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1. PURPOSE AND EXECUTIVE SUMMARY

1.1 Purpose

The purpose of this calculation is to evaluate the effects of a complete loss of water inventory from the
spent fuel pools (SFPs) on or after October 30, 2014. Specifically, this calculation determines whether or
not the zirconium cladding will remain below the critical temperature of the cladding (defined in the
acceptance criteria section below). This analysis is recommended by SECY-99-168 [Ref. 2.28].

1.2 Scope

The analysis described in Section 1.1 requires two major steps. First, maximum quasi steady-state air
temperatures throughout the Fuel Handling Area (FHA), including the space between the storage racks
and the concrete walls of the SFPs, are determined following a complete loss of water inventory from the
SFPs. The maximum air temperature between the storage racks and the SFP walls is then used in the
second step, the calculation of the maximum temperature of the zirconium cladding.

Two different sets of conditions are evaluated in the analysis. The first set corresponds to October 30,
2014, which was found through iteration to be the earliest date that acceptably low fuel cladding
temperatures are produced. The second set corresponds to the following summer and is evaluated to
demonstrate that when the summer of 2015 arrives, the spent fuel will have decayed enough to offset
increasing outside temperatures and solar radiation. Winter conditions are not evaluated for two reasons.
First, fall and summer conditions are bounding when determining maximum fuel cladding temperature.
Second, as no liquid water is credited in the analysis, the threat of freezing water in the SFPs or the SFP
cooling system is not a concern for this analysis.

Acceptance Criteria: The zirconium cladding must remain below the critical temperature of the cladding.
Per NUREG/CR-6451 [Ref. 2.1, see Input 4.3], 565°C (1049°F) is the lowest temperature where incipient
cladding failure might occur with an expected failure at 6710C (1240'F). Per SECY-99-168 [Ref. 2.28],
800'C (1472°F) is the lowest temperature where self-sustained oxidation would occur and 565°C is the
minimum temperature where clad swelling might occur. NUREG-1738 [Ref. 2.5, pg. 3-7] states that
runaway oxidation of zirconium occurs at 900'C and 565°C is associated with the 10 hour creep rupture
time. For this analysis, 565°C (1049°F) is conservatively used as the critical temperature for the
zirconium cladding.

1.3 Executive Summary

The results of this analysis, which are summarized in the table below, show that the surface temperature
of the cladding in the spent fuel pools will not exceed the critical temperature for zirconium following a
total loss of water from the pools on or after October 30, 2014. The cladding remains below the critical
temperature due to adequate FHA ventilation and heat rejection to the outside through the FHA walls and
roof.

Case Maximum Cladding
Temperature

October 30, 2014 1022 0F / 550 0C
May 2015 8760F / 469 0C
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3. METHODOLOGY

As discussed in Section 1.2, this analysis is performed in two major steps. First, maximum quasi steady-
state air temperatures throughout the Fuel Handling Area (FHA), including the space between the storage
racks and the SFP walls (i.e., the "downcomers"), are determined following a complete loss of water
inventory from the SFPs. This step is performed using the GOTHIC computer program. The maximum air
temperature in the downcomers is then used in the second step, which is to calculate the maximum
steady-state temperature of the zirconium cladding. This step is performed using the COBRA computer
program.

Two runs are performed. The first run uses predicted conditions on October 30, 2014, and the second run
uses predicted conditions for the summer of 2015. The October date was selected because it was found
through iteration that this is the earliest date that acceptably low fuel cladding temperatures are produced.
The summer case is run to demonstrate that when the summer of 2015 arrives, the spent fuel will have
decayed enough to offset increasing outside temperatures and solar radiation. The October case is run
with a consistent set of conditions (i.e., spent fuel heat load, outside temperature, and solar radiation are
all evaluated for October 30, 2014). In contrast, the summer case is run with an inconsistent set of
conditions that are selected to be conservative. Specifically, spent fuel heat load is evaluated for May 18,
2015, outside temperature is evaluated for July (the region's hottest month), and solar radiation is
evaluated for June 21 (the summer solstice). Because this case uses the spent fuel heat load corresponding
to May 18, 2015, this case is henceforth referred to as the May 2015 case. Winter conditions are not
evaluated for two reasons. First, fall and summer conditions are bounding when determining maximum
fuel cladding temperature. Second, as no liquid water is credited in the analysis, the threat of freezing
water in the SFPs or the SFP cooling system is not a concern for this analysis. Therefore winter
conditions are acceptable.

3.1 Determining FHA Air Temperature

Maximum quasi steady-state FHA air temperatures are determined using GOTHIC [Ref. 2.2.1 ]. GOTHIC
(Generation of Thermal-Hydraulic Information for Containments) is a general purpose thermal-hydraulics
software package for the analysis of nuclear power plant containments, confinement buildings, and
system components. Refer to Section 6.1 for a description of the GOTHIC software package.
Development of the GOTHIC model is documented in the proceeding subsections, and GOTHIC input
tables are provided in Attachment 1.

3.1.1 Control Volumes

Three control volumes are included in the GOTHIC model. Two of these control volumes represent
the FHA, dimensioned sketches of which are provided in Section 4.1, and one of the control volumes
represents the outside environment. Both FHA control volumes are subdivided, meaning that
dimensions in the x, y, and z directions are supplied and a mesh grid is overlaid to subdivide the
control volume into subvolumes. The main advantage of using subdivided volumes is that spatial
temperature variations and flow patterns are captured. The second advantage of using subdivided
volumes is that GOTHIC automatically calculates the pertinent parameters (volume, hydraulic
diameter, flow area, etc.) using the dimensions supplied by the user. Thus, these parameters are not
calculated herein.

The first control volume (CV1) represents both spent fuel pools and the air above them extending to
the ceiling. This control volume is wholly contained within CV2, which represents the entire FHA
(see below). The reason for modeling the pools and the air above them separately in CV I is so that a
fine mesh grid can be applied to this region and a coarse mesh grid can be applied to the rest of the
building. The finer mesh grid provides a higher degree of spatial 'resolution in the area of most
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interest, and the coarser mesh grid reduces run-time. The dimensions of CV1 are assigned as shown
in the sketch below based on Input 4.1. The mesh grid applied to CVI is also shown in the sketch.
The grid lines are positioned to provide (i) a line of 1-ft-wide cells around the perimeter of the pits
and along the floor, and (ii) a layer of cells above the 1-ft-high bottom layer that is 159.775 inches
high. The perimeter cells simulate the gap between the storage racks and the pit walls and floors. The
width of this gap varies throughout the pools and is actually less than 1 ft, but it was found that the
downcomer temperatures computed by GOTHIC are insensitive to the width of the gap and that a
wider gap gives improved model performance (i.e., shorter run times). The layer of cells above the
gap is assigned a height of 159.775 inches to correspond to the fuel rod length (Input 4.2).

The dark grey areas denote non-porous blockages that simulate the walls of the pools. Because these
blockages are non-porous, flow is not permitted through them. The light grey areas denote semi-
porous blockages that are used to account for the volume occupied by equipment (pedestals, racks,
etc.). Input 4.13 gives that the volume occupied by equipment is 1,714 ft3 in the north pit and 3,245 ft3

in the south pit. The volume reduction is appropriately applied to the 159.775-inch-high layer of cells,
excluding the cells along the perimeter and the southwest quadrant of the north pit, which does not
contain any equipment. These volume reductions do not impede flow in the model. Flow restrictions
due to equipment in the pools are discussed in Section 3.1.1.2.

T
c,

I

10- 27.58 ft -41
Top View (View A)

T
0

U,

0,

IA

Front View (View B)
z

Right Side View (View C)

Figure 3.1: Sketch of CV1 Showing Dimensions, Mesh Grid, and Blockages (N.T.S.)
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The second control volume (CV2) represents the remainder of the FHA. The dimensions of CV2 are
assigned as shown in the sketch below based on Input 4.1. The mesh grid applied to CV2 is also
shown in the sketch. As with CV1, the dark grey areas denote non-porous blockages. The area above
the SFPs is blocked in this control volume since the region is modeled in CVI. See Section 3.1.1.1 for
a discussion on how these control volumes are connected.

C

177.3 ft
XTnn Viw/iaw Ai

--------------------------

~I , I

Ar.............................--I.-_............._
z z

o. Front View (View B) . Right Side View (View C)

Figure 3.2: Sketch of CV2 Showing Dimensions, Mesh Grid, and Blockages (N.T.S.)

The third control volume (CV3) represents the outside air and serves as a boundary for the model
with the temperature set per Section 3.1.5. The remaining parameters of this control volume are
arbitrarily set so as to facilitate its function as a boundary node.

3.1.1.1 Connecting CV1 and CV2

As mentioned above, CVI is wholly contained within CV2. Hydraulic connections between
these two control volumes are accomplished using "3D connectors," as they are termed in
GOTHIC. A 3D connector is different from a standard flow path in that its parameters (e.g.,
flow area, inertia length, hydraulic diameter, etc.) are automatically computed by GOTHIC
by inheriting the properties of the connected cell faces. Two 3D connectors are used in total
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in the GOTHIC model. The first 3D connector connects the west side of CVI to the
appropriate cells in CV2. The second 3D connector connects the east side of CVI to the
appropriate cells in CV2. GOTHIC then subdivides the 3D connectors so that flow through
each cell face is computed separately, thus maintaining spatial discretization.

3.1.1.2 Modeling Rack Flow Restrictions

The default flow area, hydraulic diameter, and loss coefficient computed by GOTHIC for the
159.775-inch-high layer of cells (excluding the perimeter cells and the southwest quadrant of
the north pit, which contains no equipment) are altered to account for the hydraulic
restrictions imposed by the fuel racks. Specifically, (i) horizontal flow through these cells is
prohibited by assigning an area porosity of zero to their x and y faces; (ii) vertical flow
through these cells is restricted by assigning the area porosities computed below, a hydraulic
diameter of 0.0472 ft, and a form loss coefficient of 39 to their z faces. The hydraulic
diameter is taken from Attachment 7 and the form loss coefficient is taken from Section
3.2.8. Area porosity is computed as follows:

F = nfilled Afilled + nopen Aopen Eq. 3.1-1
Alot

where:
F = area porosity
nfilled = number of fuel storage cells that are filled with spent fuel
nopen = number of fuel storage cells that are empty
Aflled = flow area per filled storage cell = 0.288 ft2 (Attachment 7)
Aopen flow area per empty storage cell = 8.3" x 8.3" (Input 4.2) = 0.478 ft2

Ato = total floor area covered by storage cells

North Pit Area Porosity

From ETE-NAF-2013-0119 [Ref. 2.20], there are a total of 270 storage cells in the north pit;
90 in the northwest quadrant, 90 in the northeast quadrant, and 90 in the southeast quadrant.
Of these 270 storage cells, 53 are empty, and 51 of the 53 empty storage cells are in the
northwest quadrant (see Attachment 12). Thus, the area porosities of the relatively empty
northwest quadrant and the east two quadrants are computed separately, as follows:

Area Porosity of North Pit, Northwest Quadrant

F = (90-51).0.288+ 51-0.478 -0.555

64.13 *

Area Porosity of North Pit, East Side (Northeast and Southeast Quadrants)

F (180-2)-0.288+ 2-0.478

F = -________ = 0.407
128.26 *

* Values for A,,, are based on the dimensions of the appropriate cell(s) in the GOTHIC

model. For example, the northwest quadrant of the north pit is modeled by cell 58 of
Control Volume 1, which has dimensions 7.585 x 8.455 ft such that the footprint of the
cell is 64.13 Wt2 .
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South Pit Area Porosity

From ETE-NAF-2013-0119 [Ref. 2.20], there are a total of 720 storage cells in the south pit.
Of these 720 storage cells, 40 are empty (see Attachment 12). Thus, the area porosity of the
south pit is computed as follows:

F = (720-40)-0.288 +40o-0.478 = 0.417

515.76"

* See above

3.1.1.3 Slip Conditions

By default, GOTHIC assumes that the boundaries of a subdivided volume are solid physical
boundaries (i.e., a rough wall) and accordingly computes wall friction losses. This is
appropriate for CV2, which is bounded on all four sides by walls, on top by the roof, and on
the bottom by the floor. CVI, however, is wholly contained within CV2 and therefore is not
bounded on all sides by solid physical boundaries. Specifically, the east and west vertical
boundaries of CVI above the operating floor are not physical boundaries but rather fictitious
modeling boundaries. To account for this, the slip conditions of the east and west boundaries
of CV1 are set to SLIP, which signals to GOTHIC that these boundaries are not physical.
Thus, friction losses are not computed along these boundaries.

Slip conditions can also be applied to blockages so as to signal to GOTHIC that a particular
blockage does not represent a physical object. Most of the blockages included in the
GOTHIC model do indeed represent physical objects, so the default no-slip condition is left
unchanged. However, the blockage in CV2 representing CV1 (recall that CV1 is wholly
contained in CV2 and so the volume of CV I is blocked out of CV2 to avoid double counting)
is not a physical object but rather a modeling boundary. Thus, the slip conditions for this
blockage are set to SLIP so that friction losses are not computed along the blockage.

Lastly, a number of additional zero-thickness blockages are assigned to the outer boundaries
of the cells in which storage racks are modeled so that the storage rack walls are taken into
account when computing friction losses in the downcomer cells. Zero thickness is assigned so
as not to alter the free volume of the boundary cells. It has been determined that assigning
zero thickness does not cause GOTHIC to ignore the blockage.

3.1.2 Heat Sinks

The heat sinks included in the model are the insulated metal siding walls, the roof, the walls and
floors of the spent fuel pools and transfer canals, and the Shield Building wall. Parameters for these
heat sinks are defined below. Large heat sinks that exist in reality but are not included in the model
because they are not expected to have a significant impact on building temperatures are the floor of
the truck bay, the floor of the "basketball court" (see Figure 4.1), the Control Complex wall, and the
walls and ceilings of the various rooms east of the "basketball court" on elevation 633'-6", such as
the decontamination rooms, the boric acid tank room, and the contaminated materials storage area.

3.1.2.1 Surface Area

Heat sink surface areas are computed in Table 3.1 based on the dimensions given in Input 4.1
and on plant drawings [Ref. 2.9].
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Table 3.1: Heat Sink Surface Areas

Description Computation Area (ft2)

North Pit North Wall 18-1 1" x (649'-6" - 608') 785
North Pit West Wall 17'-2" x (649'-6" - 608') 712
North Pit South Wall 18'-11" x (649'-6" - 608') - 2'-6" x (649'-6"- 622'-1") 717
(Dividing Wall)
North Pit East Wall 17'-2" x (649'-6" - 608') - 2'-6" x (649'-6" - 622'-1") 644
North Pit Floor 17'-2" x 18'-11" 325
South Pit West Wall 32'-6" x (649'-6" - 608') 1349
South Pit South Wall 18'-11" x (649'-6" - 608') 785
South Pit NE Wall (30'-6" - 17'-2" - 4') x (649'-6" - 608') 387
(to North Canal)
South Pit SE Wall 16'-10" x (649'-6" - 608') + 2'-6" x (622'-1" - 608') 734
(to South Canal)
South Pit Floor 32'-6" x 18'-11" 615
North Canal North Wall 4' x (649'-6" - 608') 166
North Canal East Wall 30'-6" x (633'-6" - 608') 778
(below BBall court)
North Canal East Wall 30'-6" x (649'-6" - 633'-6") 488
(above BBall court)

North Canal Floor 30'-6" x 4' 122
South Canal West Wall (11 '-7-5/8" + 4' + 7-8-3/8" + 4') x (649'-6" - 608') 1134

South Canal East Wall 46'-8" x (633'-6" - 608') 1190
(below BBall court)

South Canal East Wall 46'-8" x (649'-6" - 633'-6") 747
(above BBall court)
South Canal Floor 46'-8" x 4' 187

North Wall* 48' x (700'-6" - 606' - 5')
Truck Bay N- 19'-5" x (614'-9" - 606'- 5') - 22' x 17' 3849

Truck Bay West Wall* 86'-6" x (700'-6" - 606'- 5') - 12' x (614'-9" - 606'- 5') 7484
- 12'-6" x (628'- 606'- 5') 7484

Truck Bay South Wall* 48' x (700'-6" - 606' - 5') - 22' x 17' 3922
Shield Building Wall 2-r x 60' x ¼"** x (700'-6" - 649'-6") 4807
Operating Floor North Wall 27.58' x (700'-6" - 649'-6") 1407
(in CV1)
Operating Floor North Wall (177'-4" - 48' - 27.58') x (700'-6" - 649'-6") 3453
(in CV2) - 33' x (700'-6" - 647-101/2")
Operating Floor East Wall 86'-6" x (700'-6" - 675') 2206
Roof (over CV1) 86'-6" x 27.58' 2386
Roof (over CV2) (144'-4"- 27.58') x 86'-6" 10099
Lower Roof 33' x 86'-6" 2855

* The 5-ft-high concrete sill wall around the Truck Bay is conservatively ignored. Because

this wall is small, thick, and located in an area where temperatures are relatively low, its
effect is negligible.

** One quarter of the Shield Building's circumference is estimated to be inside the FHA
(Assumption 5.7).
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3.1.2.2 Thickness and Material Properties

The insulated metal siding is composed of, from inside to outside, a 1 ½-inch-thick layer of
glass fiber insulation and a 1¾-inch-thick air gap (Input 4.5) enclosed by galvanized steel
panels. The material properties of glass fiber insulation are given in Input 4.5. The air gap is
modeled in GOTHIC as a solid to which the thermal properties of air given in Input 4.4 are
assigned. Modeling the air gap as a solid material is conservative because it ignores
convection and thermal radiation heat transfer. Due to this conservatism and because the
thermal resistance of metal is very small, it is acceptable to neglect the metal sheets as is done
in the GOTHIC model.

The upper roof is composed of, from bottom to top, a 1½/2-inch-thick metal deck, a 2-inch-
thick layer of Perlite insulation, a Trocal roof membrane, and a ¾-inch to 1½/2-inch-thick layer
of gravel (Input 4.6). It is assumed that the metal deck is made of plain steel (Assumption
5.6), the thermal properties of which are given in Input 4.14. The thermal properties of Perlite
and gravel are also given in Input 4.14. For conservatism, the gravel layer is taken to be 11/2

inches thick throughout. Additionally, a ¼-inch-thick layer of air is modeled between each
layer to account for contact resistance. As with the insulated metal siding, the air is modeled
as a solid material. Due to these conservatisms, it is acceptable to neglect the Trocal roof
membrane. These properties are also applied to the lower roof.

The material properties of concrete, which are given in Input 4.14, are assigned to the walls
and floors of the spent fuel pits and the transfer canals, as well as to the Shield Building wall.
Thicknesses for the walls and floors of the spent fuel pits and transfer canals vary and are
taken from Drawing S-410 [Ref. 2.9.3]. Assumption 5.7 provides that the thickness of the
Shield Building wall is approximately 2.5 ft.

3.1.2.3 Heat Transfer

The heat transfer modes depicted in Figure 3.3 are included in the GOTHIC model and
detailed in the proceeding subsections.

(.__

Outside Environment

Convection &
Radiation

Figure 3.3: Heat Transfer Modes
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a. Convection

For the surfaces in CV1 and CV2, natural convection heat transfer coefficients are
determined by GOTHIC at each time step using its built-in correlations. The FACE
DOWN option is used for the ceiling (i.e., underside of the roof), the VERTICAL
SURFACE option is used for the walls, and the FACE UP option is used for the floors.
These options signal to GOTHIC which correlation to use based on the orientation of the
heat sink. Refer to the GOTHIC user manual [Ref. 2.2.2] for details on the correlations
corresponding to these options. Forced convection due to ventilation is expected to be
small and is conservatively ignored for these surfaces.

For the surfaces exposed to outside air, a heat transfer coefficient of 4.0 Btu/hr-ft2 -°F is
used. This is a typical value used in building design that includes radiant heat transfer and
convection heat transfer with a 7.5 mph wind, which is characteristic of the summer
months [Ref. 2.13, Chapter 26, Table 1].

For vertical surfaces exposed to lower elevations of the Auxiliary Building, such as the
walls of the SFPs, a heat transfer coefficient of 1.46 Btuihr-ft2-OF is used. For horizontal
surfaces exposed to lower elevations of the Auxiliary Building, namely the floors of the
SFPs, a heat transfer coefficient of 1.08 Btu/hr-ft2-OF is used. These heat transfer
coefficients are typical values used in building design that include convective and radiant
heat transfer [Ref. 2.13, Chapter 26, Table 1]. These heat transfer coefficients are used in
conjunction with an ambient temperature equal to the maximum temperature of the air
being exhausted from the FHA, which is shown in Figure 7.3. This is appropriate because
the lower elevations of the Auxiliary Building receive supply air from the FHA through
Stairwell K and various ducts and doors (see Section 3.1.3).

The surface exposed to the Shield Building is conservatively modeled as adiabatic
because this area of the plant is not normally ventilated [Ref. 2.24]. As such, only the
heat capacitance of the concrete is credited.

b. Solar Radiation

The combined surface heat flux from the three modes of solar irradiance depicted in
Figure 3.3 are computed using the UHSSIM computer program [Ref. 2.2.5], a S&L
proprietary software package that follows the ASHRAE (American Society of Heating,
Refrigerating and Air-Conditioning Engineers) methodology for calculating solar
irradiance. Inputs for the UHSSIM program are provided in Input 4.8. As discussed in
Section 3, solar flux is evaluated for two dates: October 30 and June 21. Shading from the
Shield Building and other structures is conservatively ignored. Based on this approach,
the following incident solar heat fluxes are computed (data tables are provided in
Attachment 3):
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Figure 3.4: Solar Heat Flux on October 30
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Figure 3.5: Solar Heat Flux on June 21

The above solar heat fluxes are applied as internal heat generation in the terminal
(outermost) node of each heat sink exposed to solar radiation (heat sinks are nodalized to
capture spatial temperature variations). A reducing multiplier is applied in the GOTHIC
model to convert the incident solar radiation to absorbed solar radiation because only a
portion of the incident solar radiation is actually absorbed. Per Input 4.8.5, the reducing
multiplier is set to 0.26 for the walls and 0.29 for the rooftop.
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c. Surface-to- Vapor Radiation

Radiant heat transfer occurs between a surface and the surrounding vapor unless the
vapor is 100% transparent. Humid air is not 100% transparent and thus radiation heat
transfer occurs between a surface and humid air. GOTHIC's built-in correlations for
computing this heat transfer mode, discussed in Section 15.3.2 of the GOTHIC user
manual [Ref. 2.2.2], are utilized on the inside surfaces of the FHA (radiation heat transfer
from outside surfaces is instead captured by the heat transfer coefficient applied to these
surfaces; see Section 3.1.2.3a). These correlations require the user to input the surface
emissivity. A value of 0.9 is used per Input 4.7.

3.1.3 Ventilation

Input 4.12 provides that the following ventilation flow rates exist in the postulated scenario. Note that
these flow rates are based on an off-design alignment of the ventilation system that requires operator
action (see Limitation 3 in Section 8).

Supply air is drawn through the open garage doors and exhausted from the FHA. There are
two garage doors: one on the ground floor at the southwest comer of the FHA, and one on the
ground floor at the northwest comer of the FHA. The doors are 17 ft. wide by 22 ft. high. The
doors are each modeled using two parallel flow paths: one for the bottom half of the door,
and one for the top half. This allows GOTHIC to compute simultaneous bi-directional flow
through the door, which occurs when buoyancy forces dictate flow. Because forced
ventilation is modeled, buoyancy forces are not dominant in this analysis. However, the
parallel flow paths are retained so that the model is set up for any future runs in which the
ventilation is turned off. See below for a discussion on how flow paths are defined in
GOTHIC. The flow paths are connected to the appropriate cell in Control Volume 2 on one
side, and to Control Volume 3 (the control volume simulating the environment) on the other
side.

* 12,128 cfm of the total flow is exhausted from the FHA down through Stairwell K, which is
located south of the SFPs and is open to the FHA. This flow is modeled using the
combination of a flow boundary and a flow path. Other than the specified flow rate, the
parameters of the flow boundary condition (i.e., temperature, pressure, humidity, and gas
composition) are arbitrarily defined because they have no impact on the system. The flow
path connects the boundary condition to the south face of Control Volume 1, cell 129, which
is the southwestern-most cell of Control Volume 1 on the operating floor elevation (649'-6").
This cell was chosen because it creates the shortest path from the roll-up doors on the ground
level to the stairwell. This cell is shown in View A of Figure 3.1. Note that under GOTHIC's
cell numbering convention, the lowest and southwestern-most cell is cell number I, and from
there cell numbers are assigned in succession from west to east, south to north, and bottom to
top. The elevation, height, area, and hydraulic diameter of the south face of Control Volume
1, cell 129 are assigned to the flow path.

* 13,747 cfm of the total flow travels west to east across the "basketball court" (see Figure 4.1)
and is exhausted from the FHA through doors or ductwork to other areas of the Auxiliary
Building. This flow is modeled using the combination of a flow boundary and a flow path.
Other than the specified flow rate, the parameters of the flow boundary condition (i.e.,
temperature, pressure, humidity, and gas composition) are arbitrarily defined because they
have no impact on the system. The flow path connects the boundary condition to the east face
of Control Volume 2, cell 70, which is the middle cell in the eastern-most row of cells of
Control Volume 2 on the operating floor elevation (649'-6"). This cell was chosen because it
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creates the desired flow pattern. The elevation, height, area, and hydraulic diameter of the
east face of Control Volume 2, cell 70 are assigned to the flow path.

9,000 cfm of the total flow is exhausted through the twelve SFP exhaust registers on the west
side of the SFPs. This flow is modeled using the combination of a flow boundary, a network
node, and thirteen network links. Twelve of the thirteen network links simulate the exhaust
registers and are assigned a flow area and hydraulic diameter corresponding to the register
dimensions (36 in. wide by 8 in. high). The midpoint elevation of these network links is set to
a value that is 3.7 ft above the operating floor. These network links are connected to the
appropriate cell in Control Volume 1 on one side, and to the network node on the other side.
The thirteenth network link connects the network node to the flow boundary condition. With
this configuration, flows from the twelve network links simulating the exhaust registers mix
in the network node and then exit the system through the thirteenth network link and the flow
boundary condition. This configuration is illustrated in the diagram below and is used in lieu
of traditional flow paths because it allows multiple hydraulic connections to a single
boundary condition. (The alternative to this configuration would be twelve flow paths
connected to twelve boundary conditions.)

Figure 3.6: Network Diagram of Exhaust Registers

As for the boundary condition, the parameters other than the specified flow rate (i.e.,
temperature, pressure, humidity, and gas composition) are arbitrarily defined because they
have no impact on the system.

The above flows are illustrated in the diagram below.
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In thru garage door

13,747 cfm out thru
doors & ducts

In thru garage door 12,128 cfm out thru Stair K

Figure 3.7: Ventilation Flow Diagram.

Note that the total exhaust flow rate is 34,875 cfm, which equates to an air exchange rate of 2.3
turnovers/hr.

GOTHIC flow paths and network links, collectively referred to here as junctions, are generally
defined by the following parameters:

" Bottom elevation (flow paths) or midpoint elevation (network links)

" Height (flow paths only)

" Flow area

" Hydraulic diameter (defined as 4A/P, where A is the area and P is the perimeter [Ref. 2.2.2,
Eq. 12.1])

* Inertia length

* Loss coefficient

The parameters that warrant further explanation are discussed below.

Elevation - The reference elevation used in the model is 606', which is the elevation of the ground
floor of the FHA, such that all junction elevations are relative to this elevation. For example, the
bottom elevation of the, garage doors is set to 0 (for the bottom halves) since these doors are flush
with the ground floor.

Inertia length - The product of inertia length and flow area defines an effective junction volume, and
the mass contained in this volume is the mass that will be accelerated by the application of a pressure
differential across the junction. The inertia term in the momentum balance is significant only for short
term response to a rapid change in the junction pressure drop. For example, the inertia term is
significant in calculating room pressures a few seconds after a high energy line break. In contrast, the
inertia length is not a significant parameter in slowly evolving transients like that analyzed herein.
This characterization is supported by the code author [Ref. 2.2.2, Section 25.6.4]. Thus, an arbitrary
inertia length of 10 ft is applied to all junctions in the model.
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Loss coefficient - A loss coefficient of 2.78 is assigned to the garage doors. This is a reasonable value
for a simple, sharp-edged orifice in a wall that is much larger than the opening [Ref. 2.2.2, Section
25.6.4]. This parameter does not have a significant impact on results, primarily because ventilation
flow rates are specified. A loss coefficient of 1 is assigned to each of the twelve network links
simulating the SFP exhaust registers. This loss coefficient was found to balance the specified flow
between the network links (750 cfm through each) without creating a significant pressure drop. For
all other junctions, no loss coefficient is assigned.

3.1.4 Heat Loads

3.1.4.1 Spent Fuel Decay Heat

As discussed in Input 4.10, the total heat load from spent fuel (2.93 x 106 Btulhr on October
30, 2014; 2.52 x 106 Btu/hr on May 18, 2015) is split between the two pits, with 24% of the
heat load in the north pit and 76% in the south pit. These heat loads are entered into the
model using thermal conductors (i.e., fictitious heat sinks). An internal heat generation rate is
uniformly applied to the thermal conductors equaling the spent fuel decay heat load. For
example, the thermal conductor simulating the spent fuel decay heat load in the south pit is
assigned an internal heat generation rate of 618.6 Btu/s for the October case (2.93e6 x 76% +
3600 s/hr). Each thermal conductor is spanned across the light grey cells of its corresponding
pit shown in Figure 3.1 such that the heat load is evenly distributed. It should be noted that
this approach of evenly distributing the spent fuel heat load is appropriate only for the
purpose of determining average temperatures in regions removed from the fuel, such as in the
downcomers. It does not capture local temperature gradients, nor is it intended to determine
the maximum fuel temperature. The analysis of the maximum fuel temperature is performed
in COBRA (see Section 3.2).

3.1.4.2 Electrical Equipment Heat Loads

The electrical equipment heat loads computed in Attachment 10 and summarized in Input
4.11 are positioned in the model to match their approximate physical location in the FHA as
determined from Drawing Nos. E-864 (Input 2.2 of Attachment 10) and E-867 (Input 2.3 of
Attachment 10). Underwater lighting is not included (see Limitation 2 in Section 8).

3.1.5 Computing and Applying the Outside Air Temperature

Outside air temperatures are calculated in Attachment I 1 for the months of October and July (see
Section 3 for a discussion of these dates) using the methodology provided in Chapter 14 of ASHRAE
2009 [Ref. 2.13], which is summarized by the following relationship:

tdb h = t dbdes - f(DR) Eq. 3.1-2

where:
tdb,h = hourly dry-bulb temperature, 'F
tdbd.d, = design dry-bulb temperature = 69.6'F for October, 86.0°F for July (Input 4.9)
f= hourly daily range fraction (Table 3.2)
DR = daily range of dry-bulb temperature = 14.9'F for October, 16.9'F for July (Input 4.9)

The hourly daily range fraction (/) is taken from Table 6 of Chapter 14 of ASHRAE 2009 [Ref. 2.13]
and given in Table 3.2 below.
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Table 3.2: Fraction of Daily Temperature Range [Ref. 2.13]

Time, h Fraction Time, h Fraction Time, h Fraction

1 0.88 9 0.55 17 0.14
2 0.92 10 0.38 1.8 0.24
3 0.95 1I 0.23 19 0.39
4 0.98 12 0.13 20 0.50
5 1.00 13 0.05 21 0.59
6 0.98 14 0.00 22 0.68
7 0.91 15 0.00 23 0.75
8 0.74 16 0.06 24 0.82

Based on these inputs and methodology, the following outside air temperatures are computed (see
Attachment 11 for tabulated data):
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Figure 3.8: Outside Air Temperature Cycles

The above daily temperature cycles are applied to the outside air (CV3) by means of the "flow-
through" method, which involves inundating the control volume with air set to the temperatures given
above, atmospheric pressure (14.7 psia), and the relative humidities given in Input 4.9 (57% for
October and 53% for July). This method requires two boundary conditions (one for inflow and one
for outflow) and two flow paths (each connecting the control volume to one of the boundary
conditions). Parameters for the boundary conditions and flow paths are arbitrarily set to produce the
desired effect of forcing the temperature, pressure, and humidity in CV3.
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3.1.6 Initial Conditions

Initial conditions have no impact on results since the models are run until quasi steady-state is
achieved. Thus, GOTHIC's default values are used.

3.2 Determining Maximum Cladding Surface Temperature

The maximum steady-state temperature of the spent fuel zirconium cladding is calculated using the
computer program COBRA-SFS [Ref. 2.2.3]. COBRA was developed by Pacific Northwest Laboratories
in the 1990s [Ref. 2.2.4]. The COBRA User's Manual cites PNL and EPRI documents that have been
used to validate single and multi assembly models [Ref. 2.2.4]. COBRA models the heat transfer inside
and between assemblies/storage cells. The inputs needed for the model are discussed in the following
sections. The sections are named based on the input deck sections, as discussed in the COBRA User's
Manual [Ref. 2.2.4].

3.2.1 COBRA Inputs

The COBRA input section sets up the problem. This code does not have a CPU time limit assigned to
it, and the input deck is copied in the output.

3.2.2 PROP Inputs

The PROP input section assigns fluid and solid properties for the model. This code requires properties
for air and for the walls of each storage cell. The air properties are taken from Input 4.4, and are
converted to the appropriate units for the model in Attachment 4. The walls of the storage cell are
made out of stainless steel. The thermal conductivity of stainless steel at 527°F is used (Input 4.3) as a
mid range temperature for the analysis.

3.2.3 CHAN Inputs

The CHAN input section describes the fluid channels in the model. The channels are where the air
flows between the fuel rods. The cooling of the fuel rods occurs due to convective heat transfer to the
air in these channels.

Because COBRA is used to evaluate the heat transfer from the rods to the air and the maximum
temperature of the cladding, only the heated length of the rods is used for the COBRA analysis. The
heated length of the rods is 143.25 inches long (Input 4.2). To simplify the analysis, the heated length
is modeled as being 144 inches. This slightly reduces (by 0.5%) the heat load per unit volume in the
rods, but the total heat load remains the same. The difference would only apply to the temperature
gradient between the air at the top of the assembly and the cladding surface temperature, which is on
the order of 20'F per Attachment 9. Therefore, the effect of this modeling simplification is on the
order of 1 F (= 5% x 20'F). This is negligible compared to the other conservatisms in the analysis
(see Section 8). The channels are split into 24 sections for the heat transfer to occur. Also, the rods,
and therefore channels, are oriented vertically (Input 4.2).
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Figure 3.9: The rods and channels for the assembly are shown. There are 196 rods and 225 channels. There
are 179 heated rods, one instrument tube (Rod #92), and 16 guide tubes (the shaded rods not including

#92). See Reference 2.16, Figure 2-3 for the locations of the non-heated rods.

In this analysis, the rods are spaced in a 14x14 grid (Input 4.2, see Figure 3.9). Outside of the rods are
the walls of the storage cell. There is a channel between all the rods and between the edge rods and
the walls of the storage cell. Therefore, the channels are modeled as a 15x15 grid, a total of 225
channels.

Each channel requires input for the area of the channel, the wetted perimeter of the channel, and the
heated perimeter. In addition, each channel requires the channel number, connection width, and
connection length of adjacent channels. Only those connecting channels with a larger channel ID
number are listed. This prevents possible errors due to double counting channel connections.

The dimensions of each channel are dependent on whether the channel is in a comer, on an edge, or in
the middle of the assembly. The area of the channel is the pitch area less the area taken up by the fuel
rod and cladding. The wetted perimeter is the length of the cross section that touches a solid surface.
The heated perimeter is the length of the cross section that touches a rod.
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Channel Location
Area (in2)

Wetted Perimeter (in)
Heated Perimeter (in)

Middle
P2 _ 7rD2/4

'rD
irD

Edge

PC - 702/8

0D/2 + P

71D/2

Corner

C2 - 70D2/16
7rD/4 + 2C

f0D/4

Eq. 3.2-1
Eq. 3.2-2
Eq. 3.2-3

where:
P = pitch from rod centerline to centerline = 0.556 in (Input 4.2)
D = cladding outer diameter = 0.422 in (Input 4.2)
C = distance from the storage cell wall to the center of the first rod (in)
W= inner width of the storage cell walls = 8.3 in (Input 4.2)
L = inner length of the storage cell walls = 8.3 in (Input 4.2)
t = thickness of the storage cell walls =0.125 in (Input 4.2)

The cladding diameter of the fuel rods is used for all of the modeled rods. This is for the dual purpose
of accounting for the fact that RADGEN (see Section 3.2.6) cannot model radiation from differently
sized rods and to simplify the model. In reality, the guide tubes are slightly larger than the fuel rods
(0.526 in diameter vs 0.422 in diameter per Input 4.2). This would slightly reduce the flow rate in the
channels adjacent to those fuel rods. The limiting rod for this analysis (see Attachment 9) is rod #105.
This rod is not adjacent to any of the guide tubes so the slight change in channel area would not affect
heat removal from that rod or the temperature of that rod. It is adjacent to the instrument tube which
has a diameter of 0.422 inches (Input 4.2).

The distance from the storage cell wall to the center of the first row of fuel rods (C) is equal to:

C=L -13xP 8.3-13x 0.556 0 5 3 6 inches
2 2

Channel Location Middle Edge
Area (in2) 0.1692 0.2281

Wetted Perimeter (in) 1.326 1.219

Heated Perimeter (in) 1.326 0.6629
(see Attachment 5 for calculations of above values)

Corner
0.2523
1.403

0.3314

The connection width is the open length between each channel. The connection length is the distance
from the center of one channel to the center of the next channel. There are four types of connections
between two channels (see Figure 3.9 for channel ID numbers): middle channel connections (e.g. 18
to 19), middle to edge connections (e.g. 2 to 17), edge to edge connections (e.g. 2 to 3), and edge to
comer connections (e.g. 1 to 2).

Connection Location
Connection Width (in)

Connection Length (in)

Middle
P-D

P

Middle/Edge
P-D

(P + C)/2

Edge
C - D/2

P

Edge/Corner

C-D/2

(P + C)/2

Eq. 3.2-4
Eq. 3.2-5

Connection Location Middle Middle/Edge Edges Edge/Corner
Connection Width (in) 0.134 0.134 0.325 0.325

Connection Length (in) 0.556 0.546 0.556 0.546
(see Attachment 5 for calculations of above values)
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This analysis uses a three assembly model in order to model heat transfer from one assembly to
another. Per Ref. 2.20, the most recently offloaded assemblies (Cycle 32) are arranged in a one out of
five grid such that no Cycle 32 assembly is adjacent to any other Cycle 32 assembly. There are
thirteen locations in the spent fuel pool where there is a Cycle 32 assembly immediately adjacent to a
Cycle 31 assembly and a Cycle 30 assembly, as shown in Figure 3.10 (the full spent fuel pool map is
in Attachment 14). These are the worst configurations; that is, the amount of heat transfer from the
Cycle 32 assembly to an adjacent assembly is minimized. A common assembly configuration is
shown in Figure 3.11 below. This five assembly arrangement is then replicated throughout the spent
fuel pool.

RACK 5 (partial)

14 51 17
Rii CK-2-

I . is

AA

as

cc

EE

FF

GO

HH

N12 U02 E55 N6\B D2 8 F863 C6 014 -1 .06 FBI LOS 7 812? .1 JI ji? G

12N63 12 N77 1284 12N2? 12113 IZN9J R15

U23 0103 016 N26 IS F61 is =A$ a

RI? 12N79 12D 2N?A

U24 005 Nil 79IG8 1

U25 H93 1UqAS? W10 L21

R21 
RI . M4I R22 sPI1 16 37 SS

U26 UOG G93 *0 FOB 037

R29 3 K1 3.C6 4k-S P15 1 NN28

U2? H64 SB C0i 696 019 1 i 49 L3 F?? 780 *0

R02 R09 R41 12682 awe 12No2 JM

T0B U08 A Vol A S20 I16 F53 G63 E72 HIM0 80 12 iB 1 JIB F5

R25 23 RI P67

WO I V09 1N01174 82 _T 08o

W02 68 1 BA 5.4 E8 77 5 R95 7024 I 3

1 35 4' 5 F 0 AM JI* 0

W05 U13 U2 15 S194 1 L05 2G65 2G03
R6R30 8SS02 1N712PZ4

LL

SOS U14
MM

NN

00

C O
L2711
"12N15

A80 57 mmm HC?

G?7
•d

N1I

12MI6
__ __ i i S

W07 01H83 U1VI7 IE58 oM19 A,
12N42

-OO

ROA

Onr

00

695

121449

HM0
12M

L31

1 2P56

L1O
12P93

IZ940

BOO

~0

J22

4NO19

NOT

R3

J123

933
G72

FSI I15 I,1r? oM JWO . En1 oI 101216 KZ1
RIB

E62 J24

AP13

ABC ~ ~ ~ wn-ýV4 -. 1 - .ý- .1-1 AN.1101 *ýL- .103 IK29

Figure 3.10: The thirteen worst case five assembly arrangement locations are shown.



Dominion
Kewaunee Power Station
Project No. 11862-198

S&L Calc. No. 2013-11284, Rev. 0
Page 26 of 57

Colder Assembly
(Cycle 29 or Older)

LL

Colder Assembly
(Cycle 29 or Older)

Al

Cycle 32 Assembly

Cycle 30 Assembly 11

Cycle 31 Assembly

Figure 3.11: Common configuration of the worst case five assembly arrangements in the spent fuel pool.

For this analysis (and based on the limitations of COBRA) three assemblies are modeled: the "worst
case" Cycle 32 assembly is between two limiting Cycle 29 assemblies. As shown in Figure 3.11 and
Attachment 14, no assembly is touching more than two assemblies more recent than Cycle 29. The
highest heat generation rate for any of the Cycle 29 assemblies in one of the thirteen bounding five
assembly arrangements has a heat generation rate of 2300 BTU/hr in October of 2014 (Input 4.2).
This heat generation rate is used for both the October 2014 model and the May 2015 model.

This heat generation rate is applied to the two adjacent assembli6s in the COBRA model, as shown in
Figure 3.12. This method is conservative for two key reasons. First, it assumes that there is no heat
transfer to the other two adjacent assemblies. This is equivalent to modeling the other two adjacent
assemblies as being also Cycle 32. Second, it assumes that the third and fourth highest heat
generation assemblies touching a Cycle 32 assembly are both the worst case Cycle 29 heat
assemblies. In reality the fourth adjacent assembly would have an even lower heat rate resulting in
more heat transfer from the central Cycle 32 assembly.
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Figure 3.12: Configuration modeled in COBRA. Only the middle Cycle 32 assembly and the
two Cycle 29 assemblies are modeled. The diagonal lines represent the boundary of the

COBRA model and are assumed to be adiabatic.

All three assemblies are modeled with the same channel configuration in COBRA.

3.2.4 RODS Inputs

The RODS input section describes the rods in the model. The rods as modeled are the combination of
the fuel and the cladding. All of the heat transfer from the rods is surface convective heat transfer (see
Sections 3.2.6 and 3.2.7 below). Because the rods are configured in a 14x14 array, there are 196 total
rods. Of those 196 rods, 179 are active (Input 4.2). All of the heat generating rods are modeled as
being identical for simplicity.

Each rod requires a unique identification number, the diameter of the rod (including the cladding), the
heat generation factor, and a list of which channels the rod is touching. The heat generation factor is
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an indicator of if the rod is active (=1.0) or inactive (=0.0). It is appropriate to model all of the rods in
a single assembly with a uniform heat generation rate. As stated in ETE-NAF-2013-0130 [Ref. 2.34]
the maximum peaking factor for a single rod in the limiting assembly (Assembly M52 per Section
3.2.9.1) is 1.07. This means that the maximum variation among rods is ±7%. This variation is small
compared to Assumption 5.1, which assumes that the heat generation rate is uniform for the full
height of the rod. Per References 2.35 and 2.36, the relative power distribution in an assembly is
below 80% of the assembly average for the top 5% of the rod. Even if the rod with the highest
cladding temperature was also the hottest rod in the assembly, the actual heat generation rate will be
less than the analyzed heat generation rate at the top of the rod where the cladding temperature is
highest (80% x 1.07 < 1). Therefore the use of a uniform heat generation rate is appropriate.

The channels touching each rod are identified by the channel number and what fraction of the
circumference of the rod is touching each channel. Because the rods and channels are modeled as a
uniform grid, each rod touches four channels and each of those channels touches one quarter of the
rod circumference.

The end of the RODS section contains material properties for the rod. The thermal conductivity,
specific heat, and density of the fuel and the cladding are entered (Input 4.3), as are the fuel pellet
diameter, cladding thickness, and cladding outer diameter (Input 4.2). This input is needed primarily
when the user desires the temperature of the fuel pellets. This analysis does not evaluate the fuel
pellet temperature, so these properties are primarily placeholders. For this reason, it is acceptable that
the properties are selected at a specific temperature in the temperature range of this analysis as
opposed to being entered as a function of temperature.

The final input needed in the RODS section is the gap conductance between the fuel pellet and the
cladding. Similar to the fuel and cladding properties, this input is needed primarily when the user
desires the temperature of the fuel pellets. This analysis does not evaluate the fuel pellet temperature,
so the gap conductance is primarily a placeholder. The gap is filled with helium (Input 4.2). The
thermal conductivity of helium is 0.176 Btu/hr-ft-°F (Input 4.4). The gap between the fuel pellets and
the inner wall of the zirconium is on average 0.00375 inches ( (Cladding ID 0.3734 - Pellet OD
0.3659) / 2). Because the gap is only -2% of the diameter of the pellet, the gap is treated as a flat wall
as opposed to concentric circles. The gap conductance is calculated to be:

0.176 BTU x 1 × 12 in=563- BTU gap conductance
0.00375 in ft h--fl

2
*F

All three assemblies shown in Figure 3.12 are modeled with the same rod configuration.

3.2.5 SLAB Inputs

The SLAB input section describes the walls of the storage cell. The walls of the storage cell are
stainless steel. For this model, the walls of each assembly are modeled as 8 different slab nodes. The
slabs for Assembly 1 are modeled as shown in the figure below.
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Figure 3.13: Slab Geometry for One Assembly Showing the Length, Width, and
Thickness of the Storage Cell and Slab Walls

The storage cell walls between the assemblies are modeled as an infinitely thin slab (e.g Slab #21),
then the "wall" (e.g. Slab #1), then another infinitely thin slab (e.g. Slab #23), as shown in Figure
3.14 below. As shown in Figure 3.15, the storage cell walls contain four sheets of stainless steel, two
sheets of boron carbide, and many air gaps. Modeling this combined "wall" using three slabs allows
the user to have more control over the thermal resistances used in the model.
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Figure 3.14: The full size and zoomed in map of the slabs modeled herein. Slabs 21-28 are
infinitely thin and are used to have more control over the thermal resistance through the

wall from one assembly to another.

The only thermal connections between slab nodes that are modeled are the connections between the
infinitely thin slab node and the main wall slab node that it is touching (e.g. slab 23 to slab 1). To
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simplify the modeling, these connections are entered with a fixed thermal resistance [Ref. 2.2.4,
Section 6.2.6]. COBRA requires the thermal resistance in s-ft-°F/BTU, which is calculated using the
equation below.

R = Wd Eq. 3.2-6

Pdxk

where:

Wd = distance from the center of the solid wall node to the connection edge (in)

Pd = length of the connection between the two slabs (= W/2 = 4.15 in)

k = thermal conductivity of the wall (BTU/s-fi-°F)

The assembly walls are shown in Figure 3.15. Between the assemblies there are two sheets of 0.125
inch thick stainless steel, two sheets of 0.062 inch thick stainless steel, and two sheets of boron
carbide that are each 0.21 inches thick (Input 4.2). The storage cells are on 10 inch centers and the
inside wall dimension for the assemblies is 8.3 inches (Input 4.2). Therefore, there is a total of 1.7
inches of "storage cell wall" of which 0.374 inches is stainless steel and 0.42 inches is boron carbide.
That leaves 0.906 inches of air between adjacent assemblies. This air is the predominant source of
thermal resistance: the thermal conductivity of stainless steel is 10.9 BTU/hr-ft-0 F, the thermal
conductivity of boron carbide is 29 - 67 W/m-K (= 16 - 39 BTU/hr-ft-°F) (Input 4.3), and the thermal
conductivity of air is on the order of 0.02 BTU/hr-ft-*F (Input 4.4). Conservatively, the thermal
resistance of the "wall" between the storage cells is modeled as 0.906 inches of static air. In reality,
there would likely be some air flow between the cells which would significantly increase the amount
of heat transfer between storage cells. The thermal resistance is calculated using equation 3.2-6
above. The thermal resistance of air at 5007F is used as 500 is the average temperature in the
middle of the wall for the entire height (see Attachment 9 results for Slabs 1 and 2). This value is
conservative: higher air temperatures have higher thermal conductivities (Input 4.4), and the regions
near the top of the storage cells will have a higher temperature gradient and therefore more heat
transfer.

R = Wd 0.906 in/2 = 17,011. F
Pdxk 4.15 inx0.0231 BTU x hr BTU

hr-ft-* F 3600 sec
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Figure 3.15: The internals of the assembly cell walls are shown.

Finally, the channels that touch each slab are identified. There are two connection types between
channels and slabs. Each connection type requires the geometry factor and the connection length, as
calculated below.

Connection Type

Comner

Side

Thin Slab

Geometry Factor

(t/2) / C

(t/2) / P

Thickness = 0

Value

0.1166
0.1124

0.0

Eq. 3.2-7
Eq. 3.2-8

(see Attachment 5 for calculations of above values)

Connection Length

C
P

Value

0.546
0.556
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3.2.6 RADG Inputs

The RADG input section describes the radiative heat transfer within the assemblies used in this
analysis. This model includes radiative heat transfer to all of the slabs. For each assembly, the wall
nodes of the assembly must be specified. Figure 3.14 shows the wall node numbers for the
assemblies. The infinitely thin slabs are used for the walls between the assemblies.

Gray body view factors are calculated using the auxiliary program RADGEN. The input manual for
RADGEN is also in the COBRA User's Manual [Ref. 2.2.4]. RADGEN is a simple program. The
inputs required to run the program are as follows.

" Type of geometry: For this analysis, the rods are arranged on a square pitch.

" Pitch-to-diameter ratio: From Input 4.2, the rod pitch is 0.556 inches and the rod diameter is
0.422 inches. The pitch to diameter ratio is 1.318.

" Number of rods in each row and number of rows: The rods are in a 14 x 14 grid.

* Rod outside diameter: As stated above, the rod diameter is 0.422 inches.

" Distance between the edge of the rods and the storage cell wall: From Attachment 5, the
distance from the center of the last rods to the storage cell wall is 0.536 inches. Half the rod
diameter is 0.211 inches. Therefore the distance from the edge of the rods to the wall is 0.325
inches.

* Rod emissivity: The default value of 0.8 is used as the emissivity of the cladding.

* Wall emissivity: The default value of 0.2 is used as the emissivity of the stainless steel.

* Number of wall surfaces: The code will only allow 8 surfaces.

* Lumping options: Rod lumping (i.e. modeling multiple rods as a single large rod) is not used
in this analysis.

3.2.7 HEAT Inputs

The HEAT input section describes the heat transfer coefficients used in this analysis. The model
allows a laminar and a turbulent heat transfer correlation to be used following the generic formula
below.

H = (a, Re"' Pr0 -+a4) kiDe
Eq. 3.2-9

where:
H = heat transfer coefficient (Btu/hr-ft2-°F)
Re = Reynolds number
Pr = Prandtl number
k = thermal conductivity of air (Btu/hr-ft-°F from Input 4.4)
De = channel hydraulic diameter (ft)
a,, a2, a3, a4, = coefficients of the correlation

The COBRA manual [Ref. 2.2.4, pg. 7.5] suggests using heat transfer correlations of:
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H Damin ar k (0.83 x Re°" x Pro.33) Eq. 3.2-10Dý

H rbutent x k (0.33 x Re"6 x Pr 03) Eq. 3.2-11
De

This analysis also models conduction, but not mixing, through the air between channels. See

Attachment 6 for the code inputs used in this analysis.

3.2.8 DRAG Inputs

The DRAG input section describes the pressure losses due to wall friction and due to obstructions in
the assembly.

The friction factor is specified for laminar and turbulent flow based on the equation below (see Eqns.
6.14 and 6.15 of Ref. 2.2.4).

fL = aL x RebL + CL Eq. 3.2-12

fT = ax Reb + cx Red + e Eq. 3.2-13

In Equation 3.2-12, bL is equal to -1 [Ref. 2.21, pg. 4-16].

The total grid spacer, entrance, and exit resistance coefficient is 30 for a flow area of 32 in2 (Input
4.2). The flow configuration in the spent fuel pool has a flow area of 41.48 in2 (Attachment 7).
Therefore the resistance coefficient must be scaled up. The pressure drop through a form loss is
proportional to the friction factor and to the velocity of the flow squared [Ref. 2.22, pg. 3-2 and Ref.
2.30, pg. 3-3]. For laminar flow, as is the case in this analysis where the Reynolds number is on the
order of 100 (see Attachment 7), the friction factor is a function of the inverse of the Reynolds
Number as stated above. As the Reynolds Number is a function of the velocity [Ref. 2.30, pg. 3-6],
the pressure drop for laminar flow is proportional to velocity to the first power. Therefore, to account
for the difference in flow area, the resistance coefficient must be scaled by the ratio of the area. The
resistance coefficient for the assemblies in the spent fuel pool is therefore 39 (=30 x 41.48 / 32). Note
this discussion is further supported in Reference 2.31 (see Attachment 20) which states that the
pressure drop is proportional to velocity to the first power.

As stated in Section 3.2.3, COBRA is used to evaluate the heat transfer from the rods to the air and
the maximum temperature of the cladding. Therefore, the total resistance is modeled as being
distributed uniformly across the heated length of the rod as a resistance coefficient of 3.9 every ninth
of the height of the model (ten locations of a resistance coefficient of 3.9, the first resistance is
located at height 0). See Attachment 6 for the code inputs used in this analysis.

3.2.9 OPER Inputs

The OPER input section describes the boundary conditions for the model. For this model, a uniform
inlet temperature and an average air mass flux are used. The uniform inlet temperature is taken from
Section 7.1 of this analysis with the addition of a downcomer heat-up temperature to account for the
increase in temperature as the air travels down the downcomer (see below for the calculation of this
downcomer temperature increase). In addition, the heat generation rate and generation profile for the
rods are entered. A uniform generation profile is used. This is conservative compared to a sine curve
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generation profile as it maximizes the heat generated at the top of the rods where the air temperature
is greatest.

Note: The last two numbers in the second row of OPER are multipliers on the air mass flux and heat
generation rate for each of the assemblies respectively. These are used in this model to increase the
number of significant digits that can be presented in the third and fourth rows of OPER.

3.2.9.1 Heat Generation Rate

The heat generation rate is applied to the entire rod diameter. The total heat generated in the
rods for the worst case assembly is 11,975 BTU/hr on October 30th, 2014 and is 8,622
BTU/hr on May 18th, 2015 (Input 4.2). The worst case assembly has an assembly power
factor of 1.449 1. The worst case five assembly arrangement, which is different from the
worst assembly, has an assembly power factor of 1.386 (Input 4.2). It is appropriate to use
the heat generation rates from the worst case five assembly arrangement for the following
reason (taken from Reference 2.20, note that M52 is in the farthest left five assembly
arrangement in Figure 3.10).

Note that there are several other Cycle 32 discharge assemblies with higher assembly
power factors than M52. However, all of these assemblies are surrounded on all four
sides by "cold" fiuel discharged before Cycle 30. The heat load for the M52
configuration bounds the heat loads associated with the higher powered assemblies
because the assemblies surrounding the higher power assemblies produce much less
decay heat.

The maximum heat load is scaled based on the assembly power factor of M52. This is shown
in Attachment 12, Sheet 2. The total heat generated in the rods for the assembly used in this
analysis (i.e. the heat generated in the Cycle 32 assembly of worst case five assembly
arrangement) is 11,455 BTU/hr on October 3 0 th, 2014 and is 8,247 BTU/hr on May 18h,
2015 (Attachment 12, Sheet 2).

The heat generated in the adjacent Cycle 29 assemblies is 2300 BTU/hr on October 3 0 th 2014,
which is also used for the May 2015 analysis (Input 4.2). This Cycle 29 heat load was
selected to coincide with the worst case five assembly arrangements. Every five assembly
arrangement in the spent fuel pool will have at least two assemblies with heat loads less than
or equal to this Cycle 29 heat load [Ref. 2.20]. It is therefore conservative to model every
assembly as being adjacent to two of these Cycle 29 assemblies and two adiabatic walls.

The heat generation rate per unit of rod volume is calculated in Attachment 6. The heat
generation is entered in MBTU/hr-ft3 for each of the three modeled assemblies. As stated in
Section 3.2.9, the second row of OPER includes a multiplier for the heat generation rates. As
the heat generation rates in this analysis are on the order of thousands of BTU/hr-ft3, the
multiplier in the second row (the last entry in that row) is set to 0.001. This means that the
heat generation rates in the fourth row of OPER are entered in kBTU/hr-ft3. The Cycle 32
heat load decreases much more quickly than the whole pool heat load, as shown in Figure
3.16 (see Attachment 12 for data).

1 The "assembly power factor" is defined as the multiplier on the heat generation rate for an average assembly for

a given cycle to determine the heat generation rate for a specific assembly. For example, if Cycle 30 assemblies
have an average heat load of 3000 BTU/hr at a given decay date and the peak assembly power factor for a
specific Cycle 30 assembly is 1.1, then the heat generation rate for that assembly would be 3300 BTU/hr.
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Figure 3.16: The decay rates in Cycle 32 and the rest of the pool are shown. In October
2014, Cycle 32 makes up 1/3 of the total pool heat load. In May 2015, Cycle 32 makes up

approximately 1/4 of the total heat load.

3.2.9.2 Air Mass Flux

The average air mass flux (G in equations below) is calculated by equating the effective
pressure increase due to the flow generated by natural circulation with the pressure drop
caused by obstructions in the channel. The air flow path is shown in Figure 3.17 below. For
this part of the analysis, where the goal is to determine the flow characteristics, the total

height of the storage cell is used.
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Figure 3.17: Schematic of the flow path used in this section

The pressures and flow characteristics can be calculated using the Navier-Stokes equation for
momentum in the vertical direction (z) shown below.

___ +__ _+ _ +,_ = +fg+ + + Eq. 3.2-14at, a x a y az - z RL--ax 0--f azj

where:
p = density at a given point
t, = time
x,y,z = location in horizontal, horizontal, and vertical directions respectively
u,v,w = velocity in the x, y, and z directions respectively
Pr = actual pressure
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I raZX-"Z + a +rJ+ form and friction pressure losses as a function of distance
Re ax Oy L9z

This analysis is steady-state and the flows in the horizontal direction are zero in the storage
cell and downcomer. The momentum equation is simplified as shown below.

a(Ow2)_ ap
- + ,og + [form + friction losses] Eq. 3.2-15

az az

The mass flux through the storage cell is defined as the mass flow rate per square foot, and is
calculated as G = p w. The momentum equation then becomes:

-•-G 2] :-aPr + i g + [form + friction losses] Eq. 3.2-16

where:
G = mass flux

There are still two unknowns: the pressure rise along the storage cell and the mass flux. The
two equations are the z-momentum equation through the storage cell (Point 0 to Point H in
Figure 3.17) and the z-momentum equation in the downcomer (Point H back to Point 0 in
Figure 3.17). Note that the horizontal flows are neglected here. This is because the form and
friction losses are negligible both above and below the racks. Comparing the loss coefficients
in Reference 2.22 to the analyses presented in Attachment 7 shows that the loss through a 90
degree bend is small compared to the losses in the storage cell.

Both of these equations rely on the z momentum equation above. The equations will be
integrated across the height of the storage cell. The pressure increase from the volume above
the pool through the downcomer to the volume under the racks is set equal to the pressure
decrease from the volume under the racks up the storage cell to the volume above the pool.
Figure 3.17 shows the flow path of the air modeled in this analysis.

Note that for all integration, the temperature, and therefore density, of air through the storage
cell is modeled as linear through the storage cell. This is a simplification; however, it is
appropriate because the fuel is modeled with a uniform heat generation rate (Assumption
5.1).

The four terms are detailed below.

The mass flux term, when integrated, becomes:

G
2 H

p(z) , 
Eq. 3.2-17

through the storage cell and:
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p(z) H
Eq. 3.2-18

through the downcomer. Therefore, these terms will cancel out when the two equations are
summed.

The pressure term, when integrated, becomes:

Eq. 3.2-19

Eq. 3.2-20and: P, IlH

through the storage cell and the downcomer respectively. Therefore, these terms will cancel
out when the storage cell and downcomer equations are summed.

When the static head term, pg, is integrated in z, it becomes:

fp(z) g dz Eq. 3.2-21

In the downcomer (the flow path from Point H to Point 0 in Figure 3.17), the temperature is
constant across the entire vertical section. The static head term therefore becomes:

Jp(z) g dz = -pb I, g H
H

Eq. 3.2-22

where:
H= height of the storage cells
Pblg = density of air in the Fuel Handling Area as a whole

In the storage cell, however, the density is a function of elevation. From Assumption 5.1 and
above, the density is assumed to vary linearly through the storage cell from the higher density
at Point 0 to the lower, heated air density at Point H. The static head integral is simplified,
therefore, to be:

H

fp(z) g dz = pavg g H
0

Eq. 3.2-23

where:
Pavg = density of average air temperature (Tavg) in the storage cell

The average density of air in the storage cell is calculated using the ideal gas law, as shown in
the equations below.

I HoP I Ho PxMW PxMW Ho Id
P(x-- x.-= H j T(x)
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H 1 1 H Ho Tdx f dx- In T, + -
fT(x) o +(rT00 , in (T-n

X= x0 in+ T.(Tn "in) +H)ut

H HHlTo'in_z-z jj(OJ J 7. -
T~)~=( ;,-.) (roo,~ i(T 0 -r)

Pag T=,, ̀ Eq. 3.2-24

The form and friction pressure loss from Point 0 to Point H through the storage cell is
calculated using the following equation (based on Ref. 2.22 pg. 3-4).

zIf = k • Eq. 3.2-25

where:
k = hydraulic resistance coefficient
Pz = form and friction pressure drop

The hydraulic resistance coefficient through the storage cell is made up of two components:
the form resistance and the friction resistance. From Section 3.2.8, a form resistance
coefficient of 39 is used for the fuel assembly stored within a storage cell. The friction
resistance is based on correlations from NUREG/CR-6441 [Ref. 2.21] and Crane [Ref. 2.22].
From Crane, the resistance coefficient is calculated based on the friction factor as shown
below:

H
k=f Eq. 3.2-26Dh

where:
f= friction factor
Dh = hydraulic diameter = 4H.... /Hperim Eq. 3.2-27
Harea = hydraulic area = WL - 152 (rD 2/4) = 41.48 in2  Eq. 3.2-28
Hperim = wetted perimeter = 2 (W + L) + 152 (7rD) = 293.05 in Eq. 3.2-29

The hydraulic diameter is therefore 0.566 inches (= 4 (41.48) / 293.05).

The friction factor is calculated using the below equations from NUREG/CR-6441 [Ref. 2.21,
pgs. 4-16 and 4-17].

C, =a+b,(PID-1)+b2(PID-_ 1)2 Eq. 3.2-30
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f Eq. 3.2-31Re"

where:
Cf = friction factor coefficient
a, bl,, b2, n = parameters from Ref. 2.21, pg. 4-16 and 4-17
P = pitch (0.556 inches see Section 3.2.3)
D = cladding outer diameter (0.422 inches see Section 3.2.3)
Re = Reynolds number = G Dh /p Eq. 3.2-32
p = dynamic viscosity of the fluid

For a P/D ratio of 1.1 to 1.5 and laminar flow, a is 33.55, b, is 263.7, b2 is -190.2, and n is 1
[Ref. 2.21, pgs. 4-16 and 4-17]. The interior flow values from Reference 2.21 are used for all
the channels in order to simplify the analysis.

The form and friction losses from Point H to Point 0 through the downcomer are neglected.
The hydraulic diameters of the flow paths through the downcomer and below the racks are
much larger than the 0.566 inch hydraulic diameter in the assembly: the minimum
downcomer gap width is 6.27 inches [Ref. 2.18]. A limitation of this analysis is that the gap
between the bottom of the racks and the floor is at least 5 inches (see Limitation I in Section
8).

When Equations 3.2-17, 18, 19, 20, 22, 23, 25, and 26 are inserted into Equation 3.2-16 and
the storage cell flow path and downcomer flow path are summed, the final equation
describing the scenario is the following:

O=O+Hgký -Avr1bý)± +fnfk I 2aG' Eq. 3.2-33

Which simplifies to:

G 2 p,,gHg big -- P Eq. 3.2-34

+ H
L~kfor 2  f D H

Because the mass flux, G, and friction factor, f, are interrelated, the above equations must be
solved iteratively. The steps of the iteration are as follows.

1. A mass flux is estimated

2. The outlet temperature is calculated using the following equation:

Heat gen
T. = Ti, + -xHeaeC Eq. 3.2-35G x Harea X CP

where:
Tow = outlet temperature at the top of the storage cell
Ti,, = temperature at the inlet of the storage cell: the Fuel Handling Area temperature
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Heatge,- heat generated in the assembly
cp = specific heat at the estimated average temperature

3. The average temperature is calculated assuming the temperature in the storage cell is
linear. The density at the average temperature is calculated using the ideal gas law.

4. The specific heat at the average temperature is compared to the one used in step 2. If
needed, steps 2 through 4 are repeated.

5. The hydraulic resistance is calculated and the mass flux is evaluated using Equation 3.2-
34.

6. Steps 1 through 5 are repeated until the mass flux in step 1 is equal to the mass flux in
step 5.

The spreadsheets using this procedure are shown in Attachment 7. For each date, three
different cases are shown in Attachment 7: the worst case assembly, the adjacent assemblies,
and an average assembly. The third case is used to determine the temperature increase of the
air coming through the downcomer, as discussed in Section 3.2.9.3.

The air mass flux rate is entered in Mlb/hr-ft2 for each of the three assemblies. As stated in
Section 3.2.9, the second row of OPER includes a multiplier for the air mass flux. As the
mass fluxes in this analysis are on the order of hundreds of Mlb/hr-ft2, the multiplier in the
second row (the second to last entry in that row) is set to 0.0001. This means that the mass
fluxes in the third row of OPER are entered in hundreds of lb/hr-ft2.

3.2.9.3 Downcomer Temperature Rise

The temperature increase of the air coining through the downcomer is calculated using
equations from Fundamentals of Mass and Heat Transfer (Ref. 2.6, Ch. 8). In Attachment 7,
using the methods presented in Section 3.2.9.2, the mass flux through an average storage cell
is calculated. This is multiplied by the number of assemblies in the pool and the open area in
each storage cell/assembly to calculate the mass flow rate through the downcomer. From
Assumption 5.4, half of the heat generated in the fuel assemblies that are in storage cells on
the edge of the racks is transferred to the air in the downcomer. The heat generation rate for
these edge fuel assemblies is calculated in Attachment 12.

The temperature increase is calculated using the following equation (from Ref. 2.6, Ch. 8):

q = Px 12 x (Tbowom -T Eq. 3.2-36

Tbottom = T + q Eq. 3.2-37cp xrh

where:
q = heat transferred (50% of the heat generated in the assemblies in edge storage cells per

Assumption 5.4)
cp =heat capacity of air
h = mass flow through the downcomer

Tiop = temperature at the top of the downcomer, the result of the GOTHIC analysis
Tbottom = temperature at the bottom of the downcomer, the COBRA inlet temperature
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The downcomer temperature increase, Tbotlom - Ttp, is also added to the GOTHIC analysis

results for the ventilation case to determine the input temperature for the COBRA model.

3.2.9.4 Inter-Assembly Heat Transfer

Because this analysis models heat transfer among three adjacent assemblies, Sections 3.2.9.2
and 3.2.9.3 are iterated in order to match the temperatures of the outlet air in the COBRA
model with the stack effect calculations shown in Attachment 7. The results from the
COBRA model are used to adjust the heat applied to the air in Attachment 7. The Attachment
7 spreadsheets are then iterated to determine new air flow rates. These flow rates are then
used in another COBRA run. This process is iterated until the outlet air rates match between
COBRA and Attachment 7.

3.2.10 CALC Inputs

The CALC input section describes the time steps and the convergence criteria for this analysis. This
analysis is a steady-state calculation. The defaults are used for the convergence criteria. The
maximum number of iterations is set to 500 (the default is 20 per Reference 2.2.4). This will ensure
that the steady state solution has converged.

3.2.11 OUTP Inputs

The OUTP input section describes the printed output file. For this model, the channels, rods, and slab
outputs are printed. Also, the channel exit and assembly average values are printed.

The COBRA model ends with the word endd.
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4. INPUT DATA

4.1 Fuel Handling Area Dimensions

The figures below provide sketches of the FHA with dimensions taken from plant structural drawings
[Ref. 2.9]. These dimensions are used in Sections 3.1.1 and 3.1.2.1 to build the GOTHIC model.

& . _______177-4"

El. 614'-9" -" ' -1 7

F ! 8Notes:
-1 -(1) Volume below operating floor elevation bit

columns K and H (a.k.a. the "basketball courr)
Et is ignored for simplicity and conservatism.$ El. 62ff (2) Volume south of column 6, north of column

SFPs CIs 9, and west of column P is ignored for simplicity
El. (E. 608.) 0)and conservatism.

St (3) ltalicizeddimensions were scaled from
( drawing A-208 and are therefore approximate.

El.

El. 606' q

"' .,/ ,', /.'. ,,-
* ',, . Note 2 4. , / , ,- . '.

Figure 4.1: FHA Plan View

Figure 4.2: FHA Section View (looking north)
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4.2 Fuel Assembly and Storage Cell Geometry

The geometry input for the fuel assembly modeled in COBRA is shown in Table 4.1 below. Per Section
3.2 of the USAR (Ref. 2.15.2), the most recent fuel in the core is Westinghouse 422V+.

Table 4.1: Fuel Assembly Geometry Inputs

Input Value Units Reference
Assembly Configuration 14 x 14 Ref. 2.15.1
Assembly Height 159.775 inches Ref. 2.15.2, Fig. 3.2-8
Storage Cell Length 8.3 inches Ref. 2.8, Sec. 2.2
Storage Cell Width 8.3 inches Ref. 2.8, Sec. 2.2
Storage Cell Wall Thickness 0.125 inches Ref. 2.8, Sec. 2.2
Storage Cell Wall Material Stainless Steel Ref. 2.8, Sec. 2.2
Fuel Rod Spacing (Pitch) 0.556 inches Ref. 2.15.1
Fuel Pellet Diameter 0.3659 inches Ref. 2.15.1
Heated Rod Length 143.25 Inches Ref. 2.15.1
Cladding Inner Diameter 0.3734 inches Ref. 2.15.1
Cladding Outer Diameter 0.422 inches Ref. 2.15.1
Outer Diameter of Guide Tubes (Above Dashpot) 0.526 inches Ref. 2.15.1
Outer Diameter of Instrument Tubes 0.422 inches Ref. 2.33
Cladding Material ZIRLO Ref. 2.15.1
Number of active fuel rods 179 Ref. 2.15.1
Max Assembly Heat Generation on 10/30/14 11,975 BTU/hr Below, Ref. 2.17
Avg Assembly Heat Generation on 10/30/14 in the
North/South Pools (i.e. without the Transfer Canal) 3,266 BTU/hr Below, Ref. 2.17
Max Assembly Heat Generation on 5/18/15 8,622 BTU/hr Below, Ref. 2.17
Avg Assembly Heat Generation on 5/18/15 in the
North/South Pools (i.e. without the Transfer Canal) 2,809 BTU/hr Below, Ref. 2.17
"Worst Five Assembly Arrangement" Cycle 29 2,300 BTU/hr Af 2 of Ref. 2.20
Assembly Heat Generation on 10/30/14
Worst Case Assembly Power Factor 1.449 Ref. 2.20
"Worst Five Assembly Arrangement" Power Factor 1.386 Ref. 2.20
for Cycle 32 Assembly
Center to Center Assembly Pitch 10 inches Ref. 2.8, Sec. 3.8
Stainless Steel Inner Cell Wall Sheet Thickness 0.125 inches Ref. 2.8, Fig. 4-1
Stainless Steel Outer Cell Wall Sheet Thickness 0.062 inches Ref. 2.8, Fig. 4-1
Boron Carbide Wall Sheet Thickness 0.21 inches Ref. 2.8, Sec. 2.2

The assembly heat generation rate is calculated to more significant figures than were reported in the ETE
[Ref. 2.17, pg. 14 of 80]. The ETE reports that the hottest fuel assembly is 0.012 MBTUihr, and that the
hottest assembly is calculated by taking the total heat load from the Cycle 32 offload (1.04 MBTU/hr),
dividing by the number of assemblies in that offload (121) and multiplying by the highest assembly
power fraction (1.449). The assembly heat generation rates are recalculated in Attachment 12.

The gap between the fuel pellets and the zirconium wall is filled with helium [Ref. 2.15.2, pg. 3.2-25].

The form resistance coefficient internal to the fuel assembly stored within the storage cell is the sum of
the entrance and exit resistance and the resistance due to the grid spacers. Reference 2.20 states that the
total form resistance coefficient is 30 given a Reynolds number of 100 ahd a flow area of 32 square
inches [Ref. 2.20].
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4.3 Solid Material Properties

The properties for the fuel, cladding, and pool rack that are modeled in COBRA are shown in Table 4.2
below.

Table 4.2: Solid Materials Property Inputs

Input Value Units Reference
Maximum Allowable Zirconium Temperature(1 ) 565 °C Ref. 2.1, § 3.1.3
Zirconium Thermal Conductivity 20.7 W/m-K Ref. 2.6, pg. 908
Zirconium Specific Heat 322 J/kg-K Ref. 2.6, pg. 908
Zirconium Density 6570 kg/m 3  Ref. 2.6, pg. 908
Uranium Dioxide Thermal Conductivity at 500*F 4.3 BTU/hr-ft-°F Ref. 2.26, pg. 814
Uranium Dioxide Specific Heat at 500°F 0.07 BTU/Ib-°F Ref. 2.26, pg. 814
Uranium Dioxide Density 684 lb/ft3  Ref. 2.26, pg. 814

Fuel Density 96.56% of maximum Ref. 2.15.1
Thermal Conductivity of Stainless Steel at 527°F 10.9(2) BTU/hr-ft-°F Ref. 2.3, Table A-1
Thermal Conductivity of Boron Carbide 29-67 W/m-K Ref. 2.19

(1) Several studies are presented in NUREG/CR-645 1. Brookhaven National Laboratory determined that
565°C is appropriate to be used as the critical cladding temperature. SECY-99-168 [Ref. 2.28] states that
565°C is the temperature based on the onset of clad swelling.

(2) The thermal conductivity of stainless steel is taken at 527°F. This temperature is an appropriate midpoint
between the lower temperature entering the storage cell and the higher temperature of air exiting the storage
cell. In addition, the thermal conductivity of the stainless steel walls does not significantly affect the results
because the walls are adiabatic.

4.4 Air and Helium Properties

Air properties are taken from References 2.3 and 2.4. The relevant air properties for the COBRA models
are shown in Table 4.3 and Table 4.4 below.

Table 4.3: Air Properties from Kreith [Ref. 2.3, pg. 6361

Temperature Density Conductivity Heat Capacity Dynamic Viscosity
(*F) (lb/ft3) (Btu/hr-ft-OF) (Btu/Ib-*F) (Ib/ft-sec)

0 0.086 0.0133 0.239 1.110E-05
100 0.071 0.0154 0.240 1.285E-05
200 0.060 0.0174 0.241 1.440E-05
300 0.052 0.0193 0.243 1.610E-05
400 0.046 0.0212 0.245 1.750E-05
500 0.0412 0.0231 0.247 1.890E-05
600 0.0373 0.0250 0.250 2.OOOE-05
700 0.0341 0.0268 0.253 2.14E-05
800 0.0314 0.0286 0.256 2.25E-05
900 0.0291 0.0303 0.259 2.36E-05
1000 0.0271 0.0319 0.262 2.47E-05
1500 0.0202 0.0400 0.276 3.OOE-05
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Table 4.4: Air Properties from Sonntag [Ref 2.4, pg. 6361
Temperature Temperature Enthalpy

(R) (Converted to OF) (Btu/Ib)

440 -19.7 105.212

480 20.3 114.794

560 100.3 133.980

640 180.3 153.216

680 220.3 162.860

760 300.3 182.221

840 380.3 201.701

880 420.3 211.494

960 500.3 231.202

1040 580.3 251.086

1080 620.3 261.099

1160 700.3 281.273

1240 780.3 301.650

1280 820.3 311.915

1360 900.3 332.598

1440 980.3 353.483

1480 1020.3 364.000

1950 1490.3 490.928

2000 1540.3 504.755

S&L Calc. No. 2013-11284, Rev. 0
Page 47 of 57

Table 4.5: Helium Properties

Property Value Units Reference

Thermal Conductivity of Helium at 800K 0.30401) W/m-K Ref. 2.6, pg. 919

(1) The thermal conductivity of helium is taken at 800K (-980'F). From Reference 2.6, the conductivity
of helium increases when the temperature increases. A higher conductivity is conservative because it will
maximize the temperature of the cladding. A conductivity of 0.304 W/m-K converts to 0.176 Btulh-ft-°F.

4.5 Siding Composition

References 2.9.18 through 2.9.23 show that the siding of the FHA is composed of, from inside to outside,
a 1 2-inch-thick layer of glass fiber insulation of density 1.58 lb/ft3 and a 1¾-inch-thick air gap enclosed
by galvanized steel panels. The thermal properties of glass fiber insulation of similar density are given in
the table below. Based on this data, the following properties are used in this analysis: p = 1.58 lb/ft 3, co =

0.167 Btu/lb-°F, k = 0.0220 Btu/hr-ft-0 F.
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Table 4.6: Thermodynamic Properties of Glass Fiber Insulation

Thermal
Density Specific Heat Conductivity
(Ib/ft3) (Btu/Ib-°F) (Btu/hr-ft-°F) Reference

1.00 not given 0.0266 2.6, TbI A.3

1.50 0.167 0.0220 2.29, Tbl A-3

1.75 not given 0.0220 2.6, TbI A.3

2.50 not given 0.0202 2.6, Tbl A.3

4.6 Roof Composition

The upper roof of the FHA is composed of, from bottom to top, a 11½-inch-thick metal deck, a 2-inch-
thick layer of Perlite insulation, a Trocal roof membrane, and a ¾-inch to 1 /2-inch-thick layer of gravel
[Ref. 2.9.11]. It is assumed that the metal deck is made of plain steel (Assumption 5.6), the thermal
properties of which are given in Input 4.14. The thermal properties of Perlite and gravel are also given in
Input 4.14.

4.7 Thermal Radiative Properties of Various Surfaces

For computing thermal radiation heat transfer between the inside surfaces of the FHA and the surrounding
vapor, an emissivity of 0.90 is used. This value is appropriate based on the following data:

* Per Reference 2.23 (Attachment 16), the walls and ceiling of the FHA are off-white. Table A. 12
of Incropera & DeWitt [Ref. 2.6] provides that white paint has an emissivity of 0.90 to 0.93.

* Table A. 11 of Incropera & DeWitt [Ref. 2.6] provides that concrete has an emissivity of 0.88 to
0.93.

4.8 Solar Radiation Inputs

The following data are used to determine the amount of solar radiation absorbed by the FHA walls and
roof per Section 3.1.2.3b.

4.8.1 Latitude and Longitude

The latitude of the station is 44O21' and the longitude is 87'32' [Ref. 2.15.3].

4.8.2 Time Zone

The plant is in the Central Standard Time Zone.

4.8.3 Clearness Number

The clearness number for the region is 1.05, which is taken from Figure 7 in Chapter 27 of the 1993
ASHRAE Handbook of Fundamentals [Ref. 2.14].

4.8.4 Ground Reflectivity

A ground reflectivity of 0.2 is used in this analysis. This is the value recommended in Chapter 14 of
ASHRAE 2009 [Ref. 2.13] for a typical mixture of ground surfaces.
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4.8.5 Surface Absorptivity

Per Reference 2.23 (Attachment 16), the outside walls of the FHA are white/off-white. Table A. 12 of
Incropera & DeWitt [Ref. 2.6] provides that white paint absorbs between 16% and 26% of incident
solar radiation. For computing the amount of solar radiation that is absorbed by the walls, the higher
absorptivity value of 0.26 is used in this analysis.

The roof is covered with a layer of gravel (Input 4.6). Gravel has a solar absorptivity of 0.29 [Ref.
2.25, Table B-2].

4.9 Climate Data

The design dry-bulb temperature (2% occurrence), mean coincident wet-bulb temperature, and mean daily
outside temperature range used in this analysis are tabulated below. These temperatures are taken from
climatic design information published in ASHRAE 2009 [Ref. 2.13] for the Manitowac Municipal Airport
weather station (WMO #726455). A review of climate data from other weather stations near the plant
revealed that these values are typical for the region.

Table 4.7: Climate Data

Parameter October July (hottest month)

tdb,des ('F) 69.6 86.0

trmcwb ('F) 60.0 72.6

DR (°F) 14.9 16.9

The relative humidities associated with the above dry-bulb and wet-bulb temperatures are 57% for

October and 53% for July [Ref. 2.13, Chapter 1, Figure 1].

