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U.S. Nuclear Regulatory Commission 10CFR50.4 
ATTN: Document Control Desk 
Washington, D.C. 20555-0001 

Gentlemen: 

In the Matter of ) Docket Nos. 50-327 

Tennessee Valley Authority ) 50-328 
50-390 

SEQUOYAH AND WATTS BAR NUCLEAR PLANTS - TRITIUM PROGRAM 
LOCTAJR CODE - INTERFACE ITEM 16 

On June 23, 2000, TVA provided Westinghouse's LOCTA JR code 
for NRC review which had been requested in the NRC Safety 
Evaluation Report (Interface Item 16) regarding tritium 
production. This submittal provides a revision to the 
proprietary version and a non-proprietary version of that code 
for public disclosure use. Revision 1 of the proprietary 
version identifies the proprietary information and corrects 
some typographical errors and/or clarifies information as 
indicated by the revision bars on pages 2-3, 3-2,- and 3-4.  

Enclosure 1 provides the proprietary version of WCAP-15409, 
Revision 1, "Description of the Westinghouse LOCTAJR 1-D Heat 

Conduction Code for LOCA Analysis for Fuel Rods," September 
2000. It contains information proprietary to Westinghouse 
Electric Company LLC, the owner of the information. Enclosure 
2 contains the Westinghouse affidavit and the Westinghouse 
authorization letter, CAW-00-1417, Proprietary Information 
Notice, and Copyright Notice.  

The affidavit sets forth the basis on which the information 
may be withheld from public disclosure by the Commission and 

addresses, with specificity, the considerations listed in
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paragraph (b) (4) of 10 CFR Section 2.790 of the Commission's 
regulations. Accordingly, we request that the information 
which is proprietary to Westinghouse be withheld from public 
disclosure in accordance with 10 CFR Section 2.790 of the 
Commission's regulations.  

Correspondence with respect to the copyright or proprietary 
aspects of the items listed above or the supporting 
Westinghouse affidavit should reference CAW-00-1417 and should 
be addressed to H. A. Sepp, Manager of Regulatory and 
Licensing Engineering, Westinghouse Electric Company, P.O. Box 
355, Pittsburgh, Pennsylvania 15230-0355.  

Enclosure 3 provides the non-proprietary version of WCAP
15578, Revision 0, "Description of the Westinghouse LOCTA JR 
1-D Heat Conduction Code for LOCA Analysis for Fuel Rods," 
September 2000.  

As stated in our June 23 letter, TVA and Westinghouse are 
planning to use the LOCTAJR code to support the license 
amendment request for tritium production in Watts Bar Unit 1 
and Sequoyah Units 1 and 2, which are currently planned to be 
submitted in early 2001.  

If you should have any questions, please contact Rickey 
Stockton at (423) 365-1818.  

Sincerely, 

Mark. Burzynski 
Manager 
Nuclear Licensing 
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1 INTRODUCTION 

1.1 PURPOSE AND DESCRIPTION 

The LOCTAJR code is one of a series of computer codes that Westinghouse has developed 
based on the original LOCTA-IV code [1]. All of the LOCTA codes, as well as several other 
codes derived from the LOCTA models, have the fundamental capabilities for performing a 
1-D, radial heat conduction solution for a nuclear fuel rod geometry, and are capable of 
predicting the behavior of fuel rods under loss of coolant accident (LOCA) conditions. In order 
to solve the complete thermal-hydraulic problem for a fuel rod a number of ancillary models are 
necessary in addition to the heat conduction model. These include models for the thermal
mechanical expansion and contraction of the pellet and clad, rod gas pressure behavior, pellet
to-clad gap conductance, and models for predicting channel fluid conditions. Each particular 
LOCTA series code has a full complement of these models, which are tailored to the specific 
problem that the code is us5ed to address.  

The LOCTAJR code was developed for the purpose of solving a simplified problem; one in 
which channel fluid boundary conditions are known, or can be supplied based upon 
calculations conducted using another code. It allows the evaluation of fuel rod performance for 
transients in which the channel hydraulic boundary conditions are not significantly perturbed 
by the presence of a different or additional fuel rod from those modeled in the base case 
analysis. It solves the 1-D radial heat conduction problem for a single axial node (with multiple 
separate nodes per problem) with the assumption that there is no significant interaction 
between axial nodes on the same rod over the course of a transient. This assumption is 
generally valid for most LOCA transients of interest. LOCTAJR has also been designed to 
allow calculations for fuel assembly control rod thimble tubes or similar geometries.  

1.2 GENERAL METHODOLOGY 

Figure 1-1 is a depiction of the general problem which is being solved. Figure 1-2 is a depiction 
of the general 1-D heat conduction problem with the relevant general equations and 
parameters. Figure 1-3 is a flowchart briefly depicting the salient points of the fuel rod solution 
for one transient timestep. To solve a problem, first the transient time-dependent channel fluid 
conditions of pressure [P], fluid temperature [Tfhid(N)]and clad surface heat transfer coefficient 
[HTC(N)]are input for individual axial nodes, along 'with a normalized rod power curve 
[q'(zN)]. Since there are no fluid calculations other than timestep interpolations and obtaining 
steam properties, the bulk of the problem is simply a standard 1-D radial heat conduction 
problem which consists of setting up the simultaneous equations for the specified radial 
nodalization and inverting the matrix to obtain the new temperature distribution and clad 
temperature tTdd(N)]. A number of constitutive models are necessary to provide closure for 
the problem. These models are all obtained from existing approved Westinghouse codes and 
are discussed further in Section 3. An exception is the pseudo-full length rod internal pressure 
(RIP) model which is presented in more detail. Due to the simple nature of the problem and the 
relative stability of solid heat conduction solutions, a constant timestep is used throughout the 
transient. Sensitivity studies were conducted to define a suitably converged timestep size.  

Introduction September 2000 
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In general, the problem for two separate axial nodes is solved during each transient; one node 

which is designated as the "burst" node, and another node which may be any other axial node 

of interest (e.g. the peak clad temperature elevation). The same axial node elevation may be 

specified for both in single a problem if desired. One node designated as the reference node is 

monitored during the course of the transient and used to provide input to the pseudo-full 

length rod RIP model, and also to determine the time at which clad burst is predicted to occur.  

For the modeling of RCC thimbles or similar rods that are open to channel fluid pressure this 

model is neither necessary, nor invoked.  

Per the basic equations shown in Figure 2 the following parameters are necessary in order to 

solve the heat conduction problem for the new timestep temperature distribution (T).  

k Thermal conductivities of the pellet and dad material 

pcp Volumetric specific heat of the pellet and dad material 

h I cp: Gap conductance 

h I s-&: Clad surface heat transfer coefficient

q : Heat transfer rate

Q .' : Fuel pellet volumetric heat generation rate 

A, Ar : Geometry information for the fuel rod 

This information is obtained with the use of various constitutive relationships which will be 
described in following sections.

�-eptem�er LUUU
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2 GOVERNING EQUATIONS FOR 1-D HEAT CONDUCTION 

The general equations describing transient 1-D heat conduction through a solid with cylindrical 
geometry are presented in the original LOCTA documentation [11 and further developed for an 
annular pellet geometry in reference 2. The identical solution scheme is used in the LOCTA JR 
code and will be briefly presented for completeness and to address minor differences between 
LOCTAJR and the other LOCTA codes.  

The general heat conduction equation is: 

pcp DT/t = 1/r a/Dr (kr T/ar) + q" + a/Dz (kaT/az) 

Where: 

cp : Heat capacity 
/ 

k : Thermal conductivity 

q .' : Volumetric heat generation rate 

r : Radial distance 

t :Time 

T : Temperature 

z : Axial distance 

p : Density 

Within the pellet stack there is a negligible amount of axial conduction, due to a combination of 
relatively low thermal conductivity of the U0 2, low temperature gradients, and the fact that 
there is a high thermal resistance at the dished interfaces of each individual fuel pellet.  

laxc 

Figure 2-1A depicts a segment of the 1-D radial nodalization specified for a solid pellet, while 
4B depicts an annular pellet. The LOCTA codes all use a constant-mesh radius nodalization 

scheme. [ 

la

Governing Equations for 1-D Heat Conduction 
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The finite element form of equation 1, without axial conduction may be written as: 

pcpVAT/At = kAAT/Ar + q'"V 

where V is the node volume.  

Figure 2-2 depicts the geometry for a general interior node. From this geometry a heat balance 
on the node using equation 2 is: 

Heat Storage = Heat In I - - Heat Out + r1.o• + Heat Generation 

or: 

pcp V (Ti-Ti')/At = kAi-. ATji-/Ar ". kAATi/Ar + q '" V 

Where: 

Ti" : Old timestep temperature 

Ti : New timestep temperature 

This simplifies to: 

pcp (Ti-Ti')/At = (kAi.1/V) (ATi.1/Ar) - (kAi/V) (ATi/Ar) + q 

Using the geometry of Figure 2-2 gives:

pcP (T; - T,') /At

k[27(r( +Ar2]L / + 

E g[(rr+pAr/2)n -t(em.g-vAr/2)-]Le 

Expanding, and reg-rouping terms gives:

" kAt (ri - Ar / 2) T pcp r-Ar 1j 

- At 
= Ti' - q'"PCP

kAt (ri -Ar'/2)--(r 1 +Ar/2) 

PCp ri Ar 2 .1}T1 + CFi + Ar/2)T+

Governing Equations for 1-D Heat Conduction 
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which has been recast into the form: 

ATj-j + BTj + CTi+1 = F 

Where: 

kAt (r, -Ar/2) 

pe, r,.Ar 

/C=At (r, + Ar/2) 

PCp rAr 

B=-A-C-1 
1' 

References 1 and 2 contain detailed descriptions of how the above differential equation is cast 

into finite difference form to be programmed for use in the computer codes. In addition to 

deriving the equations for heat conduction in a general interior pellet node, the same general 

equation is used for interior clad nodes. Special solutions are then developed for the nodes at 

boundaries, which are the pellet center (solid pellets), pellet-to-center void (annular pellets), 

pellet-to-gap interface, gap-to-clad interface and the dad-to-channel interface. The final 

equations are all of the same form with different equations for the coefficients A, B, C and F. All 

of these various solutions are the same in the LOCTAJR code as in all of the other LOCTA 

codes.  

The stability of the model as a function of timestep size must be considered. However, since the 

LOCTAJR code does not perform any fluid calculations, per se, the allowable timestep size for 

the solid heat conduction problem is generally much larger than would be the case for a code in 

which concerns for Courant limitations, etc. have to be considered. Also, since computational 

speed is not of any concern given the small size of the problem the simple technique of using a 

single, constant timestep size will be used. Verification calculations presented in section 5 

provide the basis for the recommended timestep size for a LOCA transient calculation.  

Governing Equations for 1-D Heat Conduction September 2000 
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3 CONSTITUTIVE MODELS AND COMPUTATIONAL SCHEME 

3.1 HEAT SOURCES 

3.1.1 Power Generation 

In order to solve the heat conduction problem it is necessary to define the rod-specific, time
dependent, spatially-dependent, volumetric heat generation rate for each individual axial node 
and radial ring in the pellet stack. The general form of the complete equation is: 

Q "'(i,j,t) = Q 'AVG * F(rod) * F(z) * Q(t)/Q 0 * y(t)/yo * RADF(j,t) * AP *[DcoLD/DHoT]2 *Cv 

Where: 
/ 

i : Axial node 
j : Radial node 

t :Time 

Q "'(ij,t) : Volumetric heat generation rate for axial node i, radial node j and time t 

Q 'AVG : Core-wide steady-state linear heat rate (kW/ft) 

F(rod) : Ratio of rod average power to core average power 

F(z) : Normalized axial peaking factor 

Q(t)/Q : Normalized power fraction 

7(t)/70 : Gamma energy deposition factor 

RADF(j,t) : Pellet radial flux depression factor 

Ap : Mass defect adjustment from steady-state initialization 

[DcoLD/DHoT]: Transient thermal expansion factor 

Cv : Conversion from linear to volumetric heat rate based on cold dimensions 

3.1.1.1 Axial Power Distribution 

The first portion of the equation, Q'AvG/V(ij) * F(rod) * F(z) , defines the rod-specific steady
state power and axial power distribution at initial conditions. The necessary information to 
define this is specified via user input for the rod peaking factors. To solve the 1-D heat 
conduction problem it is only necessary to specify the power factors corresponding to the axial 
node, or nodes specified in the problem. However, in order to calculate the rod internal 
pressure behavior, to be discussed further in Section 3.4, it is necessary to provide information 
on the complete axial power distribution. The code allows the user to input a steady state axial

Constitutive Models and Cornputational Scheme 
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power distribution array, or for convenience a function is available that will generate standard 

power shapes as used in licensing basis LOCA analyses. These shapes are then scaled to the 

appropriate rod-specific powers with user input peaking factor information.  

3.1.1.2 Fission Power and Decay Heat 

The transient power curve, Q(t)/Q 0 , for a given problem is supplied via a user input table or file 

in normalized form. This curve represents the aggregate of all individual factors that comprise 

the total fuel rod heat generation rate, including fission heat, fission product decay and actinide 

decay. As such, the LOCTAJR code itself contains no models for these heat sources and they 

are obtained directly from the approved licensing models used in the main LOCA licensing 

basis codes, or are defined by the user as dictated by the specific problem to be analyzed.  

3.1.1.3 Heat Deposition 
/ 

Given the total heat generation for the fuel rod node, additional factors must be applied to 

define the amount and specific location of heat deposition. Two such factors are applied in the 

LOCTA codes, including LOCTAJR; a radial flux factor, RADF(j,t) and a gamma heat 

deposition factor, f(t)/yo. The radial flux factor specifies the heat deposition as a function of 

radial position in the pellet. It is a function of the capture rate of neutrons and is influenced by 

the fuel pellet initial enrichment and burnup. The gamma heat deposition factor defines how 

much total heat is generated in the fuel by the capture of gamma radiation and is mainly a 

function of whether the core is operating at power, or decay heat is the main heat source. There 

are no detailed models in the LOCTA codes themselves for calculating these, rather appropriate 

values for the fuel and core design of interest are obtained from the nuclear design codes, 

although generic tables of bounding values are provided within the code library. Over the 

typical range of possible values for both these parameters, neither has a significant influence on 

the peak clad temperature results. The rate at which these distribution adjustments are factored 

into the power calculation is a function of the ratio of decay heat to fission heat, and a 

parameter identified as the "gamma switch time" must be supplied by the user. This time is 

typically available from the base case analysis from which the remaining boundary conditions 

are obtained.  

3.1.1.3 Volumetric Generation 

The two terms in the heat generation equation, Ap and [DcoLD/DioTIZ, are adjustments to the 

volumetric heat rates. The Ap term is a small correction to the power generation rate associated 

with the rod steady-state initialization logic as will be described in Section 3.3.2. The 

[Dco.D/DHoT]2 term merely accounts for thermal expansion and contraction of the pellet over 

the course of a transient.  

Constitutive Models and Computational Scheme September 2000 
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3.1.2 Clad Oxidation

Clad oxidation is calculated using the Baker-just model as prescribed by 10CFR50.46, 

Appendix K. The correlation is of the form: 

dr/dt = A/r * e-B/r 

Where: 

r Thickness of ZrO 2 layer 

t :Time 

T Temperature 

A,B Coefficients as specified by Baker and Just
/ 

The application of the model is straightforward and adheres to all of the requirements of 

Appendix K, including no limitation on reactants. It is performed each timestep for the outside 

of the dad, and if dad burst is predicted to have occurred, the same model is applied to the 

inside surface of the clad burst node for the remainder of the transient.  

3.2 PELLET AND CLAD MATERIAL PROPERTIES 

3.2.1 U0 2 Pellets 

Review of the basic equations in Figure 1-2 shows that the following thermal properties are 

necessary for solving the 1-D heat conduction solution: 

k Thermal conductivity 

p :Density 

cp : Specific heat 

Additionally, a correlation for the thermal expansion characteristics of U0 2 pellets is necessary.  

Correlations for these properties are all modeled as functions of temperature. The correlations 

for all of these properties are obtained directly from the nuclear fuel rod design codes used by 

Westinghouse to perform fuel rod and core design, and as such they have a robust pedigree for 

validation. Although there is little change over time in these correlations, they are updated as 

necessary to reflect the current fuel products consistent with the analyses being performed.  

[ 

laxc Appropriate values for this parameter are obtained from the fuel rod design information 

specific to the fuel of interest.  

Constitutive Models and Computational Scheme September 2000 
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3.2.2 Cladding

The same information as for the pellets is necessary for the solution of the cladding portion of 

the problem. In addition, models for burst and strain are needed. The burst and strain models 

will be addressed in Section 3.4.2. As for the pellets, the correlations used in the LOCTA codes 

are obtained directly from the Westinghouse nuclear fuel rod design codes and updated as 

necessary for consistency. Property libraries are available for both zircaloy-4 and ZIRLOTm 

cladding material as appropriate to the specific problem. The energy associated with the a 

phase to P3 phase transitions for zircaloy are incorporated directly into the specific heat 

correlations over the temperature ranges associated with the phase transition for the particular 

clad material.  

3.3 GAP CONDUCTANCE 

3.3.1 Conductance Model 
/ 

The pellet-to-clad gap conductance model used in LOCTAJR is the same as used in the other 

LOCTA codes arnd4s documented in reference 1. Minor updates to gas properties have been 

made since reference 1 was published to maintain consistency with the fuel design codes. The

September 2UUUConstitutive Models and Computational Scheme 
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For instances in which pellet/clad contact occurs the gap conductance is calculated as a function 

of the contact pressure. This model is also the same as used in the other LOCTA codes and is 

documented in reference 1; again it is obtained directly from the fuel rod design codes. The 

correlation for gap conductance with contact is: 

Hc3 p = 0.6 * P(contact) + KMjr,/14.4x106

Where:

Hcp : Gap conductance (BTU/hr-ft2-F)

P(contact) : Contact pressure (psi) 

Kmi•,m : Thermal conductivity of gas mixture (BTUJ/hr-ft -F) 

A maximum limit of 3000 BTU/hr-ft2 -F is imposed on the Hcap for contact, as per the fuel rod 

design models. / 

3.3.2 Steady-State Initialization 

The fuel rod models used in the LOCTA codes are the same as, or are directly derived from, 

those used in the fuel rod design codes. Therefore, given fuel rod parameters of power, 

dimensions, temperatures, pressures and gas constituents from the design codes, an identical 

steady-state solution should result. However, small differences arise from differences in 

nodalization, interpolation, and channel fluid parameters. Additionally, for licensing basis 

LOCA analyses the steady-state pellet temperatures obtained from the design codes are skewed 

to include factors which are the aggregate result of statistical uncertainties in numerous 

variables, including manufacturing tolerances, and are therefore incongruous with the specified 

dimensional parameters.  

[

a.c

September 2000Constitutive Models and Computational Scheme 
o:\ 5192-non.doc:Ib-082300



3-6 

From a first principles basis, the temperature excursion occurring during a LOCA transient is a 

function of the heat produced and the mass of fuel available to absorb it. To compensate for the 

"mass defect" which arises from the change to the specified pellet diameter, an adjustment is 

made to the power calculations as described in Section 3.1.1. [ 

lax 

3.4 ROD INTERNAL PRESSURE MODEL 

The rod internal pressure is derived from the ideal gas law, PV=nRT, and is therefore a function 

of the free volume and the temperatures throughout the fuel rod. At steady-state conditions the 

rod internal pressure (RIP) is known, as are the free volumes. The number of moles of gas is 

treated as a dependent parameter and adjusted such that the pressure in the model exactly 

matches a user-specified pressure obtained from the fuel rod design codes as a function of the 

total rod power. Theyransient pressure is therefore defined by the relationship: 

P(t) = Po [V 0 /V(t)] [T(t)/To] 

Where: 

P : pressure 

V : Volume 

T : Temperature 

Since, in LOCTAJR, conditions are only calculated at most for two discrete axial elevations for 

this problem, it is necessary to develop a means of approximating the conditions for the 

remainder of the fuel rod in order to provide a reasonable prediction of transient gas pressure.  

This model is termed the pseudo-full length rod model as described below.  

3.4.1 Pseudo-Full Length Rod RIP Model 

The void volumes containing gas within the fuel rod consist of: 

- the plenum, 

- pellet crack and dish volumes, 

- the pellet-to-clad gap, 

- surface chips on the pellets, 

- pellet porosity, 

- pellet surface roughness, and 

- annular blankets, if installed.  

Constitutive Models and Computational Scheme 
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Of these, the chip, roughness and porosity volumes contain less than 10% of the total gas and 

their volumes do not change appreciably over the course of a transient. They are therefore 

considered to be of constant volume. The plenum is the largest single volume for rod gas, and 

in the RIP model used in the large break LOCA versions of the LOCTA codes it is modeled as a 

constant volume at a constant temperature during the transient. This model is used in the 

LOCTAJR code since it reproduces the large break LOCA models exactly, and is generally 

adequate for small break LOCA transients, at the discretion of the user. Per reference 1, the 

temperature of the gas in the plenum is:

Tpi..u = [i Ia'c

Where:

TPIn Plenum gas temperature ('F) L
I axc

Similarly, the annular blanket volumes do not change appreciably during a LOCA transient due 

to the low thermal expansion of U0 2, and so they are also modeled as a constant volume for the 

transient. For fuel that has axial blankets, the annular blanket gas is combined with the plenum 

gas volume for modeling.  

For the remaining volumes, the pellet-to-clad gap and the pellet crack and dish volumes, a 

relationship was developed which allows extrapolation of the conditions from a selected node 

where the detailed thermal expansion and temperature calculations are performed to the 

remainder of the fuel rod elevations. The relationship for the volume change is:

1-a'cV(t) F

Where:

V(t) : Total rod volume for volume type of interest
'axc

IL
[

axc
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The remaining variable-necessary for calculating the transient pressure behavior is the 

temperature corresponding to each of the volumes. The transient temperature information used 

is actually 

This pseudo-full length rod modeling approach provides reasonable replication of a true full 

length rod model because of three main considerations. First, a significant portion of the gas is 

contained in the plenum region which is static over the course of a LOCA transient (prior to 

burst). Second, there are only relatively small changes in the void volumes over the course of a 

transient, which reduces the sensitivity of the resultant pressure to the volume adjustment 

model described above. And, third, the temperatures in the ideal gas law equation are relative 

to absolute zero, so that although some detail is lost relative to axial temperature gradients, e.g., 

quenched elevations, the change in relative temperature from the steady-state condition for a 

single reference node is adequately representative of the entire rod during a LOCA transient.  

This is especially true/for typical limiting LOCA transient cases in which rod burst is predicted 

to occur relatively early in a transient, since after clad burst there is no need for RIP calculations 

for a significant portion of the transient.  

3.4.2 Creep, Burst and Blockage Modeling 

As discussed previously, the LOCTAJR code does not perform any channel fluid calculations, 

per se. As such, the dad surface heat transfer coefficient (HTC) must be supplied by the user.  

Any factors which may affect the heat transfer coefficient which relate to flow blockage caused 

by rod burst must therefore be implicitly included in the HTC boundary condition, and no 

blockage models are needed in the code.  

Clad creep, burst and post-burst strain are modeled in the LOCTAJR code because they do 

have direct effects on transient results. Clad creep affects the pellet-to-clad gap width, which 

affects both the gap conductance in the l-D heat conduction solution and also the RIP 

calculations via gap volume changes. The prediction of rod burst has similar influences, and for 

the burst node elevation, post-burst clad strain is important to predict since it dramatically 

affects the pellet-to-clad gap. The rod creep and burst models are taken directly from the 

licensing basis large break LOCA versions of the LOCTA code. The basis for the zircaloy-4 

model is documented in references I and 5, and that for the ZIRLOTm model is in reference 6, 

Appendix C. Figure 3-1 shows a flow chart of the logic for these calculations. As seen from the 

flowchart, all aspects of pellet and clad thermal and mechanical expansion, contraction and 

interaction are considered. Clad burst criteria are included for both zircaloy-4 and ZIRLOr, 

dad material using previously approved licensing models. Burst temperature versus 

differential pressure curves are shown in Figure 3-2. For zircaloy-4 dad these curves are from 

the prescribed model documented in NUREG-0630 [4] and reference 7, while for ZIRLOTm the 

curves are from reference 6, Appendix D. Similarly, the post-burst strain curves are obtained 

from previously licensed models, references 4, for zircaloy-4 and reference 6, Appendix D for 

ZIRLOTM. Curves for post-burst strain are shown in Figure 3-3. Per reference 8 there is an 

additional limit on the maximum allowable post-burst strain which accounts for the 

Constitutive Models and Computational Scheme September 2000 
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constraining effect of the adjacent rods in a bundle. The maximum post-burst strain is 

calculated as:

Ernax = [ I ac

and limits the strain obtained from the curve in Figure 3-3. An approximate limit from this 

model for typical fuel assembly design parameters is shown in Figure 3-3.
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Figure 3-1 Logic for Clad Creep and Burst
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Figure 3-2 Clad Burst Criteria 
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Figure 3-3 Clad Post-Burst Strain Correlations
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3.5 CHANNEL BOUNDARY CONDITIONS 

3.5.1 Fluid Properties 

No channel fluid calculations are performed by the LOCTAJR code. The local fluid properties 

of pressure and temperature must be supplied as user input for the problem. The only fluid 
property calculated by the code is the thermal conductivity of any water or steam in the pellet
to-clad gap following clad burst. These are obtained from standard ASME steam table 
functions [10]. The thermal conductivity is bounded by the temperature limit of the steam 
tables which is 1600 OF.  

3.5.2 Surface Heat Transfer Coefficient 

The local clad surface heat transfer coefficient (HTC) for. the appropriate axial node(s) must be 
supplied as user input to the problem. The user must insure that the channel fluid temperature 
boundary condition that is'also supplied properly corresponds to that used in the calculations 
of the HTC. The code also has the capability to perform rod-to-rod radiation heat transfer, as 
discussed in section 3.6, and therefore contributions from any such non-convective heat transfer 
terms must be clearly delineated and accounted for in the input. Also, as discussed in the creep 
and burst modeling, since there are no fluid channel calculations the input HTC must implicitly 
include any effects related to post-burst flow blockage.  

3.6 ROD-TO-ROD RADIATION HEAT TRANSFER MODEL 

The rod-to-rod radiation heat transfer model is the same as used in the other LOCTA codes and 
documented in reference 1, with an exception to the boundary conditions as discussed below.  

]lac Complete details for derivation of the heat 

transfer equation are provided in reference 1. The final equation is: 

Q ad,l = 2.EI(1- Ti 4_T24 

Where: 

1, 2 : Subscripts for the center rod and annulus, respectively 

Qrd.1 : Radiation heat flux from center rod (BTU/hr-ft2-°F) 

Constitutive Models and Computational Scheme September 2000 
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T : Surface temperatures (R) 

d : Diameter of center rod (ft) 

D : Diameter of annulus (ft) 

E :Emissivity 

o " = 1.1714x10- 9 BTU/hr-ft2-R 4 

The annulus equivalent diameter, D, is calculated from the set of equations: 

a'C 

Where: 

]ax 

Since no consideration is given to differentiating burst from non-burst rods, the statistical 

analysis contained in reference 1 for the various permutations of burst and non-burst rods is not 

relevant to the model in LOCTAJR.  

The user must supply a transient boundary condition for the temperature of the rods 

surrounding the thimble tube and an appropriate nominal adjacent rod diameter and pitch to 

implement this model.

September 2000
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4 OPTIONS FOR MODELING OF THIMBLES AND INSERTS 

Since LOCTAJR has the fundamental capability to solve the 1-D heat conduction problem for a 
cylindrical geometry it is possible to adapt the code to solve this problem for similar geometries.  
Figure 4-1 depicts a problem which involves calculating the temperature of a rod inserted into a 
reactivity control cluster assembly (RCCA) thimble tube. In comparing this figure to Figure 1-2 
the overall similarity in geometry can be seen. In particular, all of the fundamental governing 
equations for the 1-D heat conduction solution are the same. The problem involves solving for 
the temperature distribution within concentric solid materials separated by a gap, with 
temperature and heat transfer coefficient boundary conditions imposed on the outside of the 
thimble tube. The central solid material or "pellet" is assumed to be of one homogeneous 
material because no detail is available for non-homogeneous modeling. Given this limitatiohý, 
the validity of the results must be ascertained by the analyst relative to the problem of interest.  
For situations in which there is little or no heat generation within the insert itself, radial 
temperature gradients are generally negligible relative to the bulk average material 
temperatures which are calculated, and the predicted results are representative of those from a 
more complete model. The following summarizes differences in the models or application of 
models from the descriptions presented in the previous sections for a nuclear fuel rod.  

4.1 HEAT SOURCES 

The user may completely control the amount of heat generation and the distribution of 
generation via input variables. For a passive rod with no power generation all sources of heat 
may be zeroed out, or any amount of heat generation may be modeled for sensitivity studies.  
The thimble tube itself is assumed to be made of a zircaloy material, susceptible to oxidation 
and exothermic heat generation, although a feature to disable this could be easily programmed 
as a user option, if desired.  

4.2 PELLET AND CLAD MATERIAL PROPERTIES 

LOCTAJR has a user-specified option to redefine the central solid material or "pellet". If the 
default specification of U0 2 is not appropriate, then it is only necessary to define material 
properties for thermal conductivity, density, specific heat and thermal expansion in order to 
solve the problem. [ 

]asc 

The thimble tube itself is assumed to be made of a zircaloy material, either zircaloy-4 or 
ZIRLOTm, although a feature to allow user-specified options for different materials could easily 
be programmed as a user option.  
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Figure 4-1 Depiction of Model for RCCA Thimble and Insert
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4.3 ROD INTERNAL PRESSURE MODEL 

For inserts to RCCA thimbles the gap between the thimble tube and the insert is in open 
communication to the surrounding channel at the bottom and/or top. [ 

axc 

Since there is no differential pressure across the thimble tube, there is no creep or burst 
potential.  

PIC

4.4 GAP CONDUCTANCE 
/

I

I axc

4.5 CHANNEL BOUNDARY CONDITIONS

The channel boundary conditions necessary to solve this problem are the same as those for the 
nuclear fuel rod problem. The user must supply transient information for normalized power, 
channel pressure, and a HTC/fluid temperature pair for the outer surface of the thimble.  

4.6 ROD-TO-ROD RADIATION HEAT TRANSFER MODEL 

The rod-to-rod radiation heat transfer model described in section 3.6 is applicable to this 
problem and is used in the same way as described for nuclear fuel rod modeling, assuming the 
same fuel assembly geometry on a square pitch. The user must supply a transient boundary 
condition for the temperature of the rods surrounding the thimble tube and an appropriate 
nominal adjacent rod diameter and pitch. Material emissivities are assumed to correspond to 
zircaloy, although an option for different materials could be easily programmed in.
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5 VERIFICATION AND VALIDATION
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6 CONCLUSIONS 

The LOCTAJR fuel rod heat conduction code has been constructed from a subset of the models 
used in the LOCTA series of codes used in the Westinghouse ECCS Evaluation Models. The 
code is capable of solving a 1-D heat conduction problem for individual axial nodes, given 
appropriate channel and power boundary conditions.  

A special model was developed which allows the transient fuel rod internal pressure to be 
approximated from reference conditions derived from a single axial node. [ 

Iaxc 

Options programmed into the code allow it to model non-nuclear fuel rod configurations, 

specifically the ability to model an insert contained within a control rod guide thimble.  

The code has been validated against reference calculations, and all important features of the 
models have been exercised to confirm that they function properly.  

The code provides a tool by which experienced LOCA analysts can provide estimates of various 
rod behaviors for transients in which the channel boundary conditions are not significantly 
perturbed by the presence of different or additional rods.
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(1) I am Acting Manager, Regulatory and Licensing Engineering, in the Nuclear Services 

Business Unit, of the Westinghouse Electric Company LLC ("Westinghouse"), and as 

such, I have been specifically delegated the function of reviewing the proprietary 

information sought to be withheld from public disclosure in connection with nuclear 

power plant licensing and rulemaking proceedings, and am authorized to apply for its 

withholding on behalf of Westinghouse.  

(2) I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 

of the Commission's regulations and in conjunction with the Westinghouse application 

for withholding accompanying this Affidavit.  

(3) I have personal knowledge of the criteria and procedures utilized by Westinghouse 

Electric Company LLC in designating information as a trade secret, privileged or as 

confidential commercial or financial information.  

(4) Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission's 

regulations, the following is furnished for consideration by the Commission in 

determining whether the information sought to be withheld from public disclosure 

should be withheld.  

(i) The information sought to be withheld from public disclosure is owned and has 

been held in confidence by Westinghouse.  

(ii) The information is of a type customarily held in confidence by Westinghouse 

and not customarily disclosed to the public. Westinghouse has a rational basis 

for determining the types of information customarily held in confidence by it and, 

in that connection, utilizes a system to determine when and whether to hold 

certain types of information in confidence. The application of that system and 

the substance of that system constitutes Westinghouse policy and provides the 

rational basis required.
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Under that system, information is held in confidence if it falls in one or more of 

several types, the release of which might result in the loss of an existing or 

potential competitive advantage, as follows: 

(a) The information reveals the distinguishing aspects of a process (or 

component, structure, tool, method, etc.) where prevention of its use by 

any of Westinghouse's competitors without license from Westinghouse 

constitutes a competitive economic advantage over other companies.  

(b) It consists of supporting data, including test data, relative to a process 

(or component, structure; tool, method, etc.), the application of which 

data secures a competitive economic advantage, e.g., by optimization or 

improved marketability.  

(c) Its use by a competitor would reduce his expenditure of resources or 

improve his competitive position in the design, manufacture, shipment, 

installation, assurance of quality, or licensing a similar product.  

(d) It reveals cost or price information, production capacities, budget levels, 

or commercial strategies of Westinghouse, its customers or suppliers.  

(e) It reveals aspects of past, present, or future Westinghouse or customer 

funded development plans and programs of potential commercial value 

to Westinghouse.  

(f) It contains patentable ideas, for which patent protection may be 

desirable.  

There are sound policy reasons behind the Westinghouse system which include 

the following:
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(a) The use of such information by Westinghouse gives Westinghouse a 

competitive advantage over its competitors. It is, therefore, withheld 

from disclosure to protect the Westinghouse competitive position.  

(b) It is information which is marketable in many ways. The extent to which 

such information is available to competitors diminishes the 

Westinghouse ability to sell products and services involving the use of 

the information.  

(c) Use by our competitor would put Westinghouse at a competitive 

disadvantage by reducing his expenditure of resources at our expense.  

(d) Each component of proprietary information pertinent to a particular 

competitive advantage is potentially as valuable as the total competitive 

advantage. If competitors acquire components of proprietary 

information, any one component may be the key to the entire puzzle, 

thereby depriving Westinghouse of a competitive advantage.  

(e) Unrestricted disclosure would jeopardize the position of prominence of 

Westinghouse in the world market, and thereby give a market advantage 

to the competition of those countries.  

(f) The Westinghouse capacity to invest corporate assets in research and 

development depends upon the success in obtaining and maintaining a 

competitive advantage.  

(iii) The information is being transmitted to the Commission in confidence and, 

under the provisions of 10CFR Section 2.790, it is to be received in confidence 

by the Commission.  

(iv) The information sought to be protected is not available in public sources or 

available information has not been previously employed in the same original 

manner or method to the best of our knowledge and belief.
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(v) The proprietary information sought to be withheld in this submittal is that which 

is appropriately marked in "Description of the Westinghouse LOCTA_JR 1-D 

Heat Conduction Code for LOCA Analysis of Fuel Rods" WCAP-15409 Revision 

1, September 2000 (Proprietary) for information in support of Tennessee Valley 

Authority's submittal to the Commission, transmitted via Tennessee Valley 

Authority and Application for Withholding Proprietary Information from Public 

Disclosure, Mr. John S. Galembush, Acting Manager, Regulatory and Licensing 

Engineering, Westinghouse to the Document Control Desk, Attention Mr.  

Samuel J. Collins. The proprietary information was provided by Westinghouse 

Electric Company LLC.  

This information is part of that which will enable Westinghouse to: 

(a) Evaluate fuel rod performance under loss of coolant accident (LOCA) 

conditions, as well as the performance of components inserted into 

thimble tubes.  

(b) Assist the customer to obtain NRC approval.  

Further this information has substantial commercial value as follows: 

(a) Westinghouse plans to sell the use of similar information to its customers 

for purposes of meeting NRC requirements for licensing dQcumentation.  

(b) Westinghouse can sell support and defense of the technology to its 

customers in the licensing process.
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Public disclosure of this proprietary information is likely to cause substantial 

harm to the competitive position of Westinghouse because it would enhance the 

ability of competitors to provide similar products for commercial power reactors 

without commensurate expenses. Also, public disclosure of the information 

would enable others to use the information to meet NRC requirements for 

licensing documentation without purchasing the right to use the information.  

The development of the technology described in part by the information is the 

result of applying the results of many years of experience in an intensive 

Westinghouse effort and the expenditure of a considerable sum of money.  

In order for competitors of Westinghouse to duplicate this information, similar 

design programs would have to be performed and a significant manpower effort, 

having the requisite talent and experience, would have to be expended for the 

development of replacement modules.  

Further the deponent sayeth.
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