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LPD Removal

We agree with the staff that the LPD is a new process but have a slightly different view of its complexity.
We consider LPD to be an adaptation of the multi-phase separation process routinely used in the
chemical industry. We should recall that this process has been introduced to ameliorate the severity of
the thermal cycling of the used fuel that vacuum drying (VD) causes under certain heat load and
geometric conditions. The LPD, however, is not a necessity, it is merely an additional tool made available
to the user. Its sole purpose is to give the user a modified drying method for those cases where VD-
induced thermal transients may be hard on the fuel. We consider the process to be hydraulically
simplified by the fact that the flow regime will be laminar (and not turbulated with its attendant
uncertainties). The above being said, we understand and appreciate the logic that underlies the
reviewer’s viewpoint.

For reasons of expediency and lack of time, since clients need the Amd 12 approval, we propose to
remove the LPD portion of the material from the FSAR and the Tech Spec as a part of Amd 12 at this
time. We further propose to hold a public meeting at a later date on the path forward to address the
fundamental merits of the LPD process for submission in a future LAR. Preliminarily, we are
contemplating a comprehensive two phase (helium and water vapor) CFD model run on FLUENT to
simulate the LPD process and thus ascertain its efficacy. Due to a time constraint related to client needs
for approval of the LAR, however, we must pursue this matter outside of the present LAR.
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As discussed in Chapters 1 and 2, and Section 3.0 of the FSAR, the primary function of the plain concrete
in the HI-STORM overpack is shielding against gamma and neutron radiation. Concrete in the HI-STORM
100 overpack is considered as a structural member only for missile impact evaluations. Supplements 15
and 25 of HI-2012769 (previously submitted with Holtec Letter 5014827) were revised to consider a 50%
reduction in concrete compressive strength to account for degradation in strength when exposed to
elevated temperatures caused by the scenarios listed below.

1. During and after 30-day 100% vent blockage accident with a maximum local temperature of
450°F.

2. After governing 32-hour 100% vent blockage accident with a maximum local temperature of
572°F (when the concrete returns to the normal condition temperatures after 32 hours).

In the event of 30-day 100% vent blockage condition, thermal degradation mechanisms of concrete are
identified as follows.

Creep
Creep is defined as an increase in strain with time under a constant stress. When concrete is subjected

to a low uniaxial load, it initially deforms elastically and then creeps if the load is sustained. The
mechanism of creep in concrete is believed to be mainly due to the deformation of the cement gel and
the diffusion of absorbed moisture. At room temperature, the primary factors influencing the
development of creep in concrete structures are the type of aggregates and the water/cement ratio.
Similar to other solids, the creep in concrete increases with temperature. It is caused by the diffusion of
solid particles and moisture into the gaps of the material [4].

Creep in concrete is a function of the evaporable water and reduces to zero when no evaporable water
is present. As mentioned earlier, the principal loading on concrete is self-weight of the concrete columns
that results in a non-challenging bearing stress. Hence, creep under this low state of stress is not
credible for HI-STORM systems.

Shrinkage

Shrinkage in concrete occurs because of drying and autogenous volume change. High shrinkage occurs
when the bulk of the capillary-held water in the concrete mix is lost. The magnitude of shrinkage
generally increases with a temperature rise and the process is usually completed when the temperature
reaches the level of about 105°C (221°F) ([1], [4]). Any further rise in temperature does not increase the
shrinkage in concrete by significant amounts as compared to room temperature.

Coefficient of Thermal Expansion (CTE)
The mean CTE represents the change in length per unit length per degree of temperature change in

going from ambient to the indicated temperature. In concrete, the magnitude of the coefficient is
influenced by the type of aggregates and moisture condition. The use of an aggregate with low thermal
expansion significantly reduces the thermal stress in concrete due to elevated temperature. The CTE



remains approximately constant through a rise in temperature up to 300°C (572°F) and increases with
further rise in temperature [4]. For typical concrete material used in HI-STORM systems, the aggregate
minimum value of CTE is 6.0E-06 in/in/°F [5]. A relatively lower value of CTE means lower induced
thermal stress and strain. As the maximum local temperature (See Table 4.6.9) experienced by concrete
during the 30-day vent blockage event is within this stable CTE temperature range, the concrete remains
in a state of low stress. Hence, micro-cracking due to a difference in CTE between the aggregate and
cement paste is not a concern in the event of 30-day vent blockage event.

Thermal Cycling
Thermal cycling causes progressive degradation of concrete compressive strength. Most of the damage

occurs during the initial stage. Progressive deterioration of the mechanical characteristics with an
increasing number of cycles is observed in concrete. At higher temperatures, most of the damage is
caused in the first thermal cycle and is usually associated with a loss of bond between the aggregates
and the matrix. In concrete exposed to 300°C (572°F), a reduction of about 45% in compressive strength
was observed after the first cycle and an insignificant reduction was observed after 20 cycles at the
same temperature ([2] and [4]). As noted above, the compressive strength of concrete is conservatively
reduced by 50% in tornado borne missile impact analyses (Supplements 15 and 25 of [3]). The
evaluations in [3] conclude that the concrete in overpack, post 50% strength reduction, is acceptable
during and after the 30-day vent blockage accident, and during the long term normal condition.

Spalling

Spalling is defined as the breaking up of layers of concrete from the surface when it is exposed to high
and rapidly rising temperatures along with a build-up of pore pressure. Typically, spalling of normal
concrete, used in HI-STORM overpacks, occurs due to rapid increase in temperature by 20° - 32°C/min
([6] and [8]), and spalling in high strength concrete occurs at a relatively low heating rate (5°C/min [7])
due to its lower permeability. Based on the thermal evaluations presented in FSAR Section 4.6 for 100%
vent blockage at design basis maximum heat load, the rate of temperature rise with time is significantly
less than 5°C/min. The critical temperature range for spalling to occur in an exposed concrete surface is
375°C - 425°C for normal weight concretes [8]. As mentioned earlier, the maximum local temperature
experienced by concrete is well below spalling threshold. It is also noted that high strength concretes
are more susceptible to spalling. The strength of the confined concrete used in HI-STORM overpack is
3300 psi minimum which may increase up to 5000 psi after curing and settling. Hence, spalling of
overpack concrete is not credible during the 30-day vent blockage event or other design basis off-
normal and accident events.

Dehydration
Exposure of concrete to elevated temperatures can affect its properties due to the dehydration or loss

of absorbed and chemically combined water. Concretes below the temperature of 200°C (392°F) show
small changes in compressive strength [1]. Per Carette et al. [2], approximately 45% reduction in
compressive strength and about 5% reduction in weight is observed in limestone concrete (water to
cement ratio, w/c = 0.33) exposed for one month at 300°C (572°F). The calculated maximum local
temperature during the 30-day vent blockage accident (See Table 4.6.9) is significantly below this value.



The reduction in shielding with rise in temperature of the concrete and the surrounding SSCs is primarily
due to vaporization of volatiles, including the contained water present in the concrete. Water and
hydrogen is present in the concrete in two forms, chemically bound water/hydrogen, and physically
bound water. Both forms are discussed below and a comparison with the concrete composition used in
the analysis is performed.

Chemically bound water

The chemically bound water is present in calcium-silicate-hydrate (C-S-H) and Calcium Hydroxide and
both are the products of the reaction of cement with water. Typical reaction is shown below.

2 Ca,Si0; +7H,0 — 3Ca0 - 25i0, - 4H,0 + 3Ca(OH), + 173.6 kJ

Based on the reaction, the content of hydrogen in the final composition is calculated to be about 2.4
wt%. It should be noted that the hydrogen content value is for the cement and water mixture (gel). The
overall concrete mixture is shown to be approximately one third cement and water, and two third
aggregate [9]. Assuming the aggregate is completely dry, this would lead to a final content of hydrogen
of about 0.8 wt%.

Also discussed in [9] are the decomposition reactions of the cement and water mixture. Based on the
DTA/TG results shown, calcium hydroxide dissociates at around 530°C, and the dehydration of the C-S-H
occurs around 740°C. Both the temperatures are well above the temperature of 300°C (572°F) which is
the local temperature limit expected under the accident or transient conditions in the HI-STORM.
Consequently, it would not be expected for the hydrogen content to drop below about 0.8 wt%, at
300°C (572°F), which is from chemically bound water and hydrogen.

Physically bound water

Physically bound water is present from excess water provided for the cement and water reaction, and
also from any water included in the aggregate. The DTA/TG curve in [9] indicates a loss of physically
bound water of about 6% from the cement and water mixture. After considering that cement and water
is only about one third of the weight of the final concrete, this equates to about 2 wt%. The aggregate
itself may also contain water, with values listed in [9] between 0.55 and 2.56 wt%. Hence, the overall the
amount of physically bound water may approximately be 5 wt%. This would be equivalent to about 0.6
wt% hydrogen.

Based on the above analyses from chemically and physically bound water, the total amount of hydrogen
in concrete would be expected to be in the order of 1.4 wt%, but no less than 0.8 wt%.

Concrete composition used for the HI-STORM system

The concrete composition used for the shielding analyses for the HI-STORM system is listed in Table
5.3.2 of the HI-STORM 100 FSAR. The assumed hydrogen content is 0.6 wt%. This is below the expected
content listed above (below the content of the chemically bound hydrogen as well). Therefore, the
hydrogen content in concrete composition is extremely conservative, as it assumes that no physically
bound water is present. The maximum local temperature experienced by concrete is computed in FSAR
Table 4.6.9. Per [9], as the chemically bound water or hydrogen will only be released at temperatures



well above temperatures listed in Table 4.6.9, the proposed conditions are conservatively bounded by
the HI-STORM concrete composition.

Dose rate effects

Holtec has performed analyses to determine the dose rates from HI-STORM in a hypothetical 100% duct
blockage and extreme ambient temperature accident condition with duration of 30 days. The effect of
hydrogen and water loss on the shielding performance of the concrete used in HI-STORM was evaluated
and it was assumed that entire hydrogen and partial oxygen is lost from the affected region of concrete.
This is an excessively conservative estimate of an upper bound dose rate effect. However, analyses [10]
demonstrate that the hypothetical HI-STORM 100% duct blockage accident condition is bounded by the
HI-TRAC accident condition discussed in Section 5.1.2 of the HI-STORM 100 FSAR [5].

Compressive Strength Impacts

To address a postulated accident that may occur during the 30-day vent blockage condition, a tornado
borne missile impact for example, the compressive strength of the concrete is conservatively reduced by
50% even though the maximum temperature experienced by concrete during 30-day vent blockage
accident is less than 450°F and is about 300°F during long term normal condition. The tornado missile
impact analyses (Supplements 15 and 25 of HI-2012769 [3]) are revised to use the 50% reduction in
concrete compressive strength. The evaluations in [3] conclude that the concrete in overpack, post 50%
strength reduction, is acceptable during and after the 30-day vent blockage accident, and during the
long term normal condition.
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