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11.2.4.2

Fire Analysis

11.2.4.2.1

Fire Analysis for HI-STORM OveMrack

The possibility of a fire accident near an ISFSI is considered to be extremely remote due to an
absence of combustible materials within the ISFSI and adjacent to the overpacks. The only credible
concern is relatcd to a transport vehicle fuel tank fire, causing the outer layers of the storage
overpack to be heated by the incident thermal radiation and forced convection heat fluxes. The
amount of combustible fuel in the on-site transporter is limited to a volume of 50 gallons based on a
Technical Specification in Appendix A to the CoC.
With respect to fire accident thermal analysis, NUREG-1536 (4.0,V,5.b) states:
"Fire parameters included in 10 CFR 71.73 have been accepted for characterizing the
heat transfer during the in-storage fire. However, a bounding analysis that limits the
fuel source thus limits the length ofthe fire (e.g., by limiting the source of the fuel in
the transporter) has also been accepted."
Based on this NUREG-1536 guidance, the fire accident thermal analysis is performed using the 10
CFR 71.73 parameters and the fire duration is determined from the limited fuel volume of 50
gallons. The entire transient evaluation of the storage fire accident consists of three parts: (1) a
bounding steady-state initial condition, (2) the short-duration fire event, and (3) the post-fire
temperature relaxation period.
As stated above, the fire parameters from 10 CPR 71.73 are applied to the HI-ST ORM fire accident
evaluation. 10 CFR 71 requirements for thermal evaluation of hypothetical accident conditions
specifically define pre- and post-fire ambient conditions, specifically:
"the ambient air temperature before and after the test must remain constant at that
value between -29 0 C (-20*F) and +38*C (100lF) which is most unfavorable for the
feature under consideration."
The ambient air temperature is therefore set to I 00WF both before (bounding steady state) and after
(post-fire temperature relaxation period) the short-duration fire event.
During the short-duration fire event, the following parameters from IOCFR71.71(c)(4) are applied:
1.

Except for a simple support system, the cask must be fully engulfed. The ISFSI pad is a
simple support system, so the fire environment is not applied to the overpack baseplate. By
fully engulfing the overpack, additional heat transfer surface area is conservatively exposed
to the elevated firelemperatures.
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2.

The average emissivity coefficient must be at least 0.9. During the entire duration of the fire,
the painted outer surfaces of the overpack are assumed to remain intact, with an emissivity of
0.85. It is conservative to assume that the flame emissivity is 1.0, the hmniting maximum
value corresponding to a perfect blackbody emitter. With a flame emissivity conservatively
assumed to be 1.0 and a painted surface emissivity of 0.85, the effective emissivity
coefficient is 0.85. Because the minimum required value of 0.9 is greater than the actual
value of 0.85, use of an average emissivity coefficient of 0.9 is conservative.

3.

The average flame temperature must be at least 800°C (14750F). Open pool fires typically
involve the entrainment of large amounts of air, resulting in lower average flame
temperatures. Additionally, the same temperature is applied to all exposed cask surfaces,
which is very conservative considering the size of the HI-STORM cask. It is therefore
conservative to use the 14750F temperature.

4.

The fuel source must extend horizontally at least I m (40 in),'but may not extend more than 3
m (10 It), beyond the external sin-face of the cask. Use of the minimum ring width of I meter
yields a deeper pool for a fixed quantity of combustible fuel, thereby conservatively
maximizing the fire duration.

5.

The convection coefficient must be that value which may be demonstrated to exist if the cask
were exposed to the fire specified. Based upon results of large pool fire thermal
measurements [11.22], a conservative forced convection heat transfer coefficient of 4.5
Btu/!(rxft2 xOF) is applied to exposed overpack surfaces during the short-duration fire.

Due to the severity of the fire condition radiative heat flux, heat flux from incident solar radiation is
negligible and is not included- Furthermore, the smoke plume from the fire would block most of the
solar radiation.
Based on the 50 gallon fuel volume, the overpack outer diameter and the 1 m fuel ring width, the fuel
ring surrounding the overpack covers 147.6 ft2 and has a depth of 0.54 in. From this depth and a
linear fuel consumption rate of 0.15 in/ruin, the fire duration is calculated to be 3.622 minutes (217
seconds). The linear fuel consumption rate of 0.15 in/min is the smallest value given in a Sandia
Report on large pool fire thermal testing [11.2.2]. Use of the minimum linear consumption rate
conservatively maximizes the duration of the fire.
It is recognized that the ventilation air in contact with the inner surface of the fI--STORM overpack
with design-basis decay heat under maximum normal ambient temperature conditions varies between
80F at the bottom and 206 2307 at the top of the overpack. It is further recognized that the inlet
and outlet ducts occupy only 1.25% of area of the cylindrical surface of the massive HI-STORM
overpack. Due to the short duration of the fire event and the relative isolation of the ventilation
passages from the outside environment, the ventilation air is expected to experience little intrusion of
the fire combustion products. As a result of these considerations, it is conservative to assume that the

HI-STORM FSAR

Proposed Rev. 2A

REPORT HI-2002444

11.2-10

I

K,

air in the HI-STORM overpack ventilation passages is held constant at a substantially elevated
temperature of 3007F during the entire duration of the fire event.
The thermal transient response of the storage overpack is determined using the ANSYS finite
clement program. Time-histories forpoints in the storage overpack are monitored for the duration of
the fire and the subsequent post-fire equilibrium phase.
Heat input to the HI-STORM overpack while it is subjected to the fire is from a combination of an
incident radiation and convective heat fluxes to all exte-mal surfaces. This can be expressed by the
following equation:,
qr = h, (T, - Ts) "+0.1714 x I0' [(TA + 460)'- (Ts + 460)4]
where:
qr =Surface Heat Input Flux (BuIftF-hr)
he = Forced Convection Heat Transfer Coefficient (4.5 Btu/lf-hr2F)
TA = Fire Condition Temperature (1475F)

Ts = Transient Surface Temperature (VF)
Average Em issivity (0.90 per 10 CFR 71.73)
The forced convection heat transfer coefficient is based on the results of large pool fire thermal
measurements [11.2.2].
After the fire event, the ambient temperature is restored to I00°F and the storage overpack cools
down (post-fire temperature relaxation). Heat loss from the outer surfaces 6fthe storage overpack is
determined by the following equation:
8 -5[(Ts + 4 6 0)4 - (T, + 4 6 0)41
q = hs (Ts - T) + 0.1714 x 10

where:

qs =Surface Heat Loss Flux (Btu/ft2 -hr)
hs Natural Convection Heat Transfer Coefficient (Itu&ff2-hr-*F)
T -Transient Surface Temperature (0F)
TA= Ambient Temperature (0F)
z = Surface Emissivity

In the post-fire temperature relaxation phase, the surface heat transfer coefficieeAt (hs) is determined
by the following equation:
hs
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where:
Natural Convection Heat Transfer Coefficient (Btu/f 2 -hr-PF)
TA = External Air Ternperarure-(TF)
"s= Transient Surface Temperature (CF)
hs

As discussed in Subsection 4.5.1.1.2, this equation is appropriate for turbulent natural convection
from vertical surfaces. For the same conservative value of the Z parameter assumed earlier (2.6x1 0s)
and the HI-STORM overpack height of approximately 19 feet, the surface-to-ambient temperature
difference required to ensure turbulence is 0.56 'F.
A two-dimensional, axisynrmetric model was developed for this analysis. Material thermal properties
used were taken from Section 4.2. An clement plot of the 2-D axisymmetric ANSYS model is shown
in Figure 11.2.1. The outer surface and top surface of the overpack are exposed to the ambient
conditions (fire and post-fire), and the base of the overpack is insulated. The transient study is
conducted for a period of 5 hours, which is sufficient to allow temperatures in the overpack to reach
their maximum values and begin to recede.
Based on the results of the analysis, the maximum temperature increases at several points near the
overpack mid-height are summarized in Table 11.2.2 along with the corresponding peak
temperatures. Temperature profiles through the storage overpack wall thickness near the mid-height
of the cask are included in Figures 11.2.2 through 11.2.4. A plot of temperature versus time is shown
in Figure 1) .2.5 for several points through the overpack wall, near the mid-height of the cask. The
temperature profile plots (Figures 11.2.2 through 11.2.4) each contain profiles corresponding to time
"snapshots". Profiles are presented at the following times: 1 minute (60 seconds), 2 minutes
(120
seconds), 3.622 minutes (217 seconds - end of fire), 10 minutes (600 seconds), 20 minutes (1200
seconds), 40 minutes and 90 minutes.
The primary shielding material in the storage overpack is concrete, which can suffer a reduction in
neutron shielding capability at sustained high temperatures due to a loss of water. As shown in
Figure 11.2.5, less than 1 inch of the concrete near the outer overpack surface exceeds the material
short-term temperature limit. This condition is addressed specifically in NUREG-1536 (4.0,V,5.b),
which states:
"ThcNRC accepts that concrete temperatures may exceed the temperature criteria of
ACI 349 for accidents if the temperatures result from a fire."
These results demonstrate that the fire accident event does not substantially affect the HI-STORM
overpack. Only localized regions of concrete are exposed to temperatures in excess of the allowable
short-term temperature limit. No portions of the steel structure exceed the allowable temperature
limits.
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