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8. ACCIDENT ANALYSES

8.0 Introduction

In previous sections, features important to safety have been identified and discussed. The
purpose of this section is to identify and analyze a range of credible accident occurrences (from
minor accidents to the design basis accidents) and their causes and consequences formatted in
accordance with Regulatory Guide 3.62 (Ref. 1).

ANSI/ANS-57.9-1984, "Design Criteria for an Independent Spent Fuel Storage Installation (Dry
Storage Type)," (Ref. 7) defines four categories of Design Events that establish design
requirements to satisfy operational and safety criteria. Design Event I is associated with normal
operation. Design Events II and III apply to events that are expected to occur with moderate
frequency, or once per calendar year or during the lifetime of the installation. Design Event IV
is concerned with severe natural phenomena and low probability events.

The first Design Event is addressed in Sections 4 and 5 and need not be discussed further.
Design Events of the second type (moderate frequency or once per calendar year) are addressed
in Section 8.1 and the third (once per lifetime) and fourth design events are addressed in Section
8.2.

Events that require analysis have been identified with the aid of overall fault trees (Figures 8.0-1,
8.0-2 and 8.0-3). The three separate trees, one for each of the main stages of operation, refer to
passive storage, transfer cask reception operations and fuel transfer operations. The number
associated with each event refers to the subsection of Section 8 in which the event is analyzed.

1. Allocation of Events to Sections 8.1 and 8.2

Each event can be represented on a consequence frequency diagram (see Figure
8.0-4), which can be divided into four regions:

High frequency, low consequence (Design Event II).

High frequency, high consequence.

Low frequency, high consequence (Design Events III + IV).
Low frequency, low consequence.

The MVDS design ensures that there are no high frequency, high consequence
events. Events which have a probability estimated as 1.0E-8 per year or less are
referred to in Section 8 but are not given a full analysis. Such low probabilities of
occurrence are considered to be below a level where a complete analysis of the
event and the consequences is necessary.
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To meet the constraints of Regulatory Guide 3.62 (Ref. 1) Design Events with
high frequency, low consequence are addressed in Section 8.1 and Design Events
with low frequency, high consequence are addressed in Section 8.2.

Hazard Categories and Interlock Philosophy

Potential hazards are placed into three categories on the basis of severity of the
consequences. Direct radiation and indirect radiation hazards (i.e., inhalation
risks), are considered in the possible consequences. Table 8.0-1 lists the Hazard
Categories that have been used. Radiological consequences were conservatively
assessed at a controlled area boundary distance of 100 meters rather than the
actual 113 meter distance.

Interlocks are provided to prevent potentially hazardous operations. The degree
of protection provided is related to the level of the hazard. Table 8.0-2 lists the
means used to achieve the necessary level of protection.





Table 8.0-1. Hazard Categories.

Hazard A B C
Category
Doses to the Doses to the Doses to the
general public general public general public in
in excess of 5 in the range of the range < 25
rem (whole 25 mrem mrem (whole body)
body) (whole body) (10 CFR 72.104).
(10 CFR to 5 rem
72.106) (whole body).
(10 CFR
72.104/106).
Serious Radiation Inadvertent
radiation hazard which radiation doses in
hazard which could result in excess of those
could result a whole body expected in normal
in a whole dose to an operation but less
body dose to operator less than the annual
an operator of than the limit.
greater than annual limit.
the annual
limit (5 rem).
(10 CFR
20.1201).
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Table 8.0-2. Method Of Achieving Protection.

HAZARD INTEGRITY METHOD OF ACHIEVING
CATEGORY PROTECTION
REMOTE MANUALOPERATIO
MANUAL N
CONTROL
A Probability of less a. Three separate a. Administrative
than 10-6 electrical interlocks | security demanded by
and circuits or permissive key or
b. Mechanical b. Mechanical
interlocks interlocks
B Probability of less a. Two separate As above
than 10-4 electrical interlocks
or
b. Mechanical
interlock
C Probability of Less a. Single electrical |a. Administrative
than 10-2 interlock or interlock demanded by
written non-routine
b. Mechanical instruction or
interlock
b. Mechanical interlock
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FAULT TREE SYMBOLISM FOR FIGURES 8.0-1 THROUGH 8.0-3

:
O
:
.
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The CIRCLE describes a basic fault event that requires no further
development. Frequency and mode of failure of items as identified are
derived from empirical data.

The DIAMOND describes a fault event that is considered basic in a given
fault tree. The possible causes of the event are not developed because the
event is of insufficient consequence.

The RECTANGLE identifies an event that results from the combination
of basic events through the logic input gates.

The AND gate describes the logical operations whereby the co-existence
of all input events is required to produce the output event.

The OR gate defines the situation whereby the output event will exist if
one or more of the input events exist.
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8.1 Off-Normal Operations

In this section, design events of the second type (Design Event II) as defined by

| ANSI/ANS-57.9-1984 (Ref. 7) are addressed. These consist of events (Off-normal) that might
occur with moderate frequency or on the order of once during any calendar year of operation and
are postulated as follows:

1.

2.

10.

11.

Transfer cask collides with access hatch or CLUP (Section 8.1.1)

Full or partial blockage of air inlet to vault module (Section 8.1.2).
Lifting of equipment out of sequence (Section 8.1.3).

Short term loss of AC electrical power (Section 8.1.4).

Loading a full FSC into a full vault position (Section 8.1.5).

CHM HEPA filtration system fails or is not connected (Section 8.1.6).
Vehicular impact (Section 8.1.7).

Contaminated CHM returned to CLUP (Section 8.1.8).

Drop CHM from MVDS crane (Section 8.1.9).

Equipment impacts on isolation valves positioned at vault module or CLUP
(Section 8.1.10).

Traverse MVDS crane into end stops (with CHM) (Section 8.1.11).

The postulated 'off-normal' events identified above are all events resulting in offsite doses of less
than or equal to 25 mrem per 10 CFR 72.104 (Ref. 8).

In the following events involving fuel movements during ISFSI unloading operations, it is
assumed that the MVDS unloading will take one year to complete. Thus, the unloading operation
probabilities stated only apply to the year fuel unloading is performed.

8.1.1. Transfer Cask Collides with Access Hatch or Cask Load/Unload Port

8.1.1.1. Postulated Cause of Event

The process of loading a transfer cask into the CLUP requires the transfer cask to be lifted from
its horizontal position on the transport trailer to the vertical using the MVDS crane, through the
adjacent access hatch. The transfer cask is then traversed along the access hatch and lowered
into the transfer cask support collar.

FSV ISFSI SAR
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The postulated cause of this event is the transfer cask being out of alignment with the access
hatch, or being traversed too far into the transfer CLUP prior to lowering into the support collar.

All transfer cask and trailer alignments are achieved by operator judgment, viewed from
positions above and below the CLUP. The probability of an operator error is estimated at 1.0E-3
per operation (Ref. 2). Assuming 2 crane operations per transfer cask and 252 transfer cask
operations per year, this results in an event probability of 0.5/year.

8.1.1.2. Detection of Event

The transfer cask load/unload operations are visually observed by the MVDS crane operator and
the operators positioned in the TCRB. It is considered that a collision course of the transfer cask
with the access hatch or CLUP during loading operations is immediately apparent. The MVDS
crane is controlled via a pendant, allowing the operator to view loading of the transfer cask
through the access hatch by standing near the safety railings.

8.1.1.3. Analysis of Effects and Consequences
There are no radiological consequences resulting from this event.

The worst case consequence of an impact may result in a transfer cask being dropped from its
maximum raise height of approximately 7 ft. into the TCRB, followed by a topple. The dropping
of a transfer cask is covered in Section 8.2.5 where it is shown that the integrity of the transfer
cask or vault module is not breached. However, for drops in excess of 4 inches the FSC integrity
cannot be guaranteed, and possible activity release internal to the transfer cask may result.