4.10 Total Spent Fuel Decay Heat Loads

The total heat load from spent fuel is 2.93 x 106 Btu/hr on October 30, 2014 and 2.52 x 106 Btu/hr on May
18, 2015 [Ref. 2.17, page 10]. These heat loads are split between the north and south pits, with 24% of the
heat load in the north pit and 76% in the south pit (see Attachment 12).

4.11 Electrical Equipment Heat Loads

Electrical equipment heat loads are computed in Attachment 10. A total heat load of 57.27 kW is
computed. This includes the heat load from 103 lighting fixtures and 2 lighting panels. Some of these
lighting fixtures may be turned off or burned out. However, this reduction is not credited. Underwater
lighting is not included (see Limitation 2 in Section 8).

4.12 Ventilation

ETE-KW-2013-0025 [Ref. 2.23] provides that the following ventilation flow rates exist in the postulated
scenario. These flow rates are based on an off-design alignment of the ventilation system that requires
operator action (see Limitation 3 in Section 8). The total flow rate exhausted from the FHA is 34,875 cfm,
which equates to an air exchange rate of 2.3 turnovers/hr. These flows are illustrated in Figure 3.7.

Supply air is drawn through the open garage doors and exhausted from the FHA. There are two
garage doors: one on the ground floor at the southwest corner of the FHA, and one on the ground
floor at the northwest corner of the FHA [Ref. 2.9.10]. The doors are 17 ft. wide by 22 ft. high
[Ref. 2.9.10].
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* 12,128 cfm of the total flow is exhausted from the FHA through Stairwell K, which is located
south of the SFPs and is open to the FHA [Ref. 2.9.15].

* 13,747 cfm of the total flow travels west to east across the "basketball court" (see Figure 4.1) and
is exhausted from the FHA through doors or ductwork to Zone SV.

* 9,000 cfm of the total flow is exhausted through the twelve SFP exhaust registers on the west side
of the SFPs [Ref. 2.23]. The registers are 36 in. wide by 8 in. high [Ref. 2.10.1]. The midpoint
elevation of the registers is approximately 3.7 ft above the operating floor [Ref. 2.10.1, Section
A-A].

4.13 Volume of Equipment in Spent Fuel Pools

Table 5.5.1 of Holtec Report HI-992208 [Ref. 2.7] provides the following input data:

Table 4.8: SFP Net Water Volume [Ref. 2.71

North SFP Surface Area 329 ft2

South SFP Surface Area 623 ft2

Transfer Canal SFP Surface Area 120 ft2

Minimum Pool Water Depth 37 ft

SFPs Net Water Volume 34,080 ft3

Based on this data, the volume occupied by equipment in the SFPs is 5584 ft3 ((329 + 623 + 120) x 37 -
34080). Approximating that the equipment is evenly distributed between the three pits gives:

Table 4.9: Volume of Equipment in Spent Fuel Pools

North SFP 1,714 ft3

South SFP 3,245 ft3

Transfer Canal SFP 625 ft3

The effect of equipment is accounted for in the north and south SFPs only (see Section 3.1.1). The effect
of equipment on the transfer canal is ignored, which is acceptable because it is offset by the conservatisms
listed in Notes 1 and 2 of Figure 4.1.

4.14 Thermal Properties of Various Materials

Thermodynamic properties of various materials are given in the table below.

Table 4.10: Thermal Properties of Various Materials

Thermal
Density Specific Heat Conductivity

Material (Iblft3) (Btu/Ib-°F) (Btulhr-ft-OF) Reference
Concrete 145 0.156 0.92 2.27

Plain Steel 490 0.12 27.0 2.27
Perlite 6.6 0.1* 0.032 2.6, Tbl A.3
Gravel 116 0.1" 0.22 2.12, Tbl 4.4.3

* The specific heat of these materials could not be found in numerous references. Therefore, a conservatively
low value of 0.1 Btu/lb-°F is used in this analysis. Using a low value is conservative because it minimizes the
amount of energy that can be absorbed. This parameter has a negligible impact on the results of this analysis.
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5. ASSUMPTIONS

5.1 The heat generation rate is assumed to be distributed uniformly along the heated length of the rod (144
inches per Input 4.2). It is conservative to assume a uniform heat generation rate compared to a sine
distribution because the heat generation will be greater at the top of the fuel rod for the uniform heat
generation rate. This will maximize the heat generation, and therefore temperature of the cladding, at the
top of the hottest rods. This assumption applies to the COBRA model.

5.2 The bulk pressure in the Fuel Handling Area is assumed to be 14.7 psia. This is appropriate because the
FHA is not air tight. The slight negative pressure developed in the FHA due to ventilation is ignored. The
atmospheric pressure does not significantly affect the results.

5.3 For the purposes of calculating the mass flux of air in the storage cell, the temperature of air in the storage
cell is assumed to vary linearly. This approximation is appropriate because the heat generation rate in the
rod is modeled as being uniform (Assumption 5.1) and because the enthalpy of air is linear through the
range of temperatures in this analysis (Input 4.4).

5.4 The heat transfer to the downcomer is assumed to be 50% of the heat generated by the assemblies in the
storage cells on the edge of the racks. This heat transfer is used to calculate the temperature increase of
the air going through the downcomer. This assumption is conservative because most of the heat will be
removed by the air going through the storage cell of those assemblies, as opposed to being transferred
through the stainless steel sides of the storage cells and into the downcomer.

5.5 It is assumed that the fuel handling crane is not being operated at any time during the event. Thus, heat
loads associated with crane equipment are not included in the GOTHIC model.

5.6 It is assumed that the 1/2-inch-thick metal deck referred to in Input 4.6 is plain steel.

5.7 Based on a review of Drawing A-208 [Ref. 2.9.15], one quarter of the Shield Building's circumference is
estimated to be inside the FHA and the wall is estimated to be 2.5 feet thick. These inputs to the GOTHIC
model have a negligible impact on the results of this analysis; therefore, estimations are acceptable.
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6. COMPUTER PROGRAMS

6.1 GOTHIC

GOTHIC (Generation of Thermal-Hydraulic Information for Containments) [Ref. 2.2.1] is a general
purpose thermal-hydraulics software package for the analysis of nuclear power plant containments,
confinement buildings, and system components. GOTHIC has been verified and validated under S&L's
Quality Assurance (QA) program. All runs are performed on S&L PC Nos. EAW16 & EAW17 with the
Windows XP Professional operating system. The audit trail for GOTHIC is provided in Attachment 2.

6.2 COBRA

COBRA-SFS [Ref. 2.2.3] is a computer program that performs thermal-hydraulic analysis of assembly
spent fuel storage or transportation systems. RADGEN is an auxiliary program included in COBRA that
generates gray body view factors to be used in COBRA. COBRA has been verified and validated under
S&L's Quality Assurance (QA) program. RADGEN was verified and validated as part of the validation of
COBRA. All runs are performed on an MS-DOS v6.22 virtual PC running on VMware Player v2.02.

6.3 UHSSIM, Surface Solar Module

The Surface Solar module of the UHSSIM (Ultimate Heat Sink Simulator) computer program [Ref. 2.2.5]
is a software package for determining the time-dependent heat transfer rates to walls from solar and sky
radiation. UHSSIM has been verified and validated under S&L's QA program. All runs are performed on
S&L PC No. ZL7786 with the Windows XP Professional operating system via controlled folder
\\SNLVS5\sys3\Ops$\UHS87010\.
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7. RESULTS

7.1 Maximum Air Temperature Between the Storage Racks and the SFP Walls

7.1.1 October 2014 Case

Figure 7.1 shows the maximum air temperatures computed by GOTHIC in the space between the
storage racks and the SFP walls in both pits using predicted conditions for October 30, 2014. The
maximum temperature is below 180'F (82°C). This temperature data is taken from the GOTHIC
output files provided in Attachment 13.
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Figure 7.1: Maximum Air Temperatures Between the Storage Racks and the SFP Walls (October 30, 2014)
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7.1.2 May 2015 Case

Figure 7.2 shows the maximum air temperatures computed by GOTHIC in the space between the
storage racks and the SFP walls in both pits using predicted conditions for May 2015. The maximum
temperature is below 195°F (91'C). This temperature data is taken from the GOTHIC output files
provided in Attachment 13.
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Figure 7.2: Maximum Air Temperatures Between the Storage Racks and the SFP Walls (May 2015)
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7.2 Maximum Cladding Surface Temperature

7.2.1 Downcomer Temperature Rise

A temperature of 180'F (82°C) is used as the temperature at the top of the downcomer for the
October 2014 case. A temperature of 195°F (91°C) is used as the temperature at the top of the
downcomer for the May 2015 case. Based on the results in Attachment 7, the temperature increase for
air in the downcomer is 20'F (11°C) for the October 2014 case and 22°F (12°C) for the May 2015
case. Therefore, the inlet temperature for the fuel assemblies for the October 2014 case is 200'F
(93°C) and the inlet temperature for the fuel assemblies for the May 2015 case is 217'F (103'C).

7.2.2 Cladding Temperature

The input deck for the COBRA analysis is shown in Attachment 8. The input files for the October
2014 case and May 2015 case are called koct.i and kmay.i respectively. Selected portions of the
output deck are shown in Attachment 9. The output files are called koctselected.o and kmayselected.o
respectively.

The results of the COBRA analysis show that the maximum cladding temperature for the October
2014 case is 1022°F (550'C). The maximum cladding temperature for the May 2015 case is 876°F
(469°C). For both cases, the limiting rod is Rod #105 of the Cycle 32 assembly (see Figure 3.9 for rod
numbers).

7.2.3 Adjacent Assembly Heat Transfer

The average air exit temperature at the exit of the Cycle 32 assembly for the October 2014 case is
994°F (534°C). Based on the specific heat capacity of air for the range of temperatures evaluated in
this model, approximately 540 BTU/hr is transferred to each of the adjacent Cycle 29 assemblies (see
Attachment 7). As the initial heat load of the center Cycle 32 assembly is 11,455 BTU/hr, roughly 5%
of the heat load is transferred to each adjacent assembly, or a total of 10%. This heat transfer is
evaluated again in Attachment 15 to ensure that the results of the COBRA model are interpreted
correctly.

An additional check is used to ensure that the temperatures in the COBRA model match the
temperatures used in Attachment 7 to determine the air flow rates through the assemblies. This check
also verifies that the energy put into the system by the rods matches the energy removed from the
system by the air. For the October 2014 case, the COBRA results show that the outlet temperature is
994°F (534°C) for the hot assembly and 4930F (256 0C) for the adjacent assemblies. This matches
very closely with the Attachment 7 values of 995°F and 494°F respectively. For the May 2015 case,
the COBRA results show that the outlet temperature is 852°F (456°C) for the hot assembly and 512°F
(267°C) for the adjacent assemblies. This matches very closely with the Attachment 7 values of
852 0F and 513°F respectively.

7.3 Summary of Results

The results discussed above are summarized below.

Case Maximum Cladding
Temperature

October 30, 2014 1022 0F / 5500C
May 2015 1 876 0F/469°C
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8. CONCLUSIONS

The results of this analysis show that the surface temperature of the cladding in the spent fuel pools will
not exceed the critical temperature for zirconium following a total loss of water from the pools on or after
October 30, 2014. The cladding remains below the critical temperature due to adequate FHA ventilation
and heat rejection to the outside through the FHA walls and roof.

There are several conservatisms in this calculation. The primary conservatisms are listed below in order
of judged significance.

* The heat transfer is only modeled from the hottest assembly in a group of five to two of the four
adjacent assemblies. From Figure 3.10 and Figure 3.11, the worst case configurations are a Cycle
32 assembly adjacent to a Cycle 31, Cycle 30, and two Cycle 29 assemblies. From the results
section, the heat transferred from the hottest assembly to each of two adjacent Cycle 29
assemblies is roughly 540 BTU/hr, or 5% of the Cycle 32 heat load of 11,455 BTU/hr. The other
two adjacent assemblies (Cycle 30 and Cycle 31) would each remove some of the heat from the
hot assembly. Even if each assembly only provided an additional 2% of heat removal (-220
BTU/hr) the temperature reduction would be significant. The total temperature increase of the air
is roughly 800'F. An additional 4% heat removal would result in a reduction in outlet air
temperature by around 307F (= 800'F x 4%). This is a significant conservatism.

* The resistance coefficient for the assembly as calculated in ETE-NAF-2013-0077 [Ref. 2.17]
was conservatively rounded up. A higher resistance coefficient through the assembly results in a
lower air flow rate through the assembly and therefore lower heat removal.

* Some large heat sinks are not included in the GOTHIC model. Namely, the floor of the truck
bay, the floor of the "basketball court", the Control Complex wall, and the walls and ceilings of
the various rooms east of the "basketball court" on elevation 633'-6".

* The outside of the Shield Building wall is conservatively modeled as adiabatic in the GOTHIC
model. The Shield Building is not normally ventilated [Ref. 2.24].

" Shading from the Shield Building and other structures is conservatively ignored in the GOTHIC
model.

Finally, the acceptance criterion for this analysis-that the cladding surface temperature is maintained
below 565'C (1049°F)--is also conservative. Per NUREG/CR-6451 [Ref. 2.1, see Input 4.3], 565°C
(1049°F) is the lowest temperature where incipient cladding failure might occur with an expected failure
at 671'C (1240'F). Per SECY-99-168 [Ref. 2.28], 800'C (1472°F) is the lowest temperature where self-
sustained oxidation would occur and 565°C is the minimum temperature where clad swelling might
occur. NUREG-1738 [Ref. 2.5, pg. 3-7] states that runaway oxidation of zirconium occurs at 900'C and
565°C is associated with the 10 hour creep rupture time. For this analysis, 565°C (1049°F) is
conservatively used as the critical temperature for the zirconium cladding.
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Limitations:

1. The gap between the floor of the spent fuel pool and the bottom of the assembly racks is at least 5
inches.

2. The heat load due to underwater lighting is not included in the GOTHIC model. These lights are
normally off and would likely bum out in the event that the SFP is drained. Nevertheless, the operator
should take action to verify that the lights are off. The results of the adiabatic fuel heat-up analysis
[Ref. 2.32] indicate that the operator must complete this action within 6 hours of the initiating event.

3. The ventilation flow rates used in this analysis (see Input 4.12) are based on an off-design alignment of
the ventilation system that requires operator action. Specifically, the operator must shut off the
Auxiliary Building supply fans, verify that at least one of two Auxiliary Building exhaust fans and one
of two SFP exhaust fans are operating, and open various doors, including the garage doors. The results
of the adiabatic fuel heat-up analysis [Ref. 2.32] indicate that the operator must complete these actions
within 6 hours of the initiating event.

9. RECOMMENDATIONS

There are no specific recommendations for this analysis.
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controlled File Detail - GOTHIC (S&L Program No. 03.7.759-8.0)
Type: 2 Status: P Effective Date: 07-31-2013
Executed 10-25-2013 11:39

controlled File Path: C:\Gothic\8.0(QA)\

File size

56320
53

114176
65889

2540544
131

267776
315

1749504
226

2773
107285

572
65536

60
51024
4353
6743
1273
2586

265
979
228

1817
338
234
382

1636
565

1224
408
303
375
363
266
824
534
368
408
745
388
437

1299
687
117
480
141
133
452
196
400
376
502
289
128
827
714

2170

Date/Time Stamp

01-06-2012
05-25-2004
01-06-2012
01-08-2012
01-06-2012
05-04-2004
01-06-2012
12-15-2011
01-06-2012
01-06-2012
01-08-2012
01-08-2012
05-09-2011
05-09-2011
12-19-2012
05-25-2011
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
02-23-2010
01-08-2012
01-08-2012
01-08-2012
01-08-2012

17:18
16:50
17:18
07:19
17:19
23:18
17:19
16:29
17:21
14:01
07:01
07:19
21:05
21:05
13:00
17:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
12:24
07:19
07:19
07:19
07:19

File Name

bi n\gcksum .exe
bi n\gedi t.bat
bin\gisp.exe
bin\gothic.b
hi n\gothi c.exe
hi n\gothi c-g.bat
bi n\gothi c-g.exe
bi n\gothi c-s.bat
bi n\gothi c-s.exe
bi n\gpri nt.bat
bi n\gtest .bat
bi n\menu .got
bin\Microsoft.vC80.OPENMP\Microsoft.VC80.OpenMP.manifest
bin\Microsoft.VC80.OPENMP\vcomp.dl 1
bi n\readhel p. bat
bi n\vcomplO0 .dll
lib\add-picl.1
lib\add-pic3.1
lib\add-pic3.4
lib\add-pic7.la
lib\add-tab.3dc
lib\add-tab, net
1 i b\add-tab, sl p
1 i b\add-tabl.1
1 i b\add-tab3.1
lib\add-tab3.2
1 ib\add-tab4.0
lib\add-tab4.1
lib\add-tab4.la
I i b\addtab4. lb
I i b\addtab4. lc
1 i b\addtab4 .le
1 i b\addtab4 .2a
1 i b\add-tab4 .2b
1 i b\addtab4 .2c
1 i b\add-tab4. 2d
1 i b\add-tab4 .2e
1 i b\add-tab5 .la
1 i b\addtab5 .lb
1 i b\add-tab5 .lc
Ii b\add-tab5 .ld
Ii b\add-tab6 .la
Ii b\add-tab6 .lb
Ii b\add-tab6 .lc
Ii b\add-tab6 .ld
1 i b\add.tab6. le
1 i b\add-tab6. if
1 i b\add-tab6. g
lib\add-tab6 .lh
Ii b\add-tab7 .la
Ii b\add-tab7 lb
Ii b\addtab7 .2a
lib\add.tab7 .2b
Iib\ add-tab7 .2c
Ii b\add-tab7 .2d
Ii b\add-tab7.2e
1 i b\add-tab7.2f
1 i b\add.tab7.2g
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194
345
234
726
588
661
412
544
358
917
181
245
288

2330
676
548
979
122

15758
586
599
644
825
604
586
605
584
658
655
651
597
673
595
589
676
611
589
599
602
591
651
891
918
602
587
585
918
602
602
605
601
824
601

1008
592
835
645
588
889
530
879
654
874
590
645

3152
662

01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
02-23-2010
01-08-2012
01-08-2012
01-08-2012
02-23-2010
01-08-2012
02-23-2010
02-23-2010
02-23-2010
02-23-2010
01-08-2012
01-08-2012
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000
03-13-2000

07:19
07:19
07:19
07:19
07:19
07:19
07:19
12:24
07:19
07:19
07:19
12:24
07:19
12:24
12:24
12:24
12:24
07:19
07:19
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11
11:11

lib\add-tab7.2h
li b\add-tab7. 3a
li b\add-tab7 .3b
Ii b\add-tab7 .3c
li b\add-tab7 .3d
li b\add-tab7 .3e
lib\add-tab7.3f
lib\add-tab7.3g
li b\add-tab7 .3h
ii b\add-tab7 .3i
lib\add-tab7. 3
ii b\add-tab7.3
li b\add-tab7 .31
li b\add-tabs .3d
lib\add-tabs.blk
lib\add-tabs .env
li b\add-tabs .net
lib\concrete
lib\convert.tmp
lib\gases\acetone.gas
lib\gases\air.gas
lib\gases\ammonia.gas
lib\gases\argon.gas
lib\gases\bcl3.gas
lib\gases\benzene.gas
lib\gases\bf3.gas
i b\gases\bromine.gas
i b\gases\c2h2.gas
i b\gases\c2h4.gas
i b\gases\c2h6.gas

lib\gases\c3h6.gas
i b\gases\c4hlO.gas
i b\gases\c6h12.gas
i b\gases\c6h14.gas

lib\gases\ccl4.gas
lib\gases\cf4. gas
lib\gases\ch2c hch3.gas
lib\gases\ch3br.gas
lib\gases\ch3cl.gas
lib\gases\chcl3.gas
lib\gases\chlorine.gas
lib\gases\co.gas
lib\gases\co2.gas
lib\gases\cs2.gas
i b\gases\ethanol.gas
i b\gases\fluorine.gas

lib\gases\gas-lib.idx
lib\gases\h2s.gas
i b\gases\hbr.gas
i b\gases\hcl.gas
i b\gases\hcn.gas
i b\gases\helium.gas

lib\gases\hf.gas
i b\gases\hydrogen.gas
i b\gases\ic4hlO.gas
i b\gases\krypton.gas
i b\gases\methane .gas

1ib\gases\methanol.gas
lib\gases\n2o.gas
lib\gases\neon.gas
i b\gases\nitrogen.gas

lib\gases\no.gas
lib\gases\oxygen.gas
lib\gases\pentane.gas
lib\gases\propane.gas
lib\gases\sample.gas
lib\gases\so2.gas
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660
3297

52224
415
415

10228
20995

132
215
171
125

62
218

90
237

98
108
161
167
138
161
161
167
138
161
124

1643
3269

156
1013
2156

617
303

5629
71

6498
2719
7867

487
1520

671
636
144
820
498

15758
54
54
55

238158
6690267
3216110
3840515

12430
149304

9046
79090

304364
303190

23232
200523
193956
194021

10616
144028

338
117517

03-13-2000
10-24-2002
07-13-2005
08-09-2003
03-01-2004
05-09-2005
03-13-2000
04-21-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
01-08-2012
04-21-2004
04-21-2004
04-21-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
05-04-2004
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
01-08-2012
09-23-2013
08-20-2013
12-20-2012
01-06-2012
01-06-2012
01-06-2012
01-06-2012
07-14-2005
01-07-2012
01-07-2012
01-07-2012
01-07-2012
04-25-2013
01-07-2012
01-07-2012
01-07-2012
07-18-2013
01-07-2012
01-07-2012
09-25-2011
01-07-2012

11:11
15:58
09:31
09:25
13:12
16:04
11:11
16:44
17:47
17:48
17:48
17:49
07:19
16:42
16:43
16:43
17:49
17:50
17:51
17:51
17:52
17:52
17:53
17:54
17:54
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
07:19
10:14
16:31
12:00
17:32
17:32
17:32
17:32
16:37
07:35
07:35
07:35
07:36
16:54
07:35
07:36
07:36
09:10
07:36
07:36
17:30
07:35

Ii b\gases\xenon .gas
,lib\Generic
1 ib\ 9 macros.xl s
Ii b\i cecond-eng
Ii b\i ce-cond-si
lib\ipc.c
Ii b\LargeDry
lib\ss-hdm
lib\ss-hspl
lib\ss-hsp2
lib\ss-hsp3
Ii b\ss-hsp4
lib\ss-htpl
lib\ss-htp2
lib\ss-htp3
Ii b\ss-htp4
Ii b\ss-tdm
1 ib\ss-tspl
Ii b\ss-tsp2
Ii b\ss-tsp3
Ii b\ss-tsp4
Ii b\ss-ttpl
li b\ss-ttp2
Ii b\ss-ttp3
Ii b\ss-ttp4
lib\steel
Ii b\v-names\bound .var
Ii b\v-names\cond .var
Ii b\v-names\dfbc .var
Ii b\v-names\dfj unc .var
Ii b\v-names\dfvol . var
1 i b\v-names\gas .var
Ii b\v-names\heater.var
1 ib\v-names\hex .var
Ii b\v-names\i so. var
Iib\v-names\junction.var
Iib\v-names\l p.var
Ii b\v-names\mi sc.var
Ii b\v-names\ntwkl ink. var
Ii b\v-names\ntwknode .var
Ii b\v-names\prv. var
Ii b\v-names\pump .var
1 ib\wvnames\trip.var
Ii b\v-names\val ve. var
Ii b\v.names\vfan .var
Ii b\v-names\vol .var
license\got806b5.Iic
license\got806b5.Iic-1
Ii cense\9ot806c6.1 ic-old
manual s\i nst-man\i nst-man .pdf
manual s\qualrep\qual-rep.pdf
manual s\tech-man\tech-man .pdf
manual s\user-man\user-man .pdf
manual s\usi nyghel p. pdf
sampl e\exampl e. GTH
sampl e\exampl e. SIN
sample\example.SOT
sampl e\exampl ebwr. GTH
sampl e\exampl e-bwr. SAV
sampl e\exampl e-bwr. SIN
sampl e\exampl e-bwr. SOT
sampl e\exampl epwr. GTH
sampl e\exampl epwr. SAV
sampl e\exampl epwr. SIN
sampl e\exampl epwr. SOT
sampl e\pb-fi 1 e
sample\pre-exampl e.GTH
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7803
58878

601
167315

8575
117094
131146

9389
82041
98941

7026
51318

65
38014

01-07-2012
01-07-2012
12-13-2011
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-07-2012
01-08-2012
12-19-2012

07:35
07:35
17:55
07:36
07:36
07:36
07:36
07:36
07:36
07:36
07:36
07:36
07:19
13:00

sample\pre-example. SIN
sample\pre-example. SOT
sample\runem.bat
sample\testl5.GTH
sample\testl5.SIN
sample\testl5.SOT
sample\test23.GTH
sample\test23.SIN
sample\test23.SOT
sample\test26.GTH
sample\test26.SIN
sample\test26.SOT
sample\test-list
uninstall.exe
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UHSSIM Output File for October 30

Program UHSSIM
Number 03.7.870-1.0 0
Created : 10/16/2012 15:32:42

Page : 1
Date : 10/04/2013
Time 16:18:27.765

# 1) Case Title and Surface Solar Radiation Options

# Case title

Kewaunee Power Station Solar Radiation

# Surface Solar Radiation Options

# Solar Heating Option
# 0 - no solar heating
# 1 - MAWC solar heating model
# 2 - ASHRAE solar heating model
I 3 - SAMSON solar heating data
# System of Units Option
# 0 => F, psia, btu/hr, lbm/hr,
# 1 => C, kPa, J, kg/sec

200
It

# 2) Start Time

# Analysis start time [hr of day]
0.0

# 3) Solar Radiation Heat Rate Parameters

# Only provide these when solar option is 1, 2, or 3!

# MAWC solar radiation heat rate parameters
It
It
It
It
#t
It
It
It
#t
It
It
It
It
It

North latitude
Longitude
Time zone west of greenwich

ATLANTIC STANDARD 4
EASTERN STANDARD 5
CENTRAL STANDARD 6
MOUNTAIN STANDARD 7
PACIFIC STANDARD 8
ALASKA STANDARD 9
HAWAII STANDARD 10

Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]

[four digits]
[1 .. 12]

[1 ... 31]

# 33.38 112.85 7 1990 2 21
#t
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UHSSIM Output File for October 30 (cont'd)

Program UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page
Date
Time

2
10/04/2013
16:18:27.765

ASHRAE solar radiation heat rate parameters

41
41
41
41
41
41

Latitude
Longitude
Time zone west of greenwich
Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]
[four digits]
[1 .. 12]
[1 ... 31]

44.35 87.53 6 2014 10 30 0.2 1.05

# SAMSON solar radiation heat rate parameters

#1
#1
#1
#1
#1
#1
41

Latitude
Longitude
Time zone west of greenwich
Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]
[four digits]
[I .. 12]
[1 ... 31]

# 33.38 112.85 7 1990 7 21

# 4) Time Dependent Wall Surface Temperatures

25
#1

Number of times for surface temperature data

Surface Temperature Data
Each line contains:

Time
Time units (s = second, h = hour, d = day)
Wall surface temperature [F, C]

0
1
2
3
4
5
6
7
8
9

10
11

h
h
h
h
h
h
h
h
h
h
h
h

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
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UHSSIM Output File for October 30 (cont'd)

Program : UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page : 3
Date 10/04/2013
Time 16:18:27.765

12
13
14
15
16
17
18
19
20
21
22
23
24

h
h
h
h
h
h
h
h
h
h
h
h
h

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

# 5) Basin Wall Option and Wall Parameters

# Number of basin walls
5

4
#

Basin wall data, one line for each wall

Wall surface azimuth angle
Wall tilt angle
Wall emission coefficient
Wall sky radiation option

[degrees, degrees)
[degrees, degrees]
[fraction, fraction]
[0 - on during the day on during the night]
[1 - on during the day off during the night]
[2 - off during the day on during the night]
[3 - off during the day off during the night]#

180.0
-90.0
0.0
90.0
0.0

90.0 1.0 3
90.0 1.0 3
90.0 1.0 3
90.0 1.0 3
0.0 1.0 3

#
# 6) Weather Data Parameters
#
# Wet bulb temperature adjustment [F, C] to account for humidity difference
# between meteorological tower location and cooling tower location

0.0
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Attachment 3, Page 4 of 18
UHSSIM Output File for October 30 (cont'd)

Program : UHSSIM
Number 03.7.870-1.0 0

Created 10/16/2012 15:32:42

Page
Date
Time

4
10/04/2013
16:18:27.765

# Ambient Data for Surface Solar Test
# TIME
# (hr)

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

WB

(F)
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000

DB
(F)

106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00

P
(psia)
14.696
14 .696
14 .696
14 .696
14 .696
14.696
14 .696
14.696
14 .696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14.696
14 .696
14 .696
14 .696
14 .696

WS
(ft/s)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Cloud Ceiling
(tenths) (100ft)

Snow Dir Norm Diff Hor

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

(0/1)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

(Btu/hr-ft2)
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000. 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
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Attachment 3, Page 5 of 18
UHSSIM Output File for October 30 (cont'd)

Program : UHSSIM
Number : 03.7.870-1.0 0
Created : 10/16/2012 15:32:42

Page 5
Date 10/04/2013
Time : 16:18:27.765

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

180.0 (degrees)
90.0 (degrees)

1.000 (fraction)
3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14 .0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0. OOOE+00
0. 000E+00
0.000E+00
0.000E+00
0.OOOE+00
0. OOOE+00
0.OOOE+00
3.736E+00
1.724E+01
2.501E+01
2.980E+01
3.221E+01
3.235E+01
3.022E+01
2.574E+01
1.841E+01
5.820E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

0 000E+00
0 000E+00
0.000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00



S&L Calc. No. 2013-11284, Rev. 0
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UHSSIM Output File for October 30 (cont'd)

Program UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page
Date
Time

6
10/04/2013
16:18:27.765

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

2
-90.0 (degrees)

90.0 (degrees)
1.000 (fraction)

3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

55.6

0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00

5. 765E+01
1. 913E+02
1. 939E+02
1. 475E+02
7. 866E+01
6. 945E+01
3. 022E+01
2.574E+01
1.841E+01
5. 820E+00
0.000E+00
0. OOOE+00
0. 000E+00
0.OOOE+00
0.OOOE+00
0.000E+00
0.OOOE+00
0.000E+00

0. 000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
O.O00E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.OOOE+00
0.000E+00
0.000E+00



S&L Calc. No. 2013-11284, Rev. 0
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Attachment 3, Page 7 of 18
UHSSIM Output File for October 30 (cont'd)

Program
Number
Created

UHSSIM
03.7.870-1.0 0
10/16/2012 15:32:42

Page
Date
Time

7
10/04/2013
16:18:27.765

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

3
0.0 (degrees)

90.0 (degrees)
1.000 (fraction)

3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0 OOOE+00
0 OOOE+00
0 OOOE+00
0. OOOE+00
0 OOOE+00
0 OOOE+00
0. OOOE+00
2. 949E+01
1 .481E+02
2. 252E+02
2. 755E+02
3. 014E+02
3. 029E+02
2.800E+02
2.327E+02
1.592E+02
4. 656E+01
0. OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00

0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
O.O00E+00
0. OOOE+00
0. 000E+00
0. OOOE+00
0 .OOOE-'00
0. OOOE+00
0. OOOE+00
0.OOOE+00
0. OOOE+00
0. OOOE+00
0. 000E+00
0. OOOE+00
0. 000E+00
0. OOOE+00
0. OOOE+00
0. 000E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
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Project No. 11862-198

Attachment 3, Page 8 of 18
UHSSIM Output File for October 30 (cont'd)

Program : UHSSIM
Number : 03.7.870-1.0 0

Created 10/16/2012 15:32:42

Page : 8
Date 10/04/2013
Time 16:18:27.765

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle

Emission Coefficient
Sky Radiation Option

4
90.0 (degrees)
90.0 (degrees)

1,000 (fraction)
3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] (F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
3. 736E+00
1.724E+01
2.501E+01
2. 980E+01
3. 363E+01
3.412E+01
1. 400E+02
1. 901E+02
1. 959E+02
8. 626E+01
0.OOOE+00
0. 000E+00
0. 000E+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0 .OOOE+00
0. OOOE+00

0.OOOE+00
0. OOOE+00
0. OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0. OOOE+00
0.OOOE+00
O.O00E+00
0. OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.000E+00
0. 000E+00
0. OOOE+00

0. 000E+00
0. OOOE+00
0. 000E+00
0.000E+00



S&L Calc. No. 2013-11284, Rev. 0
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UHSSIM Output File for October 30 (cont'd)

Program
Number
Created

UHSSIM
03.7.870-1.0 0
10/16/2012 15:32:42

Page
Date
Time

9
10/04/2013
16:18:27.765

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

5
0.0 (degrees)
0.0 (degrees)

1.000 (fraction)
3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

90.0
90.0
90.0

90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0. 000E+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
1. 023E+01
7. 080E+01
1. 225E+02
1. 592E+02
1.788E+02
1. 799E+02
1 .626E+02
1. 278E+02
7. 780E+01
1.717E+01
0.000E+00
0.000E+00
0 OOOE+00
0 OOOE+00
0.000E+00
0.000E+00
0. O00E+00
0.000E+00

0.000E+00
0.OOOE+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00



S&L Calc. No. 2013-11284, Rev. 0
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Attachment 3, Page 10 of 18
UHSSIM Output File for June 21

Program UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page
Date
Time

1
10/08/2013
08:38:08.578

# 1) Case-Title and Surface Solar Radiation Options

# Case title

Kewaunee Power Station Solar Radiation

# Surface Solar Radiation Options

# Solar Heating Option
# 0 - no solar heating
# 1 - MAWC solar heating model
# 2 - ASHRAE solar heating model
# 3 - SAMSON solar heating data
# System of Units Option
# 0 => F, psia, btu/hr, lbm/hr,
# 1 => C, kPa, J, kg/sec

200
ft

# 2) Start Time

# Analysis start time [hr of day]
0.0

# 3) Solar Radiation Heat Rate Parameters

# Only provide these when solar option is 1, 2, or 3!

# MAWC solar radiation heat rate parameters
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
ft
#t

North latitude
Longitude
Time zone west of greenwich

ATLANTIC STANDARD 4
EASTERN STANDARD 5
CENTRAL STANDARD 6
MOUNTAIN STANDARD 7
PACIFIC STANDARD 8
ALASKA STANDARD 9
HAWAII STANDARD 10

Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]

[four digits]
[1 .. 12]
[1 ... 31]

33.38 112.85 7 1990 2 21
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UHSSIM Output File for June 21 (cont'd)

Program : UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page 2
Date 10/08/2013
Time : 08:38:08.578

#
4

4
4
4

4
4

ASHRAE solar radiation heat rate parameters

Latitude
Longitude
Time zone west of greenwich
Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]
[four digits]
[1 .. 12]
[1 ... 31]

#
#
#
4
#
4
4
#
4
#
#
#
4

2
4
4
#
#
4
4
#

44.35 87.53 6 2013 6 21 0.2 1.05

SAMSON solar radiation heat rate parameters

Latitude
Longitude
Time zone west of greenwich
Year used to determine day of year
Month used to determine day of year
Day of month used to determine doy

[degrees]
[degrees]
[whole number]
[four digits]
[I .. 12]
[1 ... 31]

33.38 112.85 7 1990 7 21

4) Time Dependent Wall Surface Temperatures

Number of times for surface temperature data
5

Surface Temperature Data
Each line contains:

Time
Time units (s = second, h = hour, d = day)
Wall surface temperature [F, C]

0 h 90.0
1 h 90.0
2 h 90.0
3 h 90.0
4 h 90.0
5 h 90.0
6 h 90.0
7 h 90.0
8 h 90.0
9 h 90.0

10 h 90.0
11 h 90.0
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UHSSIM Output File for June 21 (cont'd)

Program : UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page : 3
Date : 10/08/2013
Time 08:38:08.578

12
13
14
15
16
17
18
19
20
21
22
23
24

h
h
h
h
h
h
h
h
h
h
h
h
h

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

# 5) Basin Wall Option and Wall Parameters

# Number of basin walls
5

# Basin wall data, one line for each wall

Wall surface azimuth angle
Wall tilt angle
Wall emission coefficient
Wall sky radiation option

[degrees, degrees]
[degrees, degrees]
(fraction, fraction]
[0 - on during the day on during the night]
[I - on during the day off during the night]
[2 - off during the day on during the night]
[3 - off during the day off during the night]

180.0
-90.0
0.0
90.0
0.0

90.0 1.0 3
90.0 1.0 3
90.0 1.0 3
90.0 1.0 3
0.0 1.0 3

P 6) Weather Data Parameters
f
P Wet bulb temperature adjustment [F, C] to account for humidity difference
f between meteorological tower location and cooling tower location
0.0
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UHSSIM Output File for June 21 (cont'd)

Program UHSSIM
Number 03.7.870-1.0 0
Created : 10/16/2012 15:32:42

Page ; 4
Date 10/08/2013
Time 08:38:08.593

# Ambient Data for Surface Solar Test
# TIME
# (hr)

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

WB
(F)

73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000
73.000

DB
(F)

106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00
106.00

P
(psia)
14.696
14 .696
14.696
14.696
14.696
14.696
14. 696
14 .696
14. 696
14.696
14.696
14.696
14.696
14.696
14. 696
14.696
14. 696
14 .696
14. 696
14. 696
14.696
14.696
14 .696
14 .696
14.696

wS
(ft/s)
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Cloud Ceiling
(tenths)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

(100ft)
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Snow
(0/1)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Dir Norm Diff Hor
(Btu/hr-ft2)

0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
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Program : UHSSIM
Number : 03.7.870-1.0 0
Created : 10/16/2012 15:32:42

Page : 5
Date 10/08/2013
Time 08:38:08.593

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

time wall temp dry
[hr] [F]

1
180.0 (degrees)

90.0 (degrees)
1.000 (fraction)

3 (sky radiation off day and off night)

bulb dew point sun-to-wall wall-to-sky
[F] [F) [Btu/hr-ft2] [Btu/hr-ft2)

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
5.033E+01
7. 864E+01
5. 849E+01
4. 016E+01
4.421E+01
4.725E+01
4. 963E+01
5.028E+01
4. 912E+01
4. 651E+01
4.318E+01
3. 883E+01
6. 635E+01
7. 816E+01
2. 538E+01
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00

0.OOOE+00
0.OOOE+00
0. OOOE+00
0.OOOE+00
0.000E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
O.OOOE+00
O.OOOE+00
O.OOOE+00
0.OOOE+00
0.OOOE+00
0.000E+00
0.OOOE+00
0.OOOE+00
0.000E+00
0.000E+00
0.OOOE+00
0.000E+00
0.OOOE+00
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UHSSIM Output File for June 21 (cont'd)

Program
Number
Created

UHSSIM

03.7.870-1.0 0
10/16/2012 15:32:42

Page : 6
Date 10/08/2013
Time 08:38:08.593

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

2
-90.0 (degrees)

90.0 (degrees)
1.000 (fraction)

3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0 OOOE+00
0 OOOE+00

0 OOOE+00
0 OOOE+00
0.000E+00

9. 686E+01
2. 222E+02
2. 697E+02
2 .710E+02
2 .403E+02
1. 869E+02
1. 188E+02
6. 497E+01
4. 932E+01
4. 620E+01
4. 161E+01
3. 545E+01
2 .769E+01
1. 769E+01
3.494E+00
0 OOOE+00
0. 000E+00
0. OOOE+00
0 .000E+00
0. 000E+00

0. OOOE+00
0. 000E+00
0. OOOE+00
0. 000E+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0.000E+00
0. 000E+00
0. OOOE+00
0.OOOE+00
0. 000E+00
0. 000E+00
0. OOOE+00
0.000E+00
0. OOOE+00
0.000E+00
0. OOOE+00
0. OOOE+00
0.000E+00
0. OOOE+00
0.000E+00
0. 000E+00
0.0006E+00
0.000E+00
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UHSSIM Output File for June 21 (cont'd)

Program
Number
Created

UHSSIM
03.7.870-1.0 0
10/16/2012 15:32:42

Page
Date
Time

7
10/08/2013
08:38:08.593

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

3
0.0 (degrees)

90.0 (degrees)
1.000 (fraction)

3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] (F] [F] (Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0. OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
7 898E+00
2 099E+01
3. 208E+01
5.718E+01
1. 033E+02
1. 398E+02
1. 624E+02
1. 686E+02
1. 577E+02
1. 309E+02
9. 112E+01
4. 346E+01
2. 912E+01
1.7 69E+01
3.494E+00
0.OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0 .OOOE+00

0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0.OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
O.OOOE+00
0. OOOE+00
0. OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. 000E+00
0. OOOE+00
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UHSSIM Output File for June 21 (cont'd)

Program UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page 8
Date 10/08/2013
Time : 08:38:08.593

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

90.0 (degrees)
90.0 (degrees)

1.000 (fraction)
3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F) [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55. 6
55. 6
55.6
55.6
55.6
55.6
55.6
55. 6
55.6
55.6
55.6
55.6
55.6

0.OOOE+00
0.OOOE+00
0.OOOE+00
0.000E+00
0. OOOE+00
7. 898E+00
2. 079E+01
3.004E+01
3.733E+01
4. 305E+01
4. 719E+01
5. 059E+01
5. 378E+01
1. 388E+02
2. 036E+02
2. 515E+02
2. 743E+02
2. 619E+02
1. 971E+02
4.420E+01
0. OOOE+00
0.000E+00
0.OOOE+00
0.000E+00
0.000E+00

0 OOOE+00
0 OOOE+00
0 OOOE+00
0.000E+00
0.000E+00
0.000E+00
0 .000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0 .000E+00
0 .000E+00
0.000E+00
0.000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .000E+00
0 .00E+00
0 .00E+00
0.000E+00
0.000E+00
0.000E+00
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UHSSIM Output File for June 21 (cont'd)

Program UHSSIM
Number 03.7.870-1.0 0
Created 10/16/2012 15:32:42

Page : 9
Date 10/08/2013
Time : 08:38:08.593

Surface Solar Heating Module: Kewaunee Power Station Solar Radiation

Wall Number
Surface Azimuth Angle
Wall Tilt Angle
Emission Coefficient
Sky Radiation Option

0.0 (degrees)
0.0 (degrees)

1.000 (fraction)
3 (sky radiation off day and off night)

time wall temp dry bulb dew point sun-to-wall wall-to-sky
[hr] [F] [F] [F] [Btu/hr-ft2] [Btu/hr-ft2]

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0

90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0
106.0

55.6
55.6
55.6
55.6
55.6
55.6
55.6

55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6
55.6

0. OOOE+00
0. OOOE+00
0.000E÷00
0.OOOE+00
0. 000E+00
2. 399E+01
8. 656E+01
1.4 92E+02
2.067E+02
2.551E+02
2. 915E+02
3.134E+02
3.193E+02
3.088E+02
2.827E+02
2.427E+02
1. 914E+02
1. 321E+02
6.870E+01
9.265E+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00
0.OOOE+00

0 OOOE+00
0. OOOE+00
0. 000E+00
0. 000E+00
0 .000E+00
0. OOOE+00
0. OOOE+00
0. OOOE+00
0. 000E+00
0. 000E+00
0. 000E+00
0 OOOE+00
0 OOOE+00
0. 000E+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0 OOOE+00
0. 000E+00
0 OOOE+00
0 OOOE+00
0. 000E+00
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Attachment 4: Materials Properties and Conversions

Air Properties from Kreith

T (F) rho (lb/fl3) Vol (ft3/Ib) k (BTU/hr-ft-F) cp (BTU/Ib-F) mu (lb/ft-sec) mu (lb/ft-hr)
0 0.086 11.628 0.0133 0.239 0.0000111 0.04

100 0.071 14.085 0.0154 0.24 0.00001285 0.0463
200 0.06 16.667 0.0174 0.241 0.0000144 0.0518
300 0.052 19.231 0.0193 0.243 0.0000161 0.058
400 0.046 21.739 0.0212 0.245 0.0000175 0.063
500 0.0412 24.272 0.0231 0.247 0.0000189 0.068
600 0.0373 26.81 0.025 0.25 0.00002 0.072
700 0.0341 29.326 0.0268 0.253 2.14E-05 0.077
800 0.0314 31.847 0.0286 0.256 2.25E-05 0.081
900 0.0291 34.364 0.0303 0.259 2.36E-05 0.085
1000 0.0271 36.9 0.0319 0.262 2.47E-05 0.0889
1500 0.0202 49.505 0.04 0.276 3.OOE-05 0.108

Air Properties from Fundamentals of Thermodynamics
T (R) T (F) h (BTU/lb) T (F) h (BTU/lb)
440 -19.7 105.212 0 109.9
480 20.3 114.794 100 133.9
560 100.3 133.98 200 158
640 180.3 153.216 300 182.1
680 220.3 162.86 400 206.5
760 300.3 182.221 500 231.1
840 380.3 201.701 600 256
880 420.3 211.494 700 281.2
960 500.3 231.202 800 306.7
1040 580.3 251.086 900 332.5
1080 620.3 261.099 1000 358.7
1160 700.3 281.273 1500 493.6
1240 780.3 301.65
1280 820.3 311.915
1360 900.3 332.598
1440 980.3 353.483
1480 1020.3 364
1950 1490.3 490.928
2000 1540.3 504.755

Assembly Wall Material Properties From Kreith
Stainless Steel k (BTU/hr-ft-F @ 572 F)

10.9

Fuel Properties Properties from Nuclear Reactor Engineering at 50OF
k (BTU/hr-ft-F) rho (lb/ft3) cp (BTU/lb-F)

4.3 684. .070

The fuel is at 96.56% maximum density

Actual rho (lb/fl3)
660

Cladding Properties Properties from Fundamentals of Heat Transfer at 600K (620F)

k (W/m-K) k (BTU/hr-ft-F) rho (kg/M 3) rho (lb/fl3) cp (J/kg-K) cp (BTU/lb-F)
20.7 12.0 6570 410. 322 .077

Fuel Gap Conductance Section 3.2.4
563.
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iA IB I C

I Aftachment 4: Materials Properties and Conversions
2
3 Air Properties from Kreit

4 T (F) rho (lb/ft3) Vol (ft3/Ib)
5 0 0.086 =ROUND(1/B5,3)
6 100 0.071 =ROUND(1/B6,3)
7 200 0.06 =ROUND(1/B7,3)
8 300 0.052 =ROUND(1/B8,3)
9 400 0.046 =ROUND(1/B9,3)

10 500 0.0412 =ROUND(1/B1O,3)
11 600 0.0373 =ROUND(1/B1 1,3)
12 700 0.0341 =ROUND(1/B12,3)
13 800 0.0314 =ROUND(1/B13,3)
14 900 0.0291 =ROUND(1/B14,3)
15 1000 0.0271 =ROUND(l/B15,3)
16 1500 0.0202 =ROUND(1/B1 6,3)
17

18
19 Air Properties from Fund
20 T (R) T (F) h (BTU/lb)
21 440 =A21-459.7 105.212
22 480 =A22-459.7 114.794
23 560 =A23-459.7 133.98
24 640 =A24-459.7 153.216
25 680 =A25-459.7 162.86
26 760 =A26-459.7 182.221
27 840 =A27-459.7 201.701
28 880 =A28-459.7 211.494
29 960 =A29-459.7 231.202
30 1040 =A30-459.7 251.086
31 1080 =A31-459.7 261.099
32 1160 =A32-459.7 281.273
33 1240 =A33-459.7 301.65
34 1280 =A34-459.7 311.915
35 1360 =A35-459.7 332.598
36 1440 =A36-459.7 353.483
37 1480 =A37-459.7 364
38 1950 =A38:459.7 490.928
39 2000 =A39-459.7 504.755
40
41

42 Assembly Wall Material F
43 Stainless Steel (BTU/hr-ft-F @ 572 1
44 10.9
45
46 Fuel Properties Propertie
47 k (BTU/hr-ft-F) rho (lb/ft3) cp (BTU/Ib-F)
48 4.3 684 0.07
49
50 The fuel is at 96.56% ma

51 Actual rho (Ib/ft 3)
52 =ROUND(D48*0.9656,0)
53
54 Cladding Properties Prop
55 k (W/m-K) k (BTU/hr-ft-F) rho (kg/m3 )
56 20.7 =ROUND(A56*3600*0.9478/1000/3.28084/(9/5),1) 6570
57
58 Fuel Gap Conductance S
59 563
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D E F G

1

2
3

4 k (BTU/hr-ft-F) (BTU/Ib- mu (Ib/ft-sec) mu (Ib/ft-hr)
5 0.0133 0.239 0.0000111 =ROUND(F5*3600,4)
6 0.0154 0.24 0.00001285 =ROUND(F6*3600,4)
7 0.0174 0.241 0.0000144 =ROUND(F7*3600,4)
8 0.0193 0.243 0.0000161 =ROUND(F8*3600,4)
9 0.0212 0.245 0.0000175 =ROUND(F9*3600,4)

10 0.0231 0.247 0.0000189 =ROUND(F10*3600,4)
11 0.025 0.25 0.00002 =ROUND(F1 1*3600,4)
12 0.0268 0.253 0.0000214 =ROUND(F12*3600,4)
13 0.0286 0.256 0.0000225 =ROUND(F13*3600,4)
14 0.0303 0.259 0.0000236 =ROUND(F14*3600,4)
15 0.0319 0.262 0.0000247 =ROUND(F15*3600,4)
16 0.04 0.276 0.00003 =ROUND(F16*3600,4)
17
18

19
20 T (F) h (BTU/lb)
21 i0 =ROUND(C22-(B22-E21)*(C22-C21)/(B22-B21),1)
22 100 =ROUND(C23-(B23-E22)*(C23-C22)/(B23-B22),1)
23 200 =ROUND(C24-(B24-E23)*(C24-C23)/(B24-B23),1)
24 300 =ROUND(C26-(B26-E24)*(C26-C25)/(B26-B25),1)
25 400 =ROUND(C28-(B28-E25)*(C28-C27)/(B28-B27),1)
26 500 =ROUND(C29-(B29-E26)*(C29-C28)/(B29-B28),1)
27 600 =ROUND(C31-(B31-E27)*(C31-C30)/(B31-B30),1)
28 700 =ROUND(C32-(B32-E28)*(C32-C31)/(B32-B31),1)
29 800 =ROUND(C34-(B34-E29)*(C34-C33)/(B34-B33),1)
30 900 =ROUND(C35-(B35-E30)*(C35-C34)/(B35-B34),1)
31 1000 =ROUND(C37-(B37-E31)*(C37-C36)/(B37-B36),1)
32 1500 =ROUND(C39-(B39-E32)*(C39-C38)/(B39-B38),1)
33

34
35
36
37
38
39
40
41
42

43
44
451
46

47i
48
49
50i
51
52
53
54

55 rho (lb/ft3) p (J/kg-q cp (BTU/Ib-F)
56 =ROUND(C56*2.20462/3.28084^3,0) 322 =ROUND(E56*0.9478/1000/2.204621(9/5),3)
57
58

1591
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Attachment 5: Geometry Calculations and Tables

Cell Length (L)
Cell Width (W)
Cell Inner Wall Thickness (t)
Heated Rod Length
Total Assembly Length (H)
Number of Rods and Tubes

Fuel Rod Inputs
Fuel Pellet Diameter (P)
Cladding ID
Cladding OD (D)
Cladding Circumf
Cladding Thickness
Fuel Rod Pitch
Gap Thickness

Pitch Area
Cladding+Pellet Area
Distance from Center of
Pellet to Wall (C)

Assembly Spacing
Steel Wall Section Count
Steel Outer Wall Thickness
Steel Outer Wall Count
Boron Carbide Sheet Count
Boron Carbide Thickness
Air Gap Total

Slab Geom Factor Corner
Slab Geom Factor Side

8.3 in
8.3 in

0.125 in
144 in

159.775 in
196

0.3659 in
0.3734 in

0.422 in
1.325752 in

0.0243 in
0.556 in

0.00375 in

0.3091 in2

0.1399 in2

Input 4.2

Input 4.2
Input 4.2
Section 3.2.3
Input 4.2
=14x14

Input 4.2
Input 4.2
Input 4.2
--Tr*D

=(OD-ID) / 2
Input 4.2
=(ID-P) / 2

Channel Location

Area (in2)
Wetted Perimeter (in)
Heated Perimeter (in)

Connection Location
Connection Width (in)
Connection Length (in)

List of non-heated rods
Reference 2.16

Middle Edge
0.1692

1.326
1.326

Equations 3.2-1, 3.2-2, 3.2-3

Corner
0.2281 0.2523

1.219 1.403
0.6629 0.3314

Middle Mid
0.134
0.556

Equations 3.2-4 and 3.2-5

ile/Edge
0.134
0.546

Edges
0.325
0.556

Edge/Corner
0.325
0.546

31
34
37
40
61
66
73=T*D 2 A

0.536 in

10 in
2

0.062 in
2
2

0.21 in
0.906 in

Input 4.2
Input 4.2

Input 4.2
Input 4.2

82
92

115
124
131
136
157
160
163
166

Guide Tube
GT
GT
GT
GT
GT
GT

GT
Instrument Tube
GT
GT
GT
GT
GT
GT
GT
GT

0.1166 in Eq. 3.2-7
0.1124 in Eq. 3.2-8
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Attachment 5: Geometry Calculations and Tables
2
3 Cell Length (L) 8.3 in Input 4.2 Channel Location Middle Edge Corner
4 Cell Width (W) 8.3 in Input 4.2 Area (in2

) =ROUND(B19-B20,4) =ROUND(B16*B21-B20/2,4) =ROUND(B21^2-B20/4,4)
5 Cell Inner Wall Thickness (t) 0.125 in Input 4.2 Wetted Perimeter (in) =ROUND(B14,3) =ROUND(B14/2+B16,3) =ROUND(B21"2+B14/4,3)
6 Heated Rod Length 144 in Section 3.2.3 Heated Perimeter (in) =ROUND(B14,3) =ROUND(B14/2,4) =ROUND(B14/4,4)
7 Total Assembly Length (H) 159.775 in Input 4.2 Equations 3.2-1, 3.2-2,
8 Number of Rods and Tubes =14^2 =14x14
9 Connection Location Middle Middle/Edge Edges Edge/Corner

10 Fuel Rod Inputs Connection Width (in) =ROUND(B16-B13,4) =ROUND(B16-B13,4) =ROUND(B21-B13/2,4) =ROUND(B21-B13/2,4)
11 Fuel Pellet Diameter (P) 0.3659 in Input 4.2 Connection Length (in) =B16 =ROUND((B16+B21)/2,3) =B16 =ROUND((B16+B21)/2,3)
12 Cladding ID 0.3734 in Input 4.2 Equations 3.2-4 and 3.2
13 Cladding OD(D) 0.422 in Input 4.2
14 Cladding Circumf =Pl()*B13 in ='r*D List of non-heated rods 31 Guide Tube
15 Cladding Thickness =ROUND((B13-B12)/2,4) in =(OD-ID) / 2 Reference 2.16 34 GT
16 Fuel Rod Pitch 0.556 in Input 4.2 37 GT
17 Gap Thickness =(B12-B11)/2 in =(ID-P) / 2 40 GT
18 61 GT
19 Pitch Area =ROUND(B16^2,4) in

2  
=P

2  
66 GT

20 Cladding+Pellet Area =ROUND(PI()*B13^2/4,4) in
2  m='D2/4 A 73 GT

21 Distance from Center of Pell =ROUND((B3-13*B16)/2,3) in 82 GT
22 92 Instrument Tube
23 Assembly Spacing 10 in Input 4.2 =197-G21 GT
24 Steel Wall Section Count 2 Input 4.2 =197-G20 GT
25 Steel Outer Wall Thickness 0.062 in =197-G19 GT
26 Steel Outer Wall Count 2 =197-G18 GT
27 Boron Carbide Sheet Count 2 Input 4.2 =197-G17 GT
28 Boron Carbide Thickness 0.21 in Input 4.2 =197-G16 GT
29 Air Gap Total =B23-B3-B24*B5-B27*B28-B in =197-G15 GT
30 =197-G14 GT
31 Slab Geom Factor Comer =ROUND((B5/2)/B21,4) in Eq. 3.2-7
32 Slab Geom Factor Side =ROUND((B5/2)/B16,4) in Eq. 3.2-8 1
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Attachment 6: Drag and Heat Generation Calculations - October 2014

Equation 6.9 of the COBRA manual defines the coefficients of a heat transfer correlation as:
H = (al * Rea2 * Pr 3 + a4) * k / D Equation 3.2-9
Page 7.5 of the COBRA manual (in a validation model) suggests the following coefficients:

al a2 a3 a4

Form friction is located in the assembly due to spacers and plates
Total Loss in the Assembly 39 Section 3.2.8

Laminar
Turbulent

0.83 0.33
0.33 0.6

0.33
0.3

0 Equation 3.2-10
0 Equation 3.2-11

Equations 6.14 and 6.15 of the COBRA manual define the coefficients of wall friction factors as:
fT = a * Reb + c * Red + e Equation 3.2-12
fL = a * Reb + c Equation 3.2-13
From Table 4.1 of NUREG/CR-6441 for interior flow and a PID of 1.318
Where f = C / Ren and C = a + b, ( P/D - 1) + b2 * ( P/D - 1)2

n a bl b2

Losses are Uniformly Distributed Location Loss
see Section 3.2.8 0

0.111111
0.222222
0.333333
0.444444
0.555556

0.666667

0.777778
0.888889

1

3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9

Laminar
Turbulent

1 35.55 263.7 -190.2 Reference 2.21, pgs. 4-16, 4-17
0.18 0.1339 0.09059 -0.09926 Reference 2.21, pgs. 4-16, 4-17

b c d
Laminar 100.2
Turbulent 0.153

-1
-0.18

0
0

e
0
0

0 Equation 3.2-30
0 Equation 3.2-31

Highest assem heat generation 10/30/2014
Number of rods per assembly

Number of heated rods per assembly
Decay heat per rod

Rod outer diameter (D)
Rod heated length

Heated volume per rod
Volumetric heat generation rate
Volumetric heat generation rate

Average assem heat generation 10/30/2014
Number of rods per assembly

Number of heated rods per assembly
Decay heat per rod

Rod outer diameter (D)
Rod heated length

Heated volume per rod
Volumetric heat generation rate
Volumetric heat generation rate

11455
196
179

63.99
0.422

144
0.01166
5490.2

0.0055

2300
196
179

12.85
0.422

144
0.01166

1102.4

0.0011

BTU/hr
rods
rods
BTU/hr-rod
inches
inches
ft

3

BTU/hr-ft
3

MBTU/hr-ft
3

BTU/hr
rods
rods
BTU/hr-rod
inches
inches
ft

3

BTU/hr-ft
3

MBTU/hr-ft
3

Input 4.2
=14x14
Input 4.2

Input 4.2
Input 4.2

Input 4.2
=14x14
Input 4.2

Input 4.2
Input 4.2
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Attachment 6: Drag and Heat Generation Calculations - May 2015

Equation 6.9 of the COBRA manual defines the coefficients of a heat transfer correlation as:
H = (al * Rea2 

* Pro3 + a4) *k / D Equation 3.2-9
Page 7.5 of the COBRA manual (in a validation model) suggests the following coefficients:

al a2 a3 a4

Form friction is located in the assembly due to spacers and plates
Total Loss in the Assembly 39 Section 3.2.8

Laminar
Turbulent

0.83
0.33

0.33
0.6

0.33
0.3

0 Equation 3.2-10
0 Equation 3.2-11

Equations 6.14 and 6.15 of the COBRA manual define the coefficients of wall friction factors as:
fT = a * Reb + c * Red + e Equation 3.2-12

fL = a * Reb + c Equation 3.2-13

Losses are Uniformly Distributed Location Loss
see Section 3.2.8 0

0.111111
0.222222
0.333333
0.444444
0.555556

0.666667

0.777778
0.888889

1

3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9
3.9

From Table 4.1 of NUREG/CR-6441 for interior flow and a P/D of
Where f = C / Ren and C = a + b, * ( P/D - 1) + b2 * ( P/D - 1)2

1.318

n a bl b2
Laminar 1 35.55 263.7
Turbulent 0.18 0.1339 0.09059

-190.2 Reference 2.21, pgs. 4-16, 4-17
-0.09926 Reference 2.21, pgs. 4-16, 4-17

a b
Laminar 100.2
Turbulent 0.153

-1
-0.18

d
0
0

e
0
0

0 Equation 3.2-30
0 Equation 3.2-31

Highest assem heat generation 5/18/2015
Number of rods per assembly

Number of heated rods per assembly
Decay heat per rod

Rod outer diameter (D)
Rod heated length

Heated volume per rod
Volumetric heat generation rate
Volumetric heat generation rate

Highest assem heat generation 5/18/2015
Number of rods per assembly

Number of heated rods per assembly
Decay heat per rod

Rod outer diameter (D)
Rod heated length

Heated volume per rod
Volumetric heat generation rate
Volumetric heat generation rate

8,247
196
179

46.07
0.422
144

0.01166
3953.0
0.0040

2300
196
179

12.85
0.422

144

0.01166
1102.4

0.0011

BTU/hr Input. 4.2
rods =14x14
rods Input 4.2
BTU/hr-rod
inches Input 4.2
inches Input 4.2
ft

3

BTU/hr-ft
3

MBTU/hr-ft
3

BTU/hr Input 4.2
rods =14x14
rods Input 4.2
BTU/hr-rod
inches Input 4.2
inches Input 4.2
ft3

BTU/hr-ft
3

MBTU/hr-ft
3
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Attachment 6: Drag and Heat Generation Calculations - October 2014

3 Equation 6.9 of t Form friction is locate
4H = (al * Re " * Equation 3.2-9 Total Loss in the Ass 39 Section 3.2.8
SPage 7.5 of the

6 al a2 a3 a4 Losses are Uniforml Location Loss
7 Laminar 0.83 0.33 0.33 0 Equation 3.2-1 see Section 3.2.8 0 ROUND($L$4/10,2)
8 Turbulent 0.33 0.6 0.3 0 Equation 3.2-1 =1/9 =ROUND($L$4/10,2)

=L8+$L$8 =ROUND($L$4/10,2)
10 _=L9+$L$8 =ROUND($L$4/10,2)
11 Equations 6.14 ar =L10+$L$8 =ROUND($L$4110,2)
12 f=a Re + cI Equation 3.2 =L11+$L$8 =ROUND($L$4/10,2)

13fL = a * Reb + c Equation 3.2 =L12+$L$B =ROUND($L$4110,2)
14 From Table 4.1 o =ROUND(Att5!B16/Att5!B13,3) =L13+$L$8 =ROUND($L$4/10,2)
15 Where f = C /Red =L14+$L$8 =ROUND($L$4/10,2)
16 n a bbl b2 =L15+$L$8 =ROUND($L$4/10,2)
17 Laminar 1 35.55 263.7 .190.2 Reference 2.2
18 Turbulent 0.18 0.1339 0.09059 -0.09926 Reference 2.2

20 a b c d e
21 Laminar =ROUND(C17+D17* G14-1)+E17*(G14-1)^2,1) =-B17 0 0 0 Equation 3.2-30
22 Turbulent =ROUND(C18+D18*(G14-1)+E18*(G14-1 )2,3) =-B18 0 0 0 Equation 3.2-31
23
24
25n 10/30/2014 =Attl2S2!184 BTU/hr Input 4.2
26 )er assembly 196 rods =14x14
27 )er assembly =E26-COUNT(Att5!$G$14:$G$30) rods Input 4.2
28 heat per rod =E25/E27 BTU/hr-rod

diameter (D0 =Att5!$B$13 inches Input 4.2
40 eated lengtl =Att5!$B$6 inches Input 4.2
41 lume per rod =E30*E29A2/4*PI()/12^3 ftW

42 neration rate =E28/E31 BTU/hr-ft
3

43 neration rate =ROUNDUP(E32/10^6,4) MBTU/hr-ft'

35n 10/30/2014 =Att12S1!E28 BTU/hr Input 4.2
36)er assembly 196 rods =14x14
37)er assembly =E36-COUNT(Att5I$G$14:$G$30) rods Input 4.2
38heat per rod =E35/E37 BTU/hr-rod
39diameter =D' =tt5!B1 inches Input 4.2
40eated length =Att5!$B$6 inches Input 4.2
41ýume per rod =E40*E39^214*PI()I1 2A3 ft3

4 neration rate =E38/E41 BTU/.Ihr-t3

143 1 neration rate =ROUNDUP(E42/10^ 6,41) MBTU/hr-ft'



S&L Calc. No. 2013-11284, Rev. 0
Project No. 11862-198
Attachment 7, Page 1 of 12

Attachment 7: Air Flux Calculation (October 2014, Maximum Assembly)

Inlet Temperature 200 F FHB Temp, Section 7.1
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
Air MW 28.97 g/mol Ref. 2.4, pg. 740
Building Density 0.0602 Ibm/ft3  Ideal Gas Law
Gravity Constant 32.2 ft/sec' Ref. 2.22

[Estimated Flow Rate (Iterated) 1 0.050292 Ilb/sec-ft2 Ilterated

Converted from Input 4.2, iterated to
Actual Heat Transfer 10371 BTU/hr match outlet temperature
Outlet Temperature 995.37 F Eq. 3.2-35

Exit Density 0.0273 Ibm/ft3  Ideal Gas Law

Average Air Conditions
Temperature 597.61 F Average of Tin, Tout
Assembly Average Density 0.0395 Ibm/ft3  Eq. 3.2-24
Dynamic Viscosity 2.OOE-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.250 BTU/Ib-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2  Eq. 3.2-28
Hydraulic Area 0.2880 ft 2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 118.790 Eq. 3.2-32
Friction Factor 0.844 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 277 Eq. 3.2-26
Mass Flux 0.050292 lb/sec-ft2  Eq. 3.2-34

Mass Flux 1.8105E-04 MIb/hr-ft2 Conversion

Difference 1 0.000 1 ICheck Iteration
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Attachment 7: Air Flux Calculation (October 2014, Cold Adjacent Assembly)

Inlet Temperature 200 F FHB Temp, Iterated
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
Building Density 0.0602 Ibm/ft3  Ideal Gas Law

Gravity Constant 32.2 ft/sec2 Ref. 2.23

[Estimated Flow Rate (Iterated) 1 0.038229 Ilb/sec-ft2 Iterated

Converted from Input 4.2, iterated
Actual Heat Transfer 2842 BTU/hr to match outlet temperature
Outlet Temperature 493.65 F Eq. 3.2-35

Exit Density 0.0416 Ibm/ft3  Ideal Gas Law

Average Air Conditions
Average Temperature 346.75 F Average of Tin, Tout
Density at Average Temperature 0.0498 Ibm/ft3 Eq. 3.2-24
Dynamic Viscosity 1.69E-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.244 BTU/Ib-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2  Eq. 3.2-28
Hydraulic Area 0.2880 ft2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 106.753 Eq. 3.2-32
Friction Factor 0.939 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 304 Eq. 3.2-26
Mass Flux 0.038229 lb/sec-ft2 Eq. 3.2-34

Mass Flux 1.3762E-04 Mlb/hr-ft2 Conversion

Difference 0.000 Check Iteration
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Attachment 7: Air Flux Calculation (October 2014, Average Assembly)

Inlet Temperature 200 F FHB Temp, Iterated
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-Ibf/IbmoI-R Ref. 2.4, pg. 62
Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
Building Density 0.0602 Ibm/ft3  Ideal Gas Law

Gravity Constant 32.2 ft/sec2 Ref. 2.23

JEstimated Flow Rate (Iterated) 1 0.039810 Ilb/sec-ft2 Ilterated

Actual Heat Transfer 3266 BTU/hr IConverted from Input 4.2

Outlet Temperature 524.31 IF Eq. 3.2-35
Exit Density 0.0403 Ilbm/f IIdeal Gas Law

Average Air Conditions
Average Temperature 362.15 F Average of Tin, Tout

Density at Average Temperature 0.0489 Ibm/ft3 Eq. 3.2-24
Dynamic Viscosity 1.72E-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.244 BTU/Ib-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2 Eq. 3.2-28
Hydraulic Area 0.2880 ft

2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 109.470 Eq. 3.2-32
Friction Factor 0.915 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 297 Eq. 3.2-26
Mass Flux 0.039810 lb/sec-ft2  Eq. 3.2-34

Mass Flux 1.4331E-04 MIb/hr-ft2 Conversion

Difference 1 0.000 1 JCheck Iteration I
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Attachment 7: Downcomer Temperature Rise (October 2014)

Downcomer Air Incoming T (GOTHIC) 180 F

Downcomer Air Flux per Cell (Average Cell/Assembly) 0.0398 lb/sec-ft2

Flow Area in Storage Cell Area (Eq. 3.2-28, Conversion) 0.2880 ft2

Number of Assemblies in Pool B (Attachment 12) 680
Maximum Air Flow (Avg flux x Area x # of Assemblies) 7.7971 lb/sec
Heat Capacity at Air Temp (Attachment 4) 0.241 BTU/Ib-F
Heat Transfer into Downcomer (50% of Edge Storage Cells) 134,304 BTU/hr
Temperature at Bottom of Downcomer (Equation 3.2-37) 200 F
Downcomer Temperature Rise 20 F
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Attachment 7: Air Flux Calculation (May 2015, Maximum Assembly)

Inlet Temperature 217 F FHB Temp, Section 7.1
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
Air MW 28.97 g/mol Ref. 2.4, pg. 740
Building Density 0.0587 Ibm/ft3  Ideal Gas Law
Gravity Constant 32.2 ft/sec2  Ref. 2.22

[Estimated Flow Rate (Iterated) 1 0.045967 IIb/sec-ft2 CIterated

Converted from Input 4.2, iterated

Actual Heat Transfer 7509 BTU/hr to match outlet temperature
Outlet Temperature 852.10 F Eq. 3.2-35
Exit Density 0.0303 Ibm/ft3 Ideal Gas Law

Average Air Conditions
Temperature 534.46 F Average of Tin, Tout
Assembly Average Density 0.0414 Ibm/ft3  Eq. 3.2-24
Dynamic Viscosity 1.93E-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.248 BTU/Ib-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2 Eq. 3.2-28
Hydraulic Area 0.2880 ft2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 112.487 Eq. 3.2-32
Friction Factor 0.891 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 290 Eq. 3.2-26
Mass Flux 0.045967 lb/sec-ft2  Eq. 3.2-34
Mass Flux 1.6548E-04 Mlb/hr-ft2 Conversion

Difference 0.000 1 ICheck Iteration
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Attachment 7: Air Flux Calculation (May 2015, Cold Adjacent Assembly)

Inlet Temperature 217 F FHB Temp, Iterated
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
Building Density 0.0587 Ibm/ft 3  Ideal Gas Law

Gravity Constant 32.2 ft/sec2 Ref. 2.23

IEstimated Flow Rate (Iterated) 1 0.035662 lib/sec-ft2  Ilterated

Converted from Input 4.2, iterated
Actual Heat Transfer 2669 BTU/hr to match outlet temperature
Outlet Temperature 512.64 F Eq. 3.2-35

Exit Density 0.0408 Ibm/ft 3  Ideal Gas Law

Average Air Conditions
Average Temperature 364.74 F Average of Tin, Tout
Density at Average Temperature 0.0487 Ibm/ft 3  Eq. 3.2-24
Dynamic Viscosity 1.72E-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.244 BTU/lb-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2 Eq. 3.2-28
Hydraulic Area 0.2880 ft2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 97.815 Eq. 3.2-32
Friction Factor 1.024 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 328 Eq. 3.2-26
Mass Flux 0.035662 lb/sec-ft2 Eq. 3.2-34

Mass Flux 1.2838E-04 Mlb/hr-ft2 Conversion

EDifference 0.000 Check Iteration
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Attachment 7: Air Flux Calculation (May 2015, Average Assembly)

Inlet Temperature 217 F FHB Temp, Iterated
Pressure 14.7 psia Assm. 5.2
Gas Constant 1545 ft-lbf/IbmoI-R Ref. 2.4, pg. 62
Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
Building Density 0.0587 Ibm/ft3  Ideal Gas Law

Gravity Constant 32.2 ft/sec2 Ref. 2.23

tEstimated Flow Rate (Iterated) 1 0.036203 ]Ib/sec-ft2 IIterated

Actual Heat Transfer 2809 BTU/hr Converted from Input 4.2
Outlet Temperature 523.71 F Eq. 3.2-35
Exit Density 0.0404 Ibm/ft3  Ideal Gas Law

Average Air Conditions
Average Temperature 370.36 F Average of Tin, Tout

Density at Average Temperature 0.0484 Ibm/ft3  Eq. 3.2-24
Dynamic Viscosity 1.73E-05 lb/sec-ft Interpolated from Input 4.4
Specific Heat 0.244 BTU/Ib-F Interpolated from Input 4.4

Losses
Hydraulic Area 41.48 in2  Eq. 3.2-28
Hydraulic Area 0.2880 ft2  Conversion
Wetted Perimeter 293.05 in Eq. 3.2-29
Hydraulic Diameter 0.566 in Eq. 3.2-27
Hydraulic Diameter 0.0472 ft Conversion
Reynolds Number 98.751 Eq. 3.2-32
Friction Factor 1.015 Eq. 3.2-31
Total Line Physical Loss Coef. (K) 39 Input 4.2
Total Length 13.3 feet Input 4.2
Total Line Loss 325 Eq. 3.2-26

Mass Flux 0.036203 lb/sec-ft2 Eq. 3.2-34
Mass Flux 1.3033E-04 Mlb/hr-ft 2  Conversion

IDifference 1 0.000 1 JCheck Iteration
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Attachment 7: Downcomer Temperature Rise

Downcomer Air Incoming T (GOTHIC)
Downcomer Air Flux per Cell (Average Cell/Assembly)
Flow Area in Storage Cell Area (Eq. 3.2-28, Conversion)
Number of Assemblies in Pool B (Attachment 12)
Maximum Air Flow (Avg flux x Area x # of Assemblies)
Heat Capacity at Air Temp (Attachment 4)
Heat Transfer into Downcomer (50% of Edge Storage Cells)
Temperature at Bottom of Downcomer (Equation 3.2-37)
Downcomer Temperature Rise

195 F
0.0362 lb/sec-ft

2

0.2880 ft
2

680
7.0908 lb/sec
0.241 BTU/Ib-F

134,304 BTU/hr
217 F
22 F
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A I B I C D

1 Attachment 7: Air Flux Calculation (October 2014, Maximum Assembly)
-2
3

4 Inlet Temperature =DCHeatOct!B10 F FHB Temp, Section 7.1

5 Pressure 14.7 psia Assm. 5.2
6 Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62

7 Air MW 28.97 g/mol Ref. 2.4, pg. 740

8 Building Density =B5*144*B7/((459.7+B4)*B6) Ibm/ft
3  Ideal Gas Law

9 Gravity Constant 32.2 ft/sec
2  

Ref. 2.22
10

11 Estimated Flow Rate (Iterate( 0.0502923202176272 lb/sec-ft
2  

Iterated
12

Converted from Input 4.2,
iterated to match outlet

13 Actual Heat Transfer =(Att6Oct!E25+2*Att6Oct!E35)*0.646 BTU/hr temperature

14 Outlet Temperature =B4+B13/(3600*B11*B25*B21) F Eq. 3.2-35

15 Exit Density =B5*144*B7/((459.7+B14)*B6) Ibm/ft
3  

Ideal Gas Law
16

17 Average Air Conditions
18 Temperature =(B4+B14)/2 F Average of Tin, Tout

19 Assembly Average Density =B5*144*B7/((B14-B4)*B6)*LN((B14+459.7)/(B4+459.7)) Ibm/ft
3  

Eq. 3.2-24

20 Dynamic Viscosity =(B1 8-Att4!A1 0)/(Att4!Al 1 -Att4!Al 0)*(Att4!Fl 1-Att4!F1 0)+Att4!Fl 0 lb/sec-ft Interpolated from Input 4.4

21 Specific Heat 0.25 BTU/Ib-F Interpolated from Input 4.4
22

23 Losses

24 Hydraulic Area =Att5!B3*Att5!B4-Att5!B8*Pl()*Att5!B13^2/4 in_2 Eq. 3.2-28

25 Hydraulic Area =B24/144 ft2 Conversion

26 Wetted Perimeter =2*(Att5!B3+Att5!B4)+Att5!B8*PlO)*Att5!Bl3 in Eq. 3.2-29
27 Hydraulic Diameter =4*B24/B26 in Eq. 3.2-27
28 Hydraulic Diameter =827/12 ft Conversion
29 Reynolds Number =B11*B28/B20 Eq. 3.2-32
30 Friction Factor =Att6Oct!B21*B29-Att6Oct!C21 Eq. 3.2-31
31 Total Line Physical Loss Coe =Att6Oct!L4 Input 4.2
32 Total Length =Att5!B7/12 feet Input 4.2

33 Total Line Loss =B30*B32/B28+B31 Eq. 3.2-26

34 Mass Flux =SQRT(2*B19*B9*B32/B33*(B8-B19)) lb/sec-ft
2  Eq. 3.2-34

35 Mass Flux =B34"3600/1000000 MIb/hr-ft2 Conversion
36
37 Difference =(B34-B11)'1000000 Check Iteration
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A I B I C D

1 Attachment 7: Air Flux Calculation (October 2014, Cold Adjacent Assembly)
2
3
4 Inlet Temperature =DCHeatOct!B10 F FHB Temp, Iterated
5 Pressure 14.7 psia Assm. 5.2
6 Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
7 Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
8 Building Density =B5*144*B7/((459.7+B4)*B6) Ibm/ft3  Ideal Gas Law
9 Gravity Constant 32.2 ft/sec2 Ref. 2.23

10

11 Estimated Flow Rate (Iterated) 0.0382291601448615 lb/sec-ft2  Iterated
12

Converted from Input 4.2,
iterated to match outlet

13 Actual Heat Transfer =(Att6Oct!E25+2*Att6Oct!E35-Att7Oct!Bl3)/2 BTU/hr temperature
14 Outlet Temperature =B4+B13/(3600*B1 1*B24/144*B21) F Eq. 3.2-35
15 Exit Density =B5*144*B7/((459.7+B14)*B6) Ibm/ft3  Ideal Gas Law
16

17 Average Air Conditions
18 Average Temperature =(B4+B14)/2 F Average of Tin, Tout
19 Density at Average Temperature =B5*144*B7/((B14-B4)*86)*LN((B14+459.7)/(B4+459.7)) Ibm/ft3  Eq. 3.2-24
20 Dynamic Viscosity =(B1 8-Att4!A7)/(Att4!A8-Att4!A7)*(Att4!F8-Att4!F7)+Att4!F7 lb/sec-ft Interpolated from Input 4.4
21 Specific Heat 0.244 BTU/Ib-F Interpolated from Input 4.4
221

23 Losses
24 Hydraulic Area =Att5!B3*Att5!B4-Att5!B8*Pl()*Att5!B13A2/4 in2 Eq. 3.2-28
25 Hydraulic Area =B24/144 ft2  Conversion
26 Wetted Perimeter =2*(Att5!B3+Att5!B4)+Att5!B8*PIl(*Att5!Bl3 in Eq. 3.2-29
27 Hydraulic Diameter =4*B24/B26 in Eq. 3.2-27
28 Hydraulic Diameter =B27/12 ft Conversion
29 lReynolds Number =B11*B28/B20 Eq. 3.2-32
30 Friction Factor =Att6Oct!B21*B29AAtt6Oct!C21 Eq. 3.2-31
31 Total Line Physical Loss Coef. (K) =Att6Oct!L4 Input 4.2
32 Total Length =Att5!B7/12 feet Input 4.2
33 Total Line Loss =B30*B32/B28+B31 Eq. 3.2-26

34 Mass Flux =SQRT(2*B19*B9*B32/B33*(B8-B19)) lb/sec-ft2 Eq. 3.2-34
35 Mass Flux =B34*3600/1000000 MIb/hr-ft2 Conversion
361
37 Difference =(B34-B11 )'1000000 Check Iteration
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A I B I C D

1 Attachment 7: Air Flux Calculation (October 2014, Average Assembly
-2

3
4 Inlet Temperature =DCHeatOct!B3+20 F FHB Temp, Iterated
5 Pressure 14.7 psia Assm. 5.2
6 Gas Constant 1545 ft-lbf/Ibmol-R Ref. 2.4, pg. 62
7 Air MW 28.97 Ib/Ibmol Ref. 2.4, pg. 740
8 Building Density =B5*144*B7/((459.7+B4)*B6) Ibm/fl3  Ideal Gas Law
9 Gravity Constant 32.2 fl/sec2  Ref. 2.23
10

11 Estimated Flow Rate (Iterate( 0.0398095677979529 lb/sec-ft2  Iterated
12

13 Actual Heat Transfer =Att12S2!J84 BTU/hr Converted from Input 4.2
14 Outlet Temperature =B4+B1 3/(3600B131*B24/144*B21) F Eq. 3.2-35
15 Exit Density =B5*144*B7/((459.7+B14)*B6) Ibm/ft3  Ideal Gas Law
16

17 Average Air Conditions
18 Average Temperature =(B4+B14)/2 F Average of Tin, Tout
19 Density at Average Tempera1 =B5*144*B7/((B14-B4)*B6)*LN((B14+459.7)/(B4+459.7)) Ibm/ft3  Eq. 3.2-24
20 Dynamic Viscosity =(B18-Att4!A7)/(Att4!A8-Att4!A7)*(Att4!F8-Att4!F7)+Att4!F7 Ib/sec-ft Interpolated from Input 4.4
21 Specific Heat 0.244 BTU/Ib-F Interpolated from Input 4.4
22

23 Losses
24 Hydraulic Area =Att5!B3*Att5!B4-Att5!B8*PI()*Att5!B13^2/4 in2 Eq. 3.2-28
25 Hydraulic Area =B24/144 ft2  Conversion
26 Wetted Perimeter =2*(Att5!B3+Att5!B4)+Att5!B8*PI()*Att5!Bl3 in Eq. 3.2-29
27 Hydraulic Diameter =4*B24/B26 in Eq. 3.2-27
28 Hydraulic Diameter =B27/12 ft Conversion
29 Reynolds Number =B11*B28/B20 Eq. 3.2-32
30 Friction Factor =Att6Oct!B21*B29AAtt6Oct!C21 Eq. 3.2-31
31 Total Line Physical Loss Coe =Att6Oct!L4 Input 4.2
32 Total Length =Att5!B7/12 feet Input 4.2
33 Total Line Loss =B30*B32/B28+B31 Eq. 3.2-26
34 Mass Flux =SQRT(2*B19*B9*B32/B33*(B8-B19)) lb/sec-ft2 Eq. 3.2-34
35 Mass Flux =B34*3600/1000000 Mlb/hr-ft2 Conversion
367 D

137 IDifference 1=(B34-B1 1)*1000000 Check Iteration
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A I B C

1 Attachment 7: Downcomer Temperature Rise (October 2014)
-2

3 Downcomer Air Incoming T (GOTHIC) 180 F

4 Downcomer Air Flux per Cell (Average Cell/Assembly) =Att7AvgOct!B1 1 lb/sec-ft2

5 Flow Area in Storage Cell Area (Eq. 3.2-28, Conversion) =Att7AvgOct!B25 ft 2

6 Number of Assemblies in Pool B (Attachment 12) =Att12S1!E18
7 Maximum Air Flow (Avg flux x Area x # of Assemblies) =B4*B5*B6 lb/sec
8 Heat Capacity at Air Temp (Attachment 4) =Att4!E7 BTU/lb-F
9 Heat Transfer into Downcomer (50% of Edge Storage Cells) =Att12S1!E27*0.5 BTU/hr
10 Temperature at Bottom of Downcomer (Equation 3.2-37) =B9/B8/B7/3600+B3 F
11 Downcomer Temperature Rise =ROUND(B1 0-B3,0)
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5.32500.556
6.32500. 556
7.32500. 556
8.32 500.556
9.32 500.556

10.32500. 556
11.32500.556
12.32 500.556
13.32 500.556
14.32500. 556
15.32 500.546
30.32500.546
17.13400. 546
18.13400. 556
19.13400. 556
20.13400.556
21.13400. 556
22.13400. 556
23.13400. 556
24.13400.556
25.13400.556
26.13400. 556
27.13400. 556
28.13400. 556
29.13400. 556
30.13400. 546
45.32500. 556
32.13400. 546
33.13400.5 56
34.13400.5 56
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40.13400.5 56
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49.13400.556
50.13400.556
51.13400.556
52.13400.556
53.13400.5 56
54.13400.556
55.13400.556
56.13400.556
57.13400.556
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61.32500.556
62.13400.556
63.13400.556
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81.13400.556
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83.13400.5 56
84.13400.556
85.13400.556
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72.16921.3261.326
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82. 16921. 3261. 326
83. 16921. 3261. 326
84.16921.3261.326
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91.22811.219.6629
92.16921.3261.326
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102.16921.3261. 326
103.16921.3261. 326
104.16921.3261. 326
105.22811.219.6629
106.22811.219.6629
107.16921.3261. 326
108. 16921. 3261. 326
109.16921.3261. 326
110.16921.3261.326
111.16921.3261. 326
112.16921.3261. 326
113.16921.3261. 326
114.16921.3261. 326
115.16921.3261. 326
116.16921.3261.326
117.16921.3261. 326
118.16921.3261. 326
119.16921.3261. 326
120.22811.219.6629
121.22811.219.6629
122.16921.3261. 326
123.16921.3261.326
124.16921.3261. 326
125.16921.3261.326
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128.16921.3261. 326
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145.16921.3261.326
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90.32500.556
77.13400.546
78.13400.5 56
79.13400.5 56
80.13400.5 56
81.13400.5 56
82.13400.5 56
83.13400.5 56
84.13400.5 56
85.13400.5 56
86.13400.5 56
87.13400.5 56
88.13400.5 56
89.13400.5 56
90.13400.546
105.32500.5 56
92.13400.546
93.13400.5 56
94.13400.5 56
95.13400.5S56
96.13400.5 56
97.13400.5 56
98.13400.5 56
99.13400.5 56
100.13400.556
101.13400.556
102.13400.556
103.13400.556
104.13400.5 56
105.13400.546
120.32500.556
107.13400. 546
108.13400.556
109.13400.5 56
110.13400.5 56
111.13400.556
112. 13400.556
113.13400.5 56
114.13400.556
115.13400.5 56
116.13400.5 56
117.13400.5 56
118.13400.5 56
119.13400.5 56
120.13400.546
135.32500.556
122.13400.546
123.13400.556
124.13400.556
125.13400.5 56
126.13400.5 56
127.13400.556
128.13400.556
129.13400.556
130.13400.5 56
131.13400.5 56
132.13400.556
133.13400.556
134.13400.556
135.13400.546
150.32500. 556
137. 13400. 546
138.13400.556
139.13400.556
140.13400.556
141.13400.556
142.13400.5 56
143.13400.5 56
144.13400.5 56
145.13400.5 56
146.13400.556
147.13400.556
148.13400.556
149.13400.556
150.13400. 546
165.32500.5 56
152.13400.546
153.13400.5 56
154.13400.5 56
155.13400.5 56
156.13400.556
157.13400.556
158.13400.556
159.13400.556
160.13400.556
161.13400.5 56

KOCt . i
86.13400.556
87.13400.556
88.13400.5 56
89.13400.556

91.32 500.556
92.13400.5 56
93.13400.5 56
94.13400.556
95.13400.5 56
96.13400.556
97.13400.556
98.13400.556
99.13400.556

100.13400.556
101.13400.556
102.13400.5 56
103.13400.556
104.13400.556

106.32500.556
107.13400.556
108.13400.556
109.13400.556
110.13400.556
111.13400.556
112.13400.5 56
113.13400.5 56
114.13400.556
115.13400.556
116.13400.556
117.13400.556
118.13400.556
119.13400.556

121.32500.556
122.13400.556
123.13400.556
124.13400.5 56
125.13400.556
126.13400.556
127.13400.556
128.13400.556
129.13400.5 56
130.13400.556
131.13400.556
132.13400.556
133.13400. 556
134.13400.556

136.32500.556
137.13400.556
138.13400. 556
139.13400.556
140.13400.556
141.13400.556
142.13400.556
143.13400.556
144.13400.556
145.13400.556
146.13400.556
147.13400.556
148.13400.556
149.13400.5 56

151.32500.556
152.13400.556
153.13400.556
154.13400.556
155. 13400. 556
156.13400.5 56
157.13400.5 56
158.13400.556
159.13400.5 56
160.13400.556
161.13400.556
162.13400.5 56
163.13400. 556
164.13400.556

166.32500.556
167.13400.556
168.13400.556
169.13400. 556
170.13400.556
171.13400.556
172.13400.556
173.13400.556
174.13400.556
175.13400.5 56
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161. 16921. 32 61. 326
162.16921.3261.326
163.16921.3261.326
164.16921.3261.326
165.22811.219.6629
166.22811.219.6629
167. 16921. 32 61. 326
168. 16921. 32 61. 326
169.16921.3261.326
170. 16921. 3261. 326
171. 16921. 3261. 326
172.16921.3261.326
173. 16921. 3261. 326
174. 16921. 3261. 326
175. 16921. 3261. 326
176. 16921. 3261. 326
177. 16921. 3261. 326
178. 16921. 3261. 326
179. 16921. 3261. 326
180.22811.219.6629
181.22 811.219.6629
182.16921.3261.326
183. 16921. 3261. 326
184. 16921. 32 61. 326
185.16921.3261.326
186. 16921. 32 61. 326
187.16921.3261. 326
188. 16921. 32 61. 326
189. 16921. 3261. 326
190. 16921. 32 61. 326
191. 16921. 32 61. 326
192.16921.3261.326
193. 16921. 3261. 326
194.16921.3261.326
195.22811.219.6629
196.22 811.219.6629
197.16921.3261. 326
198.16921.3261. 326
199.16921.3261. 326
200.16921.3261. 326
201.16921.3261. 326
202.16921.3261.326
203.16921.3261. 326
204.16921.3261. 326
205.16921.3261. 326
206.16921.3261. 326
207.16921.3261. 326
208.16921.3261. 326
209.16921.3261. 326
210.22811.219.6629
211.2 5231.403.3314
212.22811.219.6629
213.22811.219.6629
214.22811.219.6629
215.22811.219.6629
216.22811.219.6629
217.22811.219.6629
218.22811.219.6629
219.22811.219.6629
220.22811.219.6629
221.22811.219.6629
222.22811.219.6629
223.22811.219.6629
224.22811.219.6629
22 5.25231.403.3314
2 1 225 0
1 1 0 0
3 1 225 0
1 1 0 0

162.13400.556
163.13400.556
164.13400.556
165.13400.546
180. 32500.556
167.13400.546
168.13400.556
169.13400.5 56
170.13400.5 56
171.13400.5 56
172.13400.556
173.13400.556
174.13400.5 56
175.13400.5 56
176.13400.5 56
177. 13400.556
178. 13400.556
179.13400.5 56
180.13400. 546
195. 32500.556
182.13400.546
183. 13400.556
184.13400.556
185. 13400.556
186.13400.556
187. 13400.556
188.13400.556
189.13400.556
190.13400.5 56
191.13400.556
192.13400.556
193.13400.5 56
194.13400.556
195.13400.546
210. 32500.556
197.13400.546
198.13400.5 56
199.13400.5 56
200.13400.556
201.13400.556
202.13400.556
203.13400.5 56
204.13400.5 56
205.13400.556
206.13400.5 56
207.13400.5 56
208.13400.5 56
209.13400.556
210. 13400. 546
225.32500.546
212. 32500.546
213.32500.556
214.32500.556
215.32500.556
216. 32500.556
217.32500.5 56
218. 32500.556
219.32500.556
220. 32500.556
221.32500.556
222.32500.5 56
223.32500.5 56
224.32500.5 56
22 5.32500.546

0
1
0
1

0 1

KOCt. i
176.13400. 556
177.13400.556
178.13400.556
179.13400.556

181.32500.556
182.13400.556
183.13400.5 56
184.13400.556
185.13400.556
186.13400.556
187.13400.556
188.13400.556
189.13400.556
190.13400.556
191.13400.556
192.13400.556
193.13400.556
194.13400.556

196.32500.556
197.13400.556
198.13400.556
199.13400.556
200.13400.556
201.13400. 556
202.13400.556
203.13400.556
204.13400.556
205.13400.556
206.13400.556
207.13400.556
208.13400.556
209.13400.556

211.32500.546
212.13400. 546
213.13400. 546
214.13400. 546
215.13400.546
216.13400.546
217.13400. 546
218.13400. 546
219.13400. 546
220. 13400. 546
221.13400. 546
222.13400.546
223.13400. 546
224.13400. 546
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rods 1
1 1
1 .422
2 .422
3 .422
4 .422
5 .422
6 .422
7 .422
8 .422
9 .422
10 .422
11 .422
12 .422
13 .422
14 .422
15 .422
16 .422
17 .422
18 .422

1
196
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

0

1
2
3
4
5
6
7
8
9

10
11
12
13
14
16
17
18
19

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

2
3
4
5
6
7
8
9

10
11
12
13
14
15
17
18
19
20

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

16
17
18
19
20
21
22
23
24
25
26
27
28
29
31
32
33
34

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

17 .25
18 .25
19 .25
20 .25
21 .25
22 .25
23 .25
24 .25
25 .25
26 .25
27 .25
28 .25
29 .25
30 .25
32 .25
33 .25
34 .25
35 .25
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19 .422
20 .422
21 .422
22 .422
23 .422
24 .422
25 .422
26 .422
27 .422
28 .422
29 .422
30 .422
31 .422
32 .422
33 .422
34 .422
35 .422
36 .422
37 .422
38 .422
39 .422
40 .422
41 .422
42 .422
43 .422
44 .422
45 .422
46 .422
47 .422
48 .422
49 .422
50 .422
51 .422
52 .422
53 .422
54 .422
55 .422
56 .422
57 .422
58 .422
59 .422
60 .422
61 .422
62 .422
63 .422
64 .422
65 .422
66 .422
67 .422
68 .422
69 .422
70 .422
71 .422
72 .422
73 .422
74 .422
75 .422
76 .422
77 .422
78 .422
79 .422
80 .422
81 .422
82 .422
83 .422
84 .422
85 .422
86 .422
87 .422
88 .422
89 .422
90 .422
91 .422
92 .422
93 .422
94 .422
95 .422
96 .422
97 .422
98 .422
99 .422

100 .422
101 .422
102 .422
103 .422
104 .422
105 .422
106 .422
107 .422
108 .422

20 .25
21 .25
22 .25
23 .25
24 .25
25 .25
26 .25
27 .25
28 .25
29 .25
31 .25
32 .25
33 .25
34 .25
35 .25
36 .25
37 .25
38 .25
39 .25
40 .25
41 .25
42 .25
43 .25
44 .25
46 .25
47 .25
48 .25
49 .25
50 .25
51 .25
52 .25
53 .25
54 .25
55 .25
56 .25
57 .25
58 .25
59 .25
61 .25
62 .25
63 .25
64 .25
65 .25
66 .25
67 .25
68 .25
69 .25
70 .25
71 .25
72 .25
73 .25
74 .25
76 .25
77 .25
78 .25
79 .25
80 .25
81 .25
82 .25
83 .25
84 .25
85 .25
86 .25
87 .25
88 .25
89 .25
91 .25
92 .25
93 .25
94 .25
95 .25
96 .25
97 .25
98 .25
99 .25

100 .25
101 .25
102 .25
103 .25
104 .25
106 .25
107 .25
108 .25
109 .25
110 .25
111 .25
112 .25
113 .25
114 .25
115 .25

21 .25
22 .25
23 .25
24 .25
25 .25
26 .25
27 .25
28 .25
29 .25
30 .25
32 .25
33 .25
34 .25
35 .25
36 .25
37 .25
38 .25
39 .25
40 .25
41 .25
42 .25
43 .25
44 .25
45 .25
47 .25
48 .25
49 .25
50 .25
51 .25
52 .25
53 .25
54 .25
55 .25
56 .25
57 .25
58 .25
59 .25
60 .25
62 .25
63 .25
64 .25
65 .25
66 .25
67 .25
68 .25
69 .25
70 .25
71 .25
72 .25
73 .25
74 .25
75 .25
77 .25
78 .25
79 .25
80 .25
81 .25
82 .25
83 .25
84 .25
85 .25
86 .25
87 .25
88 .25
89 .25
90 .25
92 .25
93 .25
94 .25
95 .25
96 .25
97 .25
98 .25
99 .25

100 .25
101 .25
102 .25
103 .25
104 .25
105 .25
107 .25
108 .25
109 .25
110 .25
111 .25
112 .25
113 .25
114 .25
115 .25
116 .25

KOCt. i
35 .25 36 .25
36 .25 37 .25
37 .25 38 .25
38 .25 39 .25
39 .25 40 .25
40 .25 41 .25
41 .25 42 .25
42 .25 43 .25
43 .25 44 .25
44 .25 45 .25
46 .25 47 .25
47 .25 48 .25
48 .25 49 .25
49 .25 50 .25
50 .25 51 .25
51 .25 52 .25
52 .25 53 .25
53 .25 54 .25
54 .25 55 .25
55 .25 56 .25
56 .25 57 .25
57 .25 58 .25
58 .25 59 .25
59 .25 60 .25
61 .25 62 .25
62 .25 63 .25
63 .25 64 .25
64 .25 65 .25
65 .25 66 .25
66 .25 67 .25
67 .25 68 .25
68 .25 69 .25
69 .25 70 .25
70 .25 71 .25
71 .25 72 .25
72 .25 73 .25
73 .25 74 .25
74 .25 75 .25
76 .25 77 .25
77 .25 78 .25
78 .25 79 .25
79 .25 80 .25
80 .25 81 .25
81 .25 82 .25
82 .25 83 .25
83 .25 84 .25
84 .25 85 .25
85 .25 86 .25
86 .25 87 .25
87 .25 88 .25
88 .25 89 .25
89 .25 90 .25
91 .25 92 .25
92 .25 93 .25
93 .25 94 .25
94 .25 95 .25
95 .25 96 .25
96 .25 97 .25
97 .25 98 .25
98 .25 99 .25
99 .25 100 .25

100 .25 101 .25
101 .25 102 .25
102 .25 103 .25
103 .25 104 .25
104 .25 105 .25
106 .25 107 .25
107 .25 108 .25
108 .25 109 .25
109 .25 110 .25
110 .25 111 .25
111 .25 112 .25
112 .25 113 .25
113 .25 114 .25
114 .25 115 .25
115 .25 116 .25
116 .25 117 .25
117 .25 118 .25
118 .25 119 .25
119 .25 120 .25
121 .25 122 .25
122 .25 123 .25
123 .25 124 .25
124 .25 125 .25
125 .25 126 .25
126 .25 127 .25
127 .25 128 .25
128 .25 129 .25
129 .25 130 .25
130 .25 131 .25
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109 .422
110 .422
111 .422
112 .422
113 .422
114 .422
115 .422
116 .422
117 .422
118 .422
119 .422
120 .422
121 .422
122 .422
123 .422
124 .422
125 .422
126 .422
127 .422
128 .422
129 .422
130 .422
131 .422
132 .422
133 .422
134 .422
135 .422
136 .422
137 .422
138 .422
139 .422
140 .422
141 .422
142 .422
143 .422
144 .422
145 .422
146 .422
147 .422
148 .422
149 .422
150 .422
151 .422
152 .422
153 .422
154 .422
155 .422
156 .422
157 .422
158 .422
159 .422
160 .422
161 .422
162 .422
163 .422
164 .422
165 .422
166 .422
167 .422
168 .422
169 .422
170 .422
171 .422
172 .422
173 .422
174 .422
175 .422
176 .422
177 .422
178 .422
179 .422
180 .422
181 .422
182 .422
183 .422
184 .422
185 .422
186 .422
187 .422
188 .422
189 .422
190 .422
191 .422
192 .422
193 .422
194 .422
195 .422
196 .422

2 1
3 1

1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
0.
1.
1.
0.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

196
196

KOCt. i
116 .25 117 .25 131 .25 132 .25
117 .25 118 .25 132 .25 133 .25
118 .25 119 .25 133 .25 134 .25
119 .25 120 .25 134 .25 135 .25
121 .25 122 .25 136 .25 137 .25
122 .25 123 .25 137 .25 138 .25
123 .25 124 .25 138 .25 139 .25
124 .25 125 .25 139 .25 140 .25
125 .25 126 .25 140 .25 141 .25
126 .25 127 .25. 141 .25 142 .25
127 .25 128 .25 142 .25 143 .25
128 .25 129 .25 143 .25 144 .25
129 .25 130 .25 144 .25 145 .25
130 .25 131 .25 145 .25 146 .25
131 .25 132 .25 146 .25 147 .25
132 .25 133 .25 147 .25 148 .25
133 .25 134 .25 148 .25 149 .25
134 .25 135 .25 149 .25 150 .25
136 .25 137 .25 151 .25 152 .25
137 .25 138 .25 152 .25 153 .25
138 .25 139 .25 153 .25 154 .25
139 .25 140 .25 154 .25 155 .25
140 .25 141 .25 155 .25 156 .25
141 .25 142 .25 156 .25 157 .25
142 .25 143 .25 157 .25 158 .25
143 .25 144 .25 158 .25 159 .25
144 .25 145 .25 159 .25 160 .25
145 .25 146 .25 160 .25 161 .25
146 .25 147 .25 161 .25 162 .25
147 .25 148 .25 162 .25 163 .25
148 .25 149 .25 163 .25 164 .25
149 .25 150 .25 164 .25 165 .25
151 .25 152 .25 166 .25 167 .25
152 .25 153 .25 167 .25 168 .25
153 .25 154 .25 168 .25 169 .25
154 .25 155 .25 169 .25 170 .25
155 .25 156 .25 170 .25 171 .25
156 .25 157 .25 171 .25 172 .25
157 .25 158 .25 172 .25 173 .25
158 .25 159 .25 173 .25 174 .25
159 .25 160 .25 174 .25 175 .25
160 .25 161 .25 175 .25 176 .25
161 .25 162 .25 176 .25 177 .25
162 .25 163 .25 177 .25 178 .25
163 .25 164 .25 178 .25 179 .25
164 .25 165 .25 179 .25 180 .25
166 .25 167 .25 181 .25 182 .25
167 .25 168 .25 182 .25 183 .25
168 .25 169 .25 183 .25 184 .25
169 .25 170 .25 184 .25 185 .25
170 .25 171 .25 185 .25 186 .25
171 .25 172 .25 186 .25 187 .25
172 .25 173 .25 187 .25 188 .25
173 .25 174 .25 188 .25 189 .25
174 .25 175 .25 189 .25 190 .25
175 .25 176 .25 190 .25 191 .25
176 .25 177 .25 191 .25 192 .25
177 .25 178 .25 192 .25 193 .25
178 .25 179 .25 193 .25 194 .25
179 .25 180 .25 194 .25 195 .25
181 .25 182 .25 196 .25 197 .25
182 .25 183 .25 197 .25 198 .25
183 .25 184 .25 198 .25 199 .25
184 .25 185 .25 199 .25 200 .25
185 .25 186 .25 200 .25 201 .25
186 .25 187 .25 201 .25 202 .25
187 .25 188 .25 202 .25 203 .25
188 .25 189 .25 203 .25 204 .25
189 .25 190 .25 204 .25 205 .25
190 .25 191 .25 205 .25 206 .25
191 .25 192 .25 206 .25 207 .25
192 .25 193 .25 207 .25 208 .25
193 .25 194 .25 208 .25 209 .25
194 .25 195 .25 209 .25 210 .25
196 .25 197 .25 211 .25 212 .25
197 .25 198 .25 212 .25 213 .25
198 .25 199 .25 213 .25 214 .25
199 .25 200 .25 214 .25 215 .25
200 .25 201 .25 215 .25 216 .25
201 .25 202 .25 216 .25 217 .25
202 .25 203 .25 217 .25 218 .25
203 .25 204 .25 218 .25 219 .25
204 .25 205 .25 219 .25 220 .25
205 .25 206 .25 220 .25 221 .25
206 .25 207 .25 221 .25 222 .25
207 .25 208 .25 222 .25 223 .25
208 .25 209 .25 223 .25 224 .25
209 .25 210 .25 224 .25 225 .25
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KOCt. .
4.3 .070660.0.3659 12.0 .077 410. .0243 563. .422

slab 1 6 28
1 17011
1 1.5344 2 21 1 23 1
2 1.5344 2 22 1 24 1
3 1.5188
4 1.5188
5 1.5344 2 26 1 28 1
6 1.5344 2 25 1 27 1
7 1. 5188
8 1.5188
9 1.5188

10 1.5188
11 1.5344
12 1.5344
13 1.5188
14 1.5188
15 1.5188
16 1.5188
17 1.5344
18 1.5344
19 1.5188
20 1.5188
21 1.0000
22 1.0000
23 1.0000
24 1.0000
25 1.0000
26 1.0000
27 1.0000
28 1.0000

1.1166 0.536
2.1124 0.556
3.2248 0.278
4.0000 0.536
5.0000 0.556
6.0000 0.278
3 8 1 15 1 1 30 2 1 45 2

1 75 2 1 90 2 1 105 2
4 8 1 120 3 1 135 2 1 150 2

1 180 2 1 195 2 1 210 2
7 8 1 211 1 1 196 2 1 181 2

1 151 2 1 136 2 1 121 2
8 8 1 106 3 1 91 2 1 76 2

1 46 2 1 31 2 1 16 2
9 8 2 211 1 2 196 2 2 181 2

2 151 2 2 136 2 2 121 2
10 8 2 106 3 2 91 2 2 76 2

2 46 2 2 31 2 2 16 2
11 8 2 1 1 2 2 2 2 3 2

2 5 2 2 6 2 2 7 2
12 8 2 8 3 2 9 2 2 10 2

2 12 2 2 13 2 2 14 2
13 8 2 15 1 2 30 2 2 45 2

2 75 2 2 90 2 2 105 2
14 8 2 120 3 2 135 2 2 150 2

2 180 2 2 195 2 2 210 2
15 8 3 15 1 3 30 2 3 45 2

3 75 2 3 90 2 3 105 2
16 8 3 120 3 3 135 2 3 150 2

3 180 2 3 195 2 3 210 2
17 8 3 225 1 3 224 2 3 223 2

3 221 2 3 220 2 3 219 2
18 8 3 218 3 3 217 2 3 216 2

3 214 2 3 213 2 3 212 2
19 8 3 211 1 3 196 2 3 181 2

3 151 2 3 136 2 3 121 2
20 8 3 106 3 3 91 2 3 76 2

3 46 2 3 31 2 3 16 2
21 8 2 218 6 2 217 5 2 216 5

2 214 5 2 213 5 2 212 5
22 8 2 225 4 2 224 5 2 223 5

2 221 5 2 220 5 2 219 5
23 8 1 1 4 1 2 5 1 3 5

1 5 5 1 6 5 1 7 5
24 8 1 8 6 1 9 5 1 10 5

1 12 5 1 13 5 1 14 5
25 8 1 218 6 1 217 5 1 216 5

1 214 5 1 213 5 1 212 5
26 8 1 225 4 1 224 5 1 223 5

1 221 5 1 220 5 1 219 5
27 8 3 1 4 3 2 5 3 3 5

3 5 5 3 6 5 3 7 5
28 8 3 8 6 3 9 5 3 10 5

3 12 5 3 13 5 3 14 5

radg 3 1 0
.1 1 8 23 24 3 4 26 25 7 8
2 1 8 11 12 13 14 22 21 9 10
3 1 8 27 28 15 16 17 18 19 20
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1 60
1 120
1 165
1 225
1 166
1 106
1 61
1 1
2 166
2 106
2 61
2 1
2 4
2 8
2 11
2 15
2 60
2 120
2 165
2 225
3 60
3 120
3 165
3 225
3 222
3 218
3 215
3 211
3 166
3 106
3 61
3 1
2 215
2 211
2 222
2 218
1 4
1 8
1 11
1 15
1 215
1 211
1 222
1 218
3 4
3 8
3 11
3 15



KOct. i
heat 1 0 1 0 0 S&L Calc. No. 2013-11284, Rev. 0
0.33 0.6 0.3 0.0 0.83 0.33 0.33 0.01.0 Project No. 11862-198

drag I 1 Attachment 8, Page 7 of 14
.153-0.18 100.2 -1.0

1 1 0
10 1 225 0.0 3.90.111 3.90.222 3.90.333 3.90.444 3.90.556 3.9

0.667 3.90.778 3.90.889 3.91.000 3.9
calc 1

0.0 .001 0.01 .001 .001
500

oper 1 2 0 1
0.0 200. 0.0001

1.8111.3761.376
5.4901.1031.103
outp 11011
endd

0 0
0.001

3
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99999

prop

0
1Calculation

12 1
0.

100.
200.
300.
400.
500.
600.
700.
800.
900.

1000.
1500.

KMay. i

No. 2013-11284 Rev. 0, may 2015 case
S&L CaIc. No. 2013-11284, Rev. 0
Project No. 11862-1 98
Attachment 8, Page 8 of 14109.9

133.9
158.0
182.1
206.5
231.1
256.0
281.2
306.7
332.5
358.7
493.6

10.9

.0133

.0154

.0174

.0193

.02 12

.02 31

.02 50

.02 68

.02 86

.0303

.03 19

.0400

.239

.240

.241

.243

.245

.247

.250

.253

.256

.259

.262

.276

11. 628
14.085
16.667
19.231
21. 739
24. 272
26. 810
29. 326
31. 847
34. 364
36. 900
49. 505

.0400

.0463

.0518

.0580

.0630

.0680

.0720

.0770

.0810

.0850

.0889

.1080
10

chan 3 24
144.0 0.0

1 1 225 0
1 1 0 0
1.2 5231.403.3314
2.22811.219.6629
3.22811.219.6629
4.22811.219.6629
5.22811.219.6629
6.22811.219.6629
7.22811.219.6629
8.22811.219.6629
9.22811.219.6629

10.22811.219.6629
11.22811.219.6629
12.22811.219.6629
13.22811.219.6629
14.22811.219.6629
15.2 5231.403.3314
16.22811.219.6629
17.16921.3261.326
18.16921.3261.326
19.16921.3261.326
20.16921.3261.326
21.16921.3261.326
22.16921.3261.326
23. 16921. 3261. 326
24.16921.3261.326
25. 16921. 3261. 326
26.16921.3261. 326
27.16921.3261.326
28.16921.3261.326
29.16921.3261. 326
30.22811.219.6629
31.22811.219.6629
32.16921.3261. 326
33.16921.3261.326
34.16921.3261.326
35.16921.3261.326
36. 16921. 3261. 326
37.16921.3261. 326
38.16921.3261. 326
39.16921.3261.326
40.16921.3261.326
41. 16921. 3261. 326
42. 16921. 3261. 326
43.16921.3261.326
44.16921. 3261.326
4 5.22811.219.6629
46.22811.219.6629
47.16921.3261.326
48.16921. 3261.326
49.16921.3261. 326
50.16921.3261.326
51.16921.3261.326
52.16921.3261.326
53.16921.3261.326
54.16921.3261.326
55. 16921. 3261. 326
56.16921. 3261. 326
57.16921. 3261. 326
58.16921. 3261. 326
59.16921. 3261. 326
60.22811.219.6629
61.22811.219.6629
62.16921.3261.326
63.16921.3261.326
64.16921.3261.326
65.16921.3261. 326
66. 16921. 3261. 326
67.16921.3261.326
68. 16921. 3261. 326
69.16921.3261.326
70.16921.3261.326

0
1
2.32500. 546
3.32500.556
4.32500.556
5.32500.556
6.32500.556
7.32500. 556
8.32500. 556
9.32500.556

10.32500. 556
11.32500. 556
12.32500. 556
13.32500.556
14.32500.556
15.32 500.546
30.32 500.546
17.13400. 546
18.13400.556
19.13400. 556
20.13400.5 56
21.13400.556
22.13400.556
23.13400.556
24.13400.5 56
2 5.13400.556
26.13400.5 56
27.13400.556
28.13400.556
29.13400.556
30.13400.546
45.32500.556
32.13400. 546
33.13400.5 56
34.13400.556
35.13400.5 56
36.13400.5 56
37.13400.556
38.13400.556
39.13400.556
40.13400.556
41.13400.556
42.13400.5 56
43.13400.5 56
44.13400.5 56
4 5.13400.546
60.32500.556
47.13400. 546
48.13400. 556
49.13400.5 56
50.13400.5 56
51.13400.5 56
52.13400.5 56
53.13400.5 56
54.13400.5 56
55. 13400. 556
56.13400.5 56
57.13400.5 56
58.13400.5 56
59.13400.5 56
60.13400.546
75.32500.556
62.13400.546
63.13400.5 56
64.13400.5 56
65.13400.5 56
66.13400.556
67.13400.556
68.13400. 556
69.13400.556
70.13400. 556
71.13400. 556

16.32 500.546
17.13400. 546
18.13400. 546
19.13400. 546
20.13400. 546
21.13400. 546
22.13400.546
23.13400.546
24.13400. 546
2 5.13400.546
26.13400. 546
27.13400. 546
28.13400. 546
29.13400. 546

31.32 500.556
32.13400.556
33.13400.5 56
34.13400.556
35.13400.556
36.13400.556
37.13400. 556
38.13400.556
39.13400.556
40.13400.556
41.13400.556
42.13400.556
43.13400.556
44.13400.556

46.32500.556
47.13400.5 56
48.13400.556
49.13400.556
50.13400.5 56
51.13400.5 56
52.13400.556
53.13400.556
54.13400.5 56
55.13400.556
56.13400.5 56
57.13400.556
58.13400. 556
59.13400. 556

61.32500.556
62.13400.5 56
63.13400.5 56
64.13400.556
65.13400.556
66.13400.556
67.13400.5 56
68.13400.556
69.13400.556
70.13400.556
71.13400.556
72.13400.556
73.13400.556
74.13400.5 56

76.32500.556
77. 13400. 556
78. 13400. 556
79.13400. 556
80.13400.556
81.13400. 556
82.13400.556
83. 13400. 556
84.13400.5 56
85.13400.556
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71.16921.3261.326
72.16921.3261.326
73. 16921. 3261. 326
74. 16921. 3261. 326
75.22811.219.6629
76.22811.219.6629
77.16921. 3261. 326
78.16921.3261. 326
79.16921.3261. 326
80.16921.3261. 326
81.16921.3261. 326
82.16921.3261. 326
83.16921.3261. 326
84.16921. 3261. 326
85.16921.3261.326
86.16921. 3261.326
87.16921.3261.326
88.16921.3261. 326
89.16921.3261.326
90.22811.219.6629
91.22811.219.6629
92.16921.3261.326
93. 16921. 3261. 326
94.16921.3261.326
95.16921.3261.326
96.16921.3261.326
97.16921.3261.326
98.16921.3261.326
99.16921.3261.326

100.16921.3261.326
101.16921.3261.326
102.16921. 3261. 326
103.16921. 3261. 326
104.16921.3261.326
105.22811.219.6629
106.22811.219.6629
107.16921. 3261. 326
108.16921. 3261. 326
109.16921. 3261.326
110.16921. 3261.326
111.16921.3261.326
112.16921.3261.326
113.16921.3261.326
114.16921.3261.326
115.16921.3261.326
116.16921.3261.326
117.16921.3261.326
118.16921.3261.326
119.16921.3261.326
120.22811.219.6629
12 1.22811.219.6629
122.16921.3261.326
123. 16921. 3261. 326
124. 16921. 3261. 326
12 5.16921.3261.326
126. 16921. 3261. 326
127. 16921. 3261. 326
128. 16921. 3261. 326
129. 16921. 3261. 326
130.16921.3261. 326
131.16921.3261. 326
132.16921.3261.326
133.16921.3261.326
134. 16921. 3261. 326
13 5.22811.219.6629
136.22811.219.6629
137. 16921. 3261. 326
138. 16921. 3261. 326
139. 16921. 3261. 326
140.16921.3261. 326
141. 16921. 3261. 326
142.16921.3261.326
143.16921.3261.326
144. 16921. 3261. 326
14 5.16921.3261.326
146. 16921. 3261. 326
147.16921.3261.326
148.16921.3261.326
149. 16921. 3261. 326
150.22811.219.6629
15 1.22811.219.6629
152.16921.3261.326
153.16921. 3261.326
154. 16921. 3261. 326
155. 16921. 3261. 326
156.16921. 3261.326
157.16921.3261.326
158. 16921. 3261. 326
159.16921.3261.326
160.16921.3261.326

72.13400.556
73.13400.556
74.13400.5 56
7 5.13400.546
90.32500.556
77.13400. 546
78.13400. 556
79.13400. 556
80.13400.5 56
81.13400.556
82.13400.5 56
83.13400.5 56
84.13400.5 56
85.13400.5 56
86.13400.5 56
87.13400.5 56
88.13400.5 56
89.13400.5 56
90. 13400. 546

105.32500.556
92.13400.546
93.13400.5 56
94.13400.5 56
95.13400.556
96.13400.5 56
97.13400.5 56
98.13400. 556
99.13400.556
100.13400. 556
101.13400. 556
102. 13400. 556
103. 13400.556
104.13400.556
105.13400.546
120.32500.556
107.13400.546
108.13400.556
109.13400.556
110.13400.5 56
111.13400.5 56
112.13400.5 56
113.13400.556
114.13400.5 56
115.13400.556
116.13400.556
117.13400.5 56
118.13400.556
119.13400.556
120.13400.546
135.32500.556
122.13400.546
123.13400.5 56
124.13400.5 56
12 5.13400.556
126.13400.5 56
127.13400.5 56
128.13400.5 56
129.13400.5 56
130.13400.5 56
131.13400. 556
132.13400.556
133.13400.556
134.13400.556
135.13400. 546
150. 32500.556
137.13400. 546
138.13400.556
139.13400.5 56
140.13400.5 56
141.13400.556
142.13400.556
143.13400. 556
144.13400.5 56
145.13400.556
146.13400. 556
147.13400.5 56
148.13400. 556
149.13400. 556
150.13400. 546
165.32500.556
152.13400.546
153.13400.556
154.13400.556
155.13400.556
156. 13400. 556
157.13400. 556
158.13400. 556
159.13400.5 56
160.13400.556
161.13400. 556

KMay. i
86.13400.556
87.13400.556
88.13400.556
89.13400.5 56

91.32500.556
92.13400.556
93.13400.556
94.13400.556
95.13400.556
96.13400.556
97.13400.556
98.13400.556
99.13400.556

100.13400.556
101.13400.556
102.13400.556
103.13400.556
104.13400.556

106.32500.556
107.13400.556
108.13400.556
109.13400.556
110.13400.5 56
111.13400.5 56
112.13400.556
113.13400.556
114.13400.556
115.13400.5 56
116.13400.556
117.13400.556
118.13400.5 56
119.13400.556

121.32500.556
122.13400.556
123.13400.556
124.13400.556
12 5.13400.556
126.13400.556
127.13400.556
128.13400.556
129.13400.556
130.13400.556
131.13400.556
132.13400.556
133.13400.556
134.13400.5 56

136.32500.556
137.13400.556
138.13400.556
139.13400.5 56
140.13400.556
141.13400.556
142.13400.556
143.13400.5 56
144.13400.556
145.13400.556
146.13400.556
147.13400.556
148.13400.556
149.13400.556

151.32500.556
152.13400.556
153.13400.556
154.13400.5 56
155.13400.556
156.13400.556
157.13400.556
158.13400.5 56
159.13400.556
160.13400.556
161.13400.556
162.13400.556
163.13400.5 56
164.13400.556

166.32500.556
167.13400.556
168.13400.556
169.13400.556
170.13400.556
171.13400.556
172.13400.556
173.13400.556
174.13400.556
175.13400.556
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161.16921.3261.326
162.16921.3261.326
163.16921.3261.326
164.16921.3261.326
165.22811.219.6629
166.22811.219.6629
167.16921.3261.326
168.16921.3261.326
169.16921.3261.326
170.16921.3261.326
171.16921.3261.326
172.16921.3261.326
173.16921.3261.326
174.16921.3261.326
175.16921.3261.326
176.16921.3261.326
177.16921.3261.326
178.16921.3261.326
179.16921.3261.326
180.22811.219.6629
181.22811.219.6629
182.16921.3261.326
183.16921.3261.326
184.16921.3261.326
185.16921.3261.326
186.16921.3261.326
187.16921.3261.326
188.16921.3261.326
189.16921.3261.326
190.16921.3261.326
191.16921.3261.326
192.16921.3261.326
193.16921.3261.326
194.16921.3261.326
195.22811.219.6629
196.22811.219.6629
197.16921.3261.326
198.16921.3261.326
199.16921.3261.326
200.16921.3261.326
201.16921.3261.326
202.16921.3261.326
203.16921.3261.326
204.16921.3261.326
205.16921.3261.326
206.16921.3261.326
207.16921.3261.326
208.16921.3261.326
209.16921.3261.326
210.22811.219.6629
211.25231.403.3314
212.22811.219.6629
213.22811.219.6629
214.22811.219.6629
215.22811.219.6629
216.22811.219.6629
217.22811.219.6629
218.22811.219.6629
219.22811.219.6629
220.22811.219.6629
221.22811.219.6629
222.22811.219.6629
223.22811.219.6629
224.22811.219.6629
225.25231.403.3314

2 1 225 0
1 1 0 0
3 1 225 0
1 1 0 0

162.13400.556
163.13400.556
164.13400.556
165.13400.546
180.32500.556
167.13400.546
168.13400.556
169.13400.556
170.13400.556
171.13400.556
172.13400.556
173.13400.556
174.13400.556
175.13400.556
176.13400.556
177.13400.556
178.13400.556
179.13400.556
180.13400.546
195.32500.556
182.13400.546
183.13400.556
184.13400.556
185.13400.556
186.13400.556
187.13400.556
188.13400.556
189.13400.556
190.13400.556
191.13400.556
192.13400.556
193.13400.556
194.13400.556
195.13400.546
210.32500.556
197.13400.546
198.13400.556
199.13400.556
200.13400.556
201.13400.556
202.13400.556
203.13400.556
204.13400.556
205.13400.556
206.13400.556
207.13400.556
208.13400.556
209.13400.556
210.13400.546
225.32500.546
212.32500.546
213.32500.556
214.32500.556
215.32500.556
216.32500.556
217.32500.556
218.32500.556
219.32500.556
220.32500.556
221.32500.556
222.32500.556
223.32500.556
224.32500.556
225.32500.546

0
1
0
1

KMay.i
176.13400.556
177.13400.556
178.13400.556
179.13400.556

181.32500. 556
182.13400.556
183.13400.556
184.13400. 556
185.13400.556
186.13400.556
187.13400. 556
188.13400.556
189.13400.556
190.13400.556
191.13400.556
192.13400.556
193.13400.556
194.13400.556

196.32500. 556
197.13400.556
198.13400.556
199.13400.556
200.13400. 556
201.13400.556
202.13400.556
203.13400. 556
204.13400.556
205.13400.556
206.13400. 556
207.13400.556
208.13400.556
209.13400. 56

211.32500. 546
212.13400.546
213.13400. 546
214.13400. 46
215.13400. 546
216.13400. 546
217.13400.546
218.13400. 546
219.13400. 546
220.13400. 546
221.13400. 546
222.13400.546
223.13400. 546
224.13400.546
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rods 1
1 1
1 .422
2 .422
3 .422
4 .422
5 .422
6 .422
7 .422
8 .422
9 .422

10 .422
11 .422
12 .422
13 .422
14 .422
15 .422
16 .422
17 .422
18 .422

1
196
1.
1.
1.
1.
1.
1.
1.
1.
1.
I.
1.
1.
1.
1.
1.
1.
1.
1.

0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
16
17
18
19

0

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
17
18
19
20

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

16
17
18
19
20
21
22
23
24
25
26
27
28
29
31
32
33
34

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

.25

17 .25
18 .25
19 .25
20 .25
21 .25
22 .25
23 .25
24 .25
25 .25
26 .25
27 .25
28 .25
29 .25
30 .25
32 .25
33 .25
34 .25
35 .25
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19 .422
20 .422
21 .422
22 .422
23 .422
24 .422
25 .422
26 .422
27 .422
28 .422
29 .422
30 .422
31 .422
32 .422
33 .422
34 .422
35 .422
36 .422
37 .422
38 .422
39 .422
40 .422
41 .422
42 .422
43 .422
44 .422
45 .422
46 .422
47 .422
48 .422
49 .422
50 .422
51 .422
52 .422
53 .422
54 .422
55 .422
56 .422
57 .422
58 .422
59 .422
60 .422
61 .422
62 .422
63 .422
64 .422
65 .422
66 .422
67 .422
68 .422
69 .422
70 .422
71 .422
72 .422
73 .422
74 .422
75 .422
76 .422
77 .422
78 .422
79 .422
80 .422
81 .422
82 .422
83 .422
84 .422
85 .422
86 .422
87 .422
88 .422
89 .422
90 .422
91 .422
92 .422
93 .422
94 .422
95 .422
96 .422
97 .422
98 .422
99 .422

100 .422
101 .422
102 .422
103 .422
104 .422
105 .422
106 .422
107 .422
108 .422

20 .25
21 .25
22 .25
23 .25
24 .25
25 .25
26 .25
27 .25
28 .25
29 .25
31 .25
32 .25
33 .25
34 .25
35 .25
36 .25
37 .25
38 .25
39 .25
40 .25
41 .25
42 .25
43 .25
44 .25
46 .25
47 .25
48 .25
49 .25
50 .25
51 .25
52 .25
53 .25
54 .25
55 .25
56 .25
57 .25
58 .25
59 .25
61 .25
62 .25
63 .25
64 .25
65 .25
66 .25
67 .25
68 .25
69 .25
70 .25
71 .25
72 .25
73 .25
74 .25
76 .25
77 .25
78 .25
79 .25
80 .25
81 .25
82 .25
83 .25
84 .25
85 .25
86 .25
87 .25
88 .25
89 .25
91 .25
92 .25
93 .25
94 .25
95 .25
96 .25
97 .25
98 .25
99 .25

100 .25
101 .25
102 .25
103 .25
104 .25
106 .25
107 .25
108 .25
109 .25
110 .25
111 .25
112 .25
113 .25
114 .25
115 .25

21 .25 35 .25
22 .25 36 .25
23 .25 37 .25
24 .25 38 .25
25 .25 39 .25
26 .25 40 .25
27 .25 41 .25
28 .25 42 .25
29 .25 43 .25
30 .25 44 .25
32 .25 46 .25
33 .25 47 .25
34 .25 48 .25
35 .25 49 .25
36 .25 50 .25
37 .25 51 .25
38 .25 52 .25
39 .25 53 .25
40 .25 54 .25
41 .25 55 .25
42 .25 56 .25
43 .25 57 .25
44 .25 58 .25
45 .25 59 .25
47 .25 61 .25
48 .25 62 .25
49 .25 63 .25
50 .25 64 .25
51 .25 65 .25
52 .25 66 .25
53 .25 67 .25
54 .25 68 .25
55 .25 69 .25
56 .25 70 .25
57 .25 71 .25
58 .25 72 .25
59 .25 73 .25
60 .25 74 .25
62 .25 76 .25
63 .25 77 .25
64 .25 78 .25
65 .25 79 .25
66 .25 80 .25
67 .25 81 .25
68 .25 82 .25
69 .25 83 .25
70 .25 84 .25
71 .25 85 .25
72 .25 86 .25
73 .25 87 .25
74 .25 88 .25
75 .25 89 .25
77 .25 91 .25
78 .25 92 .25
79 .25 93 .25
80 .25 94 .25
81 .25 95 .25
82 .25 96 .25
83 .25 97 .25
84 .25 98 .25
85 .25 99 .25
86 .25 100 .25
87 .25 101 .25
88 .25 102 .25
89 .25 103 .25
90 .25 104 .25
92 .25 106 .25
93 .25 107 .25
94 .25 108 .25
95 .25 109 .25
96 .25 110 .25
97 .25 I11 .25
98 .25 112 .25
99 .25 113 .25

100 .25 114 .25
101 .25 115 .25
102 .25 116 .25
103 .25 117 .25
104 .25 118 .25
105 .25 119 .25
107 .25 121 .25
108 .25 122 .25
109 .25 123 .25
110 .25 124 .25
111 .25 125 .25
112 .25 126 .25
113 .25 127 .25
114 .25 128 .25
115 .25 129 .25
116 .25 130 .25

KMay. i
36 .25
37 .25
38 .25
39 .25
40 .25
41 .25
42 .25
43 .25
44 .25
45 .25
47 .25
48 .25
49 .25
50 .25
51 .25
52 .25
53 .25
54 .25
55 .25
56 .25
57 .25
58 .25.
59 .25
60 .25
62 .25
63 .25
64 .25
65 .25
66 .25
67 .25
68 .25
69 .25
70 .25
71 .25
72 .25
73 .25
74 .25
75 .25
77 .25
78 .25
79 .25
80 .25
81 .25
82 .25
83 .25
84 .25
85 .25
86 .25
87 .25
88 .25
89 .25
90 .25
92 .25
93 .25
94 .25
95 .25
96 .25
97 .25
98 .25
99 .25

100 .25
101 .25
102 .25
103 .25
104 .25
105 .25
107 .25
108 .25
109 .25
110 .25
111 .25
112 .25
113 .25
114 .25
115 .25
116 .25
117 .25
118 .25
119 .25
120 .25
122 .25
123 .25
124 .25
125 .25
126 .25
127 .25
128 .25
129 .25
130 .25
131 .25
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109 .422
110 .422
111 .422
112 .422
113 .422
114 .422
115 .422
116 .422
117 .422
118 .422
119 .422
120 .422
121 .422
122 .422
123 .422
124 .422
125 .422
126 .422
127 .422
128 .422
129 .422
130 .422
131 .422
132 .422
133 .422
134 .422
135 .422
136 .422
137 .422
138 .422
139 .422
140 .422
141 .422
142 .422
143 .422
144 .422
145 .422
146 .422
147 .422
148 .422
149 .422
150 .422
151 .422
152 .422
153 .422
154 .422
155 .422
156 .422
157 .422
158 .422
159 .422
160 .422
161 .422
162 .422
163 .422
164 .422
165 .422
166 .422
167 .422
168 .422
169 .422
170 .422
171 .422
172 .422
173 .422
174 .422
175 .422
176 .422
177 .422
178 .422
179 .422
180 .422
181 .422
182 .422
183 .422
184 .422
185 .422
186 .422
187 .422
188 .422
189 .422
190 .422
191 .422
192 .422
193 .422
194 .422
195 .422
196 .422

2 1
3 1

1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
0.
1.
1.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
0.
1.
1.
0.
1.
1.
0.
1.
1.
0.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

196
196

KMay. i
116 .25 117 .25 131 .25 132 .25
117 .25 118 .25 132 .25 133 .25
118 .25 119 .25 133 .25 134 .25
119 .25 120 .25 134 .25 135 .25
121 .25 122 .25 136 .25 137 .25
122 .25 123 .25 137 .25 138 .25
123 .25 124 .25 138 .25 139 .25
124 .25 125 .25 139 .25 140 .25
125 .25 126 .25 140 .25 141 .25
126 .25 127 .25 141 .25 142 .25
127 .25 128 .25 142 .25 143 .25
128 .25 129 .25 143 .25 144 .25
129 .25 130 .25 144 .25 145 .25
130 .25 131 .25 145 .25 146 .25
131 .25 132 .25 146 .25 147 .25
132 .25 133 .25 147 .25 148 .25
133 .25 134 .25 148 .25 149 .25
134 .25 135 .25 149 .25 150 .25
136 .25 137 .25 151 .25 152 .25
137 .25 138 .25 152 .25 153 .25
138 .25 139 .25 153 .25 154 .25
139 .25 140 .25 154 .25 155 .25
140 .25 141 .25 155 .25 156 .25
141 .25 142 .25 156 .25 157 .25
142 .25 143 .25 157 .25 158 .25
143 .25 144 .25 158 .25 159 .25
144 .25 145 .25 159 .25 160 .25
145 .25 146 .25 160 .25 161 .25
146 .25 147 .25 161 .25 162 .25
147 .25 148 .25 162 .25 163 .25
148 .25 149 .25 163 .25 164 .25
149 .25 150 .25 164 .25 165 .25
151 .25 152 .25 166 .25 167 .25
152 .25 153 .25 167 .25 168 .25
153 .25 154 .25 168 .25 169 .25
154 .25 155 .25 169 .25 170 .25
155 .25 156 .25 170 .25 171 .25
156 .25 157 .25 171 .25 172 .25
157 .25 158 .25 172 .25 173 .25
158 .25 159 .25 173 .25 174 .25
159 .25 160 .25 174 .25 175 .25
160 .25 161 .25 175 .25 176 .25
161 .25 162 .25 176 .25 177 .25
162 .25 163 .25 177 .25 178 .25
163 .25 164 .25 178 .25 179 .25
164 .25 165 .25 179 .25 180 .25
166 .25 167 .25 181 .25 182 .25
167 .25 168 .25 182 .25 183 .25
168 .25 169 .25 183 .25 184 .25
169 .25 170 .25 184 .25 185 .25
170 .25 171 .25 185 .25 186 .25
171 .25 172 .25 186 .25 187 .25
172 .25 173 .25 187 .25 188 .25
173 .25 174 .25 188 .25 189 .25
174 .25 175 .25 189 .25 190 .25
175 .25 176 .25 190 .25 191 .25
176 .25 177 .25 191 .25 192 .25
177 .25 178 .25 192 .25 193 .25
178 .25 179 .25 193 .25 194 .25
179 .25 180 .25 194 .25 195 .25
181 .25 182 .25 196 .25 197 .25
182 .25 183 .25 197 .25 198 .25
183 .25 184 .25 198 .25 199 .25
184 .25 185 .25 199 .25 200 .25
185 .25 186 .25 200 .25 201 .25
186 .25 187 .25 201 .25 202 .25
187 .25 188 .25 202 .25 203 .25
188 .25 189 .25 203 .25 204 .25
189 .25 190 .25 204 .25 205 .25
190 .25 191 .25 205 .25 206 .25
191 .25 192 .25 206 .25 207 .25
192 .25 193 .25 207 .25 208 .25
193 .25 194 .25 208 .25 209 .25
194 .25 195 .25 209 .25 210 .25
196 .25 197 .25 211 .25 212 .25
197 .25 198 .25 212 .25 213 .25
198 .25 199 .25 213 .25 214 .25
199 .25 200 .25 214 .25 215 .25
200 .25 201 .25 215 .25 216 .25
201 .25 202 .25 216 .25 217 .25
202 .25 203 .25 217 .25 218 .25
203 .25 204 .25 218 .25 219 .25
204 .25 205 .25 219 .25 220 .25
205 .25 206 .25 220 .25 221 .25
206 .25 207 .25 221 .25 222 .25
207 .25 208 .25 222 .25 223 .25
208 .25 209 .25 223 .25 224 .25
209 .25 210 .25 224 .25 225 .25
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KMay. i
4.3 .070660.0.3659 12.0 .077 410. .0243 563. .422

slab 1 6 28
1 17011
1 1.5344 2 21 1 23 1
2 1.5344 2 22 1 24 1
3 1.5188
4 1.5188
5 1.5344 2 26 1 28 1
6 1.5344 2 25 1 27 1
7 1.5188
8 1.5188
9 1. 5188

10 1.5188
11 1.5344
12 1.5344
13 1.5188
14 1.5188
15 1.5188
16 1.5188
17 1.5344
18 1.5344
19 1.5188
20 1.5188
21 1.0000
22 1.0000
23 1.0000
24 1.0000
25 1.0000
26 1.0000
27 1.0000
28 1.0000
1.1166 0.536
2.1124 0.556
3.2248 0.278
4.0000 0.536
5.0000 0.556
6.0000 0.278
3 8 1 15 1 1 30 2 1 45 2

1 75 2 1 90 2 1 105 2
4 8 1 120 3 1 135 2 1 150 2

1 180 2 1 195 2 1 210 2
7 8 1 211 1 1 196 2 1 181 2

1 151 2 1 136 2 1 121 2
8 8 1 106 3 1 91 2 1 76 2

1 46 2 1 31 2 1 16 2
9 8 2 211 1 2 196 2 2 181 2

2 151 2 2 136 2 2 121 2
10 8 2 106 3 2 91 2 2 76 2

2 46 2 2 31 2 2 16 2
11 8 2 1 1 2 2 2 2 3 2

2 5 2 2 6 2 2 7 2
12 8 2 8 3 2 9 2 2 10 2

2 12 2 2 13 2 2 14 2
13 8 2 15 1 2 30 2 2 45 2

2 75 2 2 90 2 2 105 2
14 8 2 120 3 2 135 2 2 150 2

2 180 2 2 195 2 2 210 2
15 8 3 15 1 3 30 2 3 45 2

3 75 2 3 90 2 3 105 2
16 8 3 120 3 3 135 2 3 150 2

3 180 2 3 195 2 3 210 2
17 8 3 225 1 3 224 2 3 223 2

3 221 2 3 220 2 3 219 2
18 8 3 218 3 3 217 2 3 216 2

3 214 2 3 213 2 3 212 2
19 8 3 211 1 3 196 2 3 181 2

3 151 2 3 136 2 3 121 2
20 8 3 106 3 3 91 2 3 76 2

3 46 2 3 31 2 3 16 2
21 8 2 218 6 2 217 5 2 216 5

2 214 5 2 213 5 2 212 5
22 8 2 225 4 2 224 5 2 223 5

2 221 5 2 220 5 2 219 5
23 8 1 1 4 1 2 5 1 3 5

1 5 5 1 6 5 1 7 5
24 8 1 8 6 1 9 5 1 10 5

1 12 5 1 13 5 1 14 5
25 8 1 218 6 1 217 5 1 216 5

1 214. 5 1 213 5 1 212 5
26 8 1 225 4 1 224 5 1 223 5

1 221 5 1 220 5 1 219 5
27 8 3 1 4 3 2 5 3 3 5

3 5 5 3 6 5 3 7 5
28 8 3 8 6 3 9 5 3 10 5

3 12 5 3 13 5 3 14 5

radg 3 1 0
1 1 8 23 24 3 4 26 25 7 8
2 1 8 11 12 13 14 22 21 9 10
3 1 8 27 28 15 16 17 18 19 20
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1 60
1 120
1 165
1 225
1 166
1 106
1 61
1 1
2 166
2 106
2 61
2 1
2 4
2 8
2 11
2 15
2 60
2 120
2 165
2 225
3 60
3 120
3 165
3 225
3 222
3 218
3 215
3 211
3 166
3 106
3 61
3 1
2 215
2 211
2 222
2 218
1 4
1 8
1 11
1 15
1 215
1 211
1 222
1 218
3 4
3 8
3 11
3 15



KMay. i
heat 1 0 1 0 0
0.33 0.6 0.3 0.0 0.83 0.33 0.33 0.0

1.0
drag 1 1

.153-0.18 100.2 -1.0
1 1 0

10 1 225 0.0 3.90.111 3.90.222 3.90.333 3.90.444 3.90.556 3.9
0.667 3.90.778 3.90.889 3.91.000 3.9
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calc 1
0.0 .001 0.01 .001 .001

500
oper 1 2 0 1

0.0 217. 0.0001
1.6551.2841.284
3.9531.1031.103
outp 11011
endd

0 0
0.001

3
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CCCCC
CCCCCCC

CCCCCCCCC
CCCCCCCCCCC
CCCCC CCCCC
CCCC CCCC
CCCC
CCCC
CCCC
CCCC CCCC
CCCCC CCCCC
CCCCCCCCCCC

CCCCCCCCC
CCCCCCC

CCCCC

KOCTselected.0

00000 BBBBBBBBB RRRRRRRRR AAAAA
0000000 BBBBBBBBBB RRRRRRRRRR AAAAAAA

000000000 BBBBBBBBBBB RRRRRRRRRRR AAAAAAAAA
00000000000 BBBB BBBBB RRRR RRRRR AAAAAAAAAAA
00000 00000 BBBB BBBB RRRR RRRR AAAAA AAAAA
0000 0000 BBBB BBBB RRRR RRRR AAAA AAAA
0000 0000 BBBBBBBBB RRRRRRRRR AAAA AAAA
0000 0000 BBBBBBBB RRRRRRRR AAAAAAAAAAA
0000 0000 BBBBBBBBB RRRR RRRR AAAAAAAAAAA
0000 0000 BBBB BBBB RRRR RRRR AAAAAAAAAAA FFFFF
0000 0000 BBBB BBBB RRRR RRRR AAAA AAAA FF FF
00000 00000 BBBB BBBBB RRRR RRRR AAAA AAAA F F
000000000 BBBBBBBBBBB RRRR RRRR AAAA AAAA FFFFFFFFF
0000000 BBBBBBBBBB RRRR RRRR AAAA AAAA FF F FSS
00000 BBBBBBBBB RRRR RRRR AAAA AAAA FF F FSSS

FF F FSS S
SFF F FS SS

SSFF F FS SS
SSSFF F FSSSSSSS

SSSSFF F F SSSSS
SSS SFF F SSSSSSSSS

SSS SFF F SS SSSSS SS
SSSSSSFF F SSS SSS SSS
SSSSSSSF F SS * S * SS
SSSS SSS F S S
SSS SS F SS SS

SSSSSSSSSS F SS SS
S SSSSSSS SS F S
SSS SSSSS SS F S

S SSSS SSS S
SS SSSS SS

SS FSSSSSSS SSS
SS FFSSSSSS SS
SSSSS FFSSSSS SS

S SSS FF SSSSS SS
SS SSS FF SSSSS SS

SS SSS FF FSSSSSS SS
S SSS FF F SSSSSS SS
S SSS FF F SSSSSS SS

SS SS FF F SSSSSSSSS
S SS SFF F FSSSSS SS

SS SSSSSSSFF F FSSSSS SS
S SSSSSSSSFF F FSSSSS SS
SS SSSSSFF F FSSS SS

;FS (SPENT FUEL STORAGE) CODE SSS SSSFF F FSSSSSS
EMBLY SPENT FUEL CASK ANALYSIS SSSS FF F FSSSSS

SSSSFF F FSSSS
FF F F

ACIFIC NORTHWEST LABORATORY 1982-1986 FF F FF
E FOR THIS VERSION (Cycle 3 ) 09-25-97 FFFFFFF

FFFFFFFFFFFFF
FFFFFFFFFFFFF
FFFFF F FFFF
FFF F FFFF
FFF FF FFFFF
FF FFFFFFFFF
FF FFFFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFF FFFFFFFF
FFFF FFFFFFF
FFFFF FFFFF
FFFFFF FFFF
FFFFFF FFFF
F FFFFFF FF
F FFFFFFFFFF
FF FFFFFFFFFF
FF FFF
FFF FFF
FFF FFF
FF FF
FF FF
FF FFF
FFFFFFF
FFFFFFF
FFFFFFF
FFF FFF
FF FFFF
F FFF
FFF FFF
FFFFFFF
FFFFFFF

SSSSSSSSSS
SSSSSS SSSSS

SSSSSSS SSSS
SSSSSSSSS SS

SSSSSSSSSSSS SSS
SSS SSSS SSSSSSS
SSS SSS SSSSSS
SS SSS SSSSSS
SSS SS
SSSSSSS
SSSSSSS
SSS SSS
SS SSSS
SSSSSS SS
SS SS SSS

S SSSSSSS
SS SSSSSS

SS SSSSSS
S SSSSSSSS

SSSSSS SS
SSSSSS SSS

SSSS SSSS
SSSS SSS

SSSS SSS
SSS SSS
SS SSS

SSSSSS SSSSSSS
SSSSSS SSSSSSS
SSS SSS SSSSSSSS
SS SSSSSSSSSSSS
SSS SSSSSSS SSS

SSS SSSS SS
SSSSSSSSS SS

SSSSSSSSS S
SSSSSSSSS

COBRA-S
FOR MULTIASSE

WRITTEN AT PA
CREATION DATE

CONTACT: T.E. MICHENER (509) 375-2162
D.R. RECTOR (509) 372-4530
I.M. CUTA (509) 375-3673

calculation No. 2013-11284 Rev. 0, October 2014 Case

data from iterative solution using the recirculation module
time = 0.0000 dt =0.1000E+11

date: 11/04/13 time: 14:11:56

iteration sweep peak clad
no. no.

total flow pressure
(lbm/s) drop(psi)

Page I

error
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1

2

3

4

5

6

7

8

9

10

11

1
1

1

1

1

1

1

1

1

1

1

995.7

1023.6

1020.6

1020.8

1021.1

1021.3

1021.5

1021.6

1021.7

1021.8

1021.8

25

25

25

25

25

25

105

105

105

105

105

105

1

1

1

1

1

1

0.365E-01

0. 365E-01

0. 365E-01

0. 365E-01

0. 365E-01

0. 365E-01

KOCTselected.O

0.0050676

0.0051023

0.0051051

0.0051050

0.0051050

0.0051051

0.0051052

0.0051052

0.0051052

0.0051053

0.0051053

total
energy

-0.0037

0.0006

0.0007

0.0005

0.0003

0.0001

0.0001

0.0000

0.0000

0.0000

0.0000

flow fluid
energy

1.8380 0.0354

0.0248 0.0036

0.0046 0.0010

0.0011 0.0008

0.0009 0.0006

0.0007 0.0005

rod
energy

0.0228

0.0042

0.0006

0.0001

0.0001

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

25 105 1 0.365E-01

25 105 1 0.365E-01

25 105 1 0.365E-01

25 105 1 0.365E-01

25 105 1 0.365E-01

0.0006

0.0005

0.0004

0.0003

0.0003

0.0004

0.0004

0.0003

0.0002

0.0002

cobra-sfs code results
case 1 Calculation No. 2013-11284 Rev. 0, October 2014 Case date: 11/04/13 time: 14:11:59

assembly average results for assembly 1 time = 0.00000

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

del ta-p
(psi)

0.0052244
0.0049928
0.0047679
0.0045277
0.0043130
0.0041022
0.0038708
0.0036657
0.0034370
0.0032357
0.0030358
0.0028084
0.0026098
0.0024111
0.0021811
0.0019818
0.0017820
0.0015480
0.0013466
0.0011089
0.0009051
0.0007000
0.0004558
0.0002477
0.0000000

enthal
(btu/lb

158.0000
167.2995
176.3672
185.3331
194.2215
203.0354
211.7753
220.4432
229.0380
237.5608
246.0141
254.3969
262.7109
270.9583
279.1381
287.2524
295.3032
303.2895
311.2130
319.0760
326.8774
334.6172
342.2957
349.8926
357.2544

temperature
(deg-f)

200.0000
238.5873
276.2126
313.2503
349.6782
385.8009
421.4445
456.6797
491.6180
525.9470
559.8961
593.5618
626.6304
659.3582
691.8180
723.7350
755.3068
786.6256
817.4923
847.9689
878.2069
908.0808
937.3883
966.3839
994.4826

density
(lb/cu-ft)

0.0600
0.0566
0.0537
0.0511
0.0489
0.0468
0.0449
0.0432
0.0416
0.0401
0.0388
0.0375
0.0364
0.0353
0.0344
0.0334
0.0326
0.0317
0.0310
0.0303
0.0296
0.0289
0.0283
0.0277
0.0272

flow
(Ib/sec)

0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855
0.0144855

0.00294 mw

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8881182
0.9364678
0.9836002
1.0295654
1.0750734
1.1202787
1.1651722
1.2096517
1.2535480
1.2969502
1.3398427
1.3819332
1.4234197
1.4644936
1.5050175
1.5450986
1.5848217
1.6239506
1.6625898
1.7008951
1.7387834
1.7762183
1.8132214
1.8489520

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant 2.782 btu/sec

assembly average results for assembly 2 time = 0.00000
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(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0050458
0.0048170
0.0045907
0.0043562
0.0041347
0.0039156
0.0036875
0.0034728
0.0032486
0.0030380
0.0028295
0.0026106
0.0024058
0.0022028
0.0019887
0.0017891
0.0015910
0.0013811
0.0011860
0.0009786
0.0007862
0.0005951
0.0003908
0.0002021
0.0000000

enthalpy
(btu/1 b)

158.0000
160.5870
163.1253
165.6901
168.2957
170.9457
173.6414
176.3830
179.1706
182.0043
184.8837
187.8091
190.7798
193.7948
196.8536
199.9557
203.1003
206.2868
209.5147
212.7830
216.0913
219.4379
222.8175
226.2079
229.4994

temperature
(deg-f)

200.0000
210.7345
221.2669
231.9092
242.7208
253.7167
264.9019
276.2780
287.8450
299.6029
311.4088
323.3981
335.5729
347.9296
360.4658
373.1790
386.0666
399.1262
412.2548
425.5406
438.9892
452.5932
466.3315
480.1136
493.4934

density
(1 b/cu-ft)

0.0600
0.0590
0.0581
0.0572
0.0563
0.0554
0.0546
0.0537
0.0529
0.0520
0.0512
0.0505
0.0497
0.0490
0.0482
0.0475
0.0468
0.0461
0.0454
0.0447
0.0440
0.0434
0.0427
0.0421
0.0415

KOCTselected.O
flow mass flux

(Ib/sec) (mlb/hr-ft2)
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376
0.0110061 0.0001376

0.00070 mw

velocity
(ft/sec)

0.6370498
0.6475667
0.6578818
0.6683038
0.6788911
0.6896573
0.7006060
0.7117375
0.7230440
0.7344289
0.7458268
0.7573048
0.7689349
0.7807356
0.7927056
0.8048448
0.8171526
0.8296289
0.8422733
0.8550833
0.8680585
0.8811847
0.8944360
0.9077219
0.9206025

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant 0.662 btu/sec

assembly average results for assembly 3 time = 0.00000

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0050457
0.0048169
0.0045907
0.0043561
0.0041347
0.0039155
0.0036874
0.0034727
0.0032485
0.0030380
0.0028294
0.0026106
0.0024058
0.0022027
0.0019887
0.0017890
0.0015910
0.0013811
0.0011860
0.0009786
0.0007862
0.0005951
0.0003908
0.0002021
0.0000000

enthalpy
(btu/Ib)

158.0000
160.5871
163.1255
165.6905
168.2964
170.9468
173.6429
176.3851
179.1733
182.0077
184.8878
187.8139
190.7853
193.8011
196.8606
199.9634
203.1087
206.2959
209.5244
212.7933
216.1022
219.4494
222.8295
226.2204
229.5123

temperature
(deg-f)

200.0000
210.7348
221.2677
231.9108
242.7236
253.7211
264.9082
276.2866
287.8562
299.6169
311.4254
323.4177
335.5955
347.9552
360.4944
373.2106
386.1010
399.1635
412.2943
425.5825
439.0334
452.6397
466.3801
480.1643
493.5460

density
( b/cu-ft)

0.0600
0.0590
0.0581
0.0572
0.0563
0.0554
0.0546
0.0537
0.0529
0.0520
0.0512
0.0505
0.0497
0.0490
0.0482
0.0475
0.0468
0.0461
0.0454
0.0447
0.0440
0.0434
0.0427
0.0421
0.0415

flow
( b/sec)

0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0 0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061
0.0110061

0.00070 mw

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6475670
0.6578826
0.6683055
0.6788940
0.6896619
0.7006127
0.7117467
0.7230561
0.7344447
0.7458447
0.7573254
0.7689586
0.7807625
0.7927356
0.8048778
0.8171886
0.8296677
0.8423148
0.8551273
0.8681049
0.8812335
0.8944869
0.9077748
0.9206574

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant

calculated fluid conditions at time =
channel 1

0.662 btu/sec

0.0000 seconds
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assembly 1

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045582
0.0043372
0.0041224
0.0038940
0.0036916
0.0034947
0.0032801
0.0030927
0.0028848
0.0027048
0.0025280
0.0023265
0.0021549
0.0019850
0.0017865
0.0016193
0.0014532
0.0012553
0.0010908
0.0008923
0.0007286
0.0005651
0.0003647
0.0002013
0.0000000

enthalpy
(btu/lb)

158.0000
163.8015
170.3384
177.6581
185.5086
193.7313
202.1744
210.7482
219.4059
228.0696
236.7268
245.3683
253.9411
262.4612
270.9249
279.2932
287.5986
295.8434
303.9953
312.0760
320.0996
328.0358
335.8776
343.6354
351.0242

temperature
(deg-f)

200.0000
224.0727
251.1969
281.5688
313.9695
347.6691
382.2721
417.2691
452.4629
487.6811
522.5975
557.3025
591.7312
625.6397
659.2259
692.4333
725.0926
757.4252
789.3934
820.8374
851.9364
882.6969
912.8916
942.5015
970.7032

density
(1b/cu-ft)

0.0600
0.0579
0.0556
0.0533
0.0511
0.0490
0.0470
0.0451
0.0434
0.0417
0.0402
0.0389
0.0376
0.0364
0.0353
0.0343
0.0334
0.0325
0.0317
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
(1 b/sec)

0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881
0.0000881

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8694925
0.9044782
0.9436529
0.9850510
1.0275685
1.0712258
1.1155974
1.1604427
1.2053192
1.2498679
1.2941776
1.3381347
1.3811437
1.4236535
1.4656837
1.5070832
1.5480875
1.5886297
1.6284651
1.6678424
1.7067911
1.7451465
1.7829213
1.8188996

area
(sq-in)
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230

calculated fluid conditions at time =
channel 2
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044752
0.0042563
0.0040441
0.0038183
0.0036186
0.0034243
0.0032124
0.0030277
0.0028224
0.0026452
0.0024713
0.0022729
0.0021043
0.0019377
0.0017427
0.0015791
0.0014168
0.0012228
0.0010624
0.0008683
0.0007090
0.0005501
0.0003546
0.0001961
0.0000000

enthal
(btu/l )

158.0000
164.3948
171.3741
178.8283
186.6448
194.7445
203.0295
211.4412
219.9394
228.4543
236.9793
245.5014
253.9681
262.3932
270.7736
279.0700
287.3106
295.5006
303.6060
311.6430
319.6300
327.5361
335.3473
343.0883
350.5607

temperature
(deg-f)

200.0000
226.5344
255.4941
286.4244
318.6261
351.8218
385.7766
420.0862
454.6319
489.2453
523.6115
557.8369
591.8399
625.3698
658.6254
691.5476
723.9633
756.0808
787.8667
819.1590
850.1164
880.7603
910.8677
940.4132
968.9340

density
(1b/cu-ft)

0.0600
0.0576
0.0553
0.0530
0.0508
0.0487
0.0468
0.0449
0.0432
0.0417
0.0402
0.0389
0.0376
0.0364
0.0354
0.0343
0.0334
0.0325
0.0317
0.0309
0.0302
0.0295
0.0289
0.0283
0.0277

flow
(lb/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8726677
0.9100208
0.9499159
0.9909259
1.0328077
1.0756473
1.1191870
1.1632065
1.2073124
1.2511626
1.2948599
1.3382735
1.3808021
1.4228933
1.4645626
1.5056510
1.5463826
1.5866936
1.6263399
1.6655379
1.7043389
1.7425645
1.7802572
1.8166426

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 3

0.0000 seconds
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KOCTselected .0
assembly 1

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044719
0.0042531
0.0040413
0.0038159
0.0036166
0.0034228
0.0032111
0.0030267
0.0028216
0.0026447
0.0024709
0.0022725
0.0021041
0.0019376
0.0017426
0.0015791
0.0014168
0.0012228
0.0010624
0.0008683
0.0007091
0.0005502
0.0003546
0.0001961
0.0000000

enthalpy
(btu/l b)

158.0000
164.5928
171.7772
179.3676
187.2575
195.3792
203.6514
212.0344
220.4919
228.9601
237.4422
245.9206
254.3442
262.7331
271.0793
279.3439
287.5587
295.7243
303.8069
311.8255
319.7953
327.6853
335.4838
343.2143
350.6969

temperature
(deg-f)

200.0000
227.3562
257.1668
288.6624
321.1373
354.4229
388.3255
422.4977
456.8778
491.3010
525.4706
559.5205
593.3502
626.7186
659.8385
692.6347
724.9359
756.9581
788.6546
819.8665
850.7571
881.3382
911.3885
940.8943
969.4539

density
(lb/cu-ft)

0.0600
0.0576
0.0551
0.0528
0.0506
0.0486
0.0466
0.0448
0.0431
0.0416
0.0401
0.0388
0.0375
0.0364
0.0353
0.0343
0.0334
0.0325
0.0317
0.0309
0.0302
0.0295
0.0289
0.0282
0.0277

flow
(1 b/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8737276
0.9121784
0.9528025
0.9940943
1.0360895
1.0788632
1.1222599
1.1660684
1.2099318
1.2535362
1.2970096
1.3402018
1.3825093
1.4244287
1.4659385
1.5068845
1.5474951
1.5876927
1.6272357
1.6663491
1.7050706
1.7432289
1.7808709
1.8173058

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 4
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044699
0.0042512
0.0040395
0.0038143
0.0036153
0.0034217
0.0032102
0.0030260
0.0028210
0.0026442
0.0024706
0.0022723
0.0021039
0.0019375
0.0017425
0.0015790
0.0014168
0.0012228
0.0010624
0.0008683
0.0007091
0.0005502
0.0003546
0.0001962
0.0000000

enthal
(btu/l

158.0000
164.6657
171.9563
179.6418
187.6031
195.7674
204.0567
212.4409
220.8858
229.3319
237.7916
246.2440
254.6398
263.0048
271.3276
279.5698
287.7663
295.9146
303.9806
311.9860
319.9432
327.8211
335.6105
343.3332
350.8197

temperature
(deg-f)

200.0000
227.6585
257.9101
289.7999
322.5538
356.0141
389.9863
424.1500
458.4789
492.8128
526.8737
560.8191
594.5373
627.7969
660.8237
693.5309
725.7501
757.7042
789.3357
820.4883
851.3304
881.8647
911.8721
941.3481
969.9225

density
(1 b/cu-ft)

0.0600
0.0576
0.0551
0.0527
0.0505
0.0485
0.0465
0.0447
0.0431
0.0415
0.0401
0.0387
0.0375
0.0364
0.0353
0.0343
0.0334
0.0325
0.0317
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
( b/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8741175
0.9131372
0.9542696
0.9958814
1.0380971
1.0809586
1.1243653
1.1681086
1.2118582
1.2553276
1.2986675
1.3417174
1.3838741
1.4256757
1.4670728
1.5079170
1.5484413
1.5885564
1.6280231
1.6670751
1.7057373
1.7438459
1.7814498
1.8179036

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 5

0.0000 seconds
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KOCTselected.O
assembly 1

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044685
0.0042499
0.0040383
0.0038132
0.0036143
0.0034209
0.0032095
0.0030254
0.0028206
0.0026439
0.0024704
0.0022721
0.0021038
0.0019374
0.0017425
0.0015790
0.0014168
0.0012228
0.0010624
0.0008683
0.0007091
0.0005502
0.0003546
0.0001962
0.0000000

enthalpy
(btu/lb)

158.0000
164.7001
172.0524
179.8034
187.8228
196.0292
204.3426
212.7381
221.1818
229.6175
238.0644
246.4999
254.8763
263.2243
271.5297
279.7550
287.9377
296.0728
304.1259
312.1211
320.0687
327.9370
335.7194
343.4359
350.9238

temperature
(deg-f)

200.0000
227.8011
258.3087
290.4706
323.4542
357.0869
391.1581
425.3582
459.6823
493.9736
527.9696
561.8468
595.4872
628.6679
661.6259
694.2658
726.4225
758.3245
789.9056
821.0121
851.8167
882.3141
912.2877
941.7400
970.3197

density
( b/cu-ft)

0.0600
0.0575
0.0551
0.0527
0.0505
0.0484
0.0465
0.0447
0.0430
0.0415
0.0400
0.0387
0.0375
0.0363
0.0353
0.0343
0.0333
0.0325
0.0317
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
(1 b/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8743014
0.9136513
0.9551347
0.9970174
1.0394505
1.0824369
1.1259049
1.1696420
1.2133373
1.2567267
1.2999797
1.3429302
1.3849765
1.4266910
1.4680030
1.5087697
1.5492280
1.5892792
1.6286864
1.6676908
1.7063063
1.7443761
1.7819498
1.8184103

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 6
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044676
0.0042490
0.0040374
0.0038124
0.0036136
0.0034203
0.0032090
0.0030250
0.0028202
0.0026436
0.0024702
0.0022720
0.0021037
0.0019374
0.0017424
0.0015790
0.0014168
0.0012228
0.0010624
0.0008683
0.0007091
0.0005502
0.0003546
0.0001962
0.0000000

enthalpy
(btu/1 b)

158.0000
164.7193
172.1079
179.9017
187.9628
196.2023
204.5374
212.9454
221.3918
229.8228
238.2626
246.6871
255.0504
263.3866
271.6797
279.8928
288.0656
296.1910
304.2348
312.2226
320.1631
328.0244
335.8016
343.5135
351.0016

temperature
(deg-f)

200.0000
227.8811
258.5392
290.8783
324.0277
357.7963
391.9564
426.2007
460.5360
494.8082
528.7654
562.5987
596.1863
629.3118
662.2209
694.8126
726.9240
758.7882
790.3325
821.4054
852.1825
882.6527
912.6015
942.0363
970.6168

density
(lb/cu-ft)

0.0600
0.0575
0.0550
0.0526
0.0504
0.0484
0.0464
0.0446
0.0430
0.0414
0.0400
0.0387
0.0374
0.0363
0.0352
0.0343
0.0333
0.0325
0.0316
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
(Ib/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0M0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8744047
0.9139485
0.9556607
0.9977410
1.0403456
1.0834441
1.1269784
1.1707298
1.2144008
1.2577428
1.3009397
1.3438227
1.3857915
1.4274442
1.4686951
1.5094057
1.5498161
1.5898207
1.6291843
1.6681540
1.7067351
1.7447765
1.7823278
1.8187894

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 7

0.0000 seconds
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KOCTselected.O
assembly 1

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044671
0.0042485
0.0040370
0.0038119
0.0036132
0.0034199
0.0032087
0.0030248
0.0028200
0.0026435
0.0024701
0.0022719
0.0021037
0.0019373
0.0017424
0.0015790
0.0014168
0.0012228
0.0010625
0.0008683
0.0007091
0.0005502
0.0003547
0.0001962
0.0000000

enthalpy
(btu/lb)

158.0000
164.7289
172.1369
179.9547
188.0403
196.3002
204.6493
213.0659
221.5150
229.9439
238.3799
246.7981
255.1537
263.4829
271.7687
279.9745
288.1414
296.2610
304.2992
312.2826
320.2188
328.0760
335.8501
343.5593
351.0473

temperature
(deg-f)

200.0000
227.9208
258.6593
291.0983
324.3454
358.1976
392.4152
426.6907
461.0367
495.3006
529.2367
563.0448
596.6013
629.6942
662.5741
695.1369
727.2211
759.0627
790.5850
821.6378
852.3986
882.8526
912.7867
942.2110
970.7914

density
(0 b/cu-ft)

0.0600
0.0575
0.0550
0.0526
0.0504
0.0483
0.0464
0.0446
0.0429
0.0414
0.0400
0.0387
0.0374
0.0363
0.0352
0.0342
0.0333
0.0325
0.0316
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
( b/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8744559
0.9141035
0.9559443
0.9981418
1.0408519
1.0840230
1.1276028
1.1713678
1.2150282
1.2583445
1.3015091
1.3443526
1.3862754
1.4278911
1.4691055
1.5097826
1.5501642
1.5901409
1.6294786
1.6684276
1.7069882
1.7450127
1.7825507
1.8190121

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 8
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044670
0.0042484
0.0040368
0.0038118
0.0036131
0.0034199
0.0032086
0.0030248
0.0028200
0.0026435
0.0024701
0.0022719
0.0021037
0.0019373
0.0017424
0.0015790
0.0014167
0.0012228
0.0010625
0.0008683
0.0007091
0.0005502
0.0003547
0.0001962
0.0000000

enthalpy
(btu/l b)

158.0000
164.7308
172.1441
179.9685
188.0606
196.3257
204.6779
213.0959
221.5446
229.9719
238.4059
246.8215
255.1743
263.5011
271.7845
279.9882
288.1535
296.2716
304.3084
312.2908
320.2262
328.0825
335.8561
343.5649
351.0534

temperature
(deg-f)

200.0000
227.9285
258.6892
291.1555
324.4287
358.3019
392.5322
426.8124
461.1570
495.4143
529.3409
563.1386
596.6840
629.7663
662.6369
695.1914
727.2685
759.1042
790.6213
821.6698
852.4272
882.8781
912.8096
942.2323
970.8144

density
(Ib/cu-ft)

0.0600
0.0575
0.0550
0.0526
0.0504
0.0483
0.0464
0.0446
0.0429
0.0414
0.0400
0.0386
0.0374
0.0363
0.0352
0.0342
0.0333
0.0325
0.0316
0.0309
0.0302
0.0295
0.0288
0.0282
0.0277

flow
(1 b/sec)

0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797
0.0000797

mass flux
(mlb/hr-ft2)

0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811
0.0001811

velocity
(ft/sec)

0.8384427
0.8744658
0.9141420
0.9560182
0.9982469
1.0409834
1.0841706
1.1277579
1.1715211
1.2151731
1.2584776
1.3016289
1.3444582
1.3863667
1.4279707
1.4691745
1.5098426
1.5502169
1.5901869
1.6295191
1.6684638
1.7070204
1.7450420
1.7825778
1.8190414

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 211

0.0000 seconds
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KOCTselected.O
assembly 2

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0046757
0.0044558
0.0042385
0.0040133
0.0038017
0.0035931
0.0033762
0.0031736
0.0029623
0.0027654
0.0025713
0.0023673
0.0021784
0.0019918
0.0017944
0.0016124
0.0014324
0.0012407
0.0010647
0.0008763
0.0007039
0.0005332
0.0003490
0.0001814
0.0000000

enthalpy
(btu/lb)

158.0000
160.0993
162.3894
165.0002
167.8672
170.9270
174.1345
177.4573
180.8700
184.3629
187.9192
191.5229
195.1639
198.8339
202.5262
206.2318
209.9630
213.7056
217.4523
221.2012
224.9509
228.6963
232.4337
236.1340
239.5722

temperature
(deg-f)

200.0000
208.7106
218.2133
229.0464
240.9425
253.6389
266.9482
280.7355
294.8964
309.2740
323.8492
338.6183
353.5407
368.5814
383.7141
398.9007
414.0773
429.2910
444.5217
459.7609
475.0039
490.2288
505.3560
520.2169
534.0250

density
(lb/cu-ft)

0.0600
0.0592
0.0584
0.0574
0.0564
0.0554
0.0544
0.0534
0.0524
0.0514
0.0504
0.0495
0.0486
0.0477
0.0469
0.0461
0.0453
0.0445
0.0437
0.0430
0.0423
0.0416
0.0410
0.0403
0.0398

flow
(0b/sec)

0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.00006.70
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670
0.0000670

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6455863
0.6548991
0.6655157
0.6771742
0.6896169
0.7026601
0.7161720
0.7300499
0.7439417
0.7579137
0.7720716
0.7863764
0.8007946
0.8153010
0.8298591
0.8445421
0.8592715
0.8740174
0.8887715
0.9035293
0.9182695
0.9329255
0.9473418
0.9607367

area
(sq-in)
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230
0. 25230

calculated fluid conditions at time =
channel 212
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0046111
0.0043926
0.0041768
0.0039533
0.0037437
0.0035372
0.0033226
0.0031224
0.0029135
0.0027193
0.0025279
0.0023267
0.0021406
0.0019570
0.0017626
0.0015836
0.0014069
0.0012182
0.0010454
0.0008601
0.0006910
0.0005235
0.0003425
0.0001783
0.0000000

enthalpy
(btu/1 b)

158.0000
160.3003
162.8176
165.6128
168.6457
171.8678
175.2388
178.7261
182.3043
185.9669
189.6829
193.4394
197.2257
201.0320
204.8516
208.6856
212.5282
216.3697
220.2064
224.0360
227.8575
231.6697
235.4832
239.2466
242.8170

temperature
(deg-f)

200.0000
209.5448
219.9899
231.5882
244.1728
257.5428
271.5302
286.0003
300.8374
315.8480
331.0773
346.4731
361.9906
377.5903
393.2442
408.8847
424.5049
440.1206
455.7169
471.2845
486.8191
502.2878
517.6033
532.7172
547.0561

density
(lb/cu-ft)

0.0600
0.0591
0.0582
0.0572
0.0562
0.0551
0.0541
0.0530
0.0519
0.0509
0.0500
0.0490
0.0481
0.0472
0.0464
0.0455
0.0447
0.0439
0.0432
0.0425
0.0418
0.0411
0.0405
0.0398
0.0393

flow
(1 b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6464038
0.6566402
0.6680068
0.6803399
0.6934427
0.7071506
0.7213316
0.7358542
0.7502437
0.7648427
0.7796013
0.7944766
0.8094307
0.8244367
0.8395148
0.8546377
0.8697564
0.8848562
0.8999283
0.9149684
0.9299491
0.9448063
0.9594680
0.9733779

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 213

0.0000 seconds
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KOCTselected.O
assembly 2

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0046050
0.0043865
0.0041709
0.0039476
0.0037382
0.0035320
0.0033176
0.0031177
0.0029091
0.0027152
0.0025241
0.0023232
0.0021374
0.0019542
0.0017600
0.0015814
0.0014049
0.0012165
0.0010440
0.0008589
0.0006900
0.0005228
0.0003421
0.0001781
0.0000000

enthal
(btu/lb

158.0000
160.3548
162.9393
165.7930
168.8743
172.1376
175.5450
179.0655
182.6775
186.3686
190.1117
193.8936
197.7033
201.5310
205.3698
209.2235
213.0815
216.9364
220.7847
224.6242
228.4539
232.2775
236.0972
239.8670
243.4583

temperature
(deg-f)

200.0000
209.7710
220.4951
232.3360
245.1215
258.6622
272.8008
287.4089
302.3668
317.4942
332.8347
348.3346
363.9481
379.6352
395.3681
411.0710
426.7543
442.4244
458.0679
473.6758
489.2436
504.7288
520.0690
535.2087
549.6317

density
(1 b/cu-ft)

0.0600
0.0591
0.0582
0.0572
0.0561
0.0550
0.0540
0.0529
0.0518
0.0508
0.0499
0.0489
0.0480
0.0471
0.0462
0.0454
0.0446
0.0438
0.0431
0.0424
0.0417
0.0410
0.0404
0.0397
0.0392

flow
(1 b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6466255
0.6571353
0.6687396
0.6812696
0.6945397
0.7083959
0.7227120
0.7373204
0.7518217
0.7665273
0.7813857
0.7963530
0.8113909
0.8264727
0.8416314
0.8568155
0.8719868
0.8871324
0.9022435
0.9173158
0.9323171
0.9471983
0.9618850
0.9758765

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 214
assembly 2

0.0000 seconds

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

del ta-p
(psi)

0.0046022
0.0043837
0.0041681
0.0039449
0.0037356
0.0035295
0.0033153
0.0031156
0.0029070
0.0027133
0.0025224
0.0023216
0.0021360
0.0019529
0.0017588
0.0015804
0.0014040
0.0012157
0.0010434
0.0008584
0.0006896
0.0005225
0.0003419
0.0001780
0.0000000

enthal
(btu/Ib

158.0000
160.3742
162.9898
165.8750
168.9841
172.2710
175.6982
179.2355
182.8631
186.5665
190.3206
194.1124
197.9309
201.7662
205.6116
209.4721
213.3351
217.1941
221.0458
224.8881
228.7200
232.5470
236.3682
240.1399
243.7407

temperature
(deg-f)

200.0000
209.8513
220.7047
232.6762
245.5771
259.2156
273.4364
288.1140
303.1277
318.3053
333.6910
349.2313
364.8805
380.5991
396.3592
412.0818
427.7850
443.4719
459.1295
474.7486
490.3250
505.8113
521.1576
536.3047
550.7658

density
( b/cu-ft)

0.0600
0.0591
0.0581
0.0571
0.0561
0.0550
0.0539
0.0528
0.0518
0.0508
0.0498
0.0489
0.0479
0.0471
0.0462
0.0454
0.0446
0.0438
0.0430
0.0423
0.0416
0.0410
0.0403
0.0397
0.0391

flow
(l b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6467042
0.6573407
0.6690730
0.6817162
0.6950821
0.7090188
0.7234031
0.7380497
0.7525992
0.7673482
0.7822453
0.7972469
0.8123149
0.8274228
0.8426101
0.8578135
0.8730010
0.8881602
0.9032821
0.9183628
0.9333671
0.9482543
0.9629482
0.9769766

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0. 22810
0.22810
0.22810
0. 22810
0.22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810

calculated fluid conditions at time =
channel 215

0.0000 seconds
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KOCTselected.o
assembly 2

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

del ta-p
(psi)

0.0046005
0.0043820
0.0041665
0.0039433
0.0037341
0.0035281
0.0033139
0.0031143
0.0029058
0.0027122
0.0025214
0.0023207
0.0021352
0.0019521
0.0017582
0.0015798
0.0014035
0.0012153
0.0010430
0.0008581
0.0006894
0.0005224
0.0003417
0.0001779
0.0000000

enthalpy
(btu/l b)

158.0000
160.3831
163.0159
165.9204
169.0479
172.3509
175.7917
179.3402
182.9778
186.6885
190.4488
194.2459
198.0687
201.9077
205.7562
209.6198
213.4848
217.3454
221.1984
225.0417
228.8741
232.7026
236.5242
240.2965
243.9027

temperature
(deg-f)

200.0000
209.8884
220.8127
232.8646
245.8420
259.5475
273.8246
288.5486
303.5977
318.8051
334.2163
349.7781
365.4454
381.1790
396.9516
412.6821
428.3935
444.0868
459.7496
475.3726
490.9516
506.4362
521.7840
536.9339
551.4166

density
( b/cu-ft)

0.0600
0.0591
0.0581
0.0571
0.0560
0.0550
0.0539
0.0528
0.0518
0.0508
0.0498
0.0488
0.0479
0.0470
0.0462
0.0453
0.0445
0.0438
0.0430
0.0423
0.0416
0.0409
0.0403
0.0397
0.0391

flow
(1 b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6467406
0.6574466
0.6692576
0.6819757
0.6954073
0.7093992
0.7238290
0.7385003
0.7530784
0.7678517
0.7827695
0.7977884
0.8128708
0.8279907
0.8431913
0.8584026
0.8735964
0.8887606
0.9038862
0.9189694
0.9339734
0.9488620
0.9635586
0.9776080

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 216
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045995
0.0043810
0.0041655
0.0039423
0.0037331
0.0035272
0.0033130
0.0031134
0.0029051
0.0027115
0.0025207
0.0023201
0.0021346
0.0019517
0.0017577
0.0015794
0.0014032
0.0012150
0.0010428
0.0008579
0.0006892
0.0005223
0.0003417
0.0001779
0.0000000

enthalpy
(btu/lb)

158.0000
160.3882
163.0307
165.9472
169.0869
172.4010
175.8512
179.4074
183.0517
186.7672
190.5314
194.3317
198.1570
201.9980
205.8482
209.7134
213.5793
217.4406
221.2941
225.1377
228.9703
232.7996
236.6212
240.3938
244.0031

temperature
(deg-f)

200.0000
209.9094
220.8744
232.9761
246.0038
259.7550
274.0713
288.8274
303.9006
319.1277
334.5550
350.1298
365.8075
381.5493
397.3285
413.0625
428.7778
444.4739
460.1387
475.7630
491.3427
506.8255
522.1735
537.3244
551.8196

density
(1b/cu-ft)

0.0600
0.0591
0.0581
0.0571
0.0560
0.0549
0.0539
0.0528
0.0517
0.0507
0.0498
0.0488
0.0479
0.0470
0.0461
0.0453
0.0445
0.0437
0.0430
0.0423
0.0416
0.0409
0.0403
0.0397
0.0391

flow
(l b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6467612
0.6575070
0.6693669
0.6821343
0.6956108
0.7096409
0.7241022
0.7387907
0.7533876
0.7681764
0.7831066
0.7981355
0.8132258
0.8283519
0.8435595
0.8587746
0.8739711
0.8891373
0.9042643
0.9193480
0.9343510
0.9492398
0.9639375
0.9779989

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 217

0.0000 seconds
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KOCTselected.O
assembly 2

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045989
0.0043804
0.0041649
0.0039417
0.0037326
0.0035266
0.0033125
0.0031130
0.0029046
0.0027111
0.0025204
0.0023198
0.0021344
0.0019514
0.0017575
0.0015792
0.0014030
0.0012148
0.0010427
0.0008578
0.0006892
0.0005222
0.0003416
0.0001779
0.0000000

enthalpy
(btu/Ib)

158.0000
160.3908
163.0386
165.9618
169.1084
172.4288
175.8845
179.4452
183.0934
186.8116
190.5780
194. 3799
198. 2066
202.0486
205.8994
209.7654
213.6318
217.4933
221.3470
225.1907
229.0233
232.8529
236.6745
240.4472
244.0581

temperature
(deg-f)

200.0000
209.9203
220.9071
233.0364
246.0928
259.8705
274.2095
288.9844
304.0714
319.3097
334.7458
350.3275
366.0106
381.7565
397.5387
413.2740
428.9910
444.6882
460.3538
475.9785
491.5582
507.0398
522.3876
537.5390
552.0407

density
(1b/cu-ft)

0.0600
0.0591
0.0581
0.0571
0.0560
0.0549
0.0539
0.0528
0.0517
0.0507
0.0497
0.0488
0.0479
0.0470
0.0461
0.0453
0.0445
0.0437
0.0430
0.0423
0.0416
0.0409
0.0403
0.0396
0.0391

flow
(1 b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6467718
0.6575391
0.6694261
0.6822215
0.6957239
0.7097764
0.7242561
0.7389545
0.7535621
0.7683593
0.7832962
0.7983302
0.8134244
0.8285534
0.8437644
0.8589811
0.8741786
0.8893455
0.9044729
0.9195567
0.9345589
0.9494476
0.9641456
0.9782134

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 218
assembly 2

0.0000 seconds

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

del ta-p
(psi)

0.0045987
0.0043803
0.0041648
0.0039416
0.0037324
0.0035265
0.0033124
0.0031129
0.0029045
0.0027110
0.0025203
0.0023197
0.0021343
0.0019514
0.0017575
0.0015791
0.0014030
0.0012148
0.0010426
0.0008577
0.0006891
0.0005222
0.0003416
0.0001779
0.0000000

enthalpy
(btu/lb)

158.0000
160.3913
163.0407
165.9657
169.1141
172.4361
175.8930
179.4547
183.1036
186. 8222
190. 5889
194. 3910
198. 2179
202.0600
205.9110
209.7771
213.6436
217.5052
221.3590
225.2028
229.0355
232.8653
236.6870
240.4598
244.0714

temperature
(deg-f)

200.0000
209.9226
220.9156
233.0526
246.1165
259.9007
274.2450
289.0237
304.1132
319.3532
334.7905
350.3731
366.0568
381.8032
397.5859
413.3214
429.0389
444.7365
460.4025
476.0276
491.6077
507.0895
522.4377
537.5896
552.0938

density
(lb/cu-ft)

0.0600
0.0591
0.0581
0.0571
0.0560
0.0549
0.0538
0.0528
0.0517
0.0507
0.0497
0.0488
0.0479
0.0470
0.0461
0.0453
0.0445
0.0437
0.0430
0.0423
0.0416
0.0409
0.0403
0.0396
0.0391

flow
( b/sec)

0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605
0.0000605

mass flux
(mlb/hr-ft2)

0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376
0.0001376

velocity
(ft/sec)

0.6370498
0.6467741
0.6575475
0.6694419
0.6822447
0.6957536
0.7098112
0.7242946
0.7389945
0.7536037
0.7684022
0.7833399
0.7983745
0.8134692
0.8285987
0.8438103
0.8590274
0.8742253
0.8893927
0.9045204
0.9196046
0.9346071
0.9494961
0.9641947
0.9782649

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

slab temperature summary
(assembly no. - channel no.)

time = 0.0000 seconds
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axi al zone
Cinches)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0
102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 6.0
- 12.0
- 18.0
- 24.0
- 30.0
- 36.0
- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

C 1)

229. 5280
245.3897
266.4127
289.4494
313.5123
338.1917
363.2338
388.4955
413.8204
439.1161
464.3675
489. 5072
514.4735
539.2795
563.8701
588.2188
612.3678
636.2914
659.9631
683.4015
706. 5214
729.0514
750.1753
766.6734

C 2)

229.5206
245.3753
266.3868
289.4089
313.4557
338.1189
363.1461
388.3948
413.7095
438.9976
464.2438
489.3807
514.3463
539.1531
563.7458
588.0977
612.2502
636.1780
659.8541
683.2969
706.4215
728.9561
750.0840
766.5854

C 3)

239.9246
267.5076
300.6395
335.4198
371.0447
407.0681
443.1398
479.1612
514.8843
550.1741
585.1152
619.5573
653.4874
687.0132
720.0061
752.4945
784.6134
816.2568
847.4206
878.2518
908.6563
938.4794
967.7006
994.0220

C 4)

239.9337
267. 5289
300.6798
335.4834
371. 1333
407.1807
443.2737
479.3127
515.0483
550. 3467
585.2925
619.7353
653.6639
687.1860
720. 1731
752.6554
784.7676
816.4033
847. 5599
878.3843
908.7813
938. 5975
967.8128
994.1286

C 5)

229.5305
245.3948
266.4217
289.4627
313.5298
338.2125
363.2567
388.5195
413.8445
439.1392
464.3892
489.5269
514.4911
539.2949
563.8833
588.2300
612.3772
636.2990
659.9692
683.4064
706.5253
729.0545
750.1779
766.6756

C 6)

229.5360
245.4054
266.4412
289.4939
313.5744
338.2709
363.3284
388.6031
413.9380
439.2405
464.4961
489.6375
514.6033
539.4074
563.9947
588.3393
612.4839
636.4025
660.0691
683.5027
706.6175
729.1428
750.2627
766.7575

C 7)

239.9498
267.5659
300.7489
335.5912
371.2822
407.3686
443.4963
479.5634
515.3190
550.6319
585.5855
620.0297
653.9568
687.4733
720.4513
752.9243
785.0257
816.6488
847.7941
878.6070
908.9912
938.7963
968.0015
994.3075

C 8)

239.9447
267.5535
300.7242
335.5502
371.2227
407.2901
443.4001
479.4517
515.1954
550.4993
585.4471
619.8888
653.8155
687.3335
720.3151
752.7922
784.8983
816. 5272
847.6779
878.4963
908.8865
938.6971
967.9072
994.2177

C 9)

211.5967
219.4828
229.2418
239.8415
251.0321
262.7091
274.8048
287.2616
300.0068
312.9677
326.1610
339. 5860
353.2192
367.0366
381.0108
395.1118
409.3130
423.5998
437.9879
452.4708
467.0244
481. 5728
495.7931
507.9483

C 10)

211.1027
218.4421
227.3432
236.8162
246.6314
256.7073
267.0049
277.5028
288.1842
299.0195
309.9746
321.0970
332.4189
343.9485
355.6908
367.6488
379.8224
392.2040
404.7763
417.5257
430.4808
443.5843
456.5053
467. 5100

slab temperature summary
Cassembly no. - channel no.)

time = 0.0000 seconds

axial zone
Ci nches)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 6.0
- 12.0
- 18.0
- 24.0
- 30.0
- 36.0
- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

C 11)

211.1304
218.4070
227.2317
236.6006
246.2751
256.1685
266.2397
276.4674
286.8384
297.3310
307.9104
318.6167
329.4959
340. 5638
351.8324
363.3126
375.0126
386.9351
399.0674
411.3828
423.9110
436.6085
449.1421
459.7821

C 12)

211.1276
218.4009
227.2208
236.5839
246.2519
256.1388
266.2035
276.4252
286.7908
297.2787
307.8541
318.5568
329.4329
340.4982
351.7647
363.2433
374.9423
386.8641
398.9963
411.3120
423.8403
436.5383
449.0724
459.7129

C 13)

211.0970
218.4299
227.3217
236.7836
246.5871
256.6513
266.9378
277.4254
288.0978
298.9256
309.8743
320.9908
332.3078
343.8335
355.5728
367.5287
379.7009
392.0820
404.6545
417.4044
430.3602
443.4647
456.3871
467.3930

( 14)

211. 5919
219.4727
229.2236
239.8135
250.9934
262.6595
274.7446
287.1915
299.9280
312.8815
326.0681
339.4875
353.1161
366.9301
380.9020
395.0016
409.2024
423.4892
437.8778
452.3617
466.9167
481.4668
495.6891
507.8461

C 15)

211.5899
219.4683
229.2157
239.8017
250.9779
262.6406
274.7231
287.1681
299.9037
312.8569
326.0437
339.4637
353.0934
366.9088
380.8825
394.9841
409.1872
423.4761
437.8670
452.3531
466.9104
481.4629
495.6875
507.8466
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C 16)

211.0999
218.4361
227.3328
236.8009
246.6112
256.6824
266.9758
277.4703
288.1492
298.9827
309.9366
321.0583
332.3801
343.9102
355.6535
367.6131
379.7887
392.1726
404.7474
417.4995
430.4575
443.5640
456.4882
467.4957

C 17)

211. 1334
218.4132
227.2425
236.6167
246.2965
256.1952
266.2712
276. 5034
286. 8785
297.3746
307.9571
318.6665
329. 5487
340.6193
351.8905
363.3731
375.0756
387.0002
399.1345
411.4517
423.9819
436.6814
449.2169
459.8587

C 18)

211.1350
218.4168
227.2493
236.6276
246.3121
256.2158
266.2969
276.5341
286.9138
297.4140
308.0000
318.7128
329.5979
340.6710
351.9442
363.4286
375.1323
387.0577
399.1924
411.5097
424.0400
436.7395
449.2747
459.9161

C 19)

211. 1044
218.4458
227.3503
236.8276
246.6479
256.7292
267.0324
277.5360
288.2230
299.0635
310.0234
321. 1506
332.4771
344.0110
355.7573
367.7191
379.8962
392.2808
404.8557
417.6076
430. 5652
443.6709
456.5941
467.6007

C 20)

211.5957
219.4805
229.2375
239.8348
251.0231
262.6979
274.7918
287.2474
299.9921
312.9529
326.1465
339.5722
353.2064
367.0251
381.0010
395.1038
409.3070
423.5957
437.9858
452.4707
467.0264
481.5769
495.7993
507.9564
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slab temperature summary
(assembly no. - channel no.)

time = 0.0000 seconds

axial zone
(inches)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 6.0
- 12.0
- 18.0
- 24.0
- 30.0
- 36.0
- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

( 21)

215.1134
226.9620
240.7539
255.6110
271.1590
287.1876
303.5482
320.1252
336.7589
353.4591
370.1962
386.9279
403.6180
420.2530
436.7764
453.1848
469.4976
485.7074
501.8081
517.8038
533.6556
549.2814
564.4970
578.3877

( 22)

215.1105
226.9553
240.7413
255.5910
271.1305
287.1504
303.5028
320.0726
336.7000
353.3953
370.1285
386.8576
403.5461
420.1803
436.7038
453.1129
469.4268
485.6379
501.7403
517.7379
533.5918
549.2197
564.4372
578.3297

s at time =

(fuel
zone-(fuel

( 23)

231.8212
259.8799
290.5471
322.5199
355.4186
388.9469
422.7877
456.8608
490.9573
524.8699
558.6989
592.3063
625.5520
658.5842
691.2752
723.5443
755.5604
787.2269
818.4645
849.4152
880.0157
910.0729
939.5636
967.6608

( 24)

231.8145
259.8611
290.5098
322.4598
355.3332
388.8366
422.6550
456.7088
490.7906
524.6932
558.5153
592.1202
625.3667
658.4013
691.0971
723.3724
755.3948
787.0689
818.3142
849.2718
879.8802
909.9450
939.4419
967.5457

( 25)

231.8308
259.9081
290.6029
322.6092
355.5438
389.1066
422.9778
457.0765
491.1920
525.1174
558.9547
592.5650
625.8092
658.8379
691.5221
723.7827
755.7904
787.4469
818.6740
849.6154
880.2054
910.2525
939.7349
967.8235

( 26)

231.8267
259.8965
290.5789
322.5686
355.4840
389.0268
422.8790
456.9605
491.0623
524.9774
558.8071
592.4135
625.6567
658.6860
691.3733
723.6381
755.6504
787.3127
818.5459
849.4929
880.0894
910.1428
939.6304
967.7246

( 27)

215.1139
226.9615
240.7528
255.6100
271.1585
287.1881
303.5499
320.1283
336.7630
353.4638
370.2012
386.9328
403.6226
420.2571
436.7800
453.1879
469.5003
485.7096
501.8098
517.8053
533.6569
549.2827
564.4986
578.3897

( 28) (

215.1110
226.9545
240.7396
255.5891
271.1290
287.1498
303.5033
320.0742
336.7025
353.3981
370.1313
386.8599
403.5477
420.1812
436.7040
453.1123
469.4256
485.6361
501.7379
517.7351
533.5889
549.2167
564.4345
578.3275

calculated rod temperal
rod no. 1
assembly 1
rod o.d. - 0.422 (in.)

tures 0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0001 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1
126.0 - 132.0 0.0001 1
132.0 - 138.0 0.0001 1
138.0 - 144.0 0.0001 1

hsurf *
(b/h-f-ft2) *

2.2
2.3
2.3
2.3
2.4
2.4
2.4
2.5
2.5
2.5
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.8
2.8
2.8
2.9
2.9
2.9
2.9

fluid

229.4
259.5
291.2
324.1
358.0
392.6
427.4
462.5
497.4
532.1
566.6
600.7
634.4
667.7
700.7
733.1
765.2
796.9
828.1
859.0
889.6
919.6
949.0
977.3

clad

250.7
281.6
314.0
347.3
381.4
416.0
450.8
485.6
520.3
554.7
588.8
622.6
655.9
688.9
721.4
753.4
785.2
816.5
847.4
877.9
908.1
937.7
966.9
994.6
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calculated rod temperatures at time =
rod no. 2
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1
126.0 - 132.0 0.0001 1
132.0 - 138.0 0.0001 1
138.0 - 144.0 0.0000 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

2.3 233.1 253.0
2.3 265.4 285.5
2.4 298.1 318.4
2.4 331.3 351.8
2.4 365.0 385.7
2.5 399.3 420.0
2.5 433.7 454.4
2.6 468.2 488.9
2.6 502.7 523.2
2.6 536.9 557.2
2.7 571.0 591.0
2.7 604.7 624.5
2.7 638.0 657.5
2.8 671.0 690.3
2.8 703.7 722.7
2.8 735.8 754.5
2.8 767.7 786.1
2.9 799.2 817.3
2.9 830.3 848.1
2.9 861.0 878.5
3.0 891.4 908.6
3.0 921.2 938.2
3.0 950.6 967.3
3.0 979.0 995.1

calculated rod temperal
rod no. 3
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

2.3 233.9 254.1
2.3 267.2 287.6
2.4 300.6 321.2
2.4 334.1 354.9
2.5 368.1 388.9
2.5 402.3 423.2
2.5 436.6 457.4
2.6 471.0 491.7
2.6 505.3 525.8
2.6 539.3 559.7
2.7 573.2 593.3
2.7 606.7 626.5
2.7 639.8 659.4
2.8 672.7 692.0
2.8 705.2 724.2
2.8 737.2 755.9
2.9 769.0 787.4
2.9 800.4 818.5
2.9 831.3 849.1
2.9 862.0 879.5
3.0 892.3 909.5
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132.0 - 138.0
138.0 - 144.0

0.0001 1
0.0001 1
0.0000 1

KOCTselected.0
3.0 922.1 939.0
3.0 951.4 968.1
3.0 979.8 996.0

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

calculated rod temperatures at time =
rod no. 4
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1
126.0 - 132.0 0.0001 1
132.0 - 138.0 0.0001 1
138.0 - 144.0 0.0000 1

hsurf *
(b/h-f-ft2) *

2.3
2.3
2.4
2.4
2.5
2.5
2.5
2.6
2.6
2.6
2.7
2.7
2.7
2.8
2.8
2.8
2.9
2.9
2.9
2.9
3.0
3.0
3.0
3.0

fluid

234.3
268.1
302.0
335.9
370.1
404.4
438.7
473.1
507.3
541.2
574.9
608.3
641.3
674.0
706.4
738.4
770.0
801.3
832.2
862.8
893.1
922.8
952.1
980.5

clad

254.6
288.7
322.8
356.9
391.2
425.5
459.8
494.0
528.0
561.6
595.1
628.2
661.0
693.4
725.5
757.1
788.5
819.5
850.1
880.4
910.3
939.8
968.8
996.8

calculated rod temperai
rod no. 5
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0001 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

hsurf *
(b/h-f-ft2) *

2.3
2.3
2.4
2.4
2.5
2.5
2.5
2.6
2.6
2.6
2.7
2.7
2.7
2.8
2.8
2.8
2.9

fuel temperatures(f.)

fluid clad

234.4 254.8
268.6 289.4
302.8 323.9
337.0 358.3
371.4 392.7
405.9 427.2
440.3 461.5
474.6 495.7
508.7 529.6
542.6 563.2
576.2 596.6
609.5 629.5
642.4 662.2
675.1 694.6
707.3 726.5
739.2 758.1
770.8 789.4
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108.0 - 114.0
114.0 - 120.0
120.0 - 126.0
126.0 - 132.0
132.0 - 138.0
138.0 - 144.0

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0000

1
1
1
1
1
1
1

2.9
2.9
2.9
3.0
3.0
3.0
3.0

802.1
832.9
863.4
893.6
923.3
952.6
981.0

KOCTselected.O
820.3
850.8
881.1
911.0
940.4
969.4
997.4

calculated rod temperatures at time =
rod no. 6
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0001 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1
126.0 - 132.0 0.0001 1
132.0 - 138.0 0.0001 1
138.0 - 144.0 0.0000 1

calculated rod temperatures at
rod no. 7
assembly 1
rod o.d. - 0.422 (in.) zon(

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0001 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

2.3 234.5 255.0
2.4 268.8 289.8
2.4 303.2 324.5
2.4 337.7 359.1
2.5 372.2 393.8
2.5 406.8 428.3
2.5 441.2 462.6
2.6 475.6 496.8
2.6 509.7 530.7
2.6 543.5 564.2
2.7 577.1 597.5
2.7 610.3 630.5
2.7 643.1 663.0
2.8 675.7 695.4
2.8 708.0 727.3
2.8 739.8 758.8
2.9 771.4 790.0
2.9 802.6 820.9
2.9 833.3 851.4
2.9 863.8 881.6
3.0 894.0 911.5
3.0 923.7 940.8
3.0 952.9 969.8
3.0 981.3 997.8

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

hsurf *
(b/h-f-ft2) *

2.3
2.4
2.4
2.4
2.5
2.5
2.5
2.6
2.6
2.6
2.7
2.7
2.7

fluid cl ad

234.6
269.0
303.5
338.0
372.7
407.3
441.7
476.1
510.2
543.9
577.5
610.7
643.5

255.1
289.9
324.8
359.5
394.2
428.8
463.2
497.4
531.2
564.7
598.0
630.9
663.4
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78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0000

1
1
1
1
1
1
1
1
1
1
1

2.8
2.8
2.8
2.9
2.9
2.9
2.9
3.0
3.0
3.0
3.0

676.1
708.3
740.1
771.6
802.8
833.6
864.1
894.2
923.9
953.1
981.5

S&L CaIc. No. 2013-11284, Rev. 0
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727.6
759.1
790.3
821.1
851.6
881.8
911.7
941.0
970.0
998.0

calculated rod temperatures at time =
rod no. 8
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0001 1
18.0 - 24.0 0.0001 1
24.0 - 30.0 0.0001 1
30.0 - 36.0 0.0001 1
36.0 - 42.0 0.0001 1
42.0 - 48.0 0.0001 1
48.0 - 54.0 0.0001 1
54.0 - 60.0 0.0001 1
60.0 - 66.0 0.0001 1
66.0 - 72.0 0.0001 1
72.0 - 78.0 0.0001 1
78.0 - 84.0 0.0001 1
84.0 - 90.0 0.0001 1
90.0 - 96.0 0.0001 1
96.0 - 102.0 0.0001 1

102.0 - 108.0 0.0001 1
108.0 - 114.0 0.0001 1
114.0 - 120.0 0.0001 1
120.0 - 126.0 0.0001 1
126.0 - 132.0 0.0001 1
132.0 - 138.0 0.0001 1
138.0 - 144.0 0.0000 1

hsurf *
(b/h-f-ft2) *

2.3
2.4
2.4
2.4
2.5
2.5
2.5
2.6
2.6
2.6
2.7
2.7
2.7
2.8
2.8
2.8
2.9
2.9
2.9
2.9
3.0
3.0
3.0
3.0

fuel temperatures(f.)

fluid clad

234.6 255.0
269.0 289.9
303.5 324.8
338.0 359.5
372.6 394.2
407.2 428.7
441.7 463.1
476.0 497.3
510.1 531.2
543.9 564.7
577.4 597.9
610.6 630.8
643.5 663.4
676.0 695.7
708.2 727.5
740.0 759.0
771.6 790.3
802.8 821.1
833.5 851.6
864.0 881.8
894.2 911.6
923.8 941.0
953.0 969.9
981.5 998.0

calculated rod temperal
rod no. 183
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1

hsurf *
(b/h-f-ft2) *

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0

fluid

209.5
219.3
230.1
241.7
254.1
267.0
280.5
294.3
308.3

clad

214.7
224.7
235.6
247.4
259.7
272.7
286.1
299.8
313.8
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54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

322.6
337.1
351.7
366.5
381.5
396.4
411.5
426.5
441.6
456.7
471.8
486.9
502.0
516.8
530.7
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342.4
357.0
371.7
386.5
401.4
416.3
431.2
446.2
461.2
476.2
491.2
506.2
520.9
534.7

calculated rod temperatures at time =
rod no. 184
assembly 2 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

1.9 210.5 215.3
2.0 221.1 226.0
2.0 232.5 237.3
2.0 244.6 249.4
2.0 257.4 262.1
2.0 270.8 275.3
2.0 284.6 289.0
2.0 298.7 303.0
2.0 313.1 317.2
2.0 327.7 331.6
2.1 342.6 346.2
2.1 357.5 360.9
2.1 372.6 375.8
2.1 387.8 390.7
2.1 403.0 405.7
2.1 418.2 420.8
2.1 433.5 435.8
2.1 448.7 450.9
2.2 464.0 465.9
2.2 479.3 481.0
2.2 494.5 496.0
2.2 509.6 511.0
2.2 524.6 525.8
2.2 538.8 539.8

calculated rod tempera'
rod no. 185
assembly 2
rod o.d. - 0.422 (in.)

tures at time =

(fuel
zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1

hsurf *
(b/h-f-ft2) *

1.9
2.0
2.0
2.0
2.0

fuel temperatures(f.)

fluid clad

210.7
221.7
233.3
245.6
258.6

215.6
226.6
238.2
250.5
263.3
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30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.2
2.2

272.1
286.0
300.3
314.8
329.5
344.4
359.4
374.6
389.8
405.1
420.4
435.6
450.9
466.2
481.5
496.7
511.9
526.8
541.2
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290.5
304.6
318.9
333.4
348.0
362.9
377.8
392.8
407.9
422.9
438.0
453.1
468.2
483.3
498.3
513.3
528.1
542.2

calculated rod temperatures at
rod no. 186
assembly 2
rod o.d. - 0.422 (in.) zoni

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

€*

*€hsurf
(b/h-f-ft2)

1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2

fuel temperatures(f.)

fluid clad

210.8 215.7
221.9 226.9
233.7 238.7
246.2 251.1
259.2 264.1
272.8 277.5
286.8 291.4
301.2 305.6
315.7 319.9
330.5 334.4
345.4 349.2
360.5 364.0
375.7 379.0
391.0 394.0
406.2 409.1
421.5 424.2
436.8 439.3
452.1 454.4
467.4 469.5
482.7 484.6
497.9 499.6
513.1 514.6
528.0 529.4
542.4 543.6

calculated rod tempera
rod no. 187
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1

hsurf * fluid
(b/h-f-ft2) *

1.9 210.8

clad

215.8
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6.0
12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0. 0000
0. 0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

11
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2

222.0
233.9
246.5
259.6
273.3
287.4
301.8
316.3
331.1
346.1
361.2
376.4
391.7
406.9
422.2
437.5
452.8
468.1
483.4
498.6
513.8
528.8
543.2
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239.0
251.5
264.5
278.1
292.0
306.2
320.6
335.2
349.9
364.8
379.8
394.8
409.9
425.0
440.1
455.2
470.3
485.4
500.4
515.4
530.2
544.4

calculated rod tempera
rod no. 188
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

hsurf
(b/h-f-ft2)

1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2

* fuel temperatures(f.)

* fluid clad

210.9 215.9
222.1 227.2
234.1 239.1
246.7 251.7
259.9 264.8
273.6 278.4
287.7 292.4
302.1 306.6
316.7 321.0
331.5 335.6
346.5 350.4
361.6 365.3
376.8 380.3
392.1 395.3
407.4 410.4
422.7 425.5
438.0 440.6
453.3 455.7
468.6 470.8
483.8 485.9
499.1 501.0
514.2 515.9
529.2 530.7
543.6 545.0

calculated rod tempera
rod no. 189
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)
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axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

calculated rod temperatures at
rod no. 190
assembly 2
rod o.d. - 0.422 (in.) zon(

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

hsurf *
(b/h-f-ft2) *

1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.2
2.2
2.2
2.2
2.2
2.2
2.2

fluid

210.9
222.2
234.1
246.8
260.0
273.7
287.9
302.3
316.9
331.7
346.7
361.8
377.0
392.3
407.6
422.9
438.2
453.5
468.8
484.0
499.3
514.4
529.4
543.8

KOCTselected.0

clad

215.9
227.2
239.2
251.8
265.0
278.6
292.5
306.8
321.2
335.8
350.6
365.5
380.5.
395.5
410.6
425.7
440.8
455.9
471.0
486.1
501.2
516.2
531.0
545.2

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

1.9 210.9 215.9
2.0 222.2 227.2
2.0 234.1 239.2
2.0 246.8 251.8
2.0 260.0 265.0
2.0 273.7 278.6
2.0 287.9 292.5
2.0 302.3 306.8
2.0 316.9 321.2
2.0 331.7 335.8
2.1 346.7 350.6
2.1 361.8 365.5
2.1 377.0 380.5
2.1 392.3 395.5
2.1 407.6 410.6
2.1 422.8 425.7
2.1 438.1 440.8
2.2 453.4 455.9
2.2 468.7 471.0
2.2 484.0 486.1
2.2 499.3 501.2
2.2 514.4 516.2
2.2 529.4 531.0
2.2 543.8 545.2

iterations = 11
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KOCTselected.O
input transient time completed

common dumped to tape 8
1"**** computational time summary

subroutine energy ....................
subroutine moment ....................
subroutine reheat ....................
subroutine recirc (pressure loop) ....
subroutine result ....................
subroutine setup .....................
other subroutines ....................

total cpu time .......................

0.67
0.28
1.63
0.50
1.48
0.49

18.79

sec
sec
sec
sec
sec
sec
sec

23.84 sec
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CCCCC
CCCCCCC

CCCCCCCCC
CCCCCCCCCCC
CCCCC CCCCC
CCCC CCCC
CCCC
CCCC
CCCC
CCCC CCCC
CCCCC CCCCC
CCCCCCCCCCC

CCCCCCCCC
CCCCCCC

CCCCC

KMAYSelected.O

00000 BBBBBBBBB RRRRRRRRR AAAAA
0000000 BBBBBBBBBB RRRRRRRRRR AAAAAAA

000000000 BBBBBBBBBBB RRRRRRRRRRR AAAAAAAAA
00000000000 BBBB BBBBB RRRR RRRRR AAAAAAAAAAA
00000 00000 BBBB BBBB RRRR RRRR AAAAA AAAAA
0000 0000 BBBB BBBB RRRR RRRR AAAA AAAA
0000 0000 BBBBBBBBB RRRRRRRRR AAAA AAAA
0000 0000 BBBBBBBB RRRRRRRR AAAAAAAAAAA
0000 0000 BBBBBBBBB RRRR RRRR AAAAAAAAAAA
0000 0000 BBBB BBBB RRRR RRRR AAAAAAAAAAA FFFFF
0000 0000 BBBB BBBB RRRR RRRR AAAA AAAA FF FF
00000 00000 BBBB BBBBB RRRR RRRR AAAA AAAA F F

000000000 BBBBBBBBBBB RRRR RRRR AAAA AAAA FFFFFFFFF
0000000 BBBBBBBBBB RRRR RRRR AAAA AAAA FF F FSS
00000 BBBBBBBBB RRRR RRRR AAAA AAAA FF F FSSS

FF F FSS S
SFF F FS SS

SSFF F FS SS
SSSFF F FSSSSSSS

SSSSFF F F SSSSS
SSS SFF F SSSSSSSSS

SSS SFF F SS SSSSS SS
SSSSSSFF F SSS SSS SSS
SSSSSSSF F SS * S * SS
SSSS SSS F S S
SSS SS F SS SS

SSSSSSSSSS F SS SS
S SSSSSSS SS F S

SSS SSSSS SS F S
S SSSS SSS S

SS SSSS SS
SS FSSSSSSS SSS

SS FFSSSSSS SS
SSSSS FFSSSSS SS

S SSS FF SSSSS SS
SS SSS FF SSSSS SS

SS SSS FF FSSSSSS SS
S SSS FF F SSSSSS SS
S SSS FF F SSSSSS SS

SS SS FF F SSSSSSSSS
S SS SFF F FSSSSS SS

SS SSSSSSSFF F FSSSSS SS
S SSSSSSSSFF F FSSSSS SS
SS SSSSSFF F FSSS SS

SFS (SPENT FUEL STORAGE) CODE SSS SSSFF F FSSSSSS
EMBLY SPENT FUEL CASK ANALYSIS SSSS FF F FSSSSS

SSSSFF F FSSSS
FF F F

ACIFIC NORTHWEST LABORATORY 1982-1986 FF F FF
FOR THIS VERSION (Cycle 3 ) 09-25-97 FFFFFFF

FFFFFFFFFFFFF
FFFFFFFFFFFFF
FFFFF F FFFF
FFF F FFFF
FFF FF FFFFF
FF FFFFFFFFF
FF FFFFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFFFFF
FFFF FFFFFFFF
FFFF FFFFFFF
FFFFF FFFFF
FFFFFF FFFF
FFFFFF FFFF
F FFFFFF FF
F FFFFFFFFFF
FF FFFFFFFFFF
FF FFF
FFF FFF
FFF FFF
FF FF
FF FF
FF FFF
FFFFFFF
FFFFFFF
FFFFFFF
FFF FFF
FF FFFF
F FFF
FFF FFF
FFFFFFF
FFFFFFF

SSSSSSSSSS
SSSSSS SSSSS

SSSSSSS SSSS
SSSSSSSSS SS

SSSSSSSSSSSS SSS
SSS SSSS SSSSSSS
SSS SSS SSSSSS
SS SSS SSSSSS
SSS SS
SSSSSSS
SSSSSSS
SSS SSS
SS SSSS
SSSSSS SS
SS SS SSS

S SSSSSSS
SS SSSSSS

SS SSSSSS
S SSSSSSSS

SSSSSS SS
SSSSSS SSS

SSSS SSSS
SSSS SSS

SSSS SSS
SSS SSS
SS SSS

SSSSSS SSSSSSS
SSSSSS SSSSSSS
SSS SSS SSSSSSSS
SS SSSSSSSSSSSS
SSS SSSSSSS SSS

SSS SSSS SS
SSSSSSSSS SS

SSSSSSSSS S
SSSSSSSSS

COBRA-S
FOR MULTIASSE

WRITTEN AT PA
CREATION DATE

CONTACT: T.E. MICHENER (509) 375-2162
D.R. RECTOR (509) 372-4530
).M. CUTA (509) 375-3673

Calculation No. 2013-11284 Rev. 0, May 2015 Case

data from iterative solution using the recirculation module
time = 0.0000 dt =0.1000E+11

date: 11/04/13 time: 14:56:07
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no. no.
temp(f) level rod ass.

total flow pressu
(lbm/s) drop(p

KMAYSelected.0
re error

total
energy

flow fluid rod
energy energy

1 1 855.6 25 105 1 0.338E-01 0.0049091

2 1 878.6 25 105 1

3 1 875.9 25 105 1

4 1 875.9 25 105 1

0.338E-01 0.0049366

0.338E-01 0.0049385

0.338E-01 0.0049384

-0.0044 1.7862 0.0263 0.0172

0.0000 0.0183 0.0028 0.0032

0.0004 0.0032 0.0007 0.0005

0.0004 0.0008 0.0005 0.0001

date: 11/04/13 time: 14:56:08
cobra-sfs code results
case 1 calculation No. 2013-11284 Rev. 0, May 2015 Case

assembly average results for assembly 1 time =

distance delta-p enthalpy temperature
(in.) (psi) (btu/lb) (deg-f)
0.0 0.0049985 162.0970 217.0000
6.0 0.0047720 169.4425 247.4794

12.0 0.0045509 176.5898 277.1362
18.0 0.0043173 183.6586 306.3877
24.0 0.0041050 190.6682 335.1155
30.0 0.0038964 197.6244 363.6245
36.0 0.0036716 204.5262 391.9108
42.0 0.0034688 211.3741 419.8136
48.0 0.0032478 218.1696 447.4376
54.0 0.0030492 224.9122 474.8462
60.0 0.0028523 231.6017 502.0150
66.0 0.0026348 238.2406 528.6770
72.0 0.0024407 244.8304 555.1420
78.0 0.0022477 251.3703 581.4070
84.0 0.0020315 257.8610 607.3851
90.0 0.0018396 264.3050 632.9564
96.0 0.0016480 270.7028 658.3444

102.0 0.0014306 277.0539 683.5472
108.0 0.0012390 283.3592 708.4673
114.0 0.0010205 289.6213 733.0248
120.0 0.0008286 295.8406 757.4140
126.0 0.0006364 302.0165 781.6332
132.0 0.0004153 308.1444 805.5986
138.0 0.0002223 314.2100 829.1086
144.0 0.0000000 320.0770 851.8490

0.00000

density
I b/cu-ft)
0.0585
0.0559
0.0536
0.0516
0.0497
0.0480
0.0465
0.0450
0.0436
0.0423
0.0411
0.0400
0.0390
0.0380
0.0371
0.0362
0.0354
0.0346
0.0339
0.0332
0.0325
0.0319
0.0313
0.0307
0.0302

flow
(lb/sec)

0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377
0.0132377

0.00213 mw

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0.8221344
0.8569948
0.8910977
0.9242866
0.9571132
0.9897099
1.0220960
1.0542655
1.0861943
1.1177823
1.1489842
1.1798821
1.2105389
1.2407199
1.2704040
1.2997850
1.3289478
1.3577783
1.3862836
1.4145611
1.4426409
1.4703703
1.4976296
1.5239469

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant 2.017 btu/sec

assembly average results for assembly 2 time = 0.00000

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0

delta-p
(psi)

0.0049084
0.0046854
0.0044651
0.0042375
0.0040219
0.0038085

enthalpy
(btu/lb)

162.0970
164.8533
167.5379
170.2369
172.9632
175.7217

temperature
(deg-f)

217.0000
228.4369
239.5765
250.7755
262.0878
273.5340

density
(1 b/cu-ft)

0.0585
0.0575
0.0566
0.0557
0.0548
0.0539

flow
(Ib/sec)

0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

Page 2

velocity
(ft/sec)

0.6100027
0.6204586
0.6306389
0.6408735
0.6512128
0.6616751

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
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42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0035873
0.0033783
0.0031609
0.0029559
0.0027528
0.0025406
0.0023411
0.0021433
0.0019357
0.0017411
0.0015479
0.0013444
0.0011541
0.0009528
0.0007651
0.0005786
0.0003804
0.0001961
0.0000000

178.5129
181.3367
184.1936
187.0844
190.0085
192.9654
195.9544
198.9754
202.0279
205.1115
208.2258
211.3706
214.5457
217.7502
220.9835
224.2452
227.5288
230.8143
233.9851

285.1159
296.8329
308.5802
320.4279
332.4121
344.5302
356.7805
369.1616
381.6719
394.3096
407.0153
419.7990
432.7060
445.7325
458.8761
472.1350
485.4830
498.8386
511.5869

0.0531
0.0522
0.0514
0.0507
0.0499
0.0492
0.0484
0.0477
0.0470
0.0463
0.0456
0.0450
0.0443
0.0437
0.0431
0.0424
0.0418
0.0413
0.0407

0.640 btu/sec

KMAYSelected.O
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284
0.0102702 0.0001284

0.00068 mw

0.6722615
0.6829437
0.6935276
0.7041271
0.7148372
0.7256656
0.7366108
0.7476718
0.7588477
0.7701399
0.7815504
0.7930797
0.8047238
0.8164763
0.8283353
0.8402963
0.8523260
0.8643410
0.8759039

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant

assembly average results for assembly 3 time = 0.00000

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0049083
0.0046854
0.0044650
0.0042374
0.0040218
0.0038085
0.0035872
0.0033782
0.0031608
0.0029558
0.0027527
0.0025406
0.0023410
0.0021432
0.0019356
0.0017410
0.0015479
0.0013443
0.0011540
0.0009528
0.0007651
0.0005786
0.0003804
0.0001961
0.0000000

enthalpy
(btu/lb)

162.0970
164.8533
167.5381
170.2372
172.9636
175.7224
178.5140
181.3381
184.1954
187.0867
190.0114
192.9688
195.9585
198.9801
202.0332
205.1174
208.2323
211.3777
214.5535
217.7586
220.9926
224.2549
227.5392
230.8252
233.9966

temperature
(deg-f)

217.0000
228.4371
239.5771
250.7766
262.0897
273.5370
285.1202
296.8388
308.5878
320.4375
332.4239
344.5444
356.7970
369.1807
381.6935
394.3337
407.0418
419.8281
432.7377
445.7667
458.9129
472.1744
485.5250
498.8831
511.6331

density
(I b/cu-ft)

0.0585
0.0575
0.0566
0.0557
0.0548
0.0539
0.0531
0.0522
0.0514
0.0507
0.0499
0.0491
0.0484
0.0477
0.0470
0.0463
0.0456
0.0450
0.0443
0.0437
0.0431
0.0424
0.0418
0.0413
0.0407

flow
(Ib/sec)

0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702
0.0102702

0.00068 mw

mass flux
(ml b/h r-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

velocity
(ft/sec)

0.6100027
0.6204588
0.6306394
0.6408746
0.6512146
0.6616781
0.6722657
0.6829501
0.6935353
0.7041364
0.7148486
0.7256793
0.7366267
0.7476902
0.7588685
0.7701631
0.7815760
0.7931078
0.8047543
0.8165092
0.8283705
0.8403340
0.8523661
0.8643835
0.8759482

area
(sq-in)

41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493
41.46493

rod power delivered to the coolant

calculated fluid conditions at time =
channel 1
assembly 1

0.640 btu/sec

0.0000 seconds

distance
(in.)
0.0

delta-p
(psi)

0.0044713

enthalpy
(btu/lb)

162.0970

temperature
(deg-f)

217.0000

density
(l b/cu-ft)

0.0585

flow
(Ib/sec)

0.0000805

mass flux
(ml b/h r-ft2)

0.0001655

Page 3

velocity area
(ft/sec) (sq-in)

0.7862574 0.25230
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12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0042552
0.0040441
0.0038213
0.0036202
0.0034237
0.0032131
0.0030249
0.0028206
0.0026394
0.0024612
0.0022641
0.0020911
0.0019204
0.0017283
0.0015614
0.0013960
0.0012067
0.0010436
0.0008552
0.0006940
0.0005336
0.0003460
0.0001870
0.0000000

166.8071
172.0300
177.8486
184.0536
190.5335
197.1766
203.9028
210.6746
217.4736
224.2648
231.0103
237.7465
244.4542
251.1120
257.7058
264.2706
270.7929
277.2554
283.6566
290.0281
296.3581
302.6233
308.7866
314.6346

236.5441
258.2159
282.3595
308.0066
334.5636
361.7892
389.3557
416.9699
444.6082
472.2148
499.6352
526.6929
553.6312
580.3696
606.7692
632.8198
658.7018
684.3470
709.6338
734.6201
759.4435
784.0127
808.0876
830.7543

0.0568
0.0551
0.0533
0.0515
0.0498
0.0481
0.0466
0.0451
0.0437
0.0424
0.0412
0.0401
0.0390
0.0380
0.0371
0.0362
0.0354
0.0346
0.0338
0.0331
0.0324
0.0318
0.0312
0.0307

KMAYSelected.O
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.00016S5
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655
0.0000805 0.0001655

0.8092945
0.8348397
0.8632985
0.8933233
0.9239430
0.9553337
0.9871174
1.0191511
1.0513353
1.0834825
1.1154130
1.1469824
1.1784133
1.2096109
1.2403449
1.2704766
1.3004134
1.3300761
1.3593466
1.3883047
1.4170739
1.4455487
1.4734356
1.4996638

0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230

calculated fluid conditions at time =
channel 2
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044040
0.0041897
0.0039808
0.0037603
0.0035615
0.0033673
0.0031590
0.0029731
0.0027712
0.0025924
0.0024166
0.0022220
0.0020516
0.0018836
0.0016943
0.0015302
0.0013678
0.0011815
0.0010217
0.0008367
0.0006790
0.0005222
0.0003383
0.0001831
0.0000000

enthalpy
(btu/lb)

162.0970
167.2269
172.7899
178.7181
184.9089
191.3078
197.8443
204.4564
211.1180
217.8105
224.5031
231.1585
237.8127
244.4461
251.0381
257.5715
264.0807
270.5539
276.9735
283.3349
289.6713
295.9711
302.2118
308.3591
314.2881

temperature
(deg-f)

217.0000
238.2859
261.3690
285.9673
311.5118
337.7370
364.5257
391.6246
418.7724
445.9776
473.1833
500.2351
526.9587
553.5990
580.0727
606.2361
632.0665
657.7536
683.2283
708.3720
733.2207
757.9261
782.3992
806.4304
829.4114

density
(l b/cu-ft)

0.0585
0.0567
0.0548
0.0530
0.0512
0.0496
0.0480
0.0464
0.0450
0.0437
0.0424
0.0412
0.0401
0.0390
0.0380
0.0371
0.0362
0.0354
0.0346
0.0339
0.0332
0.0325
0.0318
0.0312
0.0307

flow
(I b/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0.8113477
0.8385563
0.8675510
0.8973647
0.9276019
0.9584888
0.9897335
1.0212501
1.0529299
1.0846103
1.1161120
1.1472924
1.1783757
1.2092646
1.2397283
1.2696053
1.2993166
1.3287821
1.3578841
1.3866828
1.4153153
1.4436787
1.4715181
1.4981098

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 3
assembly 1

0.0000 seconds
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(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0044008
0.0041867
0.0039781
0.0037579
0.0035594
0.0033656
0.0031575
0.0029719
0.0027702
0.0025915
0.0024159
0.0022215
0.0020512
0.0018832
0.0016940
0.0015300
0.0013676
0.0011814
0.0010216
0.0008366
0.0006789
0.0005221
0.0003383
0.0001831
0.0000000

enthal(btu/lb

162.0970
167.3759
173.0948
179.1274
185.3756
191.7945
198.3267
204.9194
211.5566
218.2198
224.8810
231.5075
238.1328
244.7386
251.3041
257.8147
264.3024
270.7556
277.1565
283.5024
289.8241
296.1102
302.3382
308.4771
314.4172

temperature
(deg-f)

217.0000
238.9040
262.6339
287.6657
313.4245
339.7314
366.5029
393.5221
420.5554
447.6413
474.7194
501.6365
528.2443
554.7734
581.1410
607.2013
632.9460
658.5539
683.9542
709.0291
733.8199
758.4715
782.8951
806.8879
829.9116

density
(1 b/cu-ft)

0.0585
0.0566
0.0547
0.0529
0.0511
0.0494
0.0478
0.0463
0.0449
0.0436
0.0423
0.0411
0.0400
0.0390
0.0380
0.0370
0.0362
0.0354
0.0346
0.0338
0.0331
0.0325
0.0318
0.0312
0.0307

KMAYSelected.O
flow mass flux

(lb/sec) (mlb/hr-ft2)
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655
0.0000728 0.0001655

velocity
(ft/sec)

0.7862574
0.8120763
0.8400473
0.8695530
0.8995700
0.9299014
0.9607685
0.9919212
1.0233264
1.0548673
1.0863991
1.1177471
1.1487925
1.1797460
1.2105110
1.2408447
1.2706226
1.3002422
1.3296218
1.3586457
1.3873773
1.4159475
1.4442534
1.4720474
1.4986887

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 4
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0043988
0.0041848
0.0039762
0.0037562
0.0035579
0.0033643
0.0031564
0.0029710
0.0027694
0.0025909
0.0024154
0.0022210
0.0020508
0.0018830
0.0016938
0.0015299
0.0013675
0.0011813
0.0010215
0.0008365
0.0006789
0.0005221
0.0003383
0.0001831
0.0000000

enthal
(btu/l)

162.0970
167.4328
173.2341
179.3399
185.6427
192.0949
198.6427
205.2370
211.8690
218.5204
225.1655
231.7760
238.3841
244.9723
251.5201
258.0156
264.4885
270.9278
277.3152
283.6503
289.9614
296.2377
302.4562
308.5886
314.5330

temperature
(deg-f)

217.0000
239.1403
263.2118
288.5473
314.5192
340.9627
367.7979
394.8236
421.8252
448.8633
475.8762
502.7149
529.2533
555.7122
582.0084
607.9984
633.6847
659.2373
684.5842
709.6091
734.3586
758.9714
783.3577
807.3202
830.3603

density
( b/cu-ft)

0.0585
0.0566
0.0547
0.0528
0.0510
0.0494
0.0478
0.0463
0.0449
0.0435
0.0423
0.0411
0.0400
0.0389
0.0379
0.0370
0.0362
0.0353
0.0346
0.0338
0.0331
0.0325
0.0318
0.0312
0.0307

flow
(Ib/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0.8123547
0.8407286
0.8705922
0.9008322
0.9313211
0.9622616
0.9934218
1.0248050
1.0562903
1.0877462
1.1190054
1.1499698
1.1808414
1.2115231
1.2417667
1.2714770
1.3010327
1.3303505
1.3593180
1.3880016
1.4165268
1.4447896
1.4725476
1.4992078

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time = 0.0000 seconds

Page 5



S&L Caic. No. 2013-11284, Rev. 0
Project No. 11862-198
Attachment 9, Page 28 of 44

KMAYSelected.O
channel 5
assembly 1

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

calculated
channel
assembly

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0043974
0.0041834
0.0039749
0.0037549
0.0035568
0.0033633
0.0031555
0.0029702
0.0027687
0.0025904
0.0024150
0.0022207
0.0020506
0.0018828
0.0016936
0.0015297
0.0013674
0.0011812
0.0010215
0.0008365
0.0006789
0.0005221
0.0003382
0.0001831
0.0000000

enthalpy
(btu/l b)

162.0970
167.4605
173.3105
179.4672
185.8143
192.2986
198.8661
205.4689
212.1030
218.7502
225.3865
231.9873
238.5840
245.1601
251.6949
258.1795
264.6415
271.0702
277.4473
283.7742
290.0772
296.3458
302.5568
308.6839
314.6300

temperature
(deg-f)

217.0000
239.2553
263.5292
289.0757
315.2224
341.7974
368.7133
395.7740
422.7765
449.7976
476.7746
503.5635
530.0562
556.4664
582.7104
608.6487
634.2916
659.8025
685.1084
710.0948
734.8125
759.3953
783.7521
807.6897
830.7363

density
(1 b/cu-ft)

0.0585
0.0566
0.0547
0.0528
0.0510
0.0493
0.0477
0.0462
0.0448
0.0435
0.0422
0.0410
0.0399
0.0389
0.0379
0.0370
0.0361
0.0353
0.0345
0.0338
0.0331
0.0324
0.0318
0.0312
0.0307

flow
(Gb/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0.8124903
0.8411027
0.8712150
0.9016429
0.9322835
0.9633171
0.9945176
1.0259128
1.0573783
1.0887923
1.1199955
1.1509066
1.1817213
1.2123421
1.2425189
1.2721790
1.3016865
1.3309568
1.3598808
1.3885276
1.4170181
1.4452466
1.4729752
1.4996429

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

fluid conditions at time =
6
1

0.0000 seconds

delta-p
(psi)

0.0043964
0.0041824
0.0039740
0.0037541
0.0035560
0.0033626
0.0031549
0.0029697
0.0027683
0.0025900
0.0024147
0.0022204
0.0020504
0.0018826
0.0016935
0.0015296
0.0013673
0.0011812
0.0010214
0.0008365
0.0006788
0.0005221
0.0003382
0.0001831
0.0000000

enthal
(btu/1 b

162.0970
167.4764
173.3555
179.5455
185.9243
192.4337
199.0184
205.6304
212.2687
218.9150
225.5465
232.1414
238.7307
245.2986
251.8242
258.3011
264.7553
271.1765
277.5460
283.8669
290.1640
296.4270
302.6325
308.7557
314.7021

temperature
(deg-f)

217.0000
239.3211
263.7156
289.4004
315.6732
342.3513
369.3375
396.4360
423.4501
450.4677
477.4249
504.1825
530.6455
557.0224
583.2298
609.1314
634.7434
660.2243
685.5002
710.4585
735.1530
759.7138
784.0489
807.9676
831.0158

density
(1 b/cu-ft)

0.0585
0.0566
0.0546
0.0527
0.0510
0.0493
0.0477
0.0462
0.0448
0.0434
0.0422
0.0410
0.0399
0.0389
0.0379
0.0370
0.0361
0.0353
0.0345
0.0338
0.0331
0.0324
0.0318
0.0312
0.0306

flow
(l b/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(ml b/h r-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0. 8125679
0.8413224
0. 8715977
0. 9021627
0. 9329222
0.9640368
0.9952808
1.0266972
1.0581585
1.0895496
1.1207178
1.1515941
1.1823701
1.2129482
1.2430772
1.2727015
1.3021743
1.3314100
1.3603023
1.3889223
1.4173872
1.4455907
1.4732969
1.4999664

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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KMAYSelected.0

calculated fluid conditions at time =
channel 7
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0043959
0.0041819
0.0039734
0.0037536
0.0035556
0.0033622
0.0031545
0.0029694
0.0027680
0.0025898
0.0024145
0.0022203
0.0020502
0.0018825
0.0016934
0.0015296
0.0013673
0.0011811
0.0010214
0.0008364
0.0006788
0.0005221
0.0003382
0.0001831
0.0000000

enthal
(btu/lb

162.0970
167.4843
173.3791
179.5880
185.9855
192.5105
199.1061
205.7245
212.3661
219.0125
225.6414
232.2331
238.8181
245.3811
251.9012
258.3735
264.8230
271.2396
277.6046
283.9218
290.2154
296.4750
302.6771
308.7978
314.7443

temperature
(deg-f)

217.0000
239.3541
263.8138
289.5767
315.9242
342.6658
369.6973
396.8217
423.8459
450.8637
477.8107
504.5508
530.9964
557.3538
583.5391
609.4187
635.0120
660.4747
685.7325
710.6738
735.3544
759.9019
784.2239
808.1312
831.1794

density
(1b/cu-ft)

0.0585
0.0566
0.0546
0.0527
0.0509
0.0493
0.0477
0.0462
0.0448
0.0434
0.0422
0.0410
0.0399
0.0389
0.0379
0.0370
0.0361
0.0353
0.0345
0.0338
0.0331
0.0324
0.0318
0.0312
0.0306

flow
(Ib/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

velocity
(ft/sec)

0.7862574
0.8126068
0.8414381
0.8718056
0.9024521
0.9332848
0.9644515
0.9957256
1.0271581
1.0586197
1.0899988
1.1211475
1.1520036
1.1827567
1.2133091
1.2434095
1.2730123
1.3024640
1.3316787
1.3605519
1.3891556
1.4176052
1.4457934
1.4734861
1.5001556

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 8
assembly 1

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0

delta-p
(psi)

0.0043957
0.0041817
0.0039733
0.0037534
0.0035555
0.0033621
0.0031544
0.0029693
0.0027679
0.0025897
0.0024145
0.0022202
0.0020502
0.0018825
0.0016934
0.0015296
0.0013673
0.0011811
0.0010214
0.0008364
0.0006788
0.0005221
0.0003382

enthal
(btu/l b

162.0970
167.4860
173.3851
179.5993
186.0020
192.5310
199.1293
205.7490
212.3908
219.0365
225.6641
232.2542
238.8374
245.3984
251.9166
258.3872
264.8351
271.2503
277.6138
283.9300
290.2225
296.4812
302.6825

temperature
(deg-f)

217.0000
239.3609
263.8388
289.6237
315.9917
342.7501
369.7924
396.9219
423.9464
450.9614
477.9027
504.6354
531.0738
557.4235
583.6009
609.4732
635.0601
660.5169
685.7692
710.7058
735.3823
759.9263
784.2450

density
(lb/cu-ft)

0.0585
0.0566
0.0546
0.0527
0.0509
0.0493
0.0477
0.0462
0.0448
0.0434
0.0422
0.0410
0.0399
0.0389
0.0379
0.0370
0.0361
0.0353
0.0345
0.0338
0.0331
0.0324
0.0318

flow
(l b/sec)

0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728
0.0000728

mass flux
(mlb/hr-ft2)

0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655
0.0001655

Page 7

velocity
(ft/sec)

0.7862574
0.8126148
0.8414676
0.8718609
0.9025299
0.9333819
0.9645613
0.9958412
1.0272751
1.0587335
1.0901060
1.1212462
1.1520938
1.1828380
1.2133812
1.2434725
1.2730679
1.3025128
1.3317211
1.3605889
1.3891880
1.4176335
1.4458179

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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144.0 0.0000000 314.7493 831.1988

KMAYSelected.O
0.0312 0.0000728 0.0001655
0.0306 0.0000728 0.0001655

1.4735076 0.22810
1.5001781 0.22810

calculated fluid conditions at time =
channel 211
assembly 2

0.0000 seconds

distance
(in.)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045779
0.0043637
0.0041518
0.0039330
0.0037266
0.0035229
0.0033120
0.0031140
0.0029081
0.0027152
0.0025248
0.0023259
0.0021402
0.0019567
0.0017639
0.0015846
0.0014074
0.0012199
0.0010463
0.0008619
0.0006918
0.0005232
0.0003430
0.0001775
0.0000000

enthalpy
(btu/Ib)

162.0970
164.2454
166.5531
169.1589
171.9873
174.9789
178.0868
181.2787
184.5402
187.8575
191.2176
194.6113
198.0319
201.4749
204.9359
208.4155
211.9132
215.4219
218.9401
222.4665
226.0003
229.5396
233.0812
236.5896
239.8409

temperature
(deg-f)

217.0000
225.9145
235.4900
246.3024
258.0386
270.4518
283.3478
296.5919
310.0007
323.5961
337.3670
351.2759
365.2946
379.4053
393.5896
407.7866
422.0049
436.2678
450.5696
464.9046
479.2697
493.6569
507.9566
522.0464
535.1039

density
(0 b/cu-ft)

0.0585
0.0577
0.0569
0.0560
0.0551
0.0541
0.0532
0.0522
0.0513
0.0504
0.0496
0.0487
0.0479
0.0471
0.0463
0.0456
0.0449
0.0441
0.0434
0.0428
0.0421
0.0415
0.0409
0.0403
0.0397

flow
( b/sec)

0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625
0.0000625

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

velocity
(ft/sec)

0.6100027
0.6181550
0.6269117
0.6367996
0.6475322
0.6588840
0.6706773
0.6827890
0.6948515
0.7070129
0.7193312
0.7317730
0.7443129
0.7569353
0.7696235
0.7823923
0.7952377
0.8081233
0.8210441
0.8339948
0.8469728
0.8599707
0.8729038
0.8856581
0.8974781

area
(sq-in)
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230
0.25230

calculated fluid conditions at time =
channel 212
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0

del ta-p
(psi)

0.0045226
0.0043096
0.0040992
0.0038820
0.0036773
0.0034756
0.0032666
0.0030706
0.0028669
0.0026763
0.0024882
0.0022915
0.0021083
0.0019273
0.0017369
0.0015603
0.0013856
0.0012007
0.0010298
0.0008481

enthalpy
(btu/Ib)

162.0970
164.4199
166.9303
169.6835
172.6331
175.7357
178.9517
182.2507
185.6225
189.0442
192.5042
195.9930
199.5030
203.0298
206.5687
210.1280
213.6935
217.2639
220.8381
224.4147

temperature
(deg-f)

217.0000
226.6388
237.0551
248.4794
260.7183
273.5921
286.9365
300.6178
314.4363
328.4597
342.6403
356.9385
371.3237
385.7779
400.2792
414.7478
429.2420
443.7559
458.2851
472.8239

density
( b/cu-ft)

0.0585
0.0576
0.0568
0.0558
0.0549
0.0539
0.0529
0.0520
0.0510
0.0501
0.0493
0.0484
0.0476
0.0468
0.0460
0.0452
0.0445
0.0438
0.0431
0.0424

flow
(1 b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

Page 8

velocity
(ft/sec)

0.6100027
0.6188173
0.6283429
0.6387904
0.6499828
0.6617558
0.6739591
0.6864583
0.6988192
0.7113634
0.7240482
0.7368383
0.7497061
0.7626357
0.7756099
0.7886813
0.8017760
0.8148883
0.8280145
0.8411494

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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126.0
132.0
138.0
144.0

0.0006807
0.0005149
0.0003374
0.0001747
0.0000000

227.9930
231.5744
235.1654
238.7178
242.0867

487.3700
501.9051
516.3270
530.5937
544.1235

0.0418
0.0411
0.0405
0.0399
0.0394

KMAYSelected.O
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284

0.8542909
0.8674258
0.8804809
0.8933954
0.9056428

0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 213
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045177
0.0043047
0.0040945
0.0038775
0.0036730
0.0034715
0.0032627
0.0030670
0.0028635
0.0026731
0.0024853
0.0022888
0.0021059
0.0019251
0.0017350
0.0015585
0.0013841
0.0011994
0.0010287
0.0008472
0.0006800
0.0005143
0.0003371
0.0001746
0.0000000

enthalpy
(btu/Ib)

162.0970
164.4734
167.0484
169.8548
172.8450
175.9794
179.2214
182.5449
185.9360
189.3757
192.8521
196.3556
199.8788
203.4174
206.9685
210.5371
214.1107
217.6882
221.2684
224.8500
228.4323
232.0203
235.6140
239.1707
242.5588

temperature
(deg-f)

217.0000
226.8606
237.5454
249.1901
261.5976
274.6032
288.0555
301.8232
315.7215
329.8185
344.0659
358.4245
372.8638
387.3663
401.9046
416.4111
430.9380
445.4806
460.0343
474.5933
489.1557
503.6959
518.1286
532.4124
546.0194

density
(1b/cu-ft)

0.0585
0.0576
0.0567
0.0558
0.0548
0.0538
0.0528
0.0519
0.0510
0.0501
0.0492
0.0483
0.0475
0.0467
0.0459
0.0451
0.0444
0.0437
0.0430
0.0423
0.0417
0.0410
0.0404
0.0398
0.0393

flow
(l b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

velocity
(ft/sec)

0.6100027
0.6190202
0.6287914
0.6394403
0.6507869
0.6626804
0.6749825
0.6875366
0.6999688
0.7125789
0.7253235
0.7381675
0.7510838
0.7640565
0.7770784
0.7901840
0.8033082
0.8164465
0.8295949
0.8427480
0.8559042
0.8690469
0.8821117
0.8950416
0.9073590

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 214
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

delta-p
(psi)

0.0045153
0.0043024
0.0040921
0.0038752
0.0036709
0.0034694
0.0032608
0.0030652
0.0028618
0.0026715
0.0024839
0.0022875
0.0021047
0.0019241
0.0017340
0.0015577
0.0013834

enthalpy
(btu/lb)

162.0970
164.4936
167.1003
169.9373
172.9529
176.1074
179.3650
182.7016
186.1024
189.5500
193.0329
196.5417
200.0693
203.6115
207.1666
210.7374
214.3128

temperature
(deg-f)

217.0000
226.9444
237.7606
249.5324
262.0454
275.1343
288.6515
302.4654
316.4032
330.5326
344.8068
359.1872
373.6446
388.1618
402.7096
417.2252
431.7593

density
(lb/cu-ft)

0.0585
0.0576
0.0567
0.0558
0.0548
0.0538
0.0528
0.0518
0.0509
0.0500
0.0491
0.0483
0.0474
0.0466
0.0459
0.0451
0.0444

flow
(1 b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
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velocity
(ft/sec)

0.6100027
0.6190968
0.6289881
0.6397533
0.6511964
0.6631661
0.6755275
0.6881110
0.7005786
0.7132177
0.7259862
0.7388498
0.7517822
0.7647682
0.7778056
0.7909195
0.8040502

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0011988
0.0010282
0.0008468
0.0006796
0.0005141
0.0003369
0.0001745
0.0000000

217.8917
221.4729
225.0551
228.6378
232.2272
235.8207
239.3782
242.7748

446.3077
460.8656
475.4273
489.9909
504.5269
518.9588
533.2459
546.8869

0.0436
0.0430
0.0423
0.0416
0.0410
0.0404
0.0398
0.0393

KMAYSelected.O
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284

0.8171937
0.8303459
0.8435014
0.8566587
0.8697992
0.8828632
0.8957962
0.9081443

0.22810
0. 22810
0. 22810
0. 22810
0.22810
0. 22810
0. 22810
0. 22810

calculated fluid conditions at time =
channel 215
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

del ta-p
(psi)

0.0045139
0.0043009
0.0040907
0.0038738
0.0036695
0.0034682
0.0032596
0.0030641
0.0028608
0.0026706
0.0024830
0.0022868
0.0021040
0.0019235
0.0017335
0.0015572
0.0013830
0.0011984
0.0010279
0.0008465
0.0006794
0.0005140
0.0003368
0.0001744
0.0000000

enthalpy
(btu/lb)

162.0970
164.5035
167.1284
169.9851
173.0185
176.1875
179.4566
182.8024
186.2098
189.6624
193.1490
196.6606
200.1902
203.7339
207.2905
210.8619
214.4376
218.0165
221.5977
225.1796
228.7618
232.3515
235.9444
239.5017
242.9030

temperature
(deg-f)

217.0000
226.9854
237.8770
249.7308
262.3175
275.4670
289.0317
302.8785
316.8434
330.9933
345.2828
359.6746
374.1403
388.6634
403.2136
417.7313
432.2665
446.8152
461.3728
475.9333
490.4950
505.0263
519.4553
533.7420
547.4017

density
(1 b/cu-ft)

0.0585
0.0576
0.0567
0.0557
0.0548
0.0538
0.0528
0.0518
0.0509
0.0500
0.0491
0.0482
0.0474
0.0466
0.0458
0.0451
0.0443
0.0436
0.0429
0.0423
0.0416
0.0410
0.0404
0.0398
0.0393

flow
(l b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

velocity
(ft/sec)

0.6100027
0.6191343
0.6290946
0.6399348
0.6514452
0.6634703
0.6758752
0.6884805
0.7009724
0.7136298
0.7264120
0.7392858
0.7522256
0.7652169
0.7782609
0.7913767
0.8045084
0.8176522
0.8308041
0.8439586
0.8571142
0.8702512
0.8833126
0.8962452
0.9086103

area
(sq-in)
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0. 22810
0.22810
0. 22810
0. 22810
0.22810
0. 22810
0. 22810
0.22810
0. 22810
0. 22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 216
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0

del ta-p
(psi)

0.0045129
0.0042999
0.0040898
0.0038729
0.0036686
0.0034673
0.0032589
0.0030634
0.0028601
0.0026700
0.0024824
0.0022862
0.0021035
0.0019231

enthalpy
(btu/Ib)

162.0970
164.5093
167.1449
170.0143
173.0597
176.2391
179.5164
182.8687
186.2808
189.7369
193.2259
196.7392
200.2700
203.8143

temperature
(deg-f)

217.0000
227.0094
237.9458
249.8518
262.4884
275.6807
289.2798
303.1503
317.1346
331.2986
345.5981
359.9969
374.4671
388.9931

density
(Ib/cu-ft)

0.0585
0.0576
0.0567
0.0557
0.0547
0.0537
0.0528
0.0518
0.0509
0.0500
0.0491
0.0482
0.0474
0.0466

flow
( b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
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velocity
(ft/sec)

0.6100027
0.6191562
0.6291575
0.6400455
0.6516016
0.6636658
0.6761021
0.6887237
0.7012329
0.7139029
0.7266941
0.7395741
0.7525180
0.7655117

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0017331
0.0015569
0.0013827
0.0011982
0.0010277
0.0008463
0.0006793
0.0005139
0.0003368
0.0001744
0.0000000

207.3717
210.9431
214.5187
218.0974
221.6782
225.2597
228.8414
232.4311
236.0233
239.5803
242.9841

403.5436
418.0614
432.5962
447.1440
461.7002
476.2589
490.8185
505.3459
519.7721
534.0574
547.7275

0.0458
0.0451
0.0443
0.0436
0.0429
0.0422
0.0416
0.0410
0.0404
0.0398
0.0392

KMAYSelected.O
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284

0.7785591
0.7916750
0.8048062
0.8179492
0.8310998
0.8442527
0.8574064
0.8705405
0.8835994
0.8965307
0.9089052

0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 217
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

delta-p
(psi)

0.0045124
0.0042994
0.0040892
0.0038724
0.0036681
0.0034669
0.0032584
0.0030630
0.0028597
0.0026696
0.0024821
0.0022860
0.0021033
0.0019228
0.0017329
0.0015567
0.0013826
0.0011980
0.0010276
0.0008463
0.0006792
0.0005138
0.0003367
0.0001744
0.0000000

enthalpy
(btu/lb)

162.0970
164.5123
167.1539
170.0303
173.0827
176.2682
179.5505
182.9066
186.3216
189.7796
193.2700
196.7842
200.3155
203.8601
207.4178
210.9891
214.5644
218.1429
221.7235
225.3046
228.8859
232.4755
236.0672
239.6239
243.0291

temperature
(deg-f)

217.0000
227.0219
237.9828
249.9183
262.5839
275.8015
289.4210
303.3058
317.3015
331.4737
345.7789
360.1813
374.6537
389.1807
403.7309
418.2482
432.7822
447.3290
461.8840
476.4413
490.9994
505.5243
519.9487
534.2327
547.9079

density
(1b/cu-ft)

0.0585
0.0576
0.0567
0.0557
0.0547
0.0537
0.0527
0.0518
0.0509
0.0499
0.0491
0.0482
0.0474
0.0466
0.0458
0.0450
0.0443
0.0436
0.0429
0.0422
0.0416
0.0410
0.0404
0.0398
0.0392

flow
(l b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284

velocity
(ft/sec)

0.6100027
0.6191677
0.6291913
0.6401063
0.6516888
0.6637763
0.6762313
0.6888628
0.7013822
0.7140595
0.7268558
0.7397390
0.7526849
0.7656796
0.7787283
0.7918438
0.8049743
0.8181164
0.8312659
0.8444176
0.8575699
0.8707020
0.8837593
0.8966894
0.9090685

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810

calculated fluid conditions at time =
channel 218
assembly 2

0.0000 seconds

distance
(in.)
0.0
6.0

12.0
18.0
24.0•
30.0
36.0
42.0
48.0
54.0
60.0

delta-p
(psi)

0.0045122
0.0042993
0.0040891
0.0038723
0.0036680
0.0034668
0.0032583
0.0030629
0.0028596
0.0026696
0.0024820

enthalpy
(btu/Ib)

162.0970
164.5130
167.1563
170.0348
173.0892
176.2763
179.5598
182.9169
186.3324
189.7907
193.2812

temperature
(deg-f)

217.0000
227.0248
237.9930
249.9371
262.6108
275.8352
289.4599
303.3478
317.3457
331.5192
345.8247

density
( b/cu-ft)

0.0585
0.0576
0.0567
0.0557
0.0547
0.0537
0.0527
0.0518
0.0508
0.0499
0.0491

flow
(I b/sec)

0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565
0.0000565

mass flux
(mlb/hr-ft2)

0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
0.0001284
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velocity
(ft/sec)

0.6100027
0.6191703
0.6292006
0.6401234
0.6517134
0.6638071
0.6762668
0.6889003
0.7014218
0.7141002
0.7268968

area
(sq-in)
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
0.22810
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72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0. 00228 59
0.0021032
0.0019228
0.0017328
0. 00155 67
0. 0013825
0.0011980
0.0010276
0.0008462
0.0006792
0.0005138
0.0003367
0.0001744
0. 0000000

196. 79 54
200.3266
203.8711
207.4287
210.9997
214.5749
218.1533
221.7336
225.3146
228.8958
232.4854
236.0770
239.6336
243.0392

360.2271
374.6992
389.2257
403.7751
418.2916
432.8249
447.3711
461.9254
476.4822
491.0397
505. 5639
519.9878
534.2716
547.9486

0. 0482
0. 0474
0. 0466
0. 04 58
0. 04 50
0. 0443
0. 04 36
0. 0429
0. 0422
0. 04 16
0. 0410
0. 0404
0. 0398
0. 0392

KMAYSel ected .0
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284
0.0000565 0.0001284

0.7397800
0. 75272 56
0.7657198
0. 7787682
0.7918830
0. 8050129
0. 8181544
0.8313033
0. 8444545
0.8576063
0. 8707379
0.8837947
0.8967246
0. 90910 53

0. 22 810
0. 22 810
0. 22 810
0. 22 810
0. 22 810
0. 22 810
0. 22810
0.22810
0. 22810
0. 22810
0.22810
0. 22810
0. 22810
0.22810

slab temperature summary
(assembly no. - channel no.)

time = 0.0000 seconds

axial zone
(i nches)

0.0
6.0
12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 6.0
- 12.0
- 18.0
- 24.0
- 30.0
- 36.0
- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

C 1)

241.9850
255.1232
272.9195
292.1328
312.2474
332.7469
353.4743
374.2926
395.1910
416.1162
437.0011
457.8068
478. 5620
499.2285
519.7505
540.1425
560.4354
580.6075
600.6279
620. 5174
640.2942
659.5120
677.7287
691. 5853

C 2)

241.9809
255.1149
272.9040
292.1083
312.2128
332.7019
353.4193
374.2283
395.1183
416.0364
436.9155
457.7162
478.4676
499.1315
519.6519
540.0428
560. 3354
580. 5079
600.5294
620.4201
640.1986
659.4185
677.6375
691.4963

C 3)

248.8142
270.4795
296.5808
323.9142
351.8957
380.2075
408.5942
436.8806
465.0694
493.0617
520.7079
548.0359
575.1249
601.9074
628.2865
654.3798
680.2297
705.7671
730.9165
755.8201
780.5073
804.8711
828.5951
849.6370

( 4)

248.8203
270.4936
296.6073
323.9555
351.9529
380.2802
408.6811
436.9799
465.1792
493.1796
520.8315
548.1641
575.2561
602.0399
628.4187
654. 5117
680.3602
705.8949
731.0414
755.9423
780.6262
804.9860
828.7060
849.7445

C5)

241.9860
255.1252
272.9228
292.1375
312.2534
332.7538
353.4818
374.3000
395.1980
416.1223
437.0061
457.8106
478.5647
499.2301
519.7511
540.1422
560.4345
580.6058
600.6256
620. 5147
640.2915
659.5090
677.7256
691. 5821

( 6)

241.9890
255.1314
272.9346
292.1566
312.2809
332.7901
353.5268
374.3534
395.2591
416.1903
437.0799
457.8895
478.6477
499.3161
519.8392
540.2319
560.5250
580.6964
600.7157
620.6041
640.3798
659.5957
677.8104
691.6651

C7)

248.8308
270. 5179
296.6523
324.0250
352.0484
380.4007
408.8239
437.1429
465.3591
493.3724
521.0341
548.3748
575.4724
602.2587
628.6381
654.7312
680. 5781
706.1091
731.2516
756.1483
780.8274
805.1807
828.8944
849.9275

( 8)

248.8277
270.5102
296.6369
323.9996
352.0117
380.3522
408.7643
437.0728
465.2797
493.2855
520.9412
548.2769
575.3707
602.1548
628.5332
654.6255
680.4727
706.0049
731.1491
756.0475
780.7287
805.0849
828.8016
849.8372

C 9)

229.3750
237.6093
247.7868
258.7183
270.1707
281.9997
294.1261
306.4491
318.9423
331.6350
344.5094
357. 5483
370.7362
384.0570
397.4830
410.9798
424.5549
438.2283
451.9959
465.8516
479.7856
493.6931
507.2859
518.8163

C 10)

229.1004
236.9825
246.6074
256.8244
267.4189
278.2678
289.3171
300.5092
311.7879
323.2039
334.7677
346.4788
358.3351
370.3357
382.4776
394.7488
407.1200
419.5987
432.2211
444.9894
457.9022
470.8706
483.6096
494.3118

slab temperature summary
(assembly no. - channel no.)

time = 0.0000 seconds

axial zone
(inches)

0.0 - 6.0
6.0 - 12.0

12.0 - 18.0
18.0 - 24.0
24.0 - 30.0
30.0 - 36.0

( 11) ( 12) ( 13) ( 14) ( 15) C 16) ( 17) C 18) ( 19) C 20)

229.1445
236.9742
246. 5513
256.7086
267.2270
277.9785

229.1420
236.9690
246. 5419
256.6942
267.2072
277.9531

229.0952
236.9715
246. 5879
256.7952
267.3797
278.2187

229.3709
237.6005
247.7709
258.6941
270.1377
281.9580

229.3691
237.5963
247.7633
258.6826
270.1224
281.9391

229.0980
236.9773
246.5983
256.8111
267.4015
278.2468
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229.1476
236.9806
246. 5622
256.7246
267.2481
278.0045

229.1489
236.9835
246. 5678
256.7335
267.2609
278.0213

229.1020
236.9860
246.6139
256.8347
267.4336
278.2873

229.3743
237.6073
247.7828
258.7120
270.1619
281.9886



36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

288.9084
299.9618
311.0811
322.3143
333.6756
345.1667
356.7881
368.5416
380.4282
392.4425
404.5586
416.7703
429.1255
441.6296
454.2837
466.9989
479.4881
489.9305

288.8778
299.9263
311.0411
322.2700
333.6274
345.1151
356.7335
368.4844
380.3687
392.3814
404.4962
416.7069
429.0611
441.5646
454.2185
466.9335
479.4228
489.8655

289.2588
300.4428
311.7140
323.1231
334.6808
346.3865
358.2381
370.2348
382.3734
394.6422
407.0117
419.4888
432.1100
444.8777
457.7902
470.7587
483.4982
494.2012

294.0760
306.3915
318.8774
331.5635
344.4320
357.4657
370.6489
383.9659
397.3889
410.8836
424.4566
438.1286
451.8952
465.7504
479.6843_
493.5922
507.1860
518.7172

KMAYSelected.0
294.0542 289.2929
306.3676 300.4826
318.8518 311.7593
331.5368 323.1738
344.4047 334.7366
357.4384 346.4471
370.6222 358.3032
383.9401 370.3041
397.3644 382.4466
410.8607 394.7189
424.4355 407.0913
438.1094 419.5716
451.8783 432.1958
465.7358 444.9662
479.6725 457.8816
493.5831 470.8526
507.1795 483.5943
518.7129 494.2989

288.9390
299.9964
311.1193
322.3560
333.7206
345.2147
356.8389
368.5950
380.4841
392.5007
404.6186
416.8325
429.1898
441.6960
454.3525
467.0697
479.5608
490.0048

288.9599
300.0213
311.1479
322.3883
333.7563
345.2535
356.8805
368.6392
380.5304
392.5488
404.6681
416.8833
429.2417
441.7487
454.4057
467.1233
479.6145
490.0585

S&L Caic. No. 2013-11284, Rev. 0
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300.5384 306.4344
311.8217 318.9263
323.2425 331.6182
334.8109 344.4923
346.5264 357.5313
358.3870 370.7196
370.3917 384.0412
382.5374 397.4684
394.8122 410.9666
407.1865 424.5432
419.6685 438.2184
432.2940 451.9881
445.0653 465.8459
457.9812 479.7823
470.9523 493.6922
483.6938 507.2874
494.3978 518.8197

slab temperature summary
(assembly no. - channel no.)

time = 0.0000 seconds

axial zone
(inches)

0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

- 6.0
- 12.0
- 18.0
- 24.0
- 30.0
- 36.0
- 42.0
- 48.0
- 54.0
- 60.0
- 66.0
- 72.0
- 78.0
- 84.0
- 90.0
- 96.0
-102.0
-108.0
-114.0
-120.0
-126.0
-132.0
-138.0
-144.0

( 21)

231.3081
242.5822
255.5929
269.4232
283.8249
298.5707
313.5321
328.5482
343.6681
358.8549
374.0695
389.2865
404.5017
419.6932
434.8013
449.8613
464.8866
479.8728
494.8130
509.7117
524.5595
539.2153
553.5689
566.6441

( 22)

231.3061
242.5775
255.5839
269.4087
283.8044
298.5441
313.4996
328.5101
343.6249
358.8072
374.0180
389.2317
404.4443
419.6338
434.7405
449.7995
464.8241
479;8101
494.7503
509.6494
524.4979
539.1546
553.5092
566.5854

( 23)

242.7569
265.0717
289.4940
314.8232
340.7965
367.2169
393.8661
420.5584
447.3235
474.0870
500.6988
527.0897
553.4137
579.5838
605.4830
631.1417
656.6718
681.9927
707.0119
731.8007
756.4478
780.8150
804.6858
827.2059

( 24)

242.7521
265.0585
289.4684
314.7829
340.7403
367.1450
393.7797
420.4593
447.2130
473.9676
500.5727
526.9580
553.2779
579.4459
605.3446
631.0028
656.5335
681.8565
706.8785
731.6696
756.3197
780.6908
804.5658
827.0895

( 25)

242.7639
265.0922
289.5331
314.8839
340.8801
367.3222
393.9908
420.6996
447.4791
474.2535
500.8730
527.2707
553.5995
579.7716
605.6711
631.3302
656.8593
682.1773
707.1929
731.9786
756.6218
780.9840
804.8493
827.3649

( 26)

242.7612
265.0844
289.5171
314.8576
340.8420
367.2718
393.9286
420.6264
447.3957
474.1616
500.7745
527.1662
553.4904
579.6596
605.5575
631.2152
656.7440
682.0629
707.0801
731.8672
756.5125
780.8776
804.7462
827.2646

( 27)

231.3071
242.5787
255.5867
269.4145
283.8142
298.5585
313.5194
328.5350
343.6548
358.8416
374.0563
389.2737
404.4893
419.6813
434.7899
449.8506
464.8765
479.8634
494.8043
509.7039
524.5528
539.2098
553.5645
566.6407

( 28) C

231.3049
242.5730
255.5760
269.3977
283.7910
298.5288
313.4835
328.4934
343.6079
358.7901
374.0009
389.2148
404.4277
419.6177
434.7248
449.7844
464.8096
479.7962
494.7371
509.6370
524.4867
539.1445
553.5002
566.5775

calculated rod tempera
rod no. 1
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

hsurf * fluid
(b/h-f-ft2) *

cl ad
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0.0
6.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

6.0
12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2.1
2.1
2.2
2.2
2.2
2.2
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.6
2.7

240.5
264.4
289.5
315.6
342.3
369.6
397.1
424.6
452.2
479.7
506.9
533.9
560.7
587.3
613.5
639.4
665.2
690.7
715.8
740.6
765.3
789.8
813.7
836.5

256.6
281.1
306.8
333.2
360.1
387.5
414.9
442.4
469.8
497.1
524.2
550.9
577.5
603.8
629.8
655.5
681.0
706.2
731.1
755.8
780.2
804.5
828.2
850.6

calculated rod tempera
rod no. 2
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

hsurf
(b/h-f-ft2)

2.2
2.2
2.2
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.8

* fuel temperatures(f.)

* fluid clad

243.2 258.3
268.8 284.1
294.8 310.2
321.0 336.7
347.7 363.5
374.8 390.6
402.0 417.8
429.2 445.0
456.4 472.2
483.6 499.3
510.5 526.1
537.2 552.6
563.7 579.0
590.1 605.2
616.1 631.0
641.8 656.5
667.4 681.9
692.7 707.1
717.7 731.9
742.4 756.4
766.9 780.8
791.3 805.0
815.1 828.6
838.0 851.2

calculated rod temperatures at time =
rod no. 3

0.0000 seconds
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KMAYSelected .0
assembly 1
rod o.d. - 0.422 (in.) zone

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

hsurf
(b/h-f-ft2)

2.2
2.2
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.8

* fuel temperatures(f.)

* fluid clad

243.8 259.1
270.2 285.7
296.7 312.3
323.2 339.1
350.1 366.0
377.2 393.1
404.3 420.3
431.5 447.4
458.6 474.4
485.6 501.3
512.4 528.0
538.9 554.4
565.4 580.6
591.6 606.7
617.4 632.4
643.1 657.8
668.5 683.1
693.8 708.2
718.6 732.9
743.3 757.4
767.8 781.7
792.1 805.8
815.9 829.4
838.8 852.0

calculated rod temperal
rod no. 4
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

2.2 244.1 259.5
2.2 270.9 286.6
2.3 297.8 313.6
2.3 324.6 340.6
2.3 351.7 367.7
2.3 378.8 395.0
2.4 406.0 422.1
2.4 433.1 449.2
2.4 460.2 476.1
2.4 487.1 503.0
2.5 513.8 529.5
2.5 540.3 555.8
2.5 566.6 582.0
2.5 592.7 607.9
2.6 618.5 633.5
2.6 644.1 658.9
2.6 669.5 684.2
2.6 694.6 709.1
2.7 719.5 733.8
2.7 744.1 758.2
2.7 768.5 782.5
2.7 792.7 806.5
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138.0 - 144.0
0.0000 1
0.0000 1

2.7 816.5 830.0
2.8 839.5 852.8

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

calculated rod temperatures at time =
rod no. 5
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

* fuel temperatures(f.)

hsurf * fluid clad
(b/h-f-ft2) *

2.2 244.3 259.7
2.2 271.3 287.1
2.3 298.4 314.4
2.3 325.5 341.7
2.3 352.7 369.0
2.3 380.0 396.3
2.4 407.2 423.5
2.4 434.3 450.5
2.4 461.4 477.5
2.4 488.3 504.3
2.5 514.9 530.7
2.5 541.3 557.0
2.5 567.6 583.1
2.5 593.6 608.9
2.6 619.4 634.5
2.6 644.9 659.8
2.6 670.2 685.0
2.6 695.3 709.9
2.7 720.1 734.5
2.7 744.6 758.8
2.7 769.0 783.1
2.7 793.2 807.1
2.7 817.0 830.6
2.8 840.0 853.3

calculated rod temperal
rod no. 6
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

*

*

*

*

fuel temperatures(f.)

fluid cladaxial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1

hsurf
(b/h-f-ft2)

2.2
2.2
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.6

244.3
271.5
298.8
326.0
353.3
380.7
408.0
435.1
462.1
489.0
515.6
542.0
568.2
594.2
619.9

259.8
287.4
315.0
342.4
369.8
397.2
424.4
451.4
478.4
505.1
531.6
557.8
583.8
609.6
635.1
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96.0
102.0
108.0
114.0
120.0
126.0
132.0
138.0

96.0
102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

11
1
1
1
1
1
1
1

2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.8

645.4
670.7
695.8
720.5
745.0
769.4
793.6
817.3
840.3

660.4
685.5
710.4
735.0
759.3
783.5
807.5
831.0
853.7

calculated rod temperatures at time =
rod no. 7
assembly 1 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

hsurf
(b/h-f-ft2)

2.2
2.2
2.3
2.3
2.3
2.3
2.4
2.4
2.4
2.4
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.8

*

*

*

fuel temperatures(f.)

fluid clad

244.4 259.9
271.6 287.5
299.0 315.2
326.3 342.7
353.7 370.1
381.1 397.6
408.4 424.8
435.5 451.9
462.5 478.8
489.4 505.5
516.0 531.9
542.3 558.1
568.5 584.1
594.5 609.9
620.2 635.4
645.6 660.7
670.9 685.8
696.0 710.6
720.7 735.2
745.2 759.5
769.6 783.7
793.7 807.6
817.5 831.1
840.4 853.9

calculated rod temperal
rod no. 8
assembly 1
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1

hsurf *
(b/h-f-ft2) *

2.2
2.2
2.3
2.3
2.3
2.3
2.4
2.4

fluid

244.4
271.6
299.0
326.3
353.6
381.1
408.3
435.5

clad

259.9
287.5
315.2
342.6
370.1
397.5
424.8
451.8
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54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0. 0000

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2.4
2.4
2.5
2.5
2.5
2.5
2.6
2.6
2.6
2.6
2.7
2.7
2.7
2.7
2.7
2.8

462.5
489.4
516.0
542.3
568.5
594.5
620.2
645.6
670.9
695.9
720.7
745.2
769.6
793.7
817.4
840.4

478.8
505.5
531.9
558.1
584.1
609.9
635.4
660.6
685.8
710.6
735.1
759.5
783.7
807.6
831.1
853.9

calculated rod temperatures at
rod no. 183
assembly 2
rod o.d. - 0.422 (in.) zonf

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

calculated rod temperatures at
rod no. 184
assembly 2
rod o.d. - 0.422 (in.) zone

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

*

*

*

*
hsurf

(b/h-f-ft2)
1.8
1.8
1.8
1.8
1.8
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1

fuel temperatures(f.)

fluid clad

226.8 232.2
236.8 242.4
247.7 253.4
259.3 265.1
271.5 277.4
284.2 290.0
297.1 303.0
310.3 316.1
323.7 329.3
337.2 342.8
350.9 356.4
364.7 370.2
378.7 3.84.0
392.7 397.9
406.7 411.9
420.8 425.9
434.9 439.9
449.1 454.0
463.3 468.2
477.6 482.3
491.9 496.6
506.1 510.7
520.2 524.7
533.4 537.8

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

hsurf * fluid
(b/h-f-ft2) *

1.9 227.8

clad

232.8
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12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0

12.0
18.0
24.0
30.0
36.0
42.0
48.0
54.0
60.0
66.0
72.0
.78.0
84.0
90.0
96.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

11
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

238.6
250.0
261.9
274.4
287.4
300.6
314.0
327.6
341.3
355.2
369.2
383.3
397.5
411.6
425.8
440.1
454.4
468.7
483.0
497.4
511.6
525.8
539.3

243.6
255.0
266.9
279.4
292.2
305.3
318.6
332.0
345.6
359.3
373.2
387.1
401.1
415.1
429.2
443.3
457.4
471.6
485.8
500.0
514.2
528.2
541.4

calculated rod temperal
rod no. 185
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

hsurf
(b/h-f-ft2)

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

*

*

*

fuel temperatures(f.)

fluid clad

228.0 233.1
239.1 244.2
250.7 255.8
262.9 268.0
275.5 280.5
288.6 293.5
301.9 306.7
315.3 320.0
329.0 333.5
342.8 347.1
356.7 360.9
370.8 374.8
384.9 388.7
399.1 402.7
413.3 416.8
427.5 430.8
441.7 445.0
456.0 459.1
470.3 473.3
484.7 487.5
499.0 501.7
513.3 515.9
527.5 529.9
541.0 543.3

calculated rod
rod no. 186
assembly 2

temperatures at time = 0.0000 seconds

(fuel type 1 - cylinder)
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KMAYSelected.O
rod o.d. - 0.422 (in.) zonE

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

e-(fuel dia.(in.)) - 1-(0.422)

*

*

*

*
hsurf

(b/h-f-ft2)
1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

fuel temperatures(f.)

fluid clad

228.1 233.2
239.4 244.5
251.2 256.3
263.4 268.6
276.2 281.3
289.3 294.3
302.7 307.5
316.1 320.9
329.8 334.4
343.7 348.1
357.6 361.9
371.7 375.8
385.8 389.7
400.0 403.8
414.2 417.8
428.4 431.9
442.7 446.0
457.0 460.1
471.3 474.3
485.6 488.5
500.0 502.7
514.3 516.9
528.4 530.9
542.0 544.4

calculated rod tempera
rod no. 187
assembly 2
rod o.d. - 0.422 (in.)

tures at time = 0.0000 seconds

(fuel type 1 - cylinder)
zone-(fuel dia.(in.)) - 1-(0.422)

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1

hsurf
(b/h-f-ft2)

1.9
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1

*

*

*

fuel temperatures(f.)

fluid clad

228.2 233.3
239.5 244.7
251.4 256.6
263.8 269.0
276.6 281.7
289.8 294.8
303.2 308.1
316.7 321.5
330.4 335.0
344.2 348.7
358.2 362.5
372.3 376.4
386.4 390.4
400.6 404.4
414.8 418.5
429.0 432.5
443.3 446.7
457.6 460.8
471.9 475.0
486.2 489.2
500.6 503.4
514.8 517.6
529.0 531.6
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calculated rod temperatures at time =
rod no. 188
assembly 2 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

axial zone heat flux type
(in.) (mbtu/hr-ft2) (b,

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

*

*

*

*
hsurf

/h-f-ft2)
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

fuel temperatures(f.)

fluid clad

228.2 233.3
239.6 244.8
251.5 256.8
264.0 269.2
276.8 282.0
290.0 295.2
303.5 308.5
317.0 321.9
330.7 335.4
344.6 349.1
358.6 363.0
372.7 376.9
386.8 390.8
401.0 404.9
415.2 418.9
429.4 433.0
443.7 447.1
457.9 461.2
472.3 475.4
486.6 489.6
500.9 503.8
515.2 518.0
529.3 532.0
543.0 545.5

calculated rod temperatures at
rod no. 189
assembly 2
rod o.d. - 0.422 (in.) zon

axial zone heat flux type
(in.) (mbtu/hr-ft2)

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1

time = 0.0000 seconds

(fuel type 1 - cylinder)
e-(fuel dia.(in.)) - 1-(0.422)

* fuel temperatures(f.)

hsurf *
(b/h-f-ft2) *

1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

fluid

228.2
239.6
251.6
264.1
277.0
290.2
303.6
317.2
330.9
344.8
358.8
372.8
387.0
401.2
415.4
429.6

clad

233.3
244.9
256.9
269.4
282.2
295.3
308.6
322.1
335.6
349.3
363.2
377.1
391.0
405.1
419.1
433.2
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96.0
102.0
108.0
114.0
120.0
126.0
132.0
138.0

102.0
108.0
114.0
120.0
126.0
132.0
138.0
144.0

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

11
1
1
1
1
1
1

2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

443.8
458.1
472.4
486.8
501.1
515.4
529.5
543.1

447.3
461.4
475.6
489.8
504.0
518.2
532.2
545.7

calculated rod temperatures at time =
rod no. 190
assembly 2 (fuel
rod o.d. - 0.422 (in.) zone-(fuel

axial zone heat flux type
(in.) (mbtu/hr-ft2) (b,

0.0 - 6.0 0.0000 1
6.0 - 12.0 0.0000 1

12.0 - 18.0 0.0000 1
18.0 - 24.0 0.0000 1
24.0 - 30.0 0.0000 1
30.0 - 36.0 0.0000 1
36.0 - 42.0 0.0000 1
42.0 - 48.0 0.0000 1
48.0 - 54.0 0.0000 1
54.0 - 60.0 0.0000 1
60.0 - 66.0 0.0000 1
66.0 - 72.0 0.0000 1
72.0 - 78.0 0.0000 1
78.0 - 84.0 0.0000 1
84.0 - 90.0 0.0000 1
90.0 - 96.0 0.0000 1
96.0 - 102.0 0.0000 1

102.0 - 108.0 0.0000 1
108.0 - 114.0 0.0000 1
114.0 - 120.0 0.0000 1
120.0 - 126.0 0.0000 1
126.0 - 132.0 0.0000 1
132.0 - 138.0 0.0000 1
138.0 - 144.0 0.0000 1

0.0000 seconds

type 1 - cylinder)
dia.(in.)) - 1-(0.422)

*

*

*

*
hsurf

/h-f-ft2)
1.9
1.9
1.9
1.9
1.9
1.9
1.9
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1

fuel temperatures(f.)

fluid clad

228.2 233.3
239.6 244.9
251.6 256.9
264.1 269.4
277.0 282.2
290.2 295.3
303.6 308.6
317.2 322.1
330.9 335.6
344.8 349.3
358.8 363.1
372.8 377.1
387.0 391.0
401.2 405.1
415.3 419.1
429.6 433.2
443.8 447.3
458.1 461.4
472.4 475.6
486.8 489.8
501.1 504.0
515.3 518.2
529.5 532.2
543.1 545.7

iterations = 4

input transient time completed

common dumped to tape 8
1***4* computational time summary

subroutine energy ....................
subroutine moment ....................
subroutine reheat ..................
subroutine recirc (pressure loop) ....
subroutine result ....................
subroutine setup .....................
other subroutines ....................

total cpu time .......................

0.06
0.05
0.50
0.27
1.15
0.28

18.12

sec
sec
sec
sec
sec
sec
sec

20.43 sec
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1. Purpose and Scope

The purpose of this attachment is to calculate the total heat loss due to lighting and
electrical equipment in the Fuel Handling Area.

2. Design Inputs

2.1. Drawing E-860-1 Rev. A, Lighting Drawing List, Specifications & Legend

2.2. Drawing E-864 Rev. BC, Lighting Reactor and Auxiliary Building Mezzanine
Floor El. 606'-0"

2.3. Drawing E-867 Rev. AV, Lighting Reactor and Auxiliary Building Operating Floor
El. 626'-0"

2.4. DCR 1776 (0), Provide New SFP and Rx Cavity Lighting

2.5. The total heat loss from lighting in any area of a power station can be estimated
as being equal to the input power to all luminaires in that area. (Ref. 7.1)

2.6. The lamp watts of a fluorescent luminaire should be multiplied by 1.2 to account
for the heat loss from ballasts. (Ref. 7.1)

2.7. The lamp watts of a high intensity discharge luminaire should be multiplied by
1.4 to account for the heat loss from ballasts. (Ref. 7.1)

3. Assumptions

3.1. It is assumed that all installed lighting fixtures are operational and identified on
lighting drawings provided in Section 2 of this Attachment.

3.2. It is assumed that the elevator will not be operational and no power will be
supplied while the plant is shutdown.

3.3. It is assumed that areas shown surrounded by dotted lines on the drawings are
isolated areas where lighting fixtures and electrical equipment in the area will not
contribute heat losses to the Fuel Handling Area.

3.4. For purposes of calculating heat losses in a conservative manner, it is assumed
that all Lighting Panelboards are 42 circuit panels.

3.5. It is assumed that the lighting drawings listed in Section 2 of this Attachment
show all existing power/lighting panels and transformers currently existing in
those areas.

4. Methodology and Acceptance Criteria

Lighting drawings specified in Section 2 of this Attachment provide the lighting fixture
types and quantitiesinstalled in the Fuel handling Area. Quantities of, and Watts per
fixture are used to calculate the total heat loss due to the lighting loads.

Page 2 of 4
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5. Calculations

5.1. Lighting Loads

Table 1: Heat Loss for Lighting Loads

Reference Light Fixture Type Watts/ Quantity Total Heat
Drawing Fixture Loss (Watts)
E-864 300D Incandescent 300 9 2700
E-864 200C Incandescent 200 7 1400
E-864 loop Fluorescent 120' 8 960
E-864 50CA 3  Fluorescent 60, 4 240
E-864 25DA Fluorescent 301 1 30
E-867 1000AA Incandescent 1000 21 21000
E-867 looP Fluorescent 120' 15 1800
E-867 1000A Mercury 14002 17 23800
E-867 500E Incandescent 500 3 1500
E-867 50CA3  Fluorescent 601 10 600
E-867 200T Fluorescent 240' 1 240
E-867 200C Incandescent 200 4 800
E-867 400B Incandescent 400 3 1200

I TOTAL 103 56270
1The lamp watts of fluorescent luminaires are multiplied by 1.2 to account for the heat
loss from ballasts. (Ref. 7.1)
2 The lamp watts of high intensity discharge (Mercury) luminaires are multiplied by 1.4 to
account for the heat loss from ballasts. (Ref. 7.1)
3 It is assumed that all emergency lighting fixtures are Type 50CA per Note 8 on Drawing

E-867 Rev. AV.

5.2. Electrical Equipment Loads

Table 2: Heat Loss for Panels

Drawing Equipment Description # of Total Heat Basis
Ckts 4  Loss (Watts)

E-867 Spent Pool Control Panel N/A Negligible Note 5
Control Panel

E-867 RPB13 Lighting Panel 42 500 Ref. 7.1
E-867 RPA15 Lighting Panel 42 500 Ref. 7.1

TOTAL 1000
4 Number of circuits is estimated based on assumption 3.4
5 It is assumed that the heat loss due to the Spent Fuel Pool Control Panel is

negligible compared to the surrounding lighting loads in the area.
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6. Results

The heat loss contribution due to Lighting in the Fuel Handling Area is calculated to
be 56.27 KW. The heat loss contribution due to panels in the Fuel Handling Area is
calculated to be 1.0 KW. The overall heat loss contribution due to lighting and
electrical equipment in the Fuel Handling Building is 57.27 KW.

7. References

7.1. Rubin, Ira M. (1979). "Heat Losses from Electrical Equipment in Generating
Stations". IEEE Transactions on Power Apparatus and Systems, vol. PAS-98
(4). pp. 1149-1152

7.2. W. N. White, A. Pahwa, and C. Cruz, "Heat Loss from Electrical and Control
Equipment in Industrial Plants: Part I - Methods and Scope," ASHRAE NA-04-9-
2a, January 1, 2004.

7.3. W. N. White, A. Pahwa, and C. Cruz, "Heat Loss from Electrical and Control
Equipment in Industrial Plants: Part II - Results and Comparisons," ASHRAE
NA-04-9-2b, January 1, 2004.
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Outside air temperatures are computed in this attachment using the methodology provided in
Section 3.1.5 of the main body. For convenience, the methodology is reproduced here:

tdbh = tdb,de, - f(DR)

where:
tdb.h = hourly dry-bulb temperature, 'F
tdb,de, = design dry-bulb temperature = 69.6°F for October, 86.0°F for July (Input 4.9)
f= hourly daily range fraction (see table below)
DR = daily range of dry-bulb temperature = 14.9°F for October, 16.9°F for July (Input 4.9)

The hourly daily range fraction (/) is taken from Table 6 of Chapter 14 of ASHRAE 2009 [Ref.
2.13] and given in the table below.

Fraction of Daily Temperature Range [Ref. 2.13]

Time, h Fraction Time, h Fraction Time, h Fraction

1 0.88 9 0.55 17 0.14
2 0.92 10 0.38 18 0.24
3 0.95 !1 0.23 19 0.39
4 0.98 12 0.13 20 0.50
5 1.00 13 0.05 21 0.59
6 0.98 14 0.00 22 0.68
7 0.91 15 0.00 23 0.75
8 0.74 16 0.06 24 0.82

Based on these inputs and methodology, the following outside air temperatures are computed:

Outside Air Temperature in October

Outside Outside
Hour of Day Temperature (*F) Hour of Day Temperature (OF)

0 57.4 13 68.9

1 56.5 14 69.6

2 55.9 15 69.6

3 55.4 16 68.7

4 55.0 17 67.5

5 54.7 18 66.0

6 55.0 19 63.8

7 56.0 20 62.2

8 58.6 21 60.8

9 61.4 22 59.5

10 63.9 23 58.4

11 66.2 24 57.4

12 67.7
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Outside Air Temperature in July

Outside Outside
Hour of Day Temperature (OF) Hour of Day Temperature (OF)

0 72.1 13 85.2

1 71.1 14 86.0

2 70.5 15 86.0

3 69.9 16 85.0

4 69.4 17 83.6

5 69.1 18 81.9

6 69.4 19 79.4

7 70.6 20 77.6

8 73.5 21 76.0

9 76.7 22 74.5

10 79.6 23 73.3

11 82.1 24 72.1

12 83.8
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Attachment 12, Sheet 1: Spent Fuel Pool Heat Loads: Load Locations

The pool map showing the racks and empty cells is in Reference 2.20
Length Width Total Cycle 32 Other

Rack # (Numbers) (Letters) Empty Cells Assemblies Assemblies Assemblies Edge Cells
1 9 10 4 86 10 76 18
2 9 10 3 87 16 71 9
3 9 10 0 90 14 76 18
4 9 10 6 84 16 68 9
5 9 10 1 89 13 76 9
6 9 10 1 89 8 81 18
7 9 10 22 68 10 58 9
8 9 10 3 87 5 82 18
9 9 10 51 39 13 26 27
10 9 10 2 88 4 84 26
11 9 10 0 90 12 78 18

Sum 93

Racks 1-8
Racks 9-11

South Pool 680 92 588
North Pool 217 29 188

Total 897 121 776
% in South 75.8% 76.0% 75.8%
% in North 24.2% 24.0% 24.2%

Heat Load for Others on 10/30/14 1.93 MBTU/hr
Heat Load per Other Assembly on 10/30/14 2487 BTU/hr

Edge Cells in the South Pool 108 Assemblies
Total Heat of Edge Assemblies in South Pool 268608 BTU/hr

Average Heat Load per Assembly on 10/30/14. 3266 BTU/hr

Heat Load for Others on 5/18/2015 1.8 MBTU/hr
Heat Load per Other Assembly on 5/18/2015 2320 BTU/hr

Edge Cells in the South Pool 108 Assemblies
Total Heat of Edge Assemblies in South Pool 250515 BTU/hr

Average Heat Load per Assembly on 5/18/2015 2809 BTU/hr

Aft 12, Sh. 2

Aft 12, Sh. 2

Aft 12, Sh. 2

Aft 12, Sh. 2
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Attachment 12, Sheet 2: Spent Fuel Pool Heat Loads: Loads as a Function of Time

Cycle 32 Total Spent Fuel Non-Cycle 32 Maximum Single Max of the 13 Bounding Average
Discharge Pool Heat Load Heat Load South Pool Heat North Pool Heat Assembly Heat Arrangements Assembly Heat

Date Time Assemblies Only (MBTU/hr) (MBTU/hr) Load (MBTU/hr) Load (MBTU/hr) (BTU/hr) (BTU/hr, see Fig. 3.10) (BTU/hr)
Using Ratios Using Ratios = 1.449 * Cycle = Total Pool
developed on developed on 32 Total / 121 = 1.386 * Cycle 32 Total / Heat / 897

Ref. 2.17 Ref. 2.17 Ref. 2.17 Att 12, Pg. 1 Aft 12, Pg. 1 per Ref. 2.17 121 per Ref. 2.20 per Att 12, Pg. 1
5/8/2013 0:00 32.25 34.88 2.63 26.44 8.44 386,200 369,409 38,885
5/8/2013 8:00 28.23 30.85 2.62 23.38 7.47 338,060 323,362 34,392
5/8/2013 16:00 26.62 29.24 2.62 22.16 7.08 318,780 304,920 32,598
5/9/2013 0:00 25.39 28.01 2.62 21.23 6.78 304,050 290,831 31,226
5/9/2013 8:00 24.36 26.98 2.62 20.45 6.53 291,716 279,033 30,078
5/9/2013 16:00 23.45 26.07 2.62 19.76 6.31 280,819 268,609 29,064
5/10/2013 0:00 22.62 25.24 2.62 19.13 6.11 270,879 259,102 28,138
5/10/2013 8:00 21.86 24.48 2.62 18.56 5.92 261,778 250,396 27,291
5/10/2013 16:00 21.15 23.77 2.62 18.02 5.75 253,276 242,264 26,499
5/11/2013 0:00 20.5 23.12 2.62 17.53 5.59 245,492 234,818 25,775
5/11/2013 8:00 19.9 22.51 2.61 17.06 5.45 238,307 227,945 25,095
5/11/2013 16:00 19.33 21.95 2.62 16.64 5.31 231,481 221,416 24,470
5/12/2013 0:00 18.81 21.43 2.62 16.25 5.18 225,254 215,460 23,891
5/13/2013 0:00 17.44 20.05 2.61 15.20 4.85 208,848 199,767 22,352
5/14/2013 0:00 16.3 18.91 2.61 14.34 4.57 195,196 186,709 21,081
5/15/2013 0:00 15.34 17.95 2.61 13.61 4.34 183,700 175,713 20,011
5/16/2013 0:00 14.52 17.13 2.61 12.99 4.14 173,880 166,320 19,097
5/17/2013 0:00 13.81 16.42 2.61 12.45 3.97 165,378 158,187 18,305
5/18/2013 0:00 13.19 15.8 2.61 11.98 3.82 157,953 151,085 17,614
5/19/2013 0:00 12.65 15.25 2.6 11.56 3.69 151,486 144,900 17,001
5/20/2013 0:00 12.16 14.76 2.6 11.19 3.57 145,619 139,287 16,455
5/21/2013 0:00 11.73 14.33 2.6 10.87 3.46 140,469 134,362 15,975
5/22/2013 0:00 11.34 13.94 2.6 10.57 3.37 135,799 129,895 15,541
5/23/2013 0:00 10.99 13.58 2.59 10.30 3.28 131,608 125,885 15,139
5/24/2013 0:00 10.67 13.26 2.59 10.05 3.21 127,775 122,220 14,783
5/25/2013 0:00 10.38 12.97 2.59 9.83 3.14 124,303 118,898 14,459
5/26/2013 0:00 10.11 12.7 2.59 9.63 3.07 121,069 115,805 14,158
5/27/2013 0:00 9.87 12.45 2.58 9.44 3.01 118,195 113,056 13,880
5/28/2013 0:00 9.64 12.22 2.58 9.27 2.95 115,441 110,422 13,623
5/29/2013 0:00 9.43 12.01 2.58 9.11 2.90 112,926 108,016 13,389
5/30/2013 0:00 9.24 11.81 2.57 8.96 2.85 110,651 105,840 13,166
5/31/2013 0:00 9.06 11.63 2.57 8.82 2.81 108,495 103,778 12,965
6/1/2013 0:00 8.88 11.46 2.58 8.69 2.77 106,340 101,716 12,776
6/3/2013 0:00 8.57 11.14 2.57 8.45 2.69 102,628 98,165 12,419
6/5/2013 0:00 8.29 10.85 2.56 8.23 2.62 99,274 94,958 12,096
6/7/2013 0:00 8.04 10.6 2.56 8.04 2.56 96,281 92,095 11,817
6/9/2013 0:00 7.8 10.36 2.56 7.86 2.50 93,407 89,345 11,550
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Cycle 32 Total Spent Fuel Non-Cycle 32 Maximum Single Max of the 13 Bounding Average
Discharge Pool Heat Load Heat Load South Pool Heat North Pool Heat Assembly Heat Arrangements Assembly Heat

Date Time Assemblies Only (MBTU/hr) (MBTU/hr) Load (MBTU/hr) Load (MBTU/hr) (BTU/hr) (BTU/hr, see Fig. 3.10) (BTU/hr)
Using Ratios Using Ratios = 1.449 * Cycle = Total Pool
developed on developed on 32 Total / 121 = 1.386 * Cycle 32 Total / Heat / 897

Ref. 2.17 Ref. 2.17 Ref. 2.17 Att 12, Pg. 1 Aft 12, Pg. 1 per Ref. 2.17 121 per Ref. 2.20 per Att 12, Pg. 1
6/11/2013 0:00 7.59 10.14 2.55 7.69 2.45 90,892 86,940 11,304
6/13/2013 0:00 7.38 9.93 2.55 7.53 2.40 88,377 84,535 11,070
6/15/2013 0:00 7.19 9.74 2.55 7.39 2.35 86,102 82,358 10,858
6/17/2013 0:00 7.01 9.55 2.54 7.24 2.31 83,946 80,296 10,647
6/19/2013 0:00 6.84 9.38 2.54 7.11 2.27 81,910 78,349 10,457
6/21/2013 0:00 6.68 9.21 2.53 6.99 2.22 79,994 76,516 10,268
6/25/2013 0:00 6.38 8.9 2.52 6.75 2.15 76,402 73,080 9,922
6/29/2013 0:00 6.11 8.63 2.52 6.55 2.08 73,169 69,987 9,621
7/3/2013 0:00 5.86 8.37 2.51 6.35 2.02 70,175 67,124 9,331
7/7/2013 0:00 5.64 8.14 2.5 6.17 1.97 67,540 64,604 9,075

7/11/2013 0:00 5.43 7.93 2.5 6.02 1.91 65,025 62,198 8,841
7/15/2013 0:00 5.24 7.73 2.49 5.86 1.87 62,750 60,022 8,618
7/19/2013 0:00 5.07 7.55 2.48 5.73 1.82 60,714 58,075 8,417
7/23/2013 0:00 4.91 7.38 2.47 5.60 1.78 58,798 56,242 8,227
7/27/2013 0:00 4.76 7.22 2.46 5.48 1.74 57,002 54,524 8,049
8/6/2013 0:00 4.42 6.86 2.44 5.20 1.66 52,930 50,629 7,648
8/16/2013 0:00 4.13 6.56 2.43 4.98 1.58 49,458 47,307 7,313
8/26/2013 0:00 3.88 6.29 2.41 4.77 1.52 46,464 44,444 7,012
9/5/2013 0:00 3.66 6.05 2.39 4.59 1.46 43,829 41,924 6,745
9/15/2013 0:00 3.46 5.83 2.37 4.42 1.41 41,434 39,633 6,499
9/25/2013 0:00 3.27 5.64 2.37 4.28 1.36 39,159 37,456 6,288
10/5/2013 0:00 3.11 5.46 2.35 4.14 1.32 37,243 35,624 6,087
10/15/2013 0:00 2.96 5.29 2.33 4.01 1.28 35,447 33,905 5,897
10/25/2013 0:00 2.82 5.14 2.32 3.90 1.24 33,770 32,302 5,730
11/4/2013 0:00 2.69 4.99 2.3 3.79 1.20 32,213 30,813 5,563
11/24/2013 0:00 2.46 4.74 2.28 3.60 1.14 29,459 28,178 5,284
12/14/2013 0:00 2.27 4.52 2.25 3.43 1.09 27,184 26,002 5,039
1/3/2014 0:00 2.1 4.32 2.22 3.28 1.04 25,148 24,055 4,816
1/23/2014 0:00 1.96 4.15 2.19 3.15 1.00 23,471 22,451 4,627
2/12/2014 0:00 1.84 4.01 2.17 3.04 0.97 22,034 21,076 4,470
3/4/2014 0:00 1.73 3.87 2.14 2.94 0.93 20,717 19,816 4,314
3/24/2014 0:00 1.63 3.75 2.12 2.85 0.90 19,520 18,671 4,181
4/13/2014 0:00 1.54 3.65 2.11 2.77 0.88 18,442 17,640 4,069
5/3/2014 0:00 1.47 3.55 2.08 2.70 0.85 17,604 16,838 3,958
5/23/2014 0:00 1.4 3.46 2.06 2.63 0.83 16,765 16,036 3,857
6/12/2014 0:00 1.33 3.38 2.05 2.57 0.81 15,927 15,235 3,768
7/2/2014 0:00 1.28 3.3 2.02 2.51 0.79 15,328 14,662 3,679
7/22/2014 0:00 1.22 3.23 2.01 2.45 0.78 14,610 13,975 3,601
8/11/2014 0:00 1.17 3.17 2 2.41 0.76 14,011 13,402 3,534
8/31/2014 0:00 1.13 3.1 1.97 2.35 0.75 13,532 12,944 3,456
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Cycle 32 Total Spent Fuel Non-Cycle 32 Maximum Single Max of the 13 Bounding Average
Discharge Pool Heat Load Heat Load South Pool Heat North Pool Heat Assembly Heat Arrangements Assembly Heat

Date Time Assemblies Only (MBTU/hr) (MBTU/hr) Load (MBTU/hr) Load (MBTU/hr) (BTU/hr) (BTU/hr, see Fig. 3.10) (BTU/hr)
Using Ratios Using Ratios = 1.449 * Cycle = Total Pool
developed on developed on 32 Total / 121 = 1.386 * Cycle 32 Total/ Heat / 897

Ref. 2.17 Ref. 2.17 Ref. 2.17 Aft 12, Pg. 1 Att 12, Pg. 1 per Ref. 2.17 121 per Ref. 2.20 per Att 12, Pg. 1
9/20/2014 0:00 1.08 3.04 1.96 2.31 0.73 12,933 12,371 3,389
10/10/2014 0:00 1.04 2.99 1.95 2.27 0.72 12,454 11,913 3,333
10/30/2014 0:00 1 2.93 1.93 2.23 0.70 11,975 11,455 3,266
11/19/2014 0:00 0.97 2.88 1.91 2.19 0.69 11,616 11,111 3,211
12/9/2014 0:00 0.93 2.83 1.9 2.15 0.68 11,137 10,653 3,155
12/29/2014 0:00 0.9 2.79 1.89 2.12 0.67 10,778 10,309 3,110
1/18/2015 0:00 0.87 2.74 1.87 2.08 0.66 10,418 9,965 3,055
2/7/2015 0:00 0.84 2.7 1.86 2.05 0.65 10,059 9,622 3,010
2/27/2015 0:00 0.81 2.66 1.85 2.02 0.64 9,700 9,278 2,965
3/19/2015 0:00 0.79 2.63 1.84 2.00 0.63 9,460 9,049 2,932
418/2015 0:00 0.76 2.59 1.83 1.97 0.62 9,101 8,705 2,887
4/28/2015 0:00 0.74 2.56 1.82 1.94 0.62 8,862 8,476 2,854
5/18/2015 0:00 0.72 2.52 1.8 1.91 0.61 8,622 8,247 2,809
6/7/2015 0:00 0.7 2.49 1.79 1.89 0.60 8,383 8,018 2,776
6/27/2015 0:00 0.68 2.46 1.78 1.87 0.59 8,143 7,789 2,742
7/17/2015 0:00 0.66 2.43 1.77 1.85 0.58 7,904 7,560 2,709
8/6/2015 0:00 0.64 2.4 1.76 1.82 0.58 7,664 7,331 2,676
8/26/2015 0:00 0.62 2.38 1.76 1.81 0.57 7,425 7,102 2;653
9/15/2015 0:00 0.6 2.35 1.75 1.79 0.56 7,185 6,873 2,620
10/5/2015 0:00 0.59 2.33 1.74 1.77 0.56 7,065 6,758 2,598
10/25/2015 0:00 0.57 2.3 1.73 1.75 0.55 6,826 6,529 2,564
11/14/2015 0:00 0.56 2.28 1.72 1.73 0.55 6,706 6,415 2,542
12/4/2015 0:00 0.54 2.26 1.72 1.72 0.54 6,467 6,185 2,520
12/24/2015 0:00 0.53 2.23 1.7 1.69 0.54 6,347 6,071 2,486
1/13/2016 0:00 0.52 2.21 1.69 1.68 0.53 6,227 5,956 2,464
2/2/2016 0:00 0.5 2.19 1.69 1.66 0.53 5,988 5,727 2,441
2/22/2016 0:00 0.49 2.17 1.68 1.65 .0.52 5,868 5,613 2,419
3/13/2016 0:00 0.48 2.15 1.67 1.63 0.52 5,748 5,498 2,397
4/2/2016 0:00 0.47 2.14 1.67 1.63 0.51 5,628 5,384 2,386
4/22/2016 0:00 0.46 2.12 1.66 1.61 0.51 5,509 5,269 2,363
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A B C D E F G H

1 Attachment 12, Sheet 1: Spent Fuel Pool Heat Loads: Load Locations
2
3 The pool rr

Length Width Cycle 32 Edge
4 Rack # (Numbers) (Letters) Empty Cells Total Assemblies Assemblies Other Assemblies Cells
5 1 9 10 4 =B5*C5-D5 10 =E5-F5 18
6 2 9 10 3 =B6*C6-D6 16 =E6-F6 9
7 3 9 10 0 =B7*C7-D7 14 =E7-F7 18
8 4 9 10 6 =B8*C8-D8 16 =E8-F8 9
9 5 9 10 1 =B9*C9-D9 13 =E9-F9 9
10 6 9 10 1 =B10*C10-D10 8 =E10-F10 18
11 7 9 10 22 =B11*C11-D11 10 =Ell-F11 9
12 8 9 10 3 =B12*C12-D12 5 =E12-F12 18
13 9 9 10 51 =B13*C13-D13 13 =E13-F13 27
14 10 9 10 2 =B14*C14-D14 4 =E14-F14 26
15 11 9 10 0 =B15*C15-D15 12 =E15-F15 18
16 Sum =SUM(D5:D15)
17
18 South Pool =SUM(E5:E12) =SUM(F5:F12) =SUM(G5:G12)
19 North Pool =SUM(E13:E15) =SUM(F13:F15) =SUM(G13:G15)
20 Total =SUM(E5:E15) =SUM(F5:F15) =SUM(G5:G15)
21 % in South =E18/E20 =F18/F20 =G18/G20
22 % in North =E19/E20 =F19/F20 =G19/G20
23

24 _ad for Others on 10/30/14 ='Att12S2 Eqn'!E84 MBTU/hr Att 12, Sh. 2
25 ther Assembly on 10/30/14 =E24/G20* 10A6 BTU/hr
26 ige Cells in the South Pool =SUM(H5:H12) Assemblies
27 _ Assemblies in South Pool =E26*E25 BTU/hr
28 per Assembly on 10/30/14 ='Attl2S2 Eqn'!D84/E20*10A6 BTU/hr Aft 12, Sh. 2
29

30 _d for Others on 5/18/2015 ='Attl2S2 Eqn'!E94 MBTU/hr Att 12, Sh. 2
31 ier Assembly on 5/18/2015 =E30/G20*10A6 BTU/hr
32 tge Cells in the South Pool =SUM(H5:H12) Assemblies
33 _ Assemblies in South Pool =E32*E31 BTU/hr
34 _er Assembly on 5/18/2015 ='Attl 2S2 Egn'!D94/E20*10A6 BTU/hr Att 12, Sh. 2
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GOTHIC Output for October 2014 Case

Time (s) Tmax,North (°F) Tmax,South (°F) Tmax,bld exh (OF) Tmax,SFP exh (OF)
TITLE= "D:\0p4738\Kewaunee\temp oct.txt II GOTHIC 8.0(QA)
Oct/28/2013 13:13:21"
VARIABLES= "Time (sec

0.0000000 0.00
5000.085 161
10000.28 161
15000.34 161
20000.40 161
25000.65 161
30000.85 163
35000.86 166
40000.96 169
45001.04 171
50001.13 172
55001.36 172
60001.48 170
65001.65 169
70001.82 167
75002.03 166
80002.10 165
85002.37 164
90002.61 163
95002.63 162
100002.8 161
105002.9 161
110002.9 161
115003.0 163
120003.2 166
125003.3 168
130003.5 170
135003.7 172
140003.9 172
145003.9 171
150004.0 169
155004.2 168
160004.4 166
165004.6 165
170004.8 164
175004.9 163
180005.0 162
185005.2 161
190005.3 161
195005.5 161

)" "cv4C" "cv5C" "cv9C" "NTln"
00000

9651
.8836
.4547
.1306
5214

.8631
9025

.5487
.2217
.1412
0052

.7249

.4300

.8306
.5050
.2618
.2301
.2174
.4046
.7605
.2510
.3715
.2055
.2427
.9996

9584
.0759
.2180
.1076
.7874
.2368
.7856
.5000
.4168
3643

.4607

.7768

.2246

.0660

0.0000000
169.5667
169.5003
169.1657
168.9018
169.2050
171 .2770
174.0273
176.4019
177 .9371

178.7882
178.6365
177.4542
176.3798
175.0328
173.8872
172.8046
171.8264
170.9467
170.2490
169. 6811
169. 2238
169. 2854
170.7545
173.5433
175.9967
177.7633
178.8110
178.9330
177.8995
176.7713
175.4639
174.2112
173.0970
172.0693
171.1340
170.3719
169.7695
169.2729
169.1098

0.0000000
155.5400
154.4129
153.3211
152 .6170

152.7591
154.7947
158.2899
161.3155
163.2162
164 .1319
163. 7275
161.9713
160.7109
158.7498
157.3046
156.0280
154. 9037
153.8891
153.0915
152.4545
151. 9357
151. 9863
153.7660
157.2943
160.4739
162.7292
163.9337
163.8922
162.3365
160.7382
159.0464
157.4796
156.1721
154. 9999
153.9626
153.0931
152.4168
151.8643
151.6597

79.99963
145.3012
145.1407
144.6472
144.3011
144.7412
147.4704
150.7886
153.6483
155.4483
156.3592
156.0244
154.4450
153.0186
151.2677
149.8162
148.4559
147.2497
146. 1426
145. 2931
144.6126
144.0715
144.2317
146.2360
149.7063
152.7407
154.8991
156.0696
156.0802
154 .6696

153. 1824
151.4775
149.9066
148.5164
147.2499
146.1178
145.1848
144.4673
143.8907
143. 7549
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GOTHIC Output for October 2014 Case (cont'd)

Time (s)
200005.6
205005.8
210005.9
215006.1
220006.4
225006.5
230006.7
235006.9
240007.0
245007 .2
250007.4
255007.7
260007.7
265008.0
270008.1
275008.2
280008.4
285008.5
290008.5
295008.6
300008.8
305009.0
310009.0
315009.2
320009.4
325009.6
330009.8
335009.9
340009.9
345010.1
350010.2
355010.3
360010.5
365010.5
370010.7
375010.8
380010.9
385011.1
390011.2
395011.4
400011.6
405011.8
410011.8

Tmax,North (OF)
162.2593
165.2415
168.1813
170 .4027

171.7371
172.1623
171.3691
170.0172
168.5823
166.9976
165.6786
164.4652
163.4649
162.4954
161.7584
161.1557
160.8370
161.4112
164.1330
167.2117
169. 7091
171.1984
171 .9508

171.5217
170.1766
168.8535
167.1866
165.8196
164.5576
163.4290
162.4734
161.7345
161.0980
160.6400
160.9152
163.0054
166.1574
168.8429
170.5972
171.5652
171.5488
170.2949
169.0052

Tmax,South (OF)
170.0041
172. 6725
175.2773
177.2601
178.5114
178.9108
178.1690
176.9703
175.7842
174. 4392
173. 2998
172 .2310

171.2482
170.3991
169.7562
169. 2202
168.9197
169.3339
171.6782
174 .3937

176.6065
177. 9967
178.6996
178.2997
177.0856
176.0071
174 .5925

173.4087
172.2994
171.2975
170.3684
169.6782
169.1080
168.6868
168.8727
170. 6806
173.4155
175.7896
177.4127
178.3186
178.2897
177.1384
176.0647

Tmax,bld exh (OF)
152 .7254

156.0846
159.4800
162.0450
163. 5471
163.8930
162.7160
160. 9812
159.4134
157.7005
156.3455
155.1406
154.0646
153.1309
152.4203
151.8307
151 .4812

151.9539
154 .8905
158.4131
161 .3057
163.0185
163.7667
163.0540
161.2588
159.7695
157.9635
156.5479
155.2989
154.2067
153.2081
152 .4473

151.8251
151 .3502

151.5458
153 .7578

157.3091
160.4127
162.4680
163. 4981
163.2656
161.5605
160.0267

Tmax,SFP exh (°F)
145.0793
148.5063
151.7595
154.2162
155.6876
156. 0452
154. 9669
153.3822
151.8146
150.0961
148.6737
147.3660
146.1901
145.1804
144.4216
143.8058
143.5009
144.1537
147.3078
150.7371
153.5245
155.1898
155.9374
155.2825
153.6495
152.1732
150 .3573

148.8835
147.5273
146.3286
145.2338
144.4294
143.7748
143.3179
143.6679
146. 1551
149.6913
152 .6889

154.6649
155.6774
155.5004
153.9301
152.4640
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GOTHIC Output for October 2014 Case (cont'd)

Time (s)
415012.0
420012.2
425012.3
430012.4
435012.7
440012.7
445012.8
450012.9
455012.9
460013.2
465013.3
470013.5
475013.7
480013.8
485014.0
490014.0
495014.1
500014 .1
505014 .1
510014.2
515014.4
520014.6
525014.7
530014.9
535015.1
540015.3
545015.4
550015.6
555015.7
560015.8
565016.0
570016.3
575016.4
580016.4
585016.6
590016.8
595017.1
600017. 3
605017. 4
610017. 5
615017. 5
620017. 5
625017. 6

Tmax,North (OF)
167.3670
165.9531
164.6561
163.4923
162.4337
161.5919
160.9321
160.4618
160.4387
161.9082
165.0584
167.8777
169.9181
171.1074
171.3443
170. 4197
169.1106
167.6053
166. 0824
164.7741
163.5645
162.4785
161.5680
160.8702
160.3060
160.0751
160.9271
163.9023
166.8913
169.1863
170.5413
171.1183
170.5069
169. 2299
167.8662
166. 2427
164.9010
163.6598
162.5449
161 .5670
160. 8384
160.2345
159.8647

Tmax,South (OF)
174.7049
173.4778
172 .3366

171.3029
170.3502
169.5808
168.9832
168.4874
168.4447
169.6946
172.3877
174 .8906
176.7549
177.8642
178.0913
177.1995
176.0650
174.8336
173.5284
172.3811
171.3055
170.3298
169.4942
168.8543
168.3354
168.1033
168.7897
171.3047
173.9683
176.0420
177.3397
177 .8830
177.2760
176.0825
174. 9652
173.5886
172.4273
171.3275
170.3286
169.4338
168.7525
168.2003
167.8485

Tmax,bld exh (OF)
158.2692
156.7756
155.4915
154 .3595
153.3403
152.5089
151.8531
151 .3132

151.2335
152.7051
156.1786
159.4577
161.8433
163.1920
163. 3146
161.9089
160.2770
158.6562
157.0229
155.7103
154.5309
153.4825
152 .5855

151.8946
151 .3284

151.0558
151.8150
155.0070
158.4742
161 .1747
162.7798
163.3180
162.3213
160. 5582
159.0542
157 .3027

155. 9336
154.7196
153. 6453
152 .6837

151 .9600

151.3587
150.9546

Tm.,SFP exh (OF)
150.6638
149.1325
147.7327
146.4933
145.3672
144.4787
143. 7917
143.2377
143.2880
145.0628
148.6188
151.7739
154 .0782

155.3710
155.5049
154.2528
152.7205
151 .0627

149.4055
147.9814
146.6837
145.5262
144.5594
143.8275
143.2448
143.0397
144.0781
147.4718
150.8387
153.4298
154.9489
155.4767
154.5819
153.0068
151.4837
149.7115
148.2536
146.9055
145.7097
144.6646
143.8960
143.2686
142.9079
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GOTHIC Output for October 2014 Case (cont'd)

Time (s)
630017. 8
635017. 8
640017.9
645018.2
650018.3
655018.3
660018.4
665018.5
670018.8
675018.8
680018.8
685019.1
690019.3
695019.3
700019.4
705019.7
710019.8
715020.0
720020.3
725020.5
730020.5
735020.6
740020.6
745020.9
750020. 9
755021.1
760021.3
765021.5
770021.8
775021.8
780021 .9
785022.2
790022.4
795022.6
800022. 7
805022. 9
810023. 0
815023 .3
820023.4
825023. 4
830023.6
835023.6
840023.9

TmaxNorth (OF)
160.2629
162.7769
165.8595
168.4131
169.9561
170.8028
170.5905
169.3183
168.0937
166.4287
165.0518
163.7721
162.6375
161.6087
160.8280
160.2132
159.7333
159.8562
161.7047
164.8330
167.5155
169.3616
170.4358
170.5617
169.4615
168.2113
166.6614
165.2223
163.9281
162.7488
161.6991
160.8509
160.2110
159. 6937
159.5197
160. 7306
163. 7787
166.6242
168.7217
170.0526
170.4566
169.6578
168.3698

Tmax,South (OF)
168.1499
170.2750
172.9996
175.2913
176.7813
177.5771
177.3496
176.1671
175.0695
173.6783
172.4885
171.3681
170.3551
169.4183
168.6901
168.1025
167 .6455

167.7377
169.2960
172 .0302
174.4415
176.2106
177.2196
177.3016
176.2811
175.1559
173.8124
172.5738
171.4430
170.4014
169.4518
168.6582
168.0355
167.5358
167.3931
168.4008
171.0344
173.5987
175.5936
176.8319
177.1867
176.4291
175.2743

Tmax,bld exh (OF)
151.2882
153.8781
157.4249
160.4379
162.2999
163.1670
162. 6809
160.8881
159.4003
157.6098
156.1762
154.9221
153.8219
152.8240
152. 0427
151.4135
150.9063
150.9770
152 .8180

156.3627
159. 5431
161.7796
162.9422
162.8515
161.2613
159.6895
157.9816
156.4428
155.1562
154.0106
152.9910
152. 1423
151.4794
150. 9362
150.7500
151.8715
155.2488
158.6295
161.1785
162.6493
162.9309
161.6962
160.0065

Tmax,SFP exh (OF)
143.4194
146.3393
149.8348
152.7230
154.4712
155.3291
154.8954
153.2863
151.8703
150.0394
148.5403
147.1520
145.9270
144.8140
143.9854
143.3242
142.8185
143.0644
145.2509
148.8164
151.8600
153. 9678
155.0913
155.0566
153.6110
152. 1399
150.4108
148.8392
147.4284
146.1585
145.0226
144.1021
143.4012
142.8425
142.7713
144.2421
147.7471
150.9790
153. 3826
154.8081
155 .1062

153.9896
152 .4378
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GOTHIC Output for October 2014 Case (cont'd)

Time (s)
845024.1
850024.2
855024.4
860024.6
864000.0

Tmax,North (OF)
166.9661
165.4191
164.1093
162.8942
162.0247

Tmax,South (OF)
174.0398
172.6863
171.5469
170.4767
169.6998

Tmax,bld exh (OF)
158.4323
156.7391
155.4060
154.2202
153.3794

Tmax,SFP exh (OF)
150.8586
149.1587
147.7260
146.4090
145.4715
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GOTHIC Output for May 2015 Case

Time (s) Tmax,North (OF) Tmax,South (OF) Tmax,bld exh (OF)
TITLE= "D:\0p4738\Kewaunee\tempmay.txt II GOTHIC 8.0(QA
Oct/28/2013 14:30:33"
VARIABLES= "Time (sec

0.0000000 0.00
5000.010 171
10000.21 171
15000.38 170
20000.54 170
25000.61 171
30000.63 174
35000.73 177
40000.84 180
45000.99 181
50001.08 182
55001.18 180
60001.29 179
65001.34 177
70001.48 174
75001.56 173
80001.76 171
85001.88 170
90001.91 169
95001.95 168
100002.1 168
105002.1 167
110002.2 168
115002.4 170
120002.4 173
125002.5 176
130002.6 178
135002.8 179
140002.9 179
145002.9 178
150003.1 177
155003.2 174
160003.4 172
165003.4 171
170003.5 170
175003.6 169
180003.7 168
185003.9 167
190003.9 167
195003.9 167

)" "cv4C" "cv5C" "cv9C" "NTln"
00000
.6005
.4421
.8244
.7576
.9352
.6863
.8763
.4323
9684
9695
3239

.1473

.2282

.7722

.1168

.7962

.7057

.6789

.9117

.2310

.8915
6008

.3983

.5456

.2770

.1704

.2318

.5043

.7622

.1340

.8590

.8927

.5356

.3849

.3564

.5357

.8450

.3677

.7252

0.0000000
182.6411
182.4447
181.8020
181.7678
183.0731
185.8045
188.9327
191.6047
193.4017
194.4927
194.6547
193.4635
191.4925
188.6665
186.7789
185.2637
183. 9963
182.8211
181.9513
181.1913
180.8530
181.8607
184 .2835
187.4762
190.3490
192.4902
193.8262
194.1969
193.3377
191.5636
188.8391
186. 6904
185.1204
183.7974
182 .5990

181.6564
180.8829
180.3771
180. 9516

0.0000000
162.3168
160.4893
159.6137
159.4093
160. 5553
163.4910
167.0300
170.0703
172 .0717
173 .2202

173.1948
171.6263
169.2234
166.1234
164.1197
162.5476
161.2086
159.9638
159.0284
158.2202
157.8210
158.7712
161.5258
165.2695
168.4647
170.8101
172.2344
172.5708
171.4208
169.1700
166.1899
163.8670
162.2766
160.9141
159. 6607
158. 6626
157.8498
157 .2880
157.7744

Tmax,SFP exh (°F)

79.99963
152.4715
152 .1517

151.3307
151.2915
152.8715
156. 1581
159.8419
162.9553
165.0292
166.2477
166.2613
164.7282
162.3070
158.9593
156.7377
154.9751
153.5017
152.1431
151.1600
150.3047
149.9572
151.2094
154.0738
157.8865
161.2873
163. 7684
165.3039
165.6775
164.5865
162.4139
159.1616
156. 6501
154.8480
153.3384
151 .9590

150.8948
150.0305
149.4872
150.2292
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GOTHIC Output for May 2015 Case (cont'd)

Time (s)
200004.1
205004.3
210004.6
215004.6
220004.6
225004.7
230004.8
235004.9
240005.0
245005.1
250005.1
255005.2
260005.4
265005.6
270005.8
275006.0
280006.1
285006.2
290006.3
295006.3
300006.5
305006. 6
310006.7
315006.8
320007. 0
325007.2
330007.4
335007.5
340007.5
345007.5
350007.6
355007 .6
360007.7
365007.8
370007.9
375008.1
380008.2
385008.3
390008.5
395008. 7
400008.8
405008. 9
410009.0

Tmax,North (OF)
169.0798
172.1234
175.1136
177.1601
178.4220
179.0394
178.6071
177.2705
175.1728
172.9414
171.3868
170.1588
169. 0645
168.1672
167.4717
166.8811
166.9582
167.9089
170. 7296
173.9701
176. 2011
177.6397
178.7325
178.6560
177.4064
175.3538
173 .1527

171.3769
169.9138
168.7749
167.7584
167.0397
166.3850
166.1921
166.9635
169.4019
172.7261
175.2309
177.0206
178.2907
178.5908
177. 6271
175.7649

Tmax,South (°F)
182.9684
186.1759
189.2064
191.5760
193.1308
193.7772
193.2592
191.7481
189.2940
186.8023
185.1311
183.7382
182.4955
181.4663
180.6772
180.0270
180.2568
181.8179
184.8720
188.0449
190.6406
192.3339
193.2894
193.0909
191.8019
189.7263
187.0033
185. 1991
183.7223
182.4654
181.3295
180.5162
179. 7852
179.6564
180.9168
183.6025
186.8419
189.6364
191.5237
192.7468
192.9488
191.8209
189.9053

Tmax,bld exh (OF)
160.0109
163.8037
167.2227
169.8250
171.5279
172.2087
171.4645
169.4738
166.7251
163.9788
162.2722
160.8604
159.5896
158.5056
157. 6808
156.9792
157.1089
158. 8208
162.3756
166.0326
168.9152
170.7925
171.8604
171.5002
169.8211
167.2852
164.2531
162.3618
160.8937
159. 6199
158.4474
157.5908
156.8275
156.6013
157.8858
161.0296
164.7688
167.9410
170.0819
171.4219
171.5491
170.0953
167.7040

Tmax,SFP exh (OF)
152 .6127

156.3687
160.0060
162.7880
164.6085
165.3432
164.6502
162.7689
159.8499
156.8981
154.9886
153.4013
151.9897
150.8259
149.9452
149. 2349
149. 5702
151.3943
154.9712
158. 7604
161.8731
163.9032
165.0542
164.7889
163.1141
160.5648
157.3062
155.2251
153.5444
152.1198
150.8384
149.9353
149.1243
149.0395
150.5366
153.6411
157.5249
160.8637
163.2091
164.6050
164.8188
163.4961
161.1954
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GOTHIC Output for May 2015 Case (cont'd)

Time (s)
415009.2
420009.3
425009.4
430009.5
435009.6
440009.8
445010.0
450010.2
455010.3
460010.3
465010.3
470010.5
475010.7
480010.7
485010.8
490010.9
495011.0
500011.2
505011.3
510011.5
515011.6
520011.8
525011.9
530012.1
535012.2
540012.3
545012.4
550012.6
555012.8
560012. 9
565013.1
570013. 3
575013.5
580013.6
585013.8
590013.9
595014.0
600014. 1
605014.2
610014. 3
615014.3
620014. 4
625014. 6

Tmax,North (OF)
173.3082
171.4902
169.9360
168.6575
167.4580
166.6326
165. 9514
165. 5533
166.0792
168.1286
171.4476
174.3293
176.2769
177.7826
178.3526
177.7452
176.1025
173.7196
171.5966
170.0084
168.6336
167.4107
166.4497
165.6922
165.1515
165.4404
166.9709
170.1263
173.3040
175.4782
177.1719
178.0808
177.7980
176.4173
174.1279
171.7079
170.0919
168.6855
167.4926
166.4630
165.7014
165.0193
165.0391

TmaxSouth (OF)
187.2686
185.3071
183 .7563

182.4678
181 .2801
180.3843
179.6292
179.2215
180.0895
182 .3958

185. 6386
188.5934
190.7343
192.2201
192.7111
191.9382
190.1547
187.6152
185.4533
183.8558
182.4941
181 .2732

180.2927
179.5108
178.9469
179.3916
181.2536
184.4066
187.5371
189.9286
191.6035
192.4204
191.9926
190.4625
188.0391
185.6762
183. 9834
182 .5523
181.3036
180.2317
179.4374
178.7413
178.8349

Tmax,bld exh (OF)
164.6596
162.5330
160.9962
159.6945
158.4818
157.5448
156.7560
156. 2922
157 .0735

159.7304
163.4874
166. 9371
169. 3531
170.9809
171.4513
170.3918
168.1408
165.3117
162.7691
161.1411
159.7989
158. 5603
157.5385
156.7278
156.1060
156.4351
158.5168
162.1654
165.8483
168.5878
170.4278
171.2605
170.6104
168.6604
165.8815
163.1108
161.3228
159. 9290
158. 6824
157 .5677

156.7394
156.0020
155. 9805

Tm.,SFP exh (°F)
157.8224
155.5207
153.7576
152.2946
150.9515
149.9594
149.1229
148.7020
149.7661
152.4078
156.2902
159.7848
162.4408
164.1229
164.6593
163.7770
161.7565
158.5871
155. 8754
154 .0405
152.4947
151 .1064
150.0105
149.1497
148.5469
149.1316
151.2457
154. 9973
158.7050
161.6322
163.5410
164.4815
163.9734
162.2350
159.4809
156. 3259
154.3470
152.7191
151.2952
150. 0854
149. 2087
148. 4492
148.6295
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GOTHIC Output for May 2015 Case (cont'd)

Time (s)
630014.7
635014 .8
640014.9
645014.9
650015. 0
655015. 2
660015.2
665015.4
670015.4
675015.5
680015.7
685015.8
690015. 9
695016.0
700016.3
705016.4
710016.4
715016.6
720016.6
725016.8
730016.8
735016.9
740017.1
745017. 1
750017.2
755017.3
760017.4
765017.6
770017.8
775017.9
780017.9
785018.1
790018.3
795018.4
800018.6
805018.9
810019.0
815019.3
820019.4
825019.4
830019.6
835019.8
840020.0

Tmax,North (OF)
166.1935
168.8535
172.1823
174.7426
176.5244
177.6854
177.8048
176.6688
174.6890
171 .9683

170.2211
168.8339
167.6401
166.5225
165.7164
165.0077
164 .7068
165.6238
167.8361
171.0446
173.8794
175.8782
177 .2325

177.6617
176.9064
175.1402
172.3801
170.4600
169.0267
167.8137
166.6681
165.7627
165.0340
164.5722
165.1297
166.9088
169.8857
172.9249
175.2299
176.7860
177.4513
177.0500
175.5012

Tmax,South (OF)
180.2952
183.1855
186.4230
189.0994
190.9339
192.0508
192.0262
190.7008
188.5792
185.8611
184.1482
182.6524
181.3847
180.2256
179.3926
178.6534
178.3849
179. 5223
182.0222
185.3186
188.1480
190.2685
191.6102
191.9411
190.9465
189.0264
186.1719
184.3494
182.8146
181.4927
180.2926
179.3717
178.6134
178.1433
178.8190
180.9378
184.2024
187.1826
189.5518
191.1395
191.7638
191.1342
189.4326

Tmax,bld exh (OF)
157.5460
160.8781
164.6388
167.8010
169.7874
170. 9954
170.8418
169.0756
166.5232
163.5869
161.5582
160.0732
158.8427
157.6556
156.7806
156. 0052
155. 6534
156. 7642
159. 6541
163.4511
166.8512
169.1722
170.6390
170.9086
169.5187
167.1074
164.1183
161.8439
160.2572
158.9980
157.7830
156.8215
156.0367
155.5109
156.0657
158.4802
162.2232
165.8245
168.4882
170.2286
170.8583
169.9077
167.6879

Tmax,SFP exh (°F)
150.3072
153.7206
157.5499
160.7786
162.9131
164.1569
164.1120
162.6463
160.2511
156.8536
154.6951
152.9766
151.5310
150.2166
149.2860
148.4744
148 .2283
149. 5742
152.4995
156.3842
159.7874
162.2470
163. 7517
164.0970
163.0099
160.8765
157.5530
155.0813
153.2998
151.7929
150.4310
149.3964
148.5502
148.0558
148.9113
151.3471
155. 1828
158.7937
161.5101
163.3095
163.9826
163.2876
161.4399
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GOTHIC Output for May 2015 Case (cont'd)

Time (s)
845020.1
850020.1
855020.2
860020.3
864000.0

Tmax,No.th (OF)
173.0867
170.6582
169.2479
167.9843
167.0691

Tmax,South (OF)

186.8433
184.4326
183.0120
181.6353
180.6340

Tmax,bld exh (OF)
164.8296
162.1498
160.5062
159.1544
158.1742

Tmax,SFP exh (OF)
158.4707
155.5238
153.6517
152.0712
150.9412
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ATTACHMENT 15

EVALUATION OF THE HEAT TRANSFER ACROSS ASSEMBLIES
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1. Purpose and Scope

The purpose of this attachment is to evaluate the heat transfer from one

assembly to another. The results of the COBRA run are elaborated and simple

heat balances are performed on different sections of the assemblies to estimate

the net heat loss from the high to the low heat generation rate assembly.

2. Introduction

Section 3.2 in the main body of the calculation describes the COBRA model

used for the calculation of the cladding maximum surface temperature.

Attachment 9 documents the COBRA outputs and echo of the inputs. The

results of the COBRA run are elaborated in this attachment to evaluate the heat

transfer from one assembly to another. Heat transfer through thermal

convection, conduction and radiation modes are considered and heat balance is

performed on the various sections of the assemblies. Finally, a global heat

balance is performed to the find the net heat gain/loss for each assembly.

3. Methodology

The COBRA model (Section 3.2 in the main body of the calculation) considers

three assemblies in line with the high heat generation rate assembly in the

middle. The assemblies are subdivided into 24 vertical sections consisting of

slabs and channels. Figure 1 shows a horizontal cross section of the three

assembly system. Due to symmetry, only the heat balance on half edge between

Assembly 1 and 2 (Slabs 1, 21 and 23) is considered in this attachment (blue

area in Figure 1).

Figure 2 shows the heat transfer resistances (heat transfer modes) evaluated

in this attachment for the heat balance of the slabs. The heat generated within

each rod is dissipated on its surface by convection to the air in the channel and

radiation to the other rods and assembly outer walls. Since the rod and air

temperatures within each assembly are fairly uniform, only the rods and channels

closest to the edge of the assemblies are considered in the calculations.
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Figure 1. Horizontal cross section of the three assembly system.

Air
T 

4

Channel Slab Channel

Figure 2. Heat transfer mechanisms between two assemblies.
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The following symbols are used in Figure 2:

Ri: Convection heat transfer resistance between the air in the channel

(Assembly 1) and the portion of the slab connected to it;

R2: Radiation heat transfer resistance between the rod (Assembly 1) and

the portion of the slab adjacent;

R3: Conduction heat transfer resistance between through the slab;

R4 : Radiation heat transfer resistance between the rod (Assembly 2) and

the portion of the slab adjacent;

R5: Convection heat transfer resistance between the air in the channel

(Assembly 2) and the portion of the slab connected to it;

Ti: Air or surface temperature of the rods or slab;

qi: Heat transfer associated to resistance Ri.

The quantities above are defined as follows

STI1-"T6
Ri

q= T2 -T 6
R2

q 3 = T6 -

R3

q4T 7 -

R4

q 5  -

R5

[Ref. A15-1]:

(1)

(2)

(3)

(4)

(5)

where:

1
= hconvection Area

1
hradiation.Al Area

slab thickness
Skslab Area
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1
Shradiation.A2 Area

1
R5 =hconvection Area

hradiation.Al 1 - )(T 2 +1T )
1 roF-drod Areaslab + 1 1- Eslab

E rod ,-rod Frod.slab Eslab

hradiation.A2 1 d(T4 +T7)(T4 +T 7 )

(1_-_rod Areaslab + 1 +1 •Eslab
ro Edro- ) Area rod Frod-slab Eslab

with a is the Stefan-Boltzmann constant [ 0.1714.10-8 BTU/(hr-ft2-R4)], E is the

surface emission coefficient, Frod.slab is the view factor between the rod and the

slab, and hconvection is the convection heat transfer coefficient. As a simplification

to the calculations, the areas of the slab section ("Areaslab") and the rod section

("Arearod") involved in the radiation heat transfer processes are considered to be

equal and both equal to the convection and conduction heat transfer areas

(indicated as "Area" in the equations above).

The slab thermal conductivity, emission coefficients and convection heat

transfer coefficient are specified equal to the values used in the COBRA analysis,

i.e.:

kslab = 0.0231 BTU/(hr-ft-°F)

slab-thickness = 0.906 inches

Eslab = 0.2

Erod = 0.8

hconvection - kair max(0.33 Re06 Pr0 3
, 0.83 Re°0 33 Pr°0 33 )

Dhydro.channel

where [A15-1]:

Re = Reynolds number = airvelocity x Dhydro.channel / Vair;

Dhydro.channel = hydraulic diameter of the channel (from COBRA output);

air_velocity = velocity of the air in the channel (from COBRA output).
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The air Prandtl number (Pr), thermal conductivity (kair) and kinematic viscosity

(Vair) are interpolated from the air properties provided in the COBRA input file as

follows:

kair = -5.18"1013 Tar - 5.299"10-10 Tmr + 1.975.10-5 Tair + 1.339.10-2

Vair = -6.18595"1014 Tmr + 3.961513.10-10 TV, + 4.529778-10- Tair + 1.335015-10-4

Prair = -1.77748"10-10 Ta~r + 5.264510-7 T2r - 4.22077"10-4 Tai, + 7.87466"10-1

with kair in BTU/(hr-ft-°F), Vair in ft2/s, Prair dimensionless and Tair is degree

Fahrenheit.

The air specific heat is also used in the computations documented in this

attachment. Similarly to the air properties above, the specified heat is also

interpolated from the air properties provided in the COBRA input file:

Cp.air = 1.24847958.1017 Tair - 4.2051314"10-14 T4 r + 3.85066422"10-11 Ta3 r +

5.36256073"10-9 Tar + 8.70396044-10-6 Tair + 2.38996296"10-1

with Cp.air in BTU/(Ib-°F) and Tair is degree Fahrenheit.

Section i

Section 2

Section 1

-- - -- - -

---- -- --

-- - - - - - - - -

----------

-- - - - - - - - -

--------

Elevation i

Elevation 3

Elevation 2

Elevation 1
Rod Channel Slabs Channel Rod

Figure 3. Slab heat balance.
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For each vertical section of the assemblies (see Figure 3), the thermal circuit

shown in Figure 2 is solved by using Equations 1 to 5 and specifying

that q3 =ql +q2 =q4 +q5. The closed form solution for the total heat transfer

through the slab section is the derived to be the following:

qTotal.section.i = q3

C1 T2  1 +1T 4 T5  1 1
R, R2 1 R4 R5  R4 R5 R, R2 )

R, R2 )1R4 R5 R4 R5 LR, R2)

The above equation is applied every assembly section in the vertical direction

(see Figure 3) and the heat transfer in each section is added to find the total heat

transfer from the high to the low heat generation rate assembly.

24

qTotal.Slab = -qTa tal.section.i
i=1

The energy gained by the air flow in each assembly is also computed by

considering the heat gain in each vertical section (see Figure 4). Due to

significant change in air temperature in the vertical direction, evaluating the air

properties are in each section ensure that the overall heat balance is accurate.

Aqýlr.nýr->

mair Cp.airTairill

mair Cp.airTair.i

Channel

AZ

Figure 4. Air heat balance.
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Therefore, the energy gained by the air flow in each assembly is computed as

follows:
2_4 24. [ - (T { mi'+T 1 - ar)

qTotal.Air = 2 Aqnet, = Zmar x c air ir,i + ir,i+1 -

i1 i r1 _ i 2 , (T

For each assembly, the total heat transfer through the slabs is

added/subtracted to the total heat gained by the air:

qTotal.Assembly = qTotal.Air ± qTotal.Slabs

The computed value is compared to the total heat generation rate specified in

COBRA for that assembly to ensure that the two values are in reasonable

agreement based on the simplifications to the calculations described in this

attachment. In particular, due to the compact geometry of the assembly, the

radiation heat transfer between the rods and the slab is considered to occur only

horizontally (this also matches the COBRA methodology [Ref. A15-2]). The view

factor between the rods and the slab is also considered to be one and the

rod/slab area ratio is considered to be 1 for simplification. Furthermore, due to

the low thermal conductivity of the slabs, heat transfer between the slabs is not

considered. This greatly simplifies the calculation without significant loss in

accuracy.

4. Documentation of Computer Codes

Microsoft Office Professional 2003 SP-2 including Excel, S&L Program No.

03.2.286-1.0, 02/02/2004. The validation of Excel is implicit in the detailed review

of all spreadsheets used in this attachment. All computer runs were performed

using S&L PC. No. ZL8439 under the Microsoft Windows XP Professional

Version 2002 Service Pack 3 operating system.
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5. Calculation

All the calculations are performed in Microsoft Excel. Table 1 shows the

output data from COBRA used in this attachment. The heat balance is

performed on Slab 1 only due to the symmetry of the system. Consequently, the

results of Channels 1 to 8 and Rod 1 to 8 in Assembly 1, and Channels 211 to

218 and Rods 183 to 190 in Assembly 2 are used for the calculations. Slab 21

and 23 have zero thickness, thus there is no thermal resistance associated to

them but they are used to document the surface temperatures of Slab 1. Table 2

computed the average of various variables in each vertical section of the system,

while are used in other tables. Table 3 computes the thermal resistances and

heat flow in vertical portion of the assembly as described above in Section 3.

Table 4 uses the results from Table 3 to calculate the total heat transfer through

the assembly walls and also computes the air overall heat gain in each

assembly. Finally, Table 5 summarizes the results obtained in the previous table

and compares the total heat generation in each assembly with the total heat

gained by the air and heat transfer through the walls. The slab surface

temperatures computed in Table 3 are also compared to those obtained from

COBRA. Since the computation of the heat transfer coefficient associated to the

radiation thermal resistance requires the knowledge of the slab surface

temperatures which are unknown, the computations performed in Table 3 are

done iteratively until convergence is reached. Table 6 is used to speed-up the

numerical iterations by allowing the use of the results from the previous iterations

for the next iteration through a simple "copy/paste" process.

Tables leq to 6eq show the equations used to generate Tables 1 to 6.





























Project No. 11862-198 S&L CaIc. No. 2013-11284 Rev.0 Attachment 15, Page 23 of 69

6. Results

As seen in Table 5, the total heat generated in Assembly 1 is equal to 11,454

BTU/hr with 10,376.7 BTU/hr removed by the air and 1,039.8 BTU/hr transferred

to Assemblies 2 and 3. The total error on the heat balance for Assembly 1 is

0.3%. The total heat generated in Assembly 2 is equal to 2,301.2 BTU/hr and the

heat gained from Assembly 1 is equal to 519.9 BTU/hr, for a total of 2,835.8

BTU/hr removed by the air. The total error on the heat balance for Assembly 2 is

0.6%. The total heat generated in Assembly 3 is equal to 2,301.2 BTU/hr and

the heat gained from Assembly 1 is equal to 519.9 BTU/hr, for a total of 2,836.3

BTU/hr removed by the air. The total error on the heat balance for Assembly 3 is

0.7%. The total error on the heat balances for Assemblies 1, 2 and 3 is

negligible and it is due to the simplification to the computations performed in this

attachment as discussed in Section 3. The surface temperatures of Slab 1

calculated in this attachment and computed by COBRA are also in good

agreement.

7. Conclusions

The heat transfer from the high to the low heat generation assemblies

analyzed in this attachment matches the COBRA output within 1%.
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1. Source Document: Information request for Sargent & Lundy Calculation Number 2013-11284
"Maximum Cladding and Fuel Temperature Analysis for Uncovered Spent Fuel Pool" Rev 0.

2. Record of Revision: Original Issue

3. Purpose: This ETE shall document the Auxiliary Building Ventilation System alignment and flow
rates for input into the Spent fuel Pool Area to provide Design Input for Sargent & Lundy
Calculation Number 2013-11284 "Maximum Cladding and Fuel Temperature Analysis for
Uncovered Spent Fuel Pool" Rev 0.

The ETE shall also document the color of the walls and ceiling of the Auxiliary Building Spent
Fuel Pool Area to be used as an input for Sargent & Lundy Calculation Number 2013-11284.

4. Design Inputs and Assumptions:

4.1 One train of Auxiliary Building Ventilation is operating with One Auxiliary Building Exhaust
Fan and one Spent Fuel Pool (SFP) Exhaust Fan operating.

4.2 The airflow rates on Ref 11.1 are for both trains of fans operating. The Auxiliary Building
Exhaust flow rates are assumed to be Y the indicated flow due to single fan operation. This
is conservative as the system resistance will drop increasing the flow of the single fan.

4.3 The Auxiliary Building Supply Fans are off so the Auxiliary Building Exhaust Fan that is
operating will draw air over the pool from doors 85 and 87 the Auxiliary Building Loading
Dock Overhead Doors (17' wide by 22' high). Ref 11.11, Ref 11.12

4.4 R13 and R14 trip functions of Auxiliary Building Ventilation system has been disabled or
shown that a loss of all pool water would not result in a trip of R1 3 or R1 4.

4.5 SFP Exhaust Fan A or B - 9000cfm, Ref 11.1
4.6 Aux Building Exhaust Fan A and B - 72,250cfm, Ref 11.1, and it is assumed then that one

fan is 36,125cfm

5. Methodology:

One train of Auxiliary Building Exhaust Fans and Spent Fuel pool Exhaust Fans shall be utilized
to provide ventilation in the area of the Spent Fuel Pool. The Auxiliary Building supply fans will
be secured and the Auxiliary Building Loading Dock Over Head Rollup Doors West of the SFP
will be opened so outside air is drawn across the top of the pool. Doors between the SFP area
and the Zone SV area will be opened to transfer air to the Zone SV area and to the operating
Auxiliary Building Exhaust Fan.

The air for the SFP Exhaust is drawn from the over head doors to the top of the pool where the
exhaust registers are located.

6. Discussion:

The Sargent & Lundy Calculation Number 2013-11284 "Maximum Cladding and Fuel
Temperature Analysis for Uncovered Spent Fuel Pool" needs to maximize the ventilation flow

Form No. 730801 (June 2013)
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rate at the top of the pool to limit the maximum cladding and fuel temperatures. This ETE shall
establish the required ventilation lineup and the flow rate to be used in the calculation.

The Auxiliary Building Supply Fans will be secured and the Auxiliary Building Loading dock
doors opened to maximize the outside air that is drawn across the pool for cooling. There are
two sets of fans (Auxiliary Building Exhaust and SFP Exhaust) that will draw air from the loading
dock overhead doors to the top of the pool:

* The Spent Fuel Pool Exhaust Fans draw air from the top of the pool on the west side.
This is the only location the fans draw from so all the flow from one fan can be counted
for SFP cooling. (Ref 11.3)

* The Auxiliary Building Exhaust Fans draw air from various areas that do not directly
communicate with the SFP area (Ref 11.4, 11.5, 11.6). To maximize flow across the
SFP, the loading dock doors shall be opened and the Auxiliary Building Supply Fans
secured in the event of loss of SFP water. The shutdown of the supply fans results in
the makeup air for the operating SFP Exhaust Fan and Auxiliary Building Exhaust Fan to
be drawn through the loading dock overhead doors to the top of the SFP.

6.1 One Aux Building Exhaust Fan is 36,125cfm of airflow. Determine how much of this airflow
will be drawn across the pool for cooling flow. The Aux Building Exhaust Fans draw from
three separate areas.

" Various areas (vaults, penetration areas etc) from the Non Zone SV area by the SFP
" The Zone SV portion of the Auxiliary Building
" Areas of the Auxiliary Building served by the Auxiliary Building Air Conditioning

System (ACC)

6.1.1 Determine flow from Non SV area that can be credited for cooling by the SFP.

Per Ref 11.1 there is 16,450cfm of ducted exhaust flow from the SFP area below the
top of the pool. Single fan operation would result in an Exhaust flow of 8,225cfm.
During normal operation these areas have supply ventilation so they would not draw
air over the top of the SFP. The supply fan will be off so makeup air will be drawn
from the open loading dock overhead doors.

The following areas are served by the Aux Building Exhaust Fans: Decon Room,
Decontaminated storage room, Penetration area west of SFP elev 608' and 618',
Waste Evaporator, Storage Area, Waste Concentrates holdup tank vault, Spent
Resin Tank Storage Vault, Waste metering Tank Vault, Concentrates pumps tanks
vaults and Drumming station.

Based on the location of the Decon Room and Decon storage room exhaust will
draw makeup air from the overhead doors west to east over the pool to elevation
626' (725cfm). Ref 11.4

Form No. 730801 (June 2013)
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Based on the location of penetration area, storage area, Concentrates pumps
tanks vault and drumming room exhaust will draw makeup air from the loading
dock doors to the top of the pool and the air will travel down stairwell K on the
South end of the pool elevation to the various exhaust registers in these rooms
(6500cfm). (Ref 11.1, 11.5, 11.6, 11.8)

The waste evaporator room draws 500cfm of exhaust. This room is enclosed
with a supply duct for makeup air. There is no makeup path with the supply fan
off so 0 cfm is counted in the SFP area (Non SV area). The Auxiliary Building
Exhaust Fan will try to draw this air from somewhere. The 500cfm will be
counted to be pulled from the Exhaust ductwork located within the Zone SV area
as this ductwork is at only 1/2 capacity with one fan operating and will easily
handle an additional 500cfm.

The flow from the Waste metering Room, Spent Resin Storage Vault, and Waste
Holdup Tank is not counted (500cfm). These areas are directly below the
loading dock. There is an unsealed pipe penetration between this area and the
loading dock area that allows air to bypass going over the SFP.

Therefore;

725cfm comes in the overhead doors and travels west to east over the pool.

6500cfm comes in through the overhead doors and travels over the pool and
down the stairwell on the south end

6.1.2 Determine Flow from Zone SV Area that can be credited for the top of SFP area
cooling.

One Aux Building Exhaust fan draws 36,125cfm of flow.

Flow from Zone SV = one fan flow (36,125cfm) - flow from non SV areas

Non SV area flow equals flow from above plus flow from the Auxiliary Building Air
conditioning (ACC) System that exhaust to the Aux Building Exhaust System and
doesn't communicate with the SFP area so is not counted for cooling.

Exhaust flow from above 725cfm + 6500cfm + 0cfm + 500cfm = 7725cfm

Exhaust flow from the ACC system from Ref 11.1 is the following:

700cfm RPO + 3000cfm Hot Labs filter exhaust + 2800cfm Hot Lab and
Counting room + 3250cfm Hot instrument lab = 9750cfm of flow which
cannot be counted for SFP cooling.

So Exhaust flow from Zone SV area = 36,125cfm - (7725cfm + 9750cfm) =
18,650cfm
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The following doors shall be opened to transfer air from the overhead doors over the
pool and to the Zone SV area. There is also a supply duct connecting the two areas that
will be open and idle with the supply fan off will which allow flow to transfer between the
areas. DCR DC-KW-13-2001 Damper Gagging shall gag open the Zone SV dampers
between the SFP area and the Zone SV area. The flow through these openings is
assumed to be pulled through at equal flow velocity so the flow will divide evenly based
on the size of the opening or smallest door in the path.

Door-13, 586' elev. Ref 11.7. The flow from outside will enter through the loading
dock overhead doors up to the pool elevation and then down stairwell K at the
top south end of the pool (Ref 11.10) and work its way to Door 13 through the
open connected areas to this door.

Doors 187 and 134 626' elev. Ref 11.8. The flow from outside will enter through
the loading dock overhead doors up to the pool elevation and head West to East
over the pool through the basketball court area to the interlocked doors.

Doors 151, 199, and 144, 642' elev. Ref 11.9. The flow from outside will enter
through the loading dock overhead doors up to the pool elevation and head West
to East over the pool through the basketball court area to the interlocked doors.

Air will also transfer through the supply ducts on the Basketball court to the Zone
SV area Ref 11.3

Each flow opening with doors has at least one door with a minimum size 7' x 3' or 21 sqft
ref (Door schedule Ref 11.11 ).

The supply duct branch interconnecting the areas has a minimum size of 34" x 28" or
6.6sqft. Ref 11.3

Total flow area between Zone SV and the SFP area is 21sqft + 21sqft +21sqft + 6.6sqft
= 69.61 sqft

Determine flow velocity through the openings

Volumetric flow (cfm) = (Flow Velocity) (fpm) x Area (sqft)

Solve for Flow velocity = Volumetric flow/Area

Flow Velocity = 18,650cfm/69.61 sqft = 268fpm

Determine flow through each opening

Door-13, 21sqft x 268fpm = 5628cfm Over pool down south end

Doors 187 and 134, 21 sqft x 268fpm = 5628cfm Over pool West to East

Doors 151,199, and 144, 21sqft x 268fpm = 5628cfm Over Pool West to East
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Supply duct 18,650cfm - (5628 x 3) = 1766cfm Over Pool West to East

6.1.3 Determine the total airflow rates and the flow paths over the SFP

Flow that enters through the overhead doors travels over the pool and down the south
end of the pool = 6500cfm + 5628cfm = 12,128cfm

Flow that enters the overhead doors travels West to East over the pool across the
basket ball court through doors or ductwork to Zone SV 5628cfm + 5628cfm + 1766cfm
+ 725cfm= 13,747cfm

Flow that enters through the overhead doors and is exhausted from the top of the pool
on the West side from the SFP exhaust fans = 9000cfm

Total flow = 12,128cfm + 13,747cfm + 9000cfm = 34,875cfm

6.2 Evaluate the affect of flow for the Aux Building Exhaust fan due to no supply flow and
drawing air through doors and idle ductwork.

A qualitative review is performed to show that the flow rates developed herein are
conservative. The increased flow resistance due to flow through doors and idle ductwork
for makeup air is less than the drop in flow resistance in the Aux Exhaust ductwork that is
operating with only a single train in operation.

The air flow rates as shown on Ref 11.1 are based on two Aux Building Supply and Exhaust
Fans operating. The system configuration for the loss of all water to the spent fuel pool will
be one SFP Exhaust Fan and one Aux Building Exhaust Fan operating. The flow rates from
Ref 11.1 are based on two train operation. The two trains share common ductwork so the
flow resistances are increased with both trains in operation. The individual fans will draw
more air with only a single train in operation. The flow rate is 72,250cfm with both trains of
Aux Building Exhaust operating. It was assumed one Aux Exhaust Fan would draw
36,125cfm when operating alone.

The flow velocity in the main ductwork exhaust trunks is 3000fpm with both Aux Building
Exhaust fans operating. This drops to 1500fpm with a single fan operating.

The flow velocity through the open doors or transfer ductwork is 268fpm.

Pressure drop is exponentially proportional to flow velocity (Ref 11.12) so the change in
pressure for going from two fans to one fan will exceed change in pressure from drawing
through doors. This will result in fan flow increase from what is indicated on Ref 11.1. So
the flow assumption of 36,125cfm with no Aux Supply Fans operating and Zone SV
boundary doors open to allow makeup air to be drawn in through the Aux Building loading
dock doors is conservative.

Conclusion:
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34,875cfm total outside air will be drawn to the top of the Spent Fuel Pool.

12,128cfm of the total flow that enters through the overhead doors travels over the pool and
down the south end of the pool through stairwell K.

13,747cfm of the total flow that enters the overhead doors travels west to East over the pool
across the basket ball court through doors or ductwork to Zone SV and then is drawn into the
Aux Building Exhaust ductwork.

9000cfm of the total Flow enters through the overhead doors and is exhausted from the top of
the pool on the West side from the SFP exhaust fan.

The system alignment is as follows:

One Aux Building Exhaust Fan and One SFP Exhaust Fan Operating

Both Aux Building Supply Fans have been secured

The following doors are open, Door-13, Door 134, Door 187, Door-144, Door-151, Door-
199 and overhead doors 85 and 87 on the Aux Building loading dock.

R13 and R14 trip functions of Auxiliary Building Ventilation system has been disabled or
shown that a loss of all pool water would not result in a trip of R1 3 or R1 4.

Zone SV Dampers (ASV-20 and ASV-40) are gagged open per DCR DC-KW-13-2001
Damper Gagging

A walk down of the Inside and outside of the SFP area was performed to determine wall colors
to be used as input for the Sargent & Lundy Calculation Number 2013-11284.

Inside Walls - off white
Outside walls - white/off white
Ceiling - off white

Precautions or Limitations: NONE

Required Actions: NONE

Recommendations: NONE

References:

11.1 OPERM-601 Rev DK, Flow Diagram Turbine and Aux Building Ventilation
11.2 M-626 Rev B, Ventilation - Aux Building elevation 649'
11.3 M-627 Rev AK, Ventilation - Aux Building elevation 657'
11.4 M-629 Rev AS, Ventilation - Aux Building elevation 626'
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11.5 M-631 Rev E, Ventilation - Aux Building elevation 606' & 618'
11.6 M-633 Rev L, Ventilation - Aux Building elevation 586'
11.7 A-204 Rev BS, General Arrangement Reactor and Aux Building Basement Floor
11.8 A-208 Rev BY, General Arrangement Reactor and Aux Building
11.9 A-209 Rev AB, General Arrangement Reactor and Aux Building Misc Floor Plans
11.10 A-212 Rev Z, General Arrangement Reactor and Aux Building misc plans and sections
11.11 Door schedule drawings A-586-1-1 Rev K, A-586-2-1 Rev D, A-586-2-3 Rev G,

A-586-3-1 Rev G, A-586-3-3 Rev B
11.12 ASHRAE 1981 Fundamentals Chapter 33 Fig C-1 Friction Chart for Average ducts.
11.13 A-206 Rev CC, General Arrangement Reactor and Auxiliary Building Mezzanine Floor
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Purpose

This Engineering Technical Evaluation (ETE) provides the following information to Sargent and Lundy (S
& L) to support their analysis of the unlikely postulated event of a spent fuel pool (SFP) zirconium fire
caused by a loss of SFP inventory at the Kewaunee Power Station (KPS) (Source Document 1):

* fuel assembly loss coefficient
" fuel building heat sources and ventilation capacity
* SFP heat load after final shutdown of KPS (whole pool and hottest assembly).

This ETE only provides information and inputs needed by S & L to perform their analysis per Source
Document 1; this information and these inputs will not be used for design changes or to modify controlled
documents or programs. In addition, the S & L analysis will be Nonsafety-related and will be performed to
their quality program. Thus, this ETE is considered to be Level 1 per CM-AA-ETE-1 01 Step 2.3.i, and a
Design Effects and Consideration review, DRUL, and 10 CFR 50.59 review are not required.

Design Inputs and Assumptions

The design inputs and assumptions below will support S & L's estimates of the heat sources/sinks to
consider when determining the SFP heatup rates under the postulated scenarios in Source Document 1.

Design inputs and assumptions come from the following sources:
* fuel assembly form loss coefficient (Reference A)
* fuel building heat sources and ventilation capacity (Attachment 1)
* SFP heat load after final shutdown of KPS (whole pool) (Attachment 4).

The SFP heat load after final shutdown of KPS (hottest assembly) design inputs and assumptions follow:
* The hottest fuel assembly estimate is derived from the peak assembly power taken from the final

flux map performed for Cycle 32. The peak assembly's power was 1.449 times the average
assembly (Reference B).

* The "Hottest Fuel Assembly" heat load is conservatively assumed to be 1.449 times the average
fuel assembly heat load for Cycle 32 (Attachment 4).

Methodology

The methodologies used for the fuel assembly fuel loss coefficient are described in Reference A. The
methodologies used for the fuel building and ventilation data are described in Attachment 1. The
methodologies used for the SFP heat load estimate are described in Attachment 4.

The SFP heat load methodologies are considered conservative for calculating spent fuel assembly heat
loads (Attachment 4).

Discussion

This ETE only provides data needed by S & L to perform their KPS SFP calculation per Source Document 1.
(Per Source Document 1 S & L will perform the work as Nonsafety-related to their quality program).

Following is a discussion of each category:

Fuel Assembly Form Loss Coefficient

A fuel assembly form loss coefficient of 30 was calculated for a Reynolds number of 100. This number was
conservatively rounded up by approximately 20 percent in order to account for the differences between
laminar and turbulent flow (Reference A). Also, per Reference A and as discussed with S & L, this value
does not include rod friction. S & L will calculate rod friction.

Fuel Building Heat Sources and Ventilation Capacity

The fuel building heat sources and ventilation capacity information, including the associated references, are
contained in Attachment 1.

Form No. 730801 (Aug 2012)
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SFP Heat Load after Final Shutdown of KPS (Whole Pool and Hottest Assembly)

This data is provided in Attachments 2 and 3. It is taken directly from Attachment 4.

Attachment 2 contains the "Total SFP Heat Load." Attachment 3 contains the "Heat Load from Cycle 32
Discharge Assemblies Only" and the "Hottest Fuel Assembly [Heat Load] Estimate."

Cumulative Effects Review

This ETE provides certain data to S & L for the analysis described in Source Document 1. S & L's
analysis will be Nonsafety-related and the results will be used for information, and not for design related
purposes.

Thus, there are no cumulative effects associated with the information in this ETE.

Conclusions

This ETE provides certain data that S & L requested to support their analysis of the unlikely postulated
event of a SFP zirconium fire caused by a loss of SFP inventory (Source Document 1). The information
provided in this ETE includes:

* fuel assembly loss coefficient
* fuel building heat sources and ventilation capacity
* SFP heat load after final shutdown of KPS (whole pool and hottest assembly).

This ETE also documents how the above information was obtained. S & L will use it for their analysis, which
is Nonsafety-related and will be performed to S & L's quality program.

Precautions and Limitations

NONE

Required Actions

NONE

Recommendations

NONE

References

NOTE: References to support the fuel building heat sources and ventilation capacity are listed in Attachment 1.

A. NAF Calculation SM-1669, Revision 0, "Kewaunee Fuel Assembly Form Loss Coefficients to use in a
Spent Fuel Pool Zirc Fire Analysis," B. Vitiello, July 2013.

B. KPS Flux Map KPS-Report-IFM-FLUX MAP 3217, April 2013.
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Attachment 1
Fuel Building Heat Sources and Ventilation Capacity

(Page 1 of 2)

NOTE: S & L is asked to assume that KPS personnel will open fuel building doors in the case of a loss of fuel pool inventory. Thus,
even if the SFP exhaust fans fail, the fuel building will still be able to exhaust 9,000 cfm through the open doors with the supply
fan in service (see page 2 of this attachment).

Spent Fuel Pool (SFP) Supply Fan [from KW-Manual-000-SD-17. "Auxiliary Building Ventilation System (ACA)" (Reference 3)1

The SFP Supply Fan is located in the Aux. Bldg. on the 626'-0" level. The SFP Supply Fan draws air from the Auxiliary Building
operating floor and blows air across the SFP toward the exhaust registers. This airflow pattern permits most of the vapor emanating
from the SFP to be entrained in the airflow and removed by the SFP exhaust fans. Maximum bulk air temperature in the Auxiliary
Building is 120 F (normal condition).

Tech Manual
Fan Type
Fan Capacity
Fan Speed
Motor Power
Electrical Characteristics
Powered from

XK-141422-4
Vane Axial, Direct Motor Driven, Manually Adjustable-Pitch Fan Blades
12,000 cfm with 1.2 "wg SP
860 RPM
5 hp
460VAC, 60 Hz, 3 phase
MCC 1-35D

Design Ambient Conditions:

Indoor Normal and Accident Design Basis Environmental Service Conditions (ESC) at the Kewaunee Power Station for all areas are
tabulated in tables contained in Reference 4.

Winter Outdoor Design Criteria (Dry Bulb Temp °F): -15.07F
Summer Outdoor Design Criteria (Dry Bulb Temp 0F): 95.0°F

The above climatic design criteria for Kewaunee Power Station are documented in Reference 5.

Additional Heat Source in SFP Area

Lighting: 60,000 Btu/hr [Maximum for Auxiliary Bldg Mezzanine area (Reference 6)

Reference 3 KW Manual 000-SD-17, "Auxiliary Building Ventilation System (ACA)"

Reference 4 Kewaunee Environmental Qualification Plan

Reference 5 Pioneer Service & Engineering Company Project Design Manual, Section 4, Ventilation System Design Data

Reference 6 Calculation M-1 052-1, Rev 3, Auxiliary Building Safety Related Equipment Area Inputs for Transient Analysis

Form No. 730801 (Aug 2012)
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Attachment 1
Fuel Building Heat Sources and Ventilation Capacity

(Page 2 of 2)

Fuel Building Airflow During Postulated Loss of Inventory in Spent Fuel Pool

The airflow from the Spent Fuel Pool (SFP) area to the outside atmosphere though a door is estimated in support of ETE-NAF-2013
0077, Data for Kewaunee SFP Postulated Loss of Inventory Calculation. The loss of inventory calculation (developed by Sargent and
Lundy) will assume the SFP supply fan is operating; however, the SFP exhaust fans and dampers will not be credited (fans off,
dampers closed; since open dampers would result in additional flow, this is a conservative assumption). Instead, the calculation will
assume an open door for a flowpath to the outside atmosphere. The flowrate (cfm) will be estimated using the orifice equation for
compressible fluid.

From Reference 1, the flow through an orifice is given by:

W = 1891 * Y * (di)2 
* C * (APN)112 lb/hr

Y = Net Expansion Factor, dimensionless

d= Orifice diameter, inches

C = Flow coefficient for square-edge orifice, dimensionless

AP = Pressure drop across the orifice, psi

V -±-Spechcv olxme -of uid; ft3/Ibi_____

For flow in cfm, the above equation is multiplied by : 16.5 ft3/Ib * 1 hr/60 minutes

Assumptions:

For a low pressure ratio (AP/P 1), the net expansion factor, Y, is essentially 1 (Table on pg A-21 of Reference 1). As noted
below, the AP is assumed to be a small number to minimize the calculated flow. For this estimate of flow, the net expansion
factor is conservatively assumed to be 0.9.

For a low diameter ratio (dud 2), the flow coefficient, C, is 0.6. This is the lowest value from the table on pg A-20 of Reference
1. The diameter ratio is assumed to be a small number to minimize the calculated flow

The door is assumed to be a 7x3' door (21 f2 area). The diameter of a circle with that area is 62 inches. This is a
conservative assumption, since all other doors (double-door or rolling door) would provide a larger area.

For conservatism, the AP assumed across the door is 0.1 "wg (0.00361 psi). As noted on page 1 of this Attachment, the static
pressure capability of the supply fan is 1.2 'wg at.12,000 cfm.

The air temperature in the SFP area is assumed to be at the maximum allowable supply temperature in the Auxiliary Building
(120 F). The specific volume of saturated air at 120 F is 16.5 ft3/Ib (Reference 2).

The estimated flow through the door is:

(1891 * 0.9 * (62)2 * 0.6 * (0.00361 /16.5)112) * 16.5 ft3/lb * 1 hr/60 minutes = 16.000 cfm

The flow assumed by Sargent and Lundy (9,000 cfm) is well below the expected flow with a door open and the supply fan operating.

Reference 1 Crane Technical Paper 410, 1991 Edition

Reference 2 Fan Engineering, 7th Edition

Preparer: Review: Ok

J. E. Kloecker R.T. Jacobus
Form No. 73D801 (Aug 2012)
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Run date and time: various SFP Initial Water Temp = 80 F
,__SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat. Load Fuel Pool Heat Adiabatic Heatup Heatup.Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 *F (Hours)
5/8/13 0:00 34.88 34.88 13.21 10.61
5/8/13 8:00 30.85 30.85 11.69 9.38 13

5/8/13 16:00 29.24 29.24 11.08 8.89 13
5/9/13 0:00 28.01 28.01 10.61 8.52 14
.5/9/13.8:00 26.98 26.98 10.22 8.21 15
5/9/13 16:00 26.07 26.07 9.87 7.93 15
5/10/13 0:00 25.24 _ 25.24 9.56 7.68 16
5/10113 8:00 24.48 24.48 9.27 7.44 16

5110/13 16:00 23.77 _ 23.77 9.01 7.23 17
5/11113 0:00 23.12 23.12 8.76 7.03 17
5/11/13 8:00 22.51 22.51 8.53 6.85 18

5/11/13 16:00 21.95 21.95 8.31 6.68 18
5/12/13 0:00 21.43 21.43 8.12 6.52 18
5/13/13 0:00 20.05 20.05 7.60 6.10 20
5/14/13 0:00 18.91 18.91 7.16 5.75 21
5/15/13 0:00 17.95 17.95 6.80 5.46 22
5/16/13 0:00 17.13 17.13 6.49 5.21 23
5/17113 0:00 16.42 16.42 6.22 4.99 24
5/18/13 0:00 15.80 15.80 5.98 4.80 25
5/19/13:0:00 15.25 15.25 5.78 4.64 26
5/20/13 0:00 14.76 14.76 5.59 4.49 27
5/21/13 0:00 14.33 14.33 5.43 4.36 28
5/22/13 0:00 13.94 1 13.94 5.28 4.24 28
5/23/13 0:00 13.58 13.58 5.15 4.13 29
5/24/13 0:00 13.26 .... 1:3.26 5.02 4.03 30
5/25/13:0:00 12.97 12.97 4.91 3.94 30

-4i
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Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp =_80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 °F (Hours)
5/26/13 0:00 .12.70 _ __ . 12.70 4.81 3.86 31
5/27/13 0:00 .12.45 12.45 4.72 3.79 32
5/28/13 0:00 12.22 12.22 4.63 3.72 32
5/29/13 0:00 12.01 12.01 4.55 3.65 33
5/30/13 0:00 11.81 11.81 4.47 .3.59 33
5/31/13 0:00 11.63 11.63 4.40 3.54I 34
6/1/13 0:00 11.46 11.46 4.34 3.48 34
6/3/13 0:00 11.14 11.14 4.22 3.39 35
6/5/13 0:00 10.85 10.85 4.11 3.30 36
6/7/13 0:00 10.60 10.60 4.01 3.22 37
6/9/13 0:00 10.36 10.36 3.92 3.15:.... 38

6111/13 0:00 10.14 10.14 3.84 3.08 39
6/13/13 0:00 9.93 9.93 3.76 3.02 40
6/15/13 0:00 9.74 9.74 3.69 2.96 .41
6/17/13 0:00 9.55 9.55 3.62 2.90 41
6/19/13 0:00 9.38 9.38 3.55 2.85 42
6/21/13 0:00 9.21 9.21 3.49 2.80 43
6/25/13 0:00 8.90 8.90 3.37 2.71 44
6/29/13 0:00 8.63 8.63 3.27 2.62 46
7/3/13 0:00 8.37 8.37 3.17 2.55 47
7/7/13 0:00 8.14 8.14 3.08 2.48 48

7/11/13 0:00 7.93 7.93 3.00 2.41 50
7/15/13 0:00 7.73 7.73 2.93 2.35 51
7/19/13 0:00 7.55 7.55 2.86 2.30 52
7/23/13 0:00 7.38 7.38. 2.79. 2.24 53
7/27/13 0:00 7.22 7.22 2.73 2.20 55

m
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Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 *F (Hours)
8/6/13 0:00 6.86 6.86 2.60 2.09 57

8116/13 0:00 6•.56. 6.56 2.48 1.99 60
8/26/13 0:00 :6.29 6.29 2.38 1.91 63
9/5/13 0:00 6.05 6.05 2.29 1.84 65

9/15/13 0:00 5.83 5.83 2.21 1.77 68
9/25/13 0:00 5.64 5.64 2.13 1.71 70
10/5/13 0:00 5.46 5.46 2.07 1.66 72

10/15/13 0:00 5.29 5.29 2.00 1.61 75
10/25/13 0:00 5.14: 5.14 1.95 1.56 77
11/4/13 0:00 4.99 4.99 1.89 1.52 79

11/24/13 0:00 4.74 4.74 1.80 1.44 83
12/14/13 0:00 4.52 4.52 1.71 1.37 87

1/3/14 0:00 4.32 4.32 .1.64 1.32 91
1/23/14 0:00 4.15 =4.15 .1.57 1.26 95
2112/14 0:00 4.01 4.01 1.52 1.22 99
3/4/14 0:00 3.87 3.87 1.47 1.18 102

3/24/14 0:00 3.75. 3.75 1.42 1.14 105
4/13/14 0:00 3.65 3.65 1.38 1.11 108
5/3/14 0:00 3.55 3.55 1.35 1.08 111

5/23/14 0:00 3.46 .3.46 1.31 105 114

6/12/14 0:00 3.38 3.38 1.28 1.03 117
7/2/14 0:00 3.30 3.30 1.25 1.00 119
7/22/14 0:00 3.23 3.23 1.22 0.98 122
8/11/14 0:00 3.17 3.17 1.20 0.96 125
8/31/14 0:00 3.10 3.10 1.18 0.94 1:27
9/20/14 0:00 3.04 3.04 1.15 0.93 1. :30
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Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp =80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load. Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbu/r) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (FiHr) to 200 OF (Hours)
10/10/14 0:00 2.99 2.99 1.13 0.91 132
10/30/14 0:00 2.93 2.93 1.11 0.89 135
11119/14 0:00 2.88 _2.88 1.09 0.88 137
12/9/14 0:00 2.83 2.83 1.07 0.86 139

12/29/14 0:00 2.79 2.79 1.06 0.85 142
11/18/15 0:00 2.74 _____2.74 1.04 0.83 144
.217/15 0:00 2.70 2.70 1.02 .0.82 146
2/27/15 0:00 2.66 2.66 1.01 0.81 148
3/19/15 0:00 2.63 2.63 0.99 0.80 150
4/8/15 0:00 2.59 2.59 0.98 0.79 152

4/28/15 0:00 2.56 2.56 0.97 0.78 154
5/18/15 0:00 2.52 2.52 .0.96 0.77 156

..... .. . 0 :00: 2.-. .... ....... . .. 2.5 •:.9 0. . 7. 15

6f7/15 0:00 2.49 2.49 0.94 0.76 158

•6/27/15 0:00 2.46 2.46 0.93 0.75 160
7/17/15 0:00 2.43 2.43 0.92 0.74 162
.8/6/15 0:00 2.40 2.40 0.91 0.73 164
8/26/15 0:00 2.38 2.38 0.90 0.72 166
9/15/15 0:00 2.35 2.35 0.89 0.71 168

.... ... ... . .."..::. 2. 33 ,0 . . . 8 0 .71

10/5/15 0:00 ... 2.33 ........ 2.33 0.88 0.71 170
10/25/15 0:00 2.30 2.30 0.87 0.70 171
11/14/15 0:00 2.28 2.28 0.86 0.69 173
12/4/15 0:00 2.26 2.26 0.85 0.69 175

12/24/15 0:00 2.23 _ 2.23 0.85 0.68 177
1/13/16 0:00 2.21 1 2.21 0.84 0.67 178
2/2/16 0:00 2.19 :••••••• 2.19 0.83 0.67 180.

.:2/22/16 0:00 2.17 2.17 0.82 ... 0.66 181
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Run date and time: various SFP Initial Water Temp = 80 F
,,_ SFP Initial Air Temp =_80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load ....Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Lbad (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 °F (Hours)
3/13/16 0:00 2.15 2.15 0.82 0.66 183
412/16 0:00 2.14 2.14 0.81 0.65 185

4/22/16 0:00 2.12 2.12 0.80 0.64 186
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Same date and timesteps with only the Cycle 32 Discharged Core

Pool File Heat
Load (Mbtu/hr)

Core
Offload

Heat Load
(Mbtulhr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)

Adiabatic
Heatup

Rate (FIHr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
°F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

- ottest tuel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
K1C32M17)Date and Time

t K '~ - _________ -I-
518113 0:00 32.25 32.25 12.22 9.81 12.2 0.386
5/8/13 8:00 28.23 28.23 10.69 8.58 14.0 0.338

5/8/13 16:00 26.62 26.62 10.08 8.10 14.8 0.319
5/9/13 0:00 25.39 25.39 9.62 7.72 15.5 0.304
5/9/13 8:00 24.36 24.36 9.23 7.41 16.2 0.292

5/9/13 16:00 23.45 23.45 8.88 7.13 16.8 0.281
5/10/13 0:00 22.62 .22.62 8.57 6.88 17.4 0.271
5/10/13 8:00 21,868 21.86 8.28 6.65 18.1 0,262
5/10/13 16:00 21.15 21.15 8.01 6.43 18.7 0.253
5/11/13 0:00 20.50: 20.50 7.77 6.24 19.2 0.246
5/11/13 8:00 19.90 19.90 7.54 . 6.05 . . 19.8 -0.238

5/11/1.3 16:00 19.33 19.33 7.32 5.88 20.4 0.232
5/12/13 0:00 18.81 18.81 7.12 5.72 21.0 0.225
5/13/13.0:00 17.44 17.44 6.61 5.30 22.6 0.209
5/14/13 0:00 16.30 16.30 6.17 4.96 24.2 0.195
5/15/13 0:00 15.34 15.34 5.81 4,67 25.7 0.184
5116/13 0:00 14.52 14.52 5.50 4.42 27.2 0.174
5/17/13 0:00 .13.81 . .13.81 5.23 4.20 .28.6 0.165
5/18/13 0:00 13.19: 13.19 5.00 4.01 29.9 0.158:
•5/19/13 0:00 12.65. 12.65 4.79 3.85 31.2 0.151
5/20/13 0:00 12.16 12.16 4.61 3.70 32.4 0.146
5/21/13 0:00 11.73 11.73 4.44 3.57 33.6 0.140
5/22/13 0:00 11.34 11.34 4.30 3.45 34.8 0.136
5/23/13 0:00 10.99 10.99 4.16 3.34 35.9 0.132
5/24/13 0:00 10.67 10.67 4.04 3.25 37.0 0.128
5/25/13 0:00 10.38 1...... .. 0.38 3.93 3.16 38.0 0.124
5/26/13 0:00 10.11 10.11 3.83 3.08 39.0 0.121
5/27/13 0:00 9.87 9.87 3.74 3.00 40.0 0.118
5/28/13 0:00 9.64 9.64 3.65 2.93 40.9 0.115
5/29/13 0:00 9.43 9.43 3.57 2.87 41.8 0.113
5/30/13 0:00 9.24 9.24 3.50 2.81 42.7 0.111

M
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Same date and timesteps With only the Cycle 32 Discharged Core

Core
Off load

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)
Pool File Heat
Load (Mbtu/hr)

Adiabatic
Heatup

Rate (F/Hr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
"F (Hours)..

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

" Hottest fuel assembly
approximation includes

fraction of one assembly to
core (11121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
K!C32M17)Date and Time

*.r. .*** it -+ -. -t .1. I. I

5131113 0:00 9.06 9.06 3.43 2.75 43.6 0.10fl
6/1/13 0:00 8.88 8.88 3.37 2.70 44.4 0.106
6/3/13 0:00 8.57 8.57 3.25 2.61 46.0 0.103
6/5/13 0:00 8.29 8.29 3.14 2.52 47.6 0.099
6V7/13 0:00 8.04 8.04 3.04 2.44 49.1 0.096
6/9/13 0:00 7.80 7.80 2.96 2.37 50.6 0.093

6/11/13 0:00 7.59 7.59 ......2.87 2.31:: 52.0 0.091
6/13/13 0:00 7.38 .7.38 2.80 2.25 53.4 0.088
6/15/13 0:00 7.19 7,19 ....19 2.72 2.19 54.9 0.086
6/17/13 0:00 7.01 7.01 2.66 2.13 56.3 0.084
6/19/13 0:00 6.84 6.84 2.59 2.08 57.7 0.082
6/21/13 0:00 6.68 6.68 2.53 2.03 59.1 0.080
6/25/13 0:00 6.38 6.38 2.42 1.94 61.9 0.076
6/29/13 0:00 6.11 6.11 2.31 1.86 64.6 0.073
7/3/13 0:00 ,5.86 5.86 2.22 1.78 67.3 0.070
7/7/13 0:00 5.64 5.64 2.14 1.72 70.0 0.068

7/11/13 0:00 5.43 5.43 2.06 1.65 72.6 0.065
7/15/13 0:00 5.24 5.24 1.99 1.59 75.2 0.063
7/19/13 0:00 5.07 5.07 1.92 1.54 77.8 0.061
7/23/13 0:00 4.91 4.91 1.86 1.49 80.4 0.059
7/27/13 0:00 4.76 4.76 1.80 1.45 83.0 0.057
8/6/13 0:00 4.42 4..442 1.67 1.34: 89.3 0.053

8/16/13 0:00 4.13 4.13 1.56 1.26 95.5 0.049
8/26/13 0:00 3.88 3.88 .1.47 1.18 101.7 0.046
9/5/13 0:00 3.66 3.66 1.38 1.11 107.9 0.044

9/15/13 0:00 3.46 3.46 1.31 1.05 114.2 0.041
9/25/13 0:00 3.27 3.27 1.24 1.00 120.5 0.039
10/5/13 0:00 3.11 3.11 1.18 0.95 126.9 0.037

10/15/13 0:00 2.96 2.96 1.12 0.90 133.4 0.035
10/25/13 0:00 2.82 2.82 1.07 0.86 140.0 0.034
11W4/13 0:00 2.69 2.69 1.02 0.82 146.6 0.032

m

z
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Same date and timesteps with only the Cycle 32 Discharged Core

Core
Offload

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)
Pool File Heat
Load (Mbtu/hr)

Adiabatic
Heatup

Rate MF/Hr)

Best
Estimate
Heatup

Rate (F/Hr),

Best
Estimate

Time to 200
°F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

- Hottest fuel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
. . K1C32M17)Date and Time

I IZ9*l 13 U:UU 2.46• 2.45 0.93 0.75 160.1 0-nan
12114/13 0:00 2.27 2.27 0.86 0.69 173.7 0.027
1/3/14 0:00 2.10 2.10 0.80 0.64 187.5 0.025

1/23/14 0:00 1.96 1.96 0.74 0.60 201.3 0.023
2/12/14 0:00 1.84 1.84 0.70 0M56 215.0 0.0223/4/14 0:00 1.73 1.73 0.65 0.52 228.6 0.021
3/24/14 0:00 1.63 1.63 0.62 .0.50 242.2 0.020
4/13/14 0:00 1.54 1.54 0.58 0.47 255.6 0.018
5/3/14 0:00 1.47 1.47 0.56 0.45 269.1 0.018
5/23/14 0:00 1.40 1.40 0.53 0.42 282.5 0.017
6/12/14 0:00 1.33 1.33 0.51 .0.41 295.9 :0.016
7/2114 0:00 1.28 1.28 0.48 0.39 309.4 0.015

7/22114 0:00 1.22 1.22 0.46 0.37 323.0 0.015
8/11/14 0:00 1.17 1.17 0.44 .0.36 336.7 0.014
8/31/14 0:00 1.13 1.13 0.43 0.34 350.6 0.013
9/20/14 0:00 1.08 1.08 0.41 0.33 364.8 0.013
10/10/14 0:00 1.04 1.04 0.39 0.32 379.2 0.012
10/30/14 0:00 1.00 1.00 0.38 0.30 394.0 0.012
11/19/14 0:00 0.97 0.97 0.37 0.29 408.5 0.012
12/9/14 0:00 0.93 0.93 0.35 0.28 423.1 0.011

12/29/14 0:00 0.90 0.90 0.34 0.27 438.1 :0.011
1/18/15 0:00 0.87 0.87 0.33 0.26 453.3 0.010
2/7/15 0:00 0.84 0.84 0.32 0.26 468.6 0.010

2/27/15 0:00 0.81 0.81 0.31 0.25 484.2 .0.010
3/19/15 0:00 0.79 0.79 0.30 0.24 500.0 0.009
4/8/15 0:00 0.76 0.76 0.29 0.23 516.1 0.009

4/28/15 0:00 0.74 0.74 0.28 0.23 532.4 0.009
5/18/15 0:00 0.72 0.72 0.27 0.22 549.0 0.009
6/7/15 0:00 0.70 0.70 0.26 0.21 565.8 0.008

6/27/15 0:00 0.68 0.68 0.26 0.21 582.8 0.008
7/17/15 0:00 0.66 0.66 0.25 0.20 600.0 0.008

m

z
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Same date and timesteps with only the Cycle 32 Discharged Core

Pool File Heat
Load (Mbtu/hr)

Core
Off load

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)

Adiabatic
Heatup

Rate (FWHr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
*F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

** Hottest fuel assembly
approximation includes

fraction of one assembly to
.core. (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
K1C32M17)Date and Time I

8/6/15 0:00 0.64 0.64 0.24 0.1 R 617,5 0.008l
8/26/15 0:00 0.62 0.62 0.24 0.19 635.1 0.007
9/15/15 0:00 0.60 0.60 0.23 0.18 653.0 0.007
10/5/15 0:00 0.59 0.59 0.22 0.18 671A1 0.007

10/25/15 0:00 0.57 0.57 0.22 0.17 689.4 0.007
11/14/15 0:00 0.56 0.56 0.21 0.17 707.9 0.007
12/4/15 0:00 0.54 0.54 0.21 0.17 726.6 0.007

12/24115 0:00 0.53 0.53::: • 0.20 0.16 745.5 0.006
1/13/16 0:00 0.52 0.52 V020 0.16 764.7 0.006
2/2/16 0:00 0.50 0.50 0.19 0.15 784.0 0;006

2/22/16 0:00 0.49 0.49 0.19 0.15 803.6 0.006
3/13/16 0:00 0.48 0.48 0.18 0.15 823.4 0.006
4/2/16 0:00 0.47 . ' 0.47 0.18 0.14 843.3 0.006

4/22/16 0:00 0.46 0.46 0.17 0.14 863.5 0.005

M
-1
171
z
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" Procedure ER-AA-RXE-103 Spent Fuel Pool Heatup

" HEATUP code runs for all fuel assemblies residing in the SFP (1079

fuel assemblies): One run starts 5/8/2013, next run starts

10/30/2014

" KIEOC32b.PRT input file

" Data table with both runs of data merged (5/8/13 run and the

10/30/14 run)

* HEATUP code runs for only the recently discharged (121) fuel

assemblies residing in the SFP (Cycle 32 Core Offload): One run

starts 5/8/2013, next run starts 10/30/2014

* C32Disch.PRT input file

" Data table with both runs of data merged (5/8/13 run and the

10/30/14 run)

* Table of Comparison of Decay Heat Values
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Nuclear Fleet

L Dominion Administrative Procedure

Title: Spent Fuel Pool Heatup

Procedure Number Revision Number Effective Date and

ER-AA-RXE-1 03 1 Approvals On File

Revision Summary

Revised to add the following that did not transfer from NF-AA-RXE-1 03:

* 3.1 NOTE - "Performance of Step 3.1.4 is optional in the performance of Subsection 3.1."
* Added Step 3.1.3 - "Transfer of fuel from ISFSI to spent fuel pool - update should be performed prior

to transferring fuel to spent fuel pool, raises decay heat load."
* Added Step 3.1.4 - "Transfer of fuel to ISFSI (or off-site) - update optional, lowers decay heat load."

's~~L~ ;0c 3CW)LlQM~r1S3^S)

KlIv-_ 3 76 Z 615A- ( A -, CJI 10-79 f-pe-- clsem -s

Functional Area Manager: Manager Nuclear Systems Engineering
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>,) PURPOSE
The purpose of this document is to provide guidance to Reactor Engineers for the
generation of the spent fuel pool (SFP) heatup plots as required for the response to
INPO IER L1-11-2, Recommendation 3.

INPO IER LI -11-2, Recommendation 3, requires the following:

Establish, for all plant conditions, the time for the SFP to reach 200°F (bulk
temperature) in the event that normal cooling-is lost. Maintain this information in a
format that is readily available in the control room and emergency response facilities.
This time is intended for information purposes only in case a sustained loss of SFP
cooling or inventory occurs.

5 SCOPE

This procedure is only applicable for the generation of spent fuel pool heatup plots as
required for the response to INPO LI-IER 11-2, Recommendation 3.

•3 INSTRUCTIONS

N ENon-irradiated new fuel assemblies have NO decay heat. Therefore, it is NOT necessary to
update the spent fuel pool heatup plot when new fuel assemblies are added to the pool.

(• Removal of spent fuel assemblies from the pool results in a lower decay heat loading and a
longer (more conservative) heatup time. Therefore, it is NOT required to update the spent
fuel pool heatup plot when fuel is removed from the pool.

Q• Performance of Step 3.1.4 is optional in the performance of Subsection 3.1. I

Reactor
Engineer

WHEN any of the following events occur, THEN UPDATE the spent fuel pool heatup
plot:

3.1.1 Refueling - update required prior to core offload or core shuffle, raises decay
heat load.

Mid-cycle core offload - update should be performed prior to core offload,
. raises decay heat load.

3.1.3 Transfer of fuel from ISFSI to spent fuel pool - update should be performed
prior to transferring fuel to spent fuel pool, raises decay heat load.

3.1.4 Transfer of fuel to ISFSI (or off-site) - update optional, lowers decay heat
load.

CREATE the ShuffleWorks input (.PRT) file using site specific guidance in
Attachment 1 or 2 as appropriate.

I

INFORMATION USE
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(';W)The decay heat load from the Millstone 2 consolidated fuel storage boxes have been

previously evaluated as insignificant (Ref. 5.4.2). It is NOT necessary to include the
consolidated fuel storage boxes in the 'input (.PRT) file.

REVIEW the input (.PRT) file for the following attributes:

i•~Configuration file (.FIG) is correct.

,, ate and Time are correct.

0 r radiated fuel assembly discharge date, burnup or enrichment are NOT.NI L. "

Compare a sample (e.g., 20 to 25) of different batch fuel assembly burnup
x values to a controlled document (i.e., a calculation or engineering

technical evaluation) to ensure that measured burnup values are correct.

3 SELECT HEATUP_PO1.xlsm and CLICK "Open".

"• CLICK the "Read Only" button when prompted for a password.

CLICK the "OK" button when the "Make sure EXCEL has macros enabled" message
appears.

18 ENSURE that the 'Version Check" says "Version OK."

A "CHECK VERSION" message will appear if the HEATUP last saved date and time does

NOT agree within 12 hours of the date and time embedded in the code at the time of code
release, or if the file name is NOT HEATUPP01.xlsm. This may mean that the user saved
a personal version of the HEATUP spreadsheet and reopened it later. The HEATUP code
can NOT verify that the code version is valid unless the name and save date and times
match.

IF a"CHECK VERSION" message appears, THEN CLOSE the EXCEL spreadsheet
and OBTAIN a copy of the HEATUP_P01 .xlsm spreadsheet from a controlled source
(i.e., Nuclear Core Design).

fSELECT the fuel pool to be updated in the "Select Fuel Pool" list.

INFORMATION USE
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ENTER "User Input Data" as follows:

( N The start date and time is entered in cell F15 in the HEATUPP01 spreadsheet in the
/- format M/D/YY hh:mm.

N The default start time is the date and time when the HEATUP spreadsheet was opened.

N.E The start date and time is important if modeling the refueling outage core offload and
onload.

( ENTER the start date and time for the start of the 540 day look-ahead
0 resident fuel decay heat calculation.

N E:Temperature values less than 60°F and greater than 150°F will cause a "CHECK VALUE"
X message to appear.

( The initial pool temperature and initial air temperature values affect the information in the
.. 5"Heatu p_Rate_Plot' and "HeatupPlot_2" plots.

.ý02IF desired, THEN ENTER the initial pool temperature value (default value
'is 800F).

,3IF desired, THEN ENTER the initial air temperature value (default value
.- is 80OF).

CLICK on the "Read Fuel File and Calculate" button. A Windows Explorer pop-up
ill appear.

.1.lSELECT the directory containing the ShuffleWorks input (.PRT) file that was
created using the appropriate attachment.

0 N .'f the input (.PRT) file is successfully read, a screen will appear that shows the progress of
ýthe heat load calculation.

CA ON:ý'L EATUPP01 does NOT perform any checks to verify that the fuel file matches the spent
fuel pool selected.

(3.• .2SELECT the ShuffleWorks input (.PRT) file that was created using the
appropriate attachment.

INFORMATION USE
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0 IF the selected input file contains invalid data ("Error in Pool file data" error
message will appear), THEN PERFORM the following:

a. CLICK on the "OK" button to clear the error message.

b. REVIEW the input (.PRT) file to determine and correct the invalid data.

N The default values for the core offload and onload parameters are estimates and are
different for each plant.

( The core offload is modeled such that fuel movement starts at the date and time entered for
) the start of the pool decay heat calculation (Step 3.9.1). The decay time prior to offload

starts before the start date and time. The shutdown date and time is the start date and time
minus the decay time prior to offload and is shown in the blue header bar.

( N-E:Any changes to the start date and time values will require that the "Read Fuel File and
SCalculate" step be repeated (Step 3.10).

64I F desired to model the core offload and onload, THEN PERFORM the followina,

3.11.1 REQUEST Nuclear Core Design to provide the following information: 1'•//

" Discharge batch enrichment (in w/o U-235)

" End-of-Cycle discharge batch burnup (in MWD/MTU)

" Core average enrichment (in w/o U-235)

" End-of-Cycle core average batch burnup (in MWD/MTU)

3.11.2 ENTER the expected decay time prior to core offload.

3.11.3 ADJUST the start date and time as required to make the core shutdown date
and time agree with the actual core shutdown date and time.

3.11.4 ENTER the HIGHEST expected fuel pool temperature for the core offload in
the "initial pool temperature" field.

3.11.5 ENTER the values for the remaining refueling outage parameters.

3.11.6 CLICK on the "Simulate Refueling Outage" button.

c• REVIEW the "Input File Data" for the following:

.1 'Input File Datef~ime" is consistent with the date and time of the
';hShuffleWorks input (.PRT) file that was created using the appropriate

attachment.

INFORMATION USE
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pool (e.g., failed rod storage baskets, consolidated fuel storage boxes).

.2Burned Assemblies" value agrees with the number of fuel assemblies

urrently stored in the spent fuel pool.

.3 "Minimum cooling time" and "Maximum cooling time" values are reasonable
considering the start date and time, and the discharge times of fuel
assemblies stored in the fuel pool.

• REVIEW the output data and plots for reasonable behavior by comparison against
previously approved output data and plots.
CHECK that the labeling of the HEATUP plots are correct for the selected unit.

. PERFORM ONE of the following:

F1 modeling core offload and reload, THEN PRINT "Heatup Plot 2".

.1 IF performing non-core offload update, THEN PRIN Heatup Plot_ ".

3. S1 and DATE "HeatupPlot 1" or "Heatup_Plot_2".
REQUEST that a second reactor engineer perform a Peer Review of the inputs and

utputs of the HEATUP calculation in accordance with DNES-AA-GN-1001,
Engineering Reviews.

Peer Reviewer SIGN and DATE "Heatup_Plot l" or "Heatup_Plot_2" as reviewer.

Reactor 9 DISTRIBUTE signed and dated copies of "HeatupPlotl" or "HeatupPlot 2" to:
Engineer - Main Control Room Ao N QIS or" .'iEfT6

. Technical Support Center

- Emergency Operations Facility

RECORDS

The following record(s) completed as a result of this procedure are required to be
transmitted to Nuclear Document Management (NDM). The records have been
identified and retention requirements established for the Nuclear Records Retention
Schedule (NRRS) per RM-AA-101, Record Creation, Transmittal, and Retrieval.

X;E5Quality Assurance Records

/"atup_Plot_1)r "HeatupPlot 2"

Site-Specific Heat-up Curves

E 2 on-Quality Assurance Records

None
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The following record(s) completed as a result of this procedure are NOT required to
be transmitted to Nuclear Document Management (NDM), but are required to be
retained as indicated below. The NRRS has been updated and Alternate Storage
approved per RM-AA-101 for Quality Assurance Records.0Quality Assurance Records

None

ýI on-Quality Assurance Records

None

0• The following item(s) completed as a result of this procedure are NOT records and
are NOT required to be transmitted to Nuclear Document Management (NDM).

None

(S ADMINISTRATIVE INFORMATION

j• Commitments

None

' Responsibilities

• Reactor Engineers

Reactor Engineers are responsible to apply the guidance in this procedure
to generate the updated spent fuel pool heatup plots when specified by this
procedure.

0 Nuclear Analysis and Fuel

Nuclear Analysis and Fuel is responsible to maintain and update the
HEATUP computer code and to ensure that the ShuffleWorks neutronics
data files accurately reflect the inventory, discharge dates, initial
enrichments and measured burnup values of spent fuel assemblies stored in
the spent fuel pool.

5 Definitions

None

L04 References

5.4.1 INPO Event Report L1-11-2, dated 4/25/2011, Fukushima Daiichi Nuclear
Station Spent Fuel Pool Loss of Cooling and Makeup

5.4.2 Calculation No. PM-1442, Rev. 1, HEATUP Version 1 Spent Fuel Pool
Heatup Computer Code

5.4.3 ETE-NAF-2011-0104, HEATUPP01 Code Release

5.4.4 DNES-AA-GN-1001, Engineering Reviews
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ATTACHMENT I

(Page 1 of 1)

Millstone and Kewaunee Power Station PRT file Generation Guidance

NOTE: ShuffleWorks version 5.0.050106 (or later) is required to create the input (.PRT) file.

NOTE: Performance of this procedure requires a good working level of knowledge of the
ShuffleWorks program.

NOTE: The "General Assembly Information" (.GAI) file and the 'Configuration' (.FIG) file are used
by ShuffleWorks to create the input (.PRT) file at MPS.

NOTE: The "General Assembly Information" (.GAI) file may contain additional data, in addition to
the required data specified below.

1. Ensure that a ShuffleWorks "General Assembly Information" (.GAI) file is available that contains at a
minimum the following information for all irradiated fuel assemblies stored in the spent fuel pool for the
desired plant:

a. Fuel assembly identification serial number.

b. Offload date when fuel assembly was discharged from core.

c. Fuel assembly initial enrichment (weight percent U-235).

CAUTION: The measured fuel assembly burnup values used to generate the input (.PRT) file must NOT
be reduced to account for measurement uncertainties.

d. Measured fuel assembly Burnup.

2. Start ShuffleWorks.

3. Load the data file for the desired plant and current operating cycle.

4. Display the current spent fuel pool.

CAUTION: Failure to select all spent fuel assemblies stored in the spent fuel pool will result in a
non-conservative decay heat load calculation.

5. Using the "Utility" function, highlight all fuel assemblies in the spent fuel pool.

6. Select the "Reports" function.

7. Select the "Save User Report" option.

8. Enter a descriptive file name in the pop-up box (e.g., SPS Pool Data July 2011 or KPSC30 July 2011).

9. Select the plant specific "Assembly data for HEATUP code" report option to create the input (.PRT) file.

10. Open the input (.PRT) file created in step 9 with a text editor (e.g., Wordpad or Notepad) or Excel. GO
TO Step 3.2.1.
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ATTACHMENT 2
(Page 1 of 2)

North Anna and Surry Power Stations PRT file Generation Guidance

NOTE: ShuffleWorks version 5.0.050106 (or later) is required to create the input (.PRT) file.

NOTE: Performance of this portion of the procedure requires a good working level of knowledge of
the ShuffleWorks program.

NOTE: The "General Assembly Information" (.GAI) file, "Neutronics Information" (.NEU) File and
the 'Configuration' (.FIG) file are used by ShuffleWorks to create the input (.PRT) file at the
Virginia Units.

NOTE: The "General Assembly Information" (.GAI) file may contain additional data, in addition to
the required data specified below.

1. Ensure that the status of the Configuration (.FIG) file is appropriate for determining the SFP fuel
inventory.

2. Ensure that a ShuffleWorks "General Assembly Information" (.GAI) file is available that contains at a
minimum the following information for all irradiated fuel assemblies stored in the spent fuel pool for the
desired plant:

a. Fuel assembly identification serial number.

b. Shutdown date when fuel assembly was discharged from core.

3. Ensure that a ShuffleWorks "Neutronics Information" (.NEU) File is available that contains at a minimum
the following information for all irradiated fuel assemblies stored in the spent fuel pool for the desired
plant:

a. Fuel assembly identification serial number.

b. Fuel assembly initial enrichment (weight percent U-235).

c. Measured (best estimate) fuel assembly Burnup.

4. Start ShuffleWorks.

5. Load the data and plant information files for the desired plant and current operating cycle.

CAUTION: Failure to select all spent fuel assemblies stored in the spent fuel pool will result in a
non-conservative decay heat load calculation.

6. Select the "Reports" function.

7. Select the "Save User Report" option.

8. Enter a descriptive file name in the pop-up box (e.g., SPS Pool Data July 2011 or KPSC30 July 2011).

9. Select the plant specific "Assembly data for HEATUP code" report option to create the input (.PRT) file.

INFORMATION USE
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10. When Prompted to select assemblies for this report, select yes.

11. Choose to select items interactively.

12. Select the Spent Fuel Pool ICA.

13. Right click in the Spent Fuel Pool Display.

14. Choose 'Select Region'.

15. Left click and hold in the Spent Fuel Pool Display to drag a box around all items in the Spent Fuel Pool.

16. When all items are selected, select done.

17. When Prompted to save the items to a file, click no.

18. Open the input (.PRT) file created by the performance of this attachment with a text editor (e.g.,
Wordpad or Notepad) or Excel. GO TO Step 3.2.1.

INFORMATION USE
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HEATUP Version 1 Output Data
I-put"Fle Data

File Date/Time: 11/28112 8:26
Fig File: CYCLE32.fig
Print File: KIEOC32b.PRT
Burned Assemblies: 1079
Minimum cooling time: 1.0 Days
Maximum cooling time: 37.2 Years SFP Initial Water Temp = 80°F

Run date and time: 7/10/2013 8:18:45 AM SFP Initial air Temp = 80 0F
SFP Initial Air Temp -- 80OF

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 'F
Date and Time (Mbtu/hr) (Mbtulhr) (Mbtu/hr) (F/Hr) (F/IHr) (Hours)

518/13 0:00 34.88 34.88 13.21 10.51 11.3
5/8/13 8:00 30.85 30.85 11.69 9.38 12.8
5/8/13 16:00 29.24 29.24 11.08 8.89 13.5
5/9/13 0:00 28.01 28.01 10.61 8.52 14.1
5/9/13 8:00 26.98 26.98 10.22 8.21 14.6

5/9/13 16:00 26.07 26.07 9.87 7.93 15.1
5/10/13 0:00 25.24 25.24 9.56 7.68 15.6
5/10/13 8:00 24.48 24.48 9.27 7.44 16.1
5/10/13 16:00 23.77 23.77 9.01 7.23 16.6
5/11/13 0:00 23.12 23.12 8.76 7.03 17.1



S&L CaIc. No. 2013-11284, Rev. 0
Project No. 11862-198
Affner-hmnt 17 D:)mn= tf rf Rn

Prepared 7/10/2013 8:19 AM Page 2 of 3

HEATUP Version 1 Output Data

Figl File: CYCLE32.fig

Print File: KIEOC32b.PRT
Burned Assemblies: 1079
Minimum cooling time: 1.0 Days
Maximum cooling time: 37.2 Years

SFP Initial Water Temp = 80°F
Run date and time: 7/10/2013 8:18:45 AM SFP Initial atr Temp = 80OF

SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 °F
Date and Time (Mbtufhr) (Mbtulhr) (Mbtulhr) (F/Hr) (F/Hr) (Hours)

5111113 8:00 22.61 22.51 8.53 6.85 17.5
5111/13 16:00 21.95 21.95 8.31 6.68 18.0
5/12/13 0:00 21.43 21.43 8.12 6.52 18.4
5/13/13 0:00 20.05 20.05 7.60 6.10 19.7
5/14113 0:00 18.91 18.91 7.16 5.75 20.9
5115113 0:00 17.95 17.95 6.80 5.46 22.0
5/16/13 0:00 17.13 17.13 6.49 5.21 23.0
5/17113 0:00 16.42 16.42 6.22 4.99 24.0
5118/13 0:00 15.80 15.80 5.98 4.80 25.0
5119113 0:00 15.25 15.25 5.78 4.64 25.9
5/20113 0:00 14.76 14.76 5.59 4.49 26.7
5121/13 0:00 14.33 14.33 5.43 4.36 27.5
5/22/13 0:00 13.94 13.94 5.28 4.24 28.3
5/23113 0:00 13.58 13.58 5.15 4.13 29.0
5/24/13 0:00 13.26 13.26 5.02 4.03 29.8
5/2513 0:00 12.97 12.97 4.91 3.94 30.4
5/26(13 0:00 12.70 12.70 4.81 3.86 31.1
5/27/13 0:00 12.45 12.45 4.72 3.79 31.7
5/28113 0:00 12.22 12.22 4.63 3.72 32.3
5129/13 0:00 12.01 12.01 4.55 3.65 32.9
5/30113 0:00 11.81 11.81 4.47 3.59 33.4
5/31113 0:00 11.63 11.63 4.40 3.54 33.9
6/1113 0:00 11.46 11.46 4.34 3.48 34.4
6/3/13 0:00 11.14 11.14 4.22 3.39 35.4
6/5/13 0:00 10.85 10.85 4.11 3.30 36.4
6/7113 0:00 10.60 10.60 4.01 3.22 37.2
6/9/13 0:00 10.36 10.36 3.92 3.15 38.1
6/11(13 0:00 10.14 10.14 3.84 3.08 38.9
6/13113 0:00 9.93 9.93 3.76 3.02 39.7
6/15/13 0:00 9.74 9.74 3.69 2.96 40.5
6117113 0:00 9.55 9.55 3.62 2.90 41.3
6119/13 0:00 9.38 9.38 3.55 2.85 42.1
6121/13 0:00 9.21 9.21 3.49 2.80 42.8
6/25(13 0:00 8.90 8.90 3.37 2.71 44.3
6129/13 0:00 8.63 8.63 3.27 2.62 45.7
7/3/13 0:00 8.37 8.37 3.17 2.55 47.1
717/13 0:00 8.14 8.14 3.08 2.48 48.5
7/11113 0:00 7.93 7.93 3.00 2.41 49.8
7/15/13 0:00 7.73 7.73 2.93 2.35 51.0
7/19/13 0:00 7.55 7.55 2.86 2.30 52.3
7/23/13 0:00 7.38 7.38 2.79 2.24 53.5
7/27/13 0:00 7.22 7.22 2.73 2.20 54.7
8/6/13 0:00 6.86 6.86 2.60 2.09 57.5
8/16/13 0:00 6.56 6.56 2.48 1.99 60.2
8/26/13 0:00 6.29 6.29 2.38 1.91 62.8
9(5/13 0:00 6.05 6.05 2.29 1.84 65.2
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HEATUP Version 1 Output Data

File Date/Time 11/28/12 8:26

Fig File: CYCLE32.fig
Print File: KI EOC32b.PRT
Burned Assemblies: 1079
Minimum cooling time: 1.0 Days
Maximum cooling time: 37.2 Years

SFP Initial Water Temp -- 80°F
Run date and time: 7110/2013 8:18:45 AM SFP Initial atr Temp = 800 F

SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time " (Mbtu/hr) (Mbtu/hr) (Mbtu/hr) (F/Hr) (F/Hr) (Hours)

9/15/13 0:00 5.83 5.83 2.21 1.77 67.6
9/25/13 0:00 5.64 5.64 2.13 1.71 70.0
1015113 0:00 5.46 5.46 2.07 1.66 72.3
10115/13 0:00 5.29 5.29 2.00 1.61 74.6
10/25/13 0:00 5.14 5.14 1.95 1.56 76.8
11/4/13 0:00 4.99 4.99 1.89 1.52 79.0

11/24/13 0:00 4.74 4.74 1.80 1.44 83.3
12/14/13 0:00 4.52 4.52 1.71 1.37 87.3

113/14 0:00 4.32 4.32 1.64 1.32 91.2
1/23/14 0:00 4.15 4.15 1.57 1.26 95.0
2/12/14 0:00 4.01 4.01 1.52 1.22 98.5
3/4/14 0:00 3.87 3.87 1.47 1.18 101.9

3/24/14 0:00 3.75 3.75 1.42 1.14 105.1
4/13114 0:00 3.65 3.65 1.38 1.11 108.2
5/3114 0:00 3.55 3.55 1.35 1.08 111.1

5/23/14 0:00 3.46 3.46 1.31 1.05 114.0
6/12/14 0:00 3.38 3.38 1.28 1.03 116.7
7/2/14 0:00 3.30 3.30 1.25 1.00 119.4
7/22/14 0:00 3.23 3.23 1.22 0.98 122.0
8/11/14 0:00 3.17 3.17 1.20 0.96 124.6
8/31114 0:00 3.10 3.10 1.18 0.94 127.1
9M20/14 0:00 3.04 3.04 1.15 0.93 129.6
10/10/14 0:00 2.99 2.99 1.13 0.91 132.1
10/30/14 0:00 2.93 2.93 1.11 0.89 134.6
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Kewaunee Spent Fuel Pool Time to 2000F (No Coolers)
18 Month Projection, HEATUP Version 1
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Select Fuel
Pool File

Simulate
Refueling

Outage
Version Check

7/6/2011 11:09ourry
North Anna
Millstone 2
mI.= . ... -

HEATUPP01.xlsm

Version OK
I, m

This is a HEATUP Version 1
Kewaunee calculation

I
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Hours
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I. - - --
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HEATUP Version 1 Output Data

ilie DaterTime: 1172-8/12 8:26
:ig File: CYCLE32.f ig

Irint File: KI EOC32b.PRT
lurned Assemblies: 1079
linimum cooling time: 541.0 Days
laximum cooling time: 38.7 Years

SFP Initial Water Temp = 800 F
Run date and time: 7/10/2013 8:20:10 AM SFP Initial Air Temp = 8 of

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 IF
Date and Time (Mbtu/hr) (Mbtu/hr) (Mbtu/hr) (F/Hr) (F/Kr) (Hours)
10130/14 0:00 2.93 2.93 1.11 0.89 134.6
10/30/14 8:00 2.93 2.93 1.11 0.89 134.7
10/30114 16:00 2.93 2.93 1.11 0.89 134.7
10/31114 0:00 2.93 2.93 1.11 0.89 134.8
10/31/148:00 2.93 2.93 1.11 0.89 134.8

10/31114 16:00 2.93 2.93 1.11 0.89 134.8
11/1114 0:50 2.93 2.93 1.11 0.89 134.9
11/1/14 8:00 2.92 2.92 1.11 0.89 134.9
11/1114 15:00 2.92 2.92 1.11 0.89 135.0
11/2/14 0:00 2.92 2.92 1.11 0.89 135.0
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HEATUP Version 1 Output Data

File Date/Time: 11/28112 8:26
Fig File: CYCLE32.fi9

Print File: KIEOC32b.PRT
Burned Assemblies: 1079
Minimum cooling time: 541.0 Days
Maximum cooling time: 38.7 Years

SFP Initial Water Temp -- 80°F
Run date and time: 7/10/2013 8:20:10 AM SFP Initial air Temp = 80*F

SFP Initial Air Ternp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 °F
Date and Time (Mbtulhr) (Mbtu/hr) (Mbtulhr) (F/Hr) (F/Hr) (Hours)

11/2/14 8:00 2.92 2.92 1.11 0.89 135.0
11/2/14 16:00 2.92 2.92 1.11 0.89 135.1
11/3114 0:00 2.92 2.92 1.11 0.89 135.1
11/4114 0:00 2.92 2.92 1.11 0.89 135.2
11/5/14 0:00 2.92 2.92 1.10 0.89 135.3
11/014 0:00 2.91 2.91 1.10 0.89 135.5
11V7114 0:00 2.91 2.91 1.10 0.89 135.6
11/8/140:00 2.91 2.91 1.10 0.88 135.7
11/9/14 0:00 2.91 2.91 1.10 0.88 135.8

11/10/14 0:00 2.90 2.90 1.10 0.88 135.9
11/11/14 0:00 2.90 2.90 1.10 0.88 136.0
11/12/14 0:00 2.90 2.90 1.10 0.88 136.2
11/13/14 0:00 2.90 2.90 1.10 0.88 136.3
11/14/14 0:00 2.89 2.89 1.10 0.88 136.4
11/15/14 0:00 2.89 2.89 1.09 0.88 136.5
11/16114 0:00 2.89 2.89 1.09 0.88 136.6
11/17/14 0:00 2.89 2.89 1.09 0.88 136.7
11/18/14 0:00 2.88 2.88 1.09 0.88 136.8
11/19/14 0:00 2.88 2.88 1.09 0.88 137.0
11/20/14 0:00 2.88 2.88 1.09 0.88 137.1
11/21/14 0:00 2.88 2.88 1.09 0.87 137.2
11/22/14 0:00 2.87 2.87 1.09 0.87 137.3
11/23/14 0:00 2.87 2.87 1.09 0.87 137.4
11/25/14 0:00 2.87 2.87 1.09 0.87 137.7
11/27/14 0:00 2.86 2.86 1.08 0.87 137.9
11/29/14 0:00 2.86 2.86 1.08 0.87 138.1
12/1/14 0:00 2.85 2.85 1.08 0.87 138.3
12/3/14 0:00 2.85 2.85 1.08 0.87 138.6
12/5/14 0:00 2.84 2.84 1.08 0.86 138.8
1217/14 0:00 2.84 2.84 1.08 0.86 139.0
1219/14 0:00 2.83 2.83 1.07 0.86 139.3

12/11/14 0:00 2.83 2.83 1.07 0.86 139.5
12/13/14 0:00 2.82 2.82 1.07 0.86 139.7
12/17/14 0:00 2.82 2.82 1.07 0.86 140.2
12/21/14 0:00 2.81 2.81 1.06 0.85 140.6
12/25/14 0:00 2.80 2.80 1.06 0.85 141.1
12/29/14 0:00 2.79 2.79 1.06 0.85 141.5

1/2/15 0:00 2.78 2.78 1.05 0.85 142.0
1/6/15 0:00 2.77 2.77 1.05 0.84 142.4
1/10/15 0:00 2.76 2.76 1.05 0.84 142.9
1/14/15 0:00 2.75 2.75 1.04 0.84 143.3
1118/15 0:00 2.74 2.74 1.04 0.83 143.7
126/15 0:00 2.72 2.72 1.03 0.83 144.8
2/7/15 0:00 2.70 2.70 1.02 0.82 145.9
2117/15 0:00 2.68 2.68 1.02 0.82 147.0
2/27/15 0:00 2.66 2.66 1.01 0.81 148.1
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HEATUP Version 1 Output Data

File Date/Time: 11/28112 8:26
Fig File: CYCLE32.fig
Print File: K1EOC32b.PRT
Burned Assemblies: 1079
Minimum cooling time: 541.0 Days
Maximum cooling time: 38.7 Years

Run date and time: 7/10/2013 8:20:10 AM SFP Initial Water Temp = 80F
SFP Initial Air Temp = 80°F

Core
Pool File Heat Off load Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtulhr) (Mbtu/hr) (Mbtulhr) (F/Hr) (FIHr) (Hours)

3/9/15 0:00 2.65 2.65 1.00 0.80 149.2
3119/15 0:00 2.63 2.63 0.99 0.80 150.2
3/29115 0:00 2.61 2.61 0.99 0.79 151.3
4/8/15 0:00 2.59 2.59 0.98 0.79 152.3

4/18/15 0:00 2.57 2.57 0.97 0.78 153.4
4/28/15 0:00 2.56 2.56 0.97 0.78 154.4
5/18115 0:00 2.52 2.52 0.96 0.77 156.4
6/7/15 0:00 2.49 2.49 0.94 0.76 158.4

6/27/15 0:00 2.46 2.46 0.93 0.75 160.4
7/17/15 0:00 2.43 2.43 0.92 0.74 162.3
8/6/15 0:00 2.40 2.40 0.91 0.73 164.2

8/26/15 0:00 2.38 2.38 0.90 0.72 166.1
9/15/15 0:00 2.35 2.35 0.89 0.71 167.9
10/5/15 0:00 2.33 2.33 0.88 0.71 169.7

10/25/15 0:00 2.30 2.30 0.87 0.70 171.4
11/14/15 0:00 2.28 2.28 0.86 0.69 173.2
12/4/15 0:00 2.26 2.26 0.85 0.69 174.9

12/24/15 0:00 2.23 2.23 0.85 0.68 176.5

1/13/16 0:00 2.21 2.21 0.84 0.67 178.2
2/2/16 0:00 2.19 2.19 0.83 0.67 179.9

2/22116 0:00 2.17 2.17 0.82 0.66 181.5
3/13116 0:00 2.15 2.15 0.82 0.66 183.1
4/2/16 0:00 2.14 2.14 0.81 0.65 154.7
4/22/16 0:00 2.12 2.12 0.80 0.64 186.3
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Kewaunee Spent Fuel Pool Time to 200°F (No Coolers)
18 Month Projection, HEATUP Version 1
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(:ORIENTATION :PORTRAIT :CC T :TYPE :ASSEMBLY :TIME-STATE NIL :REPORT
"Assembly Data for HEATUP Code")
KPS Pool - Assembly Data for HEATUP Code

Fig File: CYCLE32.fig
Print File: KlEOC32b.PRT
Date: 11/28/2012 Time: 08:26

Assy ID Discharge Burnup Enrich
A01 01/17/1977 25.044 2.270
A02 03/17/1983 28.598 2.270
A03 04/20/1981 28.645 2.270
A04 04/09/1982 29.567 2.270
A05 01/17/1977 25.197 2.270
A06 04/09/1982 28.671 2.270
A07 04/09/1982 29.535 2.270
A08 01/17/1977 25.077 2.270
A09 02/14/1976 18.577 2.270
A10 04/09/1982 29.463 2.270
All 04/20/1981 27.001 2.270
A12 05/26/1979 29.365 2.270
A13 02/14/1976 19.123 2.270
A14 02/14/1976 18.623 2.270
A15 03/16/1984 27.943 2.270
A16 02/14/1976 18.660 2.270
A17 01/17/1977 24.483 2.270
A18 02/14/1976 18.388 2.270
A19 05/09/1980 26.996 2.270
A20 04/20/1981 27.145 2.270
A21 02/14/1976 19.119 2.270
A22 01/17/1977 24.631 2.270
A23 03/17/1983 29.054 2.270
A24 03/17/1983 29.003 2.270
A25 01/17/1977 24.611 2.270
A26 02/14/1976 18.664 2.270
A27 04/20/1981 27.019 2.270
A28 02/14/1976 18.404 2.270
A29 04/20/1981 27.055 2.270
A30 02/14/1976 18.643 2.270
A31 04/21/1978 29.274 2.270
A32 01/17/1977 24.611 2.270
A33 03/17/1983 27.910 2.270
A34 02/14/1976 18.635 2.270
A35 01/17/1977 25.105 2.270
A36 02/14/1976 19.136 2.270
A37 02/08/1985 28.389 2.270
A38 04/09/1982 29.581 2.270
A39 02/28/1986 30.492 2.270
A40 03/17/1983 28.952 2.270
A41 01/17/1977 25.011 2.270
A51 10/16/1998 39.914 3.800
A52 10/16/1998 40.708 3.800
A53 10/16/1998 40.585 3.800
A54 10/16/1998 38.751 3.800
A55 10/16/1998 40.390 3.800
A56 04/21/2000 48.199 3.800
A57 10/16/1998 40.258 3.800
A58 10/16/1998 38.762 3.800
A59 10/16/1998 39.762 3.800
A60 10/16/1998 38.754 3.800
A61 10/16/1998 40.318 3.800
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A62 04/21/2000 48.204 3.800
A63 10/16/1998 40.592 3.800
A64 10/16/1998 39.922 3.800
A65 04/21/2000 48.037 3.800
A66 10/16/1998 38.832 3.800
A67 10/16/1998 40.723 3.800
A68 10/16/1998 40.496 3.800
A69 04/21/2000 48.261 3.800
A70 10/16/1998 39.927 3.800
A72 04/21/2000 56.311 4.100
A74 04/21/2000 56.256 4.100
A77 09/23/2001 52.198 4.100
A79 04/21/2000 46.188 4.100
A80 04/21/2000 46.331 4.100
A81 04/21/2000 46.273 4.100
A83 09/23/2001 52.264 4.100
A84 09/23/2001 52.317 4.100
A85 09/23/2001 52.198 4.100
A88 04/21/2000 56.285 4.100
A89 04/21/2000 56.328 4.100
A90 04/21/2000 46.248 4.100
A91 04/21/2000 47.541 4.100
A92 04/21/2000 47.549 4.100
A93 04/21/2000 47.509 4.100
A94 04/21/2000 47.635 4.100
A95 04/21/2000 47.514 4.100
A96 04/21/2000 47.525 4.100
A97 04/21/2000 47.534 4.100
A98 04/21/2000 47.421 4.100
BOl 01/17/1977 26.771 3.040
B02 01/17/1977 29.334 3.040
B03 01/17/1977 26.839 3.040
B04 01/17/1977 27.224 3.040
B05 01/17/1977 27.639 3.040
B06 01/17/1977 26.773 3.040
B07 01/17/1977 27.804 3.040
B08 01/17/1977 27.533 3.040
B09 01/17/1977 28.944 3.040
BIO 01/17/1977 27.221 3.040
BIlI 01/17/1977 27.183 3.040
B12 01/17/1977 26.852 3.040
B13 01/17/1977 29.327 3.040
B14 01/17/1977 28.479 3.040
BI5 03/16/1984 35.750 3.040
B16 01/17/1977 27.790 3.040
B17 01/17/1977 28.406 3.040
B18 01/17/1977 28.464 3.040
B19 01/17/1977 27.738 3.040
B20 01/17/1977 27.237 3.040
B21 01/17/1977 27.227 3.040
B22 01/17/1977 26.791 3.040
B23 01/17/1977 29.374 3.040
B24 03/16/1984 35.743 3.040
B25 01/17/1977 27.145 3.040
B26 01/17/1977 26.865 3.040
B27 01/17/1977 27.122 3.040
B28 03/16/1984 35.795 3.040
B29 01/17/1977 28.504 3.040
B30 01/17/1977 26.888 3.040
B31 01/17/1977 27.748 3.040
B32 01/17/1977 26.882 3.040
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B33 01/17/1977 27.762 3.040
B34 01/17/1977 28.949 3.040
B35 01/17/1977 27.176 3.040
B36 01/17/1977 28.920 3.040
B37 01/17/1.977 27.664 3.040
B38 01/17/1977 28.903 3.040
B39 01/17/1977 29.375 3.040
B40 03/16/1984 35.827 3.040
B51 09/23/2001 47.425 4.100
B56 09/23/2001 39.194 4.100
B57 09/23/2001 47.452 4.100
B58 09/23/2001 47.493 4.100
B59 09/23/2001 47.461 4.100
B60 04/21/2000 39.699 4.100
B61 09/23/2001 39.349 4.100
B64 04/21/2000 39.554 4.100
B66 09/23/2001 47.446 4.100
B67 04/21/2000 39.705 4.100
B68 09/23/2001 '47.376 4.100
B70 04/21/2000 39.612 4.100
B71 09/23/2001 47.437 4.100
B72 09/23/2001 47.309 4.100
B73 09/23/2001 39.278 4.100
B74 09/23/2001 39.273 4.100
B75 09/23/2001 43.287 4.500
B76 09/23/2001 43.362 4.500
B77 09/23/2001 43.252 4.500
B78 09/23/2001 43.396 4.500
B79 09/23/2001 43.303 4.500
B80 09/23/2001 53.657 4.500
B81 09/23/2001 43.261 4.500
B82 09/23/2001 43.354 4.500
B83 09/23/2001 43.235 4.500
B84 09/23/2001 53.581 4.500
B85 09/23/2001 53.675 4.500
B86 09/23/2001 53.563 4.500
B87 09/23/2001 53.952 4.500
B88 09/23/2001 53.951 4.500
B89 09/23/2001 53.952 4.500
B90 09/23/2001 52.519 4.500
B91 09/23/2001 52.500 4.500
B92 09/23/2001 53.956 4.500
B93 09/23/2001 52.488 4.500
B94 09/23/2001 52.481 4.500
Col 04/21/1978 31.468 3.410
C02 04/21/1978 36.930 3.410
C03 04/21/1978 34.252 3.410
C04 04/21/1978 35.478 3.410
C05 04/21/1978 31.534 3.410
C06 04/21/1978 34.006 3.410
C07 04/21/1978 31.684 3.410
C08 04/21/1978 31.694 3.410
C09 04/21/1978 34.140 3.410
C01 04/21/1978 34.087 3.410
CIlI 04/21/1978 34.381 3.410
C12 04/21/1978 33.638 3.410
C13 04/21/1978 35.429 3.410
C14 04/21/1978 34.087 3.410
C15 04/21/1978 33.543 3.410
C16 04/21/1978 34.027 3.410
C17 04/21/1978 34.034 3.410
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C18 04/21/1978 36.680 3.410
C19 04/21/1978 31.450 3.410
C20 04/21/1978 35.380 3.410
C21 04/21/1978 34.039 3.410
C22 04/21/1978 34.268 3.410
C23 04/21/1978 34.057 3.410
C24 04/21/1978 37.091 3.410
C25 04/21/1978 31.693 3.410
C26 04/21/1978 34.403 3.410
C27 04/21/1978 34.086 3.410
C28 04/21/1978 37.085 3.410
C29 04/21/1978 36.963 3.410
C30 04/21/1978 33.669 3.410
C31 04/21/1978 34.041 3.410
C32 04/21/1978 33.544 3.410
C33 04/21/1978 34.391 3.410
C34 04/21/1978 35.492 3.410
C35 04/21/1978 34.125 3.410
C36 04/21/1978 37.140 3.410
C37 04/21/1978 31.784 3.410
C38 04/21/1978 37.173 3.410
C39 04/21/1978 31.629 3.410
C40 04/21/1978 36.802 3.410
C51 10/08/2004 42.399 4.040
C52 10/08/2004 51.224 4.040
C53 10/08/2004 42.275 4.040
C54 04/04/2003 36.163 4.040
C55 04/04/2003 36.043 4.040
C56 10/08/2004 42.269 4.040
C57 04/04/2003 36.061 4.040
C58 10/08/2004 42.267 4.040
C59 04/04/2003 46.056 4.000
C60 04/04/2003 46.126 4.010
C61 04/04/2003 46.079 4.010
C62 04/04/2003 46.080 4.010
C63 09/23/2001 36.187 4.010
C64 04/04/2003 44.534 4.000
C65 04/04/2003 44.524 4.000
C66 09/23/2001 36.283 4.000
C67 09/23/2001 36.260 4.000
C68 04/04/2003 44.604 4.000
C69 04/04/2003 49.984 4.010
C70 04/04/2003 44.556 4.010
C71 04/04/2003 51.442 4.480
C72 04/04/2003 51.424 4.490
C73 04/04/2003 51.447 4.490
C74 04/04/2003 51.454 4.480
C75 04/04/2003 51.447 4.480
C76 04/04/2003 51.435 4.490
C77 04/04/2003 51.450 4.480
C78 04/04/2003 51.420 4.490
C79 04/04/2003 53.584 4.460
C80 04/04/2003 52.524 4.460
C81 04/04/2003 53.561 4.460
C84 04/04/2003 53.538 4.470
C85 04/04/2003 52.500 4.460
C86 04/04/2003 53.588 4.460
C87 04/04/2003 47.703 4.430
C88 04/04/2003 47.703 4.430
C89 04/04/2003 47.673 4.430
C90 04/04/2003 47.682 4.430
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C91 04/04/2003 47.691 4.430
C92 04/04/2003 47.646 4.430
C93 04/04/2003 47.637 4.430
C94 04/04/2003 47.668 4.430
C95 04/04/2003 52.629 4.460
C96 04/04/2003 52.627 4.460
D01 05/26/1979 36.254 3.280
D02 03/16/1984 34.475 3.280
D03 03/16/1984 34.452 3.280
D04 05/09/1980 34.553 3.280
D05 03/17/1983 33.832 3.280
D06 03/17/1983 33.745 3.280
D07 03/17/1983 34.006 3.280
D08 04/20/1981 31.378 3.280
D09 04/20/1981 31.523 3.280
DI0 04/20/1981 31.522 3.280
D1I 05/26/1979 33.476 3.280
D12 04/20/1981 31.409 3.280
D13 05/09/1980 34.524 3.280
D14 04/20/1981 31.303 3.280
DI5 04/20/1981 31.285 3.280
D16 05/26/1979 33.518 3.280
D17 05/09/1980 34.665 3.280
D18 03/17/1983 33.824 3.280
D19 03/17/1983 33.803 3.280
D20 05/09/1980 34.577 3.280
D21 05/26/1979 32.993 3.280
D22 03/17/1983 33.899 3.280
D23 05/26/1979 33.505 3.280
D24 05/26/1979 36.151 3.280
D25 05/09/1980 34.731 3.280
D26 03/16/1984 34.572 3.280
D27 05/26/1979 33.034 3.280
D28 04/20/1981 31.498 3.280
D29 03/17/1983 33.779 3.280
D30 05/26/1979 32.967 3.280
D31 03/17/1983 33.824 3.280
D32 05/09/1980 34.603 3.280
D33 03/16/1984 34.644 3.280
D34 04/20/1981 31.529 3.280
D35 05/09/1980 34.671 3.280
D36 05/26/1979 36.321 3.280
D37 05/26/1979 32.974 3.280
D38 05/26/1979 36.405 3.280
D39 05/09/1980 34.672 3.280
D40 05/26/1979 33.527 3.280
D51 10/08/2004 35.232 4.040
D52 04/04/2003 37.517 4.030
D53 04/04/2003 37.529 4.030
D54 10/08/2004 35.744 4.040
D55 04/04/2003 37.519 4.030
D56 04/04/2003 37.525 4.040
D57 10/08/2004 46.331 4.040
D58 10/08/2004 46.392 4.040
D59 10/08/2004 46.388 4.030
D60 10/08/2004 46.433 4.040
D61 04/04/2003 37.482 4.030
D62 04/04/2003 37.468 4.040
D63 10/08/2004 46.369 4.040
D64 10/08/2004 46.431 4.030
D65 10/08/2004 46.150 4.050
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D66 10/08/2004 35.811 4.040
D67 10/08/2004 46.402 4.030
D68 04/04/2003 37.471 4.040
D69 04/04/2003 37.450 4.050
D70 10/08/2004 35.395 4.040
D71 10/08/2004 41.798 4.480
D72 10/08/2004 41.563 4.480
D73 10/08/2004 41.537 4.480
D74 10/08/2004 41.582 4.480
D75 10/08/2004 41.542 4.470
D76 10/08/2004 41.885 4.470
D77 10/08/2004 41.539 4.470
D78 10/08/2004 41.609 4.460
D79 10/08/2004 44.449 4.450
D80 10/08/2004 44.728 4.460
D81 10/08/2004 44.851 4.460
D82 10/08/2004 44.865 4.450
D83 10/08/2004 44.250 4.420
D84 10/08/2004 40.732 4.420
D85 10/08/2004 40.974 4.420
D86 10/08/2004 44.019 4.430
D87 10/08/2004 44.146 4.420
D88 10/08/2004 44.242 4.430
D89 10/08/2004 40.726 4.420
D90 10/08/2004 41.095 4.430
E01 05/09/1980 30.574 3.300
E02 04/09/1982 33.164 3.300
E03 05/09/1980 31.686 3.300
E04 04/09/1982 33.186 3.300
E05 05/09/1980 36.646 3.300
E06 05/09/1980 30.627 3.300
E07 04/09/1982 39.723 3.300
E08 05/09/1980 36.525 3.300
E09 05/09/1980 30.420 3.300
ElO 05/09/1980 30.535 3.300
Ell 05/09/1980 30.337 3.300
E12 05/09/1980 31.609 3.300
E13 04/09/1982 32.940 3.300
E14 04/09/1982 39.401 3.300
El5 05/09/1980 30.499 3.300
E16 05/09/1980 36.357 3.300
E17 04/09/1982 39.489 3.300
E18 05/09/1980 30.304 3.300
E19 05/09/1980 32.782 3.300
E20 04/09/1982 39.155 3.300
E21 05/09/1980 36.373 3.300
E22 04/09/1982 32.912 3.300
E23 04/09/1982 39.172 3.300
E24 05/09/1980 32.710 3.300
E25 05/09/1980 30.388 3.300
E26 05/09/1980 32.759 3.300
E27 04/09/1982 32.926 3.300
E28 05/09/1980 36.541 3.300
E29 04/09/1982 33.048 3.300
E30 04/09/1982 39.284 3.300
E31 04/09/1982 32.926 3.300
E32 05/09/1980 32.702 3.300
E33 04/09/1982 39.155 3.300
E34 05/09/1980 31.564 3.300
E35 05/09/1980 36.517 3.300
E36 04/09/1982 39.489 3.300
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E37 05/09/1980 36.469 3.300
E38 04/09/1982 33.040 3.300
E39 05/09/1980 36.541 3.300
E40 05/09/1980 31.569 3.300
E51 09/02/2006 46.237 4.470
E52 09/02/2006 44.235 4.470
E53 09/02/2006 48.212 4.470
E54 09/02/2006 46.246 4.470
E55 09/02/2006 44.352 4.470
E56 09/02/2006 44.275 4.480
E57 09/02/2006 44.782 4.470
E58 09/02/2006 48.471 4.470
E59 09/02/2006 48.726 4.470
E60 09/02/2006 48.742 4.460
E61 09/02/2006 46.025 4.460
E62 09/02/2006 48.784 4.470
E63 09/02/2006 45.974 4.460
E64 09/02/2006 48.090 4.460
E65 09/02/2006 48.252 4.470
E66 09/02/2006 47.915 4.460
E67 10/08/2004 41.760 4.420
E68 09/02/2006 47.109 4.430
E69 09/02/2006 46.864 4.420
E70 09/02/2006 47.229 4.430
E71 10/08/2004 41.561 4.420
E72 09/02/2006 47.332 4.430
E73 09/02/2006 46.828 4.430
E74 09/02/2006 47.188 4.430
E75 09/02/2006 46.741 4.430
E76 09/02/2006 46.750 4.420
E77 09/02/2006 47.226 4.430
E78 09/02/2006 47.080 4.430
E79 09/02/2006 46.865 4.430
E80 09/02/2006 47.048 4.420
E81 10/08/2004 41.619 4.430
E82 09/02/2006 47.328 4.430
E83 09/02/2006 47.114 4.430
E84 09/02/2006 47.463 4.430
E85 09/02/2006 46.767 4.430
E86 10/08/2004 41.670 4.430
E87 10/08/2004 27.455 3.300
E88 03/31/2008 42.752 3.300
E89 09/02/2006 42.491 3.300
E90 10/08/2004 27.013 3.300
F01 03/17/1983 37.904 3.100
F02 03/16/1984 38.883 3.100
F03 04/20/1981 31.890 3.100
F04 04/20/1981 33.702 3.100
F05 04/20/1981 34.353 3.100
F06 03/16/1984 38.907 3.100
F07 04/20/1981 34.365 3.100
F08 03/17/1983 37.746 3.100
F09 03/16/1984 38.993 3.100
F10 04/20/1981 34.350 3.100
FII 04/20/1981 33.398 3.100
F12 04/20/1981 33.825 3.100
F13 03/17/1983 37.687 3.100
F14 03/17/1983 37.588 3.100
F15 04/20/1981 33.393 3.100
F16 04/20/1981 29.307 3.100
F17 04/20/1981 29.315 3.100
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F18 04/20/1981 31.820 3.100
F19 03/17/1983 37.746 3.100
F20 04/20/1981 29.127 3.100
F21 04/20/1981 33.456 3.100
F22 04/20/1981 34.149 3.100
F23 04/20/1981 34.157 3.100
F24 04/20/1981 34.383 3.100
F25 03/16/1984 38.857 3.100
F26 03/17/1983 37.605 3.100
F27 04/20/1981 33.791 3.100
F28 04/20/1981 31.811 3.100
F29 04/20/1981 34.095 3.100
F30 04/20/1981 31.832 3.100
F31 04/20/1981 31.784 3.100
F32 04/20/1981 33.766 3.100
F33 04/20/1981 34.343 3.100
F34 04/20/1981 31.778 3.100
F35 04/20/1981 33.276 3.100
F36 03/17/1983 37.812 3.100
F37 03/17/1983 37.878 3.100
F38 04/20/1981 32.016 3.100
F39 04/20/1981 29.231 3.100
F40 04/20/1981 31.825 3.100
F51 09/02/2006 42.898 4.330
F52 09/02/2006 42.968 4.330
F53 09/02/2006 43.609 4.330
F54 09/02/2006 43.727 4.330
F55 09/02/2006 43.470 4.360
F56 09/02/2006 43.297 4.370
F57 09/02/2006 43.791 4.370
F58 09/02/2006 43.287 4.370
F59 03/31/2008 50.763 4.400
F60 09/02/2006 42.374 4.410
F61 03/31/2008 50.464 4.410
F62 03/31/2008 51.330 4.410
F63 03/31/2008 50.846 4.410
F64 03/31/2008 50.646 4.400
F65 03/31/2008 50.797 4.410
F66 09/02/2006 43.004 4.400
F67 09/02/2006 43.128 4.400
F68 09/02/2006 42.818 4.400
F69 03/31/2008 50.826 4.410
F70 03/31/2008 51.054 4.410
F71 03/31/2008 52.802 4.420
F72 03/31/2008 53.167 4.420
F73 03/31/2008 53.295 4.420
F74 03/31/2008 53.028 4.420
F75 03/31/2008 53.317 4.420
F76 03/31/2008 53.628 4.420
F77 03/31/2008 52.999 4.420
F78 03/31/2008 52.823 4.420
F79 03/31/2008 50.754 4.770
F80 03/31/2008 48.603 4.780
F81 03/31/2008 49.146 4.780
F82 03/31/2008 49.194 4.780
F83 03/31/2008 48.316 4.780
F84 03/31/2008 50.113 4.780
F85 03/31/2008 48.515 4.780
F86 03/31/2008 48.449 4.780
F87 03/31/2008 48.619 4.780
F88 03/31/2008 47.953 4.780
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F89
F90
F91
F92
F93
F94
G01
G02
G04
G05
G06
GIl
G13
GI6
GI9
G20
G21
G22

S 0 G23
G24
G26
G27
G28
029
G30
G31
G32
G33
G34
G36
G51
G52
G53
G54
G55
G56
057
G58
G59
G60
G61
G62
G63
G64
G65
G66
G67
G68
G69
G70
G71
G72
G73
G74
G75
G76
G77
G78
G79
G80
G81

03/31/2008
03/31/2008
03/31/2008
03/31/2008
03/31/2008
03/31/2008
04/09/1982
02/08/1985
04/09/1982
04/09/1982
04/09/1982
02/28/1986
04/09/1982
04/09/1982
02/08/1985
04/09/1982
04/09/1982
04/09/1982
02/08/1985
02/08/1985
04/09/1982
02/08/1985
04/09/1982
02/08/1985
04/09/1982
02/08/1985
04/09/1982
04/09/1982
04/09/1982
04/09/1982
09/26/2009
09/26/2009
09/26/2009
09/26/2009
03/31/2008
09/26/2009
03/31/2008
03/31/2008
09/26/2009
09/26/2009
09/26/2009
09/26/2009
09/26/2009
03/31/2008
09/26/2009
09/26/2009
03/31/2008
03/31/2008
03/31/2008
03/31/2008
03/31/2008
09/26/2009
09/26/2009
09/26/2009
09/26/2009
03/31/2008
09/26/2009
09/26/2009
09/26/2009
09/26/2009
09/26/2009

49.141
50.263
49.359
48.359
48.358
50.448
31.486
32.337
33.340
31.463
34.365
33.373
31.518
34.275
32.413
33.537
31.539
31.405
32.467
32.430
34.423
32.444
31.497
32.509
33.554
32.457
31.423
33.361
31.456
34.370
49.820
49.565
49.539
49.567
41.564
49.370
41.255
40.743
48.982
49.372
49.383
49.433
49.343
40.756
49.386
48.903
41.929
42.087
42.431
42.410
41.120
51.132
48.455
48.755
51.031
39.884
51.215
51.074
51.457
51.399
48.068

4.780
4.790
4.780
4.780
4.780
4.780
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
3.200
4.300
4.290
4.290
4.300
4.290
4.300
4.290
4.290
4.290
4.290
4.290
4.280
4.280
4.280
4.290
4.290
4.440
4.440
4.440
4.430
4.470
4.470
4.470
4.470
4.470
4.470
4.480
4.480
4.470
4.480
4.480
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G82 03/31/2008 41.103 4.470
G83 09/26/2009 48.787 4.470
G84 09/26/2009 50.929 4.470
G85 09/26/2009 50.627 4.480
G86 03/31/2008 40.232 4.470
G87 09/26/2009 48.979 4.680
G88 09/26/2009 48.740 4.680
G89 09/26/2009 49.173 4.670
G90 09/26/2009 48.325 4.680
G91 09/26/2009 48.516 4.680
G92 09/26/2009 49.202 4.680
G93 09/26/2009 48.571 4.670
G94 09/26/2009 49.264 4.670
H02 03/16/1984 34.848 3.200
H03 03/16/1984 31.532 3.200
H05 03/16/1984 31.525 3.200
H06 03/16/1984 34.854 3.200
H08 03/17/1983 30.871 3.200
H09 03/17/1983 30.329 3.200
HI0 03/16/1984 34.836 3.200
H12 03/16/1984 34.944 3.200
H14 03/16/1984 31.514 3.200
H15 03/17/1983 30.314 3.200
H16 03/16/1984 31.524 3.200
H17 03/16/1984 34.911 3.200
H18 03/16/1984 31.527 3.200
H20 03/16/1984 35.385 3.200
H21 03/16/1984 31.477 3.200
H22 03/16/1984 35.275 3.200
H23 03/17/1983 30.768 3.200
H25 03/17/1983 30.731 3.200
H26 03/16/1984 34.720 3.200
H27 03/16/1984 34.846 3.200
H28 03/16/1984 31.527 3.200
H29 03/17/1983 30.340 3.200
H31 03/16/1984 31.519 3.200
H32 03/17/1983 30.698 3.200
H33 03/16/1984 34.756 3.200
H34 03/17/1983 30.342 3.200
H35 03/16/1984 35.320 3.200
H36 03/16/1984 35.309 3.200
H51 09/26/2009 45.132 4.610
H52 02/26/2011 51.992 4.610
H53 09/26/2009 44.776 4.610
H54 09/26/2009 45.347 4.610
H55 09/26/2009 44.181 4.610
H56 09/26/2009 44.574 4.610
H57 09/26/2009 44.284 4.600
H58 09/26/2009 44.000 4.610
H59 02/26/2011 51.566 4.610
H60 09/26/2009 45.330 4.610
H61 09/26/2009 44.749 4.610
H62 02/26/2011 51.979 4.610
H63 09/26/2009 46.040 4.610
H64 09/26/2009 44.422 .4.610
H65 09/26/2009 45.044 4.600
H66 02/26/2011 51.289 4.600
H67 02/26/2011 52.208 4.710
H68 02/26/2011 51.271 4.710
H69 02/26/2011 52.482 4.710
H70 02/26/2011 50.785 4.720



S&L Calc. No. 2013-11284, Rev. 0
Project No. 11862-198
Attachment 17, Page 47 of 80

H71 02/26/2011 51.862 4.710
H72 02/26/2011 51.736 4.720
H73 02/26/2011 51.398 4.720
H74 02/26/2011 52.209 4.720
H75 02/26/2011 52.063 4.740
H76 02/26/2011 52.107 4.740
H77 02/26/2011 53.099 4.740
H78 02/26/2011 53.672 4.740
H79 02/26/2011 50.777 4.800
H80 02/26/2011 54.246 4.800
H81 02/26/2011 50.177 4.800
H82 02/26/2011 51.223 4.800
H83 02/26/2011 54.479 4.790
H84 02/26/2011 49.236 4.790
H85 02/26/2011 55.302 4.800
H86 02/26/2011 53.641 4.810
H87 02/26/2011 53.951 4.810
H88 02/26/2011 54.625 4.790
H89 02/26/2011 50.577 4.790
H90 02/26/2011 50.009 4.800
H91 02/26/2011 51.924 4.800
H92 02/26/2011 54.079 4.800
H93 02/26/2011 53.821 4.800
H94 02/26/2011 49.746 4.800
105 03/16/1984 30.842 3.200
106 03/06/1992 32.729 3.200
IOB 03/16/1984 30.789 3.200
109 03/16/1984 32.321 3.200
110 03/16/1984 30.918 3.200
112 03/16/1984 30.826 3.200
113 03/16/1984 32.472 3.200
114 02/08/1985 36.208 3.200
115 03/16/1984 30.939 3.200
116 03/16/1984 30.793 3.200
117 03/16/1984 30.916 3.200
118 03/16/1984 31.925 3.200
120 03/16/1984 31.926 3.200
123 03/06/1992 32.789 3.200
124 03/06/1992 32.804 3.200
125 03/06/1992 32.726 3.200
126 03/16/1984 30.793 3.200
127 03/16/1984 32.017 3.200
128 03/16/1984 32.341 3.200
129 03/16/1984 32.356 3.200
131 03/16/1984 32.132 3.200
Jol 02/28/1986 31.387 3.200
J03 02/08/1985 30.189 3.200
J04 02/20/1989 40.702 3.200
J06 02/20/1989 39.533 3.200
J08 02/20/1989 39.470 3.200
J1O 02/20/1989 39.677 3.200
J12 03/02/1988 35.294 3.200
J13 02/08/1985 34.219 3.200
J14 02/28/1986 31.396 3.200
J16 02/08/1985 33.396 3.200
J17 03/02/1988 41.546 3.200
J18 02/08/1985 33.423 3.200
J19 02/28/1986 31.422 3.200
J20 02/08/1985 30.139 3.200
J21 02/08/1985 30.149 3.200
J22 02/08/1985 33.497 3.200
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J23 02/20/1989 39.672 3.200
J24 02/08/1985 33.415 3.200
J30 02/24/1987 40.075 3.200
J32 02/08/1985 34.273 3.200
J33 02/08/1985 33.392 3.200
J34 02/08/1985 33.535 3.200
J36 02/08/1985 30.259 3.200
J51 04/06/2012 47.420 3.910
J52 04/06/2012 47.785 3.920
J53 04/06/2012 47.654 3.920
J54 04/06/2012 48.084 3.910
J55 02/26/2011 44.156 3.910
J56 02/26/2011 44.028 3.910
J57 02/26/2011 43.928 3.920
J58 02/26/2011 42.615 3.920
J59 04/06/2012 47.623 3.920
J60 02/26/2011 43.876 3.920
J61 04/06/2012 47.983 3.920
J62 04/06/2012 47.527 3.920
J63 02/26/2011 43.843 3.910
J64 02/26/2011 42.757 3.910
J65 02/26/2011 42.651 3.920
J66 02/26/2011 44.068 3.920
J67 02/26/2011 44.533 3.920
J68 04/06/2012 47.860 3.920
J69 02/26/2011 42.745 3.910
J70 02/26/2011 43.782 3.910
J71 04/06/2012 55.251 4.290
J72 04/06/2012 54.204 4.290
J73 04/06/2012 54.337 4.290
J74 04/06/2012 54.597 4.290
J75 04/06/2012 54.368 4.290
J76 04/06/2012 54.662 4.290
J77 04/06/2012 55.025 4.290
J78 04/06/2012 54.372 4.290
J79 04/06/2012 54.449 4.290
J80 04/06/2012 54.245 4.290
J81 04/06/2012 54.634 4.290
J82 04/06/2012 54.691 4.290
J83 04/06/2012 55.255 4.290
J84 04/06/2012 54.493 4.290
J85 04/06/2012 54.235 4.290
J86 04/06/2012 54.775 4.290
J87 04/06/2012 48.492 4.280
J88 04/06/2012 48.518 4.280
J89 04/06/2012 48.867 4.280
J90 04/06/2012 48.384 4.280
J91 04/06/2012 49.007 4.280
J92 04/06/2012 48.599 4.280
J93 04/06/2012 48.687 4.280
J94 04/06/2012 49.045 4.280
J95 02/26/2011 43.327 4.290
K02 03/05/1993 36.492 3.400
K04 02/28/1986 37.244 3.400
K05 03/02/1990 35.400 3.400
K07 03/02/1990 35.314 3.400
K09 02/28/1986 37.262 3.400
K16 03/02/1990 35.245 3.400
K18 03/02/1990 35.243 3.400
K26 02/28/1986 37.232 3.400
K28 02/28/1986 37.317 3.400
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K29 02/28/1986 37.269 3.400
K30 03/02/1990 35.336 3.400
K31 03/02/1990 35.200 3.400
K32 03/05/1993 36.508 3.400
K33 02/28/1986 37.178 3.400
K51 04/06/2012 41.068 4.470
K52 04/06/2012 41.611 4.470
K53 04/06/2012 41.150 4.470
K54 04/06/2012 39.238 4.470
K55 04/06/2012 39.246 4.470
K56 04/06/2012 41.350 4.470
K57 04/06/2012 41.627 4.470
K58 04/06/2012 39.254 4.470
K59 04/06/2012 39.325 4.470
K60 04/06/2012 41.435 4.470
K61 04/06/2012 41.369 4.470
K62 04/06/2012 41.181 4.470
K63 05/07/2013 37.826 4.740
K64 05/07/2013 44.567 4.750
K65 05/07/2013 36.217 4.740
K66 05/07/2013 40.742 4.740
K67 05/07/2013 40.752 4.740
K68 05/07/2013 40.755 4.740
K69 05/07/2013 40.741 4.740
K70 05/07/2013 36.215 4.740
K71 05/07/2013 37.824 4.740
K72 05/07/2013 44.567 4.740
K73 05/07/2013 44.565 4.740
K74 05/07/2013 37.825 4.740
K75 05/07/2013 36.215 4.750
K76 05/07/2013 40.742 4.750
K77 05/07/2013 40.752 4.750
K78 05/07/2013 40.753 4.750
K79 05/07/2013 40.740 4.750
K80 05/07/2013 36.217 4.750
K81 05/07/2013 44.565 4.750
K82 05/07/2013 37.826 4.750
K83 05/07/2013 45.747 4.750
K84 05/07/2013 45.792 4.750
K85 05/07/2013 45.553 4.750
K86 05/07/2013 45.552 4.750
K87 05/07/2013 45.793 4.750
K88 05/07/2013 45.745 4.750
K89 05/07/2013 45.745 4.750
K90 05/07/2013 45.790 4.750
K91 05/07/2013 45.552 4.750
K92 05/07/2013 45.550 4.750
K93 05/07/2013 45.791 4.750
K94 05/07/2013 45.743 4.750
L01 03/02/1988 36.268 3.200
L07 03/02/1988 36.287 3.200
L08 02/24/1987 32.825 3.200
L09 03/02/1988 36.237 3.200
LI0 02/24/1987 31.755 3.200
LII 02/24/1987 31.618 3.200
L12 02/24/1987 35.316 3.200
L13 02/24/1987 37.405 3.200
L14 02/24/1987 37.339 3.200
L15 03/02/1988 36.338 3.200
L16 02/24/1987 35.265 3.200
L17 03/02/1988 36.271 3.200
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L20 03/02/1988 36.251 3.200
L21 02/24/1987 35.585 3.200
L22 02/24/1987 32.958 3.200
L23 02/24/1987 36.251 3.200
L24 02/24/1987 31.640 3.200
L25 02/24/1987 32.969 3.200
L26 03/02/1988 36.259 3.200
L27 02/24/1987 35.208 3.200
L28 02/24/1987 35.512 3.200
L29 02/24/1987 36.234 3.200
L30 02/24/1987 35.250 3.200
L31 02/24/1987 35.550 3.200
L32 02/24/1987 36.256 3.200
L33 02/24/1987 35.275 3.200
L34 02/24/1987 35.513 3.200
L35 02/24/1987 37.419 3.200
L36 02/24/1987 35.317 3.200
L51 05/07/2013 29.855 3.210
L52 05/07/2013 29.852 3.210
L53 05/07/2013 28.934 3.210
L54 05/07/2013 29.853 3.210
L55 05/07/2013 29.855 3.210
L56 05/07/2013 29.789 3.630
L57 05/07/2013 29.788 3.630
L58 05/07/2013 29.782 3.640
L59 05/07/2013 29.787 3.630
L60 05/07/2013 29.782 3.640
L61 05/07/2013 29.781 3.640
L62 05/07/2013 29.781 3.620
L63 05/07/2013 29.788 3.620
L64 05/07/2013 30.144 3.620
L65 05/07/2013 30.145 3.620
L66 05/07/2013 30.145 3.620
L67 05/07/2013 30.145 3.620
L68 05/07/2013 29.550 3.610
L69 05/07/2013 29.549 3.630
L70 05/07/2013 29.550 3.620
L71 05/07/2013 29.550 3.630
L72 05/07/2013 31.584 3.630
L73 05/07/2013 31.585 3.630
L74 05/07/2013 31.588 3.630
L75 05/07/2013 31.588 3.620
L76 05/07/2013 32.143 3.620
L77 05/07/2013 31.977 3.630
L78 05/07/2013 32.141 3.620
L79 05/07/2013 32.141 3.620
L80 05/07/2013 32.135 3.630
L81 05/07/2013 31.980 3.620
L82 05/07/2013 32.138 3.620
L83 05/07/2013 32.135 3.630
L84 05/07/2013 32.140 3.630
L85 05/07/2013 31.981 3.610
L86 05/07/2013 32.135 3.620
L87 05/07/2013 31.978 3.630
L88 05/07/2013 33.082 3.630
L89 05/07/2013 33.080 3.630
L90 05/07/2013 33.153 3.630
L91 05/07/2013 33.154 3.630
L92 05/07/2013 33.152 3.630
L93 05/07/2013 33.155 3.630
L94 05/07/2013 33.080 3.630
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L95 05/07/2013 33.082 3.630
MOl 04/01/1995 45.668 3.400
M04 04/02/1994 43.167 3.400
M06 02/20/1989 35.312 3.400
M09 02/20/1989 35.096 3.400
M10 02/20/1989 35.093 3.400
MIl 03/02/1988 35.178 3.400
M12 03/02/1988 36.664 3.400
M14 03/02/1988 37.172 3.400
MI5 02/20/1989 35.314 3.400
M16 02/20/1989 35.237 3.400
M17 03/02/1988 36.725 3.400
M18 03/02/1988 35.336 3.400
M19 02/20/1989 35.056 3.400
M20 02/20/1989 35.303 3.400
M21 03/02/1988 35.282 3.400
M24 03/09/1991 44.300 3.400
M26 02/20/1989 35.073 3.400
M29 02/20/1989 35.113 3.400
M30 03/02/1988 35.351 3.400
M32 02/20/1989 35.051 3.400
M33 03/02/1988 37.176 3.400
M34 03/02/1988 36.954 3.400
M35 02/20/1989 35.138 3.400
M36 02/20/1989 35.130 3.400
M51 05/07/2013 16.918 4.564
M52 05/07/2013 18.055 4.564
M53 05/07/2013 18.056 4.564
M54 05/07/2013 18.047 4.564
M55 05/07/2013 18.045 4.564
M56 05/07/2013 18.021 4.564
M57 05/07/2013 16.918 4.564
M58 05/07/2013 18.020 4.564
M59 05/07/2013 18.021 4.564
M60 05/07/2013 16.918 4.564
M61 05/07/2013 18.044 4.564
M62 05/07/2013 18.021 4.564
M63 05/07/2013 16.918 4.564
M64 05/07/2013 18.045 4.564
M65 05/07/2013 18.055 4.564
M66 05/07/2013 18.056 4.564
M67 05/07/2013 15.595 4.751
M68 05/07/2013 15.594 4.751
M69 05/07/2013 16.755 4.751
M70 05/07/2013 16.756 4.751
M71 05/07/2013 15.606 4.751
M72 05/07/2013 15.606 4.751
M73 05/07/2013 15.595 4.751
M74 05/07/2013 15.593 4.751
M75 05/07/2013 16.760 4.751
M76 05/07/2013 16.758 4.751
M77 05/07/2013 15.605 4.751
M78 05/07/2013 15.607 4.751
M79 05/07/2013 14.391 4.751
M80 05/07/2013 14.392 4.751
M81 05/07/2013 17.211 4.751
M82 05/07/2013 17.209 4.751
M83 05/07/2013 14.390 4.751
M84 05/07/2013 17.208 4.751
M85 05/07/2013 14.368 4.751
M86 05/07/2013 14.393 4.751
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M87 05/07/2013 17.210 4.751
M88 05/07/2013 17.224 4.751
M89 05/07/2013 17.225 4.751
M90 05/07/2013 17.226 4.751
M91 05/07/2013 17.225 4.751
M92 05/07/2013 14.367 4.751
M93 05/07/2013 14.368 4.751
M94 05/07/2013 14.368 4.751
N01 02/20/1989 31.396 3.400
N02 02/20/1989 37.506 3.400
N03 02/20/1989 37.630 3.400
N04 02/20/1989 38.061 3.400
N05 02/20/1989 34.350 3.400
N06 02/20/1989 36.756 3.400
N07 02/20/1989 34.417 3.400
NOB 02/20/1989 36.736 3.400
N09 02/20/1989 37.618 3.400
NI0 02/20/1989 36.761 3.400
Nil 02/20/1989 37.543 3.400
N12 02/20/1989 31.421 3.400
N13 02/20/1989 37.533 3.400
N14 02/20/1989 37.529 3.400
NI5 02/20/1989 31.387 3.400
N16 03/02/1990 36.069 3.400
N17 02/20/1989 34.347 3.400
NI8 03/02/1990 36.027 3.400
N19 02/20/1989 37.996 3.400
N20 02/20/1989 37.941 3.400
N21 02/20/1989 37.509 3.400
N22 02/20/1989 31.380 3.400
N23 02/20/1989 36.781 3.400
N24 02/20/1989 31.377 3.400
N25 02/20/1989 37.996 3.400
N26 02/20/1989 31.392 3.400
N27 03/02/1990 36.082 3.400
N28 02/20/1989 31.411 3.400
N29 02/20/1989 31.452 3.400
N30 02/20/1989 34.387 3.400
N31 03/02/1990 36.121 3.400
N32 02/20/1989 37.538 3.400
001 03/02/1990 36.512 3.400
002 03/09/1991 34.273 3.400
003 03/09/1991 38.975 3.400
006 03/02/1990 36.529 3.400
014 03/02/1990 36.513 3.400
015 03/02/1990 37.409 3.400
016 03/02/1990 36.548 3.400
017 03/09/1991 35.493 3.400
018 03/09/1991 35.657 3.400
019 03/02/1990 36.846 3.400
020 03/09/1991 35.629 3.400
021 03/02/1990 36.491 3.400
022 03/09/1991 35.629 3.400
024 03/09/1991 34.321 3.400
025 03/09/1991 39.023 3.400
026 03/09/1991 35.653 3.400
027 03/09/1991 35.538 3.400
028 03/09/1991 35.582 3.400
029 03/09/1991 35.538 3.400
030 03/09/1991 38.959 3.400
031 03/09/1991 35.584 3.400
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032 03/09/1991 35.517 3.400
036 03/02/1990 36.437 3.400
P02 03/06/1992 36.425 3.400
P05 03/06/1992 36.023 3.400
P08 03/09/1991 37.421 3.400
P13 03/06/1992 36.024 3.400
S05 03/05/1993 38.046 3.500
508 04/02/1994 34.525 3.500
S19 03/05/1993 38.094 3.500
S20 04/02/1994 34.469 3.500
S28 03/06/1992 38.155 3.500
T05 03/05/1993 36.985 3.500
T16 03/05/1993 38.262 3.500
T32 04/01/1995 35.182 3.400
T33 04/01/1995 35.200 3.400
T35 04/01/1995 35.237 3.400
U01 04/02/1994 39.412 3.460
U02 04/02/1994 37.170 3.460
U03 04/02/1994 38.700 3.460
U04 04/02/1994 36.895 3.460
U05 04/02/1994 37.201 3.460
U06 04/02/1994 39.403 3.460
U07 04/02/1994 36.910 3.460
U08 04/02/1994 38.679 3.460
U09 04/02/1994 36.875 3.460
Ull 04/02/1994 38.687 3.460
U12 04/02/1994 36.740 3.460
U13 04/02/1994 36.735 3.460
U14 04/02/1994 37.178 3.460
U15 04/02/1994 39.453 3.460
U16 04/02/1994 38.890 3.460
U17 04/02/1994 38.628 3.460
U18 04/02/1994 38.666 3.460
U19 04/02/1994 36.793 3.460
U20 04/02/1994 37.170 3.460
U21 04/02/1994 38.691 3.460
U22 04/02/1994 38.957 3.460
U23 04/02/1994 38.858 3.460
U24 04/02/1994 38.716 3.460
U25 04/02/1994 38.682 3.460
U26 04/02/1994 38.885 3.460
U27 04/02/1994 36.763 3.460
U28 04/02/1994 39.354 3.460
WOl 04/01/1995 39.891 3.400
W02 04/01/1995 37.913 3.400
W04 09/29/1996 49.154 3.400
W05 09/29/1996 48.969 3.400
W07 09/29/1996 43.084 3.400
W12 04/01/1995 37.544 3.400
W21 09/29/1996 48.964 3.400
W23 04/01/1995 37.550 3.400
W24 04/01/1995 37.998 3.400
W26 09/29/1996 49.256 3.400
W27 04/01/1995 39.957 3.400
W28 04/01/1995 39.955 3.400
W29 04/21/2000 42.779 3.400
W30 09/23/2001 41.167 3.400
XOI 09/29/1996 33.636 3.400
X02 09/29/1996 33.602 3.400
X03 09/29/1996 44.311 3.400
X04 09/29/1996 36.725 3.400
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X05 09/29/1996 36.679 3.400
X06 04/01/1995 25.004 3.400
X07 09/29/1996 44.406 3.400
X08 09/29/1996 44.242 3.400
X09 09/29/1996 33.576 3.400
X10 09/29/1996 36.689 3.400
X12 09/29/1996 36.654 3.400
X13 09/29/1996 44.327 3.400
X14 09/29/1996 33.733 3.400
X16 09/29/1996 44.232 3.400
X17 09/29/1996 42.513 3.400
X18 09/29/1996 42.468 3.400
X19 09/29/1996 42.491 3.400
X20 09/29/1996 36.635 3.400
X21 09/29/1996 36.699 3.400
X22 09/29/1996 44.399 3.400
X23 04/01/1995 24.979 3.400
X24 04/01/1995 24.961 3.400
X25 09/29/1996 36.614 3.400
X26 04/01/1995 24.975 3.400
X27 09/29/1996 36-638 3.400
X28 09/29/1996 42.500 3.400
X29 09/29/1996 44.266 3.400
X30 09/29/1996 44.321 3.400
X33 09/29/1996 31.543 3.100
X34 09/29/1996 31.534 3.100
X35 09/29/1996 31.617 3.100
X36 09/29/1996 31.608 3.100
zOl 09/29/1996 35.320 3.500
Z06 09/29/1996 35.299 3.500
Z07 09/29/1996 34.806 3.500
Z08 09/29/1996 35.319 3.500
zIO 09/29/1996 34.836 3.500
Zil 09/29/1996 35.366 3.500
Z14 10/16/1998 46.204 3.700
zis 04/21/2000 40.877 3.700
Z16 10/16/1998 39.923 3.700
Z20 04/21/2000 40.861 3.700
Z21 04/21/2000 40.832 3.700
Z23 04/21/2000 40.828 3.700
Z25 10/16/1998 46.297 3.700
Z26 10/16/1998 46.337 3.700
Z28 04/21/2000 40.918 3.700
Z29 10/16/1998 39.994 3.700
Z30 10/16/1998 39.997 3.700
Z31 10/16/1998 39.977 3.700
Z32 10/16/1998 39.845 3.700
Z33 10/16/1998 39.867 3.700
Z34 10/16/1998 46.248 3.700
Z35 10/16/1998 39.943 3.700
Z36 10/16/1998 39.967 3.700



Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 OF (Hours)
5/8113 0:00 34.88 34.88 13.21 10.61
5/8/13 8:00 30.85 30.85 11.69 9.38 13

5/8/13 16:00 29.24 29.24 11.08 8.89 13
519/13 0:00 28.01 28.01 10.61 8.52 14
5/9/13 8:00 26.98 26.98 10.22 8.21 15

5/9/13 16:00 26.07 26.07 9.87 7.93 15
5/10113 0:00 25.24 25.24 9.56 7.68 16
5/10/13 8:00 24.48 24.48 9.27 7.44 16

5/10/13 16:00 23.77 23.77 9.01 7.23 17
5/11113 0:00 23.12 23.12 8.76 7.03 17

-- 5/111/13 8:00 22.51 22.51 8.53 6.85 18
5/11/13 16:00 21.95 21.95 8.31 6.68 18
51113 0:00 21.43 21.43 8.12 6.52 18
5/13/13 0:00 20.05 20.05 7.60 6.10 20

5/14/13 0:00 18.91 18.91 7.16 5.75 21
5/15/13 0:00 17.95 17.95 6.80 5.46 22
5/16/13 0:00 17.13 17.13 6.49 5.21 23
5117/13 0:00 16.42 16.42 6.22 4.99 24
5/18/13 0:00 15.80 15.80 5.98 4.80 25
5/19/13 0:00 15.25 15.25 5.78 4.64 26

5/20/13 0:00 14.76 14.76 5.59 4.49 27
5/21/13 0:00 14.33 14.33 5.43 4.36 28

5/22/13 0:00 13.94 13.94 5.28 4.24 28

5/23/13 0:00 13.58 13.58 5.15 4.13 29
5/24/13 0:00 13.26 13.26 5.02 4.03 30
5125113 0:00 12.97 12.97 4.91 3.94 30
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Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 °F (Hours)
5126113 0:00 12.70 12.70 4.81 3.86 31
5/27/13 0:00 12.45 12.45 4.72 3.79 32
5/28113 0:00 12.22 12.22 4.63 3.72 32
5129/13 0:00 12.01 12.01 4.55 3.65 33
5/30/13 0:00 11.81 11.81 4.47 3.59 33
5/31/13 0:00 11.63 11.63 4.40 3.54 34
6/1/13 0:00 11.46 11.46 4.34 3.48 34
6/3/13 0:00 11.14 11.14 4.22 3.39 35
6/5/13 0:00 10.85 10.85 4.11 3.30 36
6/7/13 0:00 10.60 10.60 4.01 3.22 37
6/9/13 0:00 10.36 10.36 3.92 3.15 38

6/11/13 0:00 10.14 10.14 3.84 3.08 39
6/13/13 0:00 9.93 9.93 3.76 3.02 40
6/15/13 0:00 9.74 9.74 3.69 2.96 41

6117/13 0:00 9.55 9.55 3.62 2.90 41
6/19/13 0:00 9.38 9.38 3.55 2.85 42
6/21/13 0:00 9.21 9.21 3.49 2.80 43

6/25/13 0:00 8.90 8.90 3.37 2.71 44
6/29113 0:00 8.63 8.63 3.27 2.62 46
7/3/13 0:00 8.37 8.37 3.17 2.55 47

7/7/13 0:00 8.14 8.14 3.08 2.48 48

7/11/13 0:00 7.93 7.93 3.00 2.41 50
7/15/13 0:00 7.73 7.73 2.93 2.35 51
7/19/13 0:00 7.55 7.55 2.86 2.30 52
7/23/13 0:00 7.38 7.38 2.79 2.24 53
7/27/13 0:00 7.22 7.22 2.73 2.20 55

go.

0

z~ F
0 ,o

CD

to

0 0c



Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtuihr) (Mbtu/hr) Load (Mbtu/hr) Rate (FIHr) (F/Hr) to 200 OF (Hours)
8/6/13 0:00 6.86 6.86 2.60 2.09 57

8/16/13 0:00 6.56 6.56 2.48 1.99 60
8/26/13 0:00 6.29 6.29 2.38 1.91 63
915/13 0:00 6.05 6.05 2.29 1.84 65

9/15113 0:00 5.83 5.83 2.21 1.77 68
9/25113 0:00 5.64 5.64 2.13 1.71 70
10/5113 0:00 5.46 5.46 2.07 1.66 72

10/15/13 0:00 5.29 5.29 2.00 1.61 75
10/25/13 0:00 5.14 5.14 1.95 1.56 77
11/4113 0:00 4.99 4.99 1.89 1.52 79

11/24/13 0:00 4.74 4.74 1.80 1.44 83
12/14/13 0:00 4.52 4.52 1.71 1.37 87

1/3/14 0:00 4.32 4.32 1.64 1.32 91
1/23/14 0:00 4.15 4.15 1.57 1.26 95
2/12/14 0:00 4.01 4.01 1.52 1.22 99
3/4/14 0:00 3.87 3.87 1.47 1.18 102
3/24/14 0:00 3.75 3.75 1.42 1.14 105
4/13/14 0:00 3.65 3.65 1.38 1.11 108
5/3/14 0:00 3.55 3.55 1.35 1.08 111

5/23/14 0:00 3.46 3.46 1.31 1.05 114
6/12/14 0:00 3.38 3.38 1.28 1.03 117
712/14 0:00 3.30 3.30 1.25 1.00 119

7/22/14 0:00 3.23 _3.23 1.22 0.98 122
8/11/14 0:00 3.17 3.17 1.20 0.96 125
8/31/14 0:00 3.10 3.10 1.18 0.94 127
9/20/14 0:00 3.04 3.04 1.15 0.93 130
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Run date and time: various SFP Initial Water Temp = 80 F
SFP Initial Air Temp = 80 F

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 °F (Hours)
10110/14 0:00 2.99 2.99 1.13 0.91 132
10/30/14 0:00 2.93 2.93 1.11 0.89 135
11/19/14 0:00 2.88 2.88 1.09 0.88 137
12/9114 0:00 2.83 2.83 1.07 0.86 139

12/29/14 0:00 2.79 2.79 1.06 0.85 142
1/18/15 0:00 2.74 2.74 1.04 0.83 144
2/7/15 0:00 2.70 2.70 1.02 0.82 146
2/27/15 0:00 2.66 2.66 1.01 0.81 148
3/19/15 0:00 2.63 2.63 0.99 0.80 150
4/8/15 0:00 2.59 2.59 0.98 0.79 152

4/28/15 0:00 2.56 2.56 0.97 0.78 154
5/18/15 0:00 2.52 2.52 0.96 0.77 156
6/7115 0:00 2.49 2.49 0.94 0.76 158

6/27/15 0:00 2.46 2.46 0.93 0.75 160
7/17115 0:00 2.43 2.43 0.92 0.74 162
8/6/15 0:00 2.40 2.40 0.91 0.73 164

8/26115 0:00 2.38 2.38 0.90 0.72 166
9/15/15 0:00 2.35 2.35 0.89 0.71 168
10/5/15 0:00 2.33 2.33 0.88 0.71 170

10/25/15 0:00 2.30 2.30 0.87 0.70 171
11/14/15 0:00 2.28 2.28 0.86 0.69 173
12/4/15 0:00 2.26 2.26 0.85 0.69 175

12/24/15 0:00 2.23 2.23 0.85 0.68 177
1/13/16 0:00 2.21 1 2.21 0.84 0.67 178
2/2/16 0:00 2.19 2.19 0.83 0.67 180

2/22/16 0:00 2.17 2.17 0.82 0.66 181
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Run date and time: various
SFP Initial Water Temp = 80 F

I * I Ix ...... fi U

IF"1-r inlllal Air I emp = ou r

Pool File Core Offload TOTAL Spent Best Estimate
Heat Load Heat Load Fuel Pool Heat Adiabatic Heatup Heatup Rate Best Estimate Time

Date and Time (Mbtu/hr) (Mbtu/hr) Load (Mbtu/hr) Rate (F/Hr) (F/Hr) to 200 OF (Hours)
3/13/16 0:00 2.15 2.15 0.82 0.66 183
4/2/16 0:00 2.14 2.14 0.81 0.65 185

4122/16 0:00 2.12 2.12 0.80 0.64 186
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• L of 80

Select Fuel
Pool File

Version Check

716/2011 11:09

HEATUP__PO.lsm

Version OK

This is a HEATUP Version 1
Wawchi inagm ^alm i lafirn

User Input Data
Date and Time for Start of Pool Decay Heat Calculation 518113 0:00
Initial Pool Temperature for Time to 200 °F Calculation 80 °F
Initial Air Ter erature for Time to 200 OF Calculation 80 OF

Decay time prior to offload 150 Hours
Time to offload i_60 Hours
Outage length at onload _ _13 Days
Time to onload 60 Hours
Batch size to discharge 45 Fuel Assemblies
Discharge batch enrichment 4.80 w/o U-235
Discharge batch burnup 50000 MWDIMTU
Core average enrichment 4.80 w/o U-235
Core average bumup 39000 MWDIMTU

HEATUP Version 1 Output Data

File Date/Time: 05/28/13 12:56
Fig File: CYCLE32.fig
Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 1.0 Days
Maximum cooling time: 0.0 Years

Run date and time: 7/10/2013 8:26:43 AM SFP Initial Water Temp = 80TF
Run_______date____ a2SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtu/hr) (Mbtulhr) (Mbtu/hr) (F/Hr) (F/Hr) (Hours)

5/8/13 0:00 32.25 32.25 12.22 9.81 12.2
58/1 3 8:00 28.23 28.23 10.69 8.58 14.0

5/8/13 16:00 26.62 26.62 10.08 8.10 14.8
5/9113 0:00 25.39 25.39 9.62 7.72 15.5
5/9/13 8:00 24.36 24.36 9.23 7.41 16.2

5/9/13 16:00 23.45 23.45 8.88 7.13 16.8
5/10/13 0:00 22.62 22.62 8.57 6.88 17.4
5/10/13 8:00 21.86 21.86 8.28 6.65 18.1
5/10113 16:00 21.15 21.15 8.01 6.43 18.7
5/11/13 0:00 20.50 20.50 7.77 6.24 19.2
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HEATUP Version I Output Data

Fig File: CYCLE32.fiq

Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 1.0 Days
Maximum cooling time: 0.0 Years

Run date and time: 7/10/2013 8:26:43 AM SFP Initial Water Temp = 80*F
SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtu/hr) (Mbtu/hr) (Mbtulhr) (F/Hr) (F/Hr) (Hours)

5111113 8:00 19.90 19.90 7.54 6.05 19.8
5/11/13 16:00 19.33 19.33 7.32 5.88 20.4
5/12113 0:00 18.81 18.81 7.12 5.72 21.0
5/13113 0:00 17.44 17.44 6.61 5.30 22.6
5114113 0:00 16.30 16.30 6.17 4.96 24.2
5/15/130:00 15.34 15.34 5.81 4.67 25.7
5/161130:00 14.52 14.52 5.50 4.42 27.2
5/17/13 0:00 13.81 13.81 5.23 4.20 28.6
5/18/13 0:00 13.19 13.19 5.00 4.01 29.9
5/19113 0:00 12.65 12.65 4.79 3.85 31.2
5/20/13 0:00 12.16 12.16 4.61 3.70 32.4
5/21/13 0:00 11.73 11.73 4.44 3.57 33.6
5/22/13 0:00 11.34 11.34 4.30 3.45 34.8
5/23/13 0:00 10.99 10.99 4.16 3.34 35.9
5/24/13 0:00 10.67 10.67 4.04 3.25 37.0
5/25113 0:00 10.38 10.38 3.93 3.16 38.0
5/26/13 0:00 10.11 10.11 3.83 3.08 39.0
5/27/13 0:00 9.87 9.87 3.74 3.00 40.0
5/28/13 0:00 9.64 9.64 3.65 2.93 40.9
5/29/13 0:00 9.43 9.43 3.57 2.87 41.8
5/30/13 0:00 9.24 9.24 3.50 2.81 42.7
5/31/13 0:00 9.06 9.06 3.43 2.75 43.6
6/1/13 0:00 8.88 8.88 3.37 2.70 44.4
6/3/13 0:00 8.57 8.57 3.25 2.61 46.0
6/5/13 0:00 8.29 8.29 3.14 2.52 47.6
6/7/13 0:00 8.04 8.04 3.04 2.44 49.1
6/9/13 0:00 7.80 7.80 2.96 2.37 50.6
6/11/13 0:00 7.59 7.59 2.87 2.31 52.0
6/13/13 0:00 7.38 7.38 2.80 2.25 53.4
6/15/13 0:00 7.19 7.19 2.72 2.19 54.9
6/17/13 0:00 7.01 7.01 2.66 2.13 56.3
6/19/13 0:00 6.84 6.84 2.59 2.08 57.7
6/21/13 0:00 6.68 6.68 2.53 2.03 59.1
6/25/13 0:00 6.38 6.38 2.42 1.94 61.9
6/29/13 0:00 6.11 6.11 2.31 1.86 64.6
7/3/13 0:00 5.86 5.86 2.22 1.78 67.3
7/7/13 0:00 5.64 5.64 2.14 1.72 70.0

7/11/13 0:00 5.43 5.43 2.06 1.65 72.6
7/15113 0:00 5.24 5.24 1.99 1.59 75.2
7/19/13 0:00 5.07 5.07 1.92 1.54 77.8
7/23113 0:00 4.91 4.91 1.86 1.49 80.4
7/27/13 0:00 4.76 4.76 1.80 1.45 83.0
8/6/13 0:00 4.42 4.42 1.67 1.34 89.3
8/16113 0:00 4.13 4.13 1.56 1.26 95.5
8/26/13 0:00 3.88 3.88 1.47 1.18 101.7
9/5/13 0:00 3.66 1 3.66 1.38 1.11 107.9
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HEATUP Version 1 Output Data

File Date/Time: 05/28113 12:56
Fig File: CYCLE32.fig
Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 1.0 Days
Maximum cooling time: 0.0 Years ___ _Initial _Water _Temp_800F

Run date and time: 7110/2013 8:26:43 AM SFP Initial Atr Temp = 80T______________ _______ ______SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 IF
Date and Time (Mbtulhr) (Mbtulhr) (Mbtulhr) (F1Hr) (F/Hr) (Hours)

9/15/13 0:00 3.46 3.46 1.31 1.05 114.2
9/25113 0:00 3.27 3.27 1.24 1.00 120.5
10/5/13 0:00 3.11 3.11 1.18 0.95 126.9
10/15/13 0:00 2.96 2.96 1.12 0.90 133.4
10/25113 0:00 2.82 2.82 1.07 0.86 140.0
11/4/13 0:00 2.69 2.69 1.02 0.82 146.6
11/24/13 0:00 2.46 2.46 0.93 0.75 160.1
12114/13 0:00 2.27 2.27 0.86 0.69 173.7
1/3/14 0:00 2.10 2.10 0.80 0.64 187.5
1/23114 0:00 1.96 1.96 0.74 0.60 201.3
2/12114 0:00 1.84 1.84 0.70 0.66 215.0
3/4/14 0:00 1.73 1.73 0.65 0.52 228.6
3/24/14 0:00 1.63 1.63 0.62 0.50 242.2
4/13/14 0:00 1.54 1.54 0.58 0.47 255.6
513/14 0:00 1.47 1.47 0.56 0.45 269.1
5/23/14 0:00 1.40 1.40 0.53 0.42 282.5
6112/14 0:00 1.33 1.33 0.51 0.41 295.9
7/2/14 0:00 1.28 1.28 0.48 0.39 309.4
7/22/14 0:00 1.22 1.22 0.46 0.37 323.0
8/11/14 0:00 1.17 1.17 0.44 0.36 336.7
8/31/14 0:00 1.13 1.13 0.43 0.34 350.6
9/20/14 0:00 1.08 1.08 0.41 0.33 364.8
10/10/14 0:00 1.04 1.04 0.39 0.32 379.2
10/30/14 0:00 1.00 1.00 0.38 0.30 394.0
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Kewaunee Spent Fuel Pool Time to 200°F (No Coolers)
18 Month Projection, HEATUP Version 1
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Select Fuel
Pool File

burry
North Anna
Millstone 2

This is a HEATUP Version 1
Kewaunee calculation

User InDut Data I

I
14 U:UU

auO

onload
I.-

ssemblies
235 /

MTU
235
MITU

4.80 1.

39000

HEATUP Version 1 Output Data
Input FileData

File Date/Time: 05/28/13 12:56
Fig File: CYCLE32.i9
Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 541.0 Days
Maximum cooling time: 1.5 Years

Run date and time: 7/10/2013 8:27:35 AM SFP Initial Water Temp = 80°F
Rudtean im 121 8:7:5 ASFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 OF
Date and Time (Mbtulhr) (Mbtu/hr) (Mbtu/hr) (F/Hr) (F/Ir) (Hours)
10/30/14 0:00 1.00 1.00 0.38 0.30 394.0
10130114 8:00 1.00 1.00 0.38 0.30 394.4
10/3011416:00 1.00 1.00 0.38 0.30 394.6
10/31/14 0:00 1.00 1.00 0.38 0.30 394.8
10/31/14 8:00 1.00 1.00 0.38 0.30 395.0

10/31114 16:00 1.00 1.00 0.38 0.30 395.2
11/1/14 0:00 1.00 1.00 0.38 0.30 395.5
11/11114 8:00 1.00 1.00 0.38 0.30 395.7
11/1/1416:00 1.00 1.00 0.38 0.30 395.9
11/2/14 0:00 1.00 1.00 0.38 0.30 396.2
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HEATUP Version 1 Output Data

Fig File: CYCLE32.fiqI

Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 541.0 Days
Maximum cooling time: 1.5 Years

SFP Initial Water Tep=80°F

Run date and time: 7/1012013 8:27:35 AM SFP Initial War Temp = 80T
SFP Initial Air Temp = 80°F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 20D "F
Date and Time (Mbtu/hr) (Mbtu/hr) (Mbtulhr) (F/Hr) (F/Hr) (Hours)

1112/14 8:00 1.00 1.00 0.38 0.30 396.4
11/2/1416:00 0.99 0.99 0.38 0.30 396.7
1113114 0:00 0.99 0.99 0.38 0.30 396.9
1114114 0:00 0.99 0.99 0.38 0.30 397.7
11/5/14 0:00 0.99 0.99 0.38 0.30 398.4
11/6/14 0:00 0.99 0.99 0.37 0.30 399.1
1U1114 0:00 0.99 0.99 0.37 0.30 399.8
11/8/14 0:00 0.99 0.99 0.37 0.30 400.6
11/9/14 0:00 0.98 0.98 0.37 0.30 401.3

11/10/14 0:00 0.98 0.98 0.37 0.30 402.0
1111/114 0:00 0.98 0.98 0.37 0.30 402.7
11/12(14 0:00 0.98 0.98 0.37 0.30 403.4
111131140:00 0.98 0.98 0.37 0.30 404.2
11/14114 0:00 0.97 0.97 0.37 0.30 404.9
11/15/14 0:00 0.97 0.97 0.37 0.30 405.6
11/16/14 0:00 0.97 0.97 0.37 0.30 406.3
11/17/14 0:00 0.97 0.97 0.37 0.29 407.0
11/18/14 0:00 0.97 0.97 0.37 0.29 407.8
11/19/14 0:00 0.97 0.97 0.37 0.29 408.5
11/20/14 0:00 0.96 0.96 0.37 0.29 409.2
11/21/14 0:00 0.96 0.96 0.36 0.29 409.9
11/22114 0:00 0.96 0.96 0.36 0.29 410.6
11/23114 0:00 0.96 0.96 0.36 0.29 411.4
11/25/14 0:00 0.96 0.96 0.36 0.29 412.8
11/27/14 0:00 0.95 0.95 0.36 0.29 414.3
11/29/14 0:00 0.95 0.95 0.36 0.29 415.7
1211/14 0:00 0.95 0.95 0.36 0.29 417.2
12/3/14 0:00 0.94 0.94 0.36 0.29 418.7
12/5114 0:00 0.94 0.94 0.36 0.29 420.1
12/7/14 0:00 0.94 0.94 0.35 0.28 421.6
12/9/14 0:00 0.93 0.93 0.35 0.28 423.1
12/11/14 0:00 0.93 0.93 0.35 0.28 424.6
12/13/14 0:00 0.93 0.93 0.35 0.28 426.1
12117/14 0:00 0.92 0.92 0.35 0.28 429.1
12/21/14 0:00 0.91 0.91 0.35 0.28 432.1
12/25/14 0:00 0.91 0.91 0.34 0.28 435.1
12/29/14 0:00 0.90 0.90 0.34 0.27 438.1

1/2/15 0:00 0.89 0.89 0.34 0.27 441.1
1/6/15 0:00 0.89 0.89 0.34 0.27 444.1
1/10/15 0:00 0.88 0.88 0.33 0.27 447.2
1/14/15 0:00 0.88 0.88 0.33 0.27 450.2
1/18/15 0:00 0.87 0.87 0.33 0.26 453.3
1/28/15 0:00 0.86 0.86 0.32 0.26 460.9
2/7/15 0:00 0.84 0.84 0.32 0.26 468.6

2(17/15 0:00 0.83 0.83 0.31 0.25 476.3
2127/15 0:00 0.81 0.81 0.31 0.25 484.2
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Prepared 7/10/2013 8:27 AM Page 3 of 3

HEATUP Version 1 Output Data

File Date/Time: 0512813 12:56
Fig File: CYCLE32.fig
Print File: C32Disch.PRT
Burned Assemblies: 121
Minimum cooling time: 541.0 Days
Maximum cooling time: 1.5 Years

SFP Initial Water Temp = 80°F
Run date and time: 7/1012013 8:27:35 AM SFP Initial atr Temp = 80*F

S FP Initial Air Temp = 80° F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 F
Date and Time (Mbtulhr) (Mbtu/hr) (Mbtu/hr) (F/Hr) (F/Hr) (Hours)

319/15 0:00 0.80 0.80 0.30 0.24 492.0
3/19/15 0:00 0.79 0.79 0.30 0.24 500.0
3/29/15 0:00 0.78 0.78 0.29 0.24 508.0
4/8/15 0:00 0.76 0.76 0.29 0.23 516.1
4/18/15 0:00 0.75 0.75 0.29 0.23 524.2
4/28/15 0:00 0.74 0.74 0.28 0.23 532.4
5/18/15 0:00 0.72 0.72 0.27 0.22 549.0
61/715 0:00 0.70 0.70 0.26 0.21 565.8
6/27/15 0:00 0.68 0.68 0.26 0.21 582.8
7/17/15 0:00 0.66 0.66 0.25 0.20 600.0
8/6/15 0:00 0.64 0.64 0.24 0.19 617.5
8/26/15 0:00 0.62 0.62 0.24 0.19 635.1
9/15/15 0:00 0.60 0.60 0.23 0.18 653.0
10/5/15 0:00 0.59 0.59 0.22 0.18 671.1

10/25/15 0:00 0.57 0.57 0.22 0.17 689.4
11/14/15 0:00 0.56 0.56 0.21 0.17 707.9
12/4/15 0:00 0.54 0.54 0.21 0.17 726.6

12/24/15 0:00 0.53 0.53 0.20 0.16 745.5
1/13/16 0:00 0.52 0.52 0.20 0.16 764.7
212/16 0:00 0.50 0.50 0.19 0.15 784.0

2/22/16 0:00 0.49 0.49 0.19 0.15 803.6
3/13/16 0:00 0.48 0.48 0.18 0.15 823.4
4/2/16 0:00 0.47 0.47 0.18 0.14 843.3
4/22/16 0:00 0.46 0.46 0.17 0.14 863.5
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Kewaunee Spent Fuel Pool Time to 200°F (No Coolers)
18 Month Projection, HEATUP Version 1
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(:ORIENTATION :PORTRAIT :CC T :TYPE :ASSEMBLY :TIME-STATE NIL :REPORT
"Assembly Data for HEATUP Code")

KPS Pool - Assembly Data for HEATUP Code

Fig File: CYCLE32.fig
Print File: C32Disch.PRT
Date: 05/28/2013 Time: 12:56

Assy ID Discharge Burnup Enrich
K63 05/07/2013 37.826 4.740
K64 05/07/2013 44.567 4.750
K65 05/07/2013 36.217 4.740
K66 05/07/2013 40.742 4.740
K67 05/07/2013 40.752 4.740
K68 05/07/2013 40.755 4.740
K69 05/07/2013 40.741 4.740
K70 05/07/2013 36.215 4.740
K71 05/07/2013 37.824 4.740
K72 05/07/2013 44.567 4.740
K73 05/07/2013 44.565 4.740
K74 05/07/2013 37.825 4.740
K75 05/07/2013 36.215 4.750
K76 05/07/2013 40.742 4.750
K77 05/07/2013 40.752 4.750
K78 05/07/2013 40.753 4.750
K79 05/07/2013 40.740 4.750
K80 05/07/2013 36.217 4.750
K81 05/07/2013 44.565 4.750
K82 05/07/2013 37.826 4.750
K83 05/07/2013 45.747 4.750
X84 05/07/2013 45.792 4.750
K85 05/07/2013 45.553 4.750
K86 05/07/2013 45.552 4.750
K87 05/07/2013 45.793 4.750
K88 05/07/2013 45.745 4.750
K89 05/07/2013 45.745 4.750
K90 05/07/2013 45.790 4.750
K91 05/07/2013 45.552 4.750
K92 05/07/2013 45.550 4.750
K93 05/07/2013 45.791 4.750
K94 05/07/2013 45.743 4.750
L51 05/07/2013 29.855 3.210
L52 05/07/2013 29.852 3.210
L53 05/07/2013 28.934 3.210
L54 05/07/2013 29.853 3.210
L55 05/07/2013 29.855 3.210
L56 05/07/2013 29.789 3.630
L57 05/07/2013 29.788 3.630
L58 05/07/2013 29.782 3.640
L59 05/07/2013 29.787 3.630
L60 05/07/2013 29.782 3.640
L61 05/07/2013 29.781 3.640
L62 05/07/2013 29.781 3.620
L63 05/07/2013 29.788 3.620
L64 05/07/2013 30.144 3.620
L65 05/07/2013 30.145 3.620
L66 05/07/2013 30.145 3.620
L67 05/07/2013 30.145 3.620
L68 05/07/2013 29.550 3.610
L69 05/07/2013 29.549 3.630
L70 05/07/2013 29.550 3.620
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L71 05/07/2013 29.550 3.630
L72 05/07/2013 31.584 3.630
L73 05/07/2013 31.585 3.630
L74 05/07/2013 31.588 3.630
L75 05/07/2013 31.588 3.620
L76 05/07/2013 32.143 3.620
L77 05/07/2013 31.977 3.630
L78 05/07/2013 32.141 3.620
L79 05/07/2013 32.141 3.620
L80 05/07/2013 32.135 3.630
L81 05/07/2013 31.980 3.620
L82 05/07/2013 32.138 3.620
L83 05/07/2013 32.135 3.630
L84 05/07/2013 32.140 3.630
L85 05/07/2013 31.981 3.610
L86 05/07/2013 32.135 3.620
L87 05/07/2013 31.978 3.630
L88 05/07/2013 33.082 3.630
L89 05/07/2013 33.080 3.630
L90 05/07/2013 33.153 3.630
L91 05/07/2013 33.154 3.630
L92 05/07/2013 33.152 3.630
L93 05/07/2013 33.155 3.630
L94 05/07/2013 33.080 3.630
L95 05/07/2013 33.082 3.630
M51 05/07/2013 16.918 4.564
M52 05/07/2013 18.055 4.564
M53 05/07/2013 18.056 4.564
M54 05/07/2013 18.047 4.564
M55 05/07/2013 18.045 4.564
M56 05/07/2013 18.021 4.564
M57 05/07/2013 16.918 4.564
M58 05/07/2013 18.020 4.564
M59 05/07/2013 18.021 4.564
M60 05/07/2013 16.918 4.564
M61 05/07/2013 18.044 4.564
M62 05/07/2013 18.021 4.564
M63 05/07/2013 16.918 4.564
M64 05/07/2013 18.045 4.564
M65 05/07/2013 18.055 4.564
M66 05/07/2013 18.056 4.564
M67 05/07/2013 15.595 4.751
M68 05/07/2013 15.594 4.751
M69 05/07/2013 16.755 4.751
M70 05/07/2013 16.756 4.751
M71 05/07/2013 15.606 4.751
M72 05/07/2013 15.606 4.751
M73 05/07/2013 15.595 4.751
M74 05/07/2013 15.593 4.751
M75 05/07/2013 16.760 4.751
M76 05/07/2013 16.758 4.751
M77 05/07/2013 15.605 4.751
M78 05/07/2013 15.607 4.751
M79 05/07/2013 14.391 4.751
M80 05/07/2013 14.392 4.751
M81 05/07/2013 17.211 4.751
M82 05/07/2013 17.209 4.751
M83 05/07/2013 14.390 4.751
M84 05/07/2013 17.208 4.751
M85 05/07/2013 14.368 4.751
M86 05/07/2013 14.393 4.751
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M87 65/07/2013 17.210 4.751
M88 05/07/2013 17.224 4.751
M89 05/07/2013 17.225 4.751
M90 05/07/2013 17.226 4.751
M91 05/07/2013 17.225 4.751
M92 05/07/2013 14.367 4.751
M93 05/07/2013 14.368 4.751
M94 05/07/2013 14.368 4.751
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Same date and timesteps with only the Cycle 32 Discharged Core

Core
Offload

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtulhr)
Pool File Heat

Load (Mbtu/hr)

Adiabatic
Heatup

Rate (F/Hr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
*F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

- Hottest luel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
K1C32M17)Date and Time

1- - I -- -+ -~

518113 0:00 32.25 32.25 12.22 9.81 12.2 0.386
5/8/13 8:00 28.23 28.23 10.69 8.58 14.0 0.338

5/8/13 16:00 26.62 26.62 10.08 8.10 14.8 0.319
5/9/13 0:00 25.39 25.39 9.62 7.72 15.5 0.304
5/9/13 8:00 24.36 24.36 9.23 7.41 16.2 0.292

5/9/13 16:00 23.45 23.45 8.88 7.13 16.8 0.281
5/10/13 0:00 22.62 22.62 8.57 6.88 17.4 0.271
5110/13 8:00 21.86 21.86 8.28 6.65 18.1 0.262
5/10/13 16:00 21.15 21.15 8.01 6.43 18.7 0.253
5/11113 0:00 20.50 20.50 7.77 6.24 19.2 0.246
5/11/13 8:00 19.90 19.90 7.54 6.05 19.8 0.238
5/11/13 16:00 19.33 19.33 7.32 5.88 20.4 0.232
5/12/13 0:00 18.81 18.81 7.12 5.72 21.0 0.225
5/13/13 0:00 17.44 17.44 6.61 5.30 22.6 0.209
5/14/13 0:00 16.30 16.30 6.17 4.96 24.2 0.195
5/15/13 0:00 15.34 15.34 5.81 4.67 25.7 0.184
5/16/13 0:00 14.52 14.52 5.50 4.42 27.2 0.174
5/17/13 0:00 13.81 13.81 5.23 4.20 28.6 0.165
5/18/13 0:00 13.19 13.19 5.00 4.01 29.9 0.158
5/19/13 0:00 12.65 12.65 4.79 3.85 31.2 0.151
5/20/13 0:00 12.16 12.16 4.61 3.70 32.4 0.146
5/21/13 0:00 11.73 11.73 4.44 3.57 33.6 0.140
5/22/13 0:00 11.34 11.34 4.30 3.45 34.8 0.136
5/23/13 0:00 10.99 10.99 4.16 3.34 35.9 0.132
5/24/13 0:00 10.67 10.67 4.04 3.25 37.0 0.128
5/25/13 0:00 10.38 10.38 3.93 3.16 38.0 0.124
5/26/13 0:00 10.11 10.11 3.83 3.08 39.0 0.121
5/27/13 0:00 9.87 9.87 3.74 3.00 40.0 0.118
5/28/13 0:00 9.64 9.64 3.65 2.93 40.9 0.115
5/29/13 0:00 9.43 9.43 3.57 2.87 41.8 0.113
5/30/13 0:00 9.24 9.24 3.50 2.81 42.7 0.111
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Same date and timesteps with only the Cycle 32 Discharged Core

Core
Off load

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)
Pool File Heat
Load (Mbtu/hr)

Adiabatic
Heatup

Rate (F/Hr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
*F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

- Hottest fuel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
KIC32M17)Date and Time

-t - -t - -+ -. t 4
5/31/13 0:00 9.06 9.06 3.43 2.75 43.6 0.108
6/1/13 0:00 8.88 8.88 3.37 2.70 44.4 0.106
6/3/13 0:00 8.57 8.57 3.25 2.61 46.0 0.103
6/5113 0:00 8.29 8.29 3.14 2.52 47.6 0.099
6/7/13 0:00 8.04 8.04 3.04 2.44 49.1 0.096
6/9/13 0:00 7.80 7.80 2.96 2.37 50.6 0.093
6/11/13 0:00 7.59 7.59 2.87 2.31 52.0 0.091
6/13/13 0:00 7.38 7.38 2.80 2.25 53.4 0.088
6/15/13 0:00 7.19 7.19 2.72 2.19 54.9 0.086
6/17/13 0:00 7.01 7.01 2.66 2.13 56.3 0.084
6/19/13 0:00 6.84 6.84 2.59 2.08 57.7 0.082
6/21/13 0:00 6.68 6.68 2.53 2.03 59.1 0.080
6/25/13 0:00 6.38 6.38 2.42 1.94 61.9 0.076
6129/13 0:00 6.11 6.11 2.31 1.86 64.6 0.073
7/3/13 0:00 5.86 5.86 2.22 1.78 67.3 0.070
7/7/13 0:00 5.64 5.64 2.14 1.72 70.0 0.068

7/11/13 0:00 5.43 5.43 2.06 1.65 72.6 0.065
7/15/13 0:00 5.24 5.24 1.99 1.59 75.2 0.063
7/19/13 0:00 5.07 5.07 1.92 1.54 77.8 0.061
7/23/13 0:00 4.91 4.91 1.86 1.49 80.4 0.059
7/27/13 0:00 4.76 4.76 1.80 1.45 83.0 0.057
816113 0:00 4.42 4.42 1.67 1.34 89.3 0.053

8/16/13 0:00 4.13 4.13 1.56 1.26 95.5 0.049
8/26/13 0:00 3.88 3.88 1.47 1.18 101.7 0.046
9/5/13 0:00 3.66 3.66 1.38 1.11 107.9 0.044

9/15/13 0:00 3.46 3.46 1.31 1.05 114.2 0.041
9/25/13 0:00 3.27 3.27 1.24 1.00 120.5 0.039
10/5/13 0:00 3.11 3.11 1.18 0.95 126.9 0.037
10/15/13 0:00 2.96 2.96 1.12 0.90 133.4 0.035
10/25/13 0:00 2.82 2.82 1.07 0.86 140.0 0.034
11/4/13 0:00 2.69 2.69 1.02 0.82 146.6 0.032
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Same date and timesteps with only the Cycle 32 Discharged Core

Core
Offload

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtu/hr)
Pool File Heat
Load (Mbtu/hr)

Adiabatic
Heatup

Rate (F/Hr)

Best
Estimate
Heatup

Rate (F/Hr)

Best
Estimate

Time to 200
@F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

** Hottest fuel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
KIC32M17)Date and Time

S- - 1~ - t - - ~ 1 ~ I t
11/24113 0:00 2.46 2.46 0.93 0.75 160.1 0.030
12/14/13 0:00 2.27 2.27 0.86 0.69 173.7 0.027

1/3/14 0:00 2.10 2.10 0.80 0.64 187.5 0.025
1/23/14 0:00 1.96 1.96 0.74 0.60 201.3 0.023
2112114 0:00 1.84 1.84 0.70 0.56 215.0 0.022
3/4/14 0:00 1.73 1.73 0.65 0.52 228.6 0.021

3/24/14 0:00 1.63 1.63 0.62 0.50 242.2 0.020
4/13/14 0:00 1.54 1.54 0.58 0.47 255.6 0.018
5/3/14 0:00 1.47 1.47 0.56 0.45 269.1 0.018

5/23/14 0:00 1.40 1.40 0.53 0.42 282.5 0.017
6/12/14 0:00 1.33 1.33 0.51 0.41 295.9 0.016
7/2/14 0:00 1.28 1.28 0.48 0.39 309.4 0.015

7/22/14 0:00 1.22 1.22 0.46 0.37 323.0 0.015
8/11/14 0:00 1.17 1.17 0.44 0.36 336.7 0.014
8/31/14 0:00 1.13 1.13 0.43 0.34 350.6 0.013
9/20/14 0:00 1.08 1.08 0.41 0.33 364.8 0.013
10/10/14 0:00 1.04 1.04 0.39 0.32 379.2 0.012
10/30/14 0:00 1.00 1.00 0.38 0.30 394.0 0.012
11/19/14 0:00 0.97 0.97 0.37 0.29 408.5 0.012
12/9/14 0:00 0.93 0.93 0.35 0.28 423.1 0.011
12/29/14 0:00 0.90 0.90 0.34 0.27 438.1 0.011
1/18/15 0:00 0.87 0.87 0.33 0.26 453.3 0.010
2/7/15 0:00 0.84 0.84 0.32 0.26 468.6 0.010

2/27/15 0:00 0.81 0.81 0.31 0.25 484.2 0.010
3/19115 0:00 0.79 0.79 0.30 0.24 500.0 0.009
4/8/15 0:00 0.76 0.76 0.29 0.23 516.1 0.009

4/28/15 0:00 0.74 0.74 0.28 0.23 532.4 0.009
5/18/15 0:00 0.72 0.72 0.27 0.22 549.0 0.009
617/15 0:00 0.70 0.70 0.26 0.21 565.8 0.008
6/27/15 0:00 0.68 0.68 0.26 0.21 582.8 0.008
7/17/15 0:00 0.66 0.66 0.25 0.20 600.0 0.008
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Same date and timesteps with only the Cycle 32 Discharged Core

Core
Offload

Heat Load
(Mbtu/hr)

Heat Load from
Cycle 32

Discharge
Assemblies

Only (Mbtulhr)
Pool File Heat
Load (Mbtu/hr)

Adiabatic
Heatup

Rate (FIHr)

Best
Estimate
Heatup

Rate (FIHr)

Best
Estimate

Time to 200
°F (Hours)

Hottest Fuel
Assembly
Estimate

(Mbtu/hr) **

** Hottest fuel assembly
approximation includes

fraction of one assembly to
core (1/121) x highest
power fraction of last

fluxmap, 1.449 (C-08, map
KIC32M17)Date and Time

S-- 1- -~ - ~1 -- -+ - I
816115 0:00 0.64 0.64 0.24 0.19 617.5 0.008

8/26/15 0:00 0.62 0.62 0.24 0.19 635.1 0.007
9/15/15 0:00 0.60 0.60 0.23 0.18 653.0 0.007
10/5/15 0:00 0.59 0.59 0.22 0.18 671.1 0.007

10/25/15 0:00 0.57 0.57 0.22 0.17 689.4 0.007
11/14/15 0:00 0.56 0.56 0.21 0.17 707.9 0.007
12/4/15 0:00 0.54 0.54 0.21 0.17 726.6 0.007

12124/15 0:00 0.53 0.53 0.20 0.16 745.5 0.006
1/13/16 0:00 0.52 0.52 0.20 0.16 764.7 0.006
2/2/16 0:00 0.50 0.50 0.19 0.15 784.0 0.006

2(22/16 0:00 0.49 0.49 0.19 0.15 803.6 0.006
3/13/16 0:00 0.48 0.48 0.18 0.15 823.4 0.006
4/2/16 0:00 0.47 0.47 0.18 0.14 843.3 0.006

4/22116 0:00 0.46 0.46 0.17 0.14 863.5 0.005
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Comparison of Decay Heat Values between HEATUP and ORIGEN

A [121 fuel assemblies] B
Calendar Date: Elapsed Time Since Shutdown (days) *per assembly per assembly per offloaded core ^per single fuel assembly
5/8/2013 0:00 Shutdown ORIGEN (Kwatts) ORIGEN (Mbtu/Hr) HEATUP code (Mbtu/hr) (offloaded core/121) (Mbtu/hr)

5/18/2013 0:00 10 37.7 0.129 13.19 0.1S8
8/16/2013 0:00 100 12.2 0.042 4,13 0.049
5/8/2014 0:00 365 4.71 0.016 1.47 0.018

10/30/2014 0:00 540 2.48 0.008 1.00 0.012

5/7/2016 0:00 1 1095 days (3 years) 1.57 0.005 0.46 0.006

Conservatisms in HEATUP code 1[1079 fuel assemblies1
Calendar Date: Elapsed Time Since Shutdown (days) difference In HEATUP vs. ORIGEN HEATUP code best estimate heatup rate Actual Heatup Rate

5/8/2013 0:00 Shutdown (B - A]/[B] % degrees F/hr degrees F/hr
5/18/2013 0:00 10 18.56% 4.80

8/16/2013 0:00 100 15.83% 1.99
5/8/2014 0:00 365 8.71% 1.08 0.7"*

10/30/2014 0:00 540 29.34% 0.89

5/7/2016 0:00 1095 days (3 years) 2.75% 0.64

For data column A:
* - reference values from procedure RE-20, Attachment A, for Region 27A
Region 27A Is showing the highest decay heat loads for the time In question.

For data column B:

A^- The values given in the HEATUP code for the entire discharged core (all 121 fuel assemblies) was divided by 121 to get an assembly average, and then multiplied by a factor of 1.449.

This factor comes from the last flux map which shows the highest power assembly having a power sharing factor of 1.449 when it was at full power conditions.
This value is provided for comparison to the ORIGEN runs. At 3 years timeframe, the ORIGEN values and the values In the above spreadsheet are approximately the same.

** - eSOMs data from 2/8/2012 "Control Room Log" shows the actual heatup rate when SFP cooling was removed from service for 14 hours, increased 10 degrees F

This data represents about one year of decay time for the most recently discharged fuel assemblies at that time. Although the data from H-EATUP above Is for the current discharged fuel

and represents current conditions going forward, the heatup rate we observed in the year 2012 at about the same decay time is representative of what we would expect to see in 2014 (following 1 year of decay time).
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From: David Pearson [mailto:atomicrealestate~g mail.com]
Sent: Wednesday, July 10, 2013 10:16 AM
To: John F Helfenberger (Generation - 4)
Subject: Re: FW: for just the final core discharge assemblies

John, they look good. you can sign via email.

On Jul 10, 2013 9:33 AM, "John F Helfenberger" <john.f.helfenberger(iildom.coln> wrote:
Dave,
Here is email 2 of 2. This is the HEATUP runs for just the 121 offload assemblies.
Thanks for taking time out of your busy schedule to review this.
John

----- Original Message -----
From: Color 560 [mailto:PRT2947(ddom.com]
Sent: Wednesday, July 10, 2013 9:22 AM
To: John F Helfenberger (Generation - 4)
Subject: Scan from a Xerox Color

Please open the attached document. It was scanned and sent to you using a Xerox Color.

Number of Images: 11
Attachment File Type: PDF

Device Name: Color 560

Device Location:

For more information on Xerox products and solutions, please visit http://www.xerox.corn/
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* INDEX DOCUMENT.IN.FO.RMA I.O.N FO.RM

"Information for Kewaunee Spent Fuel Pool Postulated Loss of Inventory
Calculation," ETE-NAF-20130077, Rev. 0, Add. 0, by M. S. Lico, dated JUL 10
2013.

INDEX DOCUMENT INFORMATION
Index Document ID: 20130077-0-0
Index Entry Preparer(s): Michael S Lico
Index Entry Reviewers: Michael S Lico,Christopher Clemens,Jerry Kloecker,William J
Eakin,John F Helfenberger

Document Title: Information for Kewaunee Spent Fuel Pool Postulated Loss of
Inventory Calculation
Document Author: M. S. Lico
Document Date: 07/10/2013
Responsible Department: NAF
Responsible Group: NAF-FPE - Fuel Project Engineering Group
Applicable Sites: Kewaunee
Vendor Deliverable?: No
Owner Review Performed?: No
Owner Review Comments:

Secure/Confidential Document?: No
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Vendor Proprietary Information?: No
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User Specified Instructions:
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Record generated under CM-AA-ETE-101. In accordance with CM-AA-ETE-101, this
document should processed by Records Management under DocType=ETE, and
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INDEX DOCUMENT INFORMATION FORM - Files

1. KPS Zirc Fire ETE to S&L.docx (7/10/2013 4:01:12 PM)
2. Rx Eng SFP Heat Load Calc.pdf (7/9/2013 12:39:06 PM)
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INDEX DOCUMENT, INFORMATION FORM:,
Correspondence

SENT DATE:

Recipients: Robert D Gerke,Christopher Clemens,Jerry Kloecker,William J Eakin,John
Harrell,Tom Brookmire,Brian J Vitiello,John F Helfenberger

CC Recipients:

Attached please find the subject ETE (resent to correct the date in the INDEX entry).
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"Information for Kewaunee Spent Fuel Pool Postulated Loss of Inventory
Calculation," ETE-NAF-20130077, Rev. 0, Add. 0, by M. S. Lico, dated JUL 10
2013.

APPROVER PURPOSE OF ELECTRONIC AUTHENTICATION DATE
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Purpose

This Engineering Technical Evaluation (ETE) provides the present fuel assembly locations and updated
fuel decay heat loads for the Kewaunee Power Station (KPS) spent fuel pool (SFP) to Sargent and
Lundy (S & L) to support their analysis of the unlikely postulated event of a loss of inventory in the KPS
SFP (Source Document 1). In particular, S & L requires a bounding fuel assembly decay heat load for
the Cycle 29 and Cycle 32 discharge assemblies. S & L has also requested further documentation of
the fuel assembly form loss coefficient. This information supports the diabatic calculation.

This ETE only provides information and inputs needed by S & L to perform their analysis per Source
Document 1. In addition, the S & L analysis will be Nonsafety-related and will be performed to their quality
program. Thus, this ETE is considered to be Level 1 per CM-AA-ETE-101 Step 2.3.i, and a Design
Effects and Consideration review, DRUL, and 10 CFR 50.59 review are not required.

Design Inputs and Assumptions

The design inputs and assumptions will support S & L's analysis of the postulated loss of fuel pool
inventory (diabatic case) in Source Document 1.

The SFP fuel assembly locations are taken from KPS SFP inventory documentation.

The design inputs and assumptions for computing bounding spent fuel assembly decay heat loads follow:
0 The limiting case is a SFP grouping consisting of a Cycle 32 discharge assembly surrounded on 2

sides by a Cycle 30 and a Cycle 31 discharge assembly. The other 2 surrounding assemblies
were discharged during a refueling outage before Cycle 30 (Cycle 29 or earlier). There are 13
such groupings in the South Pool (enclosed in borders on Page 3 of Attachment 1).

* The Cycle 32 discharge assembly with the highest end of cycle assembly power within these 13
groupings is fuel assembly M52. The peak assembly power factor for M52 was 1.386 per the last
Cycle 32 flux map (Reference G). This peak assembly power is less than the peak assembly power
of several other Cycle 32 discharge assemblies (References A and G). However, these other
assemblies are surrounded by "cold" fuel assemblies (discharged before Cycle 29), and thus are not
in a limiting configuration.

* S & L will use the conservatively estimated M52 heat load (Attachment 3) as the heat load for the
adjacent Cycle 30 and Cycle 31 discharge fuel assemblies.

* The remaining assemblies adjacent to M52 were discharged during the Cycle 29 refueling outage:
o The Cycle 29 discharge fuel assembly in the 13 groupings with the highest end of cycle

assembly power is fuel assembly G78. Its peak assembly power factor was 0.641 per the
last Cycle 29 flux map (Reference H). The other adjacent Cycle 29 discharge assembly
had a slightly lower power. However, S & L will assume the conservatively estimated G78
heat load (Attachment 2) for both adjacent Cycle 29 assemblies.

S & L will use this information to compute assembly net radiative heat losses for the diabatic case.

Methodology

The method used to confirm SFP fuel assembly locations is SFP inventory inspections. The
methodologies used for the SFP heat load estimate are described in Attachments 2, 3, and 4 herein, and
Attachment 4 of Reference A.

First, the end of cycle heat loads for Cycle 32 (M52) and Cycle 29 (G78) are calculated based on
Dominion's HEATUP code. Second, the end of cycle heat loads are divided by the number of fuel
assemblies discharged at the end of the respective cycle (K1C32 = 121 assemblies and K1C29 = 44 fuel
assemblies) to calculate an average heat load per discharge fuel assembly. Lastly, the maximum fuel
assembly heat load values are conservatively estimated by multiplying the M52 (and G78 for K1C29)
fuel assembly power by the respective average fuel assembly heat load. For example, the M52
assembly power (1.386) is multiplied by the K1C32 fuel assembly average discharge heat load.

Form No- 730801 (Aug 2012)
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Discussion

This ETE only provides data that S & L requested to perform their KPS SFP diabatic calculation per Source
Document 1 (S & L will perform the work as Nonsafety-related to their quality program).

Attachment 1 provides present KPS SFP fuel assembly locations and identifies assemblies permanently
discharged after the last three operating cycles. KPS performed SFP inventories to verify and document
this information using approved site procedures (References B through F).

Attachments 2 and 3 respectively provide Cycle 29 and Cycle 32 maximum discharge fuel assembly heat
load estimates. Attachment 2 summarizes relevant information presented in Attachment 4 herein, and
Attachment 3 summarizes relevant information presented in Attachment 4 of Reference A (from HEATUP
code). Only data for the last quarter of 2014 is listed because that is the time frame in which there appears
to be enough decay time to prevent clad ignition per S & L preliminary reviews. Dominion can provide more-
data to S & L upon request.

S & L needs the heat load estimate for Cycle 29 and Cycle 32 discharge fuel to perform the KPS loss of
spent fuel pool inventory diabatic analysis. The limiting SFP heat load scenario is the case of a Cycle 32
discharge fuel assembly adjacent to a Cycle 30 and a Cycle 31 discharge assembly. Due to its higher
assembly power, the limiting case is assembly M52 in SFP location JJ-04. Its assembly power factor, which
is 1.386 per the final Cycle 32 flux map, is the highest powered assembly in the 13 groupings described in
the "Design Inputs and Assumptions" section above (Reference G).

Note that there are several other Cycle 32 discharge assemblies with higher assembly power factors than
M52. However, all of these assemblies are surrounded on all four sides by "cold" fuel discharged before
Cycle 30. The heat load for the M52 configuration bounds the heat loads associated with the higher
powered assemblies because the assemblies surrounding the higher power assemblies produce much
less decay heat.

The two other assemblies in the grouping were discharged during Cycle 29. One of these assemblies (G78
in SFP location JJ-03) has the highest assembly power factor (0.641) for a Cycle 29 discharge assembly
located in the 13 groupings (Reference H). Both Cycle 29 adjacent assemblies are conservatively assumed
to provide the heat load of assembly G78.

S & L plans to use this information for computing assembly net radiative assembly heat losses for the
diabatic case using the conservative assumptions in the "Design Inputs and Assumptions" section above.

Finally, regarding the assembly form loss coefficient to support S & L's diabatic calculation, References A
and I have previously documented an assembly loss coefficient of 30 for a Reynolds Number of 100 based
on an assembly flow area of 32 square inches.

Cumulative Effects Review

This ETE only provides certain information to S & L for the analysis described in Source Document 1.
S & L's analysis will be Nonsafety-related.

Thus, there are no cumulative effects associated with the information in this ETE.

Conclusions

This ETE provides certain data that S & L requested to support their analysis of the unlikely postulated
event of a loss of SFP inventory (Source Document 1). The information provided in this ETE includes:

* present fuel assembly SFP locations, including which assemblies were discharged after Cycles 30,
31, and 32

0 maximum fuel assembly heat load after final shutdown of KPS (Cycle 29 and Cycle 32 limiting
discharge assembly).

S & L will use this information for their diabatic analysis, which is Nonsafety-related and will be performed to
S & L's quality program.

Form No. 730801 (Aug 2012)
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Precautions and Limitations

NONE

Required Actions

NONE

Recommendations

NONE
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Spent Fuel Pool Map
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The drawing on the next page arbitrarily hand numbers the spent fuel racks in the KPS spent
fuel pool (not in the transfer canal). The racks each a have a 9 x 10 storage array, with 9 cells
in the north-south direction and 10 cells in the east-west direction.

The pages after the drawing, which include a color-coded schematic marking the last 3 cycles'
discharge fuel assembly locations, have a red border outlining each rack corresponding to the
drawing. Also, each rack has a red text box marking the spent fuel rack number consistent with
the hand markings on the drawing.

The "13 fuel assembly groupings" described in the "Design Inputs and Assumptions" section
are highlighted in the cruciform shaped outlines.

NOTE: The first page of the color-coded schematic has one row of Rack 5 and Rack 7 cells on
the extreme right, with these racks' remaining cells on the next page.

Form No. 730801 (Aug 2012)
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Limiting Cycle 29 Discharge Fuel Assembly Heat Load (Fuel Assembly G78)

Shutdown = 912612009

Highest Heat Load If - Highest Hea3t aLi per Assemtbly - linitig

Adiabatic Average Heat per Assembly combinationofI,3 includes fraction of one
Months Total Heat Load (Mbtu/hr) Heatup Best Estimate Best Estimate Load-per limiting assembss lytocore (1144) x highest power fraction
Since - only the Cycle 29 Rate Heatup Rate Time to 200 °F Assembly combinatiofr133 Q..of last flUxrap,0.641.(Assembly G78 frounm

Shutdown Dateand Time Discharges (F/Hr) (FIHr) (Hours) (Mbtu/hr) ,,h, Reference H . ,
59.1 8/28/14 0:00 0.16 0.06 0.05 1200.0 0.0037 :00024 G78 resides in JJ-03 in the SFP (South Pool)
59.4 9/7/14 0:00 0.16 0.06 0.05 1200.0 0.0037 0.0024
60.1 9127/14 0:00 0.16 0.06 0.05 1200.0 0.0037 0.0023
60.7 10117/14 0:00 0.16 0;06 0.05 1200.0 0.0036 0,0023<
61.4 1116/14 0:00 0.16 0;06 0.05 1200.0 0.0036 0.0023•
62.0 11/26/14 0:00 0.16 0.06 0.05 1200.0 0.0036 0.0023
62.7 12/16/140:00 0.16 0.06 0.05 1200.0 0.0035 0.0023
63.4 115115 0:00 0.15 0.06 0.05 1200.0 0.0035 0.0022 1 1

~.,0

0

0
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Limiting Cycle 32 Discharge Fuel Assembly Heat Load (Fuel Assembly M52)

Shutdown 51712013 .

Best Best
Adiabatic Estimate Estimate /I :Hottest assembly approximation in South Pool

Months Cycle 32 Discharge Heatup Heatup Time to Hottest-Fuel Assembly includes fractionof one assembly tore(l.. 21)x
Since Assemblies Only Heat Rate •Rate 200 "F in South Pool Estimate highest"power fraction of 1ast fluxmap,.1.386

Shutdown Date and Time Load (Mbtu/hr) (F/Hr) (F/Hr) (Hours) (MbtuaIhr) I1, - .. (Assembly M52.foom ReferenceG) -.

15.4 8/17/140:00 1.16 0.44 0.35 341.2 0.0013 . M52 resides in JJ-04 in the SFP (South Pool)
16.0 9/6/14 0:00 1.11 0.42 .0.34 355.1 ' .013
16.7 9/26/14 0:00 1.07 0.40 0.33 369.2 0.012' Although there are discharge assemblies with higher
17.3 10/15/14 0:00 1.03 0.39 0.31 383.6 M ;f :0.012 peak assembly power factors per Reference G, they are
17.8 10/30/14 0:00 1.00 0.38 0.30 394.0 0.011 ,. surrounded by "cool" assemblies and thus do not
18.0 11/5/14 0:00 0.99 0.38 0.30 398.4 ' 0.0•1•Ol i,9: representa limiting configuration.
18.3 11115/14 0:00 0.97 0.37 0.30 405.6 0.011i
18.8 11129/14 0:00 0.95 0.36 0.29 415.7 0.011
18.8 12/1/14 0:00 0.95 0.36 0.29 417.2 0.0i117
19.3 12/15/14 0:00 0.92 0.35 0.28 427.5 0,.117 9•
19.8 12/31/14 0:00 0.90 0.34 0.27 439.5 0_01,10,_ ____ ___ _

NOTE: Some values above were interpolated from Attachment 4 of Reference A for simplicity of reviewing this table.

=r 0 0

OCD Z 0

0
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Nuclear Fleet

oominioral Administrative Procedure

Title: Spent Fuel Pool Heatup

Procedure Number Revision Number Effective Date and

ER-AA-RXE-103 1 Approvals On File

Revision Summary

Revised to add the following that did not transfer from NF-AA-RXE-1 03:

* 3.1 NOTE -"Performance of Step 3.1.4 is optional in the performance of Subsection 3.1."
* Added Step 3.1.3 - 'Transfer of fuel from ISFSI to spent fuel pool - update should be performed prior

to transferring fuel to spent fuel pool, raises decay heat load.,
Added Step 3.1.4 - 'Transfer of fuel to ISFSI (or off-site) - update optional, lowers decay heat load.*

R'rt& 40 S"poppr+ ? 4ýe. c

c),j. ei'~a-P c;L-

Rev ~ Aleý 0)% )o--4

Functional Area Manager. Manager Nuclear Systems Engineering
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•5 PURPOSE

The purpose of this document is to provide guidance to Reactor Engineers for the
generation of the spent fuel pool (SFP) heatup plots as required for the response to
INPO IER L1-11-2, Recommendation 3.

INPO IER LI-11-2, Recommendation 3, requires the following:

Establish, for all plant conditions, the time for the SFP to reach 200°F (bulk
temperature) in the event that normal cooling is lost. Maintain this information In a
format that is readily available in the control room and emergency response facilities.
This time is Intended for information purposes only in case a sustained loss of SFP
cooling or inventory occurs.

.• SCOPE

This procedure is only applicable for the generation of spent fuel pool heatup plots as
required for the response to INPO LI-IER 11-2, Recommendation 3.

04") INSTRUCTIONS

N E: Non-irradiated new fuel assemblies have NO decay heat. Therefore, it is NOT necessary to
- update the spent fuel pool heatup plot when new fuel assemblies are added to the pool.

( Removal of spent fuel assemblies from the pool results In a lower decay heat loading and a
longer (more conservative) heatup time. Therefore, it is NOT required to update the spent
f. e pool heatup plot when fuel is removed from the pool.

erformance of Step 3.1.4 is optional in the performance of Subsection 3.1.

Reactor WHEN any of the following events occur, THEN UPDATE the spent fuel pool heatup
Engineer plot:

3.1.1 Refueling - update required prior to core offload or core shuffle, raises decay
heat load.

"- > 3j.2 )Mid-cycle core offload - update should be performed prior to corn jfflfoad.
0. aissdecay heat loa~ d. :Spnrr I2J t4tfI% S rOC632.

3.1.3 Transfer of fuel from ISFSI to spent fuel pool - update should be performed
prior to transferring fuel to spent fuel pool, raises decay heat load.

3.1.4 Transfer of fuel to ISFSI (or off-site) - update optional, lowers decay heat
load.

9J•5 CREATE the ShuffleWorks Input (.PRT) file using site specific guidance in
Attachment 1 or 2 as appropriate.

INFORMATION USE
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DOMINION

..... The decay heat load from the Millstone 2 consolidated fuel storage boxes have been
. previously evaluated as insignificant (Ref, 5.4.2). It is NOT necessary to Include the

consolidated fuel storage boxes In the input (.PRT) file.

3 .1 REVIEW the input (.PRT) file for the following attributes:

OConfiguration file (,FIG) is correct.

XDate and Time are correct.

.. rradiated fuel assembly discharge date, burnup or enrichment are NOT
"NIL.-

ompare a sample (e.g., 20to 25) of different batch fuel assembly bumup
-- lues to a controlled document (i.e., a calculation or engineering

technical evaluation) to ensure that measured bumup values are correct.

SELECT HEATUPPOI.xism and CLICK "Open".

CUCK the "Read Only" button when prompted for a password.
CLICK the "OK" button when the 'Make sure EXCEL has macros enabled" message

appears.

.< ENSURE that the "Version Check" says "Version OK."

(NOTE- A "CHECK VERSION" message will appear If the HEATUP last saved date and time does
7 NOT agree within 12 hours of the date and time embedded in the code at the time of code

release, or if the file name is NOT HEATUPP01 .xlsm. This may mean that the user saved
a personal version of the HEATUP spreadsheet and reopened it later. The HEATUP code
can NOT verify that the code version is valid unless the name and save date and times
match.

IF a "CHECK VERSION" message appears, THEN CLOSE the EXCEL spreadsheet
and OBTAIN a copy of the HEATUP_P01.xlsm spreadsheet from a controlled source
(i.e. Nuclear Core Design).

j&"SELECT the fuel pool to be updated in the "Select Fuel Pool" list.

INFORMATION USE
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0 ENTER "User Input Data" as follows:
The start date and time is entered in cell Fl 5 in the HEATUP 901 spreadsheet in the

The start date and time is entered in cell F1 5 in the HEATUIPP01 spreadsheet in the
format M/D/YY hh:mm.

The default start time Is the date and time when the HEATUP spreadsheet was opened.

The start date and time is important if modeling the refueling outage core offload and
onload.

- •39?iENTER the start date and time for the start of the 540 day look-ahead
-•--. resident fuel decay heat calculation.

N E: emperature values less than 60°F and greater than 150°F will cause a "CHECK VALUE"
--- message to appear.

N The initial pool temperature and initial air temperature values affect the information in the
"-HeatupRatePlot" and 'HeatupPlot_2" plots.

. F desired, THE ENTER the initial pool temperature value (default value
is 80,F).

•< IF desired, MEN ENTER the initial air temperature value (default value
•-Jis 80"F).

.• CLICK on the "Read Fuel File and Calculate" button. A Windows Explorer pop-up
menu wi appear.

SELECT the directory containing the ShuffleWorks input (.PRT) file that was
&created using the appropriate attachment.

0: the input (.PRT) file is successfully read, a screen will appear that shows the progress of
the heat load calculation.

(.PRT) file that was created using the

INFORMATION USE
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the selected input file contains invalid data ("Error in Pool file data" error

message will appear). THEN PERFORM the following:

a. CLICK on the "OK" button to clear the error message.

b. REVIEW the input (.PRT) file to determine and correct the invalid data.

( ie default values for the core offload and onload parameters are estimates and are
ifferent for each plant

Ncore offload is modeled such that fuel movement starts at the date end time entered for
the start of the pool decay heat calculation (Step 3.9.1). The decay time prior to offload
starts before the start date and time. The shutdown date and time is the start date and time

nus the decay time prior to offload and is shown In the blue header bar.

F E: Crny changes to the start date and time values will require that the "Read Fuel File and
Calculate" step be repeated (Step 3.10).

1• •IF desired to model the core offload and onload, THEN PERFORM the following:

3.11.1 REQUEST Nuclear Core Design to provide the following information:

" Discharge batch enrichment (in wlo U-235)

" End-of-Cycle discharge batch bumup (in MWD/MTU)

" Core average enrichment (In w/o U-235)

" End-of-Cycle core average batch burnup (in MWD/MTU)

3.11.2 ENTER the expected decay time prior to core offload.

3.11.3 ADJUSTthe start date and time as required to make the core shutdown date
and time agree with the actual core shutdown date and time.

3.11.4 ENTER the HIGHEST expected fuel pool temperature for the core offload in
the "initial pool temperature" field.

3.11.5 ENTER tlhe values for the remaining refueling outage parameters.

.11.6 CLICK on the "Simulate Refueling Outage" button.

REVIEW t6e "Input File Datae for the following:

3.1lnput File DateFl'me" is consistent with the date and time of the
thuffleWorks Input (.PRT) file that was created using the appropriate

attachment

INFORMATION USE
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A TE:'he number of burned assemblies may NOT include all fuel items stored in the spent fuel
- "--..-.tpool (e.g., failed rod storage baskets, consolidated fuel storage boxes).

ý.12.2 'Bumed Assemblies" value agrees with the number of fuel assemblies
,"- i rrently stored in the spent fuel pool.

..1'2.3i)'Minimum cooling time" and "Maximum cooling time" values are reasonable
-" • considering the start date and time, and the discharge times of fuel

2 assemblies stored in the fuel pool.

REVIEW the output data and plots for reasonable behavior by comparison against
previously approved output data and plots.

rCHECKthat fte labeling of the HEATUP plots are correct for the selected unit.

PERFORM ONE of the iboiowing:

3.15.1 IE modeling core offload and reload, THEN PRINT "HeatupPIot_2".

LF performIng non-core offload update, THEN PRINT Heatup Plot_1".

SIGN and DATE Heatup_Plot1" or "Heatup Plot_2".

,e REQUEST that a second reactor engineer perform a Peer Review of the inputs and
outputs of the HEATUP calculation In accordance with DNES-AA-GN-1001,
Engineering Reviews.

PeerReviewer$3-18 SIGN and DATE "HeatupPlot.1" or "HeatupPlot_2" as reviewer.

Reactor 3.19 DISTRIBUTE signed and dated copies of 'HeatupPlotl" or "Heatup Plot_2" to:Engineer E Main Control Room

" Technical Support Center

" Emergency Operations Facility

4.0 RECORDS

4.1 'The following record(s) completed as a result of this procedure are required to be
transmitted to Nuclear Document Management (NDM). The records have beon
identified and retention requirements established for the Nuclear Records Retention
Schedule (NRRS) per RM-AA-101, Record Creation, Transmittal, and Retrieval.

4.1.1 Quality Assurance Records

* "Heatup Plotl" or "HeatupPloL2"

* Site-Specific Heat-up Curves

4.1.2 Non-Quality Assurance Records

None

INFORMATION USE
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4.2 The following record(s) completed as a result of this procedure are NOT required to
be transmitted to Nuclear Document Management (NDM), but are required to be
retained as indicated below. The NRRS has been updated and Alternate Storage
approved per RM-AA-101 for Quality Assurance Records.

4.2.1 Quality Assurance Records

None

4.2.2 Non-Quality Assurance Records

None

4.3 The following item(s) completed as a result of this procedure are NOT records and
are NOT required to bo transmitted to Nuclear Document Management (NDM).

None

5.0 ADMINISTRATIVE INFORMATION

5.1 Commitments

None

5.2 Responsibilities

5.2.1 Reactor Engineers

Reactor Engineers are responsible to apply the guidance In this procedure
to generate the updated spent fuel pool heatup plots when specified by this
procedure.

5.2.2 Nuclear Analysis and Fuel

Nuclear Analysis and Fuel is responsible to maintain and update the
H EATUP computer code and to ensure that the ShuffleWorks neutronics
data files accurately re~flect the inventory, discharge dates, initial
enrichments and measured burnup values of spent fuel assemblies stored in
the spent fuel pool.

5.3 Definitions

None

5.4 References

5.4,1 INPO Event Report L1:11-2. dated 4/2512011, Fukushima Dailchl Nuclear
Station Spent Fuel Pool Loss of Cooling and Makeup

5.4.2 Calculation No. PM-1442, Rev. 1, HEATUP Version I Spent Fuel Pool
Heatup Computer Code

5.4.3 ETE-NAF-2011-0104, HEATUPPOI Code Release

5.4.4 DNES-AA-GN-1001. Engineering Reviews

INFORMATION USE



S&L Caic. No. 2013-11284, Rev. 0
Project No. 11862-198
Attachment 18, Page 23 of 44

ER-AA-RXE-103
REVISION I

PAGE 9 OF 11

ATTACHMENT 1
(Page 1 of 1)

Millstone and Kewaunee Power Station PRT file Generation Guidance

DOMINION

NOTE: ShuffleWorks version 5.0.050106 (or later) is required to create the input (.PRT) file.

NOTE: Performance of this procedure requires a good working level of knowledge of the
ShuffleWorks program.

NOTE: The "General Assembly Information" (.GAI) file and the 'Configuration' (-FIG) file are used
by ShuffleWorks to create the input (.PRT) file at MPS.

NOTE: The 'General Assembly Information' (.GAI) file may contain additional data, in addition to
the required data specified below,

1. Ensure that a ShuffleWorks "General Assembly Information" (.GAI) file is available that contains at a
minimum the following information for all irradiated fuel assemblies stored in the spent fuel pool for the
desired plant:

a. Fuel assembly identification serial number.

b. Offload date when fuel assembly was discharged from core.

c. Fuel assembly Initial enrichment (weight percent U-235).

CAUTION: The measured fuel assembly burnup values used to generate the input (.PRT) file must NOT
be reduced to account for measurement uncertainties.

d. Measured fuel assembly Bumup.

2. Start ShuffleWorks.

3. Load the data file for the desired plant and current operating cycle.

4. Display the current spent fuel pool
[CAUTION: Failure to select all -pent fuel assemblies stored in the spent fuel pool will result in a

non-conservative decay heat load calculation.

5-

6.

7.

8.

9.

10,

Using the "Utility" function, highlight all fuel assemblies in the spent fuel pool.

Select the "Reports" function.

Select the "Save User Report" option.

Enter a descriptive file name in the pop-up box (e.g., SPS Pool Data July 2011 or KPSC30 July 2011).

Select the plant specific "Assembly data for HEATUP code" report option to create the input (.PRT) file.

Open the Input (.PRT) file created in step 9 with a text editor (e.g., Wordpad or Notepad) or Excel. GO
TO Step 3.2.1.

INFORMATION USE
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ATTACHMENT 2
(Page 1 of 2)

North Anna and Surry Power Stations PRT file Generation Guidance

NOTE: ShuffileWorks version 5.0.050106 (or later) is required to create the input (.PRT) file.

NOTE: Performance of this portion of the procedure requires a good working level of knowledge of
the ShuffieWorks program.

NOTE: The 'General Assembly Information" (.GAI) file, "Neutronics Information" (.NEU) File and
the 'Configuration' (,FIG) file are used by ShuffleWorks to create the input (.PRT) file at the
Virginia Units.

NOTE; The 'General Assembly Information" (.GAI) file may contain additional data, In addition to
the required data specified below.

1. Ensure that the status of the Configuration (.FIG) file is appropriate for determining the SFP fuel
inventory.

2. Ensure that a ShuffleWorks "General Assembly Information" (.GAI) file is available that contains at a
minimum the following information for all irradiated fuel assemblies stored in the spent fuel pool for the
desired plant

a. Fuel assembly identification serial number.

b. Shutdown date when fuel assembly was discharged from core.

3. Ensure that a ShuffleWorks 'Neutronics Information" (.NEU) File is available that contains at a minimum
the following information for all irradiated fuel assemblies stored in the spent fuel pool for the desired
plant

a. Fuel assembly identification serial number.

b. Fuel assembly initial enrichment (weight percent U-235).

c. Measured (best estimate) fuel assembly Bumup.

4. Start ShuffleWorks.

5. Load the data and plant information files for the desired plant and current operating cycle.

CAUTION: Failure to select all spent fuel assemblies stored In the spent fuel pool will result in a
. non-conservative decay heat load calculation.

6. Select the "Reports" function.
7. Select the "Save User Report" option.

8. Enter a descriptive file name in the pop-up box (e.g.. SPS Pool Data July 2011 or KPSC30 July 2011).

9. Select the plant specific "Assembly data for HEATUP code' report option to create the Input (.PRT) file.

INFORMATION USE
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ATTACHMENT 2
(Page 2 of 2)

North Anna and Surry Power Stations PRT file Generation Guidance

10. When Prompted to select assemblies for this report, select yes.
11. Choose to select items Interactively.
12. Select the Spent Fuel Pool ICA.
13. Right click in the Spent fuel Pool Display.
14. Choose 'Select Region'.
15. Left click and hold in the Spent Fuel Pool Display to drag a box around all items in the Spent Fuel Pool.
16. When all items are selected, select done.
17. When Prompted to save the Items to a file, click no,
18. Open the input (.PRT) file created by the performance of this attachment with a text editor (e.g.,

Wordpad or Notepad) or Excel. GO TO Step 3.2,1.
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Cycle 29 Discharged Fuel

HEATUP PO1 Runs



Kewaunee Spent Fuel Pool Time to 200°F (No Coolers)
18 Month Projection, HEATUP Version 1

820800 Run Date/Time: 10/17/2013 9:26:03 AM780
760 K1EOC29.PRT (11/28/2012 S.26:00 AM)
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Select Fuel
Pool File

ýimu aie:-'
ýReifue ing,

Out--ýýe
Version Check

7M/2011 11:09

HEATUP...PO1.xism I

Version OK

This is a HEATUP Version 1
Kewaunee calculation

User Input Data
Date and Time for Start of Pool Decay Heat Calculation ::i1/a/09 00 -

Initial Pool Temperature for Time to 200 "F Calculation .8"-
Initial Air T;.e-ao T..o2 0Flc on .

Decay timfe prior to offload 'ourS
Time to offload %,48 Hours

outage length at onload Days
Time to onload 60 -'. Hours
Batch size to discharge Fuel Assembles
Discharge batch enrichment w /4.70 :; o U-235
Discharge batch burnup .52000 ".- JMWD1MTU
Core average enrichment -.. 80 'lw/o U-236
Core average bumup :.,-39000 JMWDIMTU

HEATUP Version 1 Output Data

File Oats/Tme: 1N2 86
Fig File: CYCLE32.fig
Print File: KIEOC29.PRT
Burned Assemblies: 44
Minimum cooling time: 7.0 Days
Maximum cooling time:. 0.0 Years

SFP Initial Water Temp = 80°F

Run date and time: 10/17/2013 9:26:03 AM SFP Iiial atr Temp SOF
SFP Initial Air Temp =8"

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtu/hr) (abt/hr) (tbttdeh) (F/Hr) (F-Hr) (Hours)

10/3/090:00 6.37 6.37 2.41 1.94 61.9
10/3/09 8:00 6.16 ,, 6.16 2.33 1.87 64.0
10/3/09 16:00 6.06 6.06 2.2M 1.84 65.2
1014/09 0:00 5.95 5.96 2.26 1.81 66.2
10W4/09 8:00 6.87 5.87 2.22 1.78 67.3

10/4/0916:00 5.77 5.77 2.19 1.76 68.3
10/5/09 o0:00 5.68 5.68 2.15 1.73 69.4
10/5/0= &.00 5.59 5.59 2.12 1.70 70.6

10/5/09 16:00 5.50 5.50 2.08 1.67 71.7
10/6/09 0:00 5.41 5.41 2.05 1.65 72.9
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HEATUP Version I Output Data

File DatefTime: 11=2812 M:2
Fig File: CYCLE32.fig
Print File: -KIEOC2&.PRT
Burnied Assemblies: 44

Minimum cooling time: 7.0 Days
Maximum cooling time: 0.0 Years

Run date and time: 10/17/2013 9:26:03 AM SFP Initial Water Temp = 80OF
SFP Inital Air Temp = 80F

care
Pool File Heat Offioad Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 F
Date and Time (MFbtuLht) (Mbtu/hr) (Mbttdhr) (F/Hr) (F/HJ ) (Hours)

10/61098:00 5&33 &5.33 2.02 1.62 74.0
1016/0916:00 5.25 825 1.99 1.60 75.2
1017/09 0:00 5.17 5.17 1.95 157 76.3
10/81w9 0:00 4.96 4.96 1.88 1.51 79-5
10/I/ol 0(00 4.78 4.78 1.81 1.45 82.6

10110/090:00 4.62 4.62 1.75 1.40 85.5
101111090:00 4.47 4A47 1.69 1.36 88.2
10a12109 000 4.34 4.34 1.64 1.32 90.9
1013/09 0:00 4.22 4.22 1.60 1.28 93.4
1014/09 0:00 4.12 4.12 1.56 1.25 95.9
10/i5/09 0:00 4.02 4.02 1.52 1.22 98.2
10/16/09 0:00 3.93 3,93 1.49 1.19 100.5
10117/09 0:00 3.84 3.84 1.46 1.17 102.7
1011/09 0:00 3.76 3.78 1.43 1.14 104.9
10/19/09 0:00 3.69 3.69 1A0 1.12 106.9
1020/09 0:00 3.62 3.62 1.37 1.10 108.9
10121'09 :MO 3.58 3,56 1.35 1.05 110.9
10/22/09 0:00 3.50 3.50 1.33 1.06 112.8
10)23109 0:00 3.4 3.44 1.30 1.05 114.6
10124/09 0:00 3.39 3.39 1.28 1.03 11r.4
10125/09 0:00 3.34 3.34 1.26 1.02 1182
10r/09 0100 3.29 3.29 1.25 1.00 119.9
1027109 0:00 3.24 3.24 1.23 0.99 121.6
10/29/09 0:.00 3.16 3.16 1.20 0.96 124.9
10/31)09 0100 3.08 3.08 1.17 0.94 128.1
11/2/090:00 3.01 3.01 1.14 0.91 131.2
11)4/09 0:00 2.94 2.94 1.11 0.89 134.3
11/6m 0:00 2.87 2.87 1.09 0.87 1374
1UM9 0.00 2.81 2.81 1.06 0.85 140.4
1110/0900:00 2.75 2.76 1.04 0&84 143.4
1111209 0:00 2.70 2.70 1.02 0.82 14&,4
11114109 0:00 2.64 2.54 1.00 0.80 149.3
11/16/00 :00 2.69 2.59 0.98 0.79 152.2
11/20/09 0:00 2.50 2.50 0.95 0.76 158.0
11/2409 0:00 2.41 2.41 0.91 0.73 163.a
11128M09;000 2.33 2.33 0.88 0.71 159.4
1212/09 0:00 2.28 2.26 0.85 0.69 174.9
12/6/09 0;00 2.19 2.19 0.83 0.67 180.4

12M0109 0:00 2.12 2.12 0.80 0.65 185.8
12t14/09 0:00 2.07 2.07 0.78 0.63 191.0
12/1509 0:00 2.01 2.01 0.76 0.61 195.2
12122/090:.00 1.96 1.96 0.74 0.60 201.2

1/1110 0:00 1.85 1.85 0.70 0.56 213.6
1/11/10 0:00 1.75 1.75 0.68 0.63 225.6
1/21110 0:00 1.68 1.66 0.63 0.51 237.4
1/311100:00 1.58 1.58 0.60 0.4A 249.0
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HEATUP Version 1 Output Data

!File Dere/Time: 11/28/12 8:26
Fig File: CYCLE32Aflg
Print File: KIEOC29.PRT
Bumad Assewnblie, 44
Minimum coolin time: 7.0 Days
Maximum Coong tme: 0.0 ( Years

Run date and time: 10/1712013 9:26:03 AM SFP Initial Water Temp = 80=F
SFP Initial Air Temp = '0=F

core
Pool File Heat Offload Total Heat Adiabatic Beet Estimate Bet Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtu/hr) (Mbtu/hr) (Mbtu/hr) (F/Hr) (F/Kr) (Hours)

2/10/10 0:00 1.51 1.51 0.57 0.46 260.5
2120)10 0:00 1.45 1.45 0.55 0.44 272.0
3/2/10 0:00 1.39 1.39 0.53 0.42 283.6

3/12/100:00 1.34 1.34 0.51 0.41 295.2
3/22/10 0:00 1.29 1.29 0.49 0.39 308.8
4/1/10 0:00 1.24 1.24 0.47 0.38 318.5

4/21/100 000 1.15 1.15 0.44 0.35 341.8
51/100:00 1.08 1.08 0.41 0.33 305.2
5/31/100:00 1.02 1.02 0.38 0.31 38,.5
6/20/100:00 0.96 0.96 0.36 02 411J7
7/10/10 0:00 0.91 0.91 0.34 0.28 43437
7/30/10 0:00 0.86 0.85 0.33 0.26 457.3
8/19/10 0:00 0.82 0.82 0.31 0.25 479.5
"o8/10:000 0.79 0.79 0.30 0.24 502,1

9/28/100:00 0.75 0.75 0.29 0.23 524.2
10/18110 0:00 0.72 0.72 0.27 0.22 "48.3
11/711 0:00D 0.59 0.69 0.26 0.21 568.4

11/27110 0:00 0.7 0.57 0.25 0.20 590.6
12/17/10 0:00 0.64 0.64 0.24 0.20 612.9

156/11 0:00 0.62 0.62 0.24 0.19 635.3
1/28/11 0:00 0.60 0.60 0.23 0.18 658.0
2/15/11 0:00 0.58 0.58 0.22 0.18 681.0
3/7(11 000 0.56 0.66 0.21 0.17 704,3

3/27/11 0:00 0.54 0.54 0.21 0.16 728.1
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Select Fuel
Pool File

-7

-0Otagf?
Version Check

716/2011 11:09

HEATUP_PO1.xlsm

Version OK
k

This is a HEATUP Version 1
Kewaunee calculation

iiin iis e iii i tiii i iii-i- D

DDate and dime for Start of Pool Deca yHeat Calculation ?-.'3%2711 :00 .
0Initial Pool Temperature for Time to 200 IF Calculation n- 1* F

Fin~ta l~ r~emeratreo Tim eto o20D 0 FCalculationn
0-a . , - . - .a . a - . . ...

Deca ytime eprior to ooffload d1 Howr
Tlime eto ooffload 4 8Hour
sOutage length at onload D1 y

lime to onload .60Hours
Batch size to discharge e44Fuel Assemblies
Discharge batch enrichment t. ;.A.70 w/O U235
Discharge batch bumup ';:]MWQ/MM
JCore average enrichment tZ;.,: ]/O U-235
7Core average burnup .- 39000 : MWD/MTU

HEATUP Version 1 Output Data

File Date/Time: 11/2812 8:26
6Fig _ _l _ CYCLE32.fig

Print File: l_1EOC29.PRT

TBurned Assemblies: 44
4Minimum cooling time. :47.0 Day
IMaximum cooling tme: 1.5 Year

Run date and time: 10/1712013 9:30"53 AM SFP Initial Water Temp 80°F

SFP Initial Air Temp = 8
0 T

Core
PoolFil eHeat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load HeatLoad Load Heatup Rate Heatup Rate Time to 200 0F

Date and Time (Mbtuthr) (Mbtulhr) (Mbtulhr) (F/Hr) (F/Hr) (Hours)
| 312711 0:00 0.54 0.54 0.21 0.16 728.1
13/27/118:00 0.54 40.54 0.21 0.16 728.7

3/27/1116:00 0.54 0.54 0.20 0.16 729.1
13/28 I 0:0 0.54 0.54 0.20 0.1 729.4
43// 0:00 00.54 0.54 0.20 0.16 72.
3/28/11 16:00 0.54 0.54 0.20 0.16 730.1
3/29/11 01.0 0.54 0.54 0.20 0.16 730.5

53M'9/11 100 0.54 0.54 0.20 0.16 730.9
9a340111 16:00 0.54 0.54 0.2 00.16 731.3
33/30/110:00 0.64 0.64 0.20 0.16 731.7
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HEATUP Version I Output Data

111`1e Date/Time; 812/1 :26
Fig File- P-YCLE32.f119
Print File., K1EOC29J2'RT
Burned Assemblies: 44

Minimum cooling time: 547.0 Days
Maximum cooling time: 1.5 Years SFP Initial W/ater Temp = 80;F

Run date and timem 10/17/2013 9:30:53 AM SFP Initial Air Temp= 80F

core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 IF
Date and Time (tu/h •Mbtuibr) (Mbtu/hr) (F/Hr) (F/Wr) (Hours)

3/30111 8:00 0.54 0,54 0.20 0.16 732,1
3/3D/11 16:00 0.54 0.54 0.20 0.16 732.5
3/31/11 0:00 0.64 ,0.54 0.20 0.16 732.9
4/1111 000 0.54 0.54 0.20 0.16 734,1
4/2/110:00 0.54 0.54 0.20 0.16 735.2
4/W/11 000 0.54 0.54 0.20 0.16 736.4
4/14t11 0:00 0.53 0.53 0.20 0.16 737.6
4/5/11 0:00 0.53 0.53 0.20 0.16 738.7
4/8/11 0:00 0.53 0.53 0.20 0.16 739.9
4(7/11 0:00 0.53 0.53 0.20 0.16 741.1
4/)/11 0:00 0.53 0.53 0.20 0.16 742.2
4N11 0:00 . 53 0.53 0.20 0.16 743.4

4/1011 0:00 0.53 0.83 0.20 0.16 744.6
4/111/11 0:00 0.53 0.53 0.20 0.16 745.8
4112/M1 0.00 0.53 0.53 0.20 0.16 745.9
4/13/11 0.00 0.53 0.53 0.20 0.16 748.1
4114/11 000 0.53 1A0,3 0.20 0.16 749.3
4/15t11 0:00 0.53 1 0.53 0.20 0.16 750.5
4116/11 0:00 0.52 0.52 0.20 0.16 761.7
4/17/11 0:00 0.52 0.52 0.20 0.16 752.8
4/18111 0:00 0.52 0.52 0.20 0.16 754.0
4/19/11 0:00 0.52 0.52 0.20 0.16 755.2
4/20/110:00 0.52 0.52 0.20 0.16 756A4
4/22/11 0.00 0.52 0.52 0.20 0.15 75W8-
4124/11 :000 0.52 0-_ .52 0.20 0.16 761.1
4P 1 0&00 0.52 0.52 020 0.1( 783.5
4/28/11 0:00 0.52 0.52 0.20 0.16 765-9
4/30/11 0:00 0.51 0.61 0.19 0.16 768.3
5/2/11 0:00 0.51 1 0.61 0.19 0.16 770.7
5/4/11 0:00 0.51 0.51 0.19 0.16 773.1
5/6/11 0:00 0.51 0.51 0.19 0.15 775.5
5/8/11 0:00 0.51 0.51 0.19 0.15 777.9

5a10/11 0:00 0.51 0.5i 0.19 0.15 780.4
5/14111 O:00 0.50 0,50 0.19 0.15 785.2
5/18/11 0.00 0.50 0.50 0.19 0.15 790.0
5122J11 0:00 0.50 0.50 0.19 0.15 794.9
3/23/11 0:00 0.49 0.49 0.19 0.15 799.8
5/30/11 0-00 0.49 0.49 0.19 0.15 504.6
6/3/11 0:00 0.49 0.49 0.18 0.15 809.5
6/7/11 0:00 0.48 oAa 0.18 0.15 814.4

6/1111 0:00 0.48 0.48 0.18 0.15 619.3
a/18/11 0:00 0.48 0.4 1 0.18 0.15 824.2
6/25/11 0:00 0,47 _ _ 7 0.18 0.14 836.5
7/5/1I 0:00 0A6 0.46 0.18 0.14 848.9

7/15/11 0:00 0.46 0.46 0.17 0.14 861.3
7/25/11 0.'00 0A5 A045 0.17 0.14 1 73.8
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HEATUP Version I Output Data

File Date/Time: 11_2/12 11:26
CYCLE32.fig

___tFile: _ KIEOC29.PRT
Burned Assemblies: 44
Minimum cooling time: 547.0 Days
Maximum cooling time: 1.5 Years

Run date and time: 10/17/2013 9:31:.53 AM SFP Initial Water Temp 80"F

SFP Initial Air Temp = 80°F

Core
Pool File Heel Offload Total Heal Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 'F
Date and Time (Mbtu/hr) (Mbtuihr) (Mbtu/hr) (F!Hr) (F2HW) (Hours)

8/4/11 0I00 0.46 0.45 0.17 0.14 88&4
8/14M11 0:00 0.44 0.44 0.17 0.13 899.1
8/24/11 0:00 0.43 0.43 0.18 0.13 911.8
9/3/11 0:00 0.43 0A3 0.16 0.13 924.6

9W13/11 0:00 0.42 0.42 0.16 0.13 937.5
9123/11 0:00 0.42 0.42 0.16 0.13 950.4
10/1311 0:00 0.40 0.40 0.15 012 976.5
11/2I1 0I"00 0.39 0.39 0.15 0.12 1002.8

11/22/11 0:00 0.38 0.38 0.15 0.12 102M.3
12f12111 0:00 0.37 0.37 0.14 0.11 1066.0
111/12 000 0.38 0.36 0.14 0.11 1083.0

1/21/12 0:00 0.36 0.3 0.13 0.11 1110.1
2/101120:00 0.35 0.36 0.13 0.11 1137.4
3/1/1200:00 0.34 0.34 0.13 0.10 1164.9

3/21/12 0-00 0.33 0.33 0.13 0.10 1192.6
4/M0112 0-00 0.32 0.32 0.12 0.10 1200.0
4/30112 o"0O 0.32 0= 0.12 0.10 120in
5/20/12 0C00 0.31 0.31 0.12 0.09 1200.0
6/9/12 0:00 0.30 0.30 0.11 0.09 1200.0
6/M 2 0:00 0.30 0.30 0.11 0.09 1200.0
7/19/120:00 0.29 0.29 0.11 0.09 1200.0
8/8M2 0:00 0.28 0.28 0.11 0.09 1200.0

8/2112 0:00 0.28 1 0.28 0.11 0.08 1200.0
9/17M12 0:00 0.27 0.27 0.10 O.08 1200.0
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Page I of 3Prepared 10/17/ZDb 3 9:32AM

Kewaunee calculation

S.--.-.--.--Dae Fd WTim foR Start of Pool Decay Heat Calculation -.-:Qf1/¶712 0:00.. .IntilI Pool Temperature for Time to 200 *F Calculationanv~Initial Air Temp erature for Time to 4200 *X allculation k80 %I
-.W I . 1 I
Decay time prior to offload :".168 Hours
Time to offload A8 Hours
Outa e length at onload Days
rime to onload 60 Hours
Batch size to discharge FUelAssemblis
Discharge batch nrichmnent 4.70 wlo -235
Discharge batch bumup -. 52000 MWDMTU
Core average enrichment 110 . U-235
,Core awrge burnup "49000 ":_MWD/MTU

HEATUP Version 1 Output Data

File DatefTime; 11/28/12 8:26
Fig Fie. CYCLE32SIg
Print File: K1EOC29.PRT
Burned Assemblies:. 44
Minimum cooling time: 1087.0 Dan
Maximum cooling time .0 Years

Run date and time: 10/17/2013 9:31:40 AM SFP Initial Water Temp 80F

Run date SFP Initial Ar Temnp =800F
Core

Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate
Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F

Date and Time (Mbtu/hr) (Mbtulhr) (MbtuF/rn (FIHr) (F)Hr) (Hour-)
WT1712 0:00 0.27 0.27 0.10 0.08 1200.0
9/17/12 8:00 0.27 0.27 0.10 0.08 1200.0

9W17/12 16:00 0.27 0.27 0.10 0.08 12000
9/18112 000 0.27 0.27 0.10 0.08 1200.0
9/18/12 8:0 0.27 0.27 0.10 0.08 1200.0

9/18/12 16:00 0.27 0.27 0.10 0.08 1200.0
9/19/12 0:00 0.27 0.27 0.10 0.08 1200.0
911912 8:00 0.27 ..... 0.27 0.10 L0.o 1200.0

9A9/12 16.:00 0.27 1 0.27 0.10 0.08 1200.0
9=20112 0:00 0.27 1 0.27 0.10 0.08 1200.0
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HEATUP Version 1 Output Data

Fig File: CYCLE32,fi1I
Print Fite; KIEOC2!.PRT
Burned Assemblies: 44 ,

Minimum cooling time: 1087.0 Days
Maximum coofing tns: 3.0 Years

Run date and time: 10117/2013 ",'1:40 AN ' SFP Initial Water Temp =80°F
SFP Initial Air Temp = 80°F

core
Pool File Hest Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 T
Date and Time (Mbtulhr) (Mbtu/hr) (Mbtujhr) (F/Hr) (F/Hr) (Hours)
9/2012 8:00 0.27 0.27 0.10 0.08 1200.0

9/20/1261:00 0.27 0+27 0.10 0.08 1200.0
9/21112 0:00 0.27 0.27 0.10 0.02 1200.0
9/22/12 0:00 0.27 0.27 0.10 0.0M 1200.0
9/23/12 0:00 0.27 0.10 0.08 1200.0
9124/12 000 0.27 0.27 0.10 0.08 1200.0

25J12 0:00 0.27, 0.27 0.10 0.08 1200,0
9/26/12 0.00 0.27 0.27 0.10 0.08 1200.0
9/27/12 0:00 0.27 ,, 0.27 0.10 0.08 1200.0
9/2812 0:00 0.27 1 0.27 0.10 0.08 12000
9/29/120:00 0.27 0.27 0.10 0.08 1200.0
9/3012 0.00 0.27 0.27 0.10 0.08 1200.0
10/1/12 0:00 0.27 0.27 0.10 0.08 1200.0
10/212 0:00 0.27 0.27 0.10 0.08 1200M0
1 12 0:00 0.27__ 027 0.10 0.08 1200.0
104112 0.00 0.27 , M,, 0.27 0.10 0.08 1200.0
10/-/12 0:00 0.27 1 0.27 0.10 0.08 1200.0
1018120.00. 0.27 0.27 0.10 0.08 1200.0
1017/120.00 0.27 0.27 0.10 0.08 1200,0
10/8/12 0:00 0.27 0.27 0.10 0.08 1200.0
10/9/120000 0.27 0.27 0.10 0.08 1200.0

10/10/12 0.00 0.27 . 0.27 0.10 0.08 1200.0
10/11Jl20.00 0.27 0.27 0.10 0.08 1200.0
10/13/12 0'00 0.27 0.27 0,10 0.08 1200.0
10/15112 MOO 0.26 0.26 0.10 0.08 1200.0
10/17/12•:00 0.26 0.26 0.10 0.08 1200.0
10/19112 0:00 0.26 0.28 0.10 0.08 1200.0
10121112 0:00 02-6 0.28 0.10 0.08 1200.0
101=12 0:00 Mw 0.26 0.10 0.08 1200.0
1028/Il2 0:00 0.26 0.26 0.10 0.08 1200.0
10/27112 0:00 0.26 0.26 0.10 0.08 1200.0
10/29/12 0:00 0.28 0.26 0.10 0.08 1200.0
1031/12 0100 0.26 0.26 0.10 0.08 1200.0
1114/12,0.00 0.26 0.26 0.10 0.08 1200.0
11/8/120:00 0.26 0.26 0.10 0.08 1200.0

11/121120.00 0.26 0.26 0.10 0.08 1200.0
11/16/120:00 0.26 0.26 0.10 0.08 1200.0
11/20W12 0:00 0.26 0.28 0.10 0.08 1200.0
11/24/120:00 0.25 0.26 0.10 0.08 1200.0
11128112 0:00 0.25 0.25 0.10 0.08 1200.0
1212J12 (POO 0.26 0.10 0.08 1200.0
12/W/12 0:00 0.25 0.25 0.10 0.08 1200.0
12/16/12 0:00 0.25 0.26 0.09 0.08 1200.0
12/2&12 0.00 0.28 0.25 0.09 0.08 1200.0

1/5113 0-00 0_ __ 0.25 0.09 0.07 1200.0
1/15/130:00 0.24 0.4 0.09 0.07 1200.0
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HEATUP Version 1 Output Data

File Data/Time: 11 ___1M2 8:26
Fi File: CYCLE32.flg
Print File: K1EOC29.PRT

Burnied Assembrtes: 44
Minimum cooling time: 1087,0 Days
Maximum cooling time: 3.0 Years

Run date and time: 10/1712013 9:31:40 AM SFP Initial Water Temp = 80
SFP Initial Air Temp = 80 F

core
Pool File Heat Offload Total Heat Adiabatio Best Estimate Beast Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 'F
Date and Time (MbtuImr) (Mbtufhr) (Mbtu/hr) §/) (FI,( O (Hours)

1125/13 0:00 0.24 0.24 0.09 0.07 1200.0
214/13 0:00 0.24 0.24 0.09 0.07 1200.0

2/14/13 0:00 0.24 0.24 0.09 0.07 1200.O
2124113 0:00 0.23 0.23 0.09 0.07 1200.0
318/13 0:00 0.23 0.23 0.09 0.07 1200.0

3/16/130:00 0.23 0.23 0.09 0.07 1200.0
4/5113 0:00 0.23 0.23 0.09 0.07 1200.0

4125/13 0:00 0.22 0.22 0.08 0.07 1200.0
515/130:00 0.22 0.22 0.08 0.07 1200.0
6/4M13 0:00 0.22 0.208 0.07 1200.0

6/24/13 0:00 0.21 0.21 0.08 0.06 1200.0
7/14/13 0:00 0.21 0.21 0.08 0.06 1200.0
8/3/13 0:00 0.21 0.21 0.05 0.06 1210.0

8/23/13 0:00 0.20 0.20 0.08 0.08 1200.0
9/12/13 0:00 0.20 0.20 0.08 0.06 1200.0
10/2/13 0:00 0.20 0.20 1 0.08 0.06 1200.0

10/221130:-00 0.20 0.20 0.07 0.08 1200.0
11111/13 0:00 0.19 0.19 0.07 0.06 1200.0
1211113 0.00 0.19 0.19 0.07 0.06 1200.0

12/21A13 0:00 0.19 ......... 0.19 0.07 0.08 1200.0
1/10140:00 0.19 0.19 0.07 0.06 1200.0
1/30/140:00 0.18 0.18 0.07 0.08 1200.0
2/191140:00 0.18 1 0.18 0.07 0.06 1200.0
3/11/140:00 0.18 0.18 _0.07 0.05 1200.0

IKI lllll ll. I .
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Select Fuel
Pool File

7Simua oz

"dutage
Version Check

718/2011 111.09

HEATUP_Po1.xlsm

Version OK
m

This isa HEATUP Version 1
Kewaunee calculation

User Inout Data
Date and Time for Start of Pool Decay Heat Calculation I 111140.00
Inltil Pool Temperature for Tim. to 200 IF Calculation

Dcnay time prior to offload 168 Hours
Time to offload 48 Hours
Outge length at onloozd :•'!•:13:•:: Days

ime to onload 60 Hours
Batch size to discharge 44 Fuel Assemblies
Discharge batch enrichment o4.,0ro: w/o U-M35
Discharge batGh burnup ':.520D07]': MWD/MTU
core average enrichment 4..0 -i w "oU-]35
Com averege burnup 1.39000 ;... MW0JNTU

HEATUP Version I Output Data

File Date __________ 1/28/12 8:128
____________ CydLE32.fiq

print File:_,,_ KIEOC29.PRT
Burned Assemblies: 44
Mfinimun coormg ti.me.' ! 1627.0 a
Maximum cooling time: 4.5 Years

Run date and time: 10f17/2013 9:32:24 AM SFP Initial Water Temp = 80°F
___________________ ______SFP Initial Air Temp = a OF

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Beat Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 20Q 'F
Date and Time (Mbtulh!) (Mbtulhr) (M.btulhr) JF/H) (F/tr) (Hours)

3111114 0:00 0.18 0.18 0.07 0.05 1200.0
3/11/14 .00 0.18 0.18 0.07 0.05 1200.0

3111114 16:00 0.18 0.18 0.07 0.05 1200.0
3112114 0:00 0.18 0.18 0.07 0.05 1200.0
31121148:00 0.18 0.18 0.07 0.05 1200.0

3/12/1415:00 0.18 0.18 0.07 0.05 12000
3/13/140:00 0.18 0.18 0.07 0.06 12000
3/13h148:00 0.18 0.18 0.07 0,08 1200.0

3/1311418:00 0.18 0.18 0.07 0.05 1200.0
3/14M140.00 0.18 1 1 0.18 0.07 0.05 1200.0
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Minimum cooling time: 1627.0 pays
Maximum cooling time: 4.5 Years________________

Run date 12SFP Initial Water Temp 80aF
Run ate nd tme; 0111201 9:3:24 M s Initial Air Temp = a *F

core
Pool Fil, Heart Offload Total Haot Adiabafti Best Estifmate Best E-stimate

Load H-est Load Load lHeatup Rate Keatup Rate Time to 200 *F
Diate and Time (Mbt1/hr) 22 (Mbtuhaj (F/Hr) (F/r) (o

X114114 &:00 0.16 0.1 0.07 0.05 1200.0
3/14/1416r.00 0.18 0.18 0.07 0.05 1280.0
35on4 :. 0.18 0.18 0.07 0.05 1200.0
3/16/A4 &00 0.18 0.18 0.0T 0.06 1200.0
3/17/14 nd00 0.18 0.18 0.07 0.05 1200.0
311111140,00 0.18 0.18 0.07 0.05 1200.0
3/19/14 0:00 0.18 0.18 0.07 0.05 1200.0
3/201140:00 0.18 0.18 0.07 0.05 1200.0
3/21/140:00 0.18 0.18 0.07 0.05 1200.0
3/22114 0:00 0.18 0.18 0.07 0.05 1200.0
3.23/14 0:00 0.18 0.18 0.07 0`05 1200.0
3/24/14 0:-0 0.18 0.18 0.07 0.05 1200.0
3/2/14 0:00 0.18 0.18 0.07 0.05 1200.0
3/2W/140:00 0.18 0.18 0.07 0.06 1200.0
3/271140:00 0.18 0.18 0.07 0.05 1200.0
3128/140:00 0.18 0.18 0.07 0.05 1200.0
3/29/14 0:00 0.18 0.18 0.07 0.05 1200.0
3/23014 0:00 0.18 0.18 0.07 0.05 1200.0
3/31/14 0:00 0.18 0.18 0.07 0.05 1200.0
4f1114 0:00 0.18 0.18 0.07 0.05 1200.0
4/2114 0:00 0.18 0.18 0.07 0.05 1200.0
4/3114 0:00 0.18 0.18 0.07 0.05 1200.0
4/4/140.00 0.18 0.18 0.07 0.05 1200.0
4/30140:00 0.18 0.18 0.07 0.05 1200.0
/8114 0:00 0.18 0.18 0.07 0.05 1200.0

4/1/140:00 0.18 0.18 0.07 0.05 1200.0
4/12/14 0.00 0.18 0.18 0.07 0.05 1200.0
4/14R4 0:00 0.18 0.18 0.07 0.05 1200.0
4116140:0O 0.18 0.18 0.07 0.05 1200.0
4/1814 0-00 0.18 0.18 0.07 0.05 1200.0
4/28/14 :00 0.1M 0.18 0.07 0.06 1200.0
4/221/140:00 0.17 0.17 0.07 0.05 1200.0
4/2/14 0:00 0.17 0.17 0.07 0.05 1200.0
4/128/14000 0.17 0.17 0.07 0.05 1200.0
51/14 0:00 0.17 0.17 0.07 0.05 1200.0
518/140:.00 0.17 0.17 0.07 0.05 1200.0

a/10/14 0:00 0.17 0.17 0.07 0.05 1200.0
4/14114 0:00 0.17 0.17 0.07 0.05 1200.0
511/14 0:00 0.17 0.17 0.07 0.05 1200.0
4/2/14 0:00 0.17 0.17 0.07 0.05 1200.0
5/2/14 0:00 0.17 0.17 0.07 0.05 1200.0
5/30/14 0:00 0.17 0.17 0.05 0.05 1200.0
5/14:00 0.17 0.17 0.08 0.05 1200.0

6/18/140:00 0.17 0.17 0.05 0.05 1200.0
6/2/14 :00 0.17 0.17 0.06 0.05 1200.0
7/1/14 0M00 0.17 0.17 0.06 0.05 1200.0
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HEATUP Version 1 Output Data

File Date/Time: 111M____2 8_.26
Fig File: CYCLE32.flg
Print File:. K1EOC29.PRT
Burned Assemblies: 44 .
Minimum oooling time: 1527.0 Days
Maximum cooling time: 4.5 Years

Run date and time: 1017/2013 9:32:24 AM SFP initial Water Temp= 80°F
SFP Initial Air Temp = 800 F

Core
Pool File Heat Offload Total Heat Adiabatic Best Estimate Best Estimate

Load Heat Load Load Heatup Rate Heatup Rate Time to 200 "F
Date and Time (Mbtu/hr) (Mbtu/hr) (Mbtuihr) MF/llr) (F/tr) (Hours)

7/1W14 0:00 0,17 0.17 0.06 0.05 1200.0
7/29/14 0:00 0.17 0.17 0.05 0.05 1200.0
9=r140:00 0.15 0.16 0.08 0.05 1200.0

8O1n/14 0:00 0.16 0,16 0.06 0.05 1200.0
81281140-00 0.15 0.16 0.00 C0.0 1200.0
9Q/7140:00 0.15 0.16 0.08 0.05 1200.0

9'27114 0:00 0.16 0.16 0.08 0.05 1200.0
10 17/14 0:00 0.16 0.16 0M05 0.05 1200.0
11/6/14 0:00 0.16 0.16 0.06 0.05 1200.0
111204 O:Mo 0.1D 0.16 0.00 0,.05i:q 120D.0
12/16/14 000 0.16 0.16 0.08 0.05 1200.0

1/6/15 0:00 0,15 0.15 0.06 0.05 1200.0
1/25/15 0:00 0.15 0.15 0.06 0.05 1200.0
2/1/6 0:00 s0.1 0.15 0.06 0.05 1200.0
3/6/15 0:00 0.15 0.15 0.06 0.05 1200.0

3/26/15 0:0 0.15 0.15 0(06 0.05 1200.0
411515 0:00 0.15 0.16 0.05 0.05 1200.0
5/5/15 0:00 0.16 0.15 0.06 0.04 1200.0
5/25/15 0:00 0.15 0.15 0.06 0.04 1200.0
6/14/15 0:00 0.14 0.14 0.05 0.04 1200.0
7/4/15 0:00 0.14 0.14 0.05 0.04 1200.0

7/24/1I 0:00 0.14 0.14 0.05 0.04 1200.0
8a13115 0:00 0.14 0.14 0.05 0.04 1200.0
9/2/150:00 0.14 0.14 0.05 0.04 1200.0
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(:ORIENTATION :PORTRAIT :CC T :TYPE :ASSEMBLY :TIME-STATE NIL :REPORT
Ass~embly Data for HEATUP code")KPS pool - Assembly Data for HEATUP Code

Fig File: CYCLE32.fig
Print File: K1EOC29.PRT
Date: 11/28/2012 Time; 08:26

Assy ID Discharge Burnup Enrich
G51 09/26/2009 49.820 4.300
052 09/26/2009 49.565 4.290
G53 09/26/2009 49.539 4.290
G54 09/26/2009 49.567 4.300
G56 09/26/2009 49.370 4.300
G59 09/26/2009 48.982 4.290
G60 09/26/2009 49.372 4.290
G61 09/26/2009 49.383 4.290
G62. 09/26/2009 49.433 4.280
G63 09/26/2009 49.343 4.280
G65 09/26/2009 49.386 4.290
G66 09/26/2009 48.903 4.290
072 09/26/2009 51.132 4.470
G73 09/26/2009 48.455 4.470
G74 09/26/2009 48.755 4.470
G75 09/2612009 51.031 4.470
G77 09/26/2009 51.215 4.480
G78 09/26/2009 51.074 4.480
G79 09/26/2009 51.457 4.470
G80 09/26/2009 51.399 4.480
G81 09/26/2009 48.068 4.480
G83 09/26/2009 48.787 4.470
G84 09/26/2009 50.929 4.470
G85 09/26/2009 50.627 4.480
G87 09/26/2009 48.979 4.680
G88 09/26/2009 48.740 4.680
G89 09/26/2009 49.173 4.670
G90 09/26/2009 48.325 4.680
G91 09/26/2009 48.516 4.680
G92 09/26/2009 49.202 4.680
G93 09/26/2009 48.571 4.670
G94 09/26/2009 49.264 4.670
Hs1 09/26/2009 45.132 4.610
H53 09/26/2009 44.776 4.610
H54 09/26/2009 45.347 4.610
H55 09/26/2009 44.181 4.610
H56 09/26/2009 44.574 4.610
H57 09/26/2009 44.284 4.600
H58 09/26/2009 44.000 4.610
B60 09/2612009 45.330 4.610
H61 09/26/2009 44.749 4.610
B63 09/26/2009 46.040 4.610
H64 09/26/2009 44.422 4.610
H65 09/26/2009 45.044 4.600
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INDQEX DOCUMENT INFORMATION~ FORM

"Transmittal of Dominion Engineering Technical Evaluation ETE-NAF-2013-
0119, Rev. 0 "Kewaunee Discharge Fuel Assembly Information for Spent Fuel
Pool Postulated Loss of Inventory Calculation"
," CORRES-OUT-S&L-20130003, Rev. 0, Add. 0, by M. S. Lico, dated OCT 24
2013.

INDEX DOCUMENT INFORMATION
Index Document ID: 20130003-0-0
Index Entry Preparer(s): Michael S Lico
Index Entry Reviewers: None

Document Title: Transmittal of Dominion Engineering Technical Evaluation ETE-NAF-
2013-0119, Rev. 0 "Kewaunee Discharge Fuel Assembly Information for Spent Fuel Pool
Postulated Loss of Inventory Calculation"
Document Author: M. S. Lico
Document Date: 10/24/2013
Responsible Department: NAF
Responsible Group: NAF-FPE - Fuel Project Engineering Group
Applicable Sites: Kewaunee
Vendor Deliverable?: No
Owner Review Performed?: No
Owner Review Comments:

Secure/Confidential Document?: No
Governing Department For Confidential Document: NAF
Vendor Proprietary Information?: No
Proprietary Information Owner:
Confidential or Proprietary Document Handling Information:

Quality Record?: No
Plant Decommissioning Record: No
ISFSI Decommissioning Record: No
ISFSI Record: No
Records Management Document Type: CORRES
Records Management Document SubType: ENG
Applicable Sites: Kewaunee
User Specified Instructions:
Additional Records Management Information:
Site Specific Records Management Instructions:

1. ETE-NAF-20130119-RevO-Add-0, Kewaunee Spent Fuel Pool Fuel Assembly Locations
for Spent Fuel Pool Postulated Loss of Inventory Calculation by M. S. Lico, dated 24-
OCT-13
2.ETE-NAF-20130077-Rev0-Add-0,Information for Kewaunee Spent Fuel Pool

Postulated Loss of Inventory. Calculation by M. S. Lico, dated 10-JUL-13
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INDEX DOCUMENT 'INFORMATION FORM -, Files

1. OA 95F Design Basis.pdf (8/19/2013 5:29:25 PM)
2. KPS C30-C31-C32 Fuel Discharge Locations (Racks Numbered).pdf (7/26/2013
3:51:18 PM)
3. KW-CORR-SER-12011978 for High Density Racks.pdf (6/4/2013 1:03:53 PM)
4. KPS Physical Inventory KW100877023-RE-24.pdf (8/28/2013 4:13:10 PM)

None
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INDEX DOCUMENT INFORMATION FORM -
.Correspondence ..

SENT DATE:

Recipients: Robert D Gerke,William F Zipp,Alexander M. Pechette(Sargent &
Lundy),Matthew M. Ross(Sargent & Lundy),Robert J. Peterson(Sargent & Lundy),Todd
Flowers,Stephen F Claffey,William J Eakin,John Harrell,John F Helfenberger,Christopher
Clemens,Robert A Borchert

CC Reci ients:

October 24, 2013
CORRES-OUT-S&L-20130003

Robert D. Gerke
Sargent & Lundy
5000 Dominion Blvd.
Glen Allen, VA 23060

Subject: Transmittal of Dominion Engineering Technical Evaluation ETE-NAF-2013-0119,
Rev. 0 "Kewaunee Discharge Fuel Assembly Information for Spent Fuel Pool Postulated
Loss of Inventory Calculation"

Reference 1: Task Release Traveler (TRT) # 70157979 "Analysis for a Postulated Spent
Fuel Pool Zirconium Fire at the Kewaunee Power Station," Revision 2, October 2013

Mr. Gerke:

Attached please find the subject Engineering Technical Evaluation which provides
information for the subject diabatic analysis requested in the Reference 1 TRT.

Please contact me at 804-273-2226 with any questions. Thanks for your help with this
project.

Sincerely,

Michael S. Lico
Fuel Project Engineer

E-copy:
A. M. Pechette
R. J. Peterson
M. M. Ross
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INDEX DOCUMENT INFORMATION FORM - Approvals

"Transmittal of Dominion Engineering Technical Evaluation ETE-NAF-2013-
0119, Rev. 0 "Kewaunee Discharge Fuel Assembly Information for Spent Fuel
Pool Postulated Loss of Inventory Calculation"
," CORRES-OUT-S&L-20130003, Rev. 0, Add. 0, by M. S. Lico, dated OCT 24
2013.

APPROVER PURPOSE OF ELECTRONIC AUTHENTICATION DATE
I . I AEPRQMED
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A Flame of Innovation...

Boron Carbide

Boron Carbide is one of the hardest man-made materials available. Boron Carbide also has a low thermal conductivity (29-67
W/mK) and an electrical resistivity ranging from. 1-10 ohm-cm. This material is ideal for a wide range of applications because of
an excellent strength to weight ratio, low thermal conductivity (29-67 W/mK), and an electrical reistivity ranging from .1-10
ohm-cm. Through research and development, APS Materials, Inc. has engineered a unique and highly successful process yielding
a high purity coating utilizing inert or vacuum plasma spray techniques. This material yields an extremely hard surface resistant to
wear, abrasion and erosion.

For example:

* Blasting Nozzles
* Aerospace
* Nuclear technology
" Ceramic composites/seals
* Metal matrix composites

" Honing stones
" Refractory shapes, cements

" Armor Plate

* Wear Plates

Physical Properties Typical Chemical Analysis

Hardness: Vickers 2300 Total B
Hardness: Mohs 9.6 Total C

Oxidation Temperature: 932 F (500°C) Total In

Melting point: 4262OF (2350°C) Total B

Specific Gravity: 2.52 g/cc
Particle shape: Blocky/angular
Color: Black

Dielectrics

Through cooperative research and development between APS Materials, Inc. and a
semiconductor manufacturer, APS has perfected the previously difficult process of applying
aluminum oxide to an aluminum substrate. Aluminum oxide is currently in production for the
semiconductor industry and features enhanced characteristics as a result of the unique APS
process, including a superior tensile strength of 7505 psi or better, increased quality of
dielectric properties, and increased density that allows the surface to be ground to a
superior finish of 10 microinches or better. The process is executed under complete
automation and process control to help eliminate risk of contamination and inconsistency.

oron: 77.8%
arbon: 21.7%
on: .05% Max
+C: 98%

Back to Corporate Main

Copyright 0 2008 - APS Materials, Inc.
site design I innersvnc studio- ltd.

I oflI 10/13/2013 2:30 PM
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ETE-NAF-2013-0130 Rev. 0

1. Stations: 2. Doc Type: 3. Sub Type: 4. Document Number: 5. Rev.: 6 Add: 7. Decomm?

-IMP [LSU [INA [KW -ICO ETE 000 ETE-NAF-2013-0130 0 0 EYes -INo
Note: If both SU and NA, then check CO

8. Title:

Fuel Assembly Peak Pin Factor for Kewaunee Spent Fuel Pool Loss of Inventory Calculation

9. ETE Level: 10. Unit(s): 11. Quality 12. FSRC Approval:
Classification:

0[Level 1 L-Level LUnit 1 []Unit 2 [-Unit 3 [IISFSI [I]SR [INS SNSQ [I-IYes ENo
2

4ý*Yn,;ReW dc-A 6rov&Igat-uf'' __ do elt rows aswieededyý

Prepared by/Affiliation: (Print) Signar Date:

M. S. Lico,/ NAF 114___/_

Reviewed by/Affiliation: (Print) Signa rLqe Date,

R. W. Twitchell / NAF
Program/Other Reviewer/Affiliation: (Print) Signature: Date:
N/A

Supervisor Approval/Affiliation: (Print) Signature: Date-
W. J. Eakin / NSAD 

I

Design Control Engineer (DCE) Approval/Site: (Print) Signature: Date:

N/A

FSRC Approval/Site: (Print) Signature: Date:

N/A

Stanard *'~ft~h .. # of ReviewedlNo
. " ' . ' . . . . ' " " ." " . ' "'. .p .s Im pact

14. Design Effects and Considerations (DNES-AA-GN-1003) E]___

15. Document Impact Summary (DRUL) (DNES-AA-GN-1002) [1

16. Considerations and Conditions for Document Updates (check ON/A if no document updates are noted on the DRUL)

L1 All Document updates noted on the DRUL can be initiated immediately

EL Document updates noted on DRUL are delayed until the following documents/actions are completed (e.g., WO, CR, etc.)

(See DRUL Remarks section)

10OCFR .9 Atacmets- AttAcbmen't '#o ags' otR:

17. 1OCFR50.59/72.48 applicability review forms (CM AA-400)

18. 1OCFR50.59/72.48 screen form (CM-AA-400)

19. 10CFR50.59172.48 evaluation form (CM-AA-400)

Form No. 730801 (Aug 2012)
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20. Additional Attachments ........

Attachment # of pages Description

N/A

21. Distribution

Primary Recipient(s): R. D. Gerke (Sargent & Lundy)
(Enter Name/Dept. or Location for EACH Primary Recipient in this block.)

Copy To? Other Recipient/Department or Location Copy To? Other Recipient/Department Location

Z Preparer - M. S. Lico Z M. A. Powers / NAF

0 Reviewer - R. W. Twitchell 0 J. F. Helfenberger / KPS Rx Engineering

Z Supervisor- W. J. Eakin El Nuclear Document Management

.TR. Flowers / NAF E]

0 J. R. Harrell / NAF E]

1 C. D. Clemens / NAF El

Table of Contents

N/A

Source Document

1. Task Release Traveler # 70157975, "Analysis for a Postulated Spent Fuel Pool Zirconium Fire at the
Kewaunee Power Station," Revision 2, October 2013.

Record of Revision

Original Issue

Form No. 730801 (Aug 2012)



S&L(
Proje
Attac

Calc. No. 2013-11284, Rev. 0
ct No. 11862-198
hment 21. Paae 3 of 4

ý MAA-TS 0 ATTACHET Pg f4ý

I ETE-NAF-2013-0130 Rev. 0

Purpose

This Engineering Technical Evaluation (ETE) provides the following information to Sargent and Lundy
(S & L) to support their analysis of the unlikely postulated event of a loss of spent fuel pool (SFP)
inventory at the Kewaunee Power Station (KPS) (Source Document 1):

* Peak pin factor (ratio of the single fuel rod with highest burnup to the average assembly burnup) for
the fuel assembly of interest with the highest decay heat load (M52) as described in Reference A.

This ETE only provides information and inputs needed by S & L to perform their analysis per Source
Document 1. In addition, the S & L analysis will be Nonsafety-related and will be performed to their quality
program. Thus, this ETE is considered to be Level 1 per CM-AA-ETE-101 Step 2.3.i, and a Design
Effects and Consideration review, DRUL, and 10 CFR 50.59 review are not required.

Design Inputs and Assumptions

The design inputs and assumptions are:
* The assembly peak pin and average burnup for the assembly with the highest decay heat load

calculated in Reference A.

Methodology

This ETE simply takes the peak pin and average assembly burnups for M52 at the appropriate cycle
burnup, and calculates the peak pin factor by ratioing the peak pin to the average assembly burnup.

Discussion

This ETE only provides data needed by S & L to support their KPS SFP calculation per Source Document 1.
(Per Source Document 1 S & L will perform the work as Nonsafety-related to their quality program).

Reference A estimated the decay heat load of assembly M52 (SFP location JJ-04) as the bounding heat load
for the limiting configuration in the SFP. The limiting configuration is a SFP grouping consisting of a Cycle
32 discharge assembly surrounded on 2 sides by a Cycle 30 and a Cycle 31 discharge assembly (there
are 13 such groupings in the south SFP).

S & L has also asked for the peak pin factor in this assembly. The peak pin factor for a single fuel pin in
assembly M52 is 1.07 (best estimate without uncertainties).

This M52 bumup data follows. The burnup based on the Cycle 32 SIMULATE depletion runs (Reference B).
The data is taken for 13 GWD/MTU. (Cycle 32 burned slightly higher than this, but 13 GWD/MTU provides
an adequate approximation):

* M52 peak pin bumup - 19.309 GWD/MTU
* M52 assembly average burnup - 18.055 GWD/MTU
* Thus, the ratio of peak pin burnup to assembly average burnup is:

19.309 GWD/MTU ÷ 18.055 GWD/MTU = 1.07.

Cumulative Effects Review

This ETE provides certain data to S & L for the analysis described in Source Document 1. S & L's
analysis will be Nonsafety-related and the results will be used for information, and not for design related
purposes.

Thus, there are no cumulative effects associated with the information in this ETE.
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Conclusions

This ETE provides certain data that S & L requested to support their analysis of the unlikely postulated
event of a loss of SFP inventory at KPS (Source Document 1). This ETE transmits the M52 peak pin
factor of 1.07. S & L will use it for their analysis, which is Nonsafety-related and will be performed to
S & L's quality program.

Precautions and Limitations

NONE

Required Actions

NONE

Recommendations

NONE
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