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Tip Temperatures for Generating Pressure-Temperature Curves per ASME 

Section XI – Appendix G 

 
S. Yin, P. T. Williams, T. L. Dickson, and B. R. Bass  

Oak Ridge National Laboratory 
P. O. Box 2009 

Oak Ridge, TN, 37831-8056 
 

Abstract 

This report describes a computational methodology to calculate thermally-induced stress intensity factors 

(KIT) and crack-tip temperatures of ¼-t internal and ¾-t external surface-breaking flaws of a reactor 

pressure vessel (RPV). These parameters are relevant to RPV pressure-temperature (P-T) limit 

calculations performed as specified in the ASME Boiler and Pressure Vessel code Section XI, Appendix 

G. The P-T loading conditions arise from normal reactor operations such as startup (heatup) and 

shutdown (cooldown) events. A computer program, PTCALC, was developed to generate specialized 

output reports containing KIT and crack-tip temperatures for these specific flaw geometries. The PTCALC 

code is a simplified version of the more generic and complex fracture mechanics computer code FAVOR. 

KIT  is calculated by a linear superposition technique using Stress Intensity Factor Influence Coefficients 

(SIFICs). SIFICs were implemented into PTCALC for both internal flaw (¼-t) and external flaw (¾-t) 

with a length-to-depth aspect ratio of 6. PTCALC was validated by comparing PTCALC solutions to 

ABAQUS three-dimensional solutions. Calculation results are tabulated for KIT and crack-tip temperature 

values for a range of RPV geometries in the temperatures range of 70 to 550 F for  varying  heatup / 

cooldown rates.  
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1. INTRODUCTION 

 Reactors are periodically subjected to planned operational transients, such as startup (heatup) and 

shutdown (cooldown) events, where the temperature of the coolant in contact with the internal surface of 

the RPV wall is changing with time. This produces time-dependent thermal and stress gradients varying 

in magnitude through the RPV wall. During shutdown, the temperature of the coolant in contact with the 

RPV internal surface is decreasing with time such that the stresses near the RPV internal surface are 

tensile and tend to open existing cracks on or near the RPV internal surface. During startup, the 

temperature of the coolant in contact with the RPV internal surface is increasing with time such that the 

stresses near the RPV external surface are tensile and tend to open existing cracks on or near the RPV 

outer surface.  

Presently, the permissible operating envelope for an RPV during the normal startup and shutdown 

transients is prescribed by the pressure-temperature (P-T) curve [1], shown in Fig. 1. The P-T operating 

envelope is progressively restricted due to irradiation embrittlement of the RPV.  The nuclear industry has 

continued to develop and employ sophisticated computer modeling techniques to calculate the thermal 

stress intensities (KIT) arising at any time during typical RPV heatup and cooldown events. The NRC has 

requested the HSST program at ORNL to develop a computational tool to assist in their review of 

licensee and vendor P-T limit calculations.  

In response to the NRC request, a specialized computer code, PTCALC, has been developed with the 

objective to generate data required to calculate the allowable pressure, in accordance with ASME Section 

XI – Appendix G, for a given rate of change of the coolant temperature in contact with the RPV internal 

surface. For a planned RPV shutdown, the temperature and KIT time history at the tip of an internal 

surface-breaking (wetted surface) ¼-t flaw are required. For a planned startup, the temperature and KIT 

time history at the tip of an external surface-breaking ¾-t flaw are required. This flaw is referred to as the 

¾-t flaw since its crack tip resides ¾-t from the RPV internal surface.  

This report describes the computational methodology that was implemented into the PTCALC code. 

PTCALC is a considerably simplified version of the more generic and complex fracture mechanics 

program FAVOR [2-3].  PTCALC generates a report in a format, specified by the NRC, that contains the 

temperature and KIT corresponding to the ¼ -t and ¾-t crack tip locations. This report also contains tables 

(generated by the application of PTCALC) of crack-tip temperatures and KIT corresponding to the ¼-t and 

¾-t crack tip locations for prototypical Boiling Water Reactor (BWR) and Pressurized Water Reactor 
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(PWR) vessel geometries. The coolant temperatures range from 70 to 550 F, with heatup and cooldown 

rates of  20, 40, 60, 80, and 100 F/hr.  For PWR vessels, the wall thicknesses are 6, 7, 8, 9, 10, 11, and 12 

in., and BWR vessels have thicknesses of 4, 5, 6, 7, and 8 in. Therefore, there are total 120 tables that 

cover each permutation (2 events  5 rates  12 thicknesses). These tables are located in Appendices A 

and B.  

 

Fig. 1. The P-T operating envelope for a RPV is progressively restricted because of adjustment of 
the P-T curve to accommodate the effects of irradiation embrittlement of the RPV material. 
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2.  PTCALC COMPUTER PROGRAM 

2.0 Relevant Surface-Breaking Flaw Geometries 

 
The PTCALC computer program performs both thermal and stress analyses of a 1-dimensional 

axisymmetric model of the RPV wall. The time-dependent stress distributions through the wall constitute 

the thermal and mechanical loading that will be applied to calculate Mode I stress-intensity factors for 

postulated flaws. Both internal surface-breaking ¼-t  flaws and external surface-breaking ¾-t flaws with a 

length-to-depth (L/a) aspect ratio of 6 (as specified in 10CFR50 Appendix G [4] with reference to ASME 

Section XI, Appendix G [5]) are considered, as shown in Fig. 2. The following subsections describe how 

these deterministic calculations are carried out in PTCALC. 

 

Fig. 2. Internal (¼-t) and external (¾-t) semi-elliptic surface-breaking flaw models with aspect 
ratios L / a = 6. 

 
2.2 Thermal Analysis 

The temperature time-history, T(r,), for the vessel is determined by modeling the RPV wall as an 

axisymmetric 1-dimensional structure with the temperature profile being dependent on the radial position, 
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r, and elapsed time, , in the transient. In the absence of internal heat generation, the transient heat 

conduction equation is a 2nd-order parabolic partial differential equation: 

 
1

p

T T
c k r

r r r



        

 (1) 

where   is the mass density, pc is the mass-specific heat capacity, and k is the thermal conductivity. If all 

thermal properties are assumed to be temperature-independent, Eq. (1) has the following canonical form 

 11
0 for ; (0, )

T T
r r

r r r
 


           

  (2) 

where the property grouping pk c  is the thermal diffusivity of the material. For Eq. (2) to be well 

posed, initial and boundary conditions must be applied.  

 
Initial Condition

( ,0)  for initial i oT r T R r R  
 (3) 

  
Boundary Conditions

( , ) ( ) ( ) ( , )  at 

( , ) 0 at 
i i i

o o

q R h T T R r R

q R r R

   


  

 

 (4) 

where in Eqs. (3)-(4), q is a prescribed boundary heat flux, ( )h  is the time-dependent convective film 

coefficient, ( )T  is the time-dependent bulk coolant temperature, and and i oR R are the internal and outer 

radii of the vessel wall, respectively. Input data to the thermal model include the mesh definition, property 

data, and prescribed time-histories for h() and ( )T  . 
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Fig. 3.  Isoparametric mapping from parameter space to axisymmetric 1 Euclidean space using 3-
node quadratic basis functions. 

 

Eqs. (2)-(4) can be solved using the finite-element method, where the variational formulation for the 

transient heat conduction equation is given in ref. [6].  The fundamental decisions required to implement 

the finite-element method are (1) choice of basis functions, (2) choice of mapping, and (3) choice of 

method for element integration. As shown in Fig. 3, PTCALC uses an isoparametric mapping with 3-node 

quadratic cardinal basis functions, specifically 
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 (5) 

The elements of the thermal stiffness matrix [6] are calculated using a full-integration 4th-order Gauss-

Legendre quadrature rule with the following weights, i , and Gauss sampling points, i , 
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  (6) 

In PTCALC, a graded mesh (see Fig. 4) is generated through the wall thickness using ten 3-noded 

quadratic isoparametric axisymmetric elements (21 nodes). The first two elements represent the cladding, 

and the remaining eight elements model the base material. Fully-implicit time integration is employed 

with a fixed time step of 1.0 second. Temperature and hoop-stress profiles are plotted in Fig. 4 for a fixed 

time in an example transient. 

 

 

Fig. 4. One-dimensional axisymmetric finite-element model used in PTCALC to calculate both 
temperature and stress histories through the wall of an RPV. 

 
2.3  Stress Analysis 
 

PTCALC carries out a displacement-based finite-element analysis of the vessel using a 1-dimensional 

axisymmetric model of the vessel wall. The calculated displacements are converted into strains using 
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strain-displacement relationships, and the associated stresses are then calculated using linear-elastic 

stress-strain relationships. At each time station during the transient, the structure is in a state of static 

equilibrium, thus the load history is considered quasi-static. 

Let ( , , )u v w  be the radial, circumferential, and axial displacements, respectively, of a material point in a 

cylindrical ( , , )r z  coordinate system. The general 2-dimensional axisymmetric case requires that 

 0; 0; 0r z r zv             (7) 

where ,r z    are shear stresses and ,r z    are engineering shear strains. The strain-displacement 

relationships for the 2-dimensional case are 
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 (8) 

For the 1-dimensional axisymmetric case, ( , , )r z are principal directions, and 0; 0;w z     such that 

 ;   ;   0;   0rr zz zr
u u w u w

r r z z r      
      
   

 (9) 

For the case of a long cylinder with free ends and no axial or circumferential variations in temperature or 

material properties and with no radial variation in material properties, the radial and circumferential 

stresses for the 1-dimensional axisymmetric case are calculated from the strains by [7] 

  1 ( )
(1 )(1 2 ) 1 2rr rr ref

E E
T T

   
  

        
 (10) 

  (1 ) ( )
(1 )(1 2 ) 1 2rr ref

E E
T T 
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where 

           

 radial normal stress
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For generalized plane-strain conditions, the stress in the axial direction, PS
zz  , is given by 

 ( ) ( )PS
zz rr refE T T         (12) 

To obtain the axial stresses with the ends free (assuming no cap load), it is necessary to remove the net 

end force associated with the plane-strain condition. This net load is 

 2
o

i

RPS PS
zzR

f rdr    (13) 

where  and i oR R are the internal and outer radii of the cylinder. 

In PTCALC, the radial and hoop stresses are calculated using the finite-element method in which 

Eqs. (10) and (11) apply to each finite element, and thus radial variations in the material properties E, 

, and   can be included by letting the properties vary from one element material group to another. To 

account for radial variations in properties when calculating the axial stresses, Eq. (12) is applied to each 

element j such that 

 ( ) ( )PS
zz j j rr j j j j j refE T T           (14) 

is the axial stress in each element under plane-strain conditions. To achieve a free-end condition, the force 
PS
jf  [Eq. (13)] must be released in such a manner that the change in axial strain (displacement) is the 

same for each element, because it is assumed that initial planes remain in plane under load. If jf is the 

reduction in the plane-strain force, PS
jf , on element j, then 
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and 
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nele
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    (16) 

where 
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 (17) 

where ro and ri are the outer and internal radii of element j, respectively. Let p jf  be the axial forces that 

are the result of adding internal pressure, p. Specifying that the axial displacements for each element be 

the same gives 

 1 2

1 1 2 2

p p p nele

nele nele

f f f

A E A E A E
     (18) 

and 

 2

1

nele

p j o
j

f R p


  (19) 

where 

 j j p jf f f     

Recalling that the uniform change in axial strain has no effect on rr  and  , Eqs. (17), (18), and (19) 

can be solved for fj after calculating values of  and rr j j   ; then the axial stress is calculated from 

 
 PS

j j

zz j
j

f f

A
 


  (20) 

PTCALC uses a reduced-integration two-point Gauss-Legendre quadrature rule for the calculation of 

 and rr    in each element.  The Gauss sample points and weights for two-point quadrature are: 
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  (21) 

For the calculation of the axial stresses, each of the elements is divided into two sub-elements, each 

containing one of the two Gauss points, and the axial stresses are calculated at each of the Gauss points. 

Stresses at the nodes of the finite-element mesh are obtained by interpolation and extrapolation using a 

cubic spline fit of the stresses at the Gauss points. The stress analysis uses the same mesh and quadratic 

elements that are applied in the thermal analysis described in the previous section. Details regarding the 

formation and assembly of the stiffness matrix and load vector for a static stress analysis are given in any 

text on finite-element methods. See for example ref. [8].  

2.4 Linear-Elastic Fracture Mechanics (LEFM) 

The PTCALC code’s linear-elastic stress model treats axial flaws exposed to a 1-dimensional 

axisymmetric stress field and circumferential flaws exposed to a generalized-plane-strain stress field. 

These flaws are, therefore, assumed to experience only a Mode I loading, where the principal load is 

applied normal to the crack plane, thus tending to open the crack. It is also assumed that the plastic zone 

around the crack tip is fully-contained, and the overall deformation-load response of the structure is 

linear. For these high-constraint conditions, the principles of linear-elastic fracture mechanics (LEFM) 

apply when calculating driving forces for the crack.  

For the cracked structure under LEFM conditions, the singular stress field in the vicinity of the crack tip 

can be characterized by a single parameter. This one-parameter model has the form 

 

  for axial flaws
2

 for circumferential flaws
2

I

I
zz

K

r
K

r










 (22) 

where r is the radial distance from the crack tip, and the crack plane is assumed to be a principal plane. 

The critical fracture parameter in Eq. (22) is the Mode I stress-intensity factor, KI.  When the conditions 

for LEFM are met, the problem of calculating the stress-intensity factor can be formulated solely in terms 

of the flaw geometry and the stress distribution of the uncracked structure.  
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2.5 Linear Superposition Technique for calculating KI  

 
For internal and external surface-breaking flaws, the stress-intensity-factor, KI, is calculated in PTCALC 

using a weighting-function approach originally introduced by Bückner [9] and applied by other 

researchers [10-13], including the developers of OCA-I [14] OCA-P [15], and FAVOR. The stress-

intensity factor, KI, is calculated by a linear superposition technique where instead of analyzing the 

cracked structure using actual loads, the analysis is performed with a distributed pressure loading applied 

to the crack surfaces only. This pressure is opposite in sign, but equal in magnitude and distribution to the 

stresses along the crack line that are calculated for the uncracked structure with the actual loads applied. 

For an arbitrary stress distribution and for the case of a 3-dimensional semi-elliptical surface flaw, the 

truncated stress distribution can be approximated by a third-order polynomial of the form 

 2 3
0 1 2 3( ) ( / ) ( / ) ( / )a C C a a C a a C a a         (23) 

where ( )a  is the stress normal to the crack plane at radial position, a . The variables a and a are 

defined in Fig. 5, and the coefficients ( 0 1 2 3, , ,C C C C ) are calculated by a generalized least squares 

regression analysis in PTCALC for the stress distribution calculated for the uncracked structure across the 

crack depth. For internal surface-breaking flaws, the curve fit is for the time-dependent stress profile from 

the clad-base interface to the tip of the ¼-t internal surface flaw. For external surface-breaking flaws, the 

curve fit is for the time-dependent stress profile from the RPV external surface to the tip ¾-t external 

surface flaw.  

 

The KI values are determined for each of the individual terms (stress distributions) in Eq. 24 and then 

added to obtain the total KI value as follows: 

 
3 3

*

0 0

( ) ( ) ( )I Ij j j
j j

K a K a C aK a
 

    (24) 

where 

 
'

*

'

( )
( ) Ij

j

j

K a
K a

C a
  (25) 

Values of ' '( ) /Ij jK a C a  were calculated for each of the normalized stress distributions corresponding 

to each term in Eq. 25 (see Fig. 6), using 3-dimensional finite-element analysis results and an arbitrary 

value of ' 1jC  . The dimensionless quantity *( )jK a is referred to as the influence coefficient. For semi-

elliptic flaws, *( )jK a values can be calculated for several points along the crack front, in which case 

Eq. 25 becomes 
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3

*

0

( ) ( )I j j
j

K C aK  


  (26) 

where  is the elliptical angle denoting the point on the crack front, and the crack-depth notation (a) has 

been dropped. Although SIFICs are available in the HSST database for internal surface-breaking flaws for 

a range of elliptical angles, this baseline release of PTCALC calculates only the value of KI at the deepest 

point along the flaw front (i.e., 90   ). 

The presence of a thin layer of stainless steel cladding on the internal surface of reactor pressure vessels 

has a significant effect on the KI values for internal surface flaws because of very high thermal stresses 

generated in the cladding during a thermal transient. When using influence coefficients for 3-dimensional 

flaws, it is necessary to represent the stress distribution in the uncracked cylinder with a third-order 

polynomial, and thus the discontinuity in the thermal stress at the clad-base material interface presents a 

problem. To accommodate the stress discontinuity associated with the cladding, influence coefficients 

were calculated for the cladding stresses alone; the corresponding KI value can then be superimposed on 

the KI value due to the stresses in the base material. This is accomplished by first calculating a KI value 

for a continuous-function stress distribution obtained by a linear extrapolation of the stress distribution in 

the base material to the clad-base interface. Then a KI value is calculated for the stress distribution in the 

cladding by subtracting the extrapolated distribution from the actual assumed-linear distribution in the 

cladding. The total KI value is simply the sum of the two. Because the stress distribution in the cladding is 

essentially linear, only a first-order polynomial is used for the cladding stress-intensity-factor-influence 

coefficients.  
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Fig. 5. Influence coefficients, K*, have been calculated for finite length internal surface-breaking 
and external surface-breaking semi-elliptical flaws with an aspect ratio L / a = 6 for Ri / t = 
10 and 20. 
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Fig. 6. Crack-surface loading cases for determining finite 3D flaw influence coefficients: 
(a) uniform unit load, (b) linear load, (c) quadratic load, and (d) cubic load. 
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2.6  Stress Intensity Factor Influence Coefficients (SIFICs)  

The HSST Program at ORNL previously generated databases of SIFICs for a range of semi-elliptical 

internal surface-breaking flaw geometries for vessels for Ri/t = 10 [16-17] and Ri /t = 20 [18]. These 

values of SIFIC for a/t = 0.2 and 0.3 are tabulated in Tables 1-4. These SIFICs have been installed in 

previous versions of FAVOR [2,3, and19]. As previously mentioned, PTCALC calculates only the value 

of KI at the deepest point along the flaw front (i.e., 90   ). 

 

As noted above, the HSST database has SIFICs corresponding to depths of a/t = 0.2 and 0.3.  In fact, the 

HSST database has SIFICs corresponding to 8 flaw depths ranging from a/t = 0.01 to a/t =0.5; however, it 

does not have SIFICs corresponding to the internal surface-breaking ¼-t flaw.  For PTCALC  to calculate 

the KI corresponding to a flaw depth within the range of a/t = 0.01 to a/t =0.5 for which the HSST 

database does not have SIFICs, PTCALC calculates values of KI corresponding to each of the 8 flaw 

depths for which SIFICs do exist and then uses cubic spline interpolation to determine the value of KI for 

any other depth (such as for the ¼-t flaw).  

  

An important finding of the studies performed in references [23] and [24] is that there are essentially no 

differences between internal surface axial and circumferential flaws having depths (0.01 a /t 0.5)  for 

flaw aspect ratios of 2, 6, and 10. Therefore one set of  SIFICs for flaws in this range may be applied both 

to axially-and circumferentially-oriented flaws.  

 

During the development of PTCALC, SIFICs for the ¾-t external surface-breaking flaw were generated 

specifically for the ¾-t flaw for Ri/t = 10  and Ri/t = 20. These values of SIFIC are tabulated in Tables 5 - 

6. It was also found during the current study that there are essentially no differences in SIFICs for 

external surface axial and circumferential ¾-t flaw; therefore, these SIFICs may be applied both to 

axially- and circumferentially-oriented flaws.  

 

The ABAQUS finite-element code [20] was used to generate all of the SIFICs that are implemented into 

PTCALC. ABAQUS is a nuclear quality assurance certified (NQA-1), general-purpose, multidimensional 

finite-element code that has fracture mechanics capabilities. In the process of calculating the SIFICs, 

careful attention was paid to using adequately-converged finite-element meshes and an appropriate 

cylinder length. The number of elements in the circumferential and axial directions and around the crack 
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front was increased, one at a time, until the addition of one element changed the value of KI by less than 

one percent. With regard to cylinder length, a minimum incremental length of the cylinder that could be 

added to the length of the flaw to negate end effects was estimated from Eq. 27 [21] 

 

1/ 42 2

2
2

3(1 )
iR t

v

 

   
  (27) 

where   is Poisson’s ratio, Ri is the internal radius of the vessel, and t is the wall thickness. 

In the generation of KIT for the BWR vessel with Ri /t = 15 (Tables BWR16-25 and Tables BWR41-50), 

the SIFICs were linearly interpolated between those for Ri/t = 10 and Ri/t = 20.  A small error would be 

introduced by this interpolation since there is a relatively small difference between the SIFICs for Ri/t = 

10 and Ri/t = 20 at 90   . 

  Table 1. Influence Coefficients for Internal Surface Crack: Ri/t = 10 and a/t = 0.2 
Aspect Elliptic K 0 K 1 K 2 K 3 K 0 K 1 K 0 K 1

Ratio Angle (deg) Uniform Linear Quadratic Cubic t cl =0.25 in. t cl =0.25 in. t cl =0.156 in.t cl =0.156 in.

6:1 0.00 0.617 0.101 0.034 0.017 0.434 0.163 0.377 0.171

2.37 0.699 0.194 0.066 0.019 0.180 0.090 0.093 0.043

16.60 0.781 0.280 0.118 0.045 0.127 0.063 0.079 0.039

30.80 0.856 0.375 0.195 0.101 0.116 0.058 0.072 0.036

45.00 0.915 0.464 0.283 0.180 0.110 0.055 0.069 0.034

59.20 0.958 0.538 0.366 0.265 0.106 0.053 0.066 0.033

73.40 0.986 0.590 0.430 0.336 0.104 0.052 0.065 0.032

87.60 1.010 0.619 0.464 0.373 0.102 0.051 0.064 0.032

90.00 1.020 0.624 0.470 0.380 0.101 0.051 0.063 0.032  

Table 2. Influence Coefficients for Internal Surface Crack: Ri/t = 10 and a/t = 0.3 
Aspect Elliptic K 0 K 1 K 2 K 3 K 0 K 1 K 0 K 1

Ratio Angle (deg) Uniform Linear Quadratic Cubic t cl =0.25 in. t cl =0.25 in. t cl =0.156 in. t cl =0.156 in.

6:1 0.00 0.665 0.112 0.041 0.022 0.380 0.181 0.315 0.167
2.37 0.715 0.190 0.068 0.027 0.117 0.054 0.069 0.032
16.60 0.804 0.277 0.118 0.051 0.093 0.045 0.057 0.028
30.80 0.886 0.376 0.194 0.104 0.085 0.042 0.053 0.026
45.00 0.951 0.470 0.284 0.182 0.081 0.040 0.050 0.025
59.20 0.998 0.549 0.372 0.270 0.078 0.039 0.049 0.024
73.40 1.028 0.605 0.439 0.345 0.077 0.038 0.048 0.024
87.60 1.053 0.635 0.475 0.384 0.075 0.038 0.047 0.024
90.00 1.058 0.640 0.481 0.391 0.075 0.037 0.047 0.023  
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Table 3. Influence Coefficients for Internal Surface Crack: Ri/t = 20 and a/t = 0.2 

Aspect Elliptic K 0 K 1 K 2 K 3 K 0 K 1 K 0 K 1

Ratio Angle (deg) Uniform Linear Quadratic Cubic t cl=0.25 in. t cl=0.25 in. t cl=0.156 in.t cl=0.156 in.

6:1 0.00 0.642 0.102 0.032, 0.017 0.495 0.174 0.431 0.183

11.80 0.680 0.150 0.045 0.026 0.343 0.130 0.18 0.073

22.60 0.724 0.214 0.073 0.045 0.209 0.101 0.125 0.059

33.50 0.802 0.299 0.129 0.075 0.176 0.087 0.108 0.054

44.40 0.871 0.390 0.206 0.120 0.162 0.081 0.101 0.05

55.30 0.926 0.475 0.291 0.186 0.154 0.077 0.096 0.048

66.10 0.965 0.544 0.370 0.267 0.149 0.075 0.093 0.047

77.00 0.991 0.592 0.430 0.334 0.146 0.073 0.091 0.046

90.00 1.026 0.624 0.467 0.375 0.141 0.070 0.088 0.044  

Table 4. Influence Coefficients for Internal Surface Crack: Ri/t = 20 and a/t = 0.3 

Aspect Elliptic K 0 K 1 K 2 K 3 K 0 K 1 K 0 K 1

Ratio Angle (deg) Uniform Linear Quadratic Cubic t cl=0.25 in. t cl=0.25 in. t cl=0.156 in.t cl=0.156 in.

6:1 0.00 0.666 0.144 0.04 0.021 0.424 0.193 0.353 0.18

19.30 0.734 0.204 0.073 0.026 0.156 0.073 0.093 0.043

30.70 0.821 0.291 0.125 0.052 0.129 0.063 0.079 0.039

42.10 0.899 0.388 0.202 0.107 0.119 0.059 0.074 0.037

53.60 0.962 0.479 0.291 0.186 0.114 0.057 0.071 0.035

65.00 1.007 0.555 0.376 0.272 0.110 0.055 0.069 0.034

76.40 1.037 0.608 0.441 0.344 0.108 0.054 0.068 0.034

87.90 1.062 0.638 0.475 0.381 0.107 0.053 0.067 0.033

90.00 1.067 0.643 0.481 0.388 0.106 0.053 0.067 0.033  

Table 5. Influence Coefficients for External Surface Crack: Ri/t = 10 and a/t = 0.25 
Aspect Elliptic K 0 K 1 K 2 K 3

Ratio Angle (deg) Uniform Linear Quadratic Cubic
6:1 0.00 0.829 0.156 0.065 0.038

2.37 0.833 0.197 0.082 0.045

16.60 0.770 0.402 0.260 0.183

30.80 0.991 0.608 0.469 0.393

45.00 1.068 0.642 0.490 0.408

59.20 1.084 0.649 0.494 0.411

73.40 1.092 0.652 0.496 0.412

87.60 1.094 0.653 0.496 0.413

90.00 1.094 0.653 0.496 0.413  

Table 6.  Influence Coefficients for External Axial Surface Crack: Ri/t = 20 and a/t = 0.25 
Aspect Elliptic K 0 K 1 K 2 K 3

Ratio Angle (deg) Uniform Linear Quadratic Cubic
6:1 0.00 0.810 0.156 0.066 0.037

2.37 0.802 0.190 0.079 0.043

16.60 0.756 0.388 0.249 0.175

30.80 0.987 0.600 0.461 0.387

45.00 1.059 0.633 0.481 0.400

59.20 1.074 0.639 0.485 0.403

73.40 1.081 0.642 0.487 0.404

87.60 1.083 0.643 0.487 0.405

90.00 1.083 0.643 0.487 0.405  
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Validation Studies  

 

Extensive studies [22-24] have previously been performed to validate thermal, stress, and KI solutions 

generated for FAVOR. These KI validation studies have covered a range of axially- and circumferentially-

oriented internal surface-breaking flaw geometries. In all previous validation studies, FAVOR solutions 

have been successfully validated by comparing them to solutions generated by ABAQUS three-

dimensional models.  

In this study, KI solutions generated by PTCALC for the ¾-t external surface-breaking flaw were also 

successfully compared to solutions generated by ABAQUS three-dimensional models.  The mesh used for 

the current validation studies is shown in Fig. 7. 

 

A comparison of the ABAQUS LEFM KI solutions with PTCALC-generated KI values calculated using 

the SIFICs reported in Tables 5 and 6 is shown in Fig. 8. In all cases the PTCALC solutions slightly 

exceeded the ABAQUS LEFM KI results; however, the magnitudes of the deviations were typical of the 

results in previous verification studies for these low driving forces. 

 

Fig. 7.  ABAQUS finite-element model used in calculating SIFICs for external flaws. 

In addition, Figs. 8a-8d provide comparisons with values of KIT(max) produced by a radial thermal gradient, 

as calculated from equations given in ASME Section XI, Appendix G [5] for a postulated axial or 

circumferential inside surface defect, the cooldown KIT(max) is given by 

 3 2.5
(max) 0.953 10   [ksi in.]ITK CR t     (28) 
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and for a postulated axial or circumferential outside surface defect the heatup KIT(max) is given by 

 3 2.5
(max) 0.753 10   [ksi in.]ITK HU t     (29) 

where 

 

cooldown rate in [ F/hr]

heatup rate in [ F/hr]

wall thickness in [in.]

CR

HU

t
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(a)  

(b)   

 

Fig. 8.  Verification of implementation of SIFICs by comparison to ABAQUS finite-element 
solutions and Appendix G KIT(max) values for a range of heatup rates: (a) external flaws with 
Ri /t = 10, (b) external flaws with Ri /t = 20 
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(c)  

(d)  

Fig. 8. (continued) Verification of implementation of SIFICs by comparison to ABAQUS finite-
element solutions and Appendix G KIT(max) values for a range of heatup rates: (c) external 
flaws with Ri /t = 10 with heatup rates from 20 to 100 F and (d) (c) internal flaws 
with Ri /t = 10 with cooldown rates from 20 to 100 F. 
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3.  INPUT DATA  

3.1 Vessel Geometry and Thermo-Elastic Property Data 

The PTCALC program requires fundamental vessel geometry data input, including the vessel’s internal 

radius (Ri), wall thickness (t), and cladding thickness (CLTH). Both PWRs and BWRs were considered in 

the current study. For PWR vessels, the t values are 6, 7, 8, 9, 10, 11, and 12 in., and BWR vessels have t 

values of 4, 5, 6, 7, and 8 in. Three Ri  /t aspect ratios of 10 (for PWRs) and 15 and 20 (for BWRs) were 

considered. The cladding thickness, CLTH, was kept as 0.156 in. for all cases.  

Temperature-independent thermo-elastic properties were also input for the cladding and base materials, as 

listed in Table 7. These property data for the RPV were treated as fixed parameters in all subsequent 

analyses.  

Table 7.  RPV Thermal and Mechanical Properties 

Property Units Base Cladding
Thermal conductivity Btu/hr-ft-°F 24 10
Specific heat Btu/lbm-°F 0.12 0.12
Elastic modulus ksi 28000 22800
Poisson’s ratio 0.3 0.3

Thermal expansion coefficient °F-1 7.7710-6 9.4510-6

Density lbm/ft3 489 489  

 

3.2 Thermal-Hydraulic Transient Definitions 

The thermal-hydraulic (T-H) definitions are input in PTCALC in the form of coolant temperature, 

convective heat-transfer coefficient, and internal pressure time histories, all as functions of elapsed time 

for the transient. The coolant temperature ranges from 70 to 550 F, with heatup (or cooldown) rates of 

20, 40, 60, 80, and 100 F/hr.  

The convective heat-transfer coefficient was set to be constant at 5000 Btu/hr-ft2-F.  Based on a previous 

study [25], it was determined that fracture mechanics analysis results have little sensitivity to convective 

heat transfer coefficient (h) for values of h equal to or greater than values that correspond to being 

conduction limited. Conduction limited denotes a condition in which the wall conduction dominates the 

thermal resistance to energy flowing from the wall to the fluid. In the limit, as the convective heat transfer 



   
 

  27 
 
 

coefficient gets very large, the difference between the fluid and wall temperatures approaches zero, and 

subsequently, the fracture mechanics behavior becomes asymptotic for increasing values of h.  

No internal pressure was applied in the current analyses. 
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4. TABULATED DATA 

Appendices A and B contain tables of crack-tip temperatures and KIT corresponding to the ¼-t and ¾-t 

crack tip locations for prototypical BWR and PWR vessel geometries. The tables are in a format specified 

by the NRC. The coolant temperatures varies from 70 to 550 F, with heatup and cooldown rates of  20, 

40, 60, 80, and 100 F/hr.   

Appendix A contains tables for BWR vessels with wall thicknesses of 4, 5, 6, 7, and 8 in.; therefore, 

appendix A contains a total of 50 tables that cover each permutation (2 events  5 rates  5 thicknesses). 

SIFICs for Ri/t = 20 were applied in the generation of BWR tabulated KIT data for wall thicknesses of 4,5, 

and 6 in. whereas SIFICs for Ri/t = 15 (obtained from the linear interpolation of SIFICs for 10 and 20)  

were applied in the generation of BWR tabulated KIT data for wall thicknesses of  7 and 8 in. Table 4.1  

Appendix B contains tables PWR vessels with wall thicknesses of 6, 7, 8, 9, 10, 11, and 12 in.; therefore, 

appendix B contains a total of 70 tables that cover each permutation (2 events  5 rates  7 thicknesses). 

SIFICs for Ri/t = 10 were applied in the generation of all PWR tabulated KIT data. 
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5. APPLICATION OF TABULATED DATA 

The tabulated values of temperature and KIT corresponding to the ¼-t and ¾-t crack-tip locations are 

required to calculate the allowable pressure, in accordance with ASME Section XI – Appendix G, for a 

given rate of change of the coolant temperature for a planned startup or shutdown.  

An example will be provided that illustrates how the tabulated data may be applied to calculate the 

allowable pressure in accordance with ASME Section XI – Appendix G, for a planned shutdown of a 

PWR with a wall thickness of  9 in. for  a cooldown rate of 100 F / hr. assuming that the limiting region 

is an axial weld with a RTNDT of 270 F.  

In accordance with ASME Section XI – Appendix G, the allowable pressure is determined from the 

application of  

 
2

Ic IT
allow

m

K K t
P

M R

    
 

 (30) 

 

where from [5], for an inside axial surface flaw, 

 1/ 20.926mM t  (31) 

and from  [26],  

   ( ) 33.2 20.734exp 0.02 ( )Ic NDTK T RT     (32) 

For specified wall thickness and cooldown rate, table PWR 16 contains the applicable temperature and 

KIT data for the ¼-t internal surface breaking flaw. Table 8 illustrates how the crack tip temperature and 

KIT corresponding to the ¼-t flaw from Table PWR 16 are used as input into equations 27 and 29, 

respectively, to generate the allowable pressure. Note that KIc is truncated at a maximum value of 200 ksi 

in 1/2 and the allowable pressure is truncated at an assumed normal operating pressure of 2.25 ksi. 
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Table 8 – Example application:  PWR;  wall thickness of  9 in.; cooldown rate of 100 F / hr. 
limiting region is an axial weld with a RTNDT of 270 F  

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T) T-RTNDT (°F) K Ic  (ksi) P allowable (ksi)
550.00 0.00 0.00 550.00 280.00 200.00 2.25
540.00 6.00 2.45 547.40 277.40 200.00 2.25
530.00 12.00 5.51 542.08 272.08 200.00 2.25
520.00 18.00 8.28 535.78 265.78 200.00 2.25
510.00 24.00 10.68 528.87 258.87 200.00 2.25
500.00 30.00 12.75 521.49 251.49 200.00 2.25
490.00 36.00 14.52 513.73 243.73 200.00 2.25
480.00 42.00 16.05 505.65 235.65 200.00 2.25
470.00 48.00 17.37 497.28 227.28 200.00 2.25
460.00 54.00 18.50 488.68 218.68 200.00 2.25
450.00 60.00 19.48 479.88 209.88 200.00 2.25
440.00 66.00 20.32 470.90 200.90 200.00 2.25
430.00 72.00 21.05 461.77 191.77 200.00 2.25
420.00 78.00 21.68 452.52 182.52 200.00 2.25
410.00 84.00 22.22 443.16 173.16 200.00 2.25
400.00 90.00 22.70 433.70 163.70 200.00 2.25
390.00 96.00 23.12 424.17 154.17 200.00 2.25
380.00 102.00 23.48 414.57 144.57 200.00 2.25
370.00 108.00 23.80 404.91 134.91 200.00 2.25
360.00 114.00 24.08 395.20 125.20 200.00 2.25
350.00 120.00 24.32 385.45 115.45 200.00 2.25
340.00 126.00 24.54 375.66 105.66 200.00 2.25
330.00 132.00 24.74 365.85 95.85 174.20 2.25
320.00 138.00 24.92 356.00 86.00 148.99 2.23
310.00 144.00 25.07 346.13 76.13 128.25 1.86
300.00 150.00 25.22 336.25 66.25 111.21 1.55
290.00 156.00 25.35 326.34 56.34 97.18 1.29
280.00 162.00 25.47 316.43 46.43 85.68 1.08
270.00 168.00 25.58 306.50 36.50 76.22 0.91
260.00 174.00 25.68 296.56 26.56 68.47 0.77
250.00 180.00 25.78 286.61 16.61 62.10 0.65
240.00 186.00 25.87 276.66 6.66 56.89 0.56
230.00 192.00 25.95 266.69 -3.31 52.61 0.48
220.00 198.00 26.03 256.73 -13.27 49.10 0.42
210.00 204.00 26.11 246.75 -23.25 46.22 0.36
200.00 210.00 26.19 236.78 -33.22 43.87 0.32
190.00 216.00 26.26 226.80 -43.20 41.94 0.28
180.00 222.00 26.33 216.82 -53.18 40.36 0.25
170.00 228.00 26.39 206.83 -63.17 39.06 0.23
160.00 234.00 26.46 196.84 -73.16 38.00 0.21
150.00 240.00 26.52 186.85 -83.15 37.13 0.19
140.00 246.00 26.59 176.86 -93.14 36.42 0.18
130.00 252.00 26.65 166.87 -103.13 35.84 0.17
120.00 258.00 26.71 156.88 -113.12 35.36 0.16
110.00 264.00 26.77 146.88 -123.12 34.97 0.15
100.00 270.00 26.83 136.89 -133.11 34.65 0.14
90.00 276.00 26.89 126.89 -143.11 34.38 0.13
80.00 282.00 26.95 116.90 -153.10 34.17 0.13
70.00 288.00 27.01 106.90 -163.10 33.99 0.13
70.00 294.00 24.62 99.51 -170.49 33.89 0.17  
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6. SUMMARY AND CONCLUSIONS 

 
The NRC requested the HSST program at ORNL to develop a computational tool to assist in their review 

of licensee and vendor P-T limit calculations. In response to this NRC request, a specialized computer 

code, PTCALC, was developed that generates a report in a format specified by the NRC and contains the 

temperature and KIT corresponding to the ¼-t and ¾-t crack-tip locations. These data are required to 

calculate the allowable pressure, in accordance with ASME Section XI – Appendix G, for a given rate of 

change of the coolant temperature for a planned startup or shutdown.  

In PTCALC, KI is calculated by a linear superposition technique using SIFICs. SIFICs previously 

generated and validated by the HSST program for internal surface-breaking flaw geometries are utilized 

in PTCALC.  SIFICs for the ¾-t external surface flaw were generated, implemented into PTCALC, and 

KIT solutions validated by comparing solutions to ABAQUS three-dimensional solutions.  

This technical report includes appendices that contain tabulated values of KIT and crack-tip temperatures 

for each flaw in the temperature range from 70 to 550 F, with heatup and cooldown rates of 20, 40, 60, 

80, and 100 F/hr. Both pressurized-water reactors (PWRs, Ri/t = 10) and boiling-water reactors (BWRs, 

Ri/t = 15 or 20) were considered in the current study. For PWR vessels, the wall thicknesses are 6, 7, 8, 9, 

10, 11, and 12 in., and BWR vessels have thicknesses of 4, 5, 6, 7, and 8 in.; therefore, there are total 120 

tables that cover each permutation (2 events  5 rates  12 thicknesses).  
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Appendix A 
Thermal Stress Intensity Factor KIT and Crack Tip 

Temperatures for BWRs 
*** All the KIT values have unit ksi in  

 
 

Index of BWR Tables (Page numbers in parentheses) 

 

t (in) R/t 100 (°F/hr) 80 (°F/hr) 60 (°F/hr) 40 (°F/hr) 20 (°F/hr)

4 (BWR) 20 Table BWR-1 (35) Table BWR-2 (36) Table BWR-3 (37) Table BWR-4 (38) Table BWR-5 (39)

5 (BWR) 20 Table BWR-6 (40) Table BWR-7 (41) Table BWR-8 (42) Table BWR-9 (43) Table BWR-10 (44)

6 (BWR) 20 Table BWR-11 (45) Table BWR-12 (46) Table BWR-13 (47) Table BWR-14 (48) Table BWR-15 (49)

7 (BWR) 15 Table BWR-16 (50) Table BWR-17 (51) Table BWR-18 (52) Table BWR-19 (53) Table BWR-20 (54)

8 (BWR) 15 Table BWR-21 (55) Table BWR-22 (56) Table BWR-23 (57) Table BWR-24 (58) Table BWR-25 (59)

Cooldown RateRPV Geometry

 

 

t (in) R/t 100 (°F/hr) 80 (°F/hr) 60 (°F/hr) 40 (°F/hr) 20 (°F/hr)

4 (BWR) 20 Table BWR-26 (60) Table BWR-27 (61) Table BWR-B28 (62) Table BWR-29 (63) Table BWR-30 (64)

5 (BWR) 20 Table BWR-31 (65) Table BWR-32 (66) Table BWR-33 (67) Table BWR-34 (68) Table BWR-35 (69)

6 (BWR) 20 Table BWR-36 (70) Table BWR-37 (71) Table BWR-38 (72) Table BWR-39 (73) Table BWR-40 (74)

7 (BWR) 15 Table BWR-41 (75) Table BWR-42 (76) Table BWR-43 (77) Table BWR-44 (78) Table BWR-45(79)

8 (BWR) 15 Table BWR-46 (80) Table BWR-47 (81) Table BWR-48 (82) Table BWR-49 (83) Table BWR-50 (84)