8.1.1.4. Corrective Actions

Stop the MVDS crane and return the transfer cask to a non-contact position and inspect and
evaluate the equipment. If the problem is caused by a misalignment of the trailer or MVDS
crane, the load must be lowered and secured, and the trailer or crane repositioned prior to further
operations.

The FSC contained within the transfer cask cannot be guaranteed for drops greater than 4 inches
(Appendix A8-6).
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8.1.2. Full or Partial Blockage of Air Inlet to Vault Module
8.1.2.1. Postulated Cause of Event

A number of possible causes of inlet blockage can be postulated including blockage by
windblown debris such as leaves, weeds, waste paper, plastic sheeting or by snow drifts and
floods.

Blockage due to windblown debris such as leaves, weeds and waste paper is unlikely due to the
installation of a trash fence directly in front of the inlet ducts. Most windblown debris would be
stopped by the trash fence, and would not impede air flow into the inlet ducts. Blockage from
these causes is unlikely to produce a reduction in available inlet area of more than 10% due to
the trash fence and large area of the inlets (protected by mesh).

Frost has been observed to form on the inlet screens (“bird mesh”) in the winter months on
occasion, when temperature and humidity conditions are conducive. Due to the spacing of the
wire mesh (approximately one-half inch squares, considered necessary to prevent entry by birds
and rodents), heavy frosting has at times resulted in a substantial fraction of the inlet mesh being
completely filled with frost. This frost is very delicate and pores exist through which some air
can flow. Severe frosting conditions could result in nearly complete frost coverage of the inlet
screens. Personnel who regularly inspect the MVDS identify the frost formation and remove it
from the inlet screens, so that it does not significantly impact inlet airflow and removal of heat
from the FSCs. Frost removal takes only several minutes, and does not result in any measurable
doses to personnel.

The outlet screens at the top of the chimney appear to be less susceptible to frost formation than
the inlet screens. Substantial frost coverage of the outlet screens has not been observed, possibly
due to warmer air exiting the chimney, the elevation difference of the inlet and outlet ducts,
and/or the fact that the outlet duct is open on all four sides. Should it occur, and remain for times
approaching 24 hours, DOE has means to gain access to these screens for frost removal.

It is considered possible that icing of the inlet screens could occur, which would pose a greater
threat than frost in impeding airflow into the inlet ducts. Icing would require conditions of
freezing rain, which are rare in Colorado. Should icing occur, it would be identified by
personnel who regularly inspect the MVDS, and removed in a timely manner.

Windblown debris other than leaves, weeds or waste paper may cause blockages of greater than
10%, but with a much lower probability. A large plastic sheet or vehicle tarpaulin could be
blown onto one inlet totally obscuring the inlet to one module, or the inlet could be blocked as a
result of tornado missile impact by a massive soft missile (automobile). See Section 8.2.1. Inlets
may be blocked partially or totally as a result of extreme weather conditions such as tornadoes if
there is a suitable source of debris in the vicinity.

In addition to windblown debris, a snow drift of 4.8 ft maximum (see Section 4, Appendix A4-1,
Design Calculation 1.2.2) piled up against the inlets may cause a 42% blockage assuming all
inlets to be blocked to this level, and is taken as the worst case snow drift considered credible.
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There was an actual inlet duct blockage occurrence due to snow and ice, which took place in
March 1992. The mode of blockage was not, however, drifting snow. On March 9, 1992, a
severe snowstorm resulted in snow accumulation of approximately 1.5 ft. in the FSV area. There
was not significant drifting at the inlet structure and blockage was not significant. However, on
subsequent days, snow on top of the inlet structure melted, and water trickled down on the wire
mesh over the inlet duct. The water froze, forming a relatively clear sheet of ice over the inlet
duct wire mesh. On March 11, 1992, security personnel making routine inspections identified
the icing on the inlet duct wire mesh, and the ice was promptly removed. It was estimated that
96.1% of the inlet duct area experienced blockage on March 11, 1992. The following two
actions were taken as a result of this event:

1. A steel gutter was installed on the roof of the inlet structure. This gutter collects
water which runs down the roof, and drains it to one side of the ISFSI structure,
preventing water from draining over the inlet ducts.

2. GEC performed analyses to determine the effects of blockages beyond the 95%
inlet duct blockage previously analyzed.

Since its installation, the gutter has demonstrated its capability to effectively drain water from
the roof of the inlet structure, and prevent water from contacting the inlet duct wire mesh.
Therefore, with the gutter in place, the 42% blockage by drifting snow identified above is still
considered to represent the maximum credible snow blockage. While blockages of greater than
95% are not considered credible, the results of the GEC analyses for greater blockage and long
term duration are summarized in Appendix A8-11.

A 55% inlet blockage caused by a 6-foot flood (see Section 3.2.2) also is considered assuming
all inlets to be blocked to this level. No credible accident is identified which can result in a
prolonged total blockage of all six vault inlets at any one time. As discussed in Reference 12,
maximum allowable temperatures for accident conditions of the fuel, FSCs, and concrete would
not be reached until after 14 days, 9.7 days, and 14 days respectively with 100% blockage of the
inlet or outlet ducts, conservatively assuming peak rate fuel with only 600 days decay (150 watts
per element). However, since fuel was loaded in June 1992, an additional decay of greater than
6,000 days has occurred. Hence, a surveillance interval of 7 days is acceptable.

The analysis for this event is bounded by a worst case, 95% blockage of all six vault inlets for an
indefinite period. Such a prolonged major blockage is considered incredible and no event is
identified as the cause of such a severe blockage.

8.1.2.2. Detection of Event
Inlet blockage would be detected by routine inspections conducted on a 7 day interval.
8.1.2.3. Analysis of Effects and Consequences

It is shown in the analysis of Appendix A8-11 that a reduction in cooling flow from a 95%
blockage of all six inlets at any one time for an indefinite period, does not cause significant
temperature rise in the fuel stored. For an inlet temperature of 120 degrees Fahrenheit, a 95%
inlet blockage results in a peak fuel temperature (at centerline) of 253 degrees Fahrenheit. This
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is significantly less than the maximum allowed storage temperature of 750 degrees Fahrenheit
(see Section 3.3.2.2.3) and the maximum design temperature of the FSC of 300 degrees
Fahrenheit.

The dose to an operator undertaking to clear the inlet ducts is estimated at a peak rate of 20
mrem/hour, on the mesh grill 5 feet above the floor (Appendix A8-10). It is conservatively
assumed that 1 person hour per duct is required to clear airborne debris blockages and 4 person
hours per duct is required to clear snow blockages, therefore an operator will receive a peak dose
of 480 mrem from clearing all six inlet ducts.

The radiological dose will be an upper bound value since not all the time spent clearing
obstructions will be spent in areas where the high dose rates occur. This conservative dose did
not exceed the dose requirements of 10 CFR 20.101 in effect at the time of initial FSV ISFSI
licensing, nor does it exceed the current requirements of 10 CFR 20.1201 (Ref. 9).

8.1.2.4. Corrective Actions

Once an obstruction has been detected, it can be cleared by means of snow plows, hand tools or
manual removal of debris as appropriate.

8.1.3. Lifting of Equipment Out of Sequence

The MVDS crane is used to lift items of equipment within the MVDS facility. There are four
postulated events, involving out of sequence lifts, as listed below:

1. CHM lifted while attached to the isolation valve.
2. CHM lifted with CHM valve or isolation valve open.
3. SPHDs (including the USPHD) lifted with the isolation valve open.

4, Isolation valve lifted off the charge face structure, SSWs, or CLUP after the
shield plug is removed.

Items 2, 3 and 4 are addressed in Section 8.2.11.
8.1.3.1. Postulated Cause of Event

The CHM is bolted to the isolation valve prior to any handling operations. The MVDS crane
remains attached to the CHM lifting frame during these operations.

The postulated cause of this event involves the crane being raised by an operator prior to
removing the securing bolts from the base of the CHM. The removal of the CHM from an
isolation valve is by administrative control.

The probability of an operator error is estimated at 1.0E-3/operation (Ref. 2). Assuming four
CHM/isolation valve interactions per transfer cask operation and one transfer cask operation per
year for FSC maintenance or repair, this results in an event probability of 4.0E-3/year.
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Assuming 252 transfer cask operations per year for unloading operations, this results in an event
probability of 1.0/year.

8.1.3.2. Detection of Event

If lifting of the CHM is attempted prior to unbolting from the isolation valve, the MVDS crane
overload alarm will actuate at 104,500 lbs and the crane will automatically cut out at 110,000
Ibs.

8.1.3.3. Analysis of Effects and Consequences

The isolation valve will not be raised out of its position on the charge face or CLUP due to the
tensile strength of the twelve, 1-1/2 inch bolts whose combined tensile strength exceeds the
maximum crane lifting capacity (see Section 4, Appendix A4-2).

There are no radiological consequences resulting from this event.
8.1.3.4. Corrective Actions

Lower crane hoist and inspect and evaluate the equipment. Remove bolts, inspect and evaluate
for deformation prior to further operations. Perform corrective actions as dictated by the
evaluation.

8.1.4. Short Term Loss of AC Electrical Power

The event considered is loss of AC electrical power to the MVDS for a limited duration (less
than or equal to 1 hour).

8.1.4.1. Postulated Cause of Event

Failure in the offsite power utility network.
8.1.4.2. Detection of Event

Loss of function in powered equipment.

8.1.4.3. Analysis of Effects and Consequences

Handling operations will be suspended and the potential exists for a FSC or fuel element to be
suspended in its position at the time power is lost.If a FSC or fuel element is suspended fully in
the CHM or transfer cask or partially inserted into a vault module, the fuel temperature rise will
be insignificant. See Appendix A3-1.

The thermal consequences of this event are enveloped by the 'Long Term Loss of Electrical
Power' event (Section 8.2.7).

The potential for extremely minor amounts of radioactive material to be present in the body of
the CHM exists during the handling of uncontained elements or damaged FSCs, originating from
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the exterior of the fuel elements. No mechanism is identified under these circumstances for the
preferential release of particulate originating from a fuel element. Gaseous products, which
account for approximately 15% of the inventory release during FSC lid removal, (see Appendix
A8-9) are previously released in a controlled manner during FSC venting and lid removal at the
SSW.

If the CHM HEPA filtration system fails (not operating) a decontamination factor of 1 (1,000
when operating) is conservatively assumed. There is no pressure differential between the CHM
and the charge hall (when the filtration system is not operating) which would account for any
significant release potential. Radioactive material would remain contained, however minor
amounts may escape if present in the CHM body.

During SSW operations, adequate protective equipment is used, thus assuring the operators are
protected from minor amounts of radioactive material which may escape from the CHM if the
postulated power failure occurred. The dose criteria of 10 CFR Part 20 (Ref. 9) are not
exceeded.

The radiological consequences at the controlled area boundary are less serious than a release
from the MVDS stack following a significant FSC leak into the vault, or a puff release onto the
charge face following FSC removal. See Appendix A8-9 where it is shown that the requirements
of 10 CFR 72.106 (Ref. 8) are met.

8.1.4.4. Corrective Actions

Handwinds on the MVDS crane travel and hoist and CHM raise/lower mechanism can be used to
complete handling operations. There is however, no requirement to do this as the temperature
increase is small and no fuel deterioration will occur.

8.1.5. Loading a Full Fuel Storage Container into a Full Vault Position
8.1.5.1. Postulated Cause of Event

It is assumed that a full FSC removed from the MVDS for unloading is returned to a full fault
position in the MVDS. During the FSC unloading process, the isolation valve may be relocated
to prepare another FSC for removal, or transfer a FSC to a SSW. Correct location of the
isolation valve on the charge face is by administrative control.

The postulated cause of the event is the failure to remove a full FSC prior to replacement of a
full FSC, or the incorrect location of the isolation valve in preparation for replacement of a FSC
for storage. The probability of an operator error is approximately 1.0E-3/operation (Ref. 2).
Assuming one FSC is loaded per year for FSC maintenance or repair, this results in an event
probability of 1.0E-3/year. Assuming 252 FSCs are moved per year for unloading operations,
this results in an event probability of 0.25/year.

As the FSC is lowered into the vault module, it is supported by the FSC already present. The
raise/lower mechanism underload protection system stops further movement of the leadscrew
and prevents the grapple from being disengaged outside the release band.
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8.1.5.2. Detection of Event

The CHM stops lowering when the FSC is supported on the stored FSC as this is above the
defined release band of the grapple (see Section 8.2.3).

The supported height shows that the FSC is not fully lowered and the operator response is to
raise the FSC back into the CHM.

8.1.5.3. Analysis of Effects and Consequences
There are no radiological consequences resulting from this event.
8.1.5.4. Corrective Actions

Raise the FSC back into the CHM and move the CHM to a holding park area to allow the
isolation valve to be correctly located before proceeding with normal storage operations. Inspect
for equipment damage and evaluate. Perform corrective actions as dictated by the evaluation.
Evaluate the fuel accountability program for discrepancies (see Section 5.3).

8.1.6. Container Handling Machine HEPA Filtration System Fails or is not Connected
8.1.6.1. Postulated Cause of Event

The CHM HEPA filtration system is normally used during off-normal operations at the SSWs to
prevent the release of airborne contamination during fuel handling operations. This is the only
time when the electrical power supply umbilical is connected. Operations at the SSWs can take
place at any time during plant life.

There are a number of possible causes for the failure of the HEPA filtration system to operate
properly:

1. Loss of power supply to the CHM.
2. Mechanical failure of the system components.
3. Operator fails to use the system.

There are no protection systems preventing operation of the CHM while the HEPA filtration
system is not operational.

The failure rate for item 2 above is estimated to be 2.0E-4/hour (Ref. 4) and for item 3 the
probability of operator error is approximately 1.0E-3/operation (Ref. 2). The duty cycle of the
system is estimated to be once per year for 1 hour resulting in an event probability of
1.2E-3/year.

8.1.6.2. Detection of Event

Loss of CHM HEPA filtration due to items 1 and 2 above is immediately apparent to the
operator by the CHM flow indicator (differential pressure across the filter). If the HEPA

FSV ISFSI SAR 8-20

Revision 7





filtration system is not operating, the loss is apparent when the system is demanded. Operator
response time is immediate (less than 1 hour) when loss of ventilation occurs or on discovery of
a fault.

Failure to use the CHM HEPA filtration system would be detected by procedural controls.
8.1.6.3. Analysis of Effects and Consequences

If the CHM is undertaking handling operations at a SSW, the HEPA filtration system is used
(procedural controls).

The potential for extremely minor amounts of radioactive material to be present in the body of
the CHM exists during the handling of uncontained elements or damaged FSCs, originating from
the exterior of the fuel elements. No mechanism is identified under these circumstances for the
release of particulate originating from a fuel element. Gaseous products, which account for
approximately 15% of the inventory release during FSC lid removal (see Appendix A8-9), are
previously released in a controlled manner during FSC venting and lid removal at the SSW.

If the CHM HEPA filtration system fails (not operating) a decontamination factor of 1 (1,000
when operating) is conservatively assumed. There is no pressure differential between the CHM
and the charge hall (when the filtration system is not operating) which would account for any
significant release potential. Radioactive material would remain contained, however minor
amounts may escape if present in the CHM body.

During SSW operations, adequate protective equipment is used, thus assuring the operators are
protected from the potential inhalation of minor amounts of radioactive material which may
escape from the CHM if the postulated ventilation system failure occurred. The dose criteria of
10 CFR Part 20 (Ref. 9) are not exceeded.

The radiological consequences at the controlled area boundary (100 meters) are less than a
release from the MVDS stack following a FSC leak (Maximum Credible Accident, see Section
8.2.15) into the vault, or a 'puff' release onto the charge face following FSC lid removal. See
Appendix A8-9 where it is shown that the requirements of 10 CFR 72.106 (Ref. 8) are met.

8.1.6.4. Corrective Actions

Return the fuel element or container to the SSW and seal, restore power or repair the HEPA
filtration system.

8.1.7. Vehicular Impact
8.1.7.1. Postulated Cause of Event

Vehicles may impact on the outside of the MVDS structure. The most likely postulated event
would be an impact of the transfer cask transport trailer in the reception bay. The probability of
an operator error is estimated at 1.0E-3 per operation (Ref. 2) assuming two transport trailer
movements per transfer cask operation in the reception bay and 252 transfer cask operations per
year, this results in an event probability of 0.5/year.
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The MVDS is within the boundary of a controlled site to the which vehicle access is restricted.
In particular, there is no highway passing close to the building.

8.1.7.2. Detection of Event
Vehicle impact on the structure would be readily detected by the operators.
8.1.7.3. Analysis of Effects and Consequences

Site speed limits will be administratively limited to 10 mph, such that the heaviest vehicles on
the site traveling at this speed have less momentum than the worst tornado generated missile for
which the building is designed to withstand. (See Section 8.2.1)

The consequences of a vehicle impact on the lower structure will be significantly less severe
than those of the heavy tornado generated missiles, which may damage the outside of the
building, but have no radiological consequences. Should the transfer cask and trailer impact the
MVDS structure, the transfer cask full of fuel will not be breached by the impact.

8.1.7.4. Corrective Actions

Remove vehicle to non-contact position and inspect equipment and structures and evaluate prior
to continued operation. Perform corrective actions as dictated by the evaluation.

8.1.8. Contaminated Container Handling Machine Returned to Cask Load/Unload Port
8.1.8.1. Postulated Cause of Event

The CHM can be used for normal operations of transferring full FSCs from the transfer cask to
selected vault modules and for off-normal events at the SSWs.

Contamination of the CHM arising from normal operations comes from handling a contaminated
FSC during unloading or due to an event leading to release of contamination during the handling
of a FSC.

Operations at the SSWs are off-normal and there is the potential for contamination during the
handling of uncontained fuel elements or damaged FSCs.

8.1.8.2. Detection of Event

In the event of a hoisting or transportation fault this is immediately apparent to the operator and
possible contamination is anticipated. Operators’ response is to immediately contact Health
Physics personnel to establish if contamination has occurred.

Checks for contamination of the CHM are under administrative control.
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8.1.8.3. Analysis of Effects and Consequences

Potential airborne release of radioactive gas and particulate into the body of the CHM may occur
during SSW operations involving the handling of damaged FSCs and/or uncontained fuel
elements (see Section 8.1.7).

Decontamination of the CHM grapple is performed at the TCRB under procedural controls
following SSW operations. Adequate protective equipment is used, thus assuring the operators
are protected from any radioactive material and the dose criteria of 10 CFR Part 20 (Ref. 9) are
not exceeded. Decontamination will involve removal and replacement of the HEPA filtration
units where necessary and also the exchange of the individual fuel element grapple following
SSW operations. Contaminated equipment such as the element grapple are removed using
bagging techniques.

8.1.8.4. Corrective Actions

Decontaminate the CHM.

8.1.9. Drop Container Handling Machine from MVDS Crane

8.1.9.1. Postulated Cause of Event

The CHM is transported using the MVDS crane attached to the CHM lifting frame.

The postulated cause of the event is an uncontrolled lowering (dropping) of the CHM onto the
charge face, CLUP, isolation valve or onto any structural part of the 19 feet 11 inch level due to
a failure of the MVDS crane hoisting system. The probability of an uncontrolled lowering of the
CHM is estimated to be 1.7E-5/operation (Ref. 5). Assuming five CHM movements per transfer
cask operation and one transfer cask operation per year for FSC maintenance or repair, this
results in an event probability of 8.5E-5/year. Assuming 252 transfer cask operations per year
for unloading operations, this results in an event probability of 2.0E-2/year.

8.1.9.2. Detection of Event

The uncontrolled lowering of the CHM would be readily detected by the operator following
impact.

8.1.9.3. Analysis of Effects and Consequences
There are no radiological consequences resulting from this event because:

1. The CHM is designed to withstand a maximum drop of 4 inches onto its four
shock absorbing legs and not topple (see Section 4.0, Appendix A4-2). The CHM
traverse height is set by a survey of the whole of the crane coverage of the 19 ft
11 inch level to give a minimum ground clearance of 1 inch on the four shock
absorbing leg outrigger pads. The tolerance specified for the 19 ft 11 inch level is
such that the maximum deviation in height is limited to within 2 inches (peak to
trough). A 1 inch setting allowance has been assumed resulting in a maximum
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drop of the CHM of 4 inches (i.e., 1 inch clearance + 2 inches civil tolerance + 1
inch setting allowance).

Dropping of the CHM from 4 inches onto the park pedestal position does not
result in damage to the vault integrity (see Appendix AS8-8).

The CHM raise/lower mechanism is a single failure proof high integrity system
(Ref. 3). The FSC/element is retained by the CHM grapple inside the CHM
following this drop.

The isolation valve is designed and built to high integrity standards. The analysis
in Appendix A8-8 shows that the shielding integrity of the isolation valve is not
affected by a drop of the CHM onto the isolation valve positioned over the CLUP
or a vault module. The analysis in Appendix A8-8 also shows that a drop of the
CHM onto an isolation valve positioned over the CLUP during transfer cask
unloading operations will not cause failure of the CLUP structure or transfer cask
support collar, thus preventing a secondary and more serious event involving a
full unlidded transfer cask dropping through onto the TCRB floor.

Equipment impacts on the charge face structure following a CHM drop are discussed in Section
8.2.6 where it is shown that there are no radiological consequences.

Following a limited drop, the CHM shielding is assured and FSC containment is not breached
(see Appendices A8-6, A8-8 and A4-2 of Section 4.0). However, if an uncontained fuel element
is being carried during off-normal operations some minor amounts of particulate originating
from the exterior of the element may be dislodged into the CHM body by the disruption of the
machine during the postulated drop. No mechanism is identified under these circumstances for
the release of particulate originating from a fuel element. The fuel element is retained by the
grapple following a CHM drop.

} The CHM HEPA filtration system is used during off-normal operations at the SSWs and a
decontamination factor of 1,000 (filtration system on) across the CHM and charge face is
assumed. Any particulate present in the CHM body will be extracted prior to venting to the

| charge face by the HEPA filtration. During SSW operations, adequate protective equipment is
used, thus assuring the operators are protected from the inhalation of any radioactive material

| and the dose criteria of 10 CFR Part 20 (Ref. 9) are not exceeded.
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8.1.9.4. Corrective Actions

Inspect and evaluate equipment for damage prior to completing operation. Also check for
contamination and decontaminate as required. Perform corrective actions as dictated by the
evaluation.

8.1.10. Equipment Impacts on Isolation Valves Positioned at a Vault Module or Cask
Load/Unload Port

8.1.10.1. Postulated Cause of Event

Isolation valves positioned at a vault module or the CLUP acts as the primary shielding during
FSC operations.

The use of dedicated slings results in equipment traverse heights by the MVDS crane being
lower than the height of an isolation valve above the charge face. The MVDS crane travel is at a
low speed of 5 ft/min. Routing of the equipment being traversed is controlled by the crane
operator.

The postulated cause of this event is failure of the operator to route traversing equipment around
the isolation valve. The probability of an operator error is estimated as 1.0E-3/operation (Ref.
2). Assuming five crane movements per transfer cask operation and one transfer cask operation
per year for FSC maintenance or repair, this results in an event probability of 5.0E-3/year.
Assuming 252 transfer cask operations per year for unloading operations, this results in an event
probability of 1.26/year.

Movement of equipment at speeds in excess of 5 ft/min are prevented by the crane protection
system consisting of two electrical interlocks from the crane load cells. Speeds greater than 5
ft/min are prevented when a load greater than 5,000 Ibs is being carried. Failure of the
protection system is estimated at 1.2E-5/operation (Ref. 10).

8.1.10.2. Detection of Event

The MVDS crane operator is in visual contact with the crane and the load being carried.
Potential impacts between traversing equipment and the isolation valve would be immediately
visible.

8.1.10.3. Analysis of Effects and Consequences

The isolation valve is designed and built to high integrity standards and it is bolted down in
position prior to handling operations. The very high shear capacity of the isolation valve
equipment prevents movement of the isolation valve from the fixed position over a vault module
or the CLUP. Appendix A8-2 shows the shear capacity of the isolation valve to be adequate to
withstand a seismic event and is taken as a bounding case for equipment impacts. The slow
traverse speed of the MVDS crane when carrying equipment prevents impacts of any
significance. Impacts with the isolation valve will not result in significant damage to the
isolation valve, and no radioactivity will be released.
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8.1.10.4. Corrective Actions

Traverse equipment back to a non-contact position. Inspect and evaluate the isolation valve and
equipment for damage prior to further operations. Perform corrective actions as dictated by the
evaluation.

8.1.11. Traverse MVDS Crane into End Stops (with Container Handling Machine)
8.1.11.1. Postulated Cause of Event

The MVDS crane has long and cross travel capability with fixed end stops in both directions.
When transporting the CHM in cross travel, the crane trolley can travel 33 inches further to the
end stops after the CHM legs have impacted the MVDS wall structure. In long travel, the CHM
is prevented from impact by long end stops which stop the MVDS crane with the CHM legs 36
inches clear of the wall structure. The cross end stops are positioned because of the travel
required for transfer cask handling at the CLUP.

Operation and movement of the CHM is controlled by the operator. During operations, the
trolley will approach the cross travel end stops frequently and experiencing an impact is
considered a credible event.

When the crane is loaded the traverse speed is fixed to 5 ft/min and movements above this speed
are prevented by the crane protection system. Traversing of the crane when loaded at speeds in
excess of 5 ft/min is considered in Section 8.1.12.

The postulated cause of this event is the failure of the MVDS crane operator to stop cross travel
before an impact occurs. The probability of an operator error is estimated as 1.0E-3/operation
(Ref. 2). Assuming five CHM movements per transfer cask operation and one transfer cask
operation per year for FSC maintenance or repair, this results in an event probability of 5.0E-
3/year. Assuming 252 transfer cask operations per year for unloading operations, this results in
an event probability of 1.26/year.

8.1.11.2. Detection of Event

The traverse speed of the MVDS crane is slow (5 ft/min) and coupled with the proximity of the
operator to the CHM any potential impact would be evident.

8.1.11.3. Analysis of Effects and Consequences

Should the CHM traverse until impact occurs with the concrete structure the legs will take the
impact. The impact will be minor at such low speeds.

There are no radiological consequences resulting from this event.
8.1.11.4. Corrective Actions

Traverse CHM to a non-contact position. Inspect and evaluate CHM legs (point of impact) prior
to commencing further operations. Perform corrective actions as dictated by the evaluation.
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8.1.12. Radiological Impact of Off-normal Events

A summary of the off-normal events described in Section 8.1 and their radiological impact is
given in Table 8.1-1.

FSV ISFSI SAR 8-27

Revision 7





L UOISIADY

8C-8 AVS ISAST ASA
juowdinba souanbasuoo (AHD ynm) sdoig
S)09JJ9 J[qBAIIIUOD ON 100dsur pue yoeq 9SI9ABI], Jo1d JojeradQ 1U9AQ SupeIdUNUUE J|OS [ed130]01pe1 ON pug ojur aue1) SAAJN 9SI0ARIL], 18
juowrdinbo dN10
joadsur pue uonisod soouonbasuoo 10 [NPOJA] J[NEA B J& PAUOT)ISOJ
$199JJ9 9[qBAIIUOD ON 19BJUOD UOU 0} QAOWY 10119 103R12dO) JU9Ad Sunerounuue J[os [eo130[01peI ON s. Al uo syoeduy juswdinbyg 01'r's
ANUNUOI PUB 109UU0ITY soouonbasuoo
S)09JJ9 S[qBAIIOUOD ON “1redar sueId AHD) 10adsu] amiey aueId SAAIN 1U9AQ SuneIOUNUUE J|OS [ed130[01peI ON auer) SAAN wox IWHD doiq 618
s10je1odo
0} 9SOP UOIJRIPLI Ul 2SBAIOUI
[eUISIEW UI J[NSI UBD PAUBI[D MSS 1 Suriojruowr dn1o
j0U JT NHD JO Uoneunueiuo)) NHD dleulweiuoddd | suonerddo [eunou-Jy0 so1sAyd yireaHq ayeidn osop 10je1ado ON 0] pauInay NHD Pareunuieiuo)) 818
amyonns SGAN soouanbasuoo
$199JJ9 9[qBAIIUOD ON 103dsur pue 9[91Y2A dA0WDY 10112 103R12d0O) JU9Ad Sunerounuue J[os [eo130]01peI ON joedwy TeINOTYI A L'1'8
JoLoul anjrey Pa1o2uuO0)) JOU ST 10
JNHD JO UOBUIUEBIUOD JOUIJA Tomod a103sa1/1rRdoy [eOTUBYOW/IOMO] J1qIpne/[ensIA oyeidn asop 10je1ado oN s[1eJ wasAS uonen(iy vdaH IWHD 9718
jnea Adwd spueq aseoja1 9[ddei3 pue saouanbasuoo uonIsod
S)09JJ9 9[qBAIIIUOD ON o1 DS PeoJaI Pue dA0WY 10119 10)RI2dQ wo)sAs uonoajoid JsIoH [ed13ojorpeI ON | I[NBA [N B 0jul DS [[n] & Surpeo] S'1'8
aInjrey soouonbasuoo
S)09JJ9 S[qBAISOUOD ON | Spulmpuey asn ‘1omod 21015y J1omiau AImn 1mod JUSAS FunRIOUNUUE J[9S [eJ130[0IPRI ON | Jomod [BOLIOJ[H JO SSOT W [, 10YS 18
anunuod soouonbasuoo
$199JJ9 9[qBAIIUOD ON pue s3joq 2Aa0woal ‘asrer doyg 10119 103R12dQO) JU9Ad Sunerounuue Jjos [eo130]01peI ON 9ouanbag jo no judwdinbyg Suryry €18
uonerddo Jurres]d
SLIqOp umo[q Sunmp xeur Iy SINPOIA JNBA 01
S)09JJ9 S[qBAIIOUOD ON paxmbar se sjoqur 189D purm 9Jup moug | uopoddsur [ensIA SUNNOY 02 Jo asop I1o0jeradQ Jo1u] I1y Jo oSexoo[d [enied Io [ 718
juowdinba joadsur
pue ‘peo] uonisodar ‘uonisod soouonbasuoo dNT1D 1o yorey
'$109JJ9 A[qBAIIUOD ON| 19BIUOD-UOU 0] WINJIY Jo1d J0jeradQ JUSAS FunRIOUNUUE J[9S [eJIS0[OIPRION | SS990Y YIIM UOISI[[0)) YSB)) I9JSuel], I'Ts

SHONANOHASNOD
ANV SLOdd4d

SNOILDV HAILDHYIOD

ENN40)

NOILOdLHd

SHSOd d4LVINILSH

LINHAH

'SJUSAY [WOU-1JO JO 1oedwy [eo1So[orpey “[-['§ dqe.L






8.2 Accidents

This section addresses the design events of the third and fourth types as defined by
| ANSI/ANS-57.9-1984 (Ref. 7), and other credible accidents of low probability that could impact
the safe operation of the FSV ISFSI facility. The postulated events are as follows:

1.

2.

10.

1.

12.

13.

14.

15.

Tornado and tornado generated missiles (Section 8.2.1).

Earthquake (Section 8.2.2).

Dropping a FSC (Section 8.2.3).

Fire and explosions (Section 8.2.4).

Dropping a transfer cask (Section 8.2.5).

Impacts on charge face structure (Section 8.2.6).

Long term loss of AC electrical power (Section 8.2.7).

Full or partial blockage of outlet ducts to vault module (Section 8.2.8).

Tornado generated missile impact on the transfer cask in the TCRB or CLUP
(Section 8.2.9).

Tornado generated missile impact on CHM (Section 8.2.10).

Lifting equipment out of sequence (Section 8.2.11).

Close isolation valve onto partially inserted FSC or fuel element (Section 8.2.12).
Deposit FSC/fuel element on the charge face (Section 8.2.13).

Traverse CHM with load partially inserted (Section 8.2.14).

Maximum credible accident (see Section 8.2.15).

The postulated accidents listed above are all events identified resulting in offsite doses less than
5 rem per 10 CFR 72.106 (Ref. 8).

In those events listed above which postulates the handling of individual fuel elements following
a failed FSC on a frequency of once per year, this frequency is considered extremely
conservative and highly unlikely to occur. This is based on the design requirements for the FSC
and the inability to identify any credible failure mechanisms.
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8.2.1. Tornado and Tornado Generated Missiles
8.2.1.1. Cause of Accident

The most severe tornadic parameters assumed for the MVDS DBT are discussed in Section
3.2.1.1.

8.2.1.2. Accident Analysis

This is a Design Event IV category (see Section 8.0). The tornado poses two types of threat to
the MVDS. Wind loads, caused by static pressure drop and dynamic wind pressure, and missiles
lifted by the wind and accelerated into the MVDS structure.

8.2.1.2.1. Tornado Wind Loads

The structure of the MVDS is designed to withstand the loads imposed by a DBT without gross
failure. See Section 4, Appendix A4-1. Hence, the safe operation of the MVDS is assured in the
event of a tornado. The structural steelwork is designed to carry the full DBT loading although
the cladding enclosing the Charge Hall may be displaced at wind speeds in excess of 110 mph.

These secondary generated missiles will not cause any significant increase in damage and are
considered to be bounded by the DBT generated missiles.

The lack of warning of a tornado event during the operation of the MVDS has been considered in
the design. The following activities are vulnerable to tornado winds:

1. Transporting a FSC in the CHM using the MVDS Building Crane.
2. Raising or lowering the FSC at the Vault, at the CLUP, or at the SSWs.

Transporting a FSC within the CHM

Protection against a tornado is provided by:
1. Tornado Clamps on the MVDS Building Crane

The tornado clamps on the MVDS Building Crane will be automatically applied
when the trolley or gantry drives are isolated or when a signal is received from
the seismic tremor switch.

2. MVDS Crane Hoist Failure

Dropping of the CHM due to the failure of the MVDS crane hoist while
transporting the CHM is avoided by the use of seismic restraints. These restraints
attach the CHM to the crane structure, thus preventing a drop and possible
toppling of the CHM while it contains a loaded FSC.

FSV ISFSI SAR 8-30

Revision 7





Raising and Lowering the FSC at the Vault/CLUP/SSW

During transfer of the FSC either into or out of the Vault/CLUP/SSW, the CHM is bolted down
to an Isolation Valve which in turn is bolted to the Charge Face Structure. The analysis
presented in Reference 11 shows that the tornado force acting on the CHM is less than the most
conservative seismic forces addressed in calculation A4-2.2.3 number 4. This calculation shows
that the maximum overturning moment on the machine base is 16.13E+6 pounds per inch.

8.2.1.2.2. Tornado Generated Missiles

The effects of tornado generated missiles vary depending on the position at which they impact on
the building. Although in many cases equipment or structures will be damaged, the surviving
equipment and structures will continue to protect the fuel and limit the radiological

consequences to acceptable levels per 10 CFR 72.106 (Ref. 8). It is considered incredible that
the MVDS facility will be significantly damaged by more than one design basis missile because
of its (MVDS) relatively small size.

Impact and subsequent damage by any of the tornado generated missiles on the following
reinforced concrete structures will not result in any significant increase in the dose rates to the
operators or at the controlled area boundary:

Walls surrounding the storage vaults

Air outlet stack

Walls surrounding the TCRB

Walls surrounding the charge hall

Charge hall floor (not including the charge face)

The structures listed above are adequately designed so that none of the missiles will penetrate
them, or cause chips of concrete, which would otherwise act as secondary missiles, from the
inner surface. Local damage to the outer parts of the structures will not prevent them from
bearing the loads for which they are designed (see Section 4, Appendix A4-1).

Above the 30 ft level, only missiles A, B, C and E (see Table A8-1.2 of Appendix A8-1) might
enter the charge hall through the roof or wall cladding with almost undiminished speed and
impact equipment and structures inside.

Missiles A, B, C or E could hit any part of the main frame of the steel superstructure. The
steelwork is not designed to withstand missile impact, so it must be assumed that any one load
bearing member may be lost as a result. Under the continuing loads applied by the tornado wind
pressures, the steelwork may then be severely damaged locally. However, it will not generate
any secondary missiles which pose more of a threat than would the original missile, had it
penetrated the cladding and entered the charge hall. (See Section 4, Appendix A4-1).

FSV ISFSI SAR 8-31

Revision 7





The following are considered relative to missile impacts:
Air inlets and outlets (this Section).
Charge face structure (Section 8.2.6).
Transfer cask (Section 8.2.9).
CHM (Section 8.2.10).

Impacts on other equipment and structures are possible but are not considered to compromise the
safe operation of the MVDS. These other impacts also do not result in radiological
| consequences in excess of 10 CFR 72.106 (Ref. 8) requirements.

The degree of protection of FSCs against tornado generated missiles varies throughout the
operating cycle. A FSC is safest when fully contained in a plugged vault module or in a closed
transfer cask. This is discussed in more detail in Section 8.2.10.

| Missiles can enter the TCRB, which is below the 30-foot level, via the roller shutter entry door.
Impact on the transfer cask in the TCRB is considered in Section 8.2.9 as indicated above.

Missile impacts will be detected visually during the inspection of the facility following severe
environmental disturbances such as tornadoes.

Air Inlets and Outlets

It is considered incredible that a tornado generated missile could damage stored FSCs by
entering the vault by way of the air inlets. A full analysis is included in Appendix A8-1.

To enter the vault by way of the air inlet, a missile would first have to penetrate the mesh and
bounce almost vertically off the floor slab. It must then bounce off the roof of the inlet plenum
at least once, and probably twice or more. The analysis in Appendix A8-1 shows that only
missiles A and C can penetrate and enter the vault via the collimator gaps. At the point of
reaching the collimators, both have lost much of their kinetic energy and cannot damage the
collimators. If they do enter the vault module, they have insufficient energy to damage a FSC.

A missile which enters only part way through the air inlet ducting may constitute a blockage
only. Inlet blockage is further considered in Section 8.1.2.

The outlet canopy comprises structural steelwork and cladding enclosed with mesh. The steel
structure is designed to withstand the wind loading associated with a DBT but the cladding can
be displaced at wind speeds in excess of 110 mph.

Redundancy is built into the design of the structure such that any primary main member can be
damaged by a DBT generated missile and no significant secondary missile is produced.
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As a result of the suction forces created by the DBT it is considered unlikely that the cladding
would fall down the stack and result in a significant blockage. Outlet stack blockage is
considered in more detail in Section 8.2.8.

Missile entry into a vault module via the outlet stack is considered to be extremely unlikely to
occur due to the stack height (80 ft 6 in) and the small area of the opening, compared to the area
of the tornado in which the missiles are distributed. The probability of a missile entering the
stack is conservatively estimated to be 1.0E-8/year. An analysis is given in Appendix A8-1.

For a missile to then negotiate the 45 degree bend at the base of the stack, penetrate the
collimators and impact a stored FSC, in an orientation capable of causing significant damage
(i.e., rupture), reduces the probability to significantly less than 1.0E-8/year and is considered to
be below a level where further analysis of the consequences is necessary.

Radioactive Material Other Than Spent Fuel Stored at the ISFSI

As discussed in Section 7.6.4, radioactive sources are stored in the source storage cabinet against
the south wall of the charge face, low-level radioactive waste may be temporarily stored at the
ISFSI while awaiting disposal, and the depleted uranium plugs (DUPs) are normally stored on
the charge face. The radioactive source storage cabinet is restrained such that it would remain in
place in the event of a severe tornado which could blow off panels above the concrete walls in
the charge hall. The probability of a tornado-driven missile striking this storage cabinet is
diminishingly small (Ref. 14). The high density DUPs would be expected to remain in place in
this event. Low-level radioactive waste is expected to consist primarily of dry radioactive waste
generated during maintenance, surveillance, defueling or decommissioning operations related to
spent fuel storage. This waste, which would not be expected to exceed 100 cubic feet, would be
stored in 55 gallon steel drums. It is considered possible that a tornado striking the ISFSI could
result in breached drums and the release of some radioactivity.

8.2.1.3. Accident Dose Calculations

A tornado does not have the potential to cause a release of radioactivity from within the FSCs.
As stated above, some radioactivity could possibly be released due to breach of drums
containing low-level radioactive waste. Ref. 14 assumed that low-level radioactive waste is
blown out of the ISFSI and deposited in a circular area of ground having a 20 meter radius, with
an individual located in the center of this plane source for two hours. It was conservatively
assumed that 1.0 curie of activity is contained in the waste, all of which is cobalt-60. The whole
body dose (taken as 18 inches above the ground) to the individual was calculated to be 48 mrem.

The inhalation dose to an individual was calculated (Ref. 14) conservatively assuming that 1.0%
of the 1.0 curie activity contained in the drums becomes airborne in respirable size particles. For
this calculation, it was assumed that the radionuclides and their concentration ratios were the
same as that actually measured on the internal surfaces of the fuel handling machine at the FSV
plant (Ref. 15), which is representative of contamination which could result from fuel element
handling operations. A dispersion factor of 4.59 E-4 sec/m® (Reference 16, Section 3.4.2) was
assumed, which is the annual average dispersion factor for FSV in consideration of the increased
dispersion that would occur in the event of tornado conditions. The dose to an individual
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assumed to be positioned at the emergency planning zone boundary (100 meters from the ISFSI)
for the duration of the release was calculated to be less than 1 mrem to the whole body and to the
lungs (maximum exposed organ).

8.2.2. Earthquake

8.2.2.1. Cause of Accident

The cause of this accident is a DBE as described in Section 3.2.3.

8.2.2.2. Accident Analysis

This is a Design Event IV category (see Section 8.0).

Civil Structure

The MVDS structure is designed to withstand seismic loads due to a DBE. A full seismic
analysis, including response spectrum analysis has been performed. See Section 4, Appendix

A4-1.

Container Handling Machine

The CHM is designed to safely contain a FSC or fuel element during a seismic event. A seismic
analysis of the CHM has been performed and is included in Appendix A8-2.

Fuel Storage Container and Standby Storage Well Structural Elements

An analysis of the FSC and SSW structural elements has been carried out using a conservative
accelerating factor taken from the building seismic analysis. The results are given in Appendix
AS8-2, where it is shown that the integrity of the FSC and SSW are maintained.

MVDS Crane

The MVDS crane is mechanically restrained in its stopping position by the automatic application
of the restraint system.

The MVDS crane and hoist unit are designed to remain on their rails during a seismic event.
Load retention by the MVDS crane is not guaranteed but if the CHM is dropped it will be
retained in an upright position by the seismic restraint guides. See Section 4.4.2.1. Dropping of
equipment will not affect the safe operation of the MVDS facility. See Sections 8.1.11, 8.2.5 and
8.2.6.

Radioactive Source Storage Cabinet

The radioactive source storage cabinet, which contains sources necessary to perform required
calibration and functional tests of radiation monitoring instruments and for analysis of ISFSI
samples, is located at the south end of the charge face. As discussed in Section 7.6.4, it is
restrained in a manner such that it will not topple in the event of a design basis earthquake. The
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possibility was considered (Ref. 14) of something falling on and breaching the cabinet during an
earthquake, though this is unlikely. Were the cabinet to breach, sources could fall out of the
cabinet and onto the charge face. Sources would be contained on the charge face, or in the
transfer cask reception bay if they fell through the cask load/unload port (CLUP), located at the
south end of the ISFSI structure. The hatch cover and the adapter plate normally cover the
CLUP, except when a transfer cask is loaded in the CLUP, such as would be the case during
defueling operations. If the CLUP were open at the time of an earthquake and sources fell
through the CLUP into the transfer cask reception bay, they would remain in the bay and would
not pose a threat to the health and safety of the public. Radiation Protection personnel would be
contacted to safely gather the sources. Exposures to occupational radiation workers in the ISFSI,
including those handling sources for the cleanup operation, would not be expected to exceed 100
mrem.

8.2.2.3. Accident Dose Calculations

There are no radiological consequences from this accident.
8.2.3. Dropping a Fuel Storage Container

8.2.3.1. Cause of Accident

The accident considered in this Section is the dropping of a FSC from its maximum probable
height of 4 inches in the CHM into a transfer cask, vault module, or SSW. Several causes are
postulated all of which have low probabilities.

The CHM raise/lower mechanism comprises an acme thread leadscrew, drive unit, trunnion
mounted nut, guide system, duplex chains, sprockets and equalizing beam. A detailed
description is given in Section 4.4.2.5.3.

The incredible event of dropping an FSC from its maximum height of 275" on to the MVDS
vault floor has been analyzed (Ref. 11). This analysis concludes that the FSC containment is not

breached, the nuclear safety of the fuel elements is maintained, and that the FSC is retrievable.

Operator Errors

The CHM operator activates the grapple release with the FSC suspended outside the permitted
release band. The grapple jaws are prevented from disengaging by a mechanical locking plate
when the load is suspended. This event also is protected against by the use of two electrical
interlocks (position limit switches) that prevent power from being supplied to the grapple
solenoid when the grapple is outside the permitted release band. A full description of the
grapple operation is contained in Section 4, Appendix A4-2.

The failure probability of both limit switches and the mechanical interlock is estimated as
7.9E-7/demand (Ref. 4). The probability of an operator error is estimated at 1.0E-3/operation
(Ref. 2). Thus, the probability of a FSC drop from the CHM grapple outside of the grapple
release band is approximately 7.9E-10/operation. Assuming four raise/lower movements per
CHM operation and one CHM operation per year for FSC maintenance or repair results in an

FSV ISFSI SAR 8-35

Revision 7





event probability of 3.2E-9/year. Assuming 252 CHM operations per year for unloading
operations results in an event probability of 8.0E-7/year.

Grapple Failure

The grapple design complies with the requirements of ANSI/ASME NOG-1 (Ref. 3) and
provides assurance that failure of a single component will not cause loss of load. There are two
load carriers providing a dual load path and a jaw locking feature. The work or duty service on
the grapple is low and under these conditions the failure probability is negligible.

The minimum safety factors in normal handling are commensurate with the suspension system
safety factors, i.e. a factor of 5 for each load carrier. The grab system and raise/lower
mechanism is proof loaded to the requirements of NOG-1 and maintenance carried out to the
requirements of ANSI B30.2 (Ref. 8).

Seismic Damage Causes Grapple to Release

The grapple jaws cannot release while the mechanical lock is in place and hence while the load
is being carried. The lateral loads imposed by a seismic event on the grapple are small compared
to the normal operating loads.

All components in the load support chain and grapple locking system are designed against
12,000 Ib load resulting from a 'Hangmans drop' situation. The vertical seismic loads imposed
on the system do not exceed the 'Hangmans drop' criterion (see Appendix A8-2).

Suspension System Failure

The raise/lower mechanism is double suspension designed to the requirements of ANSI/ASME
NOG-1 (Ref. 3) where applicable. The minimum safety factor under the design load is 18 under
normal conditions when two chains are acting.

Protection is provided against 'Hangman's drop' by two underload hoist trips. An analysis is
given in Section 4, Appendix A4-2.5 for a postulated drop of 0.3 inches after snag release.
Under these conditions, the minimum factor of safety in each chain is 7.5. The probability of a
'Hangman's drop' is estimated as 1.2E-8/operations (Ref. 10). Assuming one FSC lowering
operation per year for FSC maintenance or repair results in an event probability of 1.2E-8/year.
Assuming 252 FSC lowering operations per year for unloading operations results in an event
probability of 3.0E-6/year.

Protection is provided against failure of a single chain by the double suspension system (see
Section 4.4.2.5.3). Under this non-mechanistic worst case fault, the minimum safety factor in
the remaining chain is 3.3 (see Section 4, Appendix A4-2.5). This means that the proof load of
the chain, which is one-third the breaking load, is not exceeded.

8.2.3.2. Accident Analysis

This is a Design Event IV category (see Section 8.0).
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An analysis is given in Appendix A8-6 for the vertical drop of a loaded FSC onto a concrete
surface from a height of 4 inches, where it is shown that the FSC containment is not breached.
The analysis height of 4 inches is twice the maximum credible drop of a FSC within the grapple
release band. Outside of this release band, analysis is not considered necessary due to the
integrity of the CHM raise/lower mechanism and the low probability of such an accident.

The dropping of a loaded FSC into a transfer cask, vault module, or SSW from twice the
maximum credible drop height will not result in secondary failure of the transfer cask support
collar, the FSC support stool, or the SSW containment. An analysis of the three conditions is
given in Appendices A8-6 and A8-8.

Consideration has also been given to possible drop of an empty FSC, internally contaminated,
after its lid has been removed (Ref. 14). It is considered that empty FSCs will be returned to the
ISFSI during defueling operations, and the empty FSCs are expected to be contaminated. It is
planned to store these containers in the vault modules until such time as they are either
decontaminated, or removed and disposed of as radioactive waste. A release of radioactivity
could occur should an empty FSC be dropped during handling when its lid has been removed,
which could possibly occur during ISFSI decommissioning.

8.2.3.3. Accident Dose Calculations

The loaded FSC can be removed to a SSW following any drop. Inspect and evaluate the loaded
FSC prior to storage in a vault module. Perform corrective actions as dictated by the evaluation.

There are no radiological consequences arising from this accident.

In order to assess the consequences of postulated drop of an empty FSC, it was conservatively
assumed (Ref. 14) that the internals of the dropped FSC are contaminated to a level of 1.0 E+8
dpm/100 cm’ with activity consisting of the same radionuclides and their concentration ratios as
that actually measured on the internal surfaces of the fuel handling machine at the FSV plant
(Ref. 15). The FSCs have an internal diameter of 1.5 ft. and are 16.6 ft. high, for an internal
surface area of approximately 75,000 cm”. Thus, a FSC is assumed to contain 3.38 E-2 curies of
removable activity. It is assumed that the postulated drop accident results in 1.0% of this
activity becoming airborne. Doses to an individual stationed at the emergency planning zone
boundary (100 meters from the ISFSI) for the duration of the release, using a worst case
dispersion factor of 3.53 E-2 sec/m’ (representative of a 1 mph wind speed and stability class G -
Ref. 16, Section 3.4.2), were calculated to be less than 1 mrem to the whole body and to the
lungs (Ref. 14). Due to the extremely high activity concentration assumed, it is considered that
the consequences of this drop accident envelope those involving other contaminated equipment
items that could occur at the ISFSI.

8.2.4. Fire and Explosions
8.2.4.1. Cause of Accident

Only minor local fires are considered possible within the ISFSI facility. (See Section 3.3.6)
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No means of propagating internal explosions are foreseen and loading from such explosions are
not considered.

8.2.4.2. Accident Analysis

This is a Category IV Design Event (see Section 8.0). The MVDS is constructed from steel and
concrete, and there is no stored amount of combustible material for creating a major fire hazard.
Minor local fires may occur and will be dealt with by local portable extinguishers. There are no
foreseeable situations where these types of minor fires can compromise the long term integrity of
the fuel and its protective systems.

Consideration was given to potential effects of a fire on radioactive materials other than spent
fuel that are authorized to be stored at the ISFSI, discussed in Section 7.6.4. Radioactive sources
are stored in a fire-rated cabinet against the south wall of the charge face, designed to protect the
sources against the effects of fires, and no release of radioactivity would occur from the sources
(Ref. 14). In the event the depleted uranium plugs (DUPs) were exposed to a fire, no significant
release of U-238 would be anticipated. Uranium metal is only pyrophoric when it is finely
divided. The DUPs consist of solid, machined, depleted uranium that is nickel plated, and the
uranium in this form would not be expected to burn, even if it were exposed to a fire. In order to
reduce the potential for involvement of the DUPs in a fire, any storage areas for low-level
radioactive waste are required to be separated from the DUPs by a minimum horizontal distance
of 20 feet (Ref. 14).

As discussed in Section 7.6.4, low-level radioactive waste temporarily stored at the ISFSI
awaiting disposal is expected to consist primarily of dry radioactive waste, such as rags or paper
wipes, and anti-contamination clothing. This waste will be stored in 55 gallon steel drums. The
steel drums would afford some protection of the contents against the effects of fires. However, a
calculation was performed to assess the dose consequences that could result in the event of a fire,
assuming the maximum inventory of low-level waste expected to be stored at the ISFSI were
involved in the postulated fire, with no credit for protection by the packaging. The results of this
calculation are described below.

Spent fuel shipping casks are required to be shown capable of withstanding exposure to a fire
lasting at least 30 minutes with temperatures of 1,475 degrees F (10 CFR 71.73(¢c)(3)). In order
to assure that loaded spent fuel shipping casks will not be exposed to a fire involving low-level
radioactive waste at the ISFSI, low-level radioactive waste is not permitted to be staged in the
transfer cask reception bay when a cask containing spent fuel is in the cask load/unload port
(CLUP).

Externally initiated explosions (see Section 3.3.6) are considered to be bounded by the tornado
generated missile load analysis presented in Section 8.2.1.

8.2.4.3. Accident Dose Calculations

Minor fires within the MVDS facility will not compromise the integrity of the fuel and its
protective systems. There are no releases of radioactivity from the FSCs resulting from this
accident.
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A calculation was performed to assess the dose consequences that could result in the event of a
fire, assuming low-level waste authorized to be temporarily stored at the ISFSI for disposal were
involved in a fire. Neglecting the protection against fires afforded by the 55 gallon steel drums
that would contain low-level radioactive waste, it was conservatively assumed that low-level
radioactive waste material containing 1.0 curie of activity was burned (Ref. 14). The waste
material was assumed to have the same radionuclides and concentration ratios as that identified
inside the FSV plant fuel handling machine (FHM) before it was decommissioned (Ref. 15).
The release fraction from the fire was assumed to be the same as that used in NUREG/CR-0672
(Reference 17) for a combustible waste fire, 1.5 E-4. Resultant doses at the ISFSI 100 meter
emergency planning zone boundary, assuming a ground level release and a dispersion factor of
3.53 E-2 sec/m’ (worst case value based on a wind speed of 1 mile per hour and Stability Class
G - Reference 16, Section 3.4.2), were calculated to be less than 1.0 mrem to the whole body and
to the lungs, which received the highest organ dose.

8.2.5. Drop of a Transfer Cask
8.2.5.1. Cause of Accident

The MVDS crane is not a high integrity device and is equipped with limited protection systems.
An uncontrolled lowering (dropping) of a transfer cask is postulated to occur during unloading
operations. A more detailed description of the crane is given in Sections 3.2.5.3 and 4.4.2.1.

The probability of an uncontrolled lowering of a transfer cask is estimated to be 1.7E-5/operation
(Ref. 5). Assuming one transfer cask operation per year for FSC maintenance or repair results
in an event probability of 1.7E-5/year. Assuming 252 transfer cask operations per year for
unloading operations results in an event probability of 4.3E-3/year.

8.2.5.2. Accident Analysