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Notice

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic
Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities
exclusively by DOE acting pursuant to its AEA authority. DOE asserts, that pursuant to the
AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear,
and byproduct materials at DOE-owned nuclear facilities. Information contained herein on
radionuclides is provided for process description purposes only.
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Bechtel National, Inc.
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HLW concentrate receipt process system
high efficiency mist eliminators

HLW melter feed process system
high-level waste

melter offgas treatment process system
HLW melter cave support handling system
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1 Introduction

The Washington Administrative Code, WAC 173-303-640(4)(e), requires a secondary containment be
designed and operated that contains 100 % of the capacity of the largest vessel within its boundary for
vessel systems containing dangerous waste. The containment, if applicable, shall be designed to contain
the water from the fire-protection system over the minimum design area for a 20-minute period. This
report discusses the assessment of the flooding volume that is required to be contained for the high-level
waste (HLW) vitrification facility.

2 Applicable Documents

WAC 173-303. Dangerous Waste Regulations. Washington Administrative Code.

3 Description

3.1 Flooding Volume Description for HLW Facility at —21 Ft Elevation

The cells and respective vessels are shown on the HLW Vitrification Building General Arrangement
(Permit) Plan at El -21’ -0”, 24590-HLW-P1-PO1T-P0001, Rev 6.

3.1.1 SBS Drain Collection Cell No 2
One vessel containing dangerous waste is located in the SBS drain collection cell no 2 (H-B0O05):
HOP-VSL-00904 melter 2 SBS condensate receiver vessel

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vg) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

o the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The melter 2 SBS condensate receiver vessel has a total volume of 9941 US gal (1329 ft’) and the 110 %
maximum operating volume is 10,936 US gal (1462 ft’). Another flooding source is from the floor drain
of the west section of melter cave no 2 (H-0106), which is 4653 US gal (622 ft’). This 4653 US gal is the
melter 2 submerged bed scrubber’s total volume as described in section 3.2.2. Since 110 % maximum
operating volume of 10,936 US gal (1462 ft*) is larger than the total volume and the source from the floor
drain, this volume is used to calculate the cell liner height.
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Fire sprinklers are not provided in this area and the above floor drain is the only contribution from other
areas; therefore, a volume addition is not included in the flood volume. To account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the flood
volume. Thus, the flood volume is 11,482 US gal (1535 ft).

The available flood area of the room into which the liquid could flow is calculated to be 252 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/miscellaneous treatment units (MTUSs) excluding the failed vessel/MTU in the room, and
miscellaneous piping and equipment that would be submerged in the flood volume. The minimum
required liner height is calculated by dividing the flood volume of 11,482 US gal (1535 ft’) by the
available flood area of the room (252 ft%). The minimum required liner height for the SBS drain
collection cell no 2 (H-B005) is 6.1 ft. Details are provided in Appendix A.

3.1.2 Wet Process Cell (South)

The wet process cell (H-B014) floor area is divided into north and south sections by the drum transfer
tunnel (H-BO15). Four vessels containing dangerous waste are located in the south section of the wet
process cell (H-B014):

RLD-VSL-00007 acidic waste vessel
RLD-VSL-00008 plant wash and drains vessel
HCP-VSL-00001* HLW concentrate receipt vessel 1
HCP-VSL-00002* HLW concentrate receipt vessel 2

* Note: HCP-VSL-00001 and HCP-VSL-00002 have been deleted from the design. However, for
purpose of this report, the vessels are left in as a bounding minimum liner height dimension.

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vgp) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

o the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

Both concentrate receipt vessels (HCP-VSL-00001 and HCP-VSL-00002) are of equal size and are the
largest vessels in the room. The total volume (Vror) of one of the concentrate receipt vessels i1s 20,061
US gal (2682 ft’), which is greater than 110 % of the maximum operating volume.

Fire sprinklers are not provided in this area, and there is no contribution from other areas; therefore, a
volume addition is not included in the flood volume. To account for other auxiliary components (piping
and equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume (Vi) of 21,064 US gal (2816 ft’) is used to calculate the south section minimum required liner
height of the wet process cell.
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The available flood area of the room into which the liquid could flow is calculated to be 725 ft*. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The liner height is calculated by dividing the flood volume
of 21,064 US gal (2816 f°) by the available flood area of the room (725 {t’). The minimum required liner
height for the south section of the wet process cell is 3.9 ft. The details of the liner height determination
are provided in Appendix A.

3.1.3  Wet Process Cell (North)
One vessel containing dangerous waste is located in the north section of the wet process cell (H-B014):
RLD-VSL-00002 offgas drains collection vessel

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vi) is
the fire water volume plus the largest of the following:

o the total volume of the largest vessel
o 110 % of the maximum operating volume of the largest vessel

¢ the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The offgas drains collection vessel (RLD-VSL-00002) has a total volume of 344 US gal (46 ft’). Since
the total volume is greater than 110 % of the maximum operating volume, the total volume is used to
calculate the minimum required liner height.

Fire sprinklers are not provided in this area, and there is no contribution from other areas; therefore, a
volume addition is not included in the flood volume. To account for other auxiliary components (piping
and equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume of 359 US gal (48 f’) is used to calculate the north section of the wet process cell minimum
required liner height.

The available flood area of the room into which the liquid could flow is calculated to be 306 f’. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 359 US gal (48 ft’) by the available flood area of the room (306 ft’). The
minimum required liner height for the north section of the wet process cell (H-B014) is 0.2 ft. Details are
provided in Appendix A.

3.14  SBS Drain Collection Cell No 1
One vessel containing dangerous waste is located in the SBS drain collection cell no 1 (H-B021):

HOP-VSL-00903 SBS condensate receiver vessel
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In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (V) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

e the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel interals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The SBS condensate receiver vessel (HOP-VSL-00903) has a total volume of 9941 US gal (1329 ft) and
the 110 % maximum operating volume is 10,936 US gal (1462 ft’). Another flooding source is from the
floor drain of the west section of melter cave no 1 (H-0117), which is 4653 US gat (622 ft’). This 4653
US gal is the melter 1 submerged bed scrubber’s total volume as described in section 3.2.5. Since 110 %
maximum operating volume of 10,936 US gal (1462 ft') is larger than the total volume and the source
from the floor drain, this is the volume used to calculate the cell liner height.

Fire sprinklers are not provided in this area and the above floor drain is the only contribution from other
areas; therefore, a volume addition is not included in the flood volume. To account for other auxihary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the flood
volume. Thus, the flood volume is 11,482 US gal (1535 ft).

The available fiood area of the room into which the liquid could flow is calculated to be 252 ft*. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 11,482 US gal (1535 ft*) by the available flood area of the room (252 ft%).
The minimum required liner height for the SBS drain collection cell no 1 (H-B021) is 6.1 ft. Details are
provided in Appendix A.

3.1.5 Canister Decon Cave

Three vessels containing dangerous waste are located in the canister decon cave (H-B035):

HDH-VSL-00002 canister decon vessel 1
HDH-VSL-00004 canister decon vessel 2
HDH-VSL-00003 waste neutralization vessel

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vi) is
the fire water volume plus the largest of the following:
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e the total volume of the largest vessel
¢ 110 % of the maximum operating volume of the largest vessel

e the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The waste neutralization vessel (HDH-VSL-00003) is the largest vessel, with a total volume of 5326
US gal (712 f%). The 110 % of the maximum operating volume for the vessel is 5356 US gal (716 '),
which is greater than the total volume, and used to calculate the cell liner height.

Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. As a result, a volume addition is not included in the flood
volume. To account for other auxiliary components (piping and equipment) in the room, a design
allowance of 5 % is applied to the flood volume. Thus, the flood volume is 5625 US gal (752 ft’).

The available flood area of the room into which the liquid could flow is calculated to be 227 ft2. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 5625 US gal (752 ft') by the available flood area of the room (227 ft%). The
minimum required liner height for the canister decon cave (H-B035) is 3.4 ft. Details are provided in
Appendix A.

3.1.6 Canister Rinse-Bogie Maintenance Room

One vessel containing dangerous waste is located in the canister rinse-bogie maintenance room
(H-B039A):

HDH-VSL-00001 rinse tunnel canister rinse vessel

The rinse tunnel canister rinse vessel (HDH-VSL-00001) could be moved on a bogie into the canister
rinse-bogie maintenance room (H-B039A) to receive manual maintenance. The minimum secondary
containment (protective coating) height is calculated assuming the rinse tunnel canister rinse vessel
(HDH-VSL-00001) is transferred from the canister rinse tunnel (H-B039B) into the canister rinse-bogie
maintenance room (H-B0O39A).

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vi) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel
e the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.

For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

Page 5



24590-HLW-PER-M-02-003, Rev 3
Flooding Volume for the HLW Facility

The rinse tunnel canister rinse vessel (HDH-VSL-00001) has a total volume of 3590 US gal (480 f%).
The 110 % of the maximum operating volume for the vessel is 3949 US gal (528 ft*), which is greater
than the total volume, and used to calculate the cell liner height.

There is no contribution from other areas, but an automatic fire extinguishing system is provided in the
canister rinse-bogie maintenance room (H-B039A). At the fire water (sprinkler discharge) flow density
of 0.20 US gal/min/ft? for a 20-minute duration, the fire water volume is 3168 US gal (424 ft’). To
account for other auxiliary components (piping and equipment) in the room, a design allowance of 5 % is
applied to the flood volume. Thus, the flood volume is 7480 US gal (1000 ft) for the canister rinse-bogie
maintenance room (H-B039A). The canister rinse-bogie maintenance room (H-B039A) and canister rinse
tunnel (H-B039B) are interconnected and flooding overflows from one room into the other room. The
flood volume for the canister rinse-bogie maintenance room (H-B039A) is larger than canister rinse
tunnel (H-B039B); therefore, the flood volume for the canister rinse-bogie maintenance room (H-B039A)
of 7151 US gal (956 ft’) is used to determine the liner height.

The available flood area is the sum of the cross-sectional areas of both rooms into which the liquid could
flow; this is calculated to be 1349 fi*. The available flood area of the room is the area of the room minus
the cross-sectional area (footprint) of the vessels/MTUs excluding the failed vessel/MTU in the room, and
miscellaneous piping and equipment that would be submerged in the flood volume. The liner height is
calculated by dividing the flood volume of 7151 US gal (956 ft’) by the available flood area of the room
(1349 ft%). The minimum secondary containment (protective coating) height for the canister rinse-bogie
maintenance room (H-B039A) is 0.8 ft. Details are provided in Appendix A.

3.1.7 Canister Rinse Tunnel
One vessel containing dangerous waste is located in the canister rinse tunnel (H-B039B):
HDH-VSL-00001 rinse tunnel canister rinse vessel

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vg.) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel

o 110 % of the maximum operating volume of the largest vessel

¢ the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The rinse tunnel canister rinse vessel (HDH-VSL-00001) has a total volume of 3590 US gal (480 ft%).
The 110 % of the maximum operating volume for the vesse! is 3949 US gal (528 {t*), which is greater
than the total volume, and used to calculate the cell liner height.

There is no contribution from other areas, but an automatic fire extinguishing system is provided in
canister rinse tunnel (H-B039B). At the fire water (sprinkler discharge) flow density of 0.20

US gal/min/ft* for a 20-minute duration, the fire water volume is 2228 US gal (298 ft’). To account for
other auxiliary components (piping and equipment) in the room, a design allowance of 5 % is applied to
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the flood volume. Thus, the flood volume is 6485 US gal (867 ft*) for canister rinse tunnel (H-B039B).
The canister rinse-bogie maintenance room (H-B039A) and canister rinse tunnel (H-B039B) are
interconnected and flooding overflows from one room into the other room. The flood volume for the
canister rinse-bogie maintenance room (H-B039A) is larger than canister rinse tunnel (H-B039B);
therefore, the flood volume for the canister rinse-bogie maintenance room (H-B039A) of 7175 US gal
(956 ft*) is used to determine the liner height.

The available flood area of the room into which the liquid could flow is calculated to be 1349 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment

that would be submerged in the flood volume. The minimum required liner height is calculated by

dividing the flood volume of 7151 US gal (956 ft) by the available flood area of the room (1349 ft*). The |
minimum required liner height required for the canister rinse tunnel (H-B039B) is 0.8 ft. Details are
provided in Appendix A.

3.2 Flooding Volume Description for HLW Facility at 0 Ft Elevation

The cells and respective vessels or miscellaneous treatment units (MTUs) are shown on the HLW
Vitrification Building General Arrangement (Permit) Plan at E1 0'- 0",
24590-HLW-P1-PO1T-P0002, Rev 3.

3.2.1 Melter Cave No 2 (South)

Four vessels containing dangerous waste are located in the south section of melter cave no 2 (H-0106):

HFP-DMST-00003 melter 2 feed prep vessel demister

HFP-DMST-00004 melter 2 feed vessel demister

HFP-VSL-00005 melter 2 feed preparation vessel

HFP-VSL-00006 melter 2 feed vessel
In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (V) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel

e 110 % of the maximum operating volume of the largest vessel

o the other flooding source
The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.

For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The demisters (HFP-DMST-00003 and HFP-DMST-00004) are directly flanged to the top of melter feed
and feed preparation vessels. These demisters are considered part of the connecting vessel. The melter 2
feed preparation vessel (HFP-VSL-00005) and melter 2 feed vessel (HFP-VSL-00006) are the same size.
Each vessel with its connecting demister has a total volume of 8445 US gal (1129 ft’). Each vessel’s

110 % maximum operating volume is 8512 US gal (1138 ft*), which is larger than the total volume;
therefore, this volume is used to calculate the cell liner height.
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Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. As a result, a volume addition is not included in the flood
volume. To account for other auxiliary components (piping and equipment) in the room, a design
allowance of 5 % is applied to the flood volume. Thus, the flood volume for this room is 8939 US gal
(1195 ft*). This is the volume used to calculate the cell liner height.

The available flood area of the room into which the liquid could flow is calculated to be 315 fi*. The
available flood area of the room is the area of the room minus the cross-sectional arca (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 8939 US gal (1195 ft*) by the available flood area of the room (315 ft?). The
minimum required liner height for the south section of melter cave no 2 (H-0106) is 3.8 ft. Details are
provided in Appendix A.

3.2.2 Melter Cave No 2 (West)

Three MTU s containing dangerous waste are located in the west section of melter cave no 2 (H-0106):

HOP-SCB-00002 melter 2 submerged bed scrubber
HOP-HEME-00002A. melter 2 high efficiency mist eliminator
HOP-HEME-00002B melter 2 high efficiency mist eliminator

In the event of a line break or vessel/MTU failure, flooding could occur in the cell. The flood volume
(Vro) is the fire water volume plus the largest of the following:

e the total volume of the largest vessel/MTU

¢ 110 % of the maximum operating volume of the largest vessel/MTU

o the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel/MTU before the fluid overflows (up to the overflow nozzle).

The largest vessel/MTU in the area is the melter 2 submerged bed scrubber (HOP-SCB-00002). The
melter 2 submerged bed scrubber (HOP-SCB-00002) has a total volume of 4653 US gal (622 ft’), which
is greater than 110 % of its maximum operating volume.

Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. To account for other auxiliary components (piping and
equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume is 4884 US gal (653 ft%).
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The available flood area of the room into which the liquid could flow is calculated to be 340 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 4884 US gal (653 ft) by the available flood area of the room (340 ft). The
minimum required liner height for the west section of melter cave no 2 (H-0106) is 2.0 fi. Details are
provided in Appendix A.

3.2.3 Melter Cave No 2 (Central)
One MTU containing dangerous waste is located in the central section of melter cave no 2 (H-0106):
HMP-MLTR-00002  HLW melter 2

Because molten glass leaking from the melter (HMP-MLTR-00002) solidifies upon contact with the
floor, neither a flood volume nor a minimum-required liner height needs to be calculated. Nevertheless, a
stainless steel liner is provided to facilitate the containment of potential spills from either the jumpers or
the feed lines. The minimum liner height is 0.5 ft. Fire sprinklers are not provided in this area.

3.2.4 Melter Cave No 1 (South)

Four vessels containing dangerous waste are located in the south section of melter cave no 1 (H-0117):

HFP-DMST-00001 melter 1 feed prep vessel demister
HFP-DMST-00002 melter 1 feed vessel demister
HFP-VSL-00001 melter 1 feed preparation vessel
HFP-VSL-00002 melter 1 feed vessel

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (V) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

e the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The demisters (HFP-DMST-00001 and HFP-DMST-00002) are directly flanged to the top of melter feed
vessel and feed preparation vessel. These demisters are considered part of the connecting vessel. The
melter 1 feed preparation vessel (HFP-VSL-00001) and melter 1 feed vessel (HFP-VSL-00002) are the
same size. Each vessel with its connecting demister has a total volume of 8445 US gal (1129 ft’). Each
vessel’s 110 % maximum operating volume is 8512 US gal (1138 ft), which is larger than the total
volume; therefore, this volume is used to calculate the cell liner height.
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Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. As a result, a volume addition is not included in the flood
volume. To account for other auxiliary components (piping and equipment) in the room, a design
allowance of 5 % is applied to the flood volume. Thus, the flood volume for this room is 8939 US gal
(1195 ft). This is the volume used to calculate the cell liner height.

The available flood area of the room into which the liquid could flow is calculated to be 315 ft°. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 8939 US gal (1195 ft*) by the available flood area of the room (315 ft’). The
minimum required liner height for the south section of melter cave no 1 (H-0117) is 3.8 ft. Details are
provided in Appendix A.

3.2.5 Melter Cave No 1 (West)

Three MTUs containing dangerous waste are located in the west section of melter cave no 1 (H-0117):

HOP-SCB-00001 melter 1 submerged bed scrubber
HOP-HEME-00001A melter 1 high efficiency mist eliminator
HOP-HEME-00001B melter 1 high efficiency mist eliminator

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (V) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel/MTU
e 110 % of the maximum operating volume of the largest vesse/MTU

e the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel/MTU before the fluid overflows (up to the overflow nozzle).

The largest vessel/MTU in the area is the melter 1 submerged bed scrubber (HOP-SCB-00001). The
melter 1 submerged bed scrubber (HOP-SCB-00001) has a total volume of 4653 US gal (622 ft), which
is greater than 110 % of its maximum operating volume.

Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. To account for other auxiliary components (piping and
equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume is 4884 US gal (653 ft’).

The available flood area of the room into which the liquid could flow is calculated to be 340 fi*. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels'MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 4884 US gal (653 ft’) by the available flood area of the room (340 ft). The
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minimum required liner height for the west section of melter cave no 1 (H-0117) is 2.0 ft. Details are
provided in Appendix A.

3.2.6 Melter Cave No 1 (Central)
One MTU containing dangerous waste is located in the central section of melter cave no 1 (H-0117):
HMP-MLTR-00001  HLW melter 1

Because molten glass that leaks from the melter (HMP-MLTR-00001) solidifies upon contact with the
floor, neither a flood volume nor a minimum-required liner height needs to be calculated. Nevertheless, a
stainless steel liner is provided to facilitate the containment of potential spills from either the jumpers or
the feed lines. The minimum liner height is 0.5 ft. Fire sprinklers are not provided in this area.

3.2.7 Melter 2 Equipment Decontamination Pit

One vessel containing dangerous waste is located in the melter 2 equipment decontamination pit
(H-0304A):

HSH-TK-00002 decontamination tank melter cave 2

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vg ) is
the fire water volume plus the largest of the following:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

¢ the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The decontamination tank melter cave 2 (HSH-TK-00002) has a total volume of 3964 US gal (530 ft*),
and a 110 % maximum operating volume of 4361 US gal (583 f°). Since 110 % maximum operating
volume of 4361 US gal (583 ft*) is larger than the total volume, this is the volume used to calculate the
cell liner height.

Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and

there is no contribution from other areas. To account for other auxiliary components (piping and
equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood

volume is 4578 US gal (612 ft)). |

The available flood area of the room into which the liquid could flow is calculated to be 190 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 4578 US gal (612 ft’) by the available flood area of the room (190 ft?). The
minimum required liner height for the melter 2 equipment decontamination pit (H-0304A) is 3.3 ft.
Details are provided in Appendix A.
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3.2.8 Melter 1 Equipment Decontamination Pit

One vessel containing dangerous waste is located in the melter 1 equipment decontamination pit
(H-0310A):

HSH-TK-00001 decontamination tank melter cave 1

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vi) is
the fire water volume plus the largest of:

e the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

o the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The decontamination tank melter cave 1 (HSH-TK-00001) has a total volume of 3964 US gal (530 ft°),
and a 110 % maximum operating volume of 4361 US gal (583 ft*). Since 110 % maximum operating
volume of 4361 US gal (583 ft’) is larger than the total volume, this is the volume used to calculate the
cell liner height.

Fire sprinklers are not provided in this area; therefore, fire water is not added in the flood volume and
there is no contribution from other areas. To account for other auxiliary components (piping and
equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume is 4578 US gal (612 ft}).

The available flood area of the room into which the liquid could flow is calculated to be 190 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by

dividing the flood volume of 4578 US gal (612 ft*) by the available flood area of the room (190 ft*). The
minimum required liner height for the melter 1 equipment decontamination pit (H-0310A) is 3.3 fi.
Details are provided in Appendix A.

3.3 Flooding Volume Description for HLW Facility at 37 Ft Elevation

The cells and respective vessels or miscellaneous treatment units (MTUs) are shown on the HLW
Vitrification Building General Arrangement (Permit) Plan at El. 37° -0, 24590-HLW-P1-PO1T-P0004,
Rev 0.

3.3.1  Active Services Cell Melter No 2

One MTU containing dangerous waste is located in the active services cell melter no 2 (H-0302):

HOP-WESP-00002 melter 2 wet electrostatic precipitator
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In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (Vg ) is
the fire water volume plus the largest of the following:

¢ the total volume of the largest vessel
e 110 % of the maximum operating volume of the largest vessel

o the other flooding source

The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzle).

The melter 2 wet electrostatic precipitator (HOP-WESP-00002) has a total volume of 6515 US gal
(871 ft’), and a 110 % maximum operating volume is 7166 US gal (958 ft*). Since 110 % maximum
operating volume of 7166 US gal (958 ft’) is larger than the total volume, this is the volume used to
calculate the cell liner height.

Fire sprinklers are not provided in this area, and there is no contribution from other areas; therefore, a
volume addition is not included in the flood volume. To account for other auxiliary components (piping
and equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume is 7525 US gal (1006 ft’).

The available flood area of the room into which the liquid could flow is calculated to be 1860 ft>. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 7525 US gal (1006 ft’) by the available flood area of the room (1860 ft%).
The minimum required liner height for the active service duct melter 2 (H-0302) is 0.6 fi. Details are
provided in Appendix A.

3.3.2 Active Services Cell Melter No 1
One MTU containing dangerous waste is located in the active services cell melter no 1 (H-0308):
HOP-WESP-00001 melter 1 wet electrostatic precipitator

In the event of a line break or vessel failure, flooding could occur in the cell. The flood volume (V) is
the fire water volume plus the largest of:

e the total volume of the largest vessel

e 110 % of the maximum operating volume of the largest vessel

e the other flooding source
The total volume is defined as the internal volume of the vessel/MTU including the shell and both heads.
For conservatism, the displaced volume of the vessel internals is neglected. The maximum operating
volume is the volume of the vessel before the fluid overflows (up to the overflow nozzie).

The melter 1 wet electrostatic precipitator (HOP-WESP-00001) has a total volume of 6515 US gal
(871 ft%), and a 110 % maximum operating volume is 7166 US gal (958 ft*). Since 110 % maximum
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operating volume of 7166 US gal (958 ft) is larger than the total volume, this is the volume used to
calculate the cell liner height.

Fire sprinklers are not provided in this area, and there is no contribution from other areas; therefore, a
volume addition is not included in the flood volume. To account for other auxiliary components (piping
and equipment) in the room, a design allowance of 5 % is applied to the flood volume. Thus, the flood
volume is 7525 US gal (1006 ft’).

The available flood area of the room into which the liquid could flow is calculated to be 1860 fi2. The
available flood area of the room is the area of the room minus the cross-sectional area (footprint) of the
vessels/MTUs excluding the failed vessel/MTU in the room, and miscellaneous piping and equipment
that would be submerged in the flood volume. The minimum required liner height is calculated by
dividing the flood volume of 7525 US gal (1006 ft*) by the available flood area of the room (1860 ft’).
The minimum required liner height for the active service duct melter 1 (H-0308) is 0.6 ft. Details are
provided in Appendix A.
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Appendix A

Calculation of Volume and Liner Height
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Appendix A
Calculation of Volume and Liner Height

1  Purpose

The purpose of this calculation is to determine the secondary containment (liner or protective coating)
heights in the dangerous waste permit regulated process cells for the high-level waste (HLW) vitrification
facility.

2  Criteria and Design Input

The criteria and design input with their sources are listed below.

1 Liners are used as secondary containment and are all stainless steel except for H-BO39A (canister
rinse-bogie maintenance room), which has a protective coating.

2 The containment liner is sized to contain 100 % of the total volume (Vror) of the largest vessel/MTU
in the respective cell, or 110 % of the maximum operating volume (V) of the largest vessel/MTU.
The maximum operating volume is the volume of the vessel/MTU up to the overflow nozzle. The
larger of the two is used to size the minimum required liner height.

3 As applicable, the secondary containment shall be designed to handle the volume of fire water from ’
the fire-protection system over the minimum design area for 20 minutes, in addition to 100 %
capacity of the largest vessel.

4 The room dimensions are based on the following drawings. The equipment and vessels identified for |
permitting are also shown on these drawings.

24590-HLW-P1-PO1T-P0001, Rev 5
24590-HLW-P1-P01T-P0002, Rev 3 |
24590-HLW-P1-PO1T-P0004, Rev 0

5 The wet process cell (H-B014) floor area is divided into north and south sections by the drum transfer
tunnel (H-B015) as shown in the following drawings:

24590-HLW-P1-P01T-P0008, Rev 7
24590-HLW-P1-PO1T-P0009, Rev 6
24590-HLW-P1-P01T-P0010, Rev 6
24590-HLW-P1-PO1T-P0011, Rev 7
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6 The melter cave no 1 (H-0117) and melter cave no 2 (H-0106) floor areas are divided into north,
south, and central sections as shown in the following drawings:

24590-HLW-P1-PO1T-PO008, Rev 7
24590-HLW-P1-PO1T-P0009, Rev 6
24590-HL.W-P1-PO1T-P0010, Rev 6
24590-HLW-P1-PO1T-P0011, Rev 7

7 The automatic fire extinguishing system provides fire water (sprinkler discharge) flow density of .20
US gal/min/ft? for ordinary hazard occupancies for areas less than 1500 fi, as specified in the
Automatic Sprinkler System Handbook, Figure 7-2.3.1.2.

8 The canister rinse-bogie maintenance room (H-B039A) and canister rinse tunnel (H-B039B) are
interconnected and flooding overflows from one room into the other room.

9 The minimum liner height is the calculated liner height rounded up.

3  Assumptions

The following assumptions were used to develop this calculation.

1 To calculate the liner heights conservatively, all vessels/MTUs are supported on the floor as depicted
on the following drawings:

24590-HLW-P1-P01T-PO008, Rev 7
24590-HLW-P1-P01T-P0009, Rev 6
24590-HLW-P1-P0O1T-P0010, Rev 6
24590-HLW-P1-PO1T-P0011, Rev 7

2 The liquid level of the failed vessel/MTU empties or leaks down to the liner height. No verification is
required for this assumption since this is the maximum volume that can leak out of a vessel/MTU.

3 This calculation assumes that the area beneath the non-failed vessel/MTU does not contain any
spilled liquids. This assumption does not need verification, since applying this assumption results in
a conservative value for the minimum required liner height.

4 The total volume calculated without any vessel internals is the largest volume for a vessel/MTU;
therefore, verification is not required for this assumption.

5 To account for other auxiliary components (piping and equipment) in the room, a design allowance of
5 % is applied to the flood volume. This assumption requires verification after final design.

6 The floor is sloped, and the calculated minimum liner height is from the high point of the floor to the
top of the liner, which neglects the accumulated volume below the high point. No verification is
needed since applying this assumption results in a conservative value for the minimum required liner
height.

7  Automatic fire suppression systems are not provided in areas of high radiation and low combustible
loading. The permitted rooms (H-B005, H-B014, H-B021, H-B035, H-0106, H-0117, H-0302, H-
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0304A, H-308 and H-0310A) are assumed high radiation and low combustible loading areas. This
assumption requires verification after final design.

8 Total volume is the total internal vessel/MTU volume including shell and both vessel heads. The
displaced volume of the vessel/MTU internals is neglected for conservatism.

9 HCP-VSL-00001 and HCP-VSL-00002 are the largest vessels in the south portion of the wet process
cell (H-B014 South) and the basis for determining the minimum required liner height for that cell.
The vessels have been deleted from the HLW design, however the liner height as shown in this
calculation will still include them. This represents a bounding minimum liner height. This is a
conservative assumption and does not require verification.

4 Methodology

The total volume and the maximum operating volume for each vessel/MTU are calculated based on their
respective vessel/MTU data. As stated in the Assumptions and the Criteria and Design Input sections, the
vessels/MTUs are completely filled. The largest vessel/MTU leaks into the room up to the minimum
required liner height. For areas with fire extinguishing systems, the fire water volume is added to the

flood volume.

4.1 Nomenclature

Ac

available flood area, ft*

Agq

equipment cross-sectional area (footprint) of vessel or miscellaneous treatment unit

(MTU), f*

area of the room, ft’

depth of vessel or MTU head, ft

inside vessel or MTU diameter, ft

maximum vessel or MTU overall diameter (includes vessel jacket), ft

room length, ft

LH

calculated liner or protective coating height (inside distance of the secondary
containment between the high point of the sloped floor to the top of the liner), ft

LHpmi

minimum required liner or protective coating height is the calculated liner height
rounded up

LOF

distance from bottom tangent line of the vessel to the bottom of the overflow
nozzle, ft

overall length of the vessel or MTU, ft

tangent-to-tangent distance of the vessel or MTU, ft

miscellaneous treatment unit

number of ellipsoidal (Ellip) or flanged and dished (F&D) or right-circular cone
heads

Vi

flood volume, ft’

Viw

. fire water volume, ft’
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Vup volume of tile vessel or MTU head, ﬁ’ .