RPV Geometry Heatup Rate
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 Table BWR-1 
Cooldown Rate = 100 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 1.66 544.71 -1.27 548.09
530.00 12.00 2.61 536.68 -2.07 542.15
520.00 18.00 3.09 527.63 -2.48 534.11
510.00 24.00 3.34 518.09 -2.70 525.07
500.00 30.00 3.48 508.31 -2.82 515.53
490.00 36.00 3.57 498.42 -2.90 505.75
480.00 42.00 3.63 488.48 -2.96 495.86
470.00 48.00 3.68 478.50 -3.01 485.92
460.00 54.00 3.73 468.51 -3.06 475.94
450.00 60.00 3.77 458.52 -3.10 465.95
440.00 66.00 3.81 448.52 -3.14 455.96
430.00 72.00 3.85 438.52 -3.18 445.96
420.00 78.00 3.88 428.53 -3.22 435.96
410.00 84.00 3.92 418.53 -3.26 425.96
400.00 90.00 3.96 408.53 -3.30 415.96
390.00 96.00 4.00 398.53 -3.34 405.96
380.00 102.00 4.04 388.53 -3.38 395.96
370.00 108.00 4.08 378.53 -3.42 385.96
360.00 114.00 4.11 368.53 -3.46 375.96
350.00 120.00 4.15 358.53 -3.50 365.96
340.00 126.00 4.19 348.53 -3.54 355.96
330.00 132.00 4.23 338.53 -3.58 345.96
320.00 138.00 4.27 328.53 -3.62 335.96
310.00 144.00 4.30 318.53 -3.66 325.96
300.00 150.00 4.34 308.53 -3.70 315.96
290.00 156.00 4.38 298.53 -3.74 305.96
280.00 162.00 4.42 288.53 -3.78 295.96
270.00 168.00 4.46 278.53 -3.82 285.96
260.00 174.00 4.50 268.53 -3.86 275.96
250.00 180.00 4.53 258.53 -3.90 265.96
240.00 186.00 4.57 248.53 -3.94 255.96
230.00 192.00 4.61 238.53 -3.98 245.96
220.00 198.00 4.65 228.53 -4.02 235.96
210.00 204.00 4.69 218.53 -4.06 225.96
200.00 210.00 4.73 208.53 -4.10 215.96
190.00 216.00 4.76 198.53 -4.14 205.96
180.00 222.00 4.80 188.53 -4.18 195.96
170.00 228.00 4.84 178.53 -4.22 185.96
160.00 234.00 4.88 168.53 -4.26 175.96
150.00 240.00 4.92 158.53 -4.30 165.96
140.00 246.00 4.95 148.53 -4.34 155.96
130.00 252.00 4.99 138.53 -4.38 145.96
120.00 258.00 5.03 128.53 -4.42 135.96
110.00 264.00 5.07 118.53 -4.46 125.96
100.00 270.00 5.11 108.53 -4.50 115.96
90.00 276.00 5.15 98.53 -4.54 105.96
80.00 282.00 5.18 88.53 -4.58 95.96
70.00 288.00 5.22 78.53 -4.62 85.96
70.00 294.00 3.60 73.82 -3.38 77.87  
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Table BWR-2 
Cooldown Rate = 80 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 1.57 544.27 -1.22 547.52
530.00 15.00 2.31 535.79 -1.84 540.65
520.00 22.50 2.63 526.40 -2.12 531.91
510.00 30.00 2.79 516.65 -2.26 522.42
500.00 37.50 2.87 506.75 -2.34 512.63
490.00 45.00 2.93 496.79 -2.39 502.71
480.00 52.50 2.97 486.81 -2.44 492.75
470.00 60.00 3.01 476.82 -2.48 482.76
460.00 67.50 3.05 466.82 -2.52 472.77
450.00 75.00 3.09 456.82 -2.56 462.77
440.00 82.50 3.13 446.82 -2.60 452.77
430.00 90.00 3.17 436.82 -2.64 442.77
420.00 97.50 3.21 426.82 -2.68 432.77
410.00 105.00 3.25 416.82 -2.72 422.77
400.00 112.50 3.28 406.82 -2.76 412.77
390.00 120.00 3.32 396.82 -2.80 402.77
380.00 127.50 3.36 386.82 -2.84 392.77
370.00 135.00 3.40 376.82 -2.88 382.77
360.00 142.50 3.44 366.82 -2.92 372.77
350.00 150.00 3.48 356.82 -2.96 362.77
340.00 157.50 3.51 346.82 -3.00 352.77
330.00 165.00 3.55 336.82 -3.04 342.77
320.00 172.50 3.59 326.82 -3.08 332.77
310.00 180.00 3.63 316.82 -3.12 322.77
300.00 187.50 3.67 306.82 -3.16 312.77
290.00 195.00 3.70 296.82 -3.20 302.77
280.00 202.50 3.74 286.82 -3.24 292.77
270.00 210.00 3.78 276.82 -3.28 282.77
260.00 217.50 3.82 266.82 -3.32 272.77
250.00 225.00 3.86 256.82 -3.36 262.77
240.00 232.50 3.90 246.82 -3.40 252.77
230.00 240.00 3.93 236.82 -3.44 242.77
220.00 247.50 3.97 226.82 -3.48 232.77
210.00 255.00 4.01 216.82 -3.52 222.77
200.00 262.50 4.05 206.82 -3.56 212.77
190.00 270.00 4.09 196.82 -3.60 202.77
180.00 277.50 4.13 186.82 -3.64 192.77
170.00 285.00 4.16 176.82 -3.68 182.77
160.00 292.50 4.20 166.82 -3.72 172.77
150.00 300.00 4.24 156.82 -3.76 162.77
140.00 307.50 4.28 146.82 -3.80 152.77
130.00 315.00 4.32 136.82 -3.84 142.77
120.00 322.50 4.35 126.82 -3.88 132.77
110.00 330.00 4.39 116.82 -3.92 122.77
100.00 337.50 4.43 106.82 -3.96 112.77
90.00 345.00 4.47 96.82 -4.00 102.77
80.00 352.50 4.51 86.82 -4.03 92.77
70.00 360.00 4.55 76.82 -4.07 82.77
70.00 367.50 3.02 72.55 -2.89 75.26  
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Table BWR-3 
Cooldown Rate = 60 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 1.42 543.70 -1.12 546.66
530.00 20.00 1.91 534.69 -1.54 538.71
520.00 30.00 2.09 524.99 -1.69 529.32
510.00 40.00 2.17 515.08 -1.77 519.50
500.00 50.00 2.22 505.10 -1.82 509.56
490.00 60.00 2.26 495.11 -1.86 499.57
480.00 70.00 2.30 485.11 -1.90 489.58
470.00 80.00 2.34 475.12 -1.94 479.58
460.00 90.00 2.38 465.12 -1.98 469.58
450.00 100.00 2.42 455.12 -2.02 459.58
440.00 110.00 2.45 445.12 -2.06 449.58
430.00 120.00 2.49 435.12 -2.10 439.58
420.00 130.00 2.53 425.12 -2.14 429.58
410.00 140.00 2.57 415.12 -2.18 419.58
400.00 150.00 2.61 405.12 -2.22 409.58
390.00 160.00 2.65 395.12 -2.26 399.58
380.00 170.00 2.68 385.12 -2.30 389.58
370.00 180.00 2.72 375.12 -2.34 379.58
360.00 190.00 2.76 365.12 -2.38 369.58
350.00 200.00 2.80 355.12 -2.42 359.58
340.00 210.00 2.84 345.12 -2.46 349.58
330.00 220.00 2.87 335.12 -2.50 339.58
320.00 230.00 2.91 325.12 -2.54 329.58
310.00 240.00 2.95 315.12 -2.58 319.58
300.00 250.00 2.99 305.12 -2.62 309.58
290.00 260.00 3.03 295.12 -2.66 299.58
280.00 270.00 3.07 285.12 -2.70 289.58
270.00 280.00 3.10 275.12 -2.74 279.58
260.00 290.00 3.14 265.12 -2.78 269.58
250.00 300.00 3.18 255.12 -2.82 259.58
240.00 310.00 3.22 245.12 -2.86 249.58
230.00 320.00 3.26 235.12 -2.90 239.58
220.00 330.00 3.30 225.12 -2.94 229.58
210.00 340.00 3.33 215.12 -2.98 219.58
200.00 350.00 3.37 205.12 -3.02 209.58
190.00 360.00 3.41 195.12 -3.06 199.58
180.00 370.00 3.45 185.12 -3.09 189.58
170.00 380.00 3.49 175.12 -3.13 179.58
160.00 390.00 3.53 165.12 -3.17 169.58
150.00 400.00 3.56 155.12 -3.21 159.58
140.00 410.00 3.60 145.12 -3.25 149.58
130.00 420.00 3.64 135.12 -3.29 139.58
120.00 430.00 3.68 125.12 -3.33 129.58
110.00 440.00 3.72 115.12 -3.37 119.58
100.00 450.00 3.75 105.12 -3.41 109.58
90.00 460.00 3.79 95.12 -3.45 99.58
80.00 470.00 3.83 85.12 -3.49 89.58
70.00 480.00 3.87 75.12 -3.53 79.58
70.00 490.00 2.49 71.41 -2.45 72.92  
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Table BWR-4 
Cooldown Rate = 40 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 1.16 542.90 -0.92 545.32
530.00 30.00 1.39 533.33 -1.13 536.21
520.00 45.00 1.47 523.40 -1.19 526.36
510.00 60.00 1.51 513.41 -1.24 516.38
500.00 75.00 1.55 503.41 -1.28 506.39
490.00 90.00 1.59 493.41 -1.32 496.39
480.00 105.00 1.62 483.41 -1.36 486.39
470.00 120.00 1.66 473.41 -1.40 476.39
460.00 135.00 1.70 463.41 -1.44 466.39
450.00 150.00 1.74 453.41 -1.48 456.39
440.00 165.00 1.78 443.41 -1.52 446.39
430.00 180.00 1.82 433.41 -1.56 436.39
420.00 195.00 1.85 423.41 -1.60 426.39
410.00 210.00 1.89 413.41 -1.64 416.39
400.00 225.00 1.93 403.41 -1.68 406.39
390.00 240.00 1.97 393.41 -1.72 396.39
380.00 255.00 2.01 383.41 -1.76 386.39
370.00 270.00 2.05 373.41 -1.80 376.39
360.00 285.00 2.08 363.41 -1.84 366.39
350.00 300.00 2.12 353.41 -1.88 356.39
340.00 315.00 2.16 343.41 -1.92 346.39
330.00 330.00 2.20 333.41 -1.96 336.39
320.00 345.00 2.24 323.41 -2.00 326.39
310.00 360.00 2.27 313.41 -2.04 316.39
300.00 375.00 2.31 303.41 -2.08 306.39
290.00 390.00 2.35 293.41 -2.12 296.39
280.00 405.00 2.39 283.41 -2.15 286.39
270.00 420.00 2.43 273.41 -2.19 276.39
260.00 435.00 2.47 263.41 -2.23 266.39
250.00 450.00 2.50 253.41 -2.27 256.39
240.00 465.00 2.54 243.41 -2.31 246.39
230.00 480.00 2.58 233.41 -2.35 236.39
220.00 495.00 2.62 223.41 -2.39 226.39
210.00 510.00 2.66 213.41 -2.43 216.39
200.00 525.00 2.70 203.41 -2.47 206.39
190.00 540.00 2.73 193.41 -2.51 196.39
180.00 555.00 2.77 183.41 -2.55 186.39
170.00 570.00 2.81 173.41 -2.59 176.39
160.00 585.00 2.85 163.41 -2.63 166.39
150.00 600.00 2.89 153.41 -2.67 156.39
140.00 615.00 2.93 143.41 -2.71 146.39
130.00 630.00 2.96 133.41 -2.75 136.39
120.00 645.00 3.00 123.41 -2.79 126.39
110.00 660.00 3.04 113.41 -2.83 116.39
100.00 675.00 3.08 103.41 -2.87 106.39
90.00 690.00 3.12 93.41 -2.91 96.39
80.00 705.00 3.15 83.41 -2.95 86.39
70.00 720.00 3.19 73.41 -2.99 76.39
70.00 735.00 2.08 70.52 -2.11 71.06  
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Table BWR-5 
Cooldown Rate = 20 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 0.70 541.66 -0.56 543.11
530.00 60.00 0.76 531.70 -0.62 533.19
520.00 90.00 0.79 521.71 -0.66 523.19
510.00 120.00 0.83 511.71 -0.70 513.19
500.00 150.00 0.87 501.71 -0.74 503.19
490.00 180.00 0.91 491.71 -0.78 493.19
480.00 210.00 0.95 481.71 -0.82 483.19
470.00 240.00 0.99 471.71 -0.86 473.19
460.00 270.00 1.02 461.71 -0.90 463.19
450.00 300.00 1.06 451.71 -0.94 453.19
440.00 330.00 1.10 441.71 -0.98 443.19
430.00 360.00 1.14 431.71 -1.02 433.19
420.00 390.00 1.18 421.71 -1.06 423.19
410.00 420.00 1.22 411.71 -1.10 413.19
400.00 450.00 1.25 401.71 -1.14 403.19
390.00 480.00 1.29 391.71 -1.18 393.19
380.00 510.00 1.33 381.71 -1.22 383.19
370.00 540.00 1.37 371.71 -1.25 373.19
360.00 570.00 1.41 361.71 -1.29 363.19
350.00 600.00 1.45 351.71 -1.33 353.19
340.00 630.00 1.48 341.71 -1.37 343.19
330.00 660.00 1.52 331.71 -1.41 333.19
320.00 690.00 1.56 321.71 -1.45 323.19
310.00 720.00 1.60 311.71 -1.49 313.19
300.00 750.00 1.64 301.71 -1.53 303.19
290.00 780.00 1.67 291.71 -1.57 293.19
280.00 810.00 1.71 281.71 -1.61 283.19
270.00 840.00 1.75 271.71 -1.65 273.19
260.00 870.00 1.79 261.71 -1.69 263.19
250.00 900.00 1.83 251.71 -1.73 253.19
240.00 930.00 1.87 241.71 -1.77 243.19
230.00 960.00 1.90 231.71 -1.81 233.19
220.00 990.00 1.94 221.71 -1.85 223.19
210.00 1020.00 1.98 211.71 -1.89 213.19
200.00 1050.00 2.02 201.71 -1.93 203.19
190.00 1080.00 2.06 191.71 -1.97 193.19
180.00 1110.00 2.10 181.71 -2.01 183.19
170.00 1140.00 2.13 171.71 -2.05 173.19
160.00 1170.00 2.17 161.71 -2.09 163.19
150.00 1200.00 2.21 151.71 -2.13 153.19
140.00 1230.00 2.25 141.71 -2.17 143.19
130.00 1260.00 2.29 131.71 -2.21 133.19
120.00 1290.00 2.32 121.71 -2.25 123.19
110.00 1320.00 2.36 111.71 -2.29 113.19
100.00 1350.00 2.40 101.71 -2.33 103.19
90.00 1380.00 2.44 91.71 -2.37 93.19
80.00 1410.00 2.48 81.71 -2.41 83.19
70.00 1440.00 2.52 71.71 -2.45 73.19
70.00 1470.00 1.86 70.04 -1.92 70.09  
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Table BWR-6 
Cooldown Rate = 100 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.01 545.40 -1.47 548.92
530.00 12.00 3.52 538.13 -2.73 544.68
520.00 18.00 4.48 529.81 -3.52 538.24
510.00 24.00 5.09 520.85 -4.03 530.44
500.00 30.00 5.49 511.49 -4.36 521.80
490.00 36.00 5.75 501.89 -4.57 512.64
480.00 42.00 5.93 492.13 -4.72 503.15
470.00 48.00 6.06 482.28 -4.82 493.47
460.00 54.00 6.16 472.37 -4.90 483.67
450.00 60.00 6.25 462.43 -4.96 473.79
440.00 66.00 6.32 452.47 -5.01 463.87
430.00 72.00 6.38 442.49 -5.06 453.91
420.00 78.00 6.44 432.50 -5.10 443.94
410.00 84.00 6.49 422.51 -5.14 433.96
400.00 90.00 6.55 412.52 -5.18 423.97
390.00 96.00 6.60 402.52 -5.21 413.98
380.00 102.00 6.65 392.52 -5.25 403.98
370.00 108.00 6.70 382.52 -5.29 393.98
360.00 114.00 6.75 372.52 -5.32 383.99
350.00 120.00 6.80 362.52 -5.36 373.99
340.00 126.00 6.85 352.52 -5.40 363.99
330.00 132.00 6.90 342.52 -5.43 353.99
320.00 138.00 6.95 332.52 -5.47 343.99
310.00 144.00 7.01 322.52 -5.50 333.99
300.00 150.00 7.06 312.52 -5.54 323.99
290.00 156.00 7.11 302.53 -5.57 313.99
280.00 162.00 7.16 292.53 -5.61 303.99
270.00 168.00 7.21 282.53 -5.65 293.99
260.00 174.00 7.26 272.53 -5.68 283.99
250.00 180.00 7.31 262.53 -5.72 273.99
240.00 186.00 7.36 252.53 -5.75 263.99
230.00 192.00 7.41 242.53 -5.79 253.99
220.00 198.00 7.46 232.53 -5.82 243.99
210.00 204.00 7.51 222.53 -5.86 233.99
200.00 210.00 7.56 212.53 -5.90 223.99
190.00 216.00 7.61 202.53 -5.93 213.99
180.00 222.00 7.66 192.53 -5.97 203.99
170.00 228.00 7.71 182.53 -6.00 193.99
160.00 234.00 7.77 172.53 -6.04 183.99
150.00 240.00 7.82 162.53 -6.07 173.99
140.00 246.00 7.87 152.53 -6.11 163.99
130.00 252.00 7.92 142.53 -6.15 153.99
120.00 258.00 7.97 132.53 -6.18 143.99
110.00 264.00 8.02 122.53 -6.22 133.99
100.00 270.00 8.07 112.53 -6.25 123.99
90.00 276.00 8.12 102.53 -6.29 113.99
80.00 282.00 8.17 92.53 -6.32 103.99
70.00 288.00 8.22 82.53 -6.36 93.99
70.00 294.00 6.27 77.12 -4.92 85.06  
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Table BWR-7 
Cooldown Rate = 80 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 1.96 544.97 -1.47 548.51
530.00 15.00 3.25 537.26 -2.54 543.34
520.00 22.50 3.97 528.51 -3.14 535.99
510.00 30.00 4.39 519.19 -3.48 527.44
500.00 37.50 4.64 509.57 -3.69 518.23
490.00 45.00 4.80 499.77 -3.82 508.67
480.00 52.50 4.91 489.88 -3.90 498.90
470.00 60.00 5.00 479.95 -3.97 489.03
460.00 67.50 5.07 469.98 -4.02 479.10
450.00 75.00 5.13 460.00 -4.06 469.14
440.00 82.50 5.18 450.01 -4.10 459.17
430.00 90.00 5.24 440.01 -4.14 449.18
420.00 97.50 5.29 430.02 -4.18 439.18
410.00 105.00 5.34 420.02 -4.21 429.19
400.00 112.50 5.39 410.02 -4.25 419.19
390.00 120.00 5.44 400.02 -4.29 409.19
380.00 127.50 5.49 390.02 -4.32 399.19
370.00 135.00 5.54 380.02 -4.36 389.19
360.00 142.50 5.60 370.02 -4.39 379.19
350.00 150.00 5.65 360.02 -4.43 369.19
340.00 157.50 5.70 350.02 -4.47 359.19
330.00 165.00 5.75 340.02 -4.50 349.19
320.00 172.50 5.80 330.02 -4.54 339.19
310.00 180.00 5.85 320.02 -4.57 329.19
300.00 187.50 5.90 310.02 -4.61 319.19
290.00 195.00 5.95 300.02 -4.64 309.19
280.00 202.50 6.00 290.02 -4.68 299.19
270.00 210.00 6.05 280.02 -4.72 289.19
260.00 217.50 6.10 270.02 -4.75 279.19
250.00 225.00 6.15 260.02 -4.79 269.19
240.00 232.50 6.20 250.02 -4.82 259.19
230.00 240.00 6.25 240.02 -4.86 249.19
220.00 247.50 6.30 230.02 -4.89 239.19
210.00 255.00 6.36 220.02 -4.93 229.19
200.00 262.50 6.41 210.02 -4.97 219.19
190.00 270.00 6.46 200.02 -5.00 209.19
180.00 277.50 6.51 190.02 -5.04 199.19
170.00 285.00 6.56 180.02 -5.07 189.19
160.00 292.50 6.61 170.02 -5.11 179.19
150.00 300.00 6.66 160.02 -5.14 169.19
140.00 307.50 6.71 150.02 -5.18 159.19
130.00 315.00 6.76 140.02 -5.22 149.19
120.00 322.50 6.81 130.02 -5.25 139.19
110.00 330.00 6.86 120.02 -5.29 129.19
100.00 337.50 6.91 110.02 -5.32 119.19
90.00 345.00 6.96 100.02 -5.36 109.19
80.00 352.50 7.01 90.02 -5.39 99.19
70.00 360.00 7.06 80.02 -5.43 89.19
70.00 367.50 5.15 75.05 -3.99 80.69  
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Table BWR-8 
Cooldown Rate = 60 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 1.86 544.42 -1.42 547.84
530.00 20.00 2.83 536.13 -2.23 541.46
520.00 30.00 3.29 526.89 -2.61 533.08
510.00 40.00 3.53 517.24 -2.80 523.80
500.00 50.00 3.66 507.39 -2.91 514.13
490.00 60.00 3.75 497.46 -2.97 504.28
480.00 70.00 3.82 487.49 -3.02 494.34
470.00 80.00 3.87 477.50 -3.07 484.37
460.00 90.00 3.93 467.51 -3.11 474.38
450.00 100.00 3.98 457.51 -3.14 464.39
440.00 110.00 4.03 447.51 -3.18 454.39
430.00 120.00 4.08 437.51 -3.21 444.39
420.00 130.00 4.13 427.51 -3.25 434.39
410.00 140.00 4.18 417.51 -3.29 424.39
400.00 150.00 4.24 407.51 -3.32 414.39
390.00 160.00 4.29 397.52 -3.36 404.39
380.00 170.00 4.34 387.52 -3.39 394.39
370.00 180.00 4.39 377.52 -3.43 384.39
360.00 190.00 4.44 367.52 -3.46 374.39
350.00 200.00 4.49 357.52 -3.50 364.39
340.00 210.00 4.54 347.52 -3.54 354.39
330.00 220.00 4.59 337.52 -3.57 344.39
320.00 230.00 4.64 327.52 -3.61 334.39
310.00 240.00 4.69 317.52 -3.64 324.39
300.00 250.00 4.74 307.52 -3.68 314.39
290.00 260.00 4.79 297.52 -3.71 304.39
280.00 270.00 4.84 287.52 -3.75 294.39
270.00 280.00 4.89 277.52 -3.79 284.39
260.00 290.00 4.94 267.52 -3.82 274.39
250.00 300.00 5.00 257.52 -3.86 264.39
240.00 310.00 5.05 247.52 -3.89 254.39
230.00 320.00 5.10 237.52 -3.93 244.39
220.00 330.00 5.15 227.52 -3.96 234.39
210.00 340.00 5.20 217.52 -4.00 224.39
200.00 350.00 5.25 207.52 -4.04 214.39
190.00 360.00 5.30 197.52 -4.07 204.39
180.00 370.00 5.35 187.52 -4.11 194.39
170.00 380.00 5.40 177.52 -4.14 184.39
160.00 390.00 5.45 167.52 -4.18 174.39
150.00 400.00 5.50 157.52 -4.21 164.39
140.00 410.00 5.55 147.52 -4.25 154.39
130.00 420.00 5.60 137.52 -4.29 144.39
120.00 430.00 5.65 127.52 -4.32 134.39
110.00 440.00 5.70 117.52 -4.36 124.39
100.00 450.00 5.76 107.52 -4.39 114.39
90.00 460.00 5.81 97.52 -4.43 104.39
80.00 470.00 5.86 87.52 -4.46 94.39
70.00 480.00 5.91 77.52 -4.50 84.39
70.00 490.00 4.10 73.09 -3.11 76.56  
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Table BWR-9 
Cooldown Rate = 40 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 1.62 543.63 -1.27 546.67
530.00 30.00 2.20 534.60 -1.74 538.72
520.00 45.00 2.40 524.89 -1.91 529.33
510.00 60.00 2.50 514.97 -1.98 519.52
500.00 75.00 2.57 505.00 -2.03 509.57
490.00 90.00 2.62 495.01 -2.07 499.59
480.00 105.00 2.67 485.01 -2.11 489.59
470.00 120.00 2.72 475.01 -2.14 479.59
460.00 135.00 2.77 465.01 -2.18 469.60
450.00 150.00 2.82 455.01 -2.21 459.60
440.00 165.00 2.88 445.01 -2.25 449.60
430.00 180.00 2.93 435.01 -2.28 439.60
420.00 195.00 2.98 425.01 -2.32 429.60
410.00 210.00 3.03 415.01 -2.36 419.60
400.00 225.00 3.08 405.01 -2.39 409.60
390.00 240.00 3.13 395.01 -2.43 399.60
380.00 255.00 3.18 385.01 -2.46 389.60
370.00 270.00 3.23 375.01 -2.50 379.60
360.00 285.00 3.28 365.01 -2.53 369.60
350.00 300.00 3.33 355.01 -2.57 359.60
340.00 315.00 3.38 345.01 -2.61 349.60
330.00 330.00 3.43 335.01 -2.64 339.60
320.00 345.00 3.48 325.01 -2.68 329.60
310.00 360.00 3.53 315.01 -2.71 319.60
300.00 375.00 3.58 305.01 -2.75 309.60
290.00 390.00 3.64 295.01 -2.78 299.60
280.00 405.00 3.69 285.01 -2.82 289.60
270.00 420.00 3.74 275.01 -2.86 279.60
260.00 435.00 3.79 265.01 -2.89 269.60
250.00 450.00 3.84 255.01 -2.93 259.60
240.00 465.00 3.89 245.01 -2.96 249.60
230.00 480.00 3.94 235.01 -3.00 239.60
220.00 495.00 3.99 225.01 -3.03 229.60
210.00 510.00 4.04 215.01 -3.07 219.60
200.00 525.00 4.09 205.01 -3.11 209.60
190.00 540.00 4.14 195.01 -3.14 199.60
180.00 555.00 4.19 185.01 -3.18 189.60
170.00 570.00 4.24 175.01 -3.21 179.60
160.00 585.00 4.29 165.01 -3.25 169.60
150.00 600.00 4.34 155.01 -3.28 159.60
140.00 615.00 4.40 145.01 -3.32 149.60
130.00 630.00 4.45 135.01 -3.36 139.60
120.00 645.00 4.50 125.01 -3.39 129.60
110.00 660.00 4.55 115.01 -3.43 119.60
100.00 675.00 4.60 105.01 -3.46 109.60
90.00 690.00 4.65 95.01 -3.50 99.60
80.00 705.00 4.70 85.01 -3.53 89.60
70.00 720.00 4.75 75.01 -3.57 79.60
70.00 735.00 3.18 71.38 -2.33 72.93  
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Table BWR-10 
Cooldown Rate = 20 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 1.10 542.30 -0.87 544.36
530.00 60.00 1.25 532.49 -0.99 534.76
520.00 90.00 1.31 522.50 -1.03 524.79
510.00 120.00 1.36 512.50 -1.07 514.80
500.00 150.00 1.41 502.50 -1.10 504.80
490.00 180.00 1.47 492.51 -1.14 494.80
480.00 210.00 1.52 482.51 -1.18 484.80
470.00 240.00 1.57 472.51 -1.21 474.80
460.00 270.00 1.62 462.51 -1.25 464.80
450.00 300.00 1.67 452.51 -1.28 454.80
440.00 330.00 1.72 442.51 -1.32 444.80
430.00 360.00 1.77 432.51 -1.35 434.80
420.00 390.00 1.82 422.51 -1.39 424.80
410.00 420.00 1.87 412.51 -1.43 414.80
400.00 450.00 1.92 402.51 -1.46 404.80
390.00 480.00 1.97 392.51 -1.50 394.80
380.00 510.00 2.02 382.51 -1.53 384.80
370.00 540.00 2.07 372.51 -1.57 374.80
360.00 570.00 2.12 362.51 -1.60 364.80
350.00 600.00 2.17 352.51 -1.64 354.80
340.00 630.00 2.23 342.51 -1.68 344.80
330.00 660.00 2.28 332.51 -1.71 334.80
320.00 690.00 2.33 322.51 -1.75 324.80
310.00 720.00 2.38 312.51 -1.78 314.80
300.00 750.00 2.43 302.51 -1.82 304.80
290.00 780.00 2.48 292.51 -1.85 294.80
280.00 810.00 2.53 282.51 -1.89 284.80
270.00 840.00 2.58 272.51 -1.93 274.80
260.00 870.00 2.63 262.51 -1.96 264.80
250.00 900.00 2.68 252.51 -2.00 254.80
240.00 930.00 2.73 242.51 -2.03 244.80
230.00 960.00 2.78 232.51 -2.07 234.80
220.00 990.00 2.83 222.51 -2.10 224.80
210.00 1020.00 2.88 212.51 -2.14 214.80
200.00 1050.00 2.93 202.51 -2.18 204.80
190.00 1080.00 2.98 192.51 -2.21 194.80
180.00 1110.00 3.04 182.51 -2.25 184.80
170.00 1140.00 3.09 172.51 -2.28 174.80
160.00 1170.00 3.14 162.51 -2.32 164.80
150.00 1200.00 3.19 152.51 -2.35 154.80
140.00 1230.00 3.24 142.51 -2.39 144.80
130.00 1260.00 3.29 132.51 -2.43 134.80
120.00 1290.00 3.34 122.51 -2.46 124.80
110.00 1320.00 3.39 112.51 -2.50 114.80
100.00 1350.00 3.44 102.51 -2.53 104.80
90.00 1380.00 3.49 92.51 -2.57 94.80
80.00 1410.00 3.54 82.51 -2.60 84.80
70.00 1440.00 3.59 72.51 -2.64 74.80
70.00 1470.00 2.55 70.21 -1.80 70.44  
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Table BWR-11 
Cooldown Rate = 100 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.25 545.99 -1.56 549.40
530.00 12.00 4.28 539.31 -3.23 546.44
520.00 18.00 5.75 531.63 -4.45 541.44
510.00 24.00 6.81 523.28 -5.32 534.99
500.00 30.00 7.58 514.44 -5.95 527.50
490.00 36.00 8.15 505.27 -6.41 519.29
480.00 42.00 8.56 495.86 -6.74 510.55
470.00 48.00 8.88 486.27 -6.99 501.45
460.00 54.00 9.12 476.57 -7.17 492.08
450.00 60.00 9.31 466.78 -7.31 482.53
440.00 66.00 9.46 456.92 -7.42 472.85
430.00 72.00 9.58 447.03 -7.51 463.08
420.00 78.00 9.69 437.10 -7.58 453.24
410.00 84.00 9.78 427.16 -7.64 443.35
400.00 90.00 9.87 417.19 -7.69 433.44
390.00 96.00 9.94 407.22 -7.74 423.49
380.00 102.00 10.02 397.24 -7.78 413.53
370.00 108.00 10.09 387.25 -7.82 403.56
360.00 114.00 10.15 377.26 -7.86 393.58
350.00 120.00 10.22 367.27 -7.89 383.60
340.00 126.00 10.28 357.27 -7.93 373.61
330.00 132.00 10.35 347.28 -7.96 363.61
320.00 138.00 10.41 337.28 -7.99 353.62
310.00 144.00 10.47 327.28 -8.03 343.62
300.00 150.00 10.53 317.28 -8.06 333.63
290.00 156.00 10.60 307.28 -8.09 323.63
280.00 162.00 10.66 297.28 -8.13 313.63
270.00 168.00 10.72 287.28 -8.16 303.63
260.00 174.00 10.78 277.28 -8.19 293.63
250.00 180.00 10.84 267.28 -8.23 283.63
240.00 186.00 10.90 257.28 -8.26 273.63
230.00 192.00 10.97 247.28 -8.29 263.63
220.00 198.00 11.03 237.29 -8.32 253.63
210.00 204.00 11.09 227.29 -8.36 243.63
200.00 210.00 11.15 217.29 -8.39 233.63
190.00 216.00 11.21 207.29 -8.42 223.63
180.00 222.00 11.27 197.29 -8.45 213.63
170.00 228.00 11.33 187.29 -8.49 203.63
160.00 234.00 11.39 177.29 -8.52 193.63
150.00 240.00 11.46 167.29 -8.55 183.63
140.00 246.00 11.52 157.29 -8.59 173.63
130.00 252.00 11.58 147.29 -8.62 163.63
120.00 258.00 11.64 137.29 -8.65 153.63
110.00 264.00 11.70 127.29 -8.68 143.63
100.00 270.00 11.76 117.29 -8.72 133.63
90.00 276.00 11.82 107.29 -8.75 123.63
80.00 282.00 11.89 97.29 -8.78 113.63
70.00 288.00 11.95 87.29 -8.81 103.63
70.00 294.00 9.77 81.29 -7.29 94.23  
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Table BWR-12 
Cooldown Rate = 80 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.25 545.56 -1.61 549.11
530.00 15.00 4.06 538.46 -3.11 545.32
520.00 22.50 5.26 530.34 -4.10 539.37
510.00 30.00 6.07 521.56 -4.76 532.00
500.00 37.50 6.61 512.35 -5.20 523.71
490.00 45.00 6.99 502.87 -5.50 514.83
480.00 52.50 7.25 493.20 -5.70 505.56
470.00 60.00 7.45 483.42 -5.85 496.03
460.00 67.50 7.59 473.56 -5.95 486.33
450.00 75.00 7.71 463.66 -6.03 476.53
440.00 82.50 7.81 453.72 -6.10 466.66
430.00 90.00 7.89 443.76 -6.15 456.75
420.00 97.50 7.97 433.78 -6.20 446.80
410.00 105.00 8.04 423.80 -6.24 436.84
400.00 112.50 8.11 413.81 -6.28 426.86
390.00 120.00 8.18 403.82 -6.31 416.88
380.00 127.50 8.24 393.82 -6.35 406.89
370.00 135.00 8.30 383.82 -6.38 396.89
360.00 142.50 8.37 373.82 -6.42 386.90
350.00 150.00 8.43 363.83 -6.45 376.90
340.00 157.50 8.49 353.83 -6.48 366.90
330.00 165.00 8.55 343.83 -6.51 356.90
320.00 172.50 8.61 333.83 -6.55 346.90
310.00 180.00 8.67 323.83 -6.58 336.90
300.00 187.50 8.74 313.83 -6.61 326.91
290.00 195.00 8.80 303.83 -6.65 316.91
280.00 202.50 8.86 293.83 -6.68 306.91
270.00 210.00 8.92 283.83 -6.71 296.91
260.00 217.50 8.98 273.83 -6.74 286.91
250.00 225.00 9.04 263.83 -6.78 276.91
240.00 232.50 9.10 253.83 -6.81 266.91
230.00 240.00 9.17 243.83 -6.84 256.91
220.00 247.50 9.23 233.83 -6.87 246.91
210.00 255.00 9.29 223.83 -6.91 236.91
200.00 262.50 9.35 213.83 -6.94 226.91
190.00 270.00 9.41 203.83 -6.97 216.91
180.00 277.50 9.47 193.83 -7.00 206.91
170.00 285.00 9.53 183.83 -7.04 196.91
160.00 292.50 9.59 173.83 -7.07 186.91
150.00 300.00 9.66 163.83 -7.10 176.91
140.00 307.50 9.72 153.83 -7.13 166.91
130.00 315.00 9.78 143.83 -7.17 156.91
120.00 322.50 9.84 133.83 -7.20 146.91
110.00 330.00 9.90 123.83 -7.23 136.91
100.00 337.50 9.96 113.83 -7.27 126.91
90.00 345.00 10.02 103.83 -7.30 116.91
80.00 352.50 10.09 93.83 -7.33 106.91
70.00 360.00 10.15 83.83 -7.36 96.91
70.00 367.50 7.96 78.27 -5.78 87.80  
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Table BWR-13 
Cooldown Rate = 60 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.20 545.00 -1.63 548.61
530.00 20.00 3.69 537.35 -2.86 543.66
520.00 30.00 4.55 528.67 -3.57 536.50
510.00 40.00 5.06 519.41 -3.98 528.11
500.00 50.00 5.38 509.83 -4.23 519.01
490.00 60.00 5.59 500.07 -4.39 509.52
480.00 70.00 5.73 490.20 -4.49 499.81
470.00 80.00 5.84 480.27 -4.56 489.97
460.00 90.00 5.92 470.32 -4.61 480.06
450.00 100.00 6.00 460.34 -4.66 470.11
440.00 110.00 6.07 450.35 -4.70 460.14
430.00 120.00 6.13 440.36 -4.73 450.16
420.00 130.00 6.20 430.37 -4.77 440.17
410.00 140.00 6.26 420.37 -4.80 430.17
400.00 150.00 6.32 410.37 -4.84 420.18
390.00 160.00 6.38 400.37 -4.87 410.18
380.00 170.00 6.45 390.37 -4.90 400.18
370.00 180.00 6.51 380.37 -4.93 390.18
360.00 190.00 6.57 370.37 -4.97 380.18
350.00 200.00 6.63 360.37 -5.00 370.18
340.00 210.00 6.69 350.37 -5.03 360.18
330.00 220.00 6.75 340.37 -5.06 350.18
320.00 230.00 6.81 330.37 -5.10 340.18
310.00 240.00 6.88 320.37 -5.13 330.18
300.00 250.00 6.94 310.37 -5.16 320.18
290.00 260.00 7.00 300.37 -5.20 310.18
280.00 270.00 7.06 290.37 -5.23 300.18
270.00 280.00 7.12 280.37 -5.26 290.18
260.00 290.00 7.18 270.37 -5.29 280.18
250.00 300.00 7.24 260.37 -5.33 270.18
240.00 310.00 7.30 250.37 -5.36 260.18
230.00 320.00 7.37 240.37 -5.39 250.18
220.00 330.00 7.43 230.37 -5.42 240.18
210.00 340.00 7.49 220.37 -5.46 230.18
200.00 350.00 7.55 210.37 -5.49 220.18
190.00 360.00 7.61 200.37 -5.52 210.18
180.00 370.00 7.67 190.37 -5.55 200.18
170.00 380.00 7.73 180.37 -5.59 190.18
160.00 390.00 7.80 170.37 -5.62 180.18
150.00 400.00 7.86 160.37 -5.65 170.18
140.00 410.00 7.92 150.37 -5.68 160.18
130.00 420.00 7.98 140.37 -5.72 150.18
120.00 430.00 8.04 130.37 -5.75 140.18
110.00 440.00 8.10 120.37 -5.78 130.18
100.00 450.00 8.16 110.37 -5.82 120.18
90.00 460.00 8.22 100.37 -5.85 110.18
80.00 470.00 8.29 90.37 -5.88 100.18
70.00 480.00 8.35 80.37 -5.91 90.18
70.00 490.00 6.21 75.37 -4.31 81.57  
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Table BWR-14 
Cooldown Rate = 40 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.03 544.23 -1.55 547.66
530.00 30.00 3.04 535.78 -2.38 541.00
520.00 45.00 3.50 526.43 -2.75 532.41
510.00 60.00 3.73 516.71 -2.92 523.01
500.00 75.00 3.86 506.83 -3.02 513.27
490.00 90.00 3.95 496.88 -3.07 503.37
480.00 105.00 4.02 486.90 -3.12 493.42
470.00 120.00 4.09 476.91 -3.15 483.44
460.00 135.00 4.15 466.91 -3.19 473.45
450.00 150.00 4.22 456.91 -3.22 463.45
440.00 165.00 4.28 446.91 -3.25 453.45
430.00 180.00 4.34 436.91 -3.29 443.45
420.00 195.00 4.40 426.91 -3.32 433.45
410.00 210.00 4.46 416.91 -3.35 423.45
400.00 225.00 4.52 406.91 -3.39 413.45
390.00 240.00 4.59 396.91 -3.42 403.45
380.00 255.00 4.65 386.91 -3.45 393.45
370.00 270.00 4.71 376.91 -3.48 383.45
360.00 285.00 4.77 366.91 -3.52 373.45
350.00 300.00 4.83 356.91 -3.55 363.45
340.00 315.00 4.89 346.91 -3.58 353.45
330.00 330.00 4.95 336.91 -3.61 343.45
320.00 345.00 5.01 326.91 -3.65 333.45
310.00 360.00 5.08 316.91 -3.68 323.45
300.00 375.00 5.14 306.91 -3.71 313.45
290.00 390.00 5.20 296.91 -3.74 303.45
280.00 405.00 5.26 286.91 -3.78 293.45
270.00 420.00 5.32 276.91 -3.81 283.45
260.00 435.00 5.38 266.91 -3.84 273.45
250.00 450.00 5.44 256.91 -3.88 263.45
240.00 465.00 5.50 246.91 -3.91 253.45
230.00 480.00 5.57 236.91 -3.94 243.45
220.00 495.00 5.63 226.91 -3.97 233.45
210.00 510.00 5.69 216.91 -4.01 223.45
200.00 525.00 5.75 206.91 -4.04 213.45
190.00 540.00 5.81 196.91 -4.07 203.45
180.00 555.00 5.87 186.91 -4.10 193.45
170.00 570.00 5.93 176.91 -4.14 183.45
160.00 585.00 6.00 166.91 -4.17 173.45
150.00 600.00 6.06 156.91 -4.20 163.45
140.00 615.00 6.12 146.91 -4.23 153.45
130.00 630.00 6.18 136.91 -4.27 143.45
120.00 645.00 6.24 126.91 -4.30 133.45
110.00 660.00 6.30 116.91 -4.33 123.45
100.00 675.00 6.36 106.91 -4.36 113.45
90.00 690.00 6.42 96.91 -4.40 103.45
80.00 705.00 6.49 86.91 -4.43 93.45
70.00 720.00 6.55 76.91 -4.46 83.45
70.00 735.00 4.58 72.68 -2.94 75.79  
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Table BWR-15 
Cooldown Rate = 20 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 1.52 542.89 -1.19 545.50
530.00 60.00 1.86 533.36 -1.46 536.51
520.00 90.00 1.98 523.44 -1.53 526.69
510.00 120.00 2.05 513.45 -1.57 516.72
500.00 150.00 2.11 503.46 -1.61 506.73
490.00 180.00 2.17 493.46 -1.64 496.73
480.00 210.00 2.23 483.46 -1.67 486.73
470.00 240.00 2.29 473.46 -1.71 476.73
460.00 270.00 2.36 463.46 -1.74 466.73
450.00 300.00 2.42 453.46 -1.77 456.73
440.00 330.00 2.48 443.46 -1.80 446.73
430.00 360.00 2.54 433.46 -1.84 436.73
420.00 390.00 2.60 423.46 -1.87 426.73
410.00 420.00 2.66 413.46 -1.90 416.73
400.00 450.00 2.72 403.46 -1.94 406.73
390.00 480.00 2.79 393.46 -1.97 396.73
380.00 510.00 2.85 383.46 -2.00 386.73
370.00 540.00 2.91 373.46 -2.03 376.73
360.00 570.00 2.97 363.46 -2.07 366.73
350.00 600.00 3.03 353.46 -2.10 356.73
340.00 630.00 3.09 343.46 -2.13 346.73
330.00 660.00 3.15 333.46 -2.16 336.73
320.00 690.00 3.21 323.46 -2.20 326.73
310.00 720.00 3.28 313.46 -2.23 316.73
300.00 750.00 3.34 303.46 -2.26 306.73
290.00 780.00 3.40 293.46 -2.29 296.73
280.00 810.00 3.46 283.46 -2.33 286.73
270.00 840.00 3.52 273.46 -2.36 276.73
260.00 870.00 3.58 263.46 -2.39 266.73
250.00 900.00 3.64 253.46 -2.42 256.73
240.00 930.00 3.71 243.46 -2.46 246.73
230.00 960.00 3.77 233.46 -2.49 236.73
220.00 990.00 3.83 223.46 -2.52 226.73
210.00 1020.00 3.89 213.46 -2.56 216.73
200.00 1050.00 3.95 203.46 -2.59 206.73
190.00 1080.00 4.01 193.46 -2.62 196.73
180.00 1110.00 4.07 183.46 -2.65 186.73
170.00 1140.00 4.13 173.46 -2.69 176.73
160.00 1170.00 4.20 163.46 -2.72 166.73
150.00 1200.00 4.26 153.46 -2.75 156.73
140.00 1230.00 4.32 143.46 -2.78 146.73
130.00 1260.00 4.38 133.46 -2.82 136.73
120.00 1290.00 4.44 123.46 -2.85 126.73
110.00 1320.00 4.50 113.46 -2.88 116.73
100.00 1350.00 4.56 103.46 -2.91 106.73
90.00 1380.00 4.63 93.46 -2.95 96.73
80.00 1410.00 4.69 83.46 -2.98 86.73
70.00 1440.00 4.75 73.46 -3.01 76.73
70.00 1470.00 3.29 70.57 -1.85 71.23  
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Table BWR-16 
Cooldown Rate = 100 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.37 546.52 -1.57 549.67
530.00 12.00 4.83 540.34 -3.57 547.64
520.00 18.00 6.79 533.20 -5.21 543.85
510.00 24.00 8.33 525.41 -6.48 538.66
500.00 30.00 9.53 517.12 -7.48 532.38
490.00 36.00 10.48 508.44 -8.26 525.27
480.00 42.00 11.23 499.46 -8.87 517.50
470.00 48.00 11.83 490.26 -9.35 509.23
460.00 54.00 12.31 480.87 -9.72 500.57
450.00 60.00 12.70 471.34 -10.02 491.60
440.00 66.00 13.01 461.71 -10.26 482.41
430.00 72.00 13.27 452.00 -10.45 473.03
420.00 78.00 13.49 442.22 -10.61 463.51
410.00 84.00 13.67 432.39 -10.73 453.88
400.00 90.00 13.83 422.52 -10.84 444.17
390.00 96.00 13.97 412.62 -10.93 434.39
380.00 102.00 14.09 402.70 -11.00 424.57
370.00 108.00 14.20 392.76 -11.07 414.70
360.00 114.00 14.31 382.81 -11.13 404.80
350.00 120.00 14.40 372.85 -11.18 394.88
340.00 126.00 14.49 362.88 -11.22 384.95
330.00 132.00 14.58 352.90 -11.27 374.99
320.00 138.00 14.66 342.92 -11.31 365.03
310.00 144.00 14.74 332.93 -11.34 355.06
300.00 150.00 14.82 322.94 -11.38 345.08
290.00 156.00 14.89 312.95 -11.41 335.10
280.00 162.00 14.97 302.95 -11.45 325.11
270.00 168.00 15.04 292.96 -11.48 315.12
260.00 174.00 15.11 282.96 -11.51 305.13
250.00 180.00 15.19 272.96 -11.54 295.14
240.00 186.00 15.26 262.97 -11.58 285.14
230.00 192.00 15.33 252.97 -11.61 275.15
220.00 198.00 15.40 242.97 -11.64 265.15
210.00 204.00 15.47 232.97 -11.67 255.15
200.00 210.00 15.55 222.97 -11.70 245.15
190.00 216.00 15.62 212.97 -11.73 235.16
180.00 222.00 15.69 202.97 -11.76 225.16
170.00 228.00 15.76 192.97 -11.79 215.16
160.00 234.00 15.83 182.97 -11.82 205.16
150.00 240.00 15.90 172.97 -11.85 195.16
140.00 246.00 15.97 162.97 -11.88 185.16
130.00 252.00 16.04 152.97 -11.91 175.16
120.00 258.00 16.11 142.97 -11.94 165.16
110.00 264.00 16.18 132.97 -11.97 155.16
100.00 270.00 16.26 122.97 -12.00 145.16
90.00 276.00 16.33 112.97 -12.03 135.16
80.00 282.00 16.40 102.97 -12.06 125.16
70.00 288.00 16.47 92.97 -12.09 115.16
70.00 294.00 14.17 86.46 -10.55 105.49  
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Table BWR-17 
Cooldown Rate = 80 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.43 546.08 -1.68 549.48
530.00 15.00 4.70 539.49 -3.55 546.75
520.00 22.50 6.38 531.93 -4.95 542.05
510.00 30.00 7.63 523.69 -5.98 535.91
500.00 37.50 8.55 514.98 -6.74 528.70
490.00 45.00 9.24 505.91 -7.30 520.74
480.00 52.50 9.76 496.58 -7.71 512.21
470.00 60.00 10.16 487.08 -8.02 503.28
460.00 67.50 10.47 477.43 -8.25 494.06
450.00 75.00 10.71 467.69 -8.43 484.63
440.00 82.50 10.90 457.88 -8.56 475.04
430.00 90.00 11.07 448.02 -8.67 465.34
420.00 97.50 11.20 438.12 -8.76 455.55
410.00 105.00 11.32 428.19 -8.83 445.71
400.00 112.50 11.43 418.24 -8.89 435.82
390.00 120.00 11.52 408.28 -8.94 425.91
380.00 127.50 11.61 398.31 -8.99 415.97
370.00 135.00 11.70 388.33 -9.03 406.01
360.00 142.50 11.78 378.34 -9.07 396.04
350.00 150.00 11.85 368.35 -9.10 386.07
340.00 157.50 11.93 358.36 -9.14 376.08
330.00 165.00 12.00 348.36 -9.17 366.10
320.00 172.50 12.08 338.37 -9.20 356.10
310.00 180.00 12.15 328.37 -9.23 346.11
300.00 187.50 12.22 318.37 -9.27 336.12
290.00 195.00 12.29 308.37 -9.30 326.12
280.00 202.50 12.37 298.38 -9.33 316.12
270.00 210.00 12.44 288.38 -9.36 306.12
260.00 217.50 12.51 278.38 -9.39 296.12
250.00 225.00 12.58 268.38 -9.42 286.13
240.00 232.50 12.65 258.38 -9.45 276.13
230.00 240.00 12.72 248.38 -9.48 266.13
220.00 247.50 12.79 238.38 -9.51 256.13
210.00 255.00 12.86 228.38 -9.54 246.13
200.00 262.50 12.93 218.38 -9.57 236.13
190.00 270.00 13.00 208.38 -9.60 226.13
180.00 277.50 13.08 198.38 -9.63 216.13
170.00 285.00 13.15 188.38 -9.66 206.13
160.00 292.50 13.22 178.38 -9.69 196.13
150.00 300.00 13.29 168.38 -9.72 186.13
140.00 307.50 13.36 158.38 -9.75 176.13
130.00 315.00 13.43 148.38 -9.78 166.13
120.00 322.50 13.50 138.38 -9.81 156.13
110.00 330.00 13.57 128.38 -9.84 146.13
100.00 337.50 13.64 118.38 -9.87 136.13
90.00 345.00 13.71 108.38 -9.90 126.13
80.00 352.50 13.78 98.38 -9.93 116.13
70.00 360.00 13.85 88.38 -9.96 106.13
70.00 367.50 11.50 82.30 -8.31 96.65  
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Table BWR-18 
Cooldown Rate = 60 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.44 545.52 -1.76 549.12
530.00 20.00 4.41 538.40 -3.40 545.35
520.00 30.00 5.72 530.27 -4.49 539.43
510.00 40.00 6.60 521.49 -5.21 532.09
500.00 50.00 7.20 512.29 -5.69 523.83
490.00 60.00 7.62 502.81 -6.01 514.96
480.00 70.00 7.92 493.15 -6.23 505.70
470.00 80.00 8.13 483.37 -6.39 496.19
460.00 90.00 8.30 473.51 -6.50 486.50
450.00 100.00 8.43 463.61 -6.59 476.71
440.00 110.00 8.55 453.67 -6.65 466.84
430.00 120.00 8.64 443.71 -6.70 456.93
420.00 130.00 8.73 433.73 -6.75 446.99
410.00 140.00 8.81 423.75 -6.79 437.03
400.00 150.00 8.89 413.76 -6.83 427.05
390.00 160.00 8.97 403.77 -6.86 417.07
380.00 170.00 9.04 393.78 -6.89 407.08
370.00 180.00 9.11 383.78 -6.93 397.08
360.00 190.00 9.19 373.78 -6.96 387.09
350.00 200.00 9.26 363.78 -6.99 377.09
340.00 210.00 9.33 353.78 -7.02 367.09
330.00 220.00 9.40 343.78 -7.05 357.09
320.00 230.00 9.47 333.78 -7.08 347.09
310.00 240.00 9.54 323.78 -7.11 337.09
300.00 250.00 9.61 313.78 -7.14 327.10
290.00 260.00 9.68 303.78 -7.17 317.10
280.00 270.00 9.75 293.78 -7.20 307.10
270.00 280.00 9.83 283.78 -7.23 297.10
260.00 290.00 9.90 273.78 -7.26 287.10
250.00 300.00 9.97 263.78 -7.29 277.10
240.00 310.00 10.04 253.78 -7.32 267.10
230.00 320.00 10.11 243.78 -7.35 257.10
220.00 330.00 10.18 233.78 -7.38 247.10
210.00 340.00 10.25 223.78 -7.41 237.10
200.00 350.00 10.32 213.78 -7.44 227.10
190.00 360.00 10.39 203.78 -7.47 217.10
180.00 370.00 10.46 193.78 -7.50 207.10
170.00 380.00 10.53 183.78 -7.53 197.10
160.00 390.00 10.60 173.78 -7.56 187.10
150.00 400.00 10.67 163.78 -7.59 177.10
140.00 410.00 10.75 153.78 -7.62 167.10
130.00 420.00 10.82 143.78 -7.65 157.10
120.00 430.00 10.89 133.78 -7.68 147.10
110.00 440.00 10.96 123.78 -7.71 137.10
100.00 450.00 11.03 113.78 -7.74 127.10
90.00 460.00 11.10 103.78 -7.77 117.10
80.00 470.00 11.17 93.78 -7.80 107.10
70.00 480.00 11.24 83.78 -7.84 97.10
70.00 490.00 8.87 78.26 -6.10 87.98  
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Table BWR-19 
Cooldown Rate = 40 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.35 544.75 -1.77 548.38
530.00 30.00 3.82 536.85 -2.99 542.95
520.00 45.00 4.62 527.95 -3.65 535.37
510.00 60.00 5.08 518.54 -4.01 526.64
500.00 75.00 5.36 508.85 -4.21 517.31
490.00 90.00 5.53 499.01 -4.33 507.67
480.00 105.00 5.66 489.09 -4.41 497.86
470.00 120.00 5.76 479.14 -4.47 487.95
460.00 135.00 5.85 469.16 -4.51 478.01
450.00 150.00 5.93 459.18 -4.55 468.03
440.00 165.00 6.00 449.18 -4.58 458.05
430.00 180.00 6.08 439.19 -4.62 448.06
420.00 195.00 6.15 429.19 -4.65 438.06
410.00 210.00 6.22 419.19 -4.68 428.06
400.00 225.00 6.29 409.19 -4.71 418.06
390.00 240.00 6.36 399.19 -4.74 408.06
380.00 255.00 6.43 389.19 -4.77 398.06
370.00 270.00 6.50 379.19 -4.80 388.06
360.00 285.00 6.58 369.19 -4.83 378.06
350.00 300.00 6.65 359.19 -4.86 368.06
340.00 315.00 6.72 349.19 -4.89 358.06
330.00 330.00 6.79 339.19 -4.92 348.06
320.00 345.00 6.86 329.19 -4.95 338.06
310.00 360.00 6.93 319.19 -4.98 328.06
300.00 375.00 7.00 309.19 -5.01 318.06
290.00 390.00 7.07 299.19 -5.04 308.06
280.00 405.00 7.14 289.19 -5.07 298.06
270.00 420.00 7.21 279.19 -5.10 288.06
260.00 435.00 7.28 269.19 -5.13 278.06
250.00 450.00 7.35 259.19 -5.16 268.06
240.00 465.00 7.42 249.19 -5.19 258.06
230.00 480.00 7.49 239.19 -5.22 248.06
220.00 495.00 7.57 229.19 -5.25 238.06
210.00 510.00 7.64 219.19 -5.28 228.06
200.00 525.00 7.71 209.19 -5.31 218.06
190.00 540.00 7.78 199.19 -5.34 208.06
180.00 555.00 7.85 189.19 -5.37 198.06
170.00 570.00 7.92 179.19 -5.40 188.06
160.00 585.00 7.99 169.19 -5.43 178.06
150.00 600.00 8.06 159.19 -5.46 168.06
140.00 615.00 8.13 149.19 -5.49 158.06
130.00 630.00 8.20 139.19 -5.52 148.06
120.00 645.00 8.27 129.19 -5.55 138.06
110.00 660.00 8.34 119.19 -5.58 128.06
100.00 675.00 8.41 109.19 -5.61 118.06
90.00 690.00 8.49 99.19 -5.65 108.06
80.00 705.00 8.56 89.19 -5.68 98.06
70.00 720.00 8.63 79.19 -5.71 88.06
70.00 735.00 6.35 74.44 -3.96 79.69  
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Table BWR-20 
Cooldown Rate = 20 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 1.91 543.42 -1.49 546.48
530.00 60.00 2.54 534.27 -2.00 538.32
520.00 90.00 2.77 524.50 -2.17 528.83
510.00 120.00 2.88 514.57 -2.23 518.98
500.00 150.00 2.97 504.59 -2.27 509.02
490.00 180.00 3.04 494.59 -2.31 499.03
480.00 210.00 3.11 484.59 -2.34 489.03
470.00 240.00 3.18 474.59 -2.37 479.03
460.00 270.00 3.25 464.59 -2.40 469.03
450.00 300.00 3.32 454.59 -2.43 459.03
440.00 330.00 3.40 444.59 -2.46 449.03
430.00 360.00 3.47 434.59 -2.49 439.03
420.00 390.00 3.54 424.59 -2.52 429.03
410.00 420.00 3.61 414.59 -2.55 419.03
400.00 450.00 3.68 404.59 -2.58 409.03
390.00 480.00 3.75 394.59 -2.61 399.03
380.00 510.00 3.82 384.59 -2.64 389.03
370.00 540.00 3.89 374.59 -2.67 379.03
360.00 570.00 3.96 364.59 -2.70 369.03
350.00 600.00 4.03 354.59 -2.73 359.03
340.00 630.00 4.10 344.59 -2.76 349.03
330.00 660.00 4.17 334.59 -2.79 339.03
320.00 690.00 4.24 324.59 -2.82 329.03
310.00 720.00 4.32 314.59 -2.85 319.03
300.00 750.00 4.39 304.59 -2.88 309.03
290.00 780.00 4.46 294.59 -2.91 299.03
280.00 810.00 4.53 284.59 -2.94 289.03
270.00 840.00 4.60 274.59 -2.97 279.03
260.00 870.00 4.67 264.59 -3.00 269.03
250.00 900.00 4.74 254.59 -3.03 259.03
240.00 930.00 4.81 244.59 -3.06 249.03
230.00 960.00 4.88 234.59 -3.09 239.03
220.00 990.00 4.95 224.59 -3.12 229.03
210.00 1020.00 5.02 214.59 -3.15 219.03
200.00 1050.00 5.09 204.59 -3.18 209.03
190.00 1080.00 5.16 194.59 -3.21 199.03
180.00 1110.00 5.24 184.59 -3.24 189.03
170.00 1140.00 5.31 174.59 -3.27 179.03
160.00 1170.00 5.38 164.59 -3.30 169.03
150.00 1200.00 5.45 154.59 -3.33 159.03
140.00 1230.00 5.52 144.59 -3.36 149.03
130.00 1260.00 5.59 134.59 -3.39 139.03
120.00 1290.00 5.66 124.59 -3.43 129.03
110.00 1320.00 5.73 114.59 -3.46 119.03
100.00 1350.00 5.80 104.59 -3.49 109.03
90.00 1380.00 5.87 94.59 -3.52 99.03
80.00 1410.00 5.94 84.59 -3.55 89.03
70.00 1440.00 6.01 74.59 -3.58 79.03
70.00 1470.00 4.18 71.17 -2.11 72.56  
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Table BWR-21 
Cooldown Rate = 100 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.46 546.98 -1.55 549.82
530.00 12.00 5.28 541.23 -3.77 548.43
520.00 18.00 7.68 534.53 -5.76 545.57
510.00 24.00 9.68 527.20 -7.43 541.44
500.00 30.00 11.34 519.38 -8.80 536.25
490.00 36.00 12.71 511.17 -9.93 530.19
480.00 42.00 13.85 502.63 -10.86 523.42
470.00 48.00 14.79 493.84 -11.63 516.07
460.00 54.00 15.58 484.82 -12.27 508.24
450.00 60.00 16.25 475.63 -12.79 500.02
440.00 66.00 16.80 466.29 -13.23 491.48
430.00 72.00 17.28 456.83 -13.59 482.68
420.00 78.00 17.68 447.28 -13.89 473.66
410.00 84.00 18.02 437.64 -14.15 464.46
400.00 90.00 18.31 427.94 -14.36 455.12
390.00 96.00 18.57 418.19 -14.54 445.66
380.00 102.00 18.79 408.39 -14.69 436.10
370.00 108.00 18.99 398.55 -14.82 426.47
360.00 114.00 19.17 388.69 -14.93 416.76
350.00 120.00 19.33 378.80 -15.03 407.01
340.00 126.00 19.47 368.89 -15.11 397.21
330.00 132.00 19.61 358.96 -15.19 387.37
320.00 138.00 19.73 349.02 -15.25 377.51
310.00 144.00 19.84 339.07 -15.31 367.62
300.00 150.00 19.95 329.11 -15.36 357.71
290.00 156.00 20.06 319.15 -15.41 347.78
280.00 162.00 20.16 309.17 -15.46 337.84
270.00 168.00 20.25 299.20 -15.50 327.89
260.00 174.00 20.34 289.22 -15.54 317.93
250.00 180.00 20.44 279.23 -15.58 307.96
240.00 186.00 20.52 269.24 -15.61 297.99
230.00 192.00 20.61 259.25 -15.65 288.01
220.00 198.00 20.70 249.26 -15.68 278.03
210.00 204.00 20.78 239.27 -15.71 268.05
200.00 210.00 20.86 229.27 -15.75 258.06
190.00 216.00 20.95 219.28 -15.78 248.07
180.00 222.00 21.03 209.28 -15.81 238.08
170.00 228.00 21.11 199.29 -15.84 228.09
160.00 234.00 21.19 189.29 -15.87 218.09
150.00 240.00 21.27 179.29 -15.90 208.10
140.00 246.00 21.35 169.29 -15.93 198.10
130.00 252.00 21.43 159.29 -15.96 188.10
120.00 258.00 21.51 149.29 -15.99 178.10
110.00 264.00 21.59 139.30 -16.01 168.11
100.00 270.00 21.67 129.30 -16.04 158.11
90.00 276.00 21.75 119.30 -16.07 148.11
80.00 282.00 21.83 109.30 -16.10 138.11
70.00 288.00 21.91 99.30 -16.13 128.11
70.00 294.00 19.54 92.32 -14.61 118.29  
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Table BWR-22 
Cooldown Rate = 80 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.56 546.54 -1.68 549.69
530.00 15.00 5.23 540.38 -3.85 547.74
520.00 22.50 7.37 533.26 -5.63 544.06
510.00 30.00 9.07 525.50 -7.04 539.00
500.00 37.50 10.41 517.25 -8.14 532.85
490.00 45.00 11.47 508.61 -9.01 525.85
480.00 52.50 12.32 499.67 -9.69 518.19
470.00 60.00 13.00 490.50 -10.23 510.02
460.00 67.50 13.54 481.15 -10.66 501.44
450.00 75.00 13.99 471.65 -11.00 492.55
440.00 82.50 14.35 462.05 -11.27 483.42
430.00 90.00 14.65 452.35 -11.49 474.10
420.00 97.50 14.90 442.59 -11.66 464.62
410.00 105.00 15.12 432.78 -11.81 455.04
400.00 112.50 15.30 422.92 -11.92 445.36
390.00 120.00 15.46 413.04 -12.02 435.61
380.00 127.50 15.61 403.13 -12.10 425.80
370.00 135.00 15.74 393.19 -12.18 415.95
360.00 142.50 15.85 383.25 -12.24 406.07
350.00 150.00 15.96 373.29 -12.29 396.16
340.00 157.50 16.07 363.32 -12.34 386.24
330.00 165.00 16.16 353.35 -12.38 376.29
320.00 172.50 16.26 343.37 -12.42 366.34
310.00 180.00 16.35 333.38 -12.46 356.37
300.00 187.50 16.44 323.40 -12.50 346.40
290.00 195.00 16.52 313.41 -12.53 336.42
280.00 202.50 16.61 303.41 -12.56 326.44
270.00 210.00 16.69 293.42 -12.60 316.45
260.00 217.50 16.77 283.42 -12.63 306.46
250.00 225.00 16.86 273.43 -12.66 296.47
240.00 232.50 16.94 263.43 -12.69 286.47
230.00 240.00 17.02 253.43 -12.72 276.48
220.00 247.50 17.10 243.43 -12.75 266.48
210.00 255.00 17.18 233.43 -12.78 256.48
200.00 262.50 17.26 223.44 -12.80 246.49
190.00 270.00 17.34 213.44 -12.83 236.49
180.00 277.50 17.42 203.44 -12.86 226.49
170.00 285.00 17.50 193.44 -12.89 216.49
160.00 292.50 17.58 183.44 -12.92 206.49
150.00 300.00 17.66 173.44 -12.95 196.49
140.00 307.50 17.74 163.44 -12.98 186.49
130.00 315.00 17.82 153.44 -13.00 176.49
120.00 322.50 17.90 143.44 -13.03 166.49
110.00 330.00 17.97 133.44 -13.06 156.49
100.00 337.50 18.05 123.44 -13.09 146.49
90.00 345.00 18.13 113.44 -13.12 136.49
80.00 352.50 18.21 103.44 -13.15 126.49
70.00 360.00 18.29 93.44 -13.17 116.49
70.00 367.50 15.82 86.90 -11.52 106.80  
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Table BWR-23 
Cooldown Rate = 60 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.63 545.97 -1.82 549.44
530.00 20.00 5.04 539.29 -3.81 546.59
520.00 30.00 6.80 531.63 -5.28 541.75
510.00 40.00 8.10 523.31 -6.34 535.45
500.00 50.00 9.05 514.51 -7.11 528.11
490.00 60.00 9.75 505.38 -7.67 520.01
480.00 70.00 10.28 496.00 -8.08 511.38
470.00 80.00 10.68 486.44 -8.39 502.37
460.00 90.00 10.99 476.76 -8.61 493.07
450.00 100.00 11.24 466.99 -8.78 483.58
440.00 110.00 11.43 457.16 -8.91 473.94
430.00 120.00 11.60 447.28 -9.02 464.20
420.00 130.00 11.74 437.36 -9.10 454.39
410.00 140.00 11.86 427.42 -9.16 444.53
400.00 150.00 11.97 417.47 -9.22 434.62
390.00 160.00 12.08 407.50 -9.26 424.69
380.00 170.00 12.17 397.52 -9.31 414.74
370.00 180.00 12.26 387.54 -9.35 404.78
360.00 190.00 12.35 377.55 -9.38 394.80
350.00 200.00 12.44 367.56 -9.41 384.82
340.00 210.00 12.52 357.56 -9.45 374.84
330.00 220.00 12.60 347.57 -9.48 364.85
320.00 230.00 12.68 337.57 -9.51 354.85
310.00 240.00 12.76 327.57 -9.54 344.86
300.00 250.00 12.84 317.58 -9.57 334.86
290.00 260.00 12.92 307.58 -9.60 324.86
280.00 270.00 13.00 297.58 -9.62 314.87
270.00 280.00 13.08 287.58 -9.65 304.87
260.00 290.00 13.16 277.58 -9.68 294.87
250.00 300.00 13.24 267.58 -9.71 284.87
240.00 310.00 13.32 257.58 -9.74 274.87
230.00 320.00 13.40 247.58 -9.77 264.87
220.00 330.00 13.48 237.58 -9.80 254.87
210.00 340.00 13.56 227.58 -9.82 244.87
200.00 350.00 13.64 217.58 -9.85 234.87
190.00 360.00 13.72 207.58 -9.88 224.87
180.00 370.00 13.80 197.58 -9.91 214.87
170.00 380.00 13.88 187.58 -9.94 204.87
160.00 390.00 13.96 177.58 -9.96 194.87
150.00 400.00 14.04 167.58 -9.99 184.87
140.00 410.00 14.12 157.58 -10.02 174.87
130.00 420.00 14.20 147.58 -10.05 164.87
120.00 430.00 14.27 137.58 -10.08 154.87
110.00 440.00 14.35 127.58 -10.11 144.87
100.00 450.00 14.43 117.58 -10.13 134.87
90.00 460.00 14.51 107.58 -10.16 124.87
80.00 470.00 14.59 97.58 -10.19 114.87
70.00 480.00 14.67 87.58 -10.22 104.87
70.00 490.00 12.13 81.61 -8.42 95.43  
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Table BWR-24 
Cooldown Rate = 40 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.62 545.19 -1.92 548.87
530.00 30.00 4.54 537.75 -3.52 544.50
520.00 45.00 5.74 529.31 -4.50 537.92
510.00 60.00 6.50 520.25 -5.11 530.01
500.00 75.00 7.00 510.83 -5.50 521.28
490.00 90.00 7.33 501.18 -5.74 512.05
480.00 105.00 7.56 491.39 -5.90 502.52
470.00 120.00 7.73 481.52 -6.01 492.80
460.00 135.00 7.87 471.60 -6.09 482.98
450.00 150.00 7.98 461.65 -6.14 473.08
440.00 165.00 8.08 451.67 -6.19 463.15
430.00 180.00 8.18 441.69 -6.23 453.19
420.00 195.00 8.26 431.70 -6.26 443.21
410.00 210.00 8.35 421.71 -6.30 433.22
400.00 225.00 8.43 411.71 -6.33 423.23
390.00 240.00 8.51 401.72 -6.36 413.24
380.00 255.00 8.59 391.72 -6.39 403.24
370.00 270.00 8.67 381.72 -6.41 393.24
360.00 285.00 8.75 371.72 -6.44 383.24
350.00 300.00 8.83 361.72 -6.47 373.25
340.00 315.00 8.91 351.72 -6.50 363.25
330.00 330.00 8.99 341.72 -6.53 353.25
320.00 345.00 9.07 331.72 -6.56 343.25
310.00 360.00 9.15 321.72 -6.59 333.25
300.00 375.00 9.23 311.72 -6.61 323.25
290.00 390.00 9.31 301.72 -6.64 313.25
280.00 405.00 9.39 291.72 -6.67 303.25
270.00 420.00 9.47 281.72 -6.70 293.25
260.00 435.00 9.54 271.72 -6.73 283.25
250.00 450.00 9.62 261.72 -6.76 273.25
240.00 465.00 9.70 251.72 -6.78 263.25
230.00 480.00 9.78 241.72 -6.81 253.25
220.00 495.00 9.86 231.72 -6.84 243.25
210.00 510.00 9.94 221.72 -6.87 233.25
200.00 525.00 10.02 211.72 -6.90 223.25
190.00 540.00 10.10 201.72 -6.92 213.25
180.00 555.00 10.18 191.72 -6.95 203.25
170.00 570.00 10.26 181.72 -6.98 193.25
160.00 585.00 10.34 171.72 -7.01 183.25
150.00 600.00 10.42 161.72 -7.04 173.25
140.00 615.00 10.50 151.72 -7.07 163.25
130.00 630.00 10.58 141.72 -7.09 153.25
120.00 645.00 10.65 131.72 -7.12 143.25
110.00 660.00 10.73 121.72 -7.15 133.25
100.00 675.00 10.81 111.72 -7.18 123.25
90.00 690.00 10.89 101.72 -7.21 113.25
80.00 705.00 10.97 91.72 -7.24 103.25
70.00 720.00 11.05 81.72 -7.26 93.25
70.00 735.00 8.52 76.53 -5.37 84.38  
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Table BWR-25 
Cooldown Rate = 20 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 2.27 543.88 -1.76 547.25
530.00 60.00 3.25 535.13 -2.56 540.00
520.00 90.00 3.67 525.59 -2.87 531.02
510.00 120.00 3.87 515.76 -3.00 521.40
500.00 150.00 3.99 505.82 -3.07 511.54
490.00 180.00 4.09 495.85 -3.11 501.59
480.00 210.00 4.18 485.85 -3.15 491.61
470.00 240.00 4.26 475.86 -3.18 481.62
460.00 270.00 4.34 465.86 -3.21 471.62
450.00 300.00 4.42 455.86 -3.23 461.62
440.00 330.00 4.50 445.86 -3.26 451.62
430.00 360.00 4.58 435.86 -3.29 441.62
420.00 390.00 4.66 425.86 -3.32 431.62
410.00 420.00 4.73 415.86 -3.35 421.62
400.00 450.00 4.81 405.86 -3.38 411.62
390.00 480.00 4.89 395.86 -3.40 401.62
380.00 510.00 4.97 385.86 -3.43 391.62
370.00 540.00 5.05 375.86 -3.46 381.62
360.00 570.00 5.13 365.86 -3.49 371.62
350.00 600.00 5.21 355.86 -3.52 361.62
340.00 630.00 5.29 345.86 -3.55 351.62
330.00 660.00 5.37 335.86 -3.57 341.62
320.00 690.00 5.45 325.86 -3.60 331.62
310.00 720.00 5.53 315.86 -3.63 321.62
300.00 750.00 5.61 305.86 -3.66 311.62
290.00 780.00 5.69 295.86 -3.69 301.62
280.00 810.00 5.77 285.86 -3.72 291.62
270.00 840.00 5.84 275.86 -3.74 281.62
260.00 870.00 5.92 265.86 -3.77 271.62
250.00 900.00 6.00 255.86 -3.80 261.62
240.00 930.00 6.08 245.86 -3.83 251.62
230.00 960.00 6.16 235.86 -3.86 241.62
220.00 990.00 6.24 225.86 -3.88 231.62
210.00 1020.00 6.32 215.86 -3.91 221.62
200.00 1050.00 6.40 205.86 -3.94 211.62
190.00 1080.00 6.48 195.86 -3.97 201.62
180.00 1110.00 6.56 185.86 -4.00 191.62
170.00 1140.00 6.64 175.86 -4.03 181.62
160.00 1170.00 6.72 165.86 -4.05 171.62
150.00 1200.00 6.80 155.86 -4.08 161.62
140.00 1230.00 6.88 145.86 -4.11 151.62
130.00 1260.00 6.95 135.86 -4.14 141.62
120.00 1290.00 7.03 125.86 -4.17 131.62
110.00 1320.00 7.11 115.86 -4.20 121.62
100.00 1350.00 7.19 105.86 -4.22 111.62
90.00 1380.00 7.27 95.86 -4.25 101.62
80.00 1410.00 7.35 85.86 -4.28 91.62
70.00 1440.00 7.43 75.86 -4.31 81.62
70.00 1470.00 5.24 71.98 -2.58 74.37  
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Table BWR-26 
Heatup Rate = 100 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -1.65 75.29 1.28 71.91
90.00 12.00 -2.60 83.32 2.08 77.85
100.00 18.00 -3.08 92.37 2.49 85.89
110.00 24.00 -3.33 101.91 2.70 94.93
120.00 30.00 -3.47 111.69 2.83 104.47
130.00 36.00 -3.56 121.58 2.91 114.25
140.00 42.00 -3.62 131.52 2.97 124.14
150.00 48.00 -3.67 141.50 3.02 134.08
160.00 54.00 -3.72 151.49 3.07 144.06
170.00 60.00 -3.76 161.48 3.11 154.05
180.00 66.00 -3.80 171.48 3.15 164.04
190.00 72.00 -3.84 181.48 3.19 174.04
200.00 78.00 -3.88 191.47 3.23 184.04
210.00 84.00 -3.91 201.47 3.27 194.04
220.00 90.00 -3.95 211.47 3.31 204.04
230.00 96.00 -3.99 221.47 3.35 214.04
240.00 102.00 -4.03 231.47 3.39 224.04
250.00 108.00 -4.07 241.47 3.43 234.04
260.00 114.00 -4.11 251.47 3.47 244.04
270.00 120.00 -4.14 261.47 3.51 254.04
280.00 126.00 -4.18 271.47 3.55 264.04
290.00 132.00 -4.22 281.47 3.59 274.04
300.00 138.00 -4.26 291.47 3.63 284.04
310.00 144.00 -4.30 301.47 3.67 294.04
320.00 150.00 -4.34 311.47 3.71 304.04
330.00 156.00 -4.37 321.47 3.75 314.04
340.00 162.00 -4.41 331.47 3.79 324.04
350.00 168.00 -4.45 341.47 3.83 334.04
360.00 174.00 -4.49 351.47 3.87 344.04
370.00 180.00 -4.53 361.47 3.91 354.04
380.00 186.00 -4.57 371.47 3.95 364.04
390.00 192.00 -4.60 381.47 3.99 374.04
400.00 198.00 -4.64 391.47 4.03 384.04
410.00 204.00 -4.68 401.47 4.07 394.04
420.00 210.00 -4.72 411.47 4.11 404.04
430.00 216.00 -4.76 421.47 4.15 414.04
440.00 222.00 -4.79 431.47 4.19 424.04
450.00 228.00 -4.83 441.47 4.23 434.04
460.00 234.00 -4.87 451.47 4.27 444.04
470.00 240.00 -4.91 461.47 4.31 454.04
480.00 246.00 -4.95 471.47 4.35 464.04
490.00 252.00 -4.99 481.47 4.38 474.04
500.00 258.00 -5.02 491.47 4.42 484.04
510.00 264.00 -5.06 501.47 4.46 494.04
520.00 270.00 -5.10 511.47 4.50 504.04
530.00 276.00 -5.14 521.47 4.54 514.04
540.00 282.00 -5.18 531.47 4.58 524.04
550.00 288.00 -5.22 541.47 4.62 534.04
550.00 294.00 -3.60 546.18 3.39 542.13  
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Table BWR-27 
Heatup Rate = 80 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -1.56 75.73 1.23 72.48
90.00 15.00 -2.30 84.21 1.85 79.35
100.00 22.50 -2.62 93.60 2.13 88.09
110.00 30.00 -2.78 103.35 2.26 97.58
120.00 37.50 -2.86 113.25 2.34 107.37
130.00 45.00 -2.92 123.21 2.40 117.29
140.00 52.50 -2.97 133.19 2.44 127.25
150.00 60.00 -3.01 143.18 2.49 137.24
160.00 67.50 -3.05 153.18 2.53 147.23
170.00 75.00 -3.08 163.18 2.57 157.23
180.00 82.50 -3.12 173.18 2.61 167.23
190.00 90.00 -3.16 183.18 2.65 177.23
200.00 97.50 -3.20 193.18 2.69 187.23
210.00 105.00 -3.24 203.18 2.73 197.23
220.00 112.50 -3.28 213.18 2.77 207.23
230.00 120.00 -3.31 223.18 2.81 217.23
240.00 127.50 -3.35 233.18 2.85 227.23
250.00 135.00 -3.39 243.18 2.89 237.23
260.00 142.50 -3.43 253.18 2.93 247.23
270.00 150.00 -3.47 263.18 2.97 257.23
280.00 157.50 -3.51 273.18 3.01 267.23
290.00 165.00 -3.54 283.18 3.05 277.23
300.00 172.50 -3.58 293.18 3.09 287.23
310.00 180.00 -3.62 303.18 3.13 297.23
320.00 187.50 -3.66 313.18 3.17 307.23
330.00 195.00 -3.70 323.18 3.21 317.23
340.00 202.50 -3.74 333.18 3.25 327.23
350.00 210.00 -3.77 343.18 3.29 337.23
360.00 217.50 -3.81 353.18 3.33 347.23
370.00 225.00 -3.85 363.18 3.37 357.23
380.00 232.50 -3.89 373.18 3.41 367.23
390.00 240.00 -3.93 383.18 3.44 377.23
400.00 247.50 -3.97 393.18 3.48 387.23
410.00 255.00 -4.00 403.18 3.52 397.23
420.00 262.50 -4.04 413.18 3.56 407.23
430.00 270.00 -4.08 423.18 3.60 417.23
440.00 277.50 -4.12 433.18 3.64 427.23
450.00 285.00 -4.16 443.18 3.68 437.23
460.00 292.50 -4.19 453.18 3.72 447.23
470.00 300.00 -4.23 463.18 3.76 457.23
480.00 307.50 -4.27 473.18 3.80 467.23
490.00 315.00 -4.31 483.18 3.84 477.23
500.00 322.50 -4.35 493.18 3.88 487.23
510.00 330.00 -4.39 503.18 3.92 497.23
520.00 337.50 -4.42 513.18 3.96 507.23
530.00 345.00 -4.46 523.18 4.00 517.23
540.00 352.50 -4.50 533.18 4.04 527.23
550.00 360.00 -4.54 543.18 4.08 537.23
550.00 367.50 -3.01 547.45 2.90 544.74  
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Table BWR-28 
Heatup Rate = 60 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -1.41 76.30 1.12 73.34
90.00 20.00 -1.91 85.31 1.55 81.29
100.00 30.00 -2.08 95.01 1.70 90.68
110.00 40.00 -2.16 104.92 1.77 100.50
120.00 50.00 -2.21 114.90 1.82 110.44
130.00 60.00 -2.25 124.89 1.87 120.43
140.00 70.00 -2.29 134.89 1.91 130.42
150.00 80.00 -2.33 144.88 1.95 140.42
160.00 90.00 -2.37 154.88 1.99 150.42
170.00 100.00 -2.41 164.88 2.03 160.42
180.00 110.00 -2.45 174.88 2.07 170.42
190.00 120.00 -2.49 184.88 2.11 180.42
200.00 130.00 -2.52 194.88 2.15 190.42
210.00 140.00 -2.56 204.88 2.19 200.42
220.00 150.00 -2.60 214.88 2.23 210.42
230.00 160.00 -2.64 224.88 2.27 220.42
240.00 170.00 -2.68 234.88 2.31 230.42
250.00 180.00 -2.71 244.88 2.35 240.42
260.00 190.00 -2.75 254.88 2.39 250.42
270.00 200.00 -2.79 264.88 2.43 260.42
280.00 210.00 -2.83 274.88 2.47 270.42
290.00 220.00 -2.87 284.88 2.51 280.42
300.00 230.00 -2.91 294.88 2.54 290.42
310.00 240.00 -2.94 304.88 2.58 300.42
320.00 250.00 -2.98 314.88 2.62 310.42
330.00 260.00 -3.02 324.88 2.66 320.42
340.00 270.00 -3.06 334.88 2.70 330.42
350.00 280.00 -3.10 344.88 2.74 340.42
360.00 290.00 -3.14 354.88 2.78 350.42
370.00 300.00 -3.17 364.88 2.82 360.42
380.00 310.00 -3.21 374.88 2.86 370.42
390.00 320.00 -3.25 384.88 2.90 380.42
400.00 330.00 -3.29 394.88 2.94 390.42
410.00 340.00 -3.33 404.88 2.98 400.42
420.00 350.00 -3.36 414.88 3.02 410.42
430.00 360.00 -3.40 424.88 3.06 420.42
440.00 370.00 -3.44 434.88 3.10 430.42
450.00 380.00 -3.48 444.88 3.14 440.42
460.00 390.00 -3.52 454.88 3.18 450.42
470.00 400.00 -3.56 464.88 3.22 460.42
480.00 410.00 -3.59 474.88 3.26 470.42
490.00 420.00 -3.63 484.88 3.30 480.42
500.00 430.00 -3.67 494.88 3.34 490.42
510.00 440.00 -3.71 504.88 3.38 500.42
520.00 450.00 -3.75 514.88 3.42 510.42
530.00 460.00 -3.79 524.88 3.46 520.42
540.00 470.00 -3.82 534.88 3.50 530.42
550.00 480.00 -3.86 544.88 3.54 540.42
550.00 490.00 -2.49 548.59 2.46 547.08  
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Table BWR-29 
Heatup Rate = 40 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -1.15 77.10 0.93 74.68
90.00 30.00 -1.39 86.67 1.13 83.79
100.00 45.00 -1.46 96.60 1.20 93.64
110.00 60.00 -1.50 106.59 1.25 103.62
120.00 75.00 -1.54 116.59 1.29 113.61
130.00 90.00 -1.58 126.59 1.33 123.61
140.00 105.00 -1.62 136.59 1.37 133.61
150.00 120.00 -1.66 146.59 1.41 143.61
160.00 135.00 -1.69 156.59 1.45 153.61
170.00 150.00 -1.73 166.59 1.49 163.61
180.00 165.00 -1.77 176.59 1.53 173.61
190.00 180.00 -1.81 186.59 1.57 183.61
200.00 195.00 -1.85 196.59 1.60 193.61
210.00 210.00 -1.89 206.59 1.64 203.61
220.00 225.00 -1.92 216.59 1.68 213.61
230.00 240.00 -1.96 226.59 1.72 223.61
240.00 255.00 -2.00 236.59 1.76 233.61
250.00 270.00 -2.04 246.59 1.80 243.61
260.00 285.00 -2.08 256.59 1.84 253.61
270.00 300.00 -2.11 266.59 1.88 263.61
280.00 315.00 -2.15 276.59 1.92 273.61
290.00 330.00 -2.19 286.59 1.96 283.61
300.00 345.00 -2.23 296.59 2.00 293.61
310.00 360.00 -2.27 306.59 2.04 303.61
320.00 375.00 -2.31 316.59 2.08 313.61
330.00 390.00 -2.34 326.59 2.12 323.61
340.00 405.00 -2.38 336.59 2.16 333.61
350.00 420.00 -2.42 346.59 2.20 343.61
360.00 435.00 -2.46 356.59 2.24 353.61
370.00 450.00 -2.50 366.59 2.28 363.61
380.00 465.00 -2.54 376.59 2.32 373.61
390.00 480.00 -2.57 386.59 2.36 383.61
400.00 495.00 -2.61 396.59 2.40 393.61
410.00 510.00 -2.65 406.59 2.44 403.61
420.00 525.00 -2.69 416.59 2.48 413.61
430.00 540.00 -2.73 426.59 2.52 423.61
440.00 555.00 -2.76 436.59 2.56 433.61
450.00 570.00 -2.80 446.59 2.60 443.61
460.00 585.00 -2.84 456.59 2.64 453.61
470.00 600.00 -2.88 466.59 2.68 463.61
480.00 615.00 -2.92 476.59 2.72 473.61
490.00 630.00 -2.96 486.59 2.76 483.61
500.00 645.00 -2.99 496.59 2.80 493.61
510.00 660.00 -3.03 506.59 2.84 503.61
520.00 675.00 -3.07 516.59 2.88 513.61
530.00 690.00 -3.11 526.59 2.92 523.61
540.00 705.00 -3.15 536.59 2.96 533.61
550.00 720.00 -3.19 546.59 3.00 543.61
550.00 735.00 -2.07 549.48 2.11 548.94  
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Table BWR-30 
Heatup Rate = 20 F/hr, Wall Thickness t = 4 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -0.69 78.34 0.57 76.89
90.00 60.00 -0.75 88.30 0.62 86.81
100.00 90.00 -0.79 98.29 0.66 96.81
110.00 120.00 -0.83 108.29 0.70 106.81
120.00 150.00 -0.86 118.29 0.74 116.81
130.00 180.00 -0.90 128.29 0.78 126.81
140.00 210.00 -0.94 138.29 0.82 136.81
150.00 240.00 -0.98 148.29 0.86 146.81
160.00 270.00 -1.02 158.29 0.90 156.81
170.00 300.00 -1.06 168.29 0.94 166.81
180.00 330.00 -1.09 178.29 0.98 176.81
190.00 360.00 -1.13 188.29 1.02 186.81
200.00 390.00 -1.17 198.29 1.06 196.81
210.00 420.00 -1.21 208.29 1.10 206.81
220.00 450.00 -1.25 218.29 1.14 216.81
230.00 480.00 -1.28 228.29 1.18 226.81
240.00 510.00 -1.32 238.29 1.22 236.81
250.00 540.00 -1.36 248.29 1.26 246.81
260.00 570.00 -1.40 258.29 1.30 256.81
270.00 600.00 -1.44 268.29 1.34 266.81
280.00 630.00 -1.48 278.29 1.38 276.81
290.00 660.00 -1.51 288.29 1.42 286.81
300.00 690.00 -1.55 298.29 1.46 296.81
310.00 720.00 -1.59 308.29 1.50 306.81
320.00 750.00 -1.63 318.29 1.54 316.81
330.00 780.00 -1.67 328.29 1.58 326.81
340.00 810.00 -1.71 338.29 1.62 336.81
350.00 840.00 -1.74 348.29 1.66 346.81
360.00 870.00 -1.78 358.29 1.70 356.81
370.00 900.00 -1.82 368.29 1.74 366.81
380.00 930.00 -1.86 378.29 1.78 376.81
390.00 960.00 -1.90 388.29 1.82 386.81
400.00 990.00 -1.94 398.29 1.86 396.81
410.00 1020.00 -1.97 408.29 1.90 406.81
420.00 1050.00 -2.01 418.29 1.94 416.81
430.00 1080.00 -2.05 428.29 1.98 426.81
440.00 1110.00 -2.09 438.29 2.02 436.81
450.00 1140.00 -2.13 448.29 2.06 446.81
460.00 1170.00 -2.16 458.29 2.10 456.81
470.00 1200.00 -2.20 468.29 2.14 466.81
480.00 1230.00 -2.24 478.29 2.18 476.81
490.00 1260.00 -2.28 488.29 2.22 486.81
500.00 1290.00 -2.32 498.29 2.26 496.81
510.00 1320.00 -2.36 508.29 2.30 506.81
520.00 1350.00 -2.39 518.29 2.34 516.81
530.00 1380.00 -2.43 528.29 2.38 526.81
540.00 1410.00 -2.47 538.29 2.42 536.81
550.00 1440.00 -2.51 548.29 2.46 546.81
550.00 1470.00 -1.85 549.96 1.93 549.91  
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Table BWR-31 
Heatup Rate = 100 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.00 74.60 1.48 71.08
90.00 12.00 -3.51 81.87 2.74 75.32
100.00 18.00 -4.47 90.19 3.53 81.76
110.00 24.00 -5.08 99.15 4.04 89.56
120.00 30.00 -5.48 108.51 4.36 98.20
130.00 36.00 -5.74 118.11 4.58 107.36
140.00 42.00 -5.92 127.87 4.73 116.85
150.00 48.00 -6.06 137.72 4.83 126.53
160.00 54.00 -6.16 147.63 4.91 136.33
170.00 60.00 -6.24 157.57 4.97 146.21
180.00 66.00 -6.31 167.53 5.02 156.13
190.00 72.00 -6.37 177.51 5.07 166.09
200.00 78.00 -6.43 187.50 5.11 176.06
210.00 84.00 -6.48 197.49 5.15 186.04
220.00 90.00 -6.54 207.48 5.19 196.03
230.00 96.00 -6.59 217.48 5.22 206.02
240.00 102.00 -6.64 227.48 5.26 216.02
250.00 108.00 -6.69 237.48 5.30 226.02
260.00 114.00 -6.74 247.48 5.33 236.01
270.00 120.00 -6.79 257.48 5.37 246.01
280.00 126.00 -6.85 267.48 5.40 256.01
290.00 132.00 -6.90 277.48 5.44 266.01
300.00 138.00 -6.95 287.48 5.48 276.01
310.00 144.00 -7.00 297.48 5.51 286.01
320.00 150.00 -7.05 307.48 5.55 296.01
330.00 156.00 -7.10 317.47 5.58 306.01
340.00 162.00 -7.15 327.47 5.62 316.01
350.00 168.00 -7.20 337.47 5.65 326.01
360.00 174.00 -7.25 347.47 5.69 336.01
370.00 180.00 -7.30 357.47 5.73 346.01
380.00 186.00 -7.35 367.47 5.76 356.01
390.00 192.00 -7.40 377.47 5.80 366.01
400.00 198.00 -7.45 387.47 5.83 376.01
410.00 204.00 -7.50 397.47 5.87 386.01
420.00 210.00 -7.55 407.47 5.90 396.01
430.00 216.00 -7.61 417.47 5.94 406.01
440.00 222.00 -7.66 427.47 5.98 416.01
450.00 228.00 -7.71 437.47 6.01 426.01
460.00 234.00 -7.76 447.47 6.05 436.01
470.00 240.00 -7.81 457.47 6.08 446.01
480.00 246.00 -7.86 467.47 6.12 456.01
490.00 252.00 -7.91 477.47 6.15 466.01
500.00 258.00 -7.96 487.47 6.19 476.01
510.00 264.00 -8.01 497.47 6.23 486.01
520.00 270.00 -8.06 507.47 6.26 496.01
530.00 276.00 -8.11 517.47 6.30 506.01
540.00 282.00 -8.16 527.47 6.33 516.01
550.00 288.00 -8.21 537.47 6.37 526.01
550.00 294.00 -6.26 542.88 4.93 534.94  
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Table BWR-32  
Heatup Rate = 80 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -1.96 75.03 1.48 71.49
90.00 15.00 -3.24 82.74 2.55 76.66
100.00 22.50 -3.96 91.49 3.15 84.01
110.00 30.00 -4.38 100.81 3.49 92.56
120.00 37.50 -4.63 110.43 3.70 101.77
130.00 45.00 -4.79 120.23 3.83 111.33
140.00 52.50 -4.91 130.12 3.91 121.10
150.00 60.00 -4.99 140.05 3.98 130.97
160.00 67.50 -5.06 150.02 4.03 140.90
170.00 75.00 -5.12 160.00 4.07 150.86
180.00 82.50 -5.18 169.99 4.11 160.83
190.00 90.00 -5.23 179.99 4.15 170.82
200.00 97.50 -5.28 189.98 4.19 180.82
210.00 105.00 -5.33 199.98 4.22 190.81
220.00 112.50 -5.38 209.98 4.26 200.81
230.00 120.00 -5.43 219.98 4.30 210.81
240.00 127.50 -5.49 229.98 4.33 220.81
250.00 135.00 -5.54 239.98 4.37 230.81
260.00 142.50 -5.59 249.98 4.40 240.81
270.00 150.00 -5.64 259.98 4.44 250.81
280.00 157.50 -5.69 269.98 4.47 260.81
290.00 165.00 -5.74 279.98 4.51 270.81
300.00 172.50 -5.79 289.98 4.55 280.81
310.00 180.00 -5.84 299.98 4.58 290.81
320.00 187.50 -5.89 309.98 4.62 300.81
330.00 195.00 -5.94 319.98 4.65 310.81
340.00 202.50 -5.99 329.98 4.69 320.81
350.00 210.00 -6.04 339.98 4.72 330.81
360.00 217.50 -6.09 349.98 4.76 340.81
370.00 225.00 -6.14 359.98 4.80 350.81
380.00 232.50 -6.19 369.98 4.83 360.81
390.00 240.00 -6.25 379.98 4.87 370.81
400.00 247.50 -6.30 389.98 4.90 380.81
410.00 255.00 -6.35 399.98 4.94 390.81
420.00 262.50 -6.40 409.98 4.97 400.81
430.00 270.00 -6.45 419.98 5.01 410.81
440.00 277.50 -6.50 429.98 5.05 420.81
450.00 285.00 -6.55 439.98 5.08 430.81
460.00 292.50 -6.60 449.98 5.12 440.81
470.00 300.00 -6.65 459.98 5.15 450.81
480.00 307.50 -6.70 469.98 5.19 460.81
490.00 315.00 -6.75 479.98 5.22 470.81
500.00 322.50 -6.80 489.98 5.26 480.81
510.00 330.00 -6.85 499.98 5.30 490.81
520.00 337.50 -6.90 509.98 5.33 500.81
530.00 345.00 -6.95 519.98 5.37 510.81
540.00 352.50 -7.01 529.98 5.40 520.81
550.00 360.00 -7.06 539.98 5.44 530.81
550.00 367.50 -5.15 544.95 4.00 539.31  
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Table BWR-33 
Heatup Rate = 60 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -1.85 75.58 1.43 72.16
90.00 20.00 -2.82 83.87 2.24 78.54
100.00 30.00 -3.28 93.11 2.62 86.92
110.00 40.00 -3.52 102.76 2.81 96.20
120.00 50.00 -3.65 112.61 2.92 105.87
130.00 60.00 -3.74 122.54 2.98 115.72
140.00 70.00 -3.81 132.51 3.03 125.66
150.00 80.00 -3.87 142.50 3.07 135.63
160.00 90.00 -3.92 152.49 3.11 145.62
170.00 100.00 -3.97 162.49 3.15 155.61
180.00 110.00 -4.02 172.49 3.19 165.61
190.00 120.00 -4.08 182.49 3.22 175.61
200.00 130.00 -4.13 192.49 3.26 185.61
210.00 140.00 -4.18 202.49 3.29 195.61
220.00 150.00 -4.23 212.49 3.33 205.61
230.00 160.00 -4.28 222.48 3.37 215.61
240.00 170.00 -4.33 232.48 3.40 225.61
250.00 180.00 -4.38 242.48 3.44 235.61
260.00 190.00 -4.43 252.48 3.47 245.61
270.00 200.00 -4.48 262.48 3.51 255.61
280.00 210.00 -4.53 272.48 3.54 265.61
290.00 220.00 -4.58 282.48 3.58 275.61
300.00 230.00 -4.63 292.48 3.62 285.61
310.00 240.00 -4.68 302.48 3.65 295.61
320.00 250.00 -4.73 312.48 3.69 305.61
330.00 260.00 -4.78 322.48 3.72 315.61
340.00 270.00 -4.84 332.48 3.76 325.61
350.00 280.00 -4.89 342.48 3.79 335.61
360.00 290.00 -4.94 352.48 3.83 345.61
370.00 300.00 -4.99 362.48 3.87 355.61
380.00 310.00 -5.04 372.48 3.90 365.61
390.00 320.00 -5.09 382.48 3.94 375.61
400.00 330.00 -5.14 392.48 3.97 385.61
410.00 340.00 -5.19 402.48 4.01 395.61
420.00 350.00 -5.24 412.48 4.04 405.61
430.00 360.00 -5.29 422.48 4.08 415.61
440.00 370.00 -5.34 432.48 4.12 425.61
450.00 380.00 -5.39 442.48 4.15 435.61
460.00 390.00 -5.44 452.48 4.19 445.61
470.00 400.00 -5.49 462.48 4.22 455.61
480.00 410.00 -5.54 472.48 4.26 465.61
490.00 420.00 -5.60 482.48 4.29 475.61
500.00 430.00 -5.65 492.48 4.33 485.61
510.00 440.00 -5.70 502.48 4.37 495.61
520.00 450.00 -5.75 512.48 4.40 505.61
530.00 460.00 -5.80 522.48 4.44 515.61
540.00 470.00 -5.85 532.48 4.47 525.61
550.00 480.00 -5.90 542.48 4.51 535.61
550.00 490.00 -4.10 546.91 3.12 543.44  
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Table BWR-34 
Heatup Rate = 40 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -1.62 76.37 1.27 73.33
90.00 30.00 -2.19 85.40 1.75 81.28
100.00 45.00 -2.40 95.11 1.92 90.67
110.00 60.00 -2.49 105.03 1.99 100.48
120.00 75.00 -2.56 115.00 2.04 110.43
130.00 90.00 -2.61 124.99 2.08 120.41
140.00 105.00 -2.66 134.99 2.11 130.41
150.00 120.00 -2.72 144.99 2.15 140.41
160.00 135.00 -2.77 154.99 2.19 150.40
170.00 150.00 -2.82 164.99 2.22 160.40
180.00 165.00 -2.87 174.99 2.26 170.40
190.00 180.00 -2.92 184.99 2.29 180.40
200.00 195.00 -2.97 194.99 2.33 190.40
210.00 210.00 -3.02 204.99 2.36 200.40
220.00 225.00 -3.07 214.99 2.40 210.40
230.00 240.00 -3.12 224.99 2.44 220.40
240.00 255.00 -3.17 234.99 2.47 230.40
250.00 270.00 -3.22 244.99 2.51 240.40
260.00 285.00 -3.27 254.99 2.54 250.40
270.00 300.00 -3.32 264.99 2.58 260.40
280.00 315.00 -3.37 274.99 2.61 270.40
290.00 330.00 -3.42 284.99 2.65 280.40
300.00 345.00 -3.48 294.99 2.69 290.40
310.00 360.00 -3.53 304.99 2.72 300.40
320.00 375.00 -3.58 314.99 2.76 310.40
330.00 390.00 -3.63 324.99 2.79 320.40
340.00 405.00 -3.68 334.99 2.83 330.40
350.00 420.00 -3.73 344.99 2.86 340.40
360.00 435.00 -3.78 354.99 2.90 350.40
370.00 450.00 -3.83 364.99 2.94 360.40
380.00 465.00 -3.88 374.99 2.97 370.40
390.00 480.00 -3.93 384.99 3.01 380.40
400.00 495.00 -3.98 394.99 3.04 390.40
410.00 510.00 -4.03 404.99 3.08 400.40
420.00 525.00 -4.08 414.99 3.11 410.40
430.00 540.00 -4.13 424.99 3.15 420.40
440.00 555.00 -4.18 434.99 3.19 430.40
450.00 570.00 -4.24 444.99 3.22 440.40
460.00 585.00 -4.29 454.99 3.26 450.40
470.00 600.00 -4.34 464.99 3.29 460.40
480.00 615.00 -4.39 474.99 3.33 470.40
490.00 630.00 -4.44 484.99 3.36 480.40
500.00 645.00 -4.49 494.99 3.40 490.40
510.00 660.00 -4.54 504.99 3.44 500.40
520.00 675.00 -4.59 514.99 3.47 510.40
530.00 690.00 -4.64 524.99 3.51 520.40
540.00 705.00 -4.69 534.99 3.54 530.40
550.00 720.00 -4.74 544.99 3.58 540.40
550.00 735.00 -3.17 548.62 2.34 547.07  
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Table BWR-35 
Heatup Rate = 20 F/hr, Wall Thickness t = 5 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -1.09 77.70 0.88 75.64
90.00 60.00 -1.24 87.51 1.00 85.24
100.00 90.00 -1.30 97.50 1.04 95.21
110.00 120.00 -1.36 107.50 1.08 105.20
120.00 150.00 -1.41 117.50 1.11 115.20
130.00 180.00 -1.46 127.49 1.15 125.20
140.00 210.00 -1.51 137.49 1.18 135.20
150.00 240.00 -1.56 147.49 1.22 145.20
160.00 270.00 -1.61 157.49 1.26 155.20
170.00 300.00 -1.66 167.49 1.29 165.20
180.00 330.00 -1.71 177.49 1.33 175.20
190.00 360.00 -1.76 187.49 1.36 185.20
200.00 390.00 -1.81 197.49 1.40 195.20
210.00 420.00 -1.86 207.49 1.43 205.20
220.00 450.00 -1.91 217.49 1.47 215.20
230.00 480.00 -1.96 227.49 1.51 225.20
240.00 510.00 -2.01 237.49 1.54 235.20
250.00 540.00 -2.06 247.49 1.58 245.20
260.00 570.00 -2.12 257.49 1.61 255.20
270.00 600.00 -2.17 267.49 1.65 265.20
280.00 630.00 -2.22 277.49 1.68 275.20
290.00 660.00 -2.27 287.49 1.72 285.20
300.00 690.00 -2.32 297.49 1.76 295.20
310.00 720.00 -2.37 307.49 1.79 305.20
320.00 750.00 -2.42 317.49 1.83 315.20
330.00 780.00 -2.47 327.49 1.86 325.20
340.00 810.00 -2.52 337.49 1.90 335.20
350.00 840.00 -2.57 347.49 1.93 345.20
360.00 870.00 -2.62 357.49 1.97 355.20
370.00 900.00 -2.67 367.49 2.01 365.20
380.00 930.00 -2.72 377.49 2.04 375.20
390.00 960.00 -2.77 387.49 2.08 385.20
400.00 990.00 -2.82 397.49 2.11 395.20
410.00 1020.00 -2.88 407.49 2.15 405.20
420.00 1050.00 -2.93 417.49 2.18 415.20
430.00 1080.00 -2.98 427.49 2.22 425.20
440.00 1110.00 -3.03 437.49 2.26 435.20
450.00 1140.00 -3.08 447.49 2.29 445.20
460.00 1170.00 -3.13 457.49 2.33 455.20
470.00 1200.00 -3.18 467.49 2.36 465.20
480.00 1230.00 -3.23 477.49 2.40 475.20
490.00 1260.00 -3.28 487.49 2.43 485.20
500.00 1290.00 -3.33 497.49 2.47 495.20
510.00 1320.00 -3.38 507.49 2.50 505.20
520.00 1350.00 -3.43 517.49 2.54 515.20
530.00 1380.00 -3.48 527.49 2.58 525.20
540.00 1410.00 -3.53 537.49 2.61 535.20
550.00 1440.00 -3.58 547.49 2.65 545.20
550.00 1470.00 -2.54 549.79 1.81 549.56  
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Table BWR-36 
Heatup Rate = 100 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.24 74.01 1.57 70.60
90.00 12.00 -4.27 80.69 3.24 73.56
100.00 18.00 -5.74 88.37 4.46 78.56
110.00 24.00 -6.80 96.72 5.33 85.01
120.00 30.00 -7.57 105.56 5.96 92.50
130.00 36.00 -8.14 114.73 6.42 100.71
140.00 42.00 -8.55 124.14 6.75 109.45
150.00 48.00 -8.87 133.73 7.00 118.55
160.00 54.00 -9.11 143.43 7.18 127.92
170.00 60.00 -9.30 153.22 7.32 137.47
180.00 66.00 -9.45 163.08 7.43 147.15
190.00 72.00 -9.57 172.97 7.52 156.92
200.00 78.00 -9.68 182.90 7.59 166.76
210.00 84.00 -9.77 192.84 7.65 176.65
220.00 90.00 -9.86 202.81 7.70 186.56
230.00 96.00 -9.94 212.78 7.75 196.51
240.00 102.00 -10.01 222.76 7.79 206.47
250.00 108.00 -10.08 232.75 7.83 216.44
260.00 114.00 -10.15 242.74 7.86 226.42
270.00 120.00 -10.21 252.73 7.90 236.40
280.00 126.00 -10.27 262.73 7.94 246.39
290.00 132.00 -10.34 272.72 7.97 256.39
300.00 138.00 -10.40 282.72 8.00 266.38
310.00 144.00 -10.46 292.72 8.04 276.38
320.00 150.00 -10.53 302.72 8.07 286.37
330.00 156.00 -10.59 312.72 8.10 296.37
340.00 162.00 -10.65 322.72 8.14 306.37
350.00 168.00 -10.71 332.72 8.17 316.37
360.00 174.00 -10.77 342.72 8.20 326.37
370.00 180.00 -10.83 352.72 8.24 336.37
380.00 186.00 -10.89 362.72 8.27 346.37
390.00 192.00 -10.96 372.72 8.30 356.37
400.00 198.00 -11.02 382.71 8.33 366.37
410.00 204.00 -11.08 392.71 8.37 376.37
420.00 210.00 -11.14 402.71 8.40 386.37
430.00 216.00 -11.20 412.71 8.43 396.37
440.00 222.00 -11.26 422.71 8.46 406.37
450.00 228.00 -11.32 432.71 8.50 416.37
460.00 234.00 -11.39 442.71 8.53 426.37
470.00 240.00 -11.45 452.71 8.56 436.37
480.00 246.00 -11.51 462.71 8.59 446.37
490.00 252.00 -11.57 472.71 8.63 456.37
500.00 258.00 -11.63 482.71 8.66 466.37
510.00 264.00 -11.69 492.71 8.69 476.37
520.00 270.00 -11.75 502.71 8.73 486.37
530.00 276.00 -11.81 512.71 8.76 496.37
540.00 282.00 -11.88 522.71 8.79 506.37
550.00 288.00 -11.94 532.71 8.82 516.37
550.00 294.00 -9.76 538.71 7.29 525.77  
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Table BWR-37 
Heatup Rate = 80 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.24 74.44 1.62 70.89
90.00 15.00 -4.05 81.54 3.12 74.68
100.00 22.50 -5.25 89.66 4.11 80.63
110.00 30.00 -6.06 98.44 4.77 88.00
120.00 37.50 -6.60 107.65 5.21 96.29
130.00 45.00 -6.98 117.13 5.51 105.17
140.00 52.50 -7.24 126.80 5.71 114.44
150.00 60.00 -7.44 136.58 5.86 123.97
160.00 67.50 -7.59 146.44 5.96 133.67
170.00 75.00 -7.70 156.34 6.04 143.47
180.00 82.50 -7.80 166.28 6.11 153.34
190.00 90.00 -7.89 176.24 6.16 163.25
200.00 97.50 -7.96 186.22 6.21 173.20
210.00 105.00 -8.03 196.20 6.25 183.16
220.00 112.50 -8.10 206.19 6.29 193.14
230.00 120.00 -8.17 216.18 6.32 203.12
240.00 127.50 -8.23 226.18 6.36 213.11
250.00 135.00 -8.29 236.18 6.39 223.11
260.00 142.50 -8.36 246.18 6.42 233.10
270.00 150.00 -8.42 256.17 6.46 243.10
280.00 157.50 -8.48 266.17 6.49 253.10
290.00 165.00 -8.54 276.17 6.52 263.10
300.00 172.50 -8.60 286.17 6.56 273.10
310.00 180.00 -8.67 296.17 6.59 283.10
320.00 187.50 -8.73 306.17 6.62 293.09
330.00 195.00 -8.79 316.17 6.65 303.09
340.00 202.50 -8.85 326.17 6.69 313.09
350.00 210.00 -8.91 336.17 6.72 323.09
360.00 217.50 -8.97 346.17 6.75 333.09
370.00 225.00 -9.03 356.17 6.79 343.09
380.00 232.50 -9.10 366.17 6.82 353.09
390.00 240.00 -9.16 376.17 6.85 363.09
400.00 247.50 -9.22 386.17 6.88 373.09
410.00 255.00 -9.28 396.17 6.92 383.09
420.00 262.50 -9.34 406.17 6.95 393.09
430.00 270.00 -9.40 416.17 6.98 403.09
440.00 277.50 -9.46 426.17 7.01 413.09
450.00 285.00 -9.52 436.17 7.05 423.09
460.00 292.50 -9.59 446.17 7.08 433.09
470.00 300.00 -9.65 456.17 7.11 443.09
480.00 307.50 -9.71 466.17 7.14 453.09
490.00 315.00 -9.77 476.17 7.18 463.09
500.00 322.50 -9.83 486.17 7.21 473.09
510.00 330.00 -9.89 496.17 7.24 483.09
520.00 337.50 -9.95 506.17 7.27 493.09
530.00 345.00 -10.02 516.17 7.31 503.09
540.00 352.50 -10.08 526.17 7.34 513.09
550.00 360.00 -10.14 536.17 7.37 523.09
550.00 367.50 -7.95 541.73 5.79 532.20  
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Table BWR-38 
Heatup Rate = 60 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.19 75.00 1.64 71.39
90.00 20.00 -3.68 82.65 2.87 76.34
100.00 30.00 -4.54 91.33 3.58 83.50
110.00 40.00 -5.06 100.59 3.99 91.89
120.00 50.00 -5.37 110.17 4.24 100.99
130.00 60.00 -5.58 119.93 4.39 110.48
140.00 70.00 -5.72 129.80 4.50 120.19
150.00 80.00 -5.83 139.73 4.57 130.03
160.00 90.00 -5.91 149.68 4.62 139.94
170.00 100.00 -5.99 159.66 4.67 149.89
180.00 110.00 -6.06 169.65 4.71 159.86
190.00 120.00 -6.12 179.64 4.74 169.84
200.00 130.00 -6.19 189.63 4.78 179.83
210.00 140.00 -6.25 199.63 4.81 189.83
220.00 150.00 -6.31 209.63 4.84 199.82
230.00 160.00 -6.38 219.63 4.88 209.82
240.00 170.00 -6.44 229.63 4.91 219.82
250.00 180.00 -6.50 239.63 4.94 229.82
260.00 190.00 -6.56 249.63 4.98 239.82
270.00 200.00 -6.62 259.63 5.01 249.82
280.00 210.00 -6.68 269.63 5.04 259.82
290.00 220.00 -6.74 279.63 5.07 269.82
300.00 230.00 -6.81 289.63 5.11 279.82
310.00 240.00 -6.87 299.63 5.14 289.82
320.00 250.00 -6.93 309.63 5.17 299.82
330.00 260.00 -6.99 319.63 5.20 309.82
340.00 270.00 -7.05 329.63 5.24 319.82
350.00 280.00 -7.11 339.63 5.27 329.82
360.00 290.00 -7.17 349.63 5.30 339.82
370.00 300.00 -7.23 359.63 5.33 349.82
380.00 310.00 -7.30 369.63 5.37 359.82
390.00 320.00 -7.36 379.63 5.40 369.82
400.00 330.00 -7.42 389.63 5.43 379.82
410.00 340.00 -7.48 399.63 5.47 389.82
420.00 350.00 -7.54 409.63 5.50 399.82
430.00 360.00 -7.60 419.63 5.53 409.82
440.00 370.00 -7.66 429.63 5.56 419.82
450.00 380.00 -7.72 439.63 5.60 429.82
460.00 390.00 -7.79 449.63 5.63 439.82
470.00 400.00 -7.85 459.63 5.66 449.82
480.00 410.00 -7.91 469.63 5.69 459.82
490.00 420.00 -7.97 479.63 5.73 469.82
500.00 430.00 -8.03 489.63 5.76 479.82
510.00 440.00 -8.09 499.63 5.79 489.82
520.00 450.00 -8.15 509.63 5.82 499.82
530.00 460.00 -8.22 519.63 5.86 509.82
540.00 470.00 -8.28 529.63 5.89 519.82
550.00 480.00 -8.34 539.63 5.92 529.82
550.00 490.00 -6.20 544.63 4.32 538.43  
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Table BWR-39 
Heatup Rate = 40 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.02 75.77 1.56 72.34
90.00 30.00 -3.03 84.22 2.39 79.00
100.00 45.00 -3.49 93.57 2.76 87.59
110.00 60.00 -3.72 103.29 2.93 96.99
120.00 75.00 -3.85 113.17 3.02 106.73
130.00 90.00 -3.94 123.12 3.08 116.63
140.00 105.00 -4.01 133.10 3.13 126.58
150.00 120.00 -4.08 143.09 3.16 136.56
160.00 135.00 -4.15 153.09 3.20 146.55
170.00 150.00 -4.21 163.09 3.23 156.55
180.00 165.00 -4.27 173.09 3.26 166.55
190.00 180.00 -4.33 183.09 3.30 176.55
200.00 195.00 -4.39 193.09 3.33 186.55
210.00 210.00 -4.45 203.09 3.36 196.55
220.00 225.00 -4.51 213.09 3.39 206.55
230.00 240.00 -4.58 223.09 3.43 216.55
240.00 255.00 -4.64 233.09 3.46 226.55
250.00 270.00 -4.70 243.09 3.49 236.55
260.00 285.00 -4.76 253.09 3.53 246.55
270.00 300.00 -4.82 263.09 3.56 256.55
280.00 315.00 -4.88 273.09 3.59 266.55
290.00 330.00 -4.94 283.09 3.62 276.55
300.00 345.00 -5.01 293.09 3.66 286.55
310.00 360.00 -5.07 303.09 3.69 296.55
320.00 375.00 -5.13 313.09 3.72 306.55
330.00 390.00 -5.19 323.09 3.75 316.55
340.00 405.00 -5.25 333.09 3.79 326.55
350.00 420.00 -5.31 343.09 3.82 336.55
360.00 435.00 -5.37 353.09 3.85 346.55
370.00 450.00 -5.43 363.09 3.88 356.55
380.00 465.00 -5.50 373.09 3.92 366.55
390.00 480.00 -5.56 383.09 3.95 376.55
400.00 495.00 -5.62 393.09 3.98 386.55
410.00 510.00 -5.68 403.09 4.01 396.55
420.00 525.00 -5.74 413.09 4.05 406.55
430.00 540.00 -5.80 423.09 4.08 416.55
440.00 555.00 -5.86 433.09 4.11 426.55
450.00 570.00 -5.93 443.09 4.15 436.55
460.00 585.00 -5.99 453.09 4.18 446.55
470.00 600.00 -6.05 463.09 4.21 456.55
480.00 615.00 -6.11 473.09 4.24 466.55
490.00 630.00 -6.17 483.09 4.28 476.55
500.00 645.00 -6.23 493.09 4.31 486.55
510.00 660.00 -6.29 503.09 4.34 496.55
520.00 675.00 -6.35 513.09 4.37 506.55
530.00 690.00 -6.42 523.09 4.41 516.55
540.00 705.00 -6.48 533.09 4.44 526.55
550.00 720.00 -6.54 543.09 4.47 536.55
550.00 735.00 -4.57 547.32 2.95 544.21  
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Table BWR-40 
Heatup Rate = 20 F/hr, Wall Thickness t = 6 in, R/t = 20  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -1.51 77.11 1.20 74.50
90.00 60.00 -1.86 86.64 1.47 83.49
100.00 90.00 -1.97 96.56 1.54 93.31
110.00 120.00 -2.04 106.55 1.58 103.28
120.00 150.00 -2.10 116.54 1.62 113.27
130.00 180.00 -2.16 126.54 1.65 123.27
140.00 210.00 -2.22 136.54 1.68 133.27
150.00 240.00 -2.29 146.54 1.72 143.27
160.00 270.00 -2.35 156.54 1.75 153.27
170.00 300.00 -2.41 166.54 1.78 163.27
180.00 330.00 -2.47 176.54 1.81 173.27
190.00 360.00 -2.53 186.54 1.85 183.27
200.00 390.00 -2.59 196.54 1.88 193.27
210.00 420.00 -2.65 206.54 1.91 203.27
220.00 450.00 -2.72 216.54 1.94 213.27
230.00 480.00 -2.78 226.54 1.98 223.27
240.00 510.00 -2.84 236.54 2.01 233.27
250.00 540.00 -2.90 246.54 2.04 243.27
260.00 570.00 -2.96 256.54 2.08 253.27
270.00 600.00 -3.02 266.54 2.11 263.27
280.00 630.00 -3.08 276.54 2.14 273.27
290.00 660.00 -3.14 286.54 2.17 283.27
300.00 690.00 -3.21 296.54 2.21 293.27
310.00 720.00 -3.27 306.54 2.24 303.27
320.00 750.00 -3.33 316.54 2.27 313.27
330.00 780.00 -3.39 326.54 2.30 323.27
340.00 810.00 -3.45 336.54 2.34 333.27
350.00 840.00 -3.51 346.54 2.37 343.27
360.00 870.00 -3.57 356.54 2.40 353.27
370.00 900.00 -3.64 366.54 2.43 363.27
380.00 930.00 -3.70 376.54 2.47 373.27
390.00 960.00 -3.76 386.54 2.50 383.27
400.00 990.00 -3.82 396.54 2.53 393.27
410.00 1020.00 -3.88 406.54 2.56 403.27
420.00 1050.00 -3.94 416.54 2.60 413.27
430.00 1080.00 -4.00 426.54 2.63 423.27
440.00 1110.00 -4.06 436.54 2.66 433.27
450.00 1140.00 -4.13 446.54 2.70 443.27
460.00 1170.00 -4.19 456.54 2.73 453.27
470.00 1200.00 -4.25 466.54 2.76 463.27
480.00 1230.00 -4.31 476.54 2.79 473.27
490.00 1260.00 -4.37 486.54 2.83 483.27
500.00 1290.00 -4.43 496.54 2.86 493.27
510.00 1320.00 -4.49 506.54 2.89 503.27
520.00 1350.00 -4.55 516.54 2.92 513.27
530.00 1380.00 -4.62 526.54 2.96 523.27
540.00 1410.00 -4.68 536.54 2.99 533.27
550.00 1440.00 -4.74 546.54 3.02 543.27
550.00 1470.00 -3.28 549.43 1.86 548.77  
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Table BWR-41 
Heatup Rate = 100 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.37 73.48 1.58 70.33
90.00 12.00 -4.83 79.66 3.58 72.36
100.00 18.00 -6.78 86.80 5.21 76.15
110.00 24.00 -8.32 94.59 6.49 81.34
120.00 30.00 -9.53 102.88 7.49 87.62
130.00 36.00 -10.47 111.56 8.27 94.73
140.00 42.00 -11.23 120.54 8.88 102.50
150.00 48.00 -11.82 129.74 9.35 110.77
160.00 54.00 -12.30 139.13 9.73 119.43
170.00 60.00 -12.69 148.66 10.03 128.40
180.00 66.00 -13.00 158.29 10.27 137.59
190.00 72.00 -13.26 168.00 10.46 146.97
200.00 78.00 -13.48 177.78 10.62 156.49
210.00 84.00 -13.67 187.61 10.74 166.12
220.00 90.00 -13.82 197.48 10.85 175.83
230.00 96.00 -13.96 207.38 10.94 185.61
240.00 102.00 -14.09 217.30 11.01 195.43
250.00 108.00 -14.20 227.24 11.08 205.30
260.00 114.00 -14.30 237.19 11.13 215.20
270.00 120.00 -14.40 247.15 11.18 225.12
280.00 126.00 -14.48 257.12 11.23 235.05
290.00 132.00 -14.57 267.10 11.27 245.01
300.00 138.00 -14.65 277.08 11.31 254.97
310.00 144.00 -14.73 287.07 11.35 264.94
320.00 150.00 -14.81 297.06 11.39 274.92
330.00 156.00 -14.89 307.05 11.42 284.90
340.00 162.00 -14.96 317.05 11.45 294.89
350.00 168.00 -15.03 327.04 11.49 304.88
360.00 174.00 -15.11 337.04 11.52 314.87
370.00 180.00 -15.18 347.04 11.55 324.86
380.00 186.00 -15.25 357.03 11.58 334.86
390.00 192.00 -15.32 367.03 11.61 344.85
400.00 198.00 -15.40 377.03 11.65 354.85
410.00 204.00 -15.47 387.03 11.68 364.85
420.00 210.00 -15.54 397.03 11.71 374.85
430.00 216.00 -15.61 407.03 11.74 384.84
440.00 222.00 -15.68 417.03 11.77 394.84
450.00 228.00 -15.75 427.03 11.80 404.84
460.00 234.00 -15.82 437.03 11.83 414.84
470.00 240.00 -15.89 447.03 11.86 424.84
480.00 246.00 -15.96 457.03 11.89 434.84
490.00 252.00 -16.04 467.03 11.92 444.84
500.00 258.00 -16.11 477.03 11.95 454.84
510.00 264.00 -16.18 487.03 11.98 464.84
520.00 270.00 -16.25 497.03 12.01 474.84
530.00 276.00 -16.32 507.03 12.04 484.84
540.00 282.00 -16.39 517.03 12.07 494.84
550.00 288.00 -16.46 527.03 12.10 504.84
550.00 294.00 -14.16 533.54 10.55 514.51  
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Table BWR-42 
Heatup Rate = 80 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.42 73.92 1.68 70.52
90.00 15.00 -4.69 80.51 3.56 73.25
100.00 22.50 -6.38 88.07 4.96 77.95
110.00 30.00 -7.62 96.31 5.99 84.09
120.00 37.50 -8.54 105.02 6.75 91.30
130.00 45.00 -9.23 114.09 7.30 99.26
140.00 52.50 -9.75 123.42 7.72 107.79
150.00 60.00 -10.15 132.92 8.03 116.72
160.00 67.50 -10.46 142.57 8.26 125.94
170.00 75.00 -10.70 152.31 8.43 135.37
180.00 82.50 -10.90 162.12 8.57 144.96
190.00 90.00 -11.06 171.98 8.68 154.66
200.00 97.50 -11.20 181.88 8.77 164.45
210.00 105.00 -11.31 191.81 8.84 174.29
220.00 112.50 -11.42 201.76 8.90 184.18
230.00 120.00 -11.52 211.72 8.95 194.09
240.00 127.50 -11.60 221.69 8.99 204.03
250.00 135.00 -11.69 231.67 9.04 213.99
260.00 142.50 -11.77 241.66 9.07 223.96
270.00 150.00 -11.85 251.65 9.11 233.93
280.00 157.50 -11.92 261.64 9.14 243.92
290.00 165.00 -12.00 271.64 9.18 253.90
300.00 172.50 -12.07 281.63 9.21 263.90
310.00 180.00 -12.14 291.63 9.24 273.89
320.00 187.50 -12.22 301.63 9.27 283.88
330.00 195.00 -12.29 311.63 9.30 293.88
340.00 202.50 -12.36 321.62 9.34 303.88
350.00 210.00 -12.43 331.62 9.37 313.88
360.00 217.50 -12.50 341.62 9.40 323.88
370.00 225.00 -12.57 351.62 9.43 333.87
380.00 232.50 -12.64 361.62 9.46 343.87
390.00 240.00 -12.71 371.62 9.49 353.87
400.00 247.50 -12.79 381.62 9.52 363.87
410.00 255.00 -12.86 391.62 9.55 373.87
420.00 262.50 -12.93 401.62 9.58 383.87
430.00 270.00 -13.00 411.62 9.61 393.87
440.00 277.50 -13.07 421.62 9.64 403.87
450.00 285.00 -13.14 431.62 9.67 413.87
460.00 292.50 -13.21 441.62 9.70 423.87
470.00 300.00 -13.28 451.62 9.73 433.87
480.00 307.50 -13.35 461.62 9.76 443.87
490.00 315.00 -13.42 471.62 9.79 453.87
500.00 322.50 -13.49 481.62 9.82 463.87
510.00 330.00 -13.56 491.62 9.85 473.87
520.00 337.50 -13.63 501.62 9.88 483.87
530.00 345.00 -13.71 511.62 9.91 493.87
540.00 352.50 -13.78 521.62 9.94 503.87
550.00 360.00 -13.85 531.62 9.97 513.87
550.00 367.50 -11.49 537.70 8.32 523.35  



