Fortran form 
D-gcond-bf3 = kbf 

fTargetDripShieldOuter = D-Temperature-BFO - temperatureDS0 + 
& (D-Thermal-Load-Above * dlog(radius-bfo/radius-dso) / 
& (2.0d0 * 3.14159d0 kbf * D-WPSpace)) 

Mathematica translation 
D - gcond - bf3 kbf; 

Equation (10) 

Equation (10) 

in Mohanty and Adams (2005): 

can be rewritten as 

Tw,, - T, = (Tbfo - T,) + (Tho - Tbfo) t (Thi - Tho) t (T, - T h i ) ,  where, for example 

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

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

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

Conclusion: equations in NRUTIL are consistent with equations in Mohanty and Adarmr 
(2005). 
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function fTargetDripShieldOuterNoBackfill(tem(geratureDS0) 

Fortran form 
krl = dlog(radius-rw/radius-dso) * D-SBolt radius-dso 

& (temperatureDSO**2 + D_Temperature_RW**2) * 
& (temperatureDS0 i D-Temperature-RW) / 
& (  
& (1.0d0 / D-missDS) + 
& ( (1.0d0 - D-EmissRW) / D-EmissRW) * 
& (radius-dso / radius-rw) 
& )  

Matheaatica translation 
D SBolt radius dso ( tenperatureDS(? t D-Taprature -I@?) ( bqemtureDS0 t D-Taqxrature -Rw) 0diIJ-m W z l -  - 

I ( 1 - D - u ) & - &  
krl I 

0 - M  D - W r a d i u r _ r w  
mhanty and Aaams equation 

- 
€WP 

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 rbi (r,)in Equation (13). Since radius-rw > 
radius-dso, the replacement is valid. 

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

Fortran form 
kcvl = 0.38680 * D-kair * ((Dqr / (0.861d0 + Dqr))**0.25d0) 

& (  
& (  
& (dlog(radius-rw/radius-dso)**4.OdO) * 
& D-g * D-beta * (temperatureDS0 - D-Temperature-RW) / 
€8 ( 
& D-nu * D-alpha * 
& ( 
& ((2.0d0 * radius-dso)**(-3.0d0/5.OdO)) + 
& ((2.0d0 * radius-rw)**(-3.0d0/5.OdO)) 
& )**5.0d0 
& ) 

& **0.25d0) 

Mathematica translation 

-1- 0.386D lcait - 
D-nu D - alpha ( (2  radius - dso) -315 t (2  radius - rw) -35)  

D . 2 5  
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Mohanty and Adam equation 

Note: equations are not identical; however, the equation in NRUTIL can be derived by 
replacing Tw by temperatureDS0 and Tdsi by D-Temperature-RW. The thermal conductivity 
equation is synnnetrical. It applies to two concentric cylinders, the cylinder with 
the larger (smaller) radius is represented by rai (r,) in Equation (11). Since 
radius-rw > radius-dso, the replacement is valid. In Mohanty and Adam (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 Adam8 (2005) 

Fortran form 
fTargetDripShieldOuterNoBackfil1 = 

& D-Temperature-RW - temperatureDSO + 
& (D-Thermal-Load-Above / (2.0d0 * 3.14159 * D-WPSpace)) * 
& (  
& dlog(radius-rw 1 radius-dso) / 
& (kcvl + krl) 

D-gconv-2dw = kcvl 
D-grad-adw = krl 

Mathematica translation 

D - C O I I V - ~ ~ W  = kcvl; 
D-pad-2 Cbu = krl; 

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

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

9 Tdso - T, = - 
2n wpl k,, + k,, 

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

The TPA code solves the equation ATdro = 0 to define temperatures consistent with the 
equations in Mohanty and Adams ( 2 0 0 5 ) .  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 Mams (2005) 
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function fTargetWastePackage(temperatureWP) 
Fortran form 

krl = dlog(radius-dsi/radius-wp) D-SBolt * radius-wp * 
& (temperatureWP**2 + D-Temperature-DSIf*2) 
& (temperatureWP + D-Temperature-DSI) / 
& (  
& (1.0d0 / D-EmissWP) + 
& ((1.0d0 - D-EmissDS) / D-EmissDS) * 
& (radius-wp / radius-dsi) 
& )  

mthematica translation 
miiw 61 Log[ - D SBolt radius_wp ( t e a p e r a t d  + D-Tenprature -DS12) (tenprattmWP + D-Tenprature -MI) 
miiw-w 1 - 

1 ( l - D W ) & U I u p  
krl = 

D-Mm + D - W ? z d i u - & i  

mhanty an& Mama (2005) equation 

€wp €dsi fdsi 

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Adam8 (2005) 

Fortran form 
kcvl = 0.386d0 * D-kair * ((Dqr / (0.861d0 + Dqr))**0.25d0) * 

& (  
& (  
& (dlog(radius-dsi/radius-wp)**4.OdO) * 
& D-g * D-beta * (temperatureWP - D-Temperature-DSI) / 
& ( 
& D-nu * D-alpha * 
& ( 
& ((2.0d0 * radius-wp)**(-3.Od0/5.OdO)) + 
& ((2.0d0 radius-dsi)**(-3.0d0/5.OdO)) 
& ) **5. OdO 
& ) 
& I  
& **0.25d0) 

mthematica translation 

0.25 W[ 1 ‘ D-g D - k b  ( ma- - ~ _ ~ e n p e r ~ b  -DSI) 

i 0 . 8 6 z J  [ D-nu D-alpha ( (2  radius-*) -3/5 t ( 2  radius - dsi) 4 5 )  
kWl= 0.386 D-Mr 

Mohanty and Mama (2005) equation 

conclusion: NRUTIL equations are consistent with equations in Mohanty and Mams (2005) 
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Fortran form 
ftargetwastepackage = D-Temperature-DSI - temperatureWP + 

& (D-Thermal-Load-Above / (2.0d0 3.14159 * D-WPSpace)) * 
& (  
& dlog(radius-dsi I radius-wp) I 
& (kcvl + krl) 
& )  

Mathematics translation 

Equation (10) in Mohanty and Adams ( 2 0 0 5 ) :  

Equation (10) can be rewritten as 

4 In( t) 
Tv - Tdsi = - 

2n wpl k,, + k,, 

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

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

Conclusion: NRUTIL equations are consistent with equations in Mohanty and Mams (2005) 
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function fTargetWastePackageEarly(temperatureWP) 

kcvl= 0.38613 kair - 0.861 t Dpr D-nu D-alpha ( (2  radius - wp) -315 t ( 2  radius - rw) -315) 

Fortran form 
krl = dlog(radius-rw/radius-wp) * D-SBolt radius-wp * 

& (temperatureWP**2 + D_Temperature_RW**2) * 
& (temperatureWP + D-Temperature-RW) / 
& (  
& (1.0d0 / D-EmissWP) + 
& ((1.0d0 - D-RnissRW) / D-EmissRW) 
& (radius-wp / radius-rw) 
& )  

'wp €dsi rdsi) 

Using symmetry arguments, the NRUTIL equation can be derived from Equation (13) by 
replacing Tdsl 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 ?dams (2005) 

Fortran form 
kcvl = 0.386d0 * D-kair * ((Dqr / (0.861d0 + Dqr))**0.25dO) * 

& (  
& (  
& (dlog(radius-rw/radius_wp)**4.OdO) * 
& D-g * D-beta * (temperatureWP - D-Temperature-RW) / 
& ( 
& D-nu * D-alpha * 
& ( 
& ((2.0d0 * radius-wp)**(-3.OdO/S.OdO)) + 
& ((2.0d0 radius_rw)**(-3.0dO/S.OdO)) 
& )**5.0d0 
& ) 
& )  
& **0.25d0) 

Mathematica translation 
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Mohanty and Ad- (2005) equation 

Using symmetry arguments, the NRUTIL equation can be derived from Equation (11) by 
replacing TdsI 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 Mams ( 2 0 0 5 )  

Fortran form 
ftargetWastePackageEarly = D-Temperature-RW - temperatureWP + 

& (D-Thermal-Load-Above / (2.0d0 * 3.14159 D-WPSpace)) 
& (  
& dlog(radius-rw / radius-wp) / 
& (kcvl + krl) 
& )  

Mathmnatica trandation 

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

L J 

If the drifts are open and the drip shield is not present, equation 
replaced by 

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

0) can 

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

Conclusion: NRUTIL equations are consistent with equations in Qlohanty and Mams (2005) 
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