Viax maximum operating volume, ft’

Vs volume of the tangent-to-tangent portion of the vessel, ft*

Vror total volume, ft’ ‘

VaMax 110 % of maximum operating volume,ft’

W room width, fi

TAg, sum of the cross-sectional areas of all vessels/equipment in the room, ft*

4.2 Vessel/MTU Calculation

Calculations are based on vessel/MTU input design parameters, diameter, shell length, and head type.
The calculations are as follows:

1

Shell volume
VS= /4 ]:)2 LT-T, ﬂ3

Vessel/MTU head volume, from the Pressure Vessel Design Manual (Moss, 1987)

a 2:1 semi-ellipsoidal (Ellip) head
Vup= nD*24, ft’

b 100 % to 6 % flanged and dished (F&D) head
Vip = 0.0847 D?, f*

¢ Right circular cone head (Mark’s Handbook for Mechanical Engineers, 9th Edition,
page 2-10)

Vio=(1/3)= (D/2)* 4, i

where d = 0.289 D for 30’ right cone (section 4.2.3.¢)
Vip=(1/3)n (D/Z)2 (0.289D)
Vip = 0.0757 (D), f’

Depth of vessel head, from the Pressure Vessel Design Manual

a 2:1 semi-ellipsoidal head
d=025D,ft

b 100 % — 6 % F&D head
d=0.162D, ft

¢. 30" right circular cone head D/2

d=DR)tana
d = (D/2) tan 30’ d

d=0.2894, ft
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4 Total volume
Vror = Vs + N Vi,

5 Maximum operating volume
VMax = VHD + /4 D2 (Lop ), ﬂ3

6 110 % of maximum operating volume
VXMax = l-lvMaxa ﬁs

4.3 Fire Water YVolume

The fire water volume is based on fire water flow density (worst case) of 0.20 US gal/min/ft for 1500 ft*
of fire area for 20 minutes in accordance with section 2, Criteria and Design Input, item 9.

Thus, the fire water (Vgw) is:

Vrw = (0.20 US gal/min/ft?) (Agm ft) (20 min)

44  Flood Volume
The flood volume (V) is the fire water volume (section 2, Input, item 3) plus the largest of:

e the total volume of the largest vessel (section 2, Input, item 2)
e 110 % of the maximum operating volume of the largest vessel (section 2, Input, item 2)
¢ the other flooding source

In addition, to account for other auxiliary components (piping and equipment) in the room, a design
allowance of 5 % is applied to the flood volume (section 3, Assumptions, item 5).

4.5 Equipment Cross-Sectional Area of Vessel/MTU

The equipment cross-sectional area (footprint) (Ag,) for each vessel/MTU in the room and sum of the
equipment cross-sectional footprints (£Ag,) are calculated as follows:

equipment cross-sectional area (Agg) = (n:/4)Dqu, ft?

where Dg, is the maximum vessel or MTU overall diameter (includes vessel jacket)
sum of major equipment ZAg, = (Agg) 1 + (Agg)2 + (Agg)s + ... + (Agg)y, I

where subscript | 5 5 and, are 1%, 2™, 3™, and n® vessel/MTU

4.6 Room Area

The room area (Agy) is calculated as follows:
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room area (Agr,) = WL, f?
where W is the room width and L is the room length

4,7  Available Flood Area
The available flood area (Ac) is equal to the room area (Ag,,) minus the sum of the equipment
cross-sectional area footprint (£Agg), excluding the failed vesse/MTU. Note: the liquid level of the
failed vessel is reduced to the liner height:

Ac = ARm" EAEq s ﬁz
4.8 Calculated Liner Height (LH)

LH = flood volume/available flood area
or, LH=Vg/Ac, ft

4,9 Minimum Required Liner Height (LHmin)
The minimum required liner height is the calculated liner height in feet rounded up.
4,10 Precision of the Calculated Values

a Calculated volume to nearest ft’ or gal
b Calculated area to the nearest ft®
Calculated liner height or depth of the vessel head to the nearest 0.01 ft

[~ ¢}

Minimum required liner height to be rounded up to the next 0.1 ft

5 Calculation

The complete calculations for vessel volumes and liner height are as follows for each process cell.
5.1 SBS Drain Collection Cell No 2 (H-B005)

The area of the SBS drain collection cell no 2 (H-B005) is 14.8 ft x 17 ft. This cell contains one vessel
with the following vessel/MTU data:

D Dgg Ly Lor Bottom| Top

Inside Max Equip | Tangent fo| Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft | Diameter, ft| tangent, ft | Height, ft Head Head
HOP-VSL-00904 12 12.36 7.75 no overflow Ellip Ellip

1 Vessel HOP-VSL-00904 Calculation
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shell volume, Vs= /4 D* L1.1
Vs=(n/4) (12)* (7.75) = 877 ft’

vessel head volume for semi-ellipsoidal head
Vip=n D24
Vip =7 (12)’/24 =226

depth of vessel head for semi-ellipsoidal head
d=025D
d=025(12)=3.00 f

total volume
Vrior=Vs+N Vpp
Vror = 877 +2(226) = 1329
Vror = 1329 f£* (7.48 gal/ft’) = 9941 US gal

maximum operating volume
Vuax = Vot since there is no overflow nozzle, thus
Vi = 1329 £t

110 % of maximum operating volume

Vimax = 1.1 Viax = 1.1 (1329) = 1462 f*
Vivax = 1462 ft* (7.48 gal/ft’) = 10,936 US gal

vessel footprint or area
Agy = (/4)Dg” = (7/4)(12.36)* = 120 ft*

Room Area = WL = 14.8 ft (17 ft) = 252 f*
Room is in 2 CS/R5 area therefore no fire water is required. Thus Vpy =0 ft.

Another flood source is from the floor drain in cell H-0106 (west) that overflows 4653 US gal
(622 ft*) into this cell (section 5.9.1a).

The flood volume is the larger of the total volume, or 110 % of the maximum operating
volume of the largest vessel or other flooding source plus fire water. In addition, to account
for other auxiliary components (piping and equipment) in the room, a design allowance of

5 % is applied to the flood volume. Since Vs is larger than Vyor for the HOP-VSL-00904
and the other flooding source:

Vi = 1.05 (Vxmax + Vew) = 1.05 (1462 + 0) = 1535 f*
Ve = 1535 £t (7.48 gal/ft’) = 11,482 US gal

The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU:

Ac=Agp=252 ft*

The liner height is calculated as follows:
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LH = flood volume/available flood area
LH=Vi/Ac
LH = 1535/252=6.09 ft
8 The minimum required liner height is the calculated liner height rounded up, or:
LH;,=6.1ft
5.2  Wet Process Cell - South (H-B014 South)

The area of the wet process cell (H-B014 South) is 18 ft x 64 ft and contains four vessels with the
following vessel/MTU data:

D DEq LT-T LOF, Bottom TOp

Inside Max Equip | Tangent to | Overflow Nozzle| Vessel Vessel
Vessel/MTU Diameter, ft | Diameter, ft| Tangent, ft | Height, ft Head Head
RLD-VSL-00007 13 13.12 15.5 14.35 F&D F&D
RLD-VSL-00008 13 i3.12 9.75 8.60 Ellip Ellip
HCP-VSL-00001* 13.5 14.12 15.83 14.35 F&D F&D
HCP-VSL-00002* 13.5 14.12 15.83 14.35 F&D F&D

* Note: HCP-VSL-00001 and HCP-VSL-00002 have been deleted from the design. However,
for purpose of this calculation, the vessels are left in as 2 bounding minimum liner height
dimension.

1 Vessel Calculations

a RLD-VSL-00007
shell volume, Vs= /4 D’ L1q
V= (n/4) (13)? (15.5) = 2057 ft’

vessel head volume for F&D head
Vip= 0.0847 D*
Vup= 0.0847 (13)* = 186 ft*

depth of vessel head for F&D head
d=0.162D
d=0.162(13)=2.111

total volume
VTOT = Vs + N VHD
Vror = 2057 + 2 (186) = 2429 f*

maximum operating volume

Vaax = Vip + /4 D? (Log ), £
Ve = 186 + (m/4) (13)* (14.35) = 2091 f’

110 % of maximum operating volume
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Vimax = 1.1 Viax = 1.1 (2091) = 2300 £t*

vessel footprint or area
A = (W4)Dg’ = (n/4)(13.12)° = 135 ¥

b RLD-VSL-00008
shell volume, Vs=n/4 D’ L1.1
Vs = (n/4) (13)* (9.75) = 1294 ft’

vessel head volume for semi-ellipsoidal head
Vip= D24, f’
Vip=1 (13)’ /24 =288 f’

depth of vessel head for semi-ellipsoidal head
d=025D
d=025(13)=3.25ft

total volume
Vior =Vs+NVip
Vror = 1294 + 2 (288) = 1870 f*

maximum operating volume
Viax = Vip + 74 D? (Lop), ft°
Viax = 288 + (/4) (13) (8.60) = 1429 £’

110 % of maximum operating volume
Vivax = 1.1 Vigex = 1.1 (1429) = 1572 £

vessel footprint or area
Ag, = (0/4)Dg;” = (0/4)13.12% = 135

¢ HCP-VSL-00001 or HCP-VSL-00002
shell volume, Vs = /4 D’ L1
Vs =(1/4) (13.5)* (15.83) = 2266 ft°

vessel head volume for F&D head
Vip=0.0847 D’
Vup=0.0847 (13.5)3 =208 ft’

depth of vessel head for F&D head
d=0.162D
d=0.162(13.5)=2.19 ft

total volume
Vior = Vs + N Vyp
Vior = 2266 + 2 (208) = 2682 ft’
Vror = 2682 ft* (7.48 gal/ft’) = 20,061 US gal

maximum operating volume
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Vax = Vip + /4 D? (Log), £
Vuax = 208 + (n/4) (13.5)* (14.35) = 2262 ft’

110 % of maximum operating volume
Viax = 1.1 Vi = 1.1 (2262) = 2488 ft’

vessel footprint or area
Ag = (7/4)Dgy’ = (n/4)14.12° = 157 £

2 Room Area = WL = 18 ft (64 fi) = 1152 ft*

3 Room is in a C5/RS area therefore no fire water is required. Thus Vpy =0 ft’.

4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. The largest vessel in this room is
HCP-VSL-00001 or HCP-VSL-00002. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vror is larger than V., and fire water was not added to the flood

volume:

Vi = 1.05 (Vior +Vrw ) = 1.05 (2682 + 0) = 2816 ft*
Vi = 2816 ft* (7.48 gal/ft’) = 21,064 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vesseVMTU, or:

Ac=Agrm—- AEqI - Aqu - AEqJ
where Agg for RLD-VSL-00007 footprint
Agg, for RLD-VSL-00008 footprint
Agg; for HCP-VSL-00001 footprint
Assuming HCP-VSL-00002 is the leaking vessel, thus
Ac=1152-135-135-157="T725 f*
6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vi/Ac
LH=2816/725=3.88 ft

7 The minimum required liner height is the calculated liner height rounded up, or:

LHmin =39 ft
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5.3  Wet Process Cell - North (H-B014 North)

The area of wet process cell (H-B014 North) is 18 ft x 17 ft and contains one vessel with the following
vessel/MTU data:

D Dgq | Y Lor Overflow Bottom | Top

Inside Max Equip | Tangent to | Nozzle Vessel Vessel
Vessel/MTU Diameter, ft | Diameter, ft| Tangent, ft | Height, ft Head Head
RLD-VSL-00002 35 3.56 4 3.33 F&D F&D

1 Vessel RLD-VSL-00002 Calculation

shell volume, Vs= /4 D’ Lyq
Vs=(n/4) (3.5 (4.0) =38 f’

vessel head volume for F&D head
Vup=0.0847 D*
Vip=0.0847 3.5V =4 f

depth of vessel head for F&D head
d=0.162D
d=0.162(3.5)=0.57ft

total volume
Vior =Vs+ NV
Vror =38+2(4) =46 f’
Vror = 46 ft’ (7.48 gal/f’) = 344 gal

maximum operating volume
Vpax = Vip + /4 D* (Log), ft°
Vmax = 4 + (7/4) (3.5 (3.33) =36 f°

110 % of maximum operating volume
Varax = 1.1 Viar = 1.1 (36) =40

vessel footprint or area
Ag, = (1/4)Dg,” = (n/4)(3.56) = 10 ft?

2 Room Area= WL = 18 ft (17 ft) = 306

3 Roomis in a C5/R5 area therefore no fire water is required. Thus Ve =0 i,

4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vror is larger than V., and fire water was not added to the flood

volume:

Vi = 1.05 (Vior+ Vew ) = 1.05 (46 +0) = 48 ft’
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Vi = 48 ft* (7.48 gal/ft’) = 359 gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

Ac = Agp = 306 fY7

6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH=Vg/Ac
LH = 48/306 = 0.16 ft

7 The minimum required liner height is the calculated liner height rounded up, or:
LHi, = 0.2 ft

5.4  SBS Drain Collection Cell No 1 (H-B021)

The area of the SBS drain collection cell no 1 (H-B021) is 14.8 ft x 17 ft. This cell contains one vessel
with the following vessel/MTU data:

Lor
D Dg, Ly Bottom| Top
Inside Max Equip | Tangent to g: eurlf:ow Vessel | Vessel
Vessel/MTU Diameter, ft | Diameter, ft | Tangent, ft Height, ft Head | Head
HOP-VSL-00903 12 12.36 7.75 no overflow Ellip Ellip

1 Vessel HOP-VSL-00903 Calculation

shell volume, Vs= /4 D’ L1.1
Vs = (r/4) (12)* (7.75) = 877 ft°

vessel head volume for semi-ellipsoidal head
Vip=nD’/24
Vip= 1 (12)° /24 = 226 ft’

depth of vessel head for semi-ellipsoidal head
d=025D
d=025(12)=3.00f

total volume
Vior =Vs+N Vmp
Vrior = 877 +2(226) = 1329 ft*
Vior = 1329 ft* (7.48 gal/ft}) = 9941 US gal

maximum operating volume
Vmax = Vror since there is no overflow nozzle, thus
Viox = 1329 £
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110 % of maximum operating volume
Vivax = 1.1 Viax = 1.1 (1329) = 1462
Vma = 1462 ft* (7.48 gal/ft’) = 10,936 US gal

vessel footprint or area
Agq = (W4)Dgg” = (/4)(12.36)° = 120 f*

2 Room Area = WL = 14.8 ft (17 ft) = 252 f*
3 Roomis in a C5/R5 area therefore no fire water is required. Thus Viy =0 ft'.

4  Another flood source is from floor drain in cell H-0117 (west) that overflows 4653 US gal
(622 f*) into this cell (section 5.11.1a).

5 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel or other flood source plus fire water. In addition, to account for
other auxiliary components (piping and equipment) in the room, a design allowance of 5 % is

applied to the flood volume. Since Vyua is larger than Vyor for the HOP-VSL-00903 and
the other flooding source:

Vi = 1.05 (Vxmax+ Vew) = 1.05 (1462 + 0) = 1535 ft°
Vi = 1535 ft® (7.48 gal/ft’) = 11,482 US gal

6 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU:

Ac = Agy =252 £

7 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vr/Ac
LH =1535/252=6.09 ft

8 The minimum required liner height is the calculated liner height rounded up, or:
LH,; =6.1 ft

5.5 Canister Decon Cave (H-B035)

The area of canister decon cave (H-B035) is 11 ft x 21.5 ft and contains three vessels with the following
vessel/MTU data:

Lor
D Dg, | I Overflow Bottom
Inside Max Equip | Tangentto | Nozzle Vessel
Vessel/MTU Diameter, ft | Diameter, ft | Tangent, ft | Height, ft Head | Top Vessel Head
HDH-VSL-00002 2.5 2.55 16.75 15.24 Ellip Flat
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Lor
D DE!; LTvT Overflow Bottom
Inside Max Equip | Tangent to Nozzle Vessel
Vessel/MTU Diameter, ft | Diameter, ft | Tangent, ft | Height, ft Head | Top Vessel Head
HDH-VS1.-00004 25 2.55 16.75 15.24 Ellip Flat
HDH-VSL-00003 7 7.1 17.0 16.17 F&D F&D

1  Vessel Calculations

a

HDH-VSL-00002 or HDH-VSL-00004

shell volume, Vs=n/4 D’ L1¢
Vs= (r/4) (2.5) (16.75) = 82 f*

vessel head volume for semi-ellipsoidal head
Vip=nD’/24, ft’
Vip=n(2.5)*/24=2 ft’

depth of vessel head for semi-ellipsoidal head
d=025D
d=0.25(2.5)=0.63 ft

total volume
Vior=Vs+N Vi
Vior =82+2=84f

maximum operating volume
Viax = Vip + 7/4 D (Lor ), £
Vax = 2 + (n/4)(2.5) (15.24) = 77 ¥

110 % of maximum operating volume
Vimax = 1.1 Vyax = 1.1 (77) =85 ft

vessel footprint or area

Agq = (/4) D’ = (W/4)(2.55)° = 5 f* for HDH-VSL-00002
Agq = (/4) Dg’ = (n/4)(2.55)* = 5 £’ for HDH-VSL-00004

b HDH-VSL-00003

shell volume, Vs=7/4 D* L1
Vs =n/4 (7 (17) = 654 ft*

vessel head volume for F&D head
Vup = 0.0847 D*
Vip =0.0847 (7)*=29 £

depth of vessel head for F&D head
d=0.162D
d=0.162 (=113 f
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total volume
Vior =Vs+ N Vyp
Vror = 654 +2 (29) =712 f*
Vior = 712 ft* (7.48 gal/ft’) = 5326 US gal

maximum operating volume
Viax = Vip + /4 D? (Lopft’
Viax = 29 + (n/4) (7)% (16.17) = 651 f*
110 % of maximum operating volume
Vivgax = 1.1 Ve = 1.1 (651) = 716 £
Vror = 716 ft* (7.48 gal/ft’) = 5356 US gal

vessel footprint or area
Aggs = (W/4)Dgg” = (n/4)(7.1)° = 40 £

Room Area=WL =11 ft 21.5 ft) =237

Room is in a C5/R5 area therefore no fire water is required. Thus Ve =0 ft’,

The flood volume is the larger of the total volume, or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. The largest vessel in this room is HDH-VSL-00003. Since Vxumax is greater
than VTOT :

Ve = 1.05 (Ve + Viw) = 1.05 (716 + 0) =752 it
Vi = 752 ft* (7.48 gal/ft’) = 5625 US gal

The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

Ac=Amn—Aqu—Aqu

where Agq for HDH-VSL-00002 footprint
Agq for HDH-VSL-00004 footprint

Ac=237-5-5=227f

The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vr/Ac
LH=752/227=3311t

The minimum required liner height is the calculated liner height rounded up, or:

LHu, =341t

Page A-15



24590-HLW-PER-M-02-003, Rev 3
Flooding Volume for the HLW Facility

5.6  Canister Rinse- Bogie Maintenance Room (H-B039A)

The canister rinse-bogie maintenance room (H-B039A) and canister rinse tunnel (H-B039B) are
interconnected and flood from one room into the other room. The canister rinse-bogie maintenance room
(H-B039A) is 23.3 ft x 34 ft and canister rinse tunnel (H-B039B) is 11.3 ft x 49.3 ft. The canister rinse-
bogie maintenance room and the canister rinse tunnel are considered as one area and contain one vessel
with the following vessel/MTU data:

Lor
D Dy, Lit Overflow Bottom | Top
Inside Max Equip | Tangent to| Nozzle Height, | Vessel Vessel
Vessel/MTU Diameter, ft| Diameter, ft| Tangent, ft| ft Head Head
HDH-VSL-00001 5.83 592 17.0 no overflow Ellip Flat

1 Vessel HDH-VSL-00001 Calculation

shell volume, Vs =n/4 D* Ly.1
Vs = (n/4) (5.83)* (17.0) = 454 £}

vessel head volume for semi-ellipsoidal head
Vip=nD/24, ft*
Vip = n(5.83)%/24 = 26 ft’

depth of vessel head for semi-ellipsoidal head
d=025D
d=0.25(5.83)=146 1

{otal volume
Vior =Vs+N Vip
Vior = 454 + 26 = 480 f’
Vot = 480 ft* (7.48 gal/ft’) = 3590 US gal

maximum operating volume
with no overflow and flat top head, Vax is
VMnx = VTot
Ve = 480 2

110 % of maximum operating volume
Vanax = 1.1 Vi = 1.1 (480) = 528 ft°
Viavax = 528 ft* (7.48 gal/ft’) = 3949 US gal

vessel footprint or area
Agq = (W/4)Dgg® = (0/4)(5.92)° = 28

2 Room areas, where each room area (Ag,,) = WL

a Room H-B039%9A
Arm = (23.3 ft) (34 f) =792
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b Room H-B039B
Armz = (11.3 ft) (49.3 ft) = 557 f*

¢ Rooms H-B039A and H-B039B
Arm = Armt + Armz = 792 £ + 557 fi* = 1349 f*

3 An automatic fire protection system is provided in the canister rinse-bogie maintenance room |
(H-B039A). The fire water volume is based on fire water flow density (worst case) of 0.2 US
gpm/ft? for 1500 ft? of fire area for 20 minutes. Thus, the fire water is:

Viw = (0.2 US gpm/ft?) (Agm ft) (20 min)
Viw = 4.0Apm = 4.0 (792) = 3168 US gal
Vew = 3168 gal / (7.48 gal/ ) = 424 £’

4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vxuax is larger than Vior:

Vi = 1.05 (Vavax + View) = 1.05 (528 + 424) = 1000 £’
Vi = 1000 ft* (7.48 gal/ft’) = 7480 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU. Since the canister rinse-bogie maintenance room
(H-B039A) and canister rinse tunnel (H-B039B) are interconnected and flood from one room
into the other room, the available flood area is the sum of both rooms: |

Ac = Apm + Arm = 792 £ + 557 £t = 1349
6 The calculated secondary containment (protective coating) height is calculated as follows:
LH = flood volume/available flood arca

LH= Vg /Ac
LH =1000/1349=0.74 ft

7 The minimum required protective coating height is the calculated height rounded up, or:

5.7  Canister Rinse Tunnel (H-B039B)

The canister rinse tunnel (H-B039B) and the canister rinse-bogie maintenance room (H-B039A) are
interconnected and flood from one room into the other room. The canister rinse-bogie maintenance room
(H-B039A) is 23.3 fi x 34 ft and canister rinse tunnel (H-B039B) is 11.3 ft x 49.3 ft. The canister rinse-
bogie maintenance room and the canister rinse tunnel are considered to be one area and contain one vessel
with the following vessel/MTU data:

Page A-17



24590-HLW-PER-M-02-003, Rev 3
Flooding Volume for the HLW Facility

Dy,
D Max Equip| L1y Lor Bottom
Inside Diameter, | Tangentto | Overflow Nozzle | Vessel | Top Vessel
Vesse/MTU Diameter, ft| ft Tangent, ft Height, ft Head Head
HDH-VSL-00001 5.83 5.92 17.0 no overflow Ellip Flat

1 Vessel HDH-VSL-00001 Calculation

shell volume, Vs=n/4 D’ L1.1
V= (n/4) (5.83)* (17.0) = 454 ft*

vessel head volume for semi-ellipsoidal head
Vip=nD’/24, ft’
Vip = n(5.83)* /24 = 26 f’

depth of vessel head for semi-ellipsoidal head
d=025D
d=025(5.83)=146ft

total volume
Vror =Vs+ N Vip
Vior =454 + 26 =480 f*
Vror = 480 ft* (7.48 gal/ ft*) = 3590 US gal

maximum operating volume
with no overflow and flat top head, Vg, is
Vmax = Vror
Ve, = 480 £

110 % of maximum operating volume

Vinax = 1.1 Ve = 1.1 (480) = 528 £
Viavax = 52811 (7.48 gal/ft’) = 3949 US gal

vessel footprint or area
Agg = (0/4)Dgg” = (n/4)(5.92)° = 28 ft*

2 Room area, where each room area (Arn,) = WL

a Room H-B039A
Arm = (23.3 ft) (34 ft) = 792 ft?

b Room H-B039B
Agmz = (11.3 ft) (49.3 fi) =557

¢ Rooms H-B039A and H-B039B
Arm = Arm + Armz = 792 £ + 557 % = 1349 &
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3 An automatic fire protection system is provided in canister rinse tunnel (H-B039B). The fire
water volume is based on fire water flow density (worst case) of 0.2 US gpm/ft* for 1500 ft*
of fire area for 20 minutes. Thus, the fire water is:

Vew = (0.2 US gpnv/ft®) (Arm ft%) (20 min)
Vew = 4.0Agm = 4.0 (557) = 2228 US gal
Vew = 2228 gal/(7.48 gal/ft’) = 298 ft’

4 The flood volume is the larger of the total volume, or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vyua is larger than Vygr:

Vir = 1.05 (Vxuax+ Vew) = 1.05 (528 + 298)
Ve = 867 ft° for H-BO39B
Vi = 867 ft* (7.48 gal/ft’) = 6485 US gal

The canister rinse tunnel (H-B039B) and the canister rinse-bogie maintenance room
(H-B039A) are interconnected and flood from one room into the other room. Since the flood
volume for room H-B039A is larger than H-B039B, the flood volume for H-BO39A is used in
calculating the liner height:

V. for H-B039A = Vg = 1000 ft*
Vi = 1000 £t (7.48 gal/ft’) = 7480 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU. Since the canister rinse-bogie maintenance room
(H-B039A) and the canister rinse tunnel (H-B039B) are interconnected and flooding
overflows from one room into the other room, the available flood area is the sum of both
rooms:

Ac = Agmr + Az = 792 ¥ + 557 ft* =1349
6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vg/Ac
LH = 1000/1349 = 0.74 ft
7 The minimum required liner height is the calculated liner height rounded up, or:
5.8  Melter Cave No 2 - South (H-0106 South)

The south area of the melter cave no 2 (H-0106 South) is 14.75 ftx 305 ft-3fix6ft-1.67 fix 7.5 ft.
This celi contains four vessels with the following vessel/MTU data:
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D ng LT—T LOF Bottom Top

Inside Max Equip | Tangent to| Overflow Nozzle | Vessel | Vessel
Vesse/MTU Diameter, ft| Diameter, ft| Tangent, ft| Height, ft Head | Head
HFP-DMST-00003 0.530 0.552 1.75 na flat flat
HFP-DMST-00004 0.530 0.552 1.75 na flat flat
HFP-VSL-00005 il 11.52 9.5 9.70 F&D F&D
HFP-VSL-00006 11 11.52 9.5 9.70 F&D F&D

Vessel Calculations

The HFP-DMST-00003 is directly flanged to HFP-VSL-00005, and HFP-DMST-00005 is
directly flanged to HFP-VSL-00006. These demisters are considered part of the connecting
vessel. Thus, the volumes from the demisters are added to their connecting vessel
(HFP-VSL-00005 or 00006) total tank volume:

a HFP-DMST-00003 or HFP-VSL-00004
VTOT = VS = /4 D2 LT‘T
demister volume = Vpen= (w/4) (0.530) (1.75) = 0.4 ft*

b HFP-VSL-00005 or HFP-VSL-00006
shell volume, Vs= /4 D* L1.r
Vror =(W/4) (1 1)2 (9.5)=903 ft’

vessel head volume for F&D head
Vip = 0.0847 D*
Vip=0.0847 (11°= 113 f

depth of vessel head for F&D head
d=0.162D
d=0.162(11)=1.78 ft

¢ HFP-VSL-00005 with HFP-DMST-00003 or HFP-VSL-00006 with HFP-DMST-00004
total vessel volume for the HFP vessel with its demister is:

Vror = [HFP - VSL volume] + [demister volume]
Vrior =[Vs+N Vip] + [Vpem)

Vror = [903 + 2(113)] + [(n/4) (0.530)* (1.75)]
VTQT = [1 129} + [04]

Vror = 1129 ft* (with demister)

Vror = 1129 f* (7.48 gal/ft’) = 8445 US gal

maximum operating volume
Viiax = Vi + /4 D (Log), £
Viax = 113 + (w/4)(11)2 (9.7) = 1035 ft

110 % of maximum operating volume

Vivax = 1.1 Vi = 1.1 (1035) = 1138 ft°
Vaonax = 1138 ft* (7.48 gal/ft’) = 8512 US gal
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vessel footprint or area
Agy = (W4)Dgg’ = (W/4)(11.52) = 104 £

2 Room Area = WL = 14.75 ft (30.5 ft) - 3 ft (6 ft) - 1.67 ft (7.5 ft) = 419 f*

3 Roomis in a C5/RS area therefore no fire water is required. Thus Vpy =0 f*.

4 The flood volume is the larger of the total volume, or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the

flood volume. Since Vynx 18 larger than Vror:

Vi = 1.05 (Vs + Vew) = 1.05 (1138 + 0) = 1195
Vi = 1195 ft* (7.48 gal/ft’) = 8939 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint

excluding the leaking vessel/MTU. In addition, the demisters footprints are immaterial since
they are located above the HFP vessels:

Ac=Agn— Aqu
where Agg for HFP-VSL-00005 footprint

Assuming HFP-VSL-00006 is the leaking vessel, thus
Ac=419-104 =315 f’

6 The liner height is calculated as follows;
LH = flood volume/available flood area
LH = Vg /Ac
LH = 1195/315=3.79 ft
7 The minimum required liner height is the calculated liner height rounded up, or:
LHmjn =38ft
5.9 Melter Cave No 2 - West (H-0106 West)

The west area of the melter cave no 2 (H-0106 west) is 13.08 ft x 30.58 -8 ft x 1.5 ft. This cell contains
three MTUs with the following vessel/MTU data:

D D].;q Ly Lor Bottom Top

Inside Max Equip | Tangent to] Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft| Diameter, ft| Tangent, ft} Height, ft Head | Head
HOP-SCB-00002 10 10.36 575 4.5 F&D F&D
HOP-HEME-00002A 5.5 5.58 12.17 no overflow F&D F&D
HOP-HEME-00002B 55 5.58 12.17 no overflow F&D F&D
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1 MTU Calculations

a HOP-SCB-006002
shell volume, Vs=n/4 D* L1
Vs=n/4 (10) (5.75) = 452 f*
vessel head volume for F&D head
Vip = 0.0847 D?
V= 0.0847 (10)° = 85 f

depth of vessel head for F&D head
d=0.162D
d=0.162(10)=1.62ft

total volume
Vior =Vs+NVip
Vror =452 + 2 (85) = 622 f*
Viror = 622 ft* (7.48 gal/ft’) = 4653 US gal

maximum operating volume
Viax = Vi + /4 D? (Lor ), f*
Viax = 85 + 1/4 (10)% (4.5) = 438 ft*

110 % of maximum operating volume
Vivax = 1.1 Vi = 1.1 (438) = 482 ft’

vessel footprint or area
Agq = (W/4)Dgg” = (1/4)(10.36)° = 84

b HOP-HEME-00002A or HOP-HEME-00002B

shell volume, Vs = n/4 D? L1.¢
Vs = /4 (5.5)% (12.17) = 289 f*

vessel head volume for F&D head
Vip= 0.0847 D*
Vip=0.0847 (5.5 = 14 ft’

depth of vessel head for F&D head
d=0.162D
d=10.162 (5.5)=0.89 ft

total volume
Vior = Vs+ NV
Vror =289 +2 (14) =317 f*

maximum operating volume
Vmax = Vot since there is no overflow nozzle, thus
Viax =317
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110 % of maximum operating volume
Vimax = 1.1 Vi = 1.1 (317) = 349 £

vessel footprint or area
Agy = (W/4)Dg,” = (/4)(5.58)° = 24 £

2 Room Area = WL = (13.08 ft) (30.58 fi) - (8 fi) (1.5 ft) =388 £’ |

3 Roomis in a C5/RS5 area therefore no fire water is required. Thus Vi =0 ft’.

4 Flood volume is the larger of the total volume or 110 % of the maximum operating volume of
the largest vessel plus fire water. The largest vessel/MTU in this room is HOP-SCB-00001.
In addition, to account for other auxiliary components (piping and equipment) in the room, a
design allowance of 5 % is applied to the flood volume. Since Vror is larger than Vxy,x and

fire water was not added to the flood volume:

Vi = 1.05 Vyor = 1.05 (622) = 653 ft’
Ve = 653 f* (7.48 gal/ft’) = 4884 US gal

5 Available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

AC=ARm—AEqI_AEq2

where Agq for HOP-HEME-00002A footprint
Ag,; for HOP-HEME-00002B footprint

Ac=1388-24 —24=1340 f

6 Liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vi/Ac
LH=653/340=192 ft

7 The minimum required liner height (LH,,) is the calculated liner height rounded up, or:
LHmin =201t

5.10 Melter Cave No 1 - South (H-0117 South)

The south area of the melter cave no 1 (H-0117 South)is 14.75 fix 305 ft-3 fix 6 ft - 1.67 ft x 7.5 fi. |
This cell contains four vessels with the following vessel/MTU data:
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Lor

D Dg, | e Overflow Bottom | Top

Inside Max Equip | Tangentto | Nozzle Vessel Vessel
Vessel/MTU Diameter, ft | Diameter, ft | Tangent, ft | Height, ft Head Head
HFP-DMST-00001 | 0.530 0.552 1.75 na flat flat
HFP-DMST-00062 | 0.530 0.552 1.75 na flat flat
HFP-VSL-00001 11 11.52 9.5 9.70 F&D F&D
HFP-VSL-00002 11 11.52 9.5 9.70 F&D F&D

1 Vesset Calculations

The HFP-DMST-00001 is directly flanged to HFP-VSL-00001 and HFP-DMST-00002 is
directly flanged to HFP-VSL-00002. These demisters are considered part of the connecting
vessel. Thus, the volumes of the demisters are included to their connecting vessel
(HFP-VSL-00001 or 00002) total tank volume.

a HFP-DMST-000010r 00002
VTOT = Vs = 1/4 :D2 LT-T
Vior = (/4) (0.530)% (1.75) = 0.4 f*

b HFP-VSL-00001 or HFP-VSL-00002
shell volume, Vg= /4 D* L.
Vs = (n/4) (11)* (9.5) = 903 £’

vessel head volume for F&D head
Vyp=0.0847 D’
Vup=0.0847 (11)° = 113 £

depth of vessel head for F&D head
d=0.162D
d=0.162(11)=1.78 ft

¢ HFP-VSL-00001 with HFP-DMST-00001 or HFP-VSL-00002 with
HFP-DMST-00002

total vessel volume for HFP vessel with its demister 1s:
Vror = [HFP ~ VSL volume] + [demister volume]
Vror = [Vs + N Vip] + [demister volume]
Vror = [903 + 2(113)] + [(n/4) (0.530)* (1.75)]
Vr5or =[1129] + [04]
Vrzor = 1129 ft* (with demister)
Vior = 1129 ft’ (7.48 gal/ft’) = 8445 US gal

maximum operating volume

Vmax = Vip + /4 D? (Lo ), £
Vivax = 113 + (/4)(11)* (9.7) = 1035 £
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110 % of maximum operating voiume
Vinax = 1.1 Ve = 1.1 (1035) = 1138 f?
Vxnax = 1138 fi* (7.48 gal/ft’) = 8512 US gal

vessel footprint or area
Agy = (W4)Dg,’ = (m/4)(11.52) = 104 £

2 Room area=WL = 14.75 ft (30.5 ft) - 3 ft (6 ft} - 1.67 ft (7.5 ft) =419 f? |
3 Room is in a C5/RS5 area therefore no fire water is required. Thus Vpy =0 f°.
4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the

flood volume. Since Vxuux is larger than Vior:

VeL = 1.05 (Vi + VEw) = 1.05 (1138 + 0) = 1195
Vi = 1195 ft* (7.48 gal/ft’) = 8939 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

Ac = Apm— Agq
where, Agg for HFP-VSL-00001 footprint

Assuming HFP-VSL-00002 is the leaking vessel, thus
Ac=419-104=315 f*

6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = VI:]_/AC
LH=1195/315=3.79 ft
7 The minimum required liner height (LH,yy,) is the calculated liner height rounded up, or:
5.11 Melter Cave No 1 - West (H-0117 West)

The west area of the melter cave no 1 (H-0117 West) is 13.08 ft x 30.58 -8 ft x 1.5 ft. This cell contains |
three MTUs with the following vessel/MTU data:

D Dg, Lpy Lor Bottom| Top

Inside Max Equip | Tangent to | Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft | Diameter, ft| Tangent, ft | Height, ft Head | Head
HOP-SCB-00001 10 10.36 5.75 45 F&D | F&D
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D DEq LT-T Lo]r Bottom Top

Inside Max Equip | Tangent to | Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft | Diameter, ft| Tangent, ft | Height, ft Head | Head
HOP-HEME-00001A 5.5 5.58 12.17 no overflow F&D F&D
HOP-HEME-00001B 5.5 5.58 12.17 no overflow F&D F&D

1 MTU Calculations

a HOP-SCB-00001
shell volume, Vg, = /4 D* L1
Vg = 1/4 (10)* (5.75) = 452 ft’

vesse] head volume for F&D head
Vip= 0.0847 D
Vip=0.0847 (10)* =85 ft’

depth of vessel head for F&D head
d=0.162D
d=10.162 (10)=1.62 ft

total volume
Vrior =Vs+N Vwp
Vrior =452 +2 (85) = 622 f°
Vror = 622 ft* (7.48 gal/ft’) = 4653 US gal

maximum operating volume
Vax = Vi + w4 D? (Log) f’
Vi = 85 + /4 (10)? (4.5) = 438 £’

110 % of maximum operating volume
Vitar = 1.1 Vs = 1.1 (438) = 482 ft*

vessel footprint or area
Agq = (1/4)Dgg? = (n/4)(10.36) = 84 Y’

b HOP-HEME-00001A or HOP-HEME-00001B
shell volume, Vs=n/4 D? L1t
V= /4 (5.5) (12.17) = 289 ft*

vessel head volume for F&D head
Vip=0.0847 D
Vip=0.0847 (5.5° =14 f’

depth of vessel head for F&D head

d=0.162D
d=0.162 (5.5)=0.89 ft
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total volume
VTOT = VS + N VHD
Vror =289 +2 (14) =317 f’

maximum operating volume
Vmax = Vror since there is no overflow nozzle, thus,
VMax =317 ﬁ3

110 % of maximum operating volume
Vimax = 1.1 Vi = 1.1 317) = 349 #°

vessel footprint or area
Ag, = (W/4)Dg;” = (r/4)(5.58)* = 24 f?

Room Area (Ag,) = WL = (13.08 ft) (30.58 ft) - (8 ft) (1.5 ft) = 388 f*

Room is in a C5/RS5 area therefore no fire water is required. Thus Vey =0 ft'.

The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. The largest vessel/MTU in this room is
HOP-SCB-00001. In addition, to account for other auxiliary components (piping and
equipment) in the room, a design allowance of 5 % is applied to the flood volume. Since

Vror is larger than Vxua., and fire water was not added to the flood volume:

Vi = 1.05 Vior = 1.05 (622) = 653 £
Vi = 653 ft® (7.48 gal/ft®) = 4884 US gal

The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

Ac= ARm_Aqu - AEqZ

where Ag,, for HOP-HEME-00001A footprint
Agq for HOP-HEME-00001B footprint

Ac =388 —24-24 =340 ¢

The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vi /Ac
LH=653/340=1.92 ft

The minimum required liner height is the calculated liner height rounded up to the next
half-foot, or:

LHyn = 2.0 ft
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5.12 Melter 2 Equipment Decontamination Pit (H-0304A)

The melter 2 tank area (H-0304A) is 9.5 ft x 20 ft and contains one vessel with the following vessel/MTU
data:

D DEq LT-T LOF Bottom TO])

Inside Max Equip | Tangent to| Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft| Diameter, ft| Tangent, ft| Height, ft Head Head
HSH-TK-00002 6 6.1 18.17 na cone fiat

1 Vessel HSH-TK-00002 Calculation

shell volume, Vs = /4 D* Lyp
Vs = (n/4) (6)* (18.17) =514 f*

vessel head volume for right circular cone head
Vip = 0.0757 (DY), ft’
Vip = 0.0757 (6%)
Vip = 16 £

total volume
Vrior =Vs+N Vip
Vior = 514 + 16 =530 ft’
Vror = 530 ft® (7.48 gal/ft’) = 3964 US gal

maximum operating volume
with no overflow and flat top head, Vi, is:
Vmax = Vo1

Vimax = 53083

110 % of maximum operating volume
Vivax = 1.1 Viyex = 1.1 (530) = 583 /t
Vixuax = 583 f* (7.48 gal/ft’) = 4361 US gal

vessel footprint or area
Agq = (W/4)Dg,” = (W/4)(6.1)* = 29 f¥*

2 Room Area=WL
Agrm = (9.5 ft) (20 ft) = 190 f*

3 Room is in a C5/RS area therefore no fire water is required. Thus Veyw =0 ft’.
4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary

components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vs is larger than Vor:

VeL = 1.05 (Vv + Vew) = 1.05 (583) =612 ft?
Ve = 612 ft’ (7.48 gal/ft’) = 4578 US gal
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5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU:

Ac=190

6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vi /Ac
LH=612/190=3.22 ft

7 The minimum required liner height is the calculated liner height rounded up, or:
LHy, =33 ft

5.13 Melter 1 Equipment Decontamination Pit (H-0310A)

The melter 1 tank area (H-0310A) is 9.5 ft x 20 ft and contains one vessel with the following vessel/MTU
data:

D Dg,q Lyr Lor Bottom| Top

Inside Max Equip | Tangent to| Overflow Nozzle | Vessel | Vessel
Vesse/MTU Diameter, ft| Diameter, ft| Tangent, ft| Height, ft Head | Head
HSH-TK-00001 6 6.1 18.17 na cone flat

1  Vessel HSH-TK-00001 Calculation

shell volume, Vg= /4 D* L1.r
Vs = (n/4) (6)* (18.17) = 514 ft’

vessel head volume for right circular cone head
Vip = 0.0757 (D),
Vip = 0.0757 (6°)
V}{D =16 ﬁ;‘

total volume
VTOT = VS +N VHD
Vror =514+ 16=530 ft’
Vror = 530 ft’ (7.48 gal/ft’) = 3964 US gal

maximum operating volume
with no overflow and flat top head, Vi, is:

VMax = V101
Ve =530

110 % of maximum operating volume

Viar = 1.1 Vi = 1.1 (530) = 583 f*
Vi = 583 1t (7.48 gal/ft’) = 4361 US gal
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vessel footprint or area
Ag, = (W/4)Dgg’ = (n/4)(6.1)* = 29 f*

2 Roomarea=WL
Arm = (9.5 f) (20 f) = 190 £

3 Roomis in a C5/RS area therefore no fire water is required. Thus Vgy =0 ft'.

4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the

flood volume. Since Vxuax is larger than Vyor:

VL= 1.05 (Vax + Viw) = 1.05 (583 + 0) = 612 f’
Vi = 612 ft’ (7.48 gal/ft’) = 4578 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU:

Ac=190 i

6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH=Vn/Ac
LH=612/190=322ft

7 The minimum required liner height is the calculated liner height rounded up, or:
LHm,'n =331t

5.14 Active Services Cell Melter No 2 (H-0302)

The area of the active services cell melter no 2 is 20 ft x 93 ft. This cell contains one MTU with the
following vessel/MTU data:

D Dg,q | P Loy Bottom | Top

Inside Max Equip | Tangentto | Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft| Diameter, ft| Tangent, ft | Height, ft Head Head
HOP-WESP-00002 7 7.1 21.87 none F&D Flat

1 HOP-WESP-00002 Calculation

shell volume, Vs = /4 D* Lyt
Vs = (n/4) (7)? (21.87) = 842

vessel head volume for F&D head

Vip = 0.0847 D?
Vip = 0.0847 (7)° =29 £’
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depth of vessel head for F&D head
d=0.162D
d=0.162(N =113 ft

total volume
Vior =Vs+ N Vyp
Vror = 842 +1(29) = 871 f
Vror = 871 ft* (7.48 gal/ft’) = 6515 US gal

maximum operating volume
Since the vessel has no overflow, thus assumed:
Vmax = Vo, ft’
Viax = 871 £

110 % of maximum operating volume
Viax = 1.1 Vi = 1.1 (871) = 958 ft’
Viuax = 958 ft* (7.48 gal/ft’) = 7166 US gal

vessel footprint or arca
Agq = (W/4)Dgg” = (m/4)(7.1) = 40 £’

Room area = WL = 20 ft (93 ft) = 1860 ft’

Room is in a C5/RS5 area therefore no fire water is required. Thus Ve =0 ft’,

The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary

components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since V. is larger than Vor:

ViL = 1.05 (Vimax + Vew) = 1.05 (958 + 0) = 1006 f*
Vi = 1006 ft* (7.48 gal/ft)) = 7525 US gal

The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

AC=ARm-Aqu = ARm
where, Ag;;=0

Ac= 1860 fi?
The liner height is calculated as follows:
LH = flood volume/available flood area

LH = Vr/Ac
LH = 1006/1860 = 0.54 ft
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7 The minimum required liner height is the calculated liner height rounded up, or:
LHui, = 0.6 ft
5,15 Active Services Cell Melter No 1 (H-0308) |

The area of the active services cell melter no 1 is 20 ft x 93 ft. This cell contains one MTU with the |
following vessel/MTU data:

D DEq | P Lop Bottom Top

Inside Max Equip | Tangentto | Overflow Nozzle | Vessel | Vessel
Vessel/MTU Diameter, ft| Diameter, ft| Tangent, ft Height, ft Head Head
HOP-WESP-00001 7 7.1 21.87 none F&D Flat

1 HOP-WESP-00001 Calculation

shell volume, Vs = /4 D* L.t
Vs = (n/4) (7)* (21.87) = 842 ft}

vessel head volume for F&D head
Vup= 0.0847 D*
Vip=0.0847 (7)* =29

depth of vessel head for F&D head
d=0.162D
d=0.162(7)=113ft

total volume
Vrior = Vs + N Vip
Vror = 842 +1(29) = 871 f
Vror = 871 ft* (7.48 gal/ft’) = 6515 US gal

maximum operating volume
Since the vessel has no overflow:
Vumax = Vo1, ft’
Ve = 871 £

110 % of maximum operating volume
Viax = 1.1 Vi = 1.1 (871) =958 £’
Vyuiax = 958 f* (7.48 gal/ft’) = 7166 US gal

vessel fooiprint or area
Agq= (W/4)Dg” = (/4)(7.1)* = 40 ft*

2 Room area = WL = 20 ft (93 ft) = 1860 ft’

3 Room isin a C5/R5 area therefore no fire water is required. Thus Vey =0 ft.
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4 The flood volume is the larger of the total volume or 110 % of the maximum operating
volume of the largest vessel plus fire water. In addition, to account for other auxiliary
components (piping and equipment) in the room, a design allowance of 5 % is applied to the
flood volume. Since Vi 18 larger than Vror:

Vi = 1.05 (Vxuax + Vew) = 1.05 (958 + 0) = 1006 £
Ve = 1006 £t (7.48 gal/ft’) = 7525 US gal

5 The available flood area is equal to the room area minus the sum of the equipment footprint
excluding the leaking vessel/MTU, or:

Ac = Arm— Agq1 = Arm
where Agg =0
Ac= 1860 f*
6 The liner height is calculated as follows:
LH = flood volume/available flood area
LH = Vy/Ac
LH = 1006/1860 = 0.54 ft

7 The minimum required liner height is the calculated liner height rounded up, or:

LH.;, = 0.6 ft
6 Summary
The summary of the minimum required liner height is as follows for each process cell.
Vessel Available| Minimum
Inside Vessel Flood Room Size Flood Required
Diameter, | T-T Volume | WitxL ft Area [a], | Liner
Room Vessel/MTU ft length, ft 16 (gal) (Area ftz) it Height, ft
H-B005 | HOP-VSL-00904 12 175 1535 14.8 x 17 252 6.1
(11,482) | (252)
H-B014 | RLD-VSL-00007 13 15.5 2816 18 ft x 64 725 3.9
South RLD-VSL-00008 13 9.75 (21,064) | (1152)
HCP-VSL-00001 13.5 15.83
HCP-VSL-00002 13.5 15.83
H-B014 | RLD-VSL-00002 s 4 48 18x17 306 0.2
North (359) (306)
H-B021 | HOP-VSL-00903 12 7.75 1535 14.8 x 17 252 6.1
(11,482) | (252)
H-B035 | HDH-VSL-00002 25 16.75 752 11x21.5 227 34
HDH-VSL-00004 2.5 16.75 (5625) (237)
HDH-VSL-00003 7 17.0
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Vessel Available] Minimum
Inside Vessel Flood Room Size Flood Required
Diameter, | T-T Volume | WftxL ft Area [a], | Liner
Room Vessel/MTU ft length, ft | ft* (gal) | (Area f£) 1t Height, ft
H-B039A | HDH-VSL-00001 5.83 15.6 956 233x34+ 1349 0.8
(7151} 11.3x49.3
(1349)
H-B039B { HDH-VSL-00001 5.83 15.6 956 233 x34+ 1349 0.8
(7151) | 11.3x493
(1349)
H-0106 | HFP-VSL-00005 1 9.5 1195 14.75x30.5 - 315 3.8
South w/ HFP-DMST-00003
HFP-VSL-00006 11 9.5 (8939) 3x6-
w/HFP-DMST-00004 1.67x 7.5
(419)
H-0106 | HOP-SCB-00002 10 5.75 653 13.08 x 30.58 - | 340 2.0
West HOP-HEME-00002A | 5.5 12.17 4884) | 8x15
HOP-HEME-00002B | 5.5 12.17 (388)
H-0106 | HMP-MLTR-00002 Liner height is not calculated. The liner is provided to facilitate the 0.5
Central containment of potential spills from jumpers and piping.
H-0117 | HFP-VSL-00001 11 9.5 1195 14.75x30.5 - 315 38
South w/ HFP-DMST-00001 €939 | 3x6-
-VSL- 11 9.5
HFP-VSL-00002 1.67x 75
w/ HFP-DMST-00002
(419)
H-0117 | HOP-SCB-00001 10 5.75 653 13.08 x 30.58 - | 340 2.0
West HOP-HEME-00001 A 5.5 12.17 (4884) 8x1.5
HOP-HEME-00001B 5.5 12.17 (388)
RH-0117 | HMP-MLTR-00001 Liner height is not calculated. The liner is provided to facilitate the 0.5
Central containment of potential spills from jumpers and piping.
H-304A | HSH-TK-00002 6 18.17 612 9.5x20 190 33
(4578) (190)
H-310A | HSH-TK-00001 6 18.17 612 9.5x 20 190 33
(4578) (190)
H-0302 | HOP-WESP-00002 7 21.87 1006 20x 93 1860 0.6
(7525) (1860)
H-0308 | HOP-WESP-00001 7 21.87 1006 20x 93 1860 0.6
(7525) | (1860)

{a] Available flood area is equal to the room area minus the sum of the equipment footprint excluding the leaking vessel/MTU.
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