   
 

 77

Table BWR-43 
Heatup Rate = 60 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.44 74.48 1.77 70.88
90.00 20.00 -4.40 81.60 3.41 74.65
100.00 30.00 -5.71 89.73 4.49 80.57
110.00 40.00 -6.60 98.51 5.21 87.91
120.00 50.00 -7.20 107.71 5.70 96.17
130.00 60.00 -7.61 117.19 6.02 105.04
140.00 70.00 -7.91 126.85 6.24 114.30
150.00 80.00 -8.13 136.63 6.40 123.81
160.00 90.00 -8.29 146.49 6.51 133.50
170.00 100.00 -8.43 156.39 6.59 143.29
180.00 110.00 -8.54 166.33 6.66 153.16
190.00 120.00 -8.64 176.29 6.71 163.07
200.00 130.00 -8.72 186.27 6.76 173.01
210.00 140.00 -8.81 196.25 6.80 182.97
220.00 150.00 -8.88 206.24 6.83 192.95
230.00 160.00 -8.96 216.23 6.87 202.93
240.00 170.00 -9.03 226.22 6.90 212.92
250.00 180.00 -9.11 236.22 6.93 222.92
260.00 190.00 -9.18 246.22 6.96 232.91
270.00 200.00 -9.25 256.22 6.99 242.91
280.00 210.00 -9.32 266.22 7.03 252.91
290.00 220.00 -9.39 276.22 7.06 262.91
300.00 230.00 -9.46 286.22 7.09 272.91
310.00 240.00 -9.53 296.22 7.12 282.91
320.00 250.00 -9.61 306.22 7.15 292.90
330.00 260.00 -9.68 316.22 7.18 302.90
340.00 270.00 -9.75 326.22 7.21 312.90
350.00 280.00 -9.82 336.22 7.24 322.90
360.00 290.00 -9.89 346.22 7.27 332.90
370.00 300.00 -9.96 356.22 7.30 342.90
380.00 310.00 -10.03 366.22 7.33 352.90
390.00 320.00 -10.10 376.22 7.36 362.90
400.00 330.00 -10.17 386.22 7.39 372.90
410.00 340.00 -10.24 396.22 7.42 382.90
420.00 350.00 -10.31 406.22 7.45 392.90
430.00 360.00 -10.38 416.22 7.48 402.90
440.00 370.00 -10.46 426.22 7.51 412.90
450.00 380.00 -10.53 436.22 7.54 422.90
460.00 390.00 -10.60 446.22 7.57 432.90
470.00 400.00 -10.67 456.22 7.60 442.90
480.00 410.00 -10.74 466.22 7.63 452.90
490.00 420.00 -10.81 476.22 7.66 462.90
500.00 430.00 -10.88 486.22 7.69 472.90
510.00 440.00 -10.95 496.22 7.72 482.90
520.00 450.00 -11.02 506.22 7.75 492.90
530.00 460.00 -11.09 516.22 7.78 502.90
540.00 470.00 -11.16 526.22 7.81 512.90
550.00 480.00 -11.23 536.22 7.84 522.90
550.00 490.00 -8.86 541.74 6.11 532.02  
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Table BWR-44 
Heatup Rate = 40 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.34 75.25 1.78 71.62
90.00 30.00 -3.81 83.15 3.00 77.05
100.00 45.00 -4.61 92.05 3.65 84.63
110.00 60.00 -5.07 101.46 4.01 93.36
120.00 75.00 -5.35 111.15 4.22 102.69
130.00 90.00 -5.53 120.99 4.34 112.33
140.00 105.00 -5.66 130.91 4.42 122.14
150.00 120.00 -5.76 140.86 4.48 132.05
160.00 135.00 -5.84 150.84 4.52 141.99
170.00 150.00 -5.92 160.82 4.56 151.97
180.00 165.00 -6.00 170.82 4.59 161.95
190.00 180.00 -6.07 180.81 4.62 171.94
200.00 195.00 -6.14 190.81 4.65 181.94
210.00 210.00 -6.21 200.81 4.68 191.94
220.00 225.00 -6.28 210.81 4.72 201.94
230.00 240.00 -6.36 220.81 4.75 211.94
240.00 255.00 -6.43 230.81 4.78 221.94
250.00 270.00 -6.50 240.81 4.81 231.94
260.00 285.00 -6.57 250.81 4.84 241.94
270.00 300.00 -6.64 260.81 4.87 251.94
280.00 315.00 -6.71 270.81 4.90 261.94
290.00 330.00 -6.78 280.81 4.93 271.94
300.00 345.00 -6.85 290.81 4.96 281.94
310.00 360.00 -6.92 300.81 4.99 291.94
320.00 375.00 -6.99 310.81 5.02 301.94
330.00 390.00 -7.06 320.81 5.05 311.94
340.00 405.00 -7.13 330.81 5.08 321.94
350.00 420.00 -7.20 340.81 5.11 331.94
360.00 435.00 -7.28 350.81 5.14 341.94
370.00 450.00 -7.35 360.81 5.17 351.94
380.00 465.00 -7.42 370.81 5.20 361.94
390.00 480.00 -7.49 380.81 5.23 371.94
400.00 495.00 -7.56 390.81 5.26 381.94
410.00 510.00 -7.63 400.81 5.29 391.94
420.00 525.00 -7.70 410.81 5.32 401.94
430.00 540.00 -7.77 420.81 5.35 411.94
440.00 555.00 -7.84 430.81 5.38 421.94
450.00 570.00 -7.91 440.81 5.41 431.94
460.00 585.00 -7.98 450.81 5.44 441.94
470.00 600.00 -8.05 460.81 5.47 451.94
480.00 615.00 -8.12 470.81 5.50 461.94
490.00 630.00 -8.20 480.81 5.53 471.94
500.00 645.00 -8.27 490.81 5.56 481.94
510.00 660.00 -8.34 500.81 5.59 491.94
520.00 675.00 -8.41 510.81 5.62 501.94
530.00 690.00 -8.48 520.81 5.65 511.94
540.00 705.00 -8.55 530.81 5.68 521.94
550.00 720.00 -8.62 540.81 5.71 531.94
550.00 735.00 -6.34 545.56 3.97 540.31  
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Table BWR-45 
Heatup Rate = 20 F/hr, Wall Thickness t = 7 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -1.90 76.58 1.50 73.52
90.00 60.00 -2.53 85.73 2.01 81.68
100.00 90.00 -2.76 95.50 2.17 91.17
110.00 120.00 -2.88 105.43 2.24 101.02
120.00 150.00 -2.96 115.41 2.28 110.98
130.00 180.00 -3.03 125.41 2.31 120.97
140.00 210.00 -3.10 135.41 2.34 130.97
150.00 240.00 -3.18 145.41 2.37 140.97
160.00 270.00 -3.25 155.41 2.41 150.97
170.00 300.00 -3.32 165.41 2.44 160.97
180.00 330.00 -3.39 175.41 2.47 170.97
190.00 360.00 -3.46 185.41 2.50 180.97
200.00 390.00 -3.53 195.41 2.53 190.97
210.00 420.00 -3.60 205.41 2.56 200.97
220.00 450.00 -3.67 215.41 2.59 210.97
230.00 480.00 -3.74 225.41 2.62 220.97
240.00 510.00 -3.81 235.41 2.65 230.97
250.00 540.00 -3.88 245.41 2.68 240.97
260.00 570.00 -3.95 255.41 2.71 250.97
270.00 600.00 -4.03 265.41 2.74 260.97
280.00 630.00 -4.10 275.41 2.77 270.97
290.00 660.00 -4.17 285.41 2.80 280.97
300.00 690.00 -4.24 295.41 2.83 290.97
310.00 720.00 -4.31 305.41 2.86 300.97
320.00 750.00 -4.38 315.41 2.89 310.97
330.00 780.00 -4.45 325.41 2.92 320.97
340.00 810.00 -4.52 335.41 2.95 330.97
350.00 840.00 -4.59 345.41 2.98 340.97
360.00 870.00 -4.66 355.41 3.01 350.97
370.00 900.00 -4.73 365.41 3.04 360.97
380.00 930.00 -4.80 375.41 3.07 370.97
390.00 960.00 -4.87 385.41 3.10 380.97
400.00 990.00 -4.95 395.41 3.13 390.97
410.00 1020.00 -5.02 405.41 3.16 400.97
420.00 1050.00 -5.09 415.41 3.19 410.97
430.00 1080.00 -5.16 425.41 3.22 420.97
440.00 1110.00 -5.23 435.41 3.25 430.97
450.00 1140.00 -5.30 445.41 3.28 440.97
460.00 1170.00 -5.37 455.41 3.31 450.97
470.00 1200.00 -5.44 465.41 3.34 460.97
480.00 1230.00 -5.51 475.41 3.37 470.97
490.00 1260.00 -5.58 485.41 3.40 480.97
500.00 1290.00 -5.65 495.41 3.43 490.97
510.00 1320.00 -5.72 505.41 3.46 500.97
520.00 1350.00 -5.79 515.41 3.49 510.97
530.00 1380.00 -5.86 525.41 3.52 520.97
540.00 1410.00 -5.94 535.41 3.55 530.97
550.00 1440.00 -6.01 545.41 3.58 540.97
550.00 1470.00 -4.17 548.83 2.12 547.44  
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Table BWR-46 
Heatup Rate = 100 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.45 73.02 1.55 70.18
90.00 12.00 -5.27 78.77 3.78 71.57
100.00 18.00 -7.68 85.47 5.77 74.43
110.00 24.00 -9.67 92.80 7.43 78.56
120.00 30.00 -11.33 100.62 8.81 83.75
130.00 36.00 -12.70 108.83 9.94 89.81
140.00 42.00 -13.84 117.37 10.87 96.58
150.00 48.00 -14.79 126.16 11.64 103.93
160.00 54.00 -15.58 135.18 12.27 111.76
170.00 60.00 -16.24 144.37 12.80 119.98
180.00 66.00 -16.80 153.71 13.24 128.52
190.00 72.00 -17.27 163.17 13.60 137.32
200.00 78.00 -17.67 172.72 13.90 146.34
210.00 84.00 -18.01 182.36 14.15 155.54
220.00 90.00 -18.31 192.06 14.37 164.88
230.00 96.00 -18.56 201.81 14.55 174.34
240.00 102.00 -18.79 211.61 14.70 183.90
250.00 108.00 -18.98 221.45 14.83 193.53
260.00 114.00 -19.16 231.31 14.94 203.24
270.00 120.00 -19.32 241.20 15.04 212.99
280.00 126.00 -19.47 251.11 15.12 222.79
290.00 132.00 -19.60 261.04 15.19 232.63
300.00 138.00 -19.72 270.98 15.26 242.49
310.00 144.00 -19.84 280.93 15.32 252.38
320.00 150.00 -19.95 290.89 15.37 262.29
330.00 156.00 -20.05 300.85 15.42 272.22
340.00 162.00 -20.15 310.83 15.47 282.16
350.00 168.00 -20.24 320.80 15.51 292.11
360.00 174.00 -20.34 330.78 15.55 302.07
370.00 180.00 -20.43 340.77 15.59 312.04
380.00 186.00 -20.52 350.76 15.62 322.01
390.00 192.00 -20.60 360.75 15.66 331.99
400.00 198.00 -20.69 370.74 15.69 341.97
410.00 204.00 -20.77 380.73 15.72 351.95
420.00 210.00 -20.86 390.73 15.75 361.94
430.00 216.00 -20.94 400.72 15.79 371.93
440.00 222.00 -21.02 410.72 15.82 381.92
450.00 228.00 -21.10 420.71 15.85 391.91
460.00 234.00 -21.18 430.71 15.88 401.91
470.00 240.00 -21.26 440.71 15.91 411.90
480.00 246.00 -21.34 450.71 15.94 421.90
490.00 252.00 -21.42 460.71 15.96 431.90
500.00 258.00 -21.50 470.71 15.99 441.90
510.00 264.00 -21.58 480.70 16.02 451.89
520.00 270.00 -21.66 490.70 16.05 461.89
530.00 276.00 -21.74 500.70 16.08 471.89
540.00 282.00 -21.82 510.70 16.11 481.89
550.00 288.00 -21.90 520.70 16.14 491.89
550.00 294.00 -19.53 527.68 14.62 501.71  
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Table BWR-47 
Heatup Rate = 80 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.55 73.46 1.69 70.31
90.00 15.00 -5.22 79.62 3.85 72.26
100.00 22.50 -7.37 86.74 5.64 75.94
110.00 30.00 -9.06 94.50 7.05 81.00
120.00 37.50 -10.40 102.75 8.15 87.15
130.00 45.00 -11.47 111.39 9.02 94.15
140.00 52.50 -12.31 120.33 9.70 101.81
150.00 60.00 -12.99 129.50 10.24 109.98
160.00 67.50 -13.54 138.85 10.67 118.56
170.00 75.00 -13.98 148.35 11.01 127.45
180.00 82.50 -14.34 157.95 11.28 136.58
190.00 90.00 -14.64 167.65 11.49 145.90
200.00 97.50 -14.90 177.41 11.67 155.38
210.00 105.00 -15.11 187.22 11.81 164.96
220.00 112.50 -15.29 197.08 11.93 174.64
230.00 120.00 -15.46 206.96 12.03 184.39
240.00 127.50 -15.60 216.87 12.11 194.20
250.00 135.00 -15.73 226.81 12.18 204.05
260.00 142.50 -15.85 236.75 12.24 213.93
270.00 150.00 -15.96 246.71 12.30 223.84
280.00 157.50 -16.06 256.68 12.35 233.76
290.00 165.00 -16.16 266.65 12.39 243.71
300.00 172.50 -16.25 276.63 12.43 253.66
310.00 180.00 -16.34 286.62 12.47 263.63
320.00 187.50 -16.43 296.60 12.51 273.60
330.00 195.00 -16.52 306.59 12.54 283.58
340.00 202.50 -16.60 316.59 12.57 293.56
350.00 210.00 -16.68 326.58 12.60 303.55
360.00 217.50 -16.77 336.58 12.64 313.54
370.00 225.00 -16.85 346.57 12.67 323.53
380.00 232.50 -16.93 356.57 12.70 333.53
390.00 240.00 -17.01 366.57 12.73 343.52
400.00 247.50 -17.09 376.57 12.75 353.52
410.00 255.00 -17.17 386.57 12.78 363.52
420.00 262.50 -17.25 396.56 12.81 373.51
430.00 270.00 -17.33 406.56 12.84 383.51
440.00 277.50 -17.41 416.56 12.87 393.51
450.00 285.00 -17.49 426.56 12.90 403.51
460.00 292.50 -17.57 436.56 12.93 413.51
470.00 300.00 -17.65 446.56 12.96 423.51
480.00 307.50 -17.73 456.56 12.98 433.51
490.00 315.00 -17.81 466.56 13.01 443.51
500.00 322.50 -17.89 476.56 13.04 453.51
510.00 330.00 -17.97 486.56 13.07 463.51
520.00 337.50 -18.05 496.56 13.10 473.51
530.00 345.00 -18.13 506.56 13.13 483.51
540.00 352.50 -18.20 516.56 13.15 493.51
550.00 360.00 -18.28 526.56 13.18 503.51
550.00 367.50 -15.81 533.10 11.53 513.20  
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Table BWR-48 
Heatup Rate = 60 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.62 74.03 1.83 70.56
90.00 20.00 -5.03 80.71 3.82 73.41
100.00 30.00 -6.80 88.37 5.29 78.25
110.00 40.00 -8.09 96.69 6.35 84.55
120.00 50.00 -9.04 105.49 7.12 91.89
130.00 60.00 -9.74 114.62 7.68 99.99
140.00 70.00 -10.27 124.00 8.09 108.62
150.00 80.00 -10.67 133.56 8.40 117.63
160.00 90.00 -10.98 143.24 8.62 126.93
170.00 100.00 -11.23 153.01 8.79 136.42
180.00 110.00 -11.43 162.84 8.92 146.06
190.00 120.00 -11.59 172.72 9.02 155.80
200.00 130.00 -11.73 182.64 9.10 165.61
210.00 140.00 -11.86 192.58 9.17 175.47
220.00 150.00 -11.97 202.53 9.23 185.38
230.00 160.00 -12.07 212.50 9.27 195.31
240.00 170.00 -12.16 222.48 9.32 205.26
250.00 180.00 -12.25 232.46 9.35 215.22
260.00 190.00 -12.34 242.45 9.39 225.20
270.00 200.00 -12.43 252.44 9.42 235.18
280.00 210.00 -12.51 262.44 9.45 245.16
290.00 220.00 -12.59 272.43 9.49 255.15
300.00 230.00 -12.68 282.43 9.52 265.15
310.00 240.00 -12.76 292.43 9.55 275.14
320.00 250.00 -12.84 302.42 9.57 285.14
330.00 260.00 -12.92 312.42 9.60 295.14
340.00 270.00 -13.00 322.42 9.63 305.13
350.00 280.00 -13.08 332.42 9.66 315.13
360.00 290.00 -13.16 342.42 9.69 325.13
370.00 300.00 -13.24 352.42 9.72 335.13
380.00 310.00 -13.32 362.42 9.75 345.13
390.00 320.00 -13.39 372.42 9.77 355.13
400.00 330.00 -13.47 382.42 9.80 365.13
410.00 340.00 -13.55 392.42 9.83 375.13
420.00 350.00 -13.63 402.42 9.86 385.13
430.00 360.00 -13.71 412.42 9.89 395.13
440.00 370.00 -13.79 422.42 9.92 405.13
450.00 380.00 -13.87 432.42 9.94 415.13
460.00 390.00 -13.95 442.42 9.97 425.13
470.00 400.00 -14.03 452.42 10.00 435.13
480.00 410.00 -14.11 462.42 10.03 445.13
490.00 420.00 -14.19 472.42 10.06 455.13
500.00 430.00 -14.27 482.42 10.09 465.13
510.00 440.00 -14.35 492.42 10.11 475.13
520.00 450.00 -14.43 502.42 10.14 485.13
530.00 460.00 -14.51 512.42 10.17 495.13
540.00 470.00 -14.58 522.42 10.20 505.13
550.00 480.00 -14.66 532.42 10.23 515.13
550.00 490.00 -12.12 538.39 8.43 524.57  
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Table BWR-49 
Heatup Rate = 40 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.61 74.81 1.93 71.13
90.00 30.00 -4.53 82.25 3.53 75.50
100.00 45.00 -5.73 90.69 4.51 82.08
110.00 60.00 -6.49 99.75 5.12 89.99
120.00 75.00 -6.99 109.17 5.51 98.72
130.00 90.00 -7.32 118.82 5.75 107.95
140.00 105.00 -7.55 128.61 5.91 117.48
150.00 120.00 -7.73 138.48 6.02 127.20
160.00 135.00 -7.86 148.40 6.09 137.02
170.00 150.00 -7.98 158.35 6.15 146.92
180.00 165.00 -8.08 168.33 6.20 156.85
190.00 180.00 -8.17 178.31 6.24 166.81
200.00 195.00 -8.26 188.30 6.27 176.79
210.00 210.00 -8.34 198.29 6.30 186.78
220.00 225.00 -8.42 208.29 6.33 196.77
230.00 240.00 -8.50 218.28 6.36 206.76
240.00 255.00 -8.58 228.28 6.39 216.76
250.00 270.00 -8.66 238.28 6.42 226.76
260.00 285.00 -8.74 248.28 6.45 236.76
270.00 300.00 -8.82 258.28 6.48 246.75
280.00 315.00 -8.90 268.28 6.51 256.75
290.00 330.00 -8.98 278.28 6.54 266.75
300.00 345.00 -9.06 288.28 6.56 276.75
310.00 360.00 -9.14 298.28 6.59 286.75
320.00 375.00 -9.22 308.28 6.62 296.75
330.00 390.00 -9.30 318.28 6.65 306.75
340.00 405.00 -9.38 328.28 6.68 316.75
350.00 420.00 -9.46 338.28 6.71 326.75
360.00 435.00 -9.54 348.28 6.73 336.75
370.00 450.00 -9.62 358.28 6.76 346.75
380.00 465.00 -9.70 368.28 6.79 356.75
390.00 480.00 -9.77 378.28 6.82 366.75
400.00 495.00 -9.85 388.28 6.85 376.75
410.00 510.00 -9.93 398.28 6.88 386.75
420.00 525.00 -10.01 408.28 6.90 396.75
430.00 540.00 -10.09 418.28 6.93 406.75
440.00 555.00 -10.17 428.28 6.96 416.75
450.00 570.00 -10.25 438.28 6.99 426.75
460.00 585.00 -10.33 448.28 7.02 436.75
470.00 600.00 -10.41 458.28 7.05 446.75
480.00 615.00 -10.49 468.28 7.07 456.75
490.00 630.00 -10.57 478.28 7.10 466.75
500.00 645.00 -10.65 488.28 7.13 476.75
510.00 660.00 -10.73 498.28 7.16 486.75
520.00 675.00 -10.81 508.28 7.19 496.75
530.00 690.00 -10.88 518.28 7.22 506.75
540.00 705.00 -10.96 528.28 7.24 516.75
550.00 720.00 -11.04 538.28 7.27 526.75
550.00 735.00 -8.51 543.47 5.38 535.62  
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Table BWR-50 
Heatup Rate = 20 F/hr, Wall Thickness t = 8 in, R/t = 15  (BWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -2.26 76.12 1.76 72.75
90.00 60.00 -3.24 84.87 2.56 80.00
100.00 90.00 -3.66 94.41 2.88 88.98
110.00 120.00 -3.86 104.24 3.01 98.60
120.00 150.00 -3.99 114.18 3.08 108.46
130.00 180.00 -4.08 124.15 3.12 118.41
140.00 210.00 -4.17 134.15 3.15 128.39
150.00 240.00 -4.25 144.14 3.18 138.38
160.00 270.00 -4.33 154.14 3.21 148.38
170.00 300.00 -4.41 164.14 3.24 158.38
180.00 330.00 -4.49 174.14 3.27 168.38
190.00 360.00 -4.57 184.14 3.30 178.38
200.00 390.00 -4.65 194.14 3.33 188.38
210.00 420.00 -4.73 204.14 3.36 198.38
220.00 450.00 -4.81 214.14 3.38 208.38
230.00 480.00 -4.89 224.14 3.41 218.38
240.00 510.00 -4.96 234.14 3.44 228.38
250.00 540.00 -5.04 244.14 3.47 238.38
260.00 570.00 -5.12 254.14 3.50 248.38
270.00 600.00 -5.20 264.14 3.52 258.38
280.00 630.00 -5.28 274.14 3.55 268.38
290.00 660.00 -5.36 284.14 3.58 278.38
300.00 690.00 -5.44 294.14 3.61 288.38
310.00 720.00 -5.52 304.14 3.64 298.38
320.00 750.00 -5.60 314.14 3.67 308.38
330.00 780.00 -5.68 324.14 3.69 318.38
340.00 810.00 -5.76 334.14 3.72 328.38
350.00 840.00 -5.84 344.14 3.75 338.38
360.00 870.00 -5.92 354.14 3.78 348.38
370.00 900.00 -6.00 364.14 3.81 358.38
380.00 930.00 -6.07 374.14 3.84 368.38
390.00 960.00 -6.15 384.14 3.86 378.38
400.00 990.00 -6.23 394.14 3.89 388.38
410.00 1020.00 -6.31 404.14 3.92 398.38
420.00 1050.00 -6.39 414.14 3.95 408.38
430.00 1080.00 -6.47 424.14 3.98 418.38
440.00 1110.00 -6.55 434.14 4.01 428.38
450.00 1140.00 -6.63 444.14 4.03 438.38
460.00 1170.00 -6.71 454.14 4.06 448.38
470.00 1200.00 -6.79 464.14 4.09 458.38
480.00 1230.00 -6.87 474.14 4.12 468.38
490.00 1260.00 -6.95 484.14 4.15 478.38
500.00 1290.00 -7.03 494.14 4.18 488.38
510.00 1320.00 -7.11 504.14 4.20 498.38
520.00 1350.00 -7.19 514.14 4.23 508.38
530.00 1380.00 -7.26 524.14 4.26 518.38
540.00 1410.00 -7.34 534.14 4.29 528.38
550.00 1440.00 -7.42 544.14 4.32 538.38
550.00 1470.00 -5.24 548.02 2.58 545.63  
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Appendix B 
Thermal Stress Intensity Factor KIT and Crack Tip 

Temperatures for PWRs 
*** All the KIT values have unit ksi in  

 
 

Index of PWR Tables (Page numbers in parentheses) 
 
 
 
 

t (in) R/t 100 (°F/hr) 80 (°F/hr) 60 (°F/hr) 40 (°F/hr) 20 (°F/hr)

6 (PWR) 10 Table PWR-1 (86) Table PWR-2 (87) Table PWR-3 (88) Table PWR-4 (89) Table PWR-5 (90)

7 (PWR) 10 Table PWR-6 (91) Table PWR-7 (92) Table PWR-8 (93) Table PWR-9 (94) Table PWR-10 (95)

8 (PWR) 10 Table PWR-11 (96) Table PWR-12 (97) Table PWR-13 (98) Table PWR-14 (99) Table PWR-15 (100)

9 (PWR) 10 Table PWR-16 (101) Table PWR-17 (102) Table PWR-18 (103) Table PWR-19 (104) Table PWR-20 (105)

10 (PWR) 10 Table PWR-21 (106) Table PWR-22 (107) Table PWR-23 (108) Table PWR-24 (109) Table PWR-25 (110)

11 (PWR) 10 Table PWR-26 (111) Table PWR-27 (112) Table PWR-28 (113) Table PWR-29 (114) Table PWR-30 (115)

12 (PWR) 10 Table PWR-31 (116) Table PWR-32 (117) Table PWR-33 (118) Table PWR-34 (119) Table PWR-35 (120)

RPV Geometry Cooldown Rate

 
 

t (in) R/t 100 (°F/hr) 80 (°F/hr) 60 (°F/hr) 40 (°F/hr) 20 (°F/hr)

6 (PWR) 10 Table PWR-36 (121) Table PWR-37 (122) Table PWR-38 (123) Table PWR-39 (124) Table PWR-40 (125)

7 (PWR) 10 Table PWR-41 (126) Table PWR-42 (127) Table PWR-43 (128) Table PWR-44 (129) Table PWR-45 (130)

8 (PWR) 10 Table PWR-46 (131) Table PWR-47 (132) Table PWR-48 (133) Table PWR-49 (134) Table PWR-50 (135)

9 (PWR) 10 Table PWR-51 (136) Table PWR-52 (137) Table PWR-53 (138) Table PWR-54 (139) Table PWR-55 (140)

10 (PWR) 10 Table PWR-56 (141) Table PWR-57 (142) Table PWR-58 (143) Table PWR-59 (144) Table PWR-60 (145)

11 (PWR) 10 Table PWR-61 (146) Table PWR-62 (147) Table PWR-63 (148) Table PWR-64 (149) Table PWR-65 (150)

12 (PWR) 10 Table PWR-66 (151) Table PWR-67 (152) Table PWR-68 (153) Table PWR-69 (154) Table PWR-70 (155)

RPV Geometry Heatup Rate
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 Table PWR-1 
Cooldown Rate = 100 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)

550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.19 546.02 -1.55 549.41
530.00 12.00 4.18 539.39 -3.23 546.49
520.00 18.00 5.63 531.76 -4.46 541.57
510.00 24.00 6.67 523.45 -5.35 535.19
500.00 30.00 7.43 514.66 -6.00 527.77
490.00 36.00 7.98 505.52 -6.47 519.62
480.00 42.00 8.38 496.13 -6.81 510.94
470.00 48.00 8.68 486.57 -7.06 501.88
460.00 54.00 8.90 476.89 -7.26 492.55
450.00 60.00 9.07 467.11 -7.40 483.03
440.00 66.00 9.20 457.27 -7.52 473.37
430.00 72.00 9.31 447.38 -7.61 463.62
420.00 78.00 9.39 437.47 -7.68 453.79
410.00 84.00 9.46 427.52 -7.74 443.92
400.00 90.00 9.52 417.57 -7.79 434.00
390.00 96.00 9.57 407.60 -7.84 424.07
380.00 102.00 9.62 397.62 -7.89 414.11
370.00 108.00 9.67 387.63 -7.93 404.15
360.00 114.00 9.71 377.64 -7.96 394.17
350.00 120.00 9.75 367.65 -8.00 384.19
340.00 126.00 9.79 357.66 -8.03 374.20
330.00 132.00 9.83 347.66 -8.07 364.21
320.00 138.00 9.86 337.66 -8.10 354.21
310.00 144.00 9.90 327.66 -8.14 344.22
300.00 150.00 9.94 317.67 -8.17 334.22
290.00 156.00 9.97 307.67 -8.20 324.22
280.00 162.00 10.01 297.67 -8.24 314.22
270.00 168.00 10.05 287.67 -8.27 304.22
260.00 174.00 10.08 277.67 -8.30 294.22
250.00 180.00 10.12 267.67 -8.33 284.23
240.00 186.00 10.15 257.67 -8.37 274.23
230.00 192.00 10.19 247.67 -8.40 264.23
220.00 198.00 10.23 237.67 -8.43 254.23
210.00 204.00 10.26 227.67 -8.46 244.23
200.00 210.00 10.30 217.67 -8.50 234.23
190.00 216.00 10.33 207.67 -8.53 224.23
180.00 222.00 10.37 197.67 -8.56 214.23
170.00 228.00 10.40 187.67 -8.59 204.23
160.00 234.00 10.44 177.67 -8.62 194.23
150.00 240.00 10.48 167.67 -8.66 184.23
140.00 246.00 10.51 157.67 -8.69 174.23
130.00 252.00 10.55 147.67 -8.72 164.23
120.00 258.00 10.58 137.67 -8.75 154.23
110.00 264.00 10.62 127.67 -8.79 144.23
100.00 270.00 10.65 117.67 -8.82 134.23
90.00 276.00 10.69 107.67 -8.85 124.23
80.00 282.00 10.72 97.67 -8.88 114.23
70.00 288.00 10.76 87.67 -8.92 104.23
70.00 294.00 8.61 81.65 -7.39 94.82  
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Table PWR-2 
Cooldown Rate = 80 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.19 545.59 -1.61 549.12
530.00 15.00 3.97 538.54 -3.12 545.39
520.00 22.50 5.15 530.46 -4.12 539.51
510.00 30.00 5.94 521.73 -4.80 532.22
500.00 37.50 6.47 512.55 -5.25 523.99
490.00 45.00 6.83 503.10 -5.56 515.16
480.00 52.50 7.08 493.45 -5.77 505.92
470.00 60.00 7.26 483.69 -5.92 496.42
460.00 67.50 7.38 473.84 -6.03 486.75
450.00 75.00 7.48 463.94 -6.12 476.97
440.00 82.50 7.56 454.01 -6.18 467.11
430.00 90.00 7.62 444.05 -6.24 457.20
420.00 97.50 7.67 434.08 -6.28 447.27
410.00 105.00 7.72 424.10 -6.32 437.31
400.00 112.50 7.76 414.11 -6.36 427.33
390.00 120.00 7.80 404.12 -6.40 417.35
380.00 127.50 7.84 394.13 -6.43 407.36
370.00 135.00 7.88 384.13 -6.47 397.37
360.00 142.50 7.91 374.13 -6.50 387.37
350.00 150.00 7.95 364.13 -6.54 377.38
340.00 157.50 7.99 354.13 -6.57 367.38
330.00 165.00 8.02 344.13 -6.60 357.38
320.00 172.50 8.06 334.13 -6.63 347.38
310.00 180.00 8.09 324.14 -6.67 337.38
300.00 187.50 8.13 314.14 -6.70 327.38
290.00 195.00 8.17 304.14 -6.73 317.38
280.00 202.50 8.20 294.14 -6.76 307.38
270.00 210.00 8.24 284.14 -6.80 297.38
260.00 217.50 8.27 274.14 -6.83 287.38
250.00 225.00 8.31 264.14 -6.86 277.38
240.00 232.50 8.34 254.14 -6.89 267.38
230.00 240.00 8.38 244.14 -6.93 257.38
220.00 247.50 8.42 234.14 -6.96 247.38
210.00 255.00 8.45 224.14 -6.99 237.38
200.00 262.50 8.49 214.14 -7.02 227.38
190.00 270.00 8.52 204.14 -7.05 217.38
180.00 277.50 8.56 194.14 -7.09 207.38
170.00 285.00 8.59 184.14 -7.12 197.38
160.00 292.50 8.63 174.14 -7.15 187.38
150.00 300.00 8.67 164.14 -7.18 177.38
140.00 307.50 8.70 154.14 -7.22 167.38
130.00 315.00 8.74 144.14 -7.25 157.38
120.00 322.50 8.77 134.14 -7.28 147.38
110.00 330.00 8.81 124.14 -7.31 137.38
100.00 337.50 8.84 114.14 -7.35 127.38
90.00 345.00 8.88 104.14 -7.38 117.38
80.00 352.50 8.92 94.14 -7.41 107.38
70.00 360.00 8.95 84.14 -7.44 97.38
70.00 367.50 6.79 78.55 -5.86 88.26  



   
 

 88

Table PWR-3 
Cooldown Rate = 60 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.15 545.04 -1.63 548.63
530.00 20.00 3.61 537.43 -2.87 543.75
520.00 30.00 4.46 528.79 -3.60 536.66
510.00 40.00 4.96 519.57 -4.02 528.33
500.00 50.00 5.26 510.01 -4.28 519.28
490.00 60.00 5.44 500.27 -4.44 509.82
480.00 70.00 5.57 490.41 -4.55 500.13
470.00 80.00 5.65 480.49 -4.62 490.30
460.00 90.00 5.71 470.54 -4.68 480.40
450.00 100.00 5.77 460.57 -4.72 470.46
440.00 110.00 5.81 450.58 -4.76 460.49
430.00 120.00 5.85 440.59 -4.80 450.51
420.00 130.00 5.89 430.60 -4.83 440.52
410.00 140.00 5.93 420.60 -4.87 430.53
400.00 150.00 5.96 410.60 -4.90 420.53
390.00 160.00 6.00 400.60 -4.93 410.53
380.00 170.00 6.04 390.60 -4.97 400.53
370.00 180.00 6.07 380.60 -5.00 390.54
360.00 190.00 6.11 370.60 -5.03 380.54
350.00 200.00 6.14 360.60 -5.06 370.54
340.00 210.00 6.18 350.60 -5.10 360.54
330.00 220.00 6.21 340.60 -5.13 350.54
320.00 230.00 6.25 330.60 -5.16 340.54
310.00 240.00 6.29 320.60 -5.19 330.54
300.00 250.00 6.32 310.60 -5.23 320.54
290.00 260.00 6.36 300.60 -5.26 310.54
280.00 270.00 6.39 290.60 -5.29 300.54
270.00 280.00 6.43 280.60 -5.32 290.54
260.00 290.00 6.46 270.60 -5.36 280.54
250.00 300.00 6.50 260.60 -5.39 270.54
240.00 310.00 6.54 250.60 -5.42 260.54
230.00 320.00 6.57 240.60 -5.45 250.54
220.00 330.00 6.61 230.60 -5.48 240.54
210.00 340.00 6.64 220.60 -5.52 230.54
200.00 350.00 6.68 210.60 -5.55 220.54
190.00 360.00 6.71 200.60 -5.58 210.54
180.00 370.00 6.75 190.60 -5.61 200.54
170.00 380.00 6.79 180.60 -5.65 190.54
160.00 390.00 6.82 170.60 -5.68 180.54
150.00 400.00 6.86 160.60 -5.71 170.54
140.00 410.00 6.89 150.60 -5.74 160.54
130.00 420.00 6.93 140.60 -5.78 150.54
120.00 430.00 6.96 130.60 -5.81 140.54
110.00 440.00 7.00 120.60 -5.84 130.54
100.00 450.00 7.04 110.60 -5.87 120.54
90.00 460.00 7.07 100.60 -5.91 110.54
80.00 470.00 7.11 90.60 -5.94 100.54
70.00 480.00 7.14 80.60 -5.97 90.54
70.00 490.00 5.03 75.56 -4.37 81.90  
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Table PWR-4 
Cooldown Rate = 40 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 1.99 544.27 -1.56 547.70
530.00 30.00 2.97 535.86 -2.40 541.11
520.00 45.00 3.42 526.55 -2.78 532.58
510.00 60.00 3.63 516.84 -2.96 523.21
500.00 75.00 3.74 506.97 -3.06 513.48
490.00 90.00 3.81 497.03 -3.12 503.60
480.00 105.00 3.86 487.05 -3.16 493.65
470.00 120.00 3.90 477.06 -3.20 483.67
460.00 135.00 3.94 467.06 -3.23 473.68
450.00 150.00 3.98 457.07 -3.27 463.69
440.00 165.00 4.01 447.07 -3.30 453.69
430.00 180.00 4.05 437.07 -3.33 443.69
420.00 195.00 4.08 427.07 -3.36 433.69
410.00 210.00 4.12 417.07 -3.40 423.69
400.00 225.00 4.16 407.07 -3.43 413.69
390.00 240.00 4.19 397.07 -3.46 403.69
380.00 255.00 4.23 387.07 -3.49 393.69
370.00 270.00 4.26 377.07 -3.53 383.69
360.00 285.00 4.30 367.07 -3.56 373.69
350.00 300.00 4.33 357.07 -3.59 363.69
340.00 315.00 4.37 347.07 -3.62 353.69
330.00 330.00 4.41 337.07 -3.66 343.69
320.00 345.00 4.44 327.07 -3.69 333.69
310.00 360.00 4.48 317.07 -3.72 323.69
300.00 375.00 4.51 307.07 -3.75 313.69
290.00 390.00 4.55 297.07 -3.79 303.69
280.00 405.00 4.58 287.07 -3.82 293.69
270.00 420.00 4.62 277.07 -3.85 283.69
260.00 435.00 4.66 267.07 -3.88 273.69
250.00 450.00 4.69 257.07 -3.92 263.69
240.00 465.00 4.73 247.07 -3.95 253.69
230.00 480.00 4.76 237.07 -3.98 243.69
220.00 495.00 4.80 227.07 -4.01 233.69
210.00 510.00 4.83 217.07 -4.04 223.69
200.00 525.00 4.87 207.07 -4.08 213.69
190.00 540.00 4.90 197.07 -4.11 203.69
180.00 555.00 4.94 187.07 -4.14 193.69
170.00 570.00 4.98 177.07 -4.17 183.69
160.00 585.00 5.01 167.07 -4.21 173.69
150.00 600.00 5.05 157.07 -4.24 163.69
140.00 615.00 5.08 147.07 -4.27 153.69
130.00 630.00 5.12 137.07 -4.30 143.69
120.00 645.00 5.15 127.07 -4.34 133.69
110.00 660.00 5.19 117.07 -4.37 123.69
100.00 675.00 5.23 107.07 -4.40 113.69
90.00 690.00 5.26 97.07 -4.43 103.69
80.00 705.00 5.30 87.07 -4.47 93.69
70.00 720.00 5.33 77.07 -4.50 83.69
70.00 735.00 3.38 72.80 -2.97 75.99  
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Table PWR-5 
Cooldown Rate = 20 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 1.49 542.93 -1.20 545.55
530.00 60.00 1.82 533.42 -1.48 536.61
520.00 90.00 1.91 523.51 -1.56 526.80
510.00 120.00 1.95 513.53 -1.60 516.84
500.00 150.00 1.99 503.53 -1.63 506.84
490.00 180.00 2.03 493.53 -1.66 496.85
480.00 210.00 2.06 483.53 -1.70 486.85
470.00 240.00 2.10 473.53 -1.73 476.85
460.00 270.00 2.13 463.53 -1.76 466.85
450.00 300.00 2.17 453.53 -1.79 456.85
440.00 330.00 2.20 443.53 -1.83 446.85
430.00 360.00 2.24 433.53 -1.86 436.85
420.00 390.00 2.28 423.53 -1.89 426.85
410.00 420.00 2.31 413.53 -1.92 416.85
400.00 450.00 2.35 403.53 -1.96 406.85
390.00 480.00 2.38 393.53 -1.99 396.85
380.00 510.00 2.42 383.53 -2.02 386.85
370.00 540.00 2.45 373.53 -2.05 376.85
360.00 570.00 2.49 363.53 -2.09 366.85
350.00 600.00 2.52 353.53 -2.12 356.85
340.00 630.00 2.56 343.53 -2.15 346.85
330.00 660.00 2.60 333.53 -2.18 336.85
320.00 690.00 2.63 323.53 -2.22 326.85
310.00 720.00 2.67 313.53 -2.25 316.85
300.00 750.00 2.70 303.53 -2.28 306.85
290.00 780.00 2.74 293.53 -2.31 296.85
280.00 810.00 2.77 283.53 -2.35 286.85
270.00 840.00 2.81 273.53 -2.38 276.85
260.00 870.00 2.85 263.53 -2.41 266.85
250.00 900.00 2.88 253.53 -2.44 256.85
240.00 930.00 2.92 243.53 -2.47 246.85
230.00 960.00 2.95 233.53 -2.51 236.85
220.00 990.00 2.99 223.53 -2.54 226.85
210.00 1020.00 3.02 213.53 -2.57 216.85
200.00 1050.00 3.06 203.53 -2.60 206.85
190.00 1080.00 3.10 193.53 -2.64 196.85
180.00 1110.00 3.13 183.53 -2.67 186.85
170.00 1140.00 3.17 173.53 -2.70 176.85
160.00 1170.00 3.20 163.53 -2.73 166.85
150.00 1200.00 3.24 153.53 -2.77 156.85
140.00 1230.00 3.27 143.53 -2.80 146.85
130.00 1260.00 3.31 133.53 -2.83 136.85
120.00 1290.00 3.35 123.53 -2.86 126.85
110.00 1320.00 3.38 113.53 -2.90 116.85
100.00 1350.00 3.42 103.53 -2.93 106.85
90.00 1380.00 3.45 93.53 -2.96 96.85
80.00 1410.00 3.49 83.53 -2.99 86.85
70.00 1440.00 3.52 73.53 -3.03 76.85
70.00 1470.00 2.07 70.60 -1.86 71.29  
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Table PWR-6 
Cooldown Rate = 100 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.33 546.53 -1.57 549.68
530.00 12.00 4.76 540.39 -3.57 547.66
520.00 18.00 6.69 533.28 -5.20 543.91
510.00 24.00 8.21 525.52 -6.49 538.77
500.00 30.00 9.39 517.26 -7.49 532.54
490.00 36.00 10.33 508.61 -8.28 525.47
480.00 42.00 11.06 499.66 -8.90 517.75
470.00 48.00 11.64 490.47 -9.38 509.52
460.00 54.00 12.10 481.10 -9.77 500.90
450.00 60.00 12.47 471.60 -10.08 491.96
440.00 66.00 12.76 461.98 -10.32 482.79
430.00 72.00 13.00 452.28 -10.52 473.44
420.00 78.00 13.20 442.51 -10.68 463.94
410.00 84.00 13.36 432.69 -10.81 454.33
400.00 90.00 13.49 422.82 -10.91 444.63
390.00 96.00 13.61 412.93 -11.01 434.87
380.00 102.00 13.71 403.02 -11.08 425.05
370.00 108.00 13.79 393.08 -11.15 415.19
360.00 114.00 13.87 383.13 -11.21 405.30
350.00 120.00 13.94 373.17 -11.26 395.39
340.00 126.00 14.00 363.20 -11.31 385.45
330.00 132.00 14.06 353.23 -11.35 375.50
320.00 138.00 14.11 343.24 -11.39 365.54
310.00 144.00 14.17 333.26 -11.43 355.57
300.00 150.00 14.22 323.27 -11.46 345.60
290.00 156.00 14.27 313.28 -11.50 335.62
280.00 162.00 14.31 303.29 -11.53 325.63
270.00 168.00 14.36 293.29 -11.57 315.64
260.00 174.00 14.41 283.30 -11.60 305.65
250.00 180.00 14.45 273.30 -11.63 295.66
240.00 186.00 14.50 263.30 -11.66 285.66
230.00 192.00 14.54 253.30 -11.69 275.67
220.00 198.00 14.59 243.30 -11.72 265.67
210.00 204.00 14.63 233.31 -11.75 255.67
200.00 210.00 14.67 223.31 -11.79 245.68
190.00 216.00 14.72 213.31 -11.82 235.68
180.00 222.00 14.76 203.31 -11.85 225.68
170.00 228.00 14.80 193.31 -11.88 215.68
160.00 234.00 14.85 183.31 -11.91 205.68
150.00 240.00 14.89 173.31 -11.94 195.68
140.00 246.00 14.93 163.31 -11.97 185.68
130.00 252.00 14.98 153.31 -12.00 175.68
120.00 258.00 15.02 143.31 -12.03 165.68
110.00 264.00 15.06 133.31 -12.06 155.68
100.00 270.00 15.11 123.31 -12.09 145.68
90.00 276.00 15.15 113.31 -12.12 135.68
80.00 282.00 15.19 103.31 -12.15 125.68
70.00 288.00 15.24 93.31 -12.18 115.68
70.00 294.00 12.95 86.78 -10.64 106.01  



   
 

 92

Table PWR-7 
Cooldown Rate = 80 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.38 546.10 -1.67 549.48
530.00 15.00 4.63 539.54 -3.54 546.79
520.00 22.50 6.29 532.01 -4.95 542.13
510.00 30.00 7.52 523.81 -5.99 536.03
500.00 37.50 8.42 515.12 -6.76 528.88
490.00 45.00 9.09 506.07 -7.32 520.95
480.00 52.50 9.60 496.77 -7.74 512.47
470.00 60.00 9.97 487.28 -8.06 503.57
460.00 67.50 10.26 477.65 -8.30 494.38
450.00 75.00 10.48 467.92 -8.48 484.96
440.00 82.50 10.66 458.12 -8.62 475.39
430.00 90.00 10.79 448.26 -8.73 465.70
420.00 97.50 10.91 438.36 -8.82 455.93
410.00 105.00 11.00 428.44 -8.89 446.10
400.00 112.50 11.08 418.50 -8.95 436.22
390.00 120.00 11.15 408.54 -9.01 426.31
380.00 127.50 11.21 398.57 -9.05 416.37
370.00 135.00 11.27 388.59 -9.10 406.42
360.00 142.50 11.32 378.60 -9.13 396.45
350.00 150.00 11.37 368.62 -9.17 386.48
340.00 157.50 11.42 358.62 -9.21 376.50
330.00 165.00 11.47 348.63 -9.24 366.51
320.00 172.50 11.52 338.64 -9.27 356.52
310.00 180.00 11.56 328.64 -9.30 346.53
300.00 187.50 11.61 318.64 -9.34 336.53
290.00 195.00 11.65 308.64 -9.37 326.54
280.00 202.50 11.70 298.64 -9.40 316.54
270.00 210.00 11.74 288.64 -9.43 306.54
260.00 217.50 11.78 278.65 -9.46 296.54
250.00 225.00 11.83 268.65 -9.49 286.54
240.00 232.50 11.87 258.65 -9.52 276.54
230.00 240.00 11.91 248.65 -9.55 266.54
220.00 247.50 11.96 238.65 -9.58 256.55
210.00 255.00 12.00 228.65 -9.61 246.55
200.00 262.50 12.04 218.65 -9.64 236.55
190.00 270.00 12.09 208.65 -9.67 226.55
180.00 277.50 12.13 198.65 -9.70 216.55
170.00 285.00 12.17 188.65 -9.73 206.55
160.00 292.50 12.22 178.65 -9.76 196.55
150.00 300.00 12.26 168.65 -9.79 186.55
140.00 307.50 12.30 158.65 -9.82 176.55
130.00 315.00 12.35 148.65 -9.85 166.55
120.00 322.50 12.39 138.65 -9.88 156.55
110.00 330.00 12.43 128.65 -9.91 146.55
100.00 337.50 12.47 118.65 -9.94 136.55
90.00 345.00 12.52 108.65 -9.97 126.55
80.00 352.50 12.56 98.65 -10.00 116.55
70.00 360.00 12.60 88.65 -10.03 106.55
70.00 367.50 10.27 82.55 -8.38 97.06  
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Table PWR-8 
Cooldown Rate = 60 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.40 545.54 -1.76 549.13
530.00 20.00 4.34 538.45 -3.40 545.40
520.00 30.00 5.64 530.35 -4.49 539.53
510.00 40.00 6.50 521.60 -5.22 532.23
500.00 50.00 7.08 512.42 -5.71 524.01
490.00 60.00 7.48 502.96 -6.04 515.18
480.00 70.00 7.76 493.31 -6.27 505.94
470.00 80.00 7.95 483.54 -6.43 496.45
460.00 90.00 8.10 473.69 -6.55 486.78
450.00 100.00 8.21 463.79 -6.63 477.00
440.00 110.00 8.29 453.86 -6.70 467.14
430.00 120.00 8.36 443.90 -6.75 457.23
420.00 130.00 8.43 433.93 -6.80 447.29
410.00 140.00 8.48 423.95 -6.84 437.33
400.00 150.00 8.53 413.96 -6.88 427.36
390.00 160.00 8.58 403.97 -6.91 417.38
380.00 170.00 8.63 393.98 -6.95 407.39
370.00 180.00 8.67 383.98 -6.98 397.40
360.00 190.00 8.72 373.98 -7.01 387.40
350.00 200.00 8.76 363.98 -7.04 377.40
340.00 210.00 8.80 353.98 -7.07 367.41
330.00 220.00 8.85 343.98 -7.10 357.41
320.00 230.00 8.89 333.98 -7.13 347.41
310.00 240.00 8.94 323.98 -7.16 337.41
300.00 250.00 8.98 313.99 -7.19 327.41
290.00 260.00 9.02 303.99 -7.22 317.41
280.00 270.00 9.07 293.99 -7.25 307.41
270.00 280.00 9.11 283.99 -7.28 297.41
260.00 290.00 9.15 273.99 -7.31 287.41
250.00 300.00 9.19 263.99 -7.34 277.41
240.00 310.00 9.24 253.99 -7.37 267.41
230.00 320.00 9.28 243.99 -7.40 257.41
220.00 330.00 9.32 233.99 -7.43 247.41
210.00 340.00 9.37 223.99 -7.46 237.41
200.00 350.00 9.41 213.99 -7.49 227.41
190.00 360.00 9.45 203.99 -7.52 217.41
180.00 370.00 9.50 193.99 -7.55 207.41
170.00 380.00 9.54 183.99 -7.58 197.41
160.00 390.00 9.58 173.99 -7.61 187.41
150.00 400.00 9.63 163.99 -7.64 177.41
140.00 410.00 9.67 153.99 -7.67 167.41
130.00 420.00 9.71 143.99 -7.70 157.41
120.00 430.00 9.76 133.99 -7.73 147.41
110.00 440.00 9.80 123.99 -7.76 137.41
100.00 450.00 9.84 113.99 -7.79 127.41
90.00 460.00 9.89 103.99 -7.82 117.41
80.00 470.00 9.93 93.99 -7.85 107.41
70.00 480.00 9.97 83.99 -7.88 97.41
70.00 490.00 7.62 78.44 -6.15 88.28  
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Table PWR-9 
Cooldown Rate = 40 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.31 544.77 -1.77 548.39
530.00 30.00 3.76 536.90 -2.99 543.02
520.00 45.00 4.55 528.04 -3.66 535.48
510.00 60.00 4.99 518.64 -4.03 526.79
500.00 75.00 5.24 508.96 -4.24 517.48
490.00 90.00 5.40 499.13 -4.36 507.85
480.00 105.00 5.50 489.22 -4.45 498.05
470.00 120.00 5.58 479.27 -4.50 488.15
460.00 135.00 5.64 469.29 -4.55 478.21
450.00 150.00 5.69 459.31 -4.58 468.24
440.00 165.00 5.74 449.32 -4.62 458.26
430.00 180.00 5.78 439.32 -4.65 448.26
420.00 195.00 5.83 429.32 -4.68 438.27
410.00 210.00 5.87 419.32 -4.71 428.27
400.00 225.00 5.91 409.32 -4.74 418.27
390.00 240.00 5.96 399.32 -4.77 408.27
380.00 255.00 6.00 389.32 -4.80 398.27
370.00 270.00 6.04 379.32 -4.83 388.27
360.00 285.00 6.09 369.32 -4.86 378.27
350.00 300.00 6.13 359.32 -4.89 368.27
340.00 315.00 6.17 349.32 -4.92 358.27
330.00 330.00 6.22 339.32 -4.95 348.27
320.00 345.00 6.26 329.32 -4.98 338.27
310.00 360.00 6.30 319.32 -5.01 328.27
300.00 375.00 6.35 309.32 -5.04 318.27
290.00 390.00 6.39 299.32 -5.07 308.27
280.00 405.00 6.43 289.32 -5.10 298.27
270.00 420.00 6.48 279.32 -5.13 288.27
260.00 435.00 6.52 269.32 -5.16 278.27
250.00 450.00 6.56 259.32 -5.19 268.27
240.00 465.00 6.61 249.32 -5.22 258.27
230.00 480.00 6.65 239.32 -5.25 248.27
220.00 495.00 6.69 229.32 -5.28 238.27
210.00 510.00 6.74 219.32 -5.31 228.27
200.00 525.00 6.78 209.32 -5.34 218.27
190.00 540.00 6.82 199.32 -5.37 208.27
180.00 555.00 6.86 189.32 -5.40 198.27
170.00 570.00 6.91 179.32 -5.43 188.27
160.00 585.00 6.95 169.32 -5.46 178.27
150.00 600.00 6.99 159.32 -5.49 168.27
140.00 615.00 7.04 149.32 -5.52 158.27
130.00 630.00 7.08 139.32 -5.55 148.27
120.00 645.00 7.12 129.32 -5.58 138.27
110.00 660.00 7.17 119.32 -5.61 128.27
100.00 675.00 7.21 109.32 -5.64 118.27
90.00 690.00 7.25 99.32 -5.67 108.27
80.00 705.00 7.30 89.32 -5.70 98.27
70.00 720.00 7.34 79.32 -5.73 88.27
70.00 735.00 5.07 74.55 -3.99 79.88  
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Table PWR-10 
Cooldown Rate = 20 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 1.88 543.45 -1.50 546.51
530.00 60.00 2.50 534.32 -2.01 538.39
520.00 90.00 2.70 524.56 -2.18 528.93
510.00 120.00 2.79 514.63 -2.25 519.08
500.00 150.00 2.85 504.65 -2.29 509.12
490.00 180.00 2.89 494.66 -2.32 499.13
480.00 210.00 2.94 484.66 -2.36 489.14
470.00 240.00 2.98 474.66 -2.39 479.14
460.00 270.00 3.02 464.66 -2.42 469.14
450.00 300.00 3.07 454.66 -2.45 459.14
440.00 330.00 3.11 444.66 -2.48 449.14
430.00 360.00 3.15 434.66 -2.51 439.14
420.00 390.00 3.20 424.66 -2.54 429.14
410.00 420.00 3.24 414.66 -2.57 419.14
400.00 450.00 3.28 404.66 -2.60 409.14
390.00 480.00 3.33 394.66 -2.63 399.14
380.00 510.00 3.37 384.66 -2.66 389.14
370.00 540.00 3.41 374.66 -2.69 379.14
360.00 570.00 3.46 364.66 -2.72 369.14
350.00 600.00 3.50 354.66 -2.75 359.14
340.00 630.00 3.54 344.66 -2.78 349.14
330.00 660.00 3.58 334.66 -2.81 339.14
320.00 690.00 3.63 324.66 -2.84 329.14
310.00 720.00 3.67 314.66 -2.87 319.14
300.00 750.00 3.71 304.66 -2.90 309.14
290.00 780.00 3.76 294.66 -2.93 299.14
280.00 810.00 3.80 284.66 -2.96 289.14
270.00 840.00 3.84 274.66 -2.99 279.14
260.00 870.00 3.89 264.66 -3.02 269.14
250.00 900.00 3.93 254.66 -3.05 259.14
240.00 930.00 3.97 244.66 -3.08 249.14
230.00 960.00 4.02 234.66 -3.11 239.14
220.00 990.00 4.06 224.66 -3.14 229.14
210.00 1020.00 4.10 214.66 -3.17 219.14
200.00 1050.00 4.15 204.66 -3.20 209.14
190.00 1080.00 4.19 194.66 -3.23 199.14
180.00 1110.00 4.23 184.66 -3.26 189.14
170.00 1140.00 4.28 174.66 -3.29 179.14
160.00 1170.00 4.32 164.66 -3.32 169.14
150.00 1200.00 4.36 154.66 -3.35 159.14
140.00 1230.00 4.40 144.66 -3.38 149.14
130.00 1260.00 4.45 134.66 -3.41 139.14
120.00 1290.00 4.49 124.66 -3.44 129.14
110.00 1320.00 4.53 114.66 -3.47 119.14
100.00 1350.00 4.58 104.66 -3.50 109.14
90.00 1380.00 4.62 94.66 -3.53 99.14
80.00 1410.00 4.66 84.66 -3.56 89.14
70.00 1440.00 4.71 74.66 -3.59 79.14
70.00 1470.00 2.87 71.21 -2.12 72.63  
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Table PWR-11 
Cooldown Rate = 100 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.41 546.99 -1.54 549.83
530.00 12.00 5.19 541.27 -3.76 548.45
520.00 18.00 7.57 534.60 -5.75 545.62
510.00 24.00 9.54 527.30 -7.42 541.53
500.00 30.00 11.18 519.51 -8.80 536.38
490.00 36.00 12.53 511.33 -9.94 530.37
480.00 42.00 13.65 502.83 -10.88 523.65
470.00 48.00 14.58 494.06 -11.66 516.35
460.00 54.00 15.35 485.07 -12.31 508.56
450.00 60.00 15.99 475.90 -12.84 500.39
440.00 66.00 16.53 466.58 -13.29 491.88
430.00 72.00 16.98 457.14 -13.66 483.11
420.00 78.00 17.36 447.60 -13.97 474.12
410.00 84.00 17.68 437.98 -14.23 464.95
400.00 90.00 17.96 428.29 -14.45 455.64
390.00 96.00 18.19 418.55 -14.63 446.20
380.00 102.00 18.39 408.76 -14.79 436.66
370.00 108.00 18.56 398.93 -14.92 427.04
360.00 114.00 18.72 389.07 -15.03 417.35
350.00 120.00 18.85 379.19 -15.13 407.60
340.00 126.00 18.97 369.28 -15.22 397.81
330.00 132.00 19.07 359.36 -15.30 387.99
320.00 138.00 19.17 349.43 -15.36 378.13
310.00 144.00 19.26 339.48 -15.43 368.25
300.00 150.00 19.34 329.52 -15.48 358.34
290.00 156.00 19.41 319.56 -15.53 348.42
280.00 162.00 19.49 309.59 -15.58 338.49
270.00 168.00 19.55 299.61 -15.62 328.54
260.00 174.00 19.62 289.63 -15.66 318.58
250.00 180.00 19.68 279.65 -15.70 308.62
240.00 186.00 19.74 269.66 -15.73 298.65
230.00 192.00 19.80 259.67 -15.77 288.67
220.00 198.00 19.85 249.68 -15.80 278.69
210.00 204.00 19.91 239.69 -15.84 268.71
200.00 210.00 19.96 229.70 -15.87 258.72
190.00 216.00 20.02 219.70 -15.90 248.73
180.00 222.00 20.07 209.71 -15.93 238.74
170.00 228.00 20.12 199.71 -15.96 228.75
160.00 234.00 20.17 189.71 -15.99 218.76
150.00 240.00 20.22 179.71 -16.02 208.76
140.00 246.00 20.28 169.72 -16.05 198.77
130.00 252.00 20.33 159.72 -16.08 188.77
120.00 258.00 20.38 149.72 -16.11 178.77
110.00 264.00 20.43 139.72 -16.13 168.77
100.00 270.00 20.48 129.72 -16.16 158.78
90.00 276.00 20.53 119.72 -16.19 148.78
80.00 282.00 20.58 109.72 -16.22 138.78
70.00 288.00 20.63 99.72 -16.25 128.78
70.00 294.00 18.27 92.73 -14.73 118.96  
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Table PWR-12 
Cooldown Rate = 80 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.51 546.55 -1.68 549.70
530.00 15.00 5.15 540.42 -3.84 547.77
520.00 22.50 7.27 533.34 -5.63 544.12
510.00 30.00 8.94 525.61 -7.04 539.11
500.00 37.50 10.26 517.39 -8.15 533.00
490.00 45.00 11.31 508.78 -9.03 526.05
480.00 52.50 12.14 499.87 -9.73 518.44
470.00 60.00 12.80 490.72 -10.27 510.31
460.00 67.50 13.32 481.38 -10.71 501.77
450.00 75.00 13.75 471.90 -11.06 492.91
440.00 82.50 14.09 462.31 -11.33 483.81
430.00 90.00 14.37 452.63 -11.56 474.51
420.00 97.50 14.59 442.88 -11.74 465.06
410.00 105.00 14.78 433.08 -11.88 455.49
400.00 112.50 14.94 423.23 -12.01 445.82
390.00 120.00 15.08 413.35 -12.11 436.08
380.00 127.50 15.20 403.44 -12.19 426.29
370.00 135.00 15.30 393.52 -12.26 416.45
360.00 142.50 15.39 383.57 -12.33 406.58
350.00 150.00 15.47 373.62 -12.38 396.67
340.00 157.50 15.55 363.65 -12.43 386.75
330.00 165.00 15.62 353.68 -12.48 376.81
320.00 172.50 15.68 343.70 -12.52 366.86
310.00 180.00 15.74 333.72 -12.56 356.90
300.00 187.50 15.80 323.73 -12.59 346.92
290.00 195.00 15.86 313.74 -12.63 336.95
280.00 202.50 15.92 303.75 -12.66 326.96
270.00 210.00 15.97 293.76 -12.69 316.98
260.00 217.50 16.02 283.76 -12.72 306.99
250.00 225.00 16.08 273.77 -12.75 297.00
240.00 232.50 16.13 263.77 -12.78 287.00
230.00 240.00 16.18 253.77 -12.81 277.01
220.00 247.50 16.23 243.77 -12.84 267.01
210.00 255.00 16.28 233.77 -12.87 257.02
200.00 262.50 16.33 223.78 -12.90 247.02
190.00 270.00 16.38 213.78 -12.93 237.02
180.00 277.50 16.43 203.78 -12.96 227.02
170.00 285.00 16.48 193.78 -12.99 217.02
160.00 292.50 16.53 183.78 -13.02 207.03
150.00 300.00 16.58 173.78 -13.04 197.03
140.00 307.50 16.63 163.78 -13.07 187.03
130.00 315.00 16.68 153.78 -13.10 177.03
120.00 322.50 16.73 143.78 -13.13 167.03
110.00 330.00 16.78 133.78 -13.16 157.03
100.00 337.50 16.83 123.78 -13.18 147.03
90.00 345.00 16.88 113.78 -13.21 137.03
80.00 352.50 16.93 103.78 -13.24 127.03
70.00 360.00 16.98 93.78 -13.27 117.03
70.00 367.50 14.53 87.23 -11.62 107.33  
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Table PWR-13 
Cooldown Rate = 60 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.58 545.99 -1.82 549.45
530.00 20.00 4.96 539.33 -3.81 546.63
520.00 30.00 6.71 531.71 -5.28 541.83
510.00 40.00 7.98 523.42 -6.35 535.58
500.00 50.00 8.91 514.65 -7.13 528.28
490.00 60.00 9.60 505.54 -7.70 520.23
480.00 70.00 10.11 496.18 -8.12 511.64
470.00 80.00 10.49 486.64 -8.43 502.65
460.00 90.00 10.78 476.97 -8.67 493.38
450.00 100.00 11.00 467.21 -8.84 483.91
440.00 110.00 11.17 457.39 -8.97 474.29
430.00 120.00 11.31 447.51 -9.08 464.56
420.00 130.00 11.42 437.60 -9.16 454.76
410.00 140.00 11.52 427.67 -9.23 444.90
400.00 150.00 11.60 417.71 -9.29 435.01
390.00 160.00 11.68 407.75 -9.34 425.08
380.00 170.00 11.75 397.77 -9.38 415.13
370.00 180.00 11.81 387.79 -9.42 405.17
360.00 190.00 11.87 377.80 -9.45 395.20
350.00 200.00 11.92 367.81 -9.49 385.22
340.00 210.00 11.98 357.82 -9.52 375.23
330.00 220.00 12.03 347.82 -9.55 365.24
320.00 230.00 12.08 337.83 -9.58 355.25
310.00 240.00 12.14 327.83 -9.61 345.26
300.00 250.00 12.19 317.83 -9.64 335.26
290.00 260.00 12.24 307.83 -9.67 325.26
280.00 270.00 12.29 297.83 -9.70 315.27
270.00 280.00 12.34 287.83 -9.73 305.27
260.00 290.00 12.39 277.83 -9.75 295.27
250.00 300.00 12.44 267.83 -9.78 285.27
240.00 310.00 12.49 257.83 -9.81 275.27
230.00 320.00 12.54 247.83 -9.84 265.27
220.00 330.00 12.59 237.83 -9.87 255.27
210.00 340.00 12.64 227.83 -9.89 245.27
200.00 350.00 12.69 217.83 -9.92 235.27
190.00 360.00 12.74 207.83 -9.95 225.27
180.00 370.00 12.79 197.84 -9.98 215.27
170.00 380.00 12.84 187.84 -10.01 205.27
160.00 390.00 12.89 177.84 -10.04 195.27
150.00 400.00 12.94 167.84 -10.06 185.27
140.00 410.00 12.99 157.84 -10.09 175.27
130.00 420.00 13.04 147.84 -10.12 165.27
120.00 430.00 13.09 137.84 -10.15 155.27
110.00 440.00 13.14 127.84 -10.18 145.27
100.00 450.00 13.19 117.84 -10.20 135.27
90.00 460.00 13.24 107.84 -10.23 125.27
80.00 470.00 13.29 97.84 -10.26 115.27
70.00 480.00 13.34 87.84 -10.29 105.27
70.00 490.00 10.81 81.85 -8.50 95.83  
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Table PWR-14 
Cooldown Rate = 40 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.57 545.21 -1.92 548.88
530.00 30.00 4.47 537.81 -3.52 544.55
520.00 45.00 5.66 529.39 -4.51 538.03
510.00 60.00 6.40 520.36 -5.14 530.15
500.00 75.00 6.87 510.95 -5.53 521.46
490.00 90.00 7.18 501.32 -5.78 512.25
480.00 105.00 7.39 491.54 -5.94 502.74
470.00 120.00 7.54 481.67 -6.05 493.04
460.00 135.00 7.65 471.76 -6.13 483.22
450.00 150.00 7.74 461.81 -6.19 473.34
440.00 165.00 7.81 451.84 -6.24 463.41
430.00 180.00 7.87 441.86 -6.28 453.45
420.00 195.00 7.93 431.87 -6.31 443.47
410.00 210.00 7.99 421.88 -6.35 433.49
400.00 225.00 8.04 411.88 -6.38 423.50
390.00 240.00 8.09 401.89 -6.41 413.50
380.00 255.00 8.14 391.89 -6.43 403.51
370.00 270.00 8.19 381.89 -6.46 393.51
360.00 285.00 8.24 371.89 -6.49 383.51
350.00 300.00 8.29 361.89 -6.52 373.51
340.00 315.00 8.34 351.89 -6.55 363.51
330.00 330.00 8.39 341.89 -6.58 353.51
320.00 345.00 8.44 331.89 -6.61 343.51
310.00 360.00 8.49 321.89 -6.63 333.51
300.00 375.00 8.54 311.89 -6.66 323.51
290.00 390.00 8.59 301.89 -6.69 313.51
280.00 405.00 8.64 291.89 -6.72 303.51
270.00 420.00 8.69 281.89 -6.75 293.51
260.00 435.00 8.74 271.89 -6.77 283.51
250.00 450.00 8.79 261.89 -6.80 273.51
240.00 465.00 8.84 251.89 -6.83 263.51
230.00 480.00 8.89 241.89 -6.86 253.51
220.00 495.00 8.94 231.89 -6.89 243.51
210.00 510.00 8.99 221.89 -6.91 233.51
200.00 525.00 9.04 211.89 -6.94 223.51
190.00 540.00 9.09 201.89 -6.97 213.51
180.00 555.00 9.14 191.89 -7.00 203.51
170.00 570.00 9.19 181.89 -7.03 193.51
160.00 585.00 9.24 171.89 -7.05 183.51
150.00 600.00 9.29 161.89 -7.08 173.51
140.00 615.00 9.34 151.89 -7.11 163.51
130.00 630.00 9.39 141.89 -7.14 153.51
120.00 645.00 9.44 131.89 -7.17 143.51
110.00 660.00 9.49 121.89 -7.20 133.51
100.00 675.00 9.54 111.89 -7.22 123.51
90.00 690.00 9.59 101.89 -7.25 113.51
80.00 705.00 9.64 91.89 -7.28 103.51
70.00 720.00 9.69 81.89 -7.31 93.51
70.00 735.00 7.17 76.68 -5.42 84.63  



   
 

 100

Table PWR-15 
Cooldown Rate = 20 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 2.24 543.90 -1.76 547.28
530.00 60.00 3.20 535.18 -2.57 540.08
520.00 90.00 3.59 525.66 -2.89 531.13
510.00 120.00 3.77 515.84 -3.02 521.52
500.00 150.00 3.87 505.90 -3.09 511.67
490.00 180.00 3.94 495.93 -3.14 501.72
480.00 210.00 3.99 485.94 -3.17 491.74
470.00 240.00 4.05 475.94 -3.20 481.75
460.00 270.00 4.10 465.94 -3.23 471.76
450.00 300.00 4.15 455.94 -3.26 461.76
440.00 330.00 4.20 445.94 -3.29 451.76
430.00 360.00 4.25 435.94 -3.32 441.76
420.00 390.00 4.30 425.95 -3.34 431.76
410.00 420.00 4.35 415.95 -3.37 421.76
400.00 450.00 4.40 405.95 -3.40 411.76
390.00 480.00 4.45 395.95 -3.43 401.76
380.00 510.00 4.50 385.95 -3.46 391.76
370.00 540.00 4.55 375.95 -3.48 381.76
360.00 570.00 4.60 365.95 -3.51 371.76
350.00 600.00 4.65 355.95 -3.54 361.76
340.00 630.00 4.70 345.95 -3.57 351.76
330.00 660.00 4.75 335.95 -3.60 341.76
320.00 690.00 4.80 325.95 -3.62 331.76
310.00 720.00 4.85 315.95 -3.65 321.76
300.00 750.00 4.90 305.95 -3.68 311.76
290.00 780.00 4.95 295.95 -3.71 301.76
280.00 810.00 5.00 285.95 -3.74 291.76
270.00 840.00 5.05 275.95 -3.76 281.76
260.00 870.00 5.10 265.95 -3.79 271.76
250.00 900.00 5.15 255.95 -3.82 261.76
240.00 930.00 5.20 245.95 -3.85 251.76
230.00 960.00 5.25 235.95 -3.88 241.76
220.00 990.00 5.30 225.95 -3.91 231.76
210.00 1020.00 5.35 215.95 -3.93 221.76
200.00 1050.00 5.40 205.95 -3.96 211.76
190.00 1080.00 5.45 195.95 -3.99 201.76
180.00 1110.00 5.50 185.95 -4.02 191.76
170.00 1140.00 5.55 175.95 -4.05 181.76
160.00 1170.00 5.60 165.95 -4.07 171.76
150.00 1200.00 5.65 155.95 -4.10 161.76
140.00 1230.00 5.70 145.95 -4.13 151.76
130.00 1260.00 5.74 135.95 -4.16 141.76
120.00 1290.00 5.79 125.95 -4.19 131.76
110.00 1320.00 5.84 115.95 -4.21 121.76
100.00 1350.00 5.89 105.95 -4.24 111.76
90.00 1380.00 5.94 95.95 -4.27 101.76
80.00 1410.00 5.99 85.95 -4.30 91.76
70.00 1440.00 6.04 75.95 -4.33 81.76
70.00 1470.00 3.86 72.04 -2.59 74.48  
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Table PWR-16 
Cooldown Rate = 100 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.45 547.40 -1.49 549.91
530.00 12.00 5.51 542.08 -3.85 548.98
520.00 18.00 8.28 535.78 -6.14 546.86
510.00 24.00 10.68 528.87 -8.16 543.63
500.00 30.00 12.75 521.49 -9.90 539.42
490.00 36.00 14.52 513.73 -11.40 534.37
480.00 42.00 16.05 505.65 -12.68 528.60
470.00 48.00 17.37 497.28 -13.78 522.22
460.00 54.00 18.50 488.68 -14.73 515.31
450.00 60.00 19.48 479.88 -15.54 507.96
440.00 66.00 20.32 470.90 -16.24 500.22
430.00 72.00 21.05 461.77 -16.84 492.15
420.00 78.00 21.68 452.52 -17.36 483.80
410.00 84.00 22.22 443.16 -17.81 475.22
400.00 90.00 22.70 433.70 -18.19 466.42
390.00 96.00 23.12 424.17 -18.53 457.46
380.00 102.00 23.48 414.57 -18.82 448.34
370.00 108.00 23.80 404.91 -19.07 439.09
360.00 114.00 24.08 395.20 -19.28 429.74
350.00 120.00 24.32 385.45 -19.47 420.29
340.00 126.00 24.54 375.66 -19.64 410.76
330.00 132.00 24.74 365.85 -19.79 401.16
320.00 138.00 24.92 356.00 -19.92 391.51
310.00 144.00 25.07 346.13 -20.03 381.80
300.00 150.00 25.22 336.25 -20.13 372.05
290.00 156.00 25.35 326.34 -20.22 362.27
280.00 162.00 25.47 316.43 -20.30 352.45
270.00 168.00 25.58 306.50 -20.38 342.61
260.00 174.00 25.68 296.56 -20.44 332.74
250.00 180.00 25.78 286.61 -20.50 322.86
240.00 186.00 25.87 276.66 -20.56 312.96
230.00 192.00 25.95 266.69 -20.61 303.04
220.00 198.00 26.03 256.73 -20.66 293.11
210.00 204.00 26.11 246.75 -20.70 283.17
200.00 210.00 26.19 236.78 -20.75 273.23
190.00 216.00 26.26 226.80 -20.79 263.27
180.00 222.00 26.33 216.82 -20.82 253.31
170.00 228.00 26.39 206.83 -20.86 243.34
160.00 234.00 26.46 196.84 -20.89 233.37
150.00 240.00 26.52 186.85 -20.93 223.39
140.00 246.00 26.59 176.86 -20.96 213.41
130.00 252.00 26.65 166.87 -20.99 203.43
120.00 258.00 26.71 156.88 -21.02 193.45
110.00 264.00 26.77 146.88 -21.05 183.46
100.00 270.00 26.83 136.89 -21.08 173.47
90.00 276.00 26.89 126.89 -21.11 163.48
80.00 282.00 26.95 116.90 -21.14 153.49
70.00 288.00 27.01 106.90 -21.17 143.49
70.00 294.00 24.62 99.51 -19.71 133.59  
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Table PWR-17 
Cooldown Rate = 80 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.58 546.96 -1.65 549.83
530.00 15.00 5.55 541.21 -4.02 548.45
520.00 22.50 8.09 534.51 -6.14 545.62
510.00 30.00 10.20 527.19 -7.92 541.53
500.00 37.50 11.94 519.39 -9.39 536.39
490.00 45.00 13.39 511.20 -10.60 530.39
480.00 52.50 14.59 502.68 -11.61 523.67
470.00 60.00 15.58 493.90 -12.43 516.37
460.00 67.50 16.41 484.90 -13.12 508.59
450.00 75.00 17.10 475.73 -13.69 500.41
440.00 82.50 17.68 466.41 -14.16 491.91
430.00 90.00 18.16 456.96 -14.55 483.14
420.00 97.50 18.57 447.42 -14.88 474.15
410.00 105.00 18.91 437.80 -15.16 464.98
400.00 112.50 19.21 428.11 -15.39 455.67
390.00 120.00 19.46 418.36 -15.58 446.23
380.00 127.50 19.68 408.57 -15.74 436.69
370.00 135.00 19.87 398.74 -15.88 427.07
360.00 142.50 20.03 388.88 -16.00 417.39
350.00 150.00 20.18 379.00 -16.11 407.64
340.00 157.50 20.30 369.09 -16.19 397.85
330.00 165.00 20.42 359.17 -16.27 388.03
320.00 172.50 20.53 349.24 -16.34 378.17
310.00 180.00 20.62 339.29 -16.40 368.29
300.00 187.50 20.71 329.33 -16.46 358.38
290.00 195.00 20.80 319.37 -16.51 348.46
280.00 202.50 20.87 309.40 -16.55 338.53
270.00 210.00 20.95 299.42 -16.60 328.58
260.00 217.50 21.02 289.44 -16.64 318.62
250.00 225.00 21.09 279.46 -16.67 308.66
240.00 232.50 21.16 269.47 -16.71 298.69
230.00 240.00 21.22 259.48 -16.74 288.71
220.00 247.50 21.28 249.49 -16.77 278.74
210.00 255.00 21.35 239.50 -16.81 268.75
200.00 262.50 21.41 229.51 -16.84 258.77
190.00 270.00 21.47 219.51 -16.87 248.78
180.00 277.50 21.52 209.51 -16.90 238.79
170.00 285.00 21.58 199.52 -16.92 228.79
160.00 292.50 21.64 189.52 -16.95 218.80
150.00 300.00 21.70 179.52 -16.98 208.80
140.00 307.50 21.76 169.53 -17.01 198.81
130.00 315.00 21.81 159.53 -17.04 188.81
120.00 322.50 21.87 149.53 -17.06 178.81
110.00 330.00 21.93 139.53 -17.09 168.82
100.00 337.50 21.98 129.53 -17.12 158.82
90.00 345.00 22.04 119.53 -17.14 148.82
80.00 352.50 22.10 109.53 -17.17 138.82
70.00 360.00 22.15 99.53 -17.20 128.82
70.00 367.50 19.63 92.57 -15.58 119.00  
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Table PWR-18 
Cooldown Rate = 60 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.71 546.40 -1.83 549.65
530.00 20.00 5.47 540.12 -4.10 547.54
520.00 30.00 7.65 532.89 -5.94 543.65
510.00 40.00 9.34 525.02 -7.36 538.36
500.00 50.00 10.66 516.66 -8.47 531.98
490.00 60.00 11.69 507.93 -9.33 524.78
480.00 70.00 12.49 498.90 -9.99 516.93
470.00 80.00 13.12 489.65 -10.51 508.58
460.00 90.00 13.62 480.22 -10.91 499.85
450.00 100.00 14.02 470.67 -11.23 490.84
440.00 110.00 14.34 461.01 -11.48 481.59
430.00 120.00 14.60 451.27 -11.68 472.17
420.00 130.00 14.81 441.47 -11.84 462.62
410.00 140.00 14.98 431.63 -11.97 452.97
400.00 150.00 15.13 421.75 -12.08 443.23
390.00 160.00 15.26 411.84 -12.17 433.44
380.00 170.00 15.37 401.91 -12.24 423.59
370.00 180.00 15.47 391.97 -12.30 413.71
360.00 190.00 15.56 382.01 -12.36 403.81
350.00 200.00 15.64 372.04 -12.40 393.88
340.00 210.00 15.71 362.07 -12.45 383.94
330.00 220.00 15.78 352.09 -12.49 373.98
320.00 230.00 15.85 342.10 -12.52 364.01
310.00 240.00 15.92 332.11 -12.56 354.04
300.00 250.00 15.98 322.12 -12.59 344.06
290.00 260.00 16.04 312.13 -12.62 334.07
280.00 270.00 16.10 302.13 -12.65 324.08
270.00 280.00 16.16 292.14 -12.68 314.09
260.00 290.00 16.22 282.14 -12.71 304.10
250.00 300.00 16.28 272.14 -12.73 294.10
240.00 310.00 16.33 262.14 -12.76 284.11
230.00 320.00 16.39 252.15 -12.79 274.11
220.00 330.00 16.45 242.15 -12.82 264.11
210.00 340.00 16.50 232.15 -12.84 254.11
200.00 350.00 16.56 222.15 -12.87 244.12
190.00 360.00 16.62 212.15 -12.90 234.12
180.00 370.00 16.67 202.15 -12.92 224.12
170.00 380.00 16.73 192.15 -12.95 214.12
160.00 390.00 16.79 182.15 -12.98 204.12
150.00 400.00 16.84 172.15 -13.00 194.12
140.00 410.00 16.90 162.15 -13.03 184.12
130.00 420.00 16.95 152.15 -13.06 174.12
120.00 430.00 17.01 142.15 -13.08 164.12
110.00 440.00 17.07 132.15 -13.11 154.12
100.00 450.00 17.12 122.15 -13.14 144.12
90.00 460.00 17.18 112.15 -13.16 134.12
80.00 470.00 17.23 102.15 -13.19 124.12
70.00 480.00 17.29 92.15 -13.22 114.12
70.00 490.00 14.64 85.75 -11.41 104.47  



   
 

 104

Table PWR-19 
Cooldown Rate = 40 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.78 545.61 -2.01 549.23
530.00 30.00 5.10 538.60 -3.96 545.77
520.00 45.00 6.70 530.60 -5.30 540.19
510.00 60.00 7.79 521.95 -6.22 533.18
500.00 75.00 8.55 512.86 -6.84 525.20
490.00 90.00 9.08 503.48 -7.28 516.57
480.00 105.00 9.46 493.90 -7.58 507.49
470.00 120.00 9.73 484.18 -7.79 498.12
460.00 135.00 9.93 474.37 -7.94 488.54
450.00 150.00 10.09 464.50 -8.05 478.82
440.00 165.00 10.21 454.59 -8.13 469.01
430.00 180.00 10.31 444.64 -8.20 459.14
420.00 195.00 10.40 434.68 -8.25 449.23
410.00 210.00 10.48 424.71 -8.30 439.29
400.00 225.00 10.55 414.73 -8.34 429.33
390.00 240.00 10.61 404.74 -8.37 419.36
380.00 255.00 10.67 394.75 -8.40 409.38
370.00 270.00 10.73 384.76 -8.43 399.39
360.00 285.00 10.79 374.76 -8.46 389.40
350.00 300.00 10.85 364.76 -8.49 379.40
340.00 315.00 10.91 354.76 -8.52 369.41
330.00 330.00 10.97 344.76 -8.54 359.41
320.00 345.00 11.02 334.77 -8.57 349.41
310.00 360.00 11.08 324.77 -8.60 339.41
300.00 375.00 11.13 314.77 -8.62 329.41
290.00 390.00 11.19 304.77 -8.65 319.41
280.00 405.00 11.25 294.77 -8.68 309.41
270.00 420.00 11.30 284.77 -8.70 299.41
260.00 435.00 11.36 274.77 -8.73 289.41
250.00 450.00 11.42 264.77 -8.76 279.41
240.00 465.00 11.47 254.77 -8.78 269.41
230.00 480.00 11.53 244.77 -8.81 259.41
220.00 495.00 11.58 234.77 -8.84 249.41
210.00 510.00 11.64 224.77 -8.86 239.41
200.00 525.00 11.70 214.77 -8.89 229.41
190.00 540.00 11.75 204.77 -8.92 219.41
180.00 555.00 11.81 194.77 -8.94 209.41
170.00 570.00 11.86 184.77 -8.97 199.41
160.00 585.00 11.92 174.77 -9.00 189.41
150.00 600.00 11.98 164.77 -9.02 179.41
140.00 615.00 12.03 154.77 -9.05 169.41
130.00 630.00 12.09 144.77 -9.08 159.41
120.00 645.00 12.14 134.77 -9.10 149.41
110.00 660.00 12.20 124.77 -9.13 139.41
100.00 675.00 12.26 114.77 -9.16 129.41
90.00 690.00 12.31 104.77 -9.18 119.41
80.00 705.00 12.37 94.77 -9.21 109.41
70.00 720.00 12.42 84.77 -9.23 99.41
70.00 735.00 9.70 79.16 -7.25 90.19  



   
 

 105

Table PWR-20 
Cooldown Rate = 20 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 2.55 544.30 -1.98 547.88
530.00 60.00 3.90 535.98 -3.11 541.59
520.00 90.00 4.54 526.74 -3.64 533.28
510.00 120.00 4.87 517.09 -3.89 524.06
500.00 150.00 5.05 507.25 -4.02 514.41
490.00 180.00 5.16 497.32 -4.10 504.57
480.00 210.00 5.24 487.36 -4.15 494.65
470.00 240.00 5.31 477.37 -4.18 484.68
460.00 270.00 5.37 467.38 -4.21 474.69
450.00 300.00 5.43 457.38 -4.24 464.70
440.00 330.00 5.48 447.38 -4.27 454.70
430.00 360.00 5.54 437.38 -4.30 444.71
420.00 390.00 5.60 427.38 -4.32 434.71
410.00 420.00 5.65 417.38 -4.35 424.71
400.00 450.00 5.71 407.38 -4.38 414.71
390.00 480.00 5.77 397.38 -4.40 404.71
380.00 510.00 5.82 387.38 -4.43 394.71
370.00 540.00 5.88 377.38 -4.46 384.71
360.00 570.00 5.93 367.38 -4.48 374.71
350.00 600.00 5.99 357.38 -4.51 364.71
340.00 630.00 6.05 347.38 -4.54 354.71
330.00 660.00 6.10 337.38 -4.56 344.71
320.00 690.00 6.16 327.38 -4.59 334.71
310.00 720.00 6.21 317.38 -4.62 324.71
300.00 750.00 6.27 307.38 -4.64 314.71
290.00 780.00 6.33 297.38 -4.67 304.71
280.00 810.00 6.38 287.38 -4.70 294.71
270.00 840.00 6.44 277.38 -4.72 284.71
260.00 870.00 6.49 267.38 -4.75 274.71
250.00 900.00 6.55 257.38 -4.78 264.71
240.00 930.00 6.61 247.38 -4.80 254.71
230.00 960.00 6.66 237.38 -4.83 244.71
220.00 990.00 6.72 227.38 -4.85 234.71
210.00 1020.00 6.77 217.38 -4.88 224.71
200.00 1050.00 6.83 207.38 -4.91 214.71
190.00 1080.00 6.89 197.38 -4.93 204.71
180.00 1110.00 6.94 187.38 -4.96 194.71
170.00 1140.00 7.00 177.38 -4.99 184.71
160.00 1170.00 7.05 167.38 -5.01 174.71
150.00 1200.00 7.11 157.38 -5.04 164.71
140.00 1230.00 7.17 147.38 -5.07 154.71
130.00 1260.00 7.22 137.38 -5.09 144.71
120.00 1290.00 7.28 127.38 -5.12 134.71
110.00 1320.00 7.33 117.38 -5.15 124.71
100.00 1350.00 7.39 107.38 -5.17 114.71
90.00 1380.00 7.45 97.38 -5.20 104.71
80.00 1410.00 7.50 87.38 -5.23 94.71
70.00 1440.00 7.56 77.38 -5.25 84.71
70.00 1470.00 5.06 73.09 -3.30 76.82  
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Table PWR-21 
Cooldown Rate = 100 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.45 547.75 -1.43 549.95
530.00 12.00 5.74 542.82 -3.86 549.33
520.00 18.00 8.84 536.85 -6.37 547.75
510.00 24.00 11.63 530.28 -8.70 545.22
500.00 30.00 14.10 523.26 -10.78 541.79
490.00 36.00 16.29 515.87 -12.62 537.58
480.00 42.00 18.23 508.16 -14.25 532.68
470.00 48.00 19.94 500.17 -15.69 527.16
460.00 54.00 21.45 491.94 -16.96 521.11
450.00 60.00 22.79 483.50 -18.08 514.58
440.00 66.00 23.98 474.87 -19.06 507.63
430.00 72.00 25.03 466.07 -19.93 500.31
420.00 78.00 25.96 457.14 -20.70 492.67
410.00 84.00 26.78 448.07 -21.38 484.75
400.00 90.00 27.52 438.89 -21.98 476.58
390.00 96.00 28.17 429.61 -22.51 468.18
380.00 102.00 28.75 420.24 -22.99 459.60
370.00 108.00 29.27 410.80 -23.40 450.84
360.00 114.00 29.74 401.29 -23.77 441.93
350.00 120.00 30.15 391.73 -24.10 432.90
340.00 126.00 30.53 382.11 -24.39 423.74
330.00 132.00 30.86 372.44 -24.65 414.49
320.00 138.00 31.17 362.74 -24.88 405.14
310.00 144.00 31.44 352.99 -25.09 395.72
300.00 150.00 31.69 343.22 -25.27 386.23
290.00 156.00 31.91 333.42 -25.44 376.67
280.00 162.00 32.12 323.60 -25.59 367.06
270.00 168.00 32.31 313.75 -25.72 357.41
260.00 174.00 32.48 303.89 -25.84 347.71
250.00 180.00 32.64 294.01 -25.95 337.98
240.00 186.00 32.79 284.11 -26.05 328.21
230.00 192.00 32.93 274.21 -26.14 318.42
220.00 198.00 33.06 264.29 -26.22 308.60
210.00 204.00 33.18 254.36 -26.30 298.76
200.00 210.00 33.29 244.42 -26.37 288.90
190.00 216.00 33.40 234.48 -26.43 279.03
180.00 222.00 33.50 224.53 -26.49 269.14
170.00 228.00 33.59 214.57 -26.55 259.23
160.00 234.00 33.69 204.61 -26.60 249.32
150.00 240.00 33.78 194.64 -26.65 239.39
140.00 246.00 33.86 184.67 -26.69 229.45
130.00 252.00 33.94 174.70 -26.74 219.51
120.00 258.00 34.02 164.72 -26.78 209.56
110.00 264.00 34.10 154.74 -26.82 199.61
100.00 270.00 34.18 144.76 -26.86 189.65
90.00 276.00 34.25 134.77 -26.89 179.68
80.00 282.00 34.33 124.79 -26.93 169.71
70.00 288.00 34.40 114.80 -26.96 159.74
70.00 294.00 32.02 107.05 -25.56 149.81  
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Table PWR-22 
Cooldown Rate = 80 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.62 547.33 -1.60 549.90
530.00 15.00 5.86 541.94 -4.10 548.93
520.00 22.50 8.77 535.58 -6.51 546.75
510.00 30.00 11.28 528.61 -8.62 543.43
500.00 37.50 13.44 521.17 -10.44 539.14
490.00 45.00 15.29 513.36 -11.99 533.99
480.00 52.50 16.88 505.22 -13.32 528.13
470.00 60.00 18.24 496.80 -14.46 521.66
460.00 67.50 19.40 488.15 -15.43 514.66
450.00 75.00 20.41 479.30 -16.26 507.22
440.00 82.50 21.27 470.28 -16.98 499.40
430.00 90.00 22.02 461.11 -17.59 491.26
420.00 97.50 22.66 451.82 -18.11 482.84
410.00 105.00 23.22 442.43 -18.56 474.19
400.00 112.50 23.70 432.94 -18.95 465.34
390.00 120.00 24.12 423.38 -19.28 456.32
380.00 127.50 24.49 413.76 -19.57 447.15
370.00 135.00 24.81 404.07 -19.82 437.86
360.00 142.50 25.10 394.35 -20.03 428.47
350.00 150.00 25.35 384.58 -20.22 418.98
340.00 157.50 25.57 374.77 -20.38 409.42
330.00 165.00 25.77 364.94 -20.53 399.79
320.00 172.50 25.95 355.09 -20.65 390.11
310.00 180.00 26.11 345.21 -20.76 380.38
300.00 187.50 26.26 335.31 -20.86 370.61
290.00 195.00 26.39 325.40 -20.95 360.81
280.00 202.50 26.52 315.48 -21.03 350.98
270.00 210.00 26.63 305.54 -21.10 341.12
260.00 217.50 26.74 295.59 -21.16 331.24
250.00 225.00 26.84 285.64 -21.22 321.35
240.00 232.50 26.93 275.68 -21.27 311.44
230.00 240.00 27.02 265.71 -21.32 301.51
220.00 247.50 27.11 255.74 -21.36 291.58
210.00 255.00 27.19 245.77 -21.41 281.63
200.00 262.50 27.27 235.79 -21.45 271.68
190.00 270.00 27.34 225.81 -21.48 261.72
180.00 277.50 27.42 215.82 -21.52 251.75
170.00 285.00 27.49 205.83 -21.55 241.78
160.00 292.50 27.56 195.85 -21.59 231.80
150.00 300.00 27.63 185.85 -21.62 221.82
140.00 307.50 27.70 175.86 -21.65 211.84
130.00 315.00 27.77 165.87 -21.68 201.86
120.00 322.50 27.83 155.88 -21.71 191.87
110.00 330.00 27.90 145.88 -21.74 181.88
100.00 337.50 27.96 135.88 -21.77 171.89
90.00 345.00 28.03 125.89 -21.79 161.90
80.00 352.50 28.09 115.89 -21.82 151.91
70.00 360.00 28.16 105.89 -21.85 141.91
70.00 367.50 25.60 98.56 -20.27 132.01  
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Table PWR-23 
Cooldown Rate = 60 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550 0 0 550 0 550
540 10 2.79 546.77 -1.81 549.78
530 20 5.88 540.83 -4.3 548.21
520 30 8.46 533.95 -6.47 545.08
510 40 10.57 526.46 -8.24 540.63
500 50 12.28 518.47 -9.68 535.12
490 60 13.68 510.1 -10.84 528.75
480 70 14.82 501.41 -11.79 521.67
470 80 15.75 492.48 -12.56 514.04
460 90 16.51 483.33 -13.19 505.95
450 100 17.14 474.03 -13.7 497.49
440 110 17.66 464.58 -14.12 488.73
430 120 18.09 455.04 -14.46 479.74
420 130 18.45 445.4 -14.74 470.55
410 140 18.76 435.7 -14.97 461.21
400 150 19.01 425.93 -15.16 451.74
390 160 19.23 416.13 -15.32 442.16
380 170 19.42 406.28 -15.46 432.51
370 180 19.59 396.41 -15.57 422.79
360 190 19.73 386.51 -15.67 413.01
350 200 19.86 376.59 -15.75 403.19
340 210 19.97 366.65 -15.82 393.34
330 220 20.08 356.71 -15.88 383.46
320 230 20.18 346.75 -15.94 373.56
310 240 20.27 336.79 -15.99 363.63
300 250 20.35 326.81 -16.03 353.7
290 260 20.43 316.84 -16.07 343.75
280 270 20.51 306.85 -16.11 333.79
270 280 20.58 296.87 -16.15 323.82
260 290 20.65 286.88 -16.18 313.85
250 300 20.72 276.89 -16.21 303.87
240 310 20.79 266.9 -16.24 293.89
230 320 20.86 256.9 -16.27 283.9
220 330 20.92 246.91 -16.3 273.91
210 340 20.99 236.91 -16.33 263.92
200 350 21.05 226.92 -16.36 253.93
190 360 21.12 216.92 -16.38 243.93
180 370 21.18 206.92 -16.41 233.94
170 380 21.24 196.92 -16.44 223.94
160 390 21.31 186.93 -16.46 213.95
150 400 21.37 176.93 -16.49 203.95
140 410 21.43 166.93 -16.52 193.95
130 420 21.49 156.93 -16.54 183.95
120 430 21.56 146.93 -16.57 173.95
110 440 21.62 136.93 -16.59 163.95
100 450 21.68 126.93 -16.62 153.95
90 460 21.74 116.93 -16.64 143.96
80 470 21.8 106.93 -16.67 133.96
70 480 21.87 96.93 -16.69 123.96
70 490 19.14 90.16 -14.91 114.17  
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Table PWR-24 
Cooldown Rate = 40 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 2.93 545.97 -2.05 549.47
530.00 30.00 5.64 539.30 -4.31 546.72
520.00 45.00 7.65 531.68 -6.00 542.00
510.00 60.00 9.12 523.40 -7.23 535.83
500.00 75.00 10.20 514.65 -8.13 528.61
490.00 90.00 11.01 505.56 -8.79 520.63
480.00 105.00 11.61 496.21 -9.28 512.10
470.00 120.00 12.06 486.69 -9.64 503.16
460.00 135.00 12.41 477.04 -9.91 493.93
450.00 150.00 12.68 467.29 -10.11 484.49
440.00 165.00 12.89 457.47 -10.26 474.90
430.00 180.00 13.06 447.60 -10.38 465.19
420.00 195.00 13.20 437.70 -10.47 455.41
410.00 210.00 13.32 427.77 -10.55 445.56
400.00 225.00 13.42 417.82 -10.61 435.67
390.00 240.00 13.51 407.86 -10.66 425.76
380.00 255.00 13.60 397.88 -10.70 415.82
370.00 270.00 13.67 387.90 -10.74 405.86
360.00 285.00 13.75 377.92 -10.78 395.89
350.00 300.00 13.82 367.93 -10.81 385.91
340.00 315.00 13.88 357.93 -10.84 375.93
330.00 330.00 13.95 347.94 -10.87 365.94
320.00 345.00 14.02 337.94 -10.89 355.95
310.00 360.00 14.08 327.95 -10.92 345.96
300.00 375.00 14.14 317.95 -10.95 335.96
290.00 390.00 14.21 307.95 -10.97 325.96
280.00 405.00 14.27 297.95 -11.00 315.97
270.00 420.00 14.33 287.95 -11.03 305.97
260.00 435.00 14.39 277.95 -11.05 295.97
250.00 450.00 14.45 267.95 -11.08 285.97
240.00 465.00 14.52 257.95 -11.10 275.97
230.00 480.00 14.58 247.95 -11.13 265.97
220.00 495.00 14.64 237.95 -11.15 255.97
210.00 510.00 14.70 227.95 -11.18 245.97
200.00 525.00 14.76 217.95 -11.20 235.97
190.00 540.00 14.83 207.95 -11.23 225.97
180.00 555.00 14.89 197.95 -11.25 215.97
170.00 570.00 14.95 187.95 -11.28 205.97
160.00 585.00 15.01 177.95 -11.30 195.97
150.00 600.00 15.07 167.95 -11.33 185.97
140.00 615.00 15.13 157.95 -11.36 175.97
130.00 630.00 15.20 147.95 -11.38 165.97
120.00 645.00 15.26 137.95 -11.41 155.97
110.00 660.00 15.32 127.95 -11.43 145.97
100.00 675.00 15.38 117.95 -11.46 135.97
90.00 690.00 15.44 107.95 -11.48 125.97
80.00 705.00 15.50 97.95 -11.51 115.97
70.00 720.00 15.57 87.95 -11.53 105.97
70.00 735.00 12.70 81.98 -9.50 96.51  
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Table PWR-25 
Cooldown Rate = 20 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 2.82 544.65 -2.15 548.36
530.00 60.00 4.56 536.70 -3.61 542.92
520.00 90.00 5.51 527.78 -4.39 535.32
510.00 120.00 6.03 518.35 -4.82 526.58
500.00 150.00 6.34 508.64 -5.05 517.25
490.00 180.00 6.53 498.80 -5.19 507.60
480.00 210.00 6.66 488.88 -5.27 497.78
470.00 240.00 6.76 478.93 -5.33 487.88
460.00 270.00 6.84 468.95 -5.37 477.93
450.00 300.00 6.91 458.96 -5.40 467.96
440.00 330.00 6.98 448.97 -5.43 457.97
430.00 360.00 7.04 438.97 -5.46 447.98
420.00 390.00 7.10 428.98 -5.49 437.98
410.00 420.00 7.17 418.98 -5.51 427.98
400.00 450.00 7.23 408.98 -5.54 417.98
390.00 480.00 7.29 398.98 -5.56 407.99
380.00 510.00 7.35 388.98 -5.59 397.99
370.00 540.00 7.41 378.98 -5.61 387.99
360.00 570.00 7.48 368.98 -5.64 377.99
350.00 600.00 7.54 358.98 -5.66 367.99
340.00 630.00 7.60 348.98 -5.69 357.99
330.00 660.00 7.66 338.98 -5.71 347.99
320.00 690.00 7.72 328.98 -5.74 337.99
310.00 720.00 7.78 318.98 -5.76 327.99
300.00 750.00 7.85 308.98 -5.79 317.99
290.00 780.00 7.91 298.98 -5.81 307.99
280.00 810.00 7.97 288.98 -5.84 297.99
270.00 840.00 8.03 278.98 -5.86 287.99
260.00 870.00 8.09 268.98 -5.89 277.99
250.00 900.00 8.15 258.98 -5.92 267.99
240.00 930.00 8.22 248.98 -5.94 257.99
230.00 960.00 8.28 238.98 -5.97 247.99
220.00 990.00 8.34 228.98 -5.99 237.99
210.00 1020.00 8.40 218.98 -6.02 227.99
200.00 1050.00 8.46 208.98 -6.04 217.99
190.00 1080.00 8.52 198.98 -6.07 207.99
180.00 1110.00 8.59 188.98 -6.09 197.99
170.00 1140.00 8.65 178.98 -6.12 187.99
160.00 1170.00 8.71 168.98 -6.14 177.99
150.00 1200.00 8.77 158.98 -6.17 167.99
140.00 1230.00 8.83 148.98 -6.19 157.99
130.00 1260.00 8.89 138.98 -6.22 147.99
120.00 1290.00 8.96 128.98 -6.24 137.99
110.00 1320.00 9.02 118.98 -6.27 127.99
100.00 1350.00 9.08 108.98 -6.29 117.99
90.00 1380.00 9.14 98.98 -6.32 107.99
80.00 1410.00 9.20 88.98 -6.34 97.99
70.00 1440.00 9.26 78.98 -6.37 87.99
70.00 1470.00 6.51 74.33 -4.24 79.63  
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Table PWR-26 
Cooldown Rate = 100 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.43 548.07 -1.37 549.98
530.00 12.00 5.89 543.50 -3.82 549.57
520.00 18.00 9.27 537.86 -6.49 548.40
510.00 24.00 12.40 531.58 -9.07 546.42
500.00 30.00 15.26 524.87 -11.45 543.65
490.00 36.00 17.84 517.80 -13.62 540.16
480.00 42.00 20.17 510.42 -15.58 536.01
470.00 48.00 22.28 502.77 -17.35 531.27
460.00 54.00 24.17 494.89 -18.95 526.00
450.00 60.00 25.89 486.78 -20.38 520.25
440.00 66.00 27.43 478.49 -21.67 514.07
430.00 72.00 28.83 470.02 -22.84 507.51
420.00 78.00 30.09 461.40 -23.88 500.59
410.00 84.00 31.23 452.64 -24.83 493.37
400.00 90.00 32.26 443.75 -25.68 485.86
390.00 96.00 33.20 434.75 -26.45 478.10
380.00 102.00 34.05 425.65 -27.14 470.11
370.00 108.00 34.81 416.46 -27.76 461.92
360.00 114.00 35.51 407.19 -28.33 453.55
350.00 120.00 36.14 397.84 -28.84 445.01
340.00 126.00 36.72 388.43 -29.30 436.32
330.00 132.00 37.24 378.95 -29.71 427.50
320.00 138.00 37.72 369.43 -30.09 418.56
310.00 144.00 38.16 359.85 -30.43 409.52
300.00 150.00 38.55 350.23 -30.74 400.37
290.00 156.00 38.92 340.58 -31.02 391.14
280.00 162.00 39.25 330.89 -31.27 381.83
270.00 168.00 39.56 321.17 -31.50 372.46
260.00 174.00 39.85 311.41 -31.71 363.01
250.00 180.00 40.11 301.64 -31.90 353.52
240.00 186.00 40.35 291.84 -32.07 343.97
230.00 192.00 40.57 282.02 -32.23 334.37
220.00 198.00 40.78 272.18 -32.38 324.74
210.00 204.00 40.97 262.33 -32.51 315.07
200.00 210.00 41.16 252.46 -32.63 305.36
190.00 216.00 41.33 242.58 -32.74 295.62
180.00 222.00 41.48 232.69 -32.85 285.86
170.00 228.00 41.63 222.78 -32.94 276.08
160.00 234.00 41.78 212.87 -33.03 266.27
150.00 240.00 41.91 202.95 -33.11 256.44
140.00 246.00 42.04 193.01 -33.19 246.60
130.00 252.00 42.16 183.08 -33.26 236.74
120.00 258.00 42.27 173.13 -33.32 226.86
110.00 264.00 42.38 163.18 -33.38 216.97
100.00 270.00 42.49 153.23 -33.44 207.07
90.00 276.00 42.59 143.27 -33.49 197.17
80.00 282.00 42.69 133.31 -33.55 187.25
70.00 288.00 42.79 123.34 -33.59 177.32
70.00 294.00 40.45 115.30 -32.26 167.41  
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Table PWR-27 
Cooldown Rate = 80 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.63 547.66 -1.55 549.95
530.00 15.00 6.09 542.62 -4.12 549.27
520.00 22.50 9.32 536.56 -6.75 547.59
510.00 30.00 12.21 529.90 -9.16 544.92
500.00 37.50 14.76 522.78 -11.31 541.34
490.00 45.00 17.00 515.30 -13.19 536.97
480.00 52.50 18.97 507.50 -14.85 531.89
470.00 60.00 20.71 499.43 -16.30 526.20
460.00 67.50 22.24 491.11 -17.58 519.97
450.00 75.00 23.58 482.58 -18.70 513.27
440.00 82.50 24.77 473.87 -19.68 506.16
430.00 90.00 25.81 465.00 -20.54 498.69
420.00 97.50 26.74 455.99 -21.30 490.90
410.00 105.00 27.55 446.85 -21.97 482.83
400.00 112.50 28.27 437.61 -22.55 474.53
390.00 120.00 28.91 428.27 -23.07 466.01
380.00 127.50 29.48 418.85 -23.52 457.30
370.00 135.00 29.99 409.36 -23.92 448.44
360.00 142.50 30.44 399.80 -24.28 439.43
350.00 150.00 30.84 390.19 -24.59 430.30
340.00 157.50 31.21 380.53 -24.86 421.06
330.00 165.00 31.53 370.82 -25.11 411.72
320.00 172.50 31.82 361.08 -25.33 402.30
310.00 180.00 32.09 351.31 -25.52 392.81
300.00 187.50 32.33 341.51 -25.69 383.26
290.00 195.00 32.54 331.68 -25.84 373.65
280.00 202.50 32.74 321.84 -25.98 363.99
270.00 210.00 32.93 311.97 -26.10 354.29
260.00 217.50 33.09 302.09 -26.22 344.55
250.00 225.00 33.25 292.19 -26.32 334.78
240.00 232.50 33.39 282.28 -26.41 324.98
230.00 240.00 33.53 272.36 -26.49 315.15
220.00 247.50 33.65 262.42 -26.56 305.31
210.00 255.00 33.77 252.48 -26.63 295.44
200.00 262.50 33.89 242.54 -26.69 285.56
190.00 270.00 33.99 232.58 -26.75 275.66
180.00 277.50 34.09 222.62 -26.81 265.75
170.00 285.00 34.19 212.66 -26.86 255.83
160.00 292.50 34.28 202.69 -26.90 245.90
150.00 300.00 34.37 192.72 -26.95 235.96
140.00 307.50 34.46 182.74 -26.99 226.01
130.00 315.00 34.55 172.76 -27.03 216.06
120.00 322.50 34.63 162.78 -27.06 206.10
110.00 330.00 34.71 152.79 -27.10 196.13
100.00 337.50 34.79 142.81 -27.13 186.16
90.00 345.00 34.87 132.82 -27.17 176.19
80.00 352.50 34.94 122.83 -27.20 166.21
70.00 360.00 35.02 112.84 -27.23 156.23
70.00 367.50 32.47 105.18 -25.71 146.31  
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Table PWR-28 
Cooldown Rate = 60 F/hr, Wall Thickness t =11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.84 547.11 -1.77 549.87
530.00 20.00 6.21 541.49 -4.42 548.70
520.00 30.00 9.16 534.92 -6.87 546.19
510.00 40.00 11.65 527.75 -8.97 542.48
500.00 50.00 13.76 520.10 -10.74 537.74
490.00 60.00 15.53 512.07 -12.23 532.15
480.00 70.00 17.03 503.72 -13.48 525.84
470.00 80.00 18.29 495.10 -14.52 518.93
460.00 90.00 19.36 486.25 -15.41 511.52
450.00 100.00 20.26 477.22 -16.15 503.68
440.00 110.00 21.03 468.03 -16.77 495.49
430.00 120.00 21.69 458.70 -17.30 487.00
420.00 130.00 22.25 449.27 -17.75 478.27
410.00 140.00 22.72 439.74 -18.12 469.33
400.00 150.00 23.13 430.14 -18.44 460.22
390.00 160.00 23.49 420.47 -18.71 450.97
380.00 170.00 23.80 410.75 -18.94 441.59
370.00 180.00 24.07 400.98 -19.14 432.11
360.00 190.00 24.30 391.18 -19.31 422.55
350.00 200.00 24.51 381.34 -19.45 412.91
340.00 210.00 24.69 371.48 -19.58 403.22
330.00 220.00 24.86 361.59 -19.69 393.47
320.00 230.00 25.01 351.69 -19.78 383.69
310.00 240.00 25.15 341.77 -19.86 373.86
300.00 250.00 25.27 331.83 -19.94 364.01
290.00 260.00 25.39 321.89 -20.00 354.14
280.00 270.00 25.49 311.94 -20.06 344.24
270.00 280.00 25.60 301.98 -20.12 334.33
260.00 290.00 25.69 292.01 -20.16 324.41
250.00 300.00 25.78 282.04 -20.21 314.47
240.00 310.00 25.87 272.06 -20.25 304.52
230.00 320.00 25.95 262.08 -20.29 294.56
220.00 330.00 26.03 252.09 -20.32 284.60
210.00 340.00 26.11 242.11 -20.36 274.63
200.00 350.00 26.19 232.12 -20.39 264.65
190.00 360.00 26.26 222.13 -20.42 254.68
180.00 370.00 26.34 212.14 -20.45 244.69
170.00 380.00 26.41 202.14 -20.48 234.71
160.00 390.00 26.48 192.15 -20.51 224.72
150.00 400.00 26.55 182.15 -20.54 214.73
140.00 410.00 26.62 172.16 -20.56 204.74
130.00 420.00 26.69 162.16 -20.59 194.75
120.00 430.00 26.76 152.16 -20.62 184.75
110.00 440.00 26.83 142.17 -20.64 174.76
100.00 450.00 26.90 132.17 -20.67 164.76
90.00 460.00 26.97 122.17 -20.69 154.77
80.00 470.00 27.04 112.17 -20.72 144.77
70.00 480.00 27.10 102.17 -20.74 134.77
70.00 490.00 24.34 95.06 -18.99 124.91  
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Table PWR-29 
Cooldown Rate = 40 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 3.05 546.31 -2.06 549.63
530.00 30.00 6.10 539.95 -4.58 547.46
520.00 45.00 8.50 532.65 -6.59 543.49
510.00 60.00 10.36 524.71 -8.15 538.10
500.00 75.00 11.79 516.29 -9.35 531.64
490.00 90.00 12.91 507.50 -10.27 524.34
480.00 105.00 13.78 498.43 -10.98 516.42
470.00 120.00 14.46 489.14 -11.53 508.00
460.00 135.00 15.00 479.68 -11.96 499.22
450.00 150.00 15.42 470.09 -12.29 490.15
440.00 165.00 15.77 460.41 -12.55 480.86
430.00 180.00 16.04 450.66 -12.76 471.41
420.00 195.00 16.27 440.84 -12.92 461.82
410.00 210.00 16.46 430.98 -13.05 452.14
400.00 225.00 16.63 421.09 -13.16 442.39
390.00 240.00 16.77 411.18 -13.24 432.58
380.00 255.00 16.89 401.24 -13.31 422.72
370.00 270.00 17.00 391.29 -13.37 412.83
360.00 285.00 17.10 381.33 -13.43 402.91
350.00 300.00 17.19 371.36 -13.47 392.98
340.00 315.00 17.27 361.38 -13.51 383.03
330.00 330.00 17.36 351.40 -13.55 373.07
320.00 345.00 17.43 341.41 -13.58 363.09
310.00 360.00 17.51 331.42 -13.61 353.12
300.00 375.00 17.58 321.43 -13.64 343.13
290.00 390.00 17.66 311.43 -13.67 333.15
280.00 405.00 17.73 301.44 -13.70 323.16
270.00 420.00 17.80 291.44 -13.73 313.16
260.00 435.00 17.87 281.44 -13.75 303.17
250.00 450.00 17.93 271.45 -13.78 293.17
240.00 465.00 18.00 261.45 -13.80 283.18
230.00 480.00 18.07 251.45 -13.83 273.18
220.00 495.00 18.14 241.45 -13.85 263.18
210.00 510.00 18.21 231.45 -13.88 253.18
200.00 525.00 18.27 221.45 -13.90 243.19
190.00 540.00 18.34 211.45 -13.92 233.19
180.00 555.00 18.41 201.45 -13.95 223.19
170.00 570.00 18.47 191.45 -13.97 213.19
160.00 585.00 18.54 181.45 -14.00 203.19
150.00 600.00 18.61 171.45 -14.02 193.19
140.00 615.00 18.68 161.45 -14.05 183.19
130.00 630.00 18.74 151.45 -14.07 173.19
120.00 645.00 18.81 141.45 -14.09 163.19
110.00 660.00 18.88 131.45 -14.12 153.19
100.00 675.00 18.94 121.45 -14.14 143.19
90.00 690.00 19.01 111.45 -14.17 133.19
80.00 705.00 19.08 101.45 -14.19 123.19
70.00 720.00 19.14 91.45 -14.21 113.19
70.00 735.00 16.17 85.14 -12.17 103.55  
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Table PWR-30 
Cooldown Rate = 20 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 3.05 544.97 -2.29 548.73
530.00 60.00 5.18 537.36 -4.07 544.05
520.00 90.00 6.46 528.75 -5.13 537.17
510.00 120.00 7.23 519.57 -5.76 529.00
500.00 150.00 7.71 510.05 -6.14 520.07
490.00 180.00 8.02 500.33 -6.38 510.70
480.00 210.00 8.23 490.49 -6.52 501.07
470.00 240.00 8.38 480.59 -6.62 491.29
460.00 270.00 8.50 470.65 -6.69 481.41
450.00 300.00 8.60 460.68 -6.73 471.49
440.00 330.00 8.68 450.70 -6.77 461.53
430.00 360.00 8.76 440.71 -6.81 451.56
420.00 390.00 8.83 430.72 -6.83 441.57
410.00 420.00 8.90 420.72 -6.86 431.58
400.00 450.00 8.97 410.72 -6.89 421.59
390.00 480.00 9.04 400.72 -6.91 411.59
380.00 510.00 9.10 390.72 -6.94 401.59
370.00 540.00 9.17 380.73 -6.96 391.59
360.00 570.00 9.24 370.73 -6.98 381.59
350.00 600.00 9.31 360.73 -7.01 371.59
340.00 630.00 9.37 350.73 -7.03 361.59
330.00 660.00 9.44 340.73 -7.06 351.59
320.00 690.00 9.51 330.73 -7.08 341.59
310.00 720.00 9.57 320.73 -7.11 331.59
300.00 750.00 9.64 310.73 -7.13 321.59
290.00 780.00 9.71 300.73 -7.15 311.59
280.00 810.00 9.77 290.73 -7.18 301.59
270.00 840.00 9.84 280.73 -7.20 291.59
260.00 870.00 9.91 270.73 -7.23 281.59
250.00 900.00 9.98 260.73 -7.25 271.59
240.00 930.00 10.04 250.73 -7.27 261.59
230.00 960.00 10.11 240.73 -7.30 251.59
220.00 990.00 10.18 230.73 -7.32 241.59
210.00 1020.00 10.24 220.73 -7.35 231.59
200.00 1050.00 10.31 210.73 -7.37 221.59
190.00 1080.00 10.38 200.73 -7.39 211.59
180.00 1110.00 10.44 190.73 -7.42 201.59
170.00 1140.00 10.51 180.73 -7.44 191.59
160.00 1170.00 10.58 170.73 -7.47 181.59
150.00 1200.00 10.64 160.73 -7.49 171.59
140.00 1230.00 10.71 150.73 -7.51 161.59
130.00 1260.00 10.78 140.73 -7.54 151.59
120.00 1290.00 10.85 130.73 -7.56 141.59
110.00 1320.00 10.91 120.73 -7.59 131.59
100.00 1350.00 10.98 110.73 -7.61 121.59
90.00 1380.00 11.05 100.73 -7.63 111.59
80.00 1410.00 11.11 90.73 -7.66 101.59
70.00 1440.00 11.18 80.73 -7.68 91.59
70.00 1470.00 8.20 75.75 -5.41 82.86  
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Table PWR-31 
Cooldown Rate = 100 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 6.00 2.39 548.35 -1.32 549.99
530.00 12.00 5.98 544.13 -3.75 549.72
520.00 18.00 9.60 538.79 -6.52 548.87
510.00 24.00 13.03 532.80 -9.30 547.32
500.00 30.00 16.22 526.36 -11.94 545.09
490.00 36.00 19.17 519.57 -14.41 542.21
480.00 42.00 21.88 512.49 -16.68 538.72
470.00 48.00 24.36 505.14 -18.77 534.67
460.00 54.00 26.64 497.56 -20.68 530.11
450.00 60.00 28.72 489.77 -22.43 525.08
440.00 66.00 30.64 481.79 -24.03 519.62
430.00 72.00 32.39 473.64 -25.50 513.77
420.00 78.00 34.00 465.32 -26.84 507.56
410.00 84.00 35.48 456.86 -28.07 501.02
400.00 90.00 36.83 448.27 -29.19 494.19
390.00 96.00 38.08 439.55 -30.22 487.08
380.00 102.00 39.22 430.73 -31.16 479.72
370.00 108.00 40.27 421.80 -32.02 472.13
360.00 114.00 41.24 412.78 -32.81 464.34
350.00 120.00 42.13 403.67 -33.54 456.35
340.00 126.00 42.94 394.49 -34.20 448.19
330.00 132.00 43.70 385.24 -34.81 439.87
320.00 138.00 44.39 375.92 -35.37 431.41
310.00 144.00 45.03 366.55 -35.88 422.81
300.00 150.00 45.63 357.12 -36.35 414.09
290.00 156.00 46.17 347.64 -36.78 405.27
280.00 162.00 46.68 338.11 -37.17 396.34
270.00 168.00 47.15 328.55 -37.54 387.31
260.00 174.00 47.58 318.95 -37.87 378.21
250.00 180.00 47.98 309.31 -38.18 369.02
240.00 186.00 48.36 299.64 -38.46 359.77
230.00 192.00 48.71 289.94 -38.72 350.45
220.00 198.00 49.03 280.22 -38.96 341.07
210.00 204.00 49.33 270.47 -39.18 331.64
200.00 210.00 49.62 260.70 -39.38 322.16
190.00 216.00 49.88 250.91 -39.57 312.64
180.00 222.00 50.13 241.11 -39.75 303.07
170.00 228.00 50.36 231.28 -39.91 293.47
160.00 234.00 50.58 221.44 -40.06 283.83
150.00 240.00 50.79 211.59 -40.19 274.16
140.00 246.00 50.98 201.73 -40.32 264.46
130.00 252.00 51.16 191.85 -40.44 254.74
120.00 258.00 51.34 181.96 -40.55 244.99
110.00 264.00 51.50 172.06 -40.65 235.22
100.00 270.00 51.66 162.16 -40.75 225.43
90.00 276.00 51.81 152.24 -40.84 215.63
80.00 282.00 51.95 142.32 -40.92 205.80
70.00 288.00 52.09 132.39 -41.00 195.96
70.00 294.00 49.83 124.11 -39.76 186.12  
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Table PWR-32 
Cooldown Rate = 80 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 7.50 2.61 547.96 -1.49 549.97
530.00 15.00 6.25 543.25 -4.09 549.50
520.00 22.50 9.76 537.48 -6.89 548.22
510.00 30.00 12.98 531.09 -9.55 546.07
500.00 37.50 15.90 524.26 -11.99 543.11
490.00 45.00 18.52 517.08 -14.19 539.41
480.00 52.50 20.87 509.58 -16.17 535.04
470.00 60.00 22.98 501.82 -17.94 530.06
460.00 67.50 24.87 493.82 -19.53 524.55
450.00 75.00 26.57 485.60 -20.95 518.56
440.00 82.50 28.10 477.19 -22.21 512.15
430.00 90.00 29.47 468.61 -23.35 505.35
420.00 97.50 30.70 459.89 -24.37 498.21
410.00 105.00 31.81 451.02 -25.28 490.76
400.00 112.50 32.80 442.03 -26.10 483.04
390.00 120.00 33.70 432.94 -26.83 475.08
380.00 127.50 34.51 423.75 -27.49 466.90
370.00 135.00 35.24 414.47 -28.07 458.53
360.00 142.50 35.90 405.12 -28.60 449.98
350.00 150.00 36.50 395.69 -29.08 441.28
340.00 157.50 37.04 386.21 -29.50 432.43
330.00 165.00 37.53 376.67 -29.89 423.47
320.00 172.50 37.98 367.08 -30.23 414.39
310.00 180.00 38.39 357.45 -30.54 405.22
300.00 187.50 38.76 347.77 -30.82 395.96
290.00 195.00 39.10 338.07 -31.07 386.62
280.00 202.50 39.41 328.33 -31.30 377.20
270.00 210.00 39.69 318.56 -31.51 367.73
260.00 217.50 39.96 308.77 -31.69 358.20
250.00 225.00 40.20 298.96 -31.86 348.62
240.00 232.50 40.42 289.12 -32.01 338.99
230.00 240.00 40.63 279.27 -32.15 329.33
220.00 247.50 40.82 269.41 -32.28 319.63
210.00 255.00 41.00 259.53 -32.40 309.89
200.00 262.50 41.17 249.63 -32.50 300.13
190.00 270.00 41.33 239.73 -32.60 290.35
180.00 277.50 41.48 229.81 -32.69 280.54
170.00 285.00 41.62 219.89 -32.77 270.71
160.00 292.50 41.75 209.95 -32.85 260.86
150.00 300.00 41.88 200.01 -32.92 250.99
140.00 307.50 42.00 190.07 -32.98 241.12
130.00 315.00 42.12 180.12 -33.04 231.22
120.00 322.50 42.23 170.16 -33.10 221.32
110.00 330.00 42.34 160.20 -33.15 211.41
100.00 337.50 42.44 150.23 -33.20 201.48
90.00 345.00 42.54 140.26 -33.25 191.55
80.00 352.50 42.63 130.29 -33.29 181.61
70.00 360.00 42.73 120.31 -33.34 171.67
70.00 367.50 40.21 112.38 -31.88 161.75  
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Table PWR-33 
Cooldown Rate = 60 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 10.00 2.86 547.42 -1.72 549.92
530.00 20.00 6.46 542.11 -4.47 549.06
520.00 30.00 9.74 535.82 -7.16 547.06
510.00 40.00 12.60 528.93 -9.56 543.97
500.00 50.00 15.09 521.58 -11.65 539.92
490.00 60.00 17.24 513.86 -13.46 535.05
480.00 70.00 19.10 505.82 -15.01 529.46
470.00 80.00 20.71 497.51 -16.35 523.25
460.00 90.00 22.10 488.96 -17.51 516.51
450.00 100.00 23.31 480.21 -18.51 509.32
440.00 110.00 24.36 471.28 -19.38 501.73
430.00 120.00 25.28 462.20 -20.12 493.81
420.00 130.00 26.07 453.00 -20.77 485.60
410.00 140.00 26.77 443.68 -21.32 477.13
400.00 150.00 27.38 434.27 -21.81 468.46
390.00 160.00 27.91 424.78 -22.23 459.59
380.00 170.00 28.38 415.21 -22.59 450.57
370.00 180.00 28.79 405.59 -22.90 441.41
360.00 190.00 29.16 395.91 -23.18 432.14
350.00 200.00 29.48 386.18 -23.42 422.76
340.00 210.00 29.77 376.42 -23.63 413.30
330.00 220.00 30.03 366.63 -23.81 403.76
320.00 230.00 30.26 356.80 -23.97 394.16
310.00 240.00 30.47 346.96 -24.11 384.50
300.00 250.00 30.66 337.09 -24.24 374.79
290.00 260.00 30.84 327.20 -24.35 365.04
280.00 270.00 31.00 317.29 -24.45 355.26
270.00 280.00 31.15 307.38 -24.54 345.45
260.00 290.00 31.28 297.45 -24.62 335.61
250.00 300.00 31.41 287.51 -24.69 325.75
240.00 310.00 31.53 277.56 -24.75 315.86
230.00 320.00 31.64 267.61 -24.81 305.97
220.00 330.00 31.75 257.65 -24.86 296.06
210.00 340.00 31.85 247.68 -24.91 286.13
200.00 350.00 31.95 237.71 -24.96 276.20
190.00 360.00 32.05 227.74 -25.00 266.25
180.00 370.00 32.14 217.76 -25.04 256.30
170.00 380.00 32.23 207.78 -25.08 246.34
160.00 390.00 32.31 197.79 -25.11 236.38
150.00 400.00 32.40 187.80 -25.15 226.41
140.00 410.00 32.48 177.82 -25.18 216.43
130.00 420.00 32.56 167.83 -25.21 206.46
120.00 430.00 32.64 157.84 -25.24 196.48
110.00 440.00 32.72 147.84 -25.27 186.49
100.00 450.00 32.80 137.85 -25.30 176.51
90.00 460.00 32.88 127.85 -25.32 166.52
80.00 470.00 32.95 117.86 -25.35 156.53
70.00 480.00 33.03 107.86 -25.38 146.54
70.00 490.00 30.24 100.45 -23.68 136.63  
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Table PWR-34 
Cooldown Rate = 40 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 15.00 3.13 546.62 -2.04 549.75
530.00 30.00 6.49 540.55 -4.77 548.04
520.00 45.00 9.26 533.54 -7.10 544.70
510.00 60.00 11.49 525.91 -8.97 540.03
500.00 75.00 13.29 517.80 -10.47 534.28
490.00 90.00 14.73 509.31 -11.67 527.67
480.00 105.00 15.90 500.51 -12.64 520.38
470.00 120.00 16.85 491.47 -13.41 512.54
460.00 135.00 17.62 482.24 -14.04 504.26
450.00 150.00 18.25 472.85 -14.54 495.64
440.00 165.00 18.77 463.33 -14.94 486.73
430.00 180.00 19.20 453.72 -15.27 477.61
420.00 195.00 19.55 444.03 -15.53 468.31
410.00 210.00 19.85 434.28 -15.75 458.87
400.00 225.00 20.10 424.48 -15.93 449.31
390.00 240.00 20.32 414.64 -16.08 439.66
380.00 255.00 20.50 404.76 -16.20 429.95
370.00 270.00 20.67 394.86 -16.30 420.17
360.00 285.00 20.81 384.94 -16.38 410.35
350.00 300.00 20.94 375.01 -16.46 400.50
340.00 315.00 21.06 365.06 -16.52 390.61
330.00 330.00 21.17 355.10 -16.57 380.70
320.00 345.00 21.27 345.13 -16.62 370.78
310.00 360.00 21.37 335.16 -16.67 360.83
300.00 375.00 21.46 325.18 -16.71 350.88
290.00 390.00 21.54 315.19 -16.74 340.92
280.00 405.00 21.63 305.21 -16.77 330.95
270.00 420.00 21.71 295.22 -16.81 320.97
260.00 435.00 21.79 285.23 -16.84 310.99
250.00 450.00 21.87 275.23 -16.86 301.01
240.00 465.00 21.94 265.24 -16.89 291.02
230.00 480.00 22.02 255.24 -16.92 281.03
220.00 495.00 22.09 245.25 -16.94 271.03
210.00 510.00 22.17 235.25 -16.97 261.04
200.00 525.00 22.24 225.25 -16.99 251.05
190.00 540.00 22.32 215.25 -17.02 241.05
180.00 555.00 22.39 205.25 -17.04 231.05
170.00 570.00 22.46 195.25 -17.06 221.05
160.00 585.00 22.53 185.26 -17.09 211.06
150.00 600.00 22.61 175.26 -17.11 201.06
140.00 615.00 22.68 165.26 -17.14 191.06
130.00 630.00 22.75 155.26 -17.16 181.06
120.00 645.00 22.82 145.26 -17.18 171.06
110.00 660.00 22.90 135.26 -17.21 161.06
100.00 675.00 22.97 125.26 -17.23 151.06
90.00 690.00 23.04 115.26 -17.25 141.06
80.00 705.00 23.11 105.26 -17.27 131.06
70.00 720.00 23.18 95.26 -17.30 121.06
70.00 735.00 20.13 88.64 -15.27 111.31  
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Table PWR-35 
Cooldown Rate = 20 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
550.00 0.00 0.00 550.00 0.00 550.00
540.00 30.00 3.25 545.27 -2.39 549.02
530.00 60.00 5.75 537.95 -4.48 545.02
520.00 90.00 7.37 529.65 -5.84 538.84
510.00 120.00 8.43 520.73 -6.70 531.27
500.00 150.00 9.13 511.42 -7.27 522.82
490.00 180.00 9.60 501.86 -7.63 513.80
480.00 210.00 9.93 492.14 -7.87 504.43
470.00 240.00 10.16 482.32 -8.04 494.83
460.00 270.00 10.33 472.43 -8.15 485.09
450.00 300.00 10.47 462.50 -8.23 475.25
440.00 330.00 10.59 452.55 -8.29 465.35
430.00 360.00 10.68 442.58 -8.33 455.42
420.00 390.00 10.77 432.60 -8.37 445.46
410.00 420.00 10.86 422.61 -8.40 435.49
400.00 450.00 10.93 412.62 -8.43 425.50
390.00 480.00 11.01 402.62 -8.46 415.51
380.00 510.00 11.09 392.62 -8.48 405.52
370.00 540.00 11.16 382.63 -8.51 395.52
360.00 570.00 11.23 372.63 -8.53 385.53
350.00 600.00 11.30 362.63 -8.55 375.53
340.00 630.00 11.38 352.63 -8.58 365.53
330.00 660.00 11.45 342.63 -8.60 355.53
320.00 690.00 11.52 332.63 -8.62 345.53
310.00 720.00 11.59 322.63 -8.65 335.53
300.00 750.00 11.67 312.63 -8.67 325.53
290.00 780.00 11.74 302.63 -8.69 315.53
280.00 810.00 11.81 292.63 -8.72 305.53
270.00 840.00 11.88 282.63 -8.74 295.53
260.00 870.00 11.95 272.63 -8.76 285.53
250.00 900.00 12.02 262.63 -8.79 275.53
240.00 930.00 12.10 252.63 -8.81 265.53
230.00 960.00 12.17 242.63 -8.83 255.53
220.00 990.00 12.24 232.63 -8.85 245.53
210.00 1020.00 12.31 222.63 -8.88 235.53
200.00 1050.00 12.38 212.63 -8.90 225.53
190.00 1080.00 12.46 202.63 -8.92 215.53
180.00 1110.00 12.53 192.63 -8.95 205.53
170.00 1140.00 12.60 182.63 -8.97 195.53
160.00 1170.00 12.67 172.63 -8.99 185.53
150.00 1200.00 12.74 162.63 -9.02 175.53
140.00 1230.00 12.82 152.63 -9.04 165.53
130.00 1260.00 12.89 142.63 -9.06 155.53
120.00 1290.00 12.96 132.63 -9.08 145.53
110.00 1320.00 13.03 122.63 -9.11 135.53
100.00 1350.00 13.10 112.63 -9.13 125.53
90.00 1380.00 13.17 102.63 -9.15 115.53
80.00 1410.00 13.25 92.63 -9.18 105.53
70.00 1440.00 13.32 82.63 -9.20 95.53
70.00 1470.00 10.15 77.36 -6.83 86.51  
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Table PWR-36 
Heatup Rate = 100 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.18 73.98 1.56 70.59
90.00 12.00 -4.18 80.61 3.24 73.51

100.00 18.00 -5.62 88.24 4.47 78.43
110.00 24.00 -6.67 96.55 5.36 84.81
120.00 30.00 -7.42 105.34 6.00 92.23
130.00 36.00 -7.97 114.48 6.47 100.38
140.00 42.00 -8.38 123.87 6.81 109.06
150.00 48.00 -8.67 133.43 7.07 118.12
160.00 54.00 -8.90 143.11 7.26 127.45
170.00 60.00 -9.07 152.89 7.41 136.97
180.00 66.00 -9.20 162.73 7.52 146.63
190.00 72.00 -9.30 172.62 7.61 156.38
200.00 78.00 -9.39 182.53 7.68 166.21
210.00 84.00 -9.46 192.48 7.75 176.08
220.00 90.00 -9.52 202.43 7.80 186.00
230.00 96.00 -9.57 212.40 7.85 195.93
240.00 102.00 -9.62 222.38 7.89 205.89
250.00 108.00 -9.66 232.37 7.93 215.85
260.00 114.00 -9.71 242.36 7.97 225.83
270.00 120.00 -9.75 252.35 8.00 235.81
280.00 126.00 -9.78 262.34 8.04 245.80
290.00 132.00 -9.82 272.34 8.07 255.79
300.00 138.00 -9.86 282.34 8.11 265.79
310.00 144.00 -9.90 292.34 8.14 275.78
320.00 150.00 -9.93 302.33 8.17 285.78
330.00 156.00 -9.97 312.33 8.21 295.78
340.00 162.00 -10.01 322.33 8.24 305.78
350.00 168.00 -10.04 332.33 8.27 315.78
360.00 174.00 -10.08 342.33 8.31 325.78
370.00 180.00 -10.11 352.33 8.34 335.77
380.00 186.00 -10.15 362.33 8.37 345.77
390.00 192.00 -10.18 372.33 8.40 355.77
400.00 198.00 -10.22 382.33 8.43 365.77
410.00 204.00 -10.26 392.33 8.47 375.77
420.00 210.00 -10.29 402.33 8.50 385.77
430.00 216.00 -10.33 412.33 8.53 395.77
440.00 222.00 -10.36 422.33 8.56 405.77
450.00 228.00 -10.40 432.33 8.60 415.77
460.00 234.00 -10.43 442.33 8.63 425.77
470.00 240.00 -10.47 452.33 8.66 435.77
480.00 246.00 -10.51 462.33 8.69 445.77
490.00 252.00 -10.54 472.33 8.73 455.77
500.00 258.00 -10.58 482.33 8.76 465.77
510.00 264.00 -10.61 492.33 8.79 475.77
520.00 270.00 -10.65 502.33 8.82 485.77
530.00 276.00 -10.68 512.33 8.86 495.77
540.00 282.00 -10.72 522.33 8.89 505.77
550.00 288.00 -10.76 532.33 8.92 515.77
550.00 294.00 -8.61 538.35 7.40 525.18  
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Table PWR-37 
Heatup Rate = 80 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.19 74.41 1.62 70.88
90.00 15.00 -3.97 81.46 3.12 74.61

100.00 22.50 -5.15 89.54 4.13 80.49
110.00 30.00 -5.94 98.27 4.80 87.78
120.00 37.50 -6.47 107.45 5.25 96.01
130.00 45.00 -6.83 116.90 5.56 104.84
140.00 52.50 -7.08 126.55 5.77 114.08
150.00 60.00 -7.25 136.31 5.93 123.58
160.00 67.50 -7.38 146.16 6.04 133.25
170.00 75.00 -7.48 156.06 6.12 143.03
180.00 82.50 -7.55 165.99 6.19 152.89
190.00 90.00 -7.61 175.95 6.24 162.80
200.00 97.50 -7.67 185.92 6.29 172.73
210.00 105.00 -7.71 195.90 6.33 182.69
220.00 112.50 -7.76 205.89 6.37 192.67
230.00 120.00 -7.80 215.88 6.40 202.65
240.00 127.50 -7.83 225.87 6.44 212.64
250.00 135.00 -7.87 235.87 6.47 222.63
260.00 142.50 -7.91 245.87 6.51 232.63
270.00 150.00 -7.95 255.87 6.54 242.62
280.00 157.50 -7.98 265.87 6.57 252.62
290.00 165.00 -8.02 275.87 6.61 262.62
300.00 172.50 -8.05 285.87 6.64 272.62
310.00 180.00 -8.09 295.86 6.67 282.62
320.00 187.50 -8.13 305.86 6.70 292.62
330.00 195.00 -8.16 315.86 6.74 302.62
340.00 202.50 -8.20 325.86 6.77 312.62
350.00 210.00 -8.23 335.86 6.80 322.62
360.00 217.50 -8.27 345.86 6.83 332.62
370.00 225.00 -8.30 355.86 6.87 342.62
380.00 232.50 -8.34 365.86 6.90 352.62
390.00 240.00 -8.38 375.86 6.93 362.62
400.00 247.50 -8.41 385.86 6.96 372.62
410.00 255.00 -8.45 395.86 6.99 382.62
420.00 262.50 -8.48 405.86 7.03 392.62
430.00 270.00 -8.52 415.86 7.06 402.62
440.00 277.50 -8.55 425.86 7.09 412.62
450.00 285.00 -8.59 435.86 7.12 422.62
460.00 292.50 -8.63 445.86 7.16 432.62
470.00 300.00 -8.66 455.86 7.19 442.62
480.00 307.50 -8.70 465.86 7.22 452.62
490.00 315.00 -8.73 475.86 7.25 462.62
500.00 322.50 -8.77 485.86 7.29 472.62
510.00 330.00 -8.80 495.86 7.32 482.62
520.00 337.50 -8.84 505.86 7.35 492.62
530.00 345.00 -8.88 515.86 7.38 502.62
540.00 352.50 -8.91 525.86 7.42 512.62
550.00 360.00 -8.95 535.86 7.45 522.62
550.00 367.50 -6.79 541.45 5.87 531.74  



   
 

 123

Table PWR-38 
Heatup Rate = 60 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.15 74.96 1.64 71.37
90.00 20.00 -3.61 82.57 2.88 76.25

100.00 30.00 -4.45 91.21 3.60 83.34
110.00 40.00 -4.95 100.43 4.03 91.67
120.00 50.00 -5.25 109.99 4.28 100.72
130.00 60.00 -5.44 119.73 4.44 110.18
140.00 70.00 -5.56 129.59 4.55 119.87
150.00 80.00 -5.65 139.51 4.62 129.70
160.00 90.00 -5.71 149.46 4.68 139.60
170.00 100.00 -5.76 159.43 4.73 149.54
180.00 110.00 -5.81 169.42 4.77 159.51
190.00 120.00 -5.85 179.41 4.80 169.49
200.00 130.00 -5.89 189.40 4.84 179.48
210.00 140.00 -5.92 199.40 4.87 189.47
220.00 150.00 -5.96 209.40 4.91 199.47
230.00 160.00 -6.00 219.40 4.94 209.47
240.00 170.00 -6.03 229.40 4.97 219.47
250.00 180.00 -6.07 239.40 5.00 229.46
260.00 190.00 -6.10 249.40 5.04 239.46
270.00 200.00 -6.14 259.40 5.07 249.46
280.00 210.00 -6.17 269.40 5.10 259.46
290.00 220.00 -6.21 279.40 5.13 269.46
300.00 230.00 -6.25 289.40 5.17 279.46
310.00 240.00 -6.28 299.40 5.20 289.46
320.00 250.00 -6.32 309.40 5.23 299.46
330.00 260.00 -6.35 319.40 5.26 309.46
340.00 270.00 -6.39 329.40 5.30 319.46
350.00 280.00 -6.42 339.40 5.33 329.46
360.00 290.00 -6.46 349.40 5.36 339.46
370.00 300.00 -6.50 359.40 5.39 349.46
380.00 310.00 -6.53 369.40 5.42 359.46
390.00 320.00 -6.57 379.40 5.46 369.46
400.00 330.00 -6.60 389.40 5.49 379.46
410.00 340.00 -6.64 399.40 5.52 389.46
420.00 350.00 -6.67 409.40 5.55 399.46
430.00 360.00 -6.71 419.40 5.59 409.46
440.00 370.00 -6.75 429.40 5.62 419.46
450.00 380.00 -6.78 439.40 5.65 429.46
460.00 390.00 -6.82 449.40 5.68 439.46
470.00 400.00 -6.85 459.40 5.72 449.46
480.00 410.00 -6.89 469.40 5.75 459.46
490.00 420.00 -6.92 479.40 5.78 469.46
500.00 430.00 -6.96 489.40 5.81 479.46
510.00 440.00 -6.99 499.40 5.85 489.46
520.00 450.00 -7.03 509.40 5.88 499.46
530.00 460.00 -7.07 519.40 5.91 509.46
540.00 470.00 -7.10 529.40 5.94 519.46
550.00 480.00 -7.14 539.40 5.98 529.46
550.00 490.00 -5.02 544.44 4.37 538.10  
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Table PWR-39 
Heatup Rate = 40 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -1.98 75.73 1.56 72.30
90.00 30.00 -2.97 84.14 2.40 78.89

100.00 45.00 -3.41 93.45 2.78 87.42
110.00 60.00 -3.63 103.16 2.96 96.79
120.00 75.00 -3.74 113.03 3.06 106.52
130.00 90.00 -3.81 122.97 3.12 116.40
140.00 105.00 -3.86 132.95 3.17 126.35
150.00 120.00 -3.90 142.94 3.20 136.33
160.00 135.00 -3.94 152.94 3.24 146.32
170.00 150.00 -3.97 162.93 3.27 156.31
180.00 165.00 -4.01 172.93 3.30 166.31
190.00 180.00 -4.04 182.93 3.34 176.31
200.00 195.00 -4.08 192.93 3.37 186.31
210.00 210.00 -4.12 202.93 3.40 196.31
220.00 225.00 -4.15 212.93 3.43 206.31
230.00 240.00 -4.19 222.93 3.47 216.31
240.00 255.00 -4.22 232.93 3.50 226.31
250.00 270.00 -4.26 242.93 3.53 236.31
260.00 285.00 -4.29 252.93 3.56 246.31
270.00 300.00 -4.33 262.93 3.60 256.31
280.00 315.00 -4.37 272.93 3.63 266.31
290.00 330.00 -4.40 282.93 3.66 276.31
300.00 345.00 -4.44 292.93 3.69 286.31
310.00 360.00 -4.47 302.93 3.73 296.31
320.00 375.00 -4.51 312.93 3.76 306.31
330.00 390.00 -4.54 322.93 3.79 316.31
340.00 405.00 -4.58 332.93 3.82 326.31
350.00 420.00 -4.61 342.93 3.85 336.31
360.00 435.00 -4.65 352.93 3.89 346.31
370.00 450.00 -4.69 362.93 3.92 356.31
380.00 465.00 -4.72 372.93 3.95 366.31
390.00 480.00 -4.76 382.93 3.98 376.31
400.00 495.00 -4.79 392.93 4.02 386.31
410.00 510.00 -4.83 402.93 4.05 396.31
420.00 525.00 -4.86 412.93 4.08 406.31
430.00 540.00 -4.90 422.93 4.11 416.31
440.00 555.00 -4.94 432.93 4.15 426.31
450.00 570.00 -4.97 442.93 4.18 436.31
460.00 585.00 -5.01 452.93 4.21 446.31
470.00 600.00 -5.04 462.93 4.24 456.31
480.00 615.00 -5.08 472.93 4.28 466.31
490.00 630.00 -5.11 482.93 4.31 476.31
500.00 645.00 -5.15 492.93 4.34 486.31
510.00 660.00 -5.19 502.93 4.37 496.31
520.00 675.00 -5.22 512.93 4.41 506.31
530.00 690.00 -5.26 522.93 4.44 516.31
540.00 705.00 -5.29 532.93 4.47 526.31
550.00 720.00 -5.33 542.93 4.50 536.31
550.00 735.00 -3.38 547.20 2.98 544.01  
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Table PWR-40 
Heatup Rate = 20 F/hr, Wall Thickness t = 6 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -1.48 77.07 1.20 74.45
90.00 60.00 -1.81 86.58 1.48 83.39

100.00 90.00 -1.90 96.49 1.56 93.20
110.00 120.00 -1.95 106.47 1.60 103.16
120.00 150.00 -1.98 116.47 1.64 113.16
130.00 180.00 -2.02 126.47 1.67 123.15
140.00 210.00 -2.06 136.47 1.70 133.15
150.00 240.00 -2.09 146.47 1.73 143.15
160.00 270.00 -2.13 156.47 1.77 153.15
170.00 300.00 -2.16 166.47 1.80 163.15
180.00 330.00 -2.20 176.47 1.83 173.15
190.00 360.00 -2.24 186.47 1.86 183.15
200.00 390.00 -2.27 196.47 1.90 193.15
210.00 420.00 -2.31 206.47 1.93 203.15
220.00 450.00 -2.34 216.47 1.96 213.15
230.00 480.00 -2.38 226.47 1.99 223.15
240.00 510.00 -2.41 236.47 2.03 233.15
250.00 540.00 -2.45 246.47 2.06 243.15
260.00 570.00 -2.48 256.47 2.09 253.15
270.00 600.00 -2.52 266.47 2.12 263.15
280.00 630.00 -2.56 276.47 2.16 273.15
290.00 660.00 -2.59 286.47 2.19 283.15
300.00 690.00 -2.63 296.47 2.22 293.15
310.00 720.00 -2.66 306.47 2.25 303.15
320.00 750.00 -2.70 316.47 2.28 313.15
330.00 780.00 -2.73 326.47 2.32 323.15
340.00 810.00 -2.77 336.47 2.35 333.15
350.00 840.00 -2.81 346.47 2.38 343.15
360.00 870.00 -2.84 356.47 2.41 353.15
370.00 900.00 -2.88 366.47 2.45 363.15
380.00 930.00 -2.91 376.47 2.48 373.15
390.00 960.00 -2.95 386.47 2.51 383.15
400.00 990.00 -2.98 396.47 2.54 393.15
410.00 1020.00 -3.02 406.47 2.58 403.15
420.00 1050.00 -3.06 416.47 2.61 413.15
430.00 1080.00 -3.09 426.47 2.64 423.15
440.00 1110.00 -3.13 436.47 2.67 433.15
450.00 1140.00 -3.16 446.47 2.71 443.15
460.00 1170.00 -3.20 456.47 2.74 453.15
470.00 1200.00 -3.23 466.47 2.77 463.15
480.00 1230.00 -3.27 476.47 2.80 473.15
490.00 1260.00 -3.31 486.47 2.84 483.15
500.00 1290.00 -3.34 496.47 2.87 493.15
510.00 1320.00 -3.38 506.47 2.90 503.15
520.00 1350.00 -3.41 516.47 2.93 513.15
530.00 1380.00 -3.45 526.47 2.97 523.15
540.00 1410.00 -3.48 536.47 3.00 533.15
550.00 1440.00 -3.52 546.47 3.03 543.15
550.00 1470.00 -2.07 549.40 1.86 548.71  
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Table PWR-41 
Heatup Rate = 100 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.32 73.47 1.57 70.32
90.00 12.00 -4.75 79.61 3.57 72.34

100.00 18.00 -6.69 86.72 5.21 76.09
110.00 24.00 -8.20 94.48 6.49 81.23
120.00 30.00 -9.39 102.74 7.50 87.46
130.00 36.00 -10.32 111.39 8.28 94.53
140.00 42.00 -11.06 120.34 8.90 102.25
150.00 48.00 -11.64 129.53 9.39 110.48
160.00 54.00 -12.10 138.90 9.77 119.10
170.00 60.00 -12.46 148.40 10.08 128.04
180.00 66.00 -12.76 158.02 10.32 137.21
190.00 72.00 -13.00 167.72 10.52 146.56
200.00 78.00 -13.19 177.49 10.68 156.06
210.00 84.00 -13.35 187.31 10.81 165.67
220.00 90.00 -13.49 197.18 10.92 175.37
230.00 96.00 -13.60 207.07 11.01 185.13
240.00 102.00 -13.70 216.98 11.09 194.95
250.00 108.00 -13.79 226.92 11.15 204.81
260.00 114.00 -13.86 236.87 11.21 214.70
270.00 120.00 -13.93 246.83 11.26 224.61
280.00 126.00 -14.00 256.80 11.31 234.55
290.00 132.00 -14.05 266.77 11.36 244.50
300.00 138.00 -14.11 276.76 11.40 254.46
310.00 144.00 -14.16 286.74 11.43 264.43
320.00 150.00 -14.21 296.73 11.47 274.40
330.00 156.00 -14.26 306.72 11.50 284.38
340.00 162.00 -14.31 316.71 11.54 294.37
350.00 168.00 -14.36 326.71 11.57 304.36
360.00 174.00 -14.40 336.70 11.60 314.35
370.00 180.00 -14.45 346.70 11.64 324.34
380.00 186.00 -14.49 356.70 11.67 334.34
390.00 192.00 -14.54 366.70 11.70 344.33
400.00 198.00 -14.58 376.70 11.73 354.33
410.00 204.00 -14.62 386.69 11.76 364.33
420.00 210.00 -14.67 396.69 11.79 374.32
430.00 216.00 -14.71 406.69 11.82 384.32
440.00 222.00 -14.76 416.69 11.85 394.32
450.00 228.00 -14.80 426.69 11.88 404.32
460.00 234.00 -14.84 436.69 11.91 414.32
470.00 240.00 -14.89 446.69 11.94 424.32
480.00 246.00 -14.93 456.69 11.97 434.32
490.00 252.00 -14.97 466.69 12.00 444.32
500.00 258.00 -15.02 476.69 12.03 454.32
510.00 264.00 -15.06 486.69 12.06 464.32
520.00 270.00 -15.10 496.69 12.09 474.32
530.00 276.00 -15.15 506.69 12.12 484.32
540.00 282.00 -15.19 516.69 12.15 494.32
550.00 288.00 -15.23 526.69 12.18 504.32
550.00 294.00 -12.95 533.22 10.64 513.99  
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Table PWR-42 
Heatup Rate = 80 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.38 73.90 1.68 70.52
90.00 15.00 -4.62 80.46 3.55 73.21

100.00 22.50 -6.28 87.99 4.96 77.87
110.00 30.00 -7.51 96.19 6.00 83.97
120.00 37.50 -8.42 104.88 6.76 91.12
130.00 45.00 -9.09 113.93 7.33 99.05
140.00 52.50 -9.59 123.23 7.75 107.53
150.00 60.00 -9.97 132.72 8.06 116.43
160.00 67.50 -10.26 142.35 8.30 125.62
170.00 75.00 -10.48 152.08 8.48 135.04
180.00 82.50 -10.65 161.88 8.63 144.61
190.00 90.00 -10.79 171.74 8.74 154.30
200.00 97.50 -10.90 181.64 8.82 164.07
210.00 105.00 -11.00 191.56 8.90 173.90
220.00 112.50 -11.08 201.50 8.96 183.78
230.00 120.00 -11.15 211.46 9.01 193.69
240.00 127.50 -11.21 221.43 9.06 203.63
250.00 135.00 -11.27 231.41 9.10 213.58
260.00 142.50 -11.32 241.40 9.14 223.55
270.00 150.00 -11.37 251.38 9.18 233.52
280.00 157.50 -11.42 261.38 9.21 243.50
290.00 165.00 -11.47 271.37 9.24 253.49
300.00 172.50 -11.51 281.36 9.28 263.48
310.00 180.00 -11.56 291.36 9.31 273.47
320.00 187.50 -11.60 301.36 9.34 283.47
330.00 195.00 -11.65 311.36 9.37 293.46
340.00 202.50 -11.69 321.36 9.40 303.46
350.00 210.00 -11.73 331.36 9.43 313.46
360.00 217.50 -11.78 341.35 9.46 323.46
370.00 225.00 -11.82 351.35 9.49 333.46
380.00 232.50 -11.86 361.35 9.52 343.46
390.00 240.00 -11.91 371.35 9.55 353.46
400.00 247.50 -11.95 381.35 9.58 363.45
410.00 255.00 -11.99 391.35 9.61 373.45
420.00 262.50 -12.04 401.35 9.64 383.45
430.00 270.00 -12.08 411.35 9.67 393.45
440.00 277.50 -12.12 421.35 9.70 403.45
450.00 285.00 -12.17 431.35 9.73 413.45
460.00 292.50 -12.21 441.35 9.76 423.45
470.00 300.00 -12.25 451.35 9.79 433.45
480.00 307.50 -12.30 461.35 9.82 443.45
490.00 315.00 -12.34 471.35 9.85 453.45
500.00 322.50 -12.38 481.35 9.88 463.45
510.00 330.00 -12.43 491.35 9.91 473.45
520.00 337.50 -12.47 501.35 9.94 483.45
530.00 345.00 -12.51 511.35 9.97 493.45
540.00 352.50 -12.56 521.35 10.00 503.45
550.00 360.00 -12.60 531.35 10.03 513.45
550.00 367.50 -10.26 537.45 8.39 522.94  
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Table PWR-43 
Heatup Rate = 60 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.40 74.46 1.76 70.87
90.00 20.00 -4.34 81.55 3.40 74.60

100.00 30.00 -5.63 89.65 4.50 80.47
110.00 40.00 -6.50 98.40 5.23 87.77
120.00 50.00 -7.08 107.58 5.72 95.99
130.00 60.00 -7.48 117.04 6.05 104.82
140.00 70.00 -7.75 126.69 6.28 114.06
150.00 80.00 -7.95 136.46 6.44 123.55
160.00 90.00 -8.09 146.31 6.55 133.22
170.00 100.00 -8.20 156.21 6.64 143.00
180.00 110.00 -8.29 166.14 6.71 152.86
190.00 120.00 -8.36 176.10 6.76 162.77
200.00 130.00 -8.42 186.07 6.81 172.71
210.00 140.00 -8.48 196.05 6.85 182.67
220.00 150.00 -8.53 206.04 6.88 192.64
230.00 160.00 -8.58 216.03 6.92 202.62
240.00 170.00 -8.62 226.02 6.95 212.61
250.00 180.00 -8.67 236.02 6.98 222.60
260.00 190.00 -8.71 246.02 7.01 232.60
270.00 200.00 -8.76 256.02 7.04 242.60
280.00 210.00 -8.80 266.02 7.07 252.59
290.00 220.00 -8.84 276.02 7.11 262.59
300.00 230.00 -8.89 286.02 7.14 272.59
310.00 240.00 -8.93 296.02 7.17 282.59
320.00 250.00 -8.97 306.01 7.20 292.59
330.00 260.00 -9.02 316.01 7.23 302.59
340.00 270.00 -9.06 326.01 7.26 312.59
350.00 280.00 -9.10 336.01 7.29 322.59
360.00 290.00 -9.15 346.01 7.32 332.59
370.00 300.00 -9.19 356.01 7.35 342.59
380.00 310.00 -9.23 366.01 7.38 352.59
390.00 320.00 -9.28 376.01 7.41 362.59
400.00 330.00 -9.32 386.01 7.44 372.59
410.00 340.00 -9.36 396.01 7.47 382.59
420.00 350.00 -9.41 406.01 7.50 392.59
430.00 360.00 -9.45 416.01 7.53 402.59
440.00 370.00 -9.49 426.01 7.56 412.59
450.00 380.00 -9.54 436.01 7.59 422.59
460.00 390.00 -9.58 446.01 7.62 432.59
470.00 400.00 -9.62 456.01 7.65 442.59
480.00 410.00 -9.66 466.01 7.68 452.59
490.00 420.00 -9.71 476.01 7.71 462.59
500.00 430.00 -9.75 486.01 7.74 472.59
510.00 440.00 -9.79 496.01 7.77 482.59
520.00 450.00 -9.84 506.01 7.80 492.59
530.00 460.00 -9.88 516.01 7.83 502.59
540.00 470.00 -9.92 526.01 7.86 512.59
550.00 480.00 -9.97 536.01 7.89 522.59
550.00 490.00 -7.61 541.56 6.15 531.72  
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Table PWR-44 
Heatup Rate = 40 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.31 75.23 1.78 71.61
90.00 30.00 -3.75 83.10 3.00 76.98

100.00 45.00 -4.54 91.96 3.67 84.52
110.00 60.00 -4.98 101.36 4.03 93.21
120.00 75.00 -5.24 111.04 4.24 102.52
130.00 90.00 -5.39 120.87 4.37 112.15
140.00 105.00 -5.50 130.78 4.45 121.95
150.00 120.00 -5.57 140.73 4.51 131.85
160.00 135.00 -5.63 150.71 4.55 141.79
170.00 150.00 -5.68 160.69 4.59 151.76
180.00 165.00 -5.73 170.68 4.62 161.74
190.00 180.00 -5.78 180.68 4.66 171.74
200.00 195.00 -5.82 190.68 4.69 181.73
210.00 210.00 -5.87 200.68 4.72 191.73
220.00 225.00 -5.91 210.68 4.75 201.73
230.00 240.00 -5.95 220.68 4.78 211.73
240.00 255.00 -6.00 230.68 4.81 221.73
250.00 270.00 -6.04 240.68 4.84 231.73
260.00 285.00 -6.08 250.68 4.87 241.73
270.00 300.00 -6.13 260.68 4.90 251.73
280.00 315.00 -6.17 270.68 4.93 261.73
290.00 330.00 -6.21 280.68 4.96 271.73
300.00 345.00 -6.26 290.68 4.99 281.73
310.00 360.00 -6.30 300.68 5.02 291.73
320.00 375.00 -6.34 310.68 5.05 301.73
330.00 390.00 -6.38 320.68 5.08 311.73
340.00 405.00 -6.43 330.68 5.11 321.73
350.00 420.00 -6.47 340.68 5.14 331.73
360.00 435.00 -6.51 350.68 5.17 341.73
370.00 450.00 -6.56 360.68 5.20 351.73
380.00 465.00 -6.60 370.68 5.23 361.73
390.00 480.00 -6.64 380.68 5.26 371.73
400.00 495.00 -6.69 390.68 5.29 381.73
410.00 510.00 -6.73 400.68 5.32 391.73
420.00 525.00 -6.77 410.68 5.35 401.73
430.00 540.00 -6.82 420.68 5.38 411.73
440.00 555.00 -6.86 430.68 5.41 421.73
450.00 570.00 -6.90 440.68 5.44 431.73
460.00 585.00 -6.95 450.68 5.47 441.73
470.00 600.00 -6.99 460.68 5.50 451.73
480.00 615.00 -7.03 470.68 5.53 461.73
490.00 630.00 -7.08 480.68 5.56 471.73
500.00 645.00 -7.12 490.68 5.59 481.73
510.00 660.00 -7.16 500.68 5.62 491.73
520.00 675.00 -7.21 510.68 5.65 501.73
530.00 690.00 -7.25 520.68 5.68 511.73
540.00 705.00 -7.29 530.68 5.71 521.73
550.00 720.00 -7.33 540.68 5.74 531.73
550.00 735.00 -5.07 545.45 4.00 540.12  
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Table PWR-45 
Heatup Rate = 20 F/hr, Wall Thickness t = 7 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -1.88 76.55 1.50 73.49
90.00 60.00 -2.49 85.68 2.02 81.61

100.00 90.00 -2.70 95.44 2.19 91.07
110.00 120.00 -2.78 105.37 2.25 100.92
120.00 150.00 -2.84 115.35 2.30 110.88
130.00 180.00 -2.89 125.34 2.33 120.87
140.00 210.00 -2.93 135.34 2.36 130.86
150.00 240.00 -2.98 145.34 2.39 140.86
160.00 270.00 -3.02 155.34 2.42 150.86
170.00 300.00 -3.06 165.34 2.45 160.86
180.00 330.00 -3.10 175.34 2.48 170.86
190.00 360.00 -3.15 185.34 2.51 180.86
200.00 390.00 -3.19 195.34 2.54 190.86
210.00 420.00 -3.23 205.34 2.57 200.86
220.00 450.00 -3.28 215.34 2.60 210.86
230.00 480.00 -3.32 225.34 2.63 220.86
240.00 510.00 -3.36 235.34 2.66 230.86
250.00 540.00 -3.41 245.34 2.69 240.86
260.00 570.00 -3.45 255.34 2.72 250.86
270.00 600.00 -3.49 265.34 2.75 260.86
280.00 630.00 -3.54 275.34 2.78 270.86
290.00 660.00 -3.58 285.34 2.81 280.86
300.00 690.00 -3.62 295.34 2.84 290.86
310.00 720.00 -3.67 305.34 2.87 300.86
320.00 750.00 -3.71 315.34 2.90 310.86
330.00 780.00 -3.75 325.34 2.93 320.86
340.00 810.00 -3.80 335.34 2.96 330.86
350.00 840.00 -3.84 345.34 2.99 340.86
360.00 870.00 -3.88 355.34 3.02 350.86
370.00 900.00 -3.93 365.34 3.05 360.86
380.00 930.00 -3.97 375.34 3.08 370.86
390.00 960.00 -4.01 385.34 3.11 380.86
400.00 990.00 -4.05 395.34 3.14 390.86
410.00 1020.00 -4.10 405.34 3.17 400.86
420.00 1050.00 -4.14 415.34 3.20 410.86
430.00 1080.00 -4.18 425.34 3.23 420.86
440.00 1110.00 -4.23 435.34 3.26 430.86
450.00 1140.00 -4.27 445.34 3.29 440.86
460.00 1170.00 -4.31 455.34 3.32 450.86
470.00 1200.00 -4.36 465.34 3.35 460.86
480.00 1230.00 -4.40 475.34 3.38 470.86
490.00 1260.00 -4.44 485.34 3.41 480.86
500.00 1290.00 -4.49 495.34 3.44 490.86
510.00 1320.00 -4.53 505.34 3.47 500.86
520.00 1350.00 -4.57 515.34 3.50 510.86
530.00 1380.00 -4.62 525.34 3.53 520.86
540.00 1410.00 -4.66 535.34 3.56 530.86
550.00 1440.00 -4.70 545.34 3.59 540.86
550.00 1470.00 -2.87 548.79 2.12 547.37  
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Table PWR-46 
Heatup Rate = 100 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.40 73.01 1.55 70.17
90.00 12.00 -5.19 78.73 3.77 71.55

100.00 18.00 -7.56 85.40 5.76 74.38
110.00 24.00 -9.54 92.70 7.43 78.47
120.00 30.00 -11.17 100.49 8.81 83.62
130.00 36.00 -12.52 108.67 9.95 89.63
140.00 42.00 -13.64 117.17 10.89 96.35
150.00 48.00 -14.57 125.94 11.67 103.65
160.00 54.00 -15.35 134.93 12.31 111.44
170.00 60.00 -15.99 144.10 12.85 119.61
180.00 66.00 -16.53 153.42 13.29 128.12
190.00 72.00 -16.98 162.86 13.66 136.89
200.00 78.00 -17.36 172.40 13.97 145.88
210.00 84.00 -17.68 182.02 14.23 155.05
220.00 90.00 -17.95 191.71 14.45 164.36
230.00 96.00 -18.18 201.45 14.63 173.80
240.00 102.00 -18.39 211.24 14.79 183.34
250.00 108.00 -18.56 221.07 14.93 192.96
260.00 114.00 -18.71 230.93 15.04 202.65
270.00 120.00 -18.84 240.81 15.14 212.40
280.00 126.00 -18.96 250.72 15.23 222.19
290.00 132.00 -19.07 260.64 15.30 232.01
300.00 138.00 -19.16 270.57 15.37 241.87
310.00 144.00 -19.25 280.52 15.43 251.75
320.00 150.00 -19.33 290.48 15.49 261.66
330.00 156.00 -19.41 300.44 15.54 271.58
340.00 162.00 -19.48 310.41 15.58 281.51
350.00 168.00 -19.55 320.39 15.62 291.46
360.00 174.00 -19.61 330.37 15.66 301.42
370.00 180.00 -19.67 340.35 15.70 311.38
380.00 186.00 -19.73 350.34 15.74 321.35
390.00 192.00 -19.79 360.33 15.77 331.33
400.00 198.00 -19.85 370.32 15.81 341.31
410.00 204.00 -19.90 380.31 15.84 351.29
420.00 210.00 -19.96 390.30 15.87 361.28
430.00 216.00 -20.01 400.30 15.90 371.27
440.00 222.00 -20.06 410.29 15.93 381.26
450.00 228.00 -20.12 420.29 15.96 391.25
460.00 234.00 -20.17 430.29 15.99 401.24
470.00 240.00 -20.22 440.29 16.02 411.24
480.00 246.00 -20.27 450.28 16.05 421.23
490.00 252.00 -20.32 460.28 16.08 431.23
500.00 258.00 -20.37 470.28 16.11 441.23
510.00 264.00 -20.42 480.28 16.14 451.23
520.00 270.00 -20.47 490.28 16.17 461.22
530.00 276.00 -20.52 500.28 16.20 471.22
540.00 282.00 -20.57 510.28 16.23 481.22
550.00 288.00 -20.62 520.28 16.25 491.22
550.00 294.00 -18.27 527.27 14.74 501.04  
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Table PWR-47 
Heatup Rate = 80 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.50 73.45 1.68 70.30
90.00 15.00 -5.14 79.58 3.84 72.23

100.00 22.50 -7.26 86.66 5.63 75.88
110.00 30.00 -8.94 94.39 7.05 80.89
120.00 37.50 -10.26 102.61 8.16 87.00
130.00 45.00 -11.30 111.22 9.04 93.95
140.00 52.50 -12.13 120.13 9.73 101.56
150.00 60.00 -12.79 129.28 10.28 109.69
160.00 67.50 -13.32 138.62 10.71 118.23
170.00 75.00 -13.74 148.10 11.06 127.09
180.00 82.50 -14.08 157.69 11.34 136.19
190.00 90.00 -14.36 167.37 11.56 145.49
200.00 97.50 -14.59 177.12 11.74 154.94
210.00 105.00 -14.78 186.92 11.89 164.51
220.00 112.50 -14.94 196.77 12.01 174.18
230.00 120.00 -15.07 206.65 12.11 183.92
240.00 127.50 -15.19 216.56 12.20 193.71
250.00 135.00 -15.29 226.48 12.27 203.55
260.00 142.50 -15.38 236.43 12.33 213.42
270.00 150.00 -15.47 246.38 12.39 223.33
280.00 157.50 -15.54 256.35 12.44 233.25
290.00 165.00 -15.61 266.32 12.48 243.19
300.00 172.50 -15.68 276.30 12.52 253.14
310.00 180.00 -15.74 286.28 12.56 263.10
320.00 187.50 -15.80 296.27 12.60 273.08
330.00 195.00 -15.86 306.26 12.63 283.05
340.00 202.50 -15.91 316.25 12.67 293.04
350.00 210.00 -15.97 326.24 12.70 303.02
360.00 217.50 -16.02 336.24 12.73 313.01
370.00 225.00 -16.07 346.23 12.76 323.00
380.00 232.50 -16.12 356.23 12.79 333.00
390.00 240.00 -16.17 366.23 12.82 342.99
400.00 247.50 -16.23 376.23 12.85 352.99
410.00 255.00 -16.28 386.23 12.88 362.98
420.00 262.50 -16.33 396.22 12.91 372.98
430.00 270.00 -16.38 406.22 12.94 382.98
440.00 277.50 -16.43 416.22 12.96 392.98
450.00 285.00 -16.48 426.22 12.99 402.98
460.00 292.50 -16.53 436.22 13.02 412.97
470.00 300.00 -16.58 446.22 13.05 422.97
480.00 307.50 -16.63 456.22 13.08 432.97
490.00 315.00 -16.68 466.22 13.11 442.97
500.00 322.50 -16.73 476.22 13.13 452.97
510.00 330.00 -16.78 486.22 13.16 462.97
520.00 337.50 -16.83 496.22 13.19 472.97
530.00 345.00 -16.88 506.22 13.22 482.97
540.00 352.50 -16.93 516.22 13.25 492.97
550.00 360.00 -16.98 526.22 13.27 502.97
550.00 367.50 -14.52 532.77 11.62 512.67  
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Table PWR-48 
Heatup Rate = 60 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.58 74.01 1.82 70.55
90.00 20.00 -4.96 80.67 3.81 73.37

100.00 30.00 -6.70 88.29 5.29 78.17
110.00 40.00 -7.97 96.58 6.36 84.42
120.00 50.00 -8.91 105.35 7.14 91.72
130.00 60.00 -9.59 114.46 7.71 99.77
140.00 70.00 -10.10 123.82 8.13 108.36
150.00 80.00 -10.48 133.36 8.44 117.35
160.00 90.00 -10.77 143.03 8.67 126.62
170.00 100.00 -10.99 152.79 8.85 136.09
180.00 110.00 -11.17 162.61 8.98 145.71
190.00 120.00 -11.31 172.49 9.08 155.44
200.00 130.00 -11.42 182.40 9.17 165.24
210.00 140.00 -11.52 192.33 9.24 175.10
220.00 150.00 -11.60 202.29 9.29 184.99
230.00 160.00 -11.67 212.25 9.34 194.92
240.00 170.00 -11.74 222.23 9.38 204.87
250.00 180.00 -11.80 232.21 9.42 214.83
260.00 190.00 -11.86 242.20 9.46 224.80
270.00 200.00 -11.92 252.19 9.49 234.78
280.00 210.00 -11.97 262.18 9.52 244.77
290.00 220.00 -12.03 272.18 9.56 254.76
300.00 230.00 -12.08 282.17 9.59 264.75
310.00 240.00 -12.13 292.17 9.62 274.74
320.00 250.00 -12.18 302.17 9.64 284.74
330.00 260.00 -12.23 312.17 9.67 294.74
340.00 270.00 -12.28 322.17 9.70 304.73
350.00 280.00 -12.33 332.17 9.73 314.73
360.00 290.00 -12.38 342.17 9.76 324.73
370.00 300.00 -12.43 352.17 9.79 334.73
380.00 310.00 -12.48 362.17 9.82 344.73
390.00 320.00 -12.53 372.17 9.84 354.73
400.00 330.00 -12.58 382.17 9.87 364.73
410.00 340.00 -12.63 392.17 9.90 374.73
420.00 350.00 -12.68 402.17 9.93 384.73
430.00 360.00 -12.73 412.17 9.96 394.73
440.00 370.00 -12.78 422.16 9.98 404.73
450.00 380.00 -12.83 432.16 10.01 414.73
460.00 390.00 -12.88 442.16 10.04 424.73
470.00 400.00 -12.93 452.16 10.07 434.73
480.00 410.00 -12.98 462.16 10.10 444.73
490.00 420.00 -13.03 472.16 10.13 454.73
500.00 430.00 -13.08 482.16 10.15 464.73
510.00 440.00 -13.13 492.16 10.18 474.73
520.00 450.00 -13.18 502.16 10.21 484.73
530.00 460.00 -13.23 512.16 10.24 494.73
540.00 470.00 -13.28 522.16 10.27 504.73
550.00 480.00 -13.33 532.16 10.29 514.73
550.00 490.00 -10.80 538.15 8.50 524.17  
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Table PWR-49 
Heatup Rate = 40 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.57 74.79 1.92 71.12
90.00 30.00 -4.47 82.19 3.52 75.45

100.00 45.00 -5.65 90.61 4.52 81.97
110.00 60.00 -6.39 99.64 5.14 89.85
120.00 75.00 -6.87 109.05 5.53 98.54
130.00 90.00 -7.18 118.68 5.78 107.75
140.00 105.00 -7.39 128.46 5.95 117.26
150.00 120.00 -7.54 138.33 6.06 126.96
160.00 135.00 -7.65 148.24 6.14 136.78
170.00 150.00 -7.73 158.19 6.20 146.66
180.00 165.00 -7.80 168.16 6.24 156.59
190.00 180.00 -7.87 178.14 6.28 166.55
200.00 195.00 -7.93 188.13 6.32 176.53
210.00 210.00 -7.98 198.12 6.35 186.51
220.00 225.00 -8.03 208.12 6.38 196.50
230.00 240.00 -8.09 218.11 6.41 206.50
240.00 255.00 -8.14 228.11 6.44 216.49
250.00 270.00 -8.19 238.11 6.47 226.49
260.00 285.00 -8.24 248.11 6.50 236.49
270.00 300.00 -8.29 258.11 6.53 246.49
280.00 315.00 -8.34 268.11 6.55 256.49
290.00 330.00 -8.39 278.11 6.58 266.49
300.00 345.00 -8.44 288.11 6.61 276.49
310.00 360.00 -8.49 298.11 6.64 286.49
320.00 375.00 -8.54 308.11 6.67 296.49
330.00 390.00 -8.59 318.11 6.69 306.49
340.00 405.00 -8.64 328.11 6.72 316.49
350.00 420.00 -8.69 338.11 6.75 326.49
360.00 435.00 -8.74 348.11 6.78 336.49
370.00 450.00 -8.79 358.11 6.81 346.49
380.00 465.00 -8.84 368.11 6.84 356.49
390.00 480.00 -8.89 378.11 6.86 366.49
400.00 495.00 -8.94 388.11 6.89 376.49
410.00 510.00 -8.99 398.11 6.92 386.49
420.00 525.00 -9.04 408.11 6.95 396.49
430.00 540.00 -9.09 418.11 6.98 406.49
440.00 555.00 -9.14 428.11 7.00 416.49
450.00 570.00 -9.19 438.11 7.03 426.49
460.00 585.00 -9.24 448.11 7.06 436.49
470.00 600.00 -9.29 458.11 7.09 446.49
480.00 615.00 -9.34 468.11 7.12 456.49
490.00 630.00 -9.39 478.11 7.14 466.49
500.00 645.00 -9.44 488.11 7.17 476.49
510.00 660.00 -9.49 498.11 7.20 486.49
520.00 675.00 -9.54 508.11 7.23 496.49
530.00 690.00 -9.59 518.11 7.26 506.49
540.00 705.00 -9.64 528.11 7.28 516.49
550.00 720.00 -9.69 538.11 7.31 526.49
550.00 735.00 -7.16 543.32 5.42 535.37  
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Table PWR-50 
Heatup Rate = 20 F/hr, Wall Thickness t = 8 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -2.23 76.10 1.76 72.72
90.00 60.00 -3.20 84.82 2.57 79.92

100.00 90.00 -3.59 94.34 2.89 88.87
110.00 120.00 -3.77 104.16 3.03 98.48
120.00 150.00 -3.86 114.10 3.10 108.33
130.00 180.00 -3.93 124.07 3.14 118.28
140.00 210.00 -3.99 134.06 3.18 128.26
150.00 240.00 -4.04 144.06 3.21 138.25
160.00 270.00 -4.09 154.06 3.24 148.24
170.00 300.00 -4.14 164.06 3.26 158.24
180.00 330.00 -4.19 174.06 3.29 168.24
190.00 360.00 -4.24 184.06 3.32 178.24
200.00 390.00 -4.29 194.05 3.35 188.24
210.00 420.00 -4.34 204.05 3.38 198.24
220.00 450.00 -4.39 214.05 3.40 208.24
230.00 480.00 -4.44 224.05 3.43 218.24
240.00 510.00 -4.49 234.05 3.46 228.24
250.00 540.00 -4.54 244.05 3.49 238.24
260.00 570.00 -4.59 254.05 3.52 248.24
270.00 600.00 -4.64 264.05 3.55 258.24
280.00 630.00 -4.69 274.05 3.57 268.24
290.00 660.00 -4.74 284.05 3.60 278.24
300.00 690.00 -4.79 294.05 3.63 288.24
310.00 720.00 -4.84 304.05 3.66 298.24
320.00 750.00 -4.89 314.05 3.69 308.24
330.00 780.00 -4.94 324.05 3.71 318.24
340.00 810.00 -4.99 334.05 3.74 328.24
350.00 840.00 -5.04 344.05 3.77 338.24
360.00 870.00 -5.09 354.05 3.80 348.24
370.00 900.00 -5.14 364.05 3.83 358.24
380.00 930.00 -5.19 374.05 3.85 368.24
390.00 960.00 -5.24 384.05 3.88 378.24
400.00 990.00 -5.29 394.05 3.91 388.24
410.00 1020.00 -5.34 404.05 3.94 398.24
420.00 1050.00 -5.39 414.05 3.97 408.24
430.00 1080.00 -5.44 424.05 4.00 418.24
440.00 1110.00 -5.49 434.05 4.02 428.24
450.00 1140.00 -5.54 444.05 4.05 438.24
460.00 1170.00 -5.59 454.05 4.08 448.24
470.00 1200.00 -5.64 464.05 4.11 458.24
480.00 1230.00 -5.69 474.05 4.14 468.24
490.00 1260.00 -5.74 484.05 4.16 478.24
500.00 1290.00 -5.79 494.05 4.19 488.24
510.00 1320.00 -5.84 504.05 4.22 498.24
520.00 1350.00 -5.89 514.05 4.25 508.24
530.00 1380.00 -5.94 524.05 4.28 518.24
540.00 1410.00 -5.99 534.05 4.30 528.24
550.00 1440.00 -6.04 544.05 4.33 538.24
550.00 1470.00 -3.85 547.96 2.60 545.52  
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Table PWR-51 
Heatup Rate = 100 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.44 72.60 1.50 70.09
90.00 12.00 -5.51 77.92 3.86 71.02

100.00 18.00 -8.27 84.22 6.14 73.14
110.00 24.00 -10.67 91.13 8.16 76.37
120.00 30.00 -12.74 98.51 9.90 80.58
130.00 36.00 -14.52 106.27 11.40 85.63
140.00 42.00 -16.05 114.35 12.69 91.40
150.00 48.00 -17.36 122.72 13.79 97.78
160.00 54.00 -18.49 131.32 14.74 104.69
170.00 60.00 -19.47 140.12 15.55 112.04
180.00 66.00 -20.31 149.10 16.25 119.78
190.00 72.00 -21.04 158.23 16.85 127.85
200.00 78.00 -21.67 167.48 17.37 136.20
210.00 84.00 -22.22 176.84 17.81 144.78
220.00 90.00 -22.69 186.30 18.20 153.58
230.00 96.00 -23.11 195.83 18.53 162.54
240.00 102.00 -23.47 205.43 18.82 171.66
250.00 108.00 -23.79 215.09 19.07 180.91
260.00 114.00 -24.07 224.80 19.29 190.26
270.00 120.00 -24.32 234.55 19.48 199.71
280.00 126.00 -24.54 244.34 19.65 209.24
290.00 132.00 -24.73 254.15 19.79 218.84
300.00 138.00 -24.91 264.00 19.92 228.49
310.00 144.00 -25.07 273.87 20.04 238.20
320.00 150.00 -25.21 283.75 20.14 247.95
330.00 156.00 -25.34 293.66 20.23 257.73
340.00 162.00 -25.46 303.57 20.31 267.55
350.00 168.00 -25.57 313.50 20.38 277.39
360.00 174.00 -25.68 323.44 20.45 287.26
370.00 180.00 -25.77 333.39 20.51 297.14
380.00 186.00 -25.86 343.34 20.57 307.04
390.00 192.00 -25.95 353.31 20.62 316.96
400.00 198.00 -26.03 363.27 20.66 326.89
410.00 204.00 -26.11 373.25 20.71 336.83
420.00 210.00 -26.18 383.22 20.75 346.77
430.00 216.00 -26.25 393.20 20.79 356.73
440.00 222.00 -26.32 403.18 20.83 366.69
450.00 228.00 -26.39 413.17 20.87 376.66
460.00 234.00 -26.45 423.16 20.90 386.63
470.00 240.00 -26.52 433.15 20.93 396.61
480.00 246.00 -26.58 443.14 20.97 406.59
490.00 252.00 -26.64 453.13 21.00 416.57
500.00 258.00 -26.71 463.12 21.03 426.55
510.00 264.00 -26.77 473.12 21.06 436.54
520.00 270.00 -26.83 483.11 21.09 446.53
530.00 276.00 -26.89 493.11 21.12 456.52
540.00 282.00 -26.94 503.10 21.15 466.51
550.00 288.00 -27.00 513.10 21.18 476.51
550.00 294.00 -24.62 520.49 19.71 486.41  
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Table PWR-52 
Heatup Rate = 80 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.58 73.04 1.65 70.17
90.00 15.00 -5.55 78.79 4.02 71.55

100.00 22.50 -8.08 85.49 6.15 74.38
110.00 30.00 -10.19 92.81 7.92 78.47
120.00 37.50 -11.94 100.61 9.39 83.61
130.00 45.00 -13.38 108.80 10.61 89.61
140.00 52.50 -14.58 117.32 11.61 96.33
150.00 60.00 -15.58 126.10 12.44 103.63
160.00 67.50 -16.40 135.10 13.13 111.41
170.00 75.00 -17.09 144.27 13.69 119.59
180.00 82.50 -17.67 153.59 14.17 128.09
190.00 90.00 -18.16 163.04 14.56 136.86
200.00 97.50 -18.56 172.58 14.89 145.85
210.00 105.00 -18.91 182.20 15.16 155.02
220.00 112.50 -19.20 191.89 15.39 164.33
230.00 120.00 -19.45 201.64 15.58 173.77
240.00 127.50 -19.67 211.43 15.75 183.31
250.00 135.00 -19.86 221.26 15.89 192.93
260.00 142.50 -20.02 231.12 16.01 202.61
270.00 150.00 -20.17 241.00 16.11 212.36
280.00 157.50 -20.30 250.91 16.20 222.15
290.00 165.00 -20.42 260.83 16.28 231.97
300.00 172.50 -20.52 270.76 16.35 241.83
310.00 180.00 -20.62 280.71 16.41 251.71
320.00 187.50 -20.71 290.67 16.46 261.62
330.00 195.00 -20.79 300.63 16.51 271.54
340.00 202.50 -20.87 310.60 16.56 281.47
350.00 210.00 -20.94 320.58 16.60 291.42
360.00 217.50 -21.02 330.56 16.64 301.38
370.00 225.00 -21.08 340.54 16.68 311.34
380.00 232.50 -21.15 350.53 16.71 321.31
390.00 240.00 -21.21 360.52 16.75 331.29
400.00 247.50 -21.28 370.51 16.78 341.26
410.00 255.00 -21.34 380.50 16.81 351.25
420.00 262.50 -21.40 390.49 16.84 361.23
430.00 270.00 -21.46 400.49 16.87 371.22
440.00 277.50 -21.52 410.49 16.90 381.21
450.00 285.00 -21.58 420.48 16.93 391.21
460.00 292.50 -21.64 430.48 16.96 401.20
470.00 300.00 -21.69 440.48 16.99 411.20
480.00 307.50 -21.75 450.47 17.01 421.19
490.00 315.00 -21.81 460.47 17.04 431.19
500.00 322.50 -21.87 470.47 17.07 441.19
510.00 330.00 -21.92 480.47 17.10 451.18
520.00 337.50 -21.98 490.47 17.12 461.18
530.00 345.00 -22.04 500.47 17.15 471.18
540.00 352.50 -22.09 510.47 17.18 481.18
550.00 360.00 -22.15 520.47 17.20 491.18
550.00 367.50 -19.62 527.43 15.58 501.00  
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Table PWR-53 
Heatup Rate = 60 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.70 73.60 1.84 70.35
90.00 20.00 -5.47 79.88 4.11 72.46

100.00 30.00 -7.64 87.11 5.94 76.35
110.00 40.00 -9.34 94.98 7.37 81.64
120.00 50.00 -10.65 103.34 8.47 88.02
130.00 60.00 -11.68 112.07 9.33 95.22
140.00 70.00 -12.48 121.10 10.00 103.07
150.00 80.00 -13.12 130.35 10.51 111.42
160.00 90.00 -13.62 139.78 10.92 120.15
170.00 100.00 -14.01 149.33 11.24 129.16
180.00 110.00 -14.33 158.99 11.49 138.41
190.00 120.00 -14.59 168.73 11.69 147.83
200.00 130.00 -14.80 178.53 11.85 157.38
210.00 140.00 -14.98 188.37 11.98 167.03
220.00 150.00 -15.13 198.25 12.08 176.77
230.00 160.00 -15.25 208.16 12.17 186.56
240.00 170.00 -15.36 218.09 12.24 196.41
250.00 180.00 -15.46 228.03 12.31 206.29
260.00 190.00 -15.55 237.99 12.36 216.19
270.00 200.00 -15.63 247.96 12.41 226.12
280.00 210.00 -15.71 257.93 12.45 236.06
290.00 220.00 -15.78 267.91 12.49 246.02
300.00 230.00 -15.85 277.90 12.53 255.99
310.00 240.00 -15.91 287.89 12.56 265.96
320.00 250.00 -15.97 297.88 12.59 275.94
330.00 260.00 -16.03 307.87 12.62 285.93
340.00 270.00 -16.09 317.87 12.65 295.92
350.00 280.00 -16.15 327.86 12.68 305.91
360.00 290.00 -16.21 337.86 12.71 315.90
370.00 300.00 -16.27 347.86 12.74 325.90
380.00 310.00 -16.33 357.86 12.77 335.89
390.00 320.00 -16.38 367.85 12.80 345.89
400.00 330.00 -16.44 377.85 12.82 355.89
410.00 340.00 -16.50 387.85 12.85 365.89
420.00 350.00 -16.55 397.85 12.88 375.88
430.00 360.00 -16.61 407.85 12.90 385.88
440.00 370.00 -16.67 417.85 12.93 395.88
450.00 380.00 -16.72 427.85 12.96 405.88
460.00 390.00 -16.78 437.85 12.98 415.88
470.00 400.00 -16.84 447.85 13.01 425.88
480.00 410.00 -16.89 457.85 13.04 435.88
490.00 420.00 -16.95 467.85 13.06 445.88
500.00 430.00 -17.00 477.85 13.09 455.88
510.00 440.00 -17.06 487.85 13.12 465.88
520.00 450.00 -17.12 497.85 13.14 475.88
530.00 460.00 -17.17 507.85 13.17 485.88
540.00 470.00 -17.23 517.85 13.20 495.88
550.00 480.00 -17.28 527.85 13.22 505.88
550.00 490.00 -14.63 534.25 11.42 515.53  
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Table PWR-54 
Heatup Rate = 40 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.77 74.39 2.01 70.77
90.00 30.00 -5.09 81.40 3.96 74.23

100.00 45.00 -6.69 89.40 5.31 79.81
110.00 60.00 -7.79 98.05 6.22 86.82
120.00 75.00 -8.55 107.14 6.85 94.80
130.00 90.00 -9.08 116.52 7.28 103.43
140.00 105.00 -9.45 126.10 7.58 112.51
150.00 120.00 -9.73 135.82 7.79 121.88
160.00 135.00 -9.93 145.63 7.95 131.46
170.00 150.00 -10.08 155.50 8.06 141.18
180.00 165.00 -10.21 165.41 8.14 150.99
190.00 180.00 -10.31 175.36 8.21 160.86
200.00 195.00 -10.39 185.32 8.26 170.77
210.00 210.00 -10.47 195.29 8.30 180.71
220.00 225.00 -10.54 205.27 8.34 190.67
230.00 240.00 -10.61 215.26 8.38 200.64
240.00 255.00 -10.67 225.25 8.41 210.62
250.00 270.00 -10.73 235.24 8.44 220.61
260.00 285.00 -10.79 245.24 8.47 230.60
270.00 300.00 -10.85 255.24 8.49 240.60
280.00 315.00 -10.90 265.24 8.52 250.59
290.00 330.00 -10.96 275.24 8.55 260.59
300.00 345.00 -11.02 285.23 8.58 270.59
310.00 360.00 -11.07 295.23 8.60 280.59
320.00 375.00 -11.13 305.23 8.63 290.59
330.00 390.00 -11.19 315.23 8.66 300.59
340.00 405.00 -11.24 325.23 8.68 310.59
350.00 420.00 -11.30 335.23 8.71 320.59
360.00 435.00 -11.35 345.23 8.74 330.59
370.00 450.00 -11.41 355.23 8.76 340.59
380.00 465.00 -11.47 365.23 8.79 350.59
390.00 480.00 -11.52 375.23 8.82 360.59
400.00 495.00 -11.58 385.23 8.84 370.59
410.00 510.00 -11.63 395.23 8.87 380.59
420.00 525.00 -11.69 405.23 8.90 390.59
430.00 540.00 -11.75 415.23 8.92 400.59
440.00 555.00 -11.80 425.23 8.95 410.59
450.00 570.00 -11.86 435.23 8.98 420.59
460.00 585.00 -11.91 445.23 9.00 430.59
470.00 600.00 -11.97 455.23 9.03 440.59
480.00 615.00 -12.03 465.23 9.05 450.59
490.00 630.00 -12.08 475.23 9.08 460.59
500.00 645.00 -12.14 485.23 9.11 470.59
510.00 660.00 -12.19 495.23 9.13 480.59
520.00 675.00 -12.25 505.23 9.16 490.59
530.00 690.00 -12.31 515.23 9.19 500.59
540.00 705.00 -12.36 525.23 9.21 510.59
550.00 720.00 -12.42 535.23 9.24 520.59
550.00 735.00 -9.70 540.84 7.26 529.81  
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Table PWR-55 
Heatup Rate = 20 F/hr, Wall Thickness t = 9 in, R/t = 10  (PWR) 
T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -2.55 75.70 1.98 72.12
90.00 60.00 -3.89 84.02 3.11 78.41

100.00 90.00 -4.54 93.26 3.64 86.72
110.00 120.00 -4.86 102.91 3.90 95.94
120.00 150.00 -5.04 112.75 4.03 105.59
130.00 180.00 -5.15 122.68 4.10 115.43
140.00 210.00 -5.23 132.64 4.15 125.35
150.00 240.00 -5.30 142.63 4.19 135.32
160.00 270.00 -5.36 152.62 4.22 145.31
170.00 300.00 -5.42 162.62 4.25 155.30
180.00 330.00 -5.48 172.62 4.28 165.30
190.00 360.00 -5.54 182.62 4.30 175.29
200.00 390.00 -5.59 192.62 4.33 185.29
210.00 420.00 -5.65 202.62 4.36 195.29
220.00 450.00 -5.70 212.62 4.38 205.29
230.00 480.00 -5.76 222.62 4.41 215.29
240.00 510.00 -5.82 232.62 4.44 225.29
250.00 540.00 -5.87 242.62 4.46 235.29
260.00 570.00 -5.93 252.62 4.49 245.29
270.00 600.00 -5.98 262.62 4.52 255.29
280.00 630.00 -6.04 272.62 4.54 265.29
290.00 660.00 -6.10 282.62 4.57 275.29
300.00 690.00 -6.15 292.62 4.60 285.29
310.00 720.00 -6.21 302.62 4.62 295.29
320.00 750.00 -6.26 312.62 4.65 305.29
330.00 780.00 -6.32 322.62 4.67 315.29
340.00 810.00 -6.38 332.62 4.70 325.29
350.00 840.00 -6.43 342.62 4.73 335.29
360.00 870.00 -6.49 352.62 4.75 345.29
370.00 900.00 -6.54 362.62 4.78 355.29
380.00 930.00 -6.60 372.62 4.81 365.29
390.00 960.00 -6.66 382.62 4.83 375.29
400.00 990.00 -6.71 392.62 4.86 385.29
410.00 1020.00 -6.77 402.62 4.89 395.29
420.00 1050.00 -6.82 412.62 4.91 405.29
430.00 1080.00 -6.88 422.62 4.94 415.29
440.00 1110.00 -6.94 432.62 4.97 425.29
450.00 1140.00 -6.99 442.62 4.99 435.29
460.00 1170.00 -7.05 452.62 5.02 445.29
470.00 1200.00 -7.10 462.62 5.05 455.29
480.00 1230.00 -7.16 472.62 5.07 465.29
490.00 1260.00 -7.22 482.62 5.10 475.29
500.00 1290.00 -7.27 492.62 5.13 485.29
510.00 1320.00 -7.33 502.62 5.15 495.29
520.00 1350.00 -7.38 512.62 5.18 505.29
530.00 1380.00 -7.44 522.62 5.20 515.29
540.00 1410.00 -7.50 532.62 5.23 525.29
550.00 1440.00 -7.55 542.62 5.26 535.29
550.00 1470.00 -5.06 546.91 3.30 543.18  
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Table PWR-56 
Heatup Rate = 100 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.45 72.25 1.44 70.05
90.00 12.00 -5.73 77.18 3.87 70.67
100.00 18.00 -8.83 83.15 6.38 72.25
110.00 24.00 -11.62 89.72 8.70 74.78
120.00 30.00 -14.10 96.74 10.78 78.21
130.00 36.00 -16.29 104.13 12.63 82.42
140.00 42.00 -18.22 111.84 14.26 87.32
150.00 48.00 -19.94 119.83 15.70 92.84
160.00 54.00 -21.45 128.06 16.96 98.89
170.00 60.00 -22.79 136.50 18.08 105.42
180.00 66.00 -23.97 145.13 19.07 112.37
190.00 72.00 -25.02 153.93 19.94 119.69
200.00 78.00 -25.95 162.86 20.71 127.33
210.00 84.00 -26.78 171.93 21.39 135.25
220.00 90.00 -27.51 181.11 21.99 143.42
230.00 96.00 -28.17 190.39 22.52 151.82
240.00 102.00 -28.75 199.76 22.99 160.40
250.00 108.00 -29.27 209.20 23.41 169.16
260.00 114.00 -29.73 218.71 23.78 178.07
270.00 120.00 -30.15 228.27 24.11 187.10
280.00 126.00 -30.52 237.89 24.40 196.26
290.00 132.00 -30.86 247.56 24.66 205.51
300.00 138.00 -31.16 257.26 24.89 214.86
310.00 144.00 -31.43 267.01 25.10 224.28
320.00 150.00 -31.68 276.78 25.28 233.77
330.00 156.00 -31.91 286.58 25.45 243.33
340.00 162.00 -32.11 296.40 25.60 252.94
350.00 168.00 -32.30 306.25 25.73 262.59
360.00 174.00 -32.48 316.11 25.85 272.29
370.00 180.00 -32.63 325.99 25.96 282.02
380.00 186.00 -32.78 335.89 26.06 291.79
390.00 192.00 -32.92 345.79 26.15 301.58
400.00 198.00 -33.05 355.71 26.23 311.40
410.00 204.00 -33.17 365.64 26.31 321.24
420.00 210.00 -33.28 375.58 26.38 331.10
430.00 216.00 -33.39 385.52 26.44 340.97
440.00 222.00 -33.49 395.47 26.50 350.86
450.00 228.00 -33.59 405.43 26.55 360.77
460.00 234.00 -33.68 415.39 26.61 370.68
470.00 240.00 -33.77 425.36 26.65 380.61
480.00 246.00 -33.86 435.33 26.70 390.55
490.00 252.00 -33.94 445.30 26.74 400.49
500.00 258.00 -34.02 455.28 26.78 410.44
510.00 264.00 -34.10 465.26 26.82 420.39
520.00 270.00 -34.17 475.24 26.86 430.35
530.00 276.00 -34.25 485.23 26.90 440.32
540.00 282.00 -34.32 495.21 26.93 450.29
550.00 288.00 -34.39 505.20 26.97 460.26
550.00 294.00 -32.01 512.95 25.56 470.19  
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Table PWR-57 
Heatup Rate = 80 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.61 72.67 1.61 70.10
90.00 15.00 -5.85 78.06 4.11 71.07
100.00 22.50 -8.76 84.42 6.52 73.25
110.00 30.00 -11.28 91.39 8.63 76.57
120.00 37.50 -13.44 98.83 10.45 80.86
130.00 45.00 -15.28 106.64 12.00 86.01
140.00 52.50 -16.87 114.78 13.33 91.87
150.00 60.00 -18.23 123.20 14.47 98.34
160.00 67.50 -19.40 131.85 15.44 105.34
170.00 75.00 -20.40 140.70 16.27 112.78
180.00 82.50 -21.26 149.72 16.98 120.60
190.00 90.00 -22.01 158.89 17.59 128.74
200.00 97.50 -22.65 168.18 18.12 137.16
210.00 105.00 -23.21 177.57 18.57 145.81
220.00 112.50 -23.70 187.06 18.95 154.66
230.00 120.00 -24.12 196.62 19.29 163.68
240.00 127.50 -24.49 206.24 19.57 172.85
250.00 135.00 -24.81 215.93 19.82 182.14
260.00 142.50 -25.09 225.65 20.04 191.53
270.00 150.00 -25.34 235.42 20.23 201.02
280.00 157.50 -25.57 245.23 20.39 210.58
290.00 165.00 -25.77 255.06 20.53 220.21
300.00 172.50 -25.95 264.91 20.66 229.89
310.00 180.00 -26.11 274.79 20.77 239.62
320.00 187.50 -26.25 284.69 20.87 249.39
330.00 195.00 -26.39 294.60 20.95 259.19
340.00 202.50 -26.51 304.52 21.03 269.02
350.00 210.00 -26.63 314.46 21.10 278.88
360.00 217.50 -26.73 324.41 21.16 288.76
370.00 225.00 -26.83 334.36 21.22 298.65
380.00 232.50 -26.93 344.32 21.28 308.56
390.00 240.00 -27.02 354.29 21.32 318.49
400.00 247.50 -27.10 364.26 21.37 328.42
410.00 255.00 -27.18 374.23 21.41 338.37
420.00 262.50 -27.26 384.21 21.45 348.32
430.00 270.00 -27.34 394.19 21.49 358.28
440.00 277.50 -27.41 404.18 21.53 368.25
450.00 285.00 -27.48 414.17 21.56 378.22
460.00 292.50 -27.55 424.15 21.59 388.20
470.00 300.00 -27.62 434.15 21.62 398.18
480.00 307.50 -27.69 444.14 21.66 408.16
490.00 315.00 -27.76 454.13 21.69 418.14
500.00 322.50 -27.83 464.12 21.71 428.13
510.00 330.00 -27.89 474.12 21.74 438.12
520.00 337.50 -27.96 484.12 21.77 448.11
530.00 345.00 -28.02 494.11 21.80 458.10
540.00 352.50 -28.09 504.11 21.83 468.09
550.00 360.00 -28.15 514.11 21.85 478.09
550.00 367.50 -25.60 521.44 20.28 487.99  
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Table PWR-58 
Heatup Rate = 60 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.79 73.23 1.82 70.22
90.00 20.00 -5.88 79.17 4.31 71.79
100.00 30.00 -8.46 86.05 6.47 74.92
110.00 40.00 -10.56 93.54 8.24 79.37
120.00 50.00 -12.28 101.53 9.68 84.88
130.00 60.00 -13.67 109.90 10.85 91.25
140.00 70.00 -14.81 118.59 11.80 98.33
150.00 80.00 -15.74 127.52 12.57 105.96
160.00 90.00 -16.51 136.67 13.19 114.05
170.00 100.00 -17.14 145.97 13.71 122.51
180.00 110.00 -17.66 155.42 14.12 131.27
190.00 120.00 -18.09 164.96 14.46 140.26
200.00 130.00 -18.45 174.60 14.75 149.45
210.00 140.00 -18.75 184.30 14.98 158.79
220.00 150.00 -19.01 194.07 15.17 168.26
230.00 160.00 -19.23 203.87 15.33 177.84
240.00 170.00 -19.42 213.72 15.46 187.49
250.00 180.00 -19.58 223.59 15.58 197.21
260.00 190.00 -19.72 233.49 15.67 206.99
270.00 200.00 -19.85 243.41 15.76 216.81
280.00 210.00 -19.97 253.35 15.83 226.66
290.00 220.00 -20.07 263.29 15.89 236.54
300.00 230.00 -20.17 273.25 15.94 246.44
310.00 240.00 -20.26 283.21 15.99 256.37
320.00 250.00 -20.35 293.19 16.04 266.30
330.00 260.00 -20.43 303.16 16.08 276.25
340.00 270.00 -20.50 313.15 16.12 286.21
350.00 280.00 -20.58 323.13 16.15 296.18
360.00 290.00 -20.65 333.12 16.19 306.15
370.00 300.00 -20.72 343.11 16.22 316.13
380.00 310.00 -20.79 353.10 16.25 326.11
390.00 320.00 -20.85 363.10 16.28 336.10
400.00 330.00 -20.92 373.09 16.31 346.09
410.00 340.00 -20.98 383.09 16.34 356.08
420.00 350.00 -21.05 393.08 16.36 366.07
430.00 360.00 -21.11 403.08 16.39 376.07
440.00 370.00 -21.17 413.08 16.42 386.06
450.00 380.00 -21.24 423.08 16.44 396.06
460.00 390.00 -21.30 433.07 16.47 406.05
470.00 400.00 -21.36 443.07 16.50 416.05
480.00 410.00 -21.43 453.07 16.52 426.05
490.00 420.00 -21.49 463.07 16.55 436.05
500.00 430.00 -21.55 473.07 16.57 446.05
510.00 440.00 -21.61 483.07 16.60 456.05
520.00 450.00 -21.67 493.07 16.62 466.05
530.00 460.00 -21.74 503.07 16.65 476.04
540.00 470.00 -21.80 513.07 16.67 486.04
550.00 480.00 -21.86 523.07 16.70 496.04
550.00 490.00 -19.13 529.84 14.91 505.83  
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Table PWR-59 
Heatup Rate = 40 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -2.93 74.03 2.06 70.53
90.00 30.00 -5.64 80.70 4.32 73.28
100.00 45.00 -7.64 88.32 6.00 78.00
110.00 60.00 -9.11 96.60 7.23 84.17
120.00 75.00 -10.20 105.35 8.14 91.39
130.00 90.00 -11.00 114.44 8.80 99.37
140.00 105.00 -11.60 123.79 9.28 107.90
150.00 120.00 -12.06 133.31 9.64 116.84
160.00 135.00 -12.40 142.96 9.91 126.07
170.00 150.00 -12.67 152.71 10.11 135.51
180.00 165.00 -12.88 162.53 10.27 145.10
190.00 180.00 -13.05 172.40 10.39 154.81
200.00 195.00 -13.19 182.30 10.48 164.59
210.00 210.00 -13.31 192.23 10.55 174.44
220.00 225.00 -13.41 202.18 10.61 184.33
230.00 240.00 -13.51 212.14 10.66 194.24
240.00 255.00 -13.59 222.12 10.71 204.18
250.00 270.00 -13.67 232.10 10.75 214.14
260.00 285.00 -13.74 242.08 10.78 224.11
270.00 300.00 -13.81 252.07 10.81 234.09
280.00 315.00 -13.88 262.07 10.84 244.07
290.00 330.00 -13.94 272.06 10.87 254.06
300.00 345.00 -14.01 282.06 10.90 264.05
310.00 360.00 -14.07 292.05 10.93 274.04
320.00 375.00 -14.14 302.05 10.95 284.04
330.00 390.00 -14.20 312.05 10.98 294.04
340.00 405.00 -14.26 322.05 11.01 304.03
350.00 420.00 -14.32 332.05 11.03 314.03
360.00 435.00 -14.39 342.05 11.06 324.03
370.00 450.00 -14.45 352.05 11.08 334.03
380.00 465.00 -14.51 362.05 11.11 344.03
390.00 480.00 -14.57 372.05 11.13 354.03
400.00 495.00 -14.63 382.05 11.16 364.03
410.00 510.00 -14.70 392.05 11.18 374.03
420.00 525.00 -14.76 402.05 11.21 384.03
430.00 540.00 -14.82 412.05 11.24 394.03
440.00 555.00 -14.88 422.05 11.26 404.03
450.00 570.00 -14.94 432.05 11.29 414.03
460.00 585.00 -15.00 442.05 11.31 424.03
470.00 600.00 -15.07 452.05 11.34 434.03
480.00 615.00 -15.13 462.05 11.36 444.03
490.00 630.00 -15.19 472.05 11.39 454.03
500.00 645.00 -15.25 482.05 11.41 464.03
510.00 660.00 -15.31 492.05 11.44 474.03
520.00 675.00 -15.37 502.05 11.46 484.03
530.00 690.00 -15.44 512.05 11.49 494.03
540.00 705.00 -15.50 522.05 11.51 504.03
550.00 720.00 -15.56 532.05 11.54 514.03
550.00 735.00 -12.69 538.02 9.51 523.49  
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Table PWR-60 
Heatup Rate = 20 F/hr, Wall Thickness t = 10 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -2.82 75.35 2.16 71.64
90.00 60.00 -4.56 83.30 3.62 77.08
100.00 90.00 -5.50 92.22 4.40 84.68
110.00 120.00 -6.03 101.65 4.82 93.42
120.00 150.00 -6.33 111.36 5.06 102.75
130.00 180.00 -6.52 121.20 5.19 112.40
140.00 210.00 -6.65 131.12 5.28 122.22
150.00 240.00 -6.75 141.07 5.33 132.12
160.00 270.00 -6.83 151.05 5.37 142.07
170.00 300.00 -6.90 161.04 5.41 152.04
180.00 330.00 -6.97 171.03 5.44 162.03
190.00 360.00 -7.04 181.03 5.47 172.02
200.00 390.00 -7.10 191.02 5.49 182.02
210.00 420.00 -7.16 201.02 5.52 192.02
220.00 450.00 -7.22 211.02 5.54 202.02
230.00 480.00 -7.28 221.02 5.57 212.01
240.00 510.00 -7.35 231.02 5.59 222.01
250.00 540.00 -7.41 241.02 5.62 232.01
260.00 570.00 -7.47 251.02 5.64 242.01
270.00 600.00 -7.53 261.02 5.67 252.01
280.00 630.00 -7.59 271.02 5.69 262.01
290.00 660.00 -7.65 281.02 5.72 272.01
300.00 690.00 -7.72 291.02 5.74 282.01
310.00 720.00 -7.78 301.02 5.77 292.01
320.00 750.00 -7.84 311.02 5.80 302.01
330.00 780.00 -7.90 321.02 5.82 312.01
340.00 810.00 -7.96 331.02 5.85 322.01
350.00 840.00 -8.02 341.02 5.87 332.01
360.00 870.00 -8.09 351.02 5.90 342.01
370.00 900.00 -8.15 361.02 5.92 352.01
380.00 930.00 -8.21 371.02 5.95 362.01
390.00 960.00 -8.27 381.02 5.97 372.01
400.00 990.00 -8.33 391.02 6.00 382.01
410.00 1020.00 -8.39 401.02 6.02 392.01
420.00 1050.00 -8.46 411.02 6.05 402.01
430.00 1080.00 -8.52 421.02 6.07 412.01
440.00 1110.00 -8.58 431.02 6.10 422.01
450.00 1140.00 -8.64 441.02 6.12 432.01
460.00 1170.00 -8.70 451.02 6.15 442.01
470.00 1200.00 -8.76 461.02 6.17 452.01
480.00 1230.00 -8.83 471.02 6.20 462.01
490.00 1260.00 -8.89 481.02 6.22 472.01
500.00 1290.00 -8.95 491.02 6.25 482.01
510.00 1320.00 -9.01 501.02 6.27 492.01
520.00 1350.00 -9.07 511.02 6.30 502.01
530.00 1380.00 -9.13 521.02 6.32 512.01
540.00 1410.00 -9.20 531.02 6.35 522.01
550.00 1440.00 -9.26 541.02 6.37 532.01
550.00 1470.00 -6.50 545.67 4.24 540.37  
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Table PWR-61 
Heatup Rate = 100 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.42 71.93 1.38 70.02
90.00 12.00 -5.89 76.50 3.83 70.43
100.00 18.00 -9.27 82.14 6.50 71.60
110.00 24.00 -12.40 88.42 9.07 73.58
120.00 30.00 -15.25 95.13 11.46 76.35
130.00 36.00 -17.83 102.20 13.63 79.84
140.00 42.00 -20.16 109.58 15.59 83.99
150.00 48.00 -22.27 117.23 17.36 88.73
160.00 54.00 -24.17 125.11 18.95 94.00
170.00 60.00 -25.88 133.22 20.39 99.75
180.00 66.00 -27.43 141.51 21.68 105.93
190.00 72.00 -28.82 149.98 22.84 112.49
200.00 78.00 -30.09 158.60 23.89 119.41
210.00 84.00 -31.23 167.36 24.83 126.63
220.00 90.00 -32.26 176.25 25.69 134.14
230.00 96.00 -33.19 185.25 26.45 141.90
240.00 102.00 -34.04 194.35 27.14 149.89
250.00 108.00 -34.81 203.54 27.77 158.08
260.00 114.00 -35.50 212.81 28.33 166.45
270.00 120.00 -36.14 222.16 28.84 174.99
280.00 126.00 -36.71 231.57 29.30 183.68
290.00 132.00 -37.24 241.05 29.72 192.50
300.00 138.00 -37.71 250.57 30.09 201.44
310.00 144.00 -38.15 260.15 30.43 210.48
320.00 150.00 -38.55 269.77 30.74 219.63
330.00 156.00 -38.91 279.42 31.02 228.86
340.00 162.00 -39.25 289.11 31.28 238.17
350.00 168.00 -39.56 298.83 31.51 247.54
360.00 174.00 -39.84 308.59 31.72 256.99
370.00 180.00 -40.10 318.36 31.91 266.48
380.00 186.00 -40.34 328.16 32.08 276.03
390.00 192.00 -40.57 337.98 32.24 285.63
400.00 198.00 -40.77 347.82 32.38 295.26
410.00 204.00 -40.97 357.67 32.52 304.93
420.00 210.00 -41.15 367.54 32.64 314.64
430.00 216.00 -41.32 377.42 32.75 324.38
440.00 222.00 -41.48 387.31 32.85 334.14
450.00 228.00 -41.63 397.22 32.95 343.92
460.00 234.00 -41.77 407.13 33.04 353.73
470.00 240.00 -41.90 417.05 33.12 363.56
480.00 246.00 -42.03 426.99 33.19 373.40
490.00 252.00 -42.15 436.92 33.26 383.26
500.00 258.00 -42.27 446.87 33.33 393.14
510.00 264.00 -42.38 456.82 33.39 403.03
520.00 270.00 -42.48 466.77 33.45 412.93
530.00 276.00 -42.59 476.73 33.50 422.83
540.00 282.00 -42.68 486.69 33.55 432.75
550.00 288.00 -42.78 496.66 33.60 442.68
550.00 294.00 -40.44 504.70 32.27 452.59  
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Table PWR-62 
Heatup Rate = 80 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.62 72.34 1.55 70.05
90.00 15.00 -6.08 77.38 4.13 70.73
100.00 22.50 -9.31 83.44 6.76 72.41
110.00 30.00 -12.20 90.10 9.17 75.08
120.00 37.50 -14.75 97.22 11.31 78.66
130.00 45.00 -16.99 104.70 13.20 83.03
140.00 52.50 -18.97 112.50 14.86 88.11
150.00 60.00 -20.70 120.57 16.31 93.80
160.00 67.50 -22.23 128.89 17.59 100.03
170.00 75.00 -23.58 137.42 18.70 106.73
180.00 82.50 -24.76 146.13 19.69 113.84
190.00 90.00 -25.81 155.00 20.55 121.31
200.00 97.50 -26.73 164.01 21.31 129.10
210.00 105.00 -27.55 173.15 21.97 137.17
220.00 112.50 -28.27 182.39 22.56 145.47
230.00 120.00 -28.91 191.73 23.07 153.99
240.00 127.50 -29.48 201.15 23.53 162.70
250.00 135.00 -29.98 210.64 23.93 171.56
260.00 142.50 -30.44 220.20 24.28 180.57
270.00 150.00 -30.84 229.81 24.59 189.70
280.00 157.50 -31.20 239.47 24.87 198.94
290.00 165.00 -31.52 249.18 25.12 208.28
300.00 172.50 -31.82 258.92 25.33 217.70
310.00 180.00 -32.08 268.69 25.53 227.19
320.00 187.50 -32.32 278.49 25.70 236.74
330.00 195.00 -32.54 288.32 25.85 246.35
340.00 202.50 -32.74 298.16 25.99 256.01
350.00 210.00 -32.92 308.03 26.11 265.71
360.00 217.50 -33.09 317.91 26.22 275.45
370.00 225.00 -33.24 327.81 26.32 285.22
380.00 232.50 -33.39 337.72 26.41 295.02
390.00 240.00 -33.52 347.64 26.49 304.85
400.00 247.50 -33.65 357.58 26.57 314.69
410.00 255.00 -33.77 367.52 26.64 324.56
420.00 262.50 -33.88 377.46 26.70 334.44
430.00 270.00 -33.99 387.42 26.76 344.34
440.00 277.50 -34.09 397.38 26.81 354.25
450.00 285.00 -34.18 407.34 26.86 364.17
460.00 292.50 -34.28 417.31 26.91 374.10
470.00 300.00 -34.37 427.28 26.95 384.04
480.00 307.50 -34.46 437.26 26.99 393.99
490.00 315.00 -34.54 447.24 27.03 403.94
500.00 322.50 -34.62 457.22 27.07 413.90
510.00 330.00 -34.70 467.21 27.11 423.87
520.00 337.50 -34.78 477.19 27.14 433.84
530.00 345.00 -34.86 487.18 27.17 443.81
540.00 352.50 -34.94 497.17 27.21 453.79
550.00 360.00 -35.01 507.16 27.24 463.77
550.00 367.50 -32.46 514.82 25.72 473.69  
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Table PWR-63 
Heatup Rate = 60 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.83 72.89 1.78 70.13
90.00 20.00 -6.20 78.51 4.43 71.30
100.00 30.00 -9.15 85.08 6.88 73.81
110.00 40.00 -11.65 92.25 8.98 77.52
120.00 50.00 -13.75 99.90 10.75 82.26
130.00 60.00 -15.53 107.93 12.23 87.85
140.00 70.00 -17.02 116.28 13.48 94.16
150.00 80.00 -18.29 124.90 14.53 101.07
160.00 90.00 -19.35 133.75 15.41 108.48
170.00 100.00 -20.26 142.78 16.15 116.32
180.00 110.00 -21.03 151.97 16.78 124.51
190.00 120.00 -21.68 161.30 17.31 133.00
200.00 130.00 -22.24 170.73 17.75 141.73
210.00 140.00 -22.72 180.26 18.13 150.67
220.00 150.00 -23.13 189.86 18.45 159.78
230.00 160.00 -23.48 199.53 18.72 169.03
240.00 170.00 -23.79 209.25 18.95 178.41
250.00 180.00 -24.06 219.02 19.14 187.89
260.00 190.00 -24.30 228.82 19.31 197.45
270.00 200.00 -24.50 238.66 19.46 207.09
280.00 210.00 -24.69 248.52 19.58 216.78
290.00 220.00 -24.85 258.41 19.69 226.53
300.00 230.00 -25.00 268.31 19.79 236.31
310.00 240.00 -25.14 278.23 19.87 246.14
320.00 250.00 -25.27 288.17 19.94 255.99
330.00 260.00 -25.38 298.11 20.01 265.86
340.00 270.00 -25.49 308.06 20.07 275.76
350.00 280.00 -25.59 318.02 20.12 285.67
360.00 290.00 -25.68 327.99 20.17 295.59
370.00 300.00 -25.78 337.96 20.22 305.53
380.00 310.00 -25.86 347.94 20.26 315.48
390.00 320.00 -25.95 357.92 20.29 325.44
400.00 330.00 -26.03 367.91 20.33 335.40
410.00 340.00 -26.11 377.89 20.36 345.37
420.00 350.00 -26.18 387.88 20.40 355.35
430.00 360.00 -26.26 397.87 20.43 365.32
440.00 370.00 -26.33 407.86 20.46 375.31
450.00 380.00 -26.40 417.86 20.49 385.29
460.00 390.00 -26.48 427.85 20.51 395.28
470.00 400.00 -26.55 437.85 20.54 405.27
480.00 410.00 -26.62 447.84 20.57 415.26
490.00 420.00 -26.69 457.84 20.60 425.25
500.00 430.00 -26.76 467.84 20.62 435.25
510.00 440.00 -26.82 477.83 20.65 445.24
520.00 450.00 -26.89 487.83 20.67 455.24
530.00 460.00 -26.96 497.83 20.70 465.23
540.00 470.00 -27.03 507.83 20.72 475.23
550.00 480.00 -27.10 517.83 20.75 485.23
550.00 490.00 -24.33 524.94 19.00 495.09  
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Table PWR-64 
Heatup Rate = 40 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 15.00 -3.04 73.69 2.07 70.37
90.00 30.00 -6.10 80.05 4.59 72.54
100.00 45.00 -8.50 87.35 6.60 76.51
110.00 60.00 -10.35 95.29 8.16 81.90
120.00 75.00 -11.79 103.71 9.35 88.36
130.00 90.00 -12.90 112.50 10.28 95.66
140.00 105.00 -13.77 121.57 10.99 103.58
150.00 120.00 -14.45 130.86 11.54 112.00
160.00 135.00 -14.99 140.32 11.97 120.78
170.00 150.00 -15.42 149.91 12.30 129.85
180.00 165.00 -15.76 159.59 12.56 139.14
190.00 180.00 -16.04 169.34 12.76 148.59
200.00 195.00 -16.27 179.16 12.93 158.18
210.00 210.00 -16.46 189.02 13.06 167.86
220.00 225.00 -16.62 198.91 13.16 177.61
230.00 240.00 -16.76 208.82 13.25 187.42
240.00 255.00 -16.88 218.76 13.32 197.28
250.00 270.00 -16.99 228.71 13.38 207.17
260.00 285.00 -17.09 238.67 13.43 217.09
270.00 300.00 -17.18 248.64 13.48 227.02
280.00 315.00 -17.27 258.62 13.52 236.97
290.00 330.00 -17.35 268.60 13.55 246.93
300.00 345.00 -17.43 278.59 13.59 256.91
310.00 360.00 -17.50 288.58 13.62 266.88
320.00 375.00 -17.58 298.57 13.65 276.87
330.00 390.00 -17.65 308.57 13.68 286.85
340.00 405.00 -17.72 318.56 13.70 296.84
350.00 420.00 -17.79 328.56 13.73 306.84
360.00 435.00 -17.86 338.56 13.76 316.83
370.00 450.00 -17.93 348.55 13.78 326.83
380.00 465.00 -18.00 358.55 13.81 336.82
390.00 480.00 -18.06 368.55 13.83 346.82
400.00 495.00 -18.13 378.55 13.86 356.82
410.00 510.00 -18.20 388.55 13.88 366.82
420.00 525.00 -18.27 398.55 13.91 376.81
430.00 540.00 -18.33 408.55 13.93 386.81
440.00 555.00 -18.40 418.55 13.96 396.81
450.00 570.00 -18.47 428.55 13.98 406.81
460.00 585.00 -18.54 438.55 14.00 416.81
470.00 600.00 -18.60 448.55 14.03 426.81
480.00 615.00 -18.67 458.55 14.05 436.81
490.00 630.00 -18.74 468.55 14.08 446.81
500.00 645.00 -18.80 478.55 14.10 456.81
510.00 660.00 -18.87 488.55 14.12 466.81
520.00 675.00 -18.94 498.55 14.15 476.81
530.00 690.00 -19.00 508.55 14.17 486.81
540.00 705.00 -19.07 518.55 14.20 496.81
550.00 720.00 -19.14 528.55 14.22 506.81
550.00 735.00 -16.16 534.86 12.18 516.45  
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Table PWR-65 
Heatup Rate = 20 F/hr, Wall Thickness t = 11 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -3.05 75.03 2.29 71.27
90.00 60.00 -5.17 82.64 4.08 75.95
100.00 90.00 -6.45 91.25 5.14 82.83
110.00 120.00 -7.22 100.43 5.77 91.00
120.00 150.00 -7.71 109.95 6.15 99.93
130.00 180.00 -8.02 119.67 6.38 109.30
140.00 210.00 -8.23 129.51 6.53 118.93
150.00 240.00 -8.38 139.41 6.63 128.71
160.00 270.00 -8.49 149.35 6.69 138.59
170.00 300.00 -8.59 159.32 6.74 148.51
180.00 330.00 -8.67 169.30 6.78 158.47
190.00 360.00 -8.75 179.29 6.81 168.44
200.00 390.00 -8.82 189.28 6.84 178.43
210.00 420.00 -8.89 199.28 6.87 188.42
220.00 450.00 -8.96 209.28 6.89 198.41
230.00 480.00 -9.03 219.28 6.92 208.41
240.00 510.00 -9.10 229.28 6.94 218.41
250.00 540.00 -9.17 239.27 6.97 228.41
260.00 570.00 -9.23 249.27 6.99 238.41
270.00 600.00 -9.30 259.27 7.02 248.41
280.00 630.00 -9.37 269.27 7.04 258.41
290.00 660.00 -9.43 279.27 7.06 268.41
300.00 690.00 -9.50 289.27 7.09 278.41
310.00 720.00 -9.57 299.27 7.11 288.41
320.00 750.00 -9.63 309.27 7.14 298.41
330.00 780.00 -9.70 319.27 7.16 308.41
340.00 810.00 -9.77 329.27 7.18 318.41
350.00 840.00 -9.84 339.27 7.21 328.41
360.00 870.00 -9.90 349.27 7.23 338.41
370.00 900.00 -9.97 359.27 7.26 348.41
380.00 930.00 -10.04 369.27 7.28 358.41
390.00 960.00 -10.10 379.27 7.30 368.41
400.00 990.00 -10.17 389.27 7.33 378.41
410.00 1020.00 -10.24 399.27 7.35 388.41
420.00 1050.00 -10.30 409.27 7.38 398.41
430.00 1080.00 -10.37 419.27 7.40 408.41
440.00 1110.00 -10.44 429.27 7.42 418.41
450.00 1140.00 -10.50 439.27 7.45 428.41
460.00 1170.00 -10.57 449.27 7.47 438.41
470.00 1200.00 -10.64 459.27 7.50 448.41
480.00 1230.00 -10.71 469.27 7.52 458.41
490.00 1260.00 -10.77 479.27 7.54 468.41
500.00 1290.00 -10.84 489.27 7.57 478.41
510.00 1320.00 -10.91 499.27 7.59 488.41
520.00 1350.00 -10.97 509.27 7.62 498.41
530.00 1380.00 -11.04 519.27 7.64 508.41
540.00 1410.00 -11.11 529.27 7.66 518.41
550.00 1440.00 -11.17 539.27 7.69 528.41
550.00 1470.00 -8.19 544.25 5.42 537.14  
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Table PWR-66 
Heatup Rate = 100 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 6.00 -2.39 71.65 1.33 70.01
90.00 12.00 -5.98 75.87 3.75 70.28
100.00 18.00 -9.59 81.21 6.53 71.13
110.00 24.00 -13.03 87.20 9.30 72.68
120.00 30.00 -16.22 93.64 11.95 74.91
130.00 36.00 -19.16 100.43 14.41 77.79
140.00 42.00 -21.87 107.51 16.68 81.28
150.00 48.00 -24.35 114.86 18.77 85.33
160.00 54.00 -26.63 122.44 20.68 89.89
170.00 60.00 -28.72 130.23 22.43 94.92
180.00 66.00 -30.63 138.21 24.04 100.38
190.00 72.00 -32.38 146.36 25.50 106.23
200.00 78.00 -33.99 154.68 26.84 112.44
210.00 84.00 -35.47 163.14 28.07 118.98
220.00 90.00 -36.83 171.73 29.20 125.81
230.00 96.00 -38.07 180.45 30.23 132.92
240.00 102.00 -39.21 189.27 31.17 140.28
250.00 108.00 -40.26 198.20 32.03 147.87
260.00 114.00 -41.23 207.22 32.82 155.66
270.00 120.00 -42.12 216.33 33.54 163.65
280.00 126.00 -42.94 225.51 34.21 171.81
290.00 132.00 -43.69 234.76 34.81 180.13
300.00 138.00 -44.39 244.08 35.37 188.59
310.00 144.00 -45.03 253.45 35.88 197.19
320.00 150.00 -45.62 262.88 36.35 205.91
330.00 156.00 -46.17 272.36 36.78 214.73
340.00 162.00 -46.67 281.89 37.18 223.66
350.00 168.00 -47.14 291.45 37.54 232.69
360.00 174.00 -47.57 301.05 37.88 241.79
370.00 180.00 -47.98 310.69 38.18 250.98
380.00 186.00 -48.35 320.36 38.47 260.23
390.00 192.00 -48.70 330.06 38.73 269.55
400.00 198.00 -49.03 339.78 38.96 278.93
410.00 204.00 -49.33 349.53 39.19 288.36
420.00 210.00 -49.61 359.30 39.39 297.84
430.00 216.00 -49.87 369.09 39.58 307.36
440.00 222.00 -50.12 378.89 39.75 316.93
450.00 228.00 -50.36 388.72 39.91 326.53
460.00 234.00 -50.57 398.56 40.06 336.17
470.00 240.00 -50.78 408.41 40.20 345.84
480.00 246.00 -50.97 418.27 40.33 355.54
490.00 252.00 -51.16 428.15 40.45 365.26
500.00 258.00 -51.33 438.04 40.56 375.01
510.00 264.00 -51.50 447.94 40.66 384.78
520.00 270.00 -51.66 457.84 40.76 394.57
530.00 276.00 -51.81 467.76 40.85 404.37
540.00 282.00 -51.95 477.68 40.93 414.20
550.00 288.00 -52.09 487.61 41.01 424.04
550.00 294.00 -49.83 495.89 39.76 433.88  
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Table PWR-67 
Heatup Rate = 80 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 7.50 -2.60 72.04 1.50 70.03
90.00 15.00 -6.24 76.75 4.10 70.50
100.00 22.50 -9.75 82.52 6.89 71.78
110.00 30.00 -12.97 88.91 9.56 73.93
120.00 37.50 -15.89 95.74 12.00 76.89
130.00 45.00 -18.51 102.92 14.20 80.59
140.00 52.50 -20.86 110.42 16.18 84.96
150.00 60.00 -22.97 118.18 17.95 89.94
160.00 67.50 -24.87 126.18 19.53 95.45
170.00 75.00 -26.56 134.40 20.95 101.44
180.00 82.50 -28.09 142.81 22.22 107.85
190.00 90.00 -29.46 151.39 23.36 114.65
200.00 97.50 -30.69 160.11 24.38 121.79
210.00 105.00 -31.80 168.98 25.29 129.24
220.00 112.50 -32.80 177.97 26.10 136.96
230.00 120.00 -33.69 187.06 26.84 144.92
240.00 127.50 -34.50 196.25 27.49 153.10
250.00 135.00 -35.24 205.53 28.08 161.47
260.00 142.50 -35.90 214.88 28.61 170.02
270.00 150.00 -36.49 224.31 29.08 178.72
280.00 157.50 -37.04 233.79 29.51 187.57
290.00 165.00 -37.53 243.33 29.89 196.53
300.00 172.50 -37.97 252.92 30.24 205.61
310.00 180.00 -38.38 262.55 30.55 214.78
320.00 187.50 -38.75 272.23 30.83 224.04
330.00 195.00 -39.09 281.93 31.08 233.38
340.00 202.50 -39.40 291.67 31.31 242.80
350.00 210.00 -39.69 301.44 31.51 252.27
360.00 217.50 -39.95 311.23 31.70 261.80
370.00 225.00 -40.19 321.04 31.87 271.38
380.00 232.50 -40.42 330.88 32.02 281.01
390.00 240.00 -40.62 340.73 32.16 290.67
400.00 247.50 -40.82 350.59 32.29 300.37
410.00 255.00 -41.00 360.47 32.40 310.11
420.00 262.50 -41.17 370.37 32.51 319.87
430.00 270.00 -41.32 380.27 32.61 329.65
440.00 277.50 -41.47 390.19 32.70 339.46
450.00 285.00 -41.61 400.11 32.78 349.29
460.00 292.50 -41.75 410.05 32.85 359.14
470.00 300.00 -41.87 419.99 32.92 369.01
480.00 307.50 -41.99 429.93 32.99 378.88
490.00 315.00 -42.11 439.88 33.05 388.78
500.00 322.50 -42.22 449.84 33.11 398.68
510.00 330.00 -42.33 459.80 33.16 408.59
520.00 337.50 -42.43 469.77 33.21 418.52
530.00 345.00 -42.53 479.74 33.26 428.45
540.00 352.50 -42.63 489.71 33.30 438.39
550.00 360.00 -42.72 499.69 33.34 448.33
550.00 367.50 -40.21 507.62 31.89 458.25  



   
 

 153

Table PWR-68 
Heatup Rate = 60 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 10.00 -2.85 72.58 1.73 70.08
90.00 20.00 -6.46 77.89 4.48 70.94
100.00 30.00 -9.73 84.18 7.17 72.94
110.00 40.00 -12.59 91.07 9.57 76.03
120.00 50.00 -15.08 98.42 11.66 80.08
130.00 60.00 -17.23 106.14 13.46 84.95
140.00 70.00 -19.09 114.18 15.02 90.54
150.00 80.00 -20.70 122.49 16.36 96.75
160.00 90.00 -22.09 131.04 17.52 103.49
170.00 100.00 -23.30 139.79 18.52 110.68
180.00 110.00 -24.36 148.72 19.38 118.27
190.00 120.00 -25.27 157.80 20.13 126.19
200.00 130.00 -26.07 167.00 20.77 134.40
210.00 140.00 -26.76 176.32 21.33 142.87
220.00 150.00 -27.37 185.73 21.81 151.54
230.00 160.00 -27.90 195.22 22.23 160.41
240.00 170.00 -28.37 204.79 22.59 169.43
250.00 180.00 -28.79 214.41 22.91 178.59
260.00 190.00 -29.15 224.09 23.19 187.86
270.00 200.00 -29.48 233.82 23.43 197.24
280.00 210.00 -29.76 243.58 23.63 206.70
290.00 220.00 -30.02 253.37 23.82 216.24
300.00 230.00 -30.26 263.20 23.98 225.84
310.00 240.00 -30.47 273.04 24.12 235.50
320.00 250.00 -30.66 282.91 24.25 245.21
330.00 260.00 -30.83 292.80 24.36 254.96
340.00 270.00 -30.99 302.71 24.46 264.74
350.00 280.00 -31.14 312.62 24.54 274.55
360.00 290.00 -31.28 322.55 24.62 284.39
370.00 300.00 -31.40 332.49 24.69 294.25
380.00 310.00 -31.52 342.44 24.76 304.14
390.00 320.00 -31.64 352.39 24.82 314.03
400.00 330.00 -31.75 362.35 24.87 323.94
410.00 340.00 -31.85 372.32 24.92 333.87
420.00 350.00 -31.95 382.29 24.97 343.80
430.00 360.00 -32.04 392.26 25.01 353.75
440.00 370.00 -32.13 402.24 25.05 363.70
450.00 380.00 -32.22 412.22 25.08 373.66
460.00 390.00 -32.31 422.21 25.12 383.62
470.00 400.00 -32.39 432.20 25.15 393.59
480.00 410.00 -32.47 442.18 25.19 403.57
490.00 420.00 -32.56 452.17 25.22 413.54
500.00 430.00 -32.64 462.16 25.25 423.52
510.00 440.00 -32.71 472.16 25.28 433.51
520.00 450.00 -32.79 482.15 25.30 443.49
530.00 460.00 -32.87 492.15 25.33 453.48
540.00 470.00 -32.94 502.14 25.36 463.47
550.00 480.00 -33.02 512.14 25.38 473.46
550.00 490.00 -30.24 519.55 23.68 483.37  
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Table PWR-69 
Heatup Rate = 40 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70 0 0 70 0 70
80 15 -3.12 73.38 2.05 70.25
90 30 -6.49 79.45 4.78 71.96

100 45 -9.25 86.46 7.1 75.3
110 60 -11.48 94.09 8.98 79.97
120 75 -13.28 102.2 10.48 85.72
130 90 -14.73 110.69 11.68 92.33
140 105 -15.9 119.49 12.65 99.62
150 120 -16.85 128.53 13.42 107.46
160 135 -17.62 137.76 14.04 115.74
170 150 -18.25 147.15 14.54 124.36
180 165 -18.76 156.67 14.95 133.27
190 180 -19.19 166.28 15.27 142.39
200 195 -19.54 175.97 15.54 151.69
210 210 -19.84 185.72 15.76 161.13
220 225 -20.09 195.52 15.94 170.69
230 240 -20.31 205.36 16.08 180.34
240 255 -20.5 215.24 16.2 190.05
250 270 -20.66 225.14 16.3 199.83
260 285 -20.81 235.06 16.39 209.65
270 300 -20.94 244.99 16.46 219.5
280 315 -21.05 254.94 16.53 229.39
290 330 -21.16 264.9 16.58 239.3
300 345 -21.26 274.87 16.63 249.22
310 360 -21.36 284.84 16.67 259.17
320 375 -21.45 294.82 16.71 269.12
330 390 -21.54 304.81 16.75 279.08
340 405 -21.62 314.79 16.78 289.05
350 420 -21.7 324.78 16.81 299.03
360 435 -21.78 334.77 16.84 309.01
370 450 -21.86 344.77 16.87 318.99
380 465 -21.94 354.76 16.9 328.98
390 480 -22.01 364.76 16.92 338.97
400 495 -22.09 374.75 16.95 348.97
410 510 -22.16 384.75 16.97 358.96
420 525 -22.24 394.75 17 368.95
430 540 -22.31 404.75 17.02 378.95
440 555 -22.38 414.75 17.05 388.95
450 570 -22.46 424.75 17.07 398.95
460 585 -22.53 434.74 17.09 408.94
470 600 -22.6 444.74 17.12 418.94
480 615 -22.67 454.74 17.14 428.94
490 630 -22.74 464.74 17.17 438.94
500 645 -22.82 474.74 17.19 448.94
510 660 -22.89 484.74 17.21 458.94
520 675 -22.96 494.74 17.23 468.94
530 690 -23.03 504.74 17.26 478.94
540 705 -23.11 514.74 17.28 488.94
550 720 -23.18 524.74 17.3 498.94
550 735 -20.13 531.36 15.28 508.69  
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Table PWR-70 
Heatup Rate = 20 F/hr, Wall Thickness t = 12 in, R/t = 10  (PWR) 

T (°F) Time (mins)  K IT (1/4T) Temp (°F)(1/4T)  K IT (3/4T) Temp (°F)(3/4T)
70.00 0.00 0.00 70.00 0.00 70.00
80.00 30.00 -3.24 74.73 2.39 70.98
90.00 60.00 -5.74 82.05 4.49 74.98
100.00 90.00 -7.36 90.35 5.84 81.16
110.00 120.00 -8.42 99.27 6.71 88.73
120.00 150.00 -9.12 108.58 7.27 97.18
130.00 180.00 -9.59 118.14 7.64 106.20
140.00 210.00 -9.92 127.86 7.88 115.57
150.00 240.00 -10.15 137.68 8.04 125.17
160.00 270.00 -10.33 147.57 8.15 134.91
170.00 300.00 -10.47 157.50 8.23 144.75
180.00 330.00 -10.58 167.45 8.29 154.65
190.00 360.00 -10.68 177.42 8.34 164.58
200.00 390.00 -10.77 187.40 8.38 174.54
210.00 420.00 -10.85 197.39 8.41 184.51
220.00 450.00 -10.93 207.38 8.44 194.50
230.00 480.00 -11.00 217.38 8.46 204.49
240.00 510.00 -11.08 227.38 8.49 214.48
250.00 540.00 -11.15 237.37 8.51 224.48
260.00 570.00 -11.23 247.37 8.54 234.47
270.00 600.00 -11.30 257.37 8.56 244.47
280.00 630.00 -11.37 267.37 8.58 254.47
290.00 660.00 -11.44 277.37 8.61 264.47
300.00 690.00 -11.52 287.37 8.63 274.47
310.00 720.00 -11.59 297.37 8.65 284.47
320.00 750.00 -11.66 307.37 8.68 294.47
330.00 780.00 -11.73 317.37 8.70 304.47
340.00 810.00 -11.80 327.37 8.72 314.47
350.00 840.00 -11.87 337.37 8.75 324.47
360.00 870.00 -11.95 347.37 8.77 334.47
370.00 900.00 -12.02 357.37 8.79 344.47
380.00 930.00 -12.09 367.37 8.81 354.47
390.00 960.00 -12.16 377.37 8.84 364.47
400.00 990.00 -12.23 387.37 8.86 374.47
410.00 1020.00 -12.31 397.37 8.88 384.47
420.00 1050.00 -12.38 407.37 8.91 394.47
430.00 1080.00 -12.45 417.37 8.93 404.47
440.00 1110.00 -12.52 427.37 8.95 414.47
450.00 1140.00 -12.59 437.37 8.98 424.47
460.00 1170.00 -12.67 447.37 9.00 434.47
470.00 1200.00 -12.74 457.37 9.02 444.47
480.00 1230.00 -12.81 467.37 9.04 454.47
490.00 1260.00 -12.88 477.37 9.07 464.47
500.00 1290.00 -12.95 487.37 9.09 474.47
510.00 1320.00 -13.02 497.37 9.11 484.47
520.00 1350.00 -13.10 507.37 9.14 494.47
530.00 1380.00 -13.17 517.37 9.16 504.47
540.00 1410.00 -13.24 527.37 9.18 514.47
550.00 1440.00 -13.31 537.37 9.21 524.47
550.00 1470.00 -10.14 542.64 6.84 533.49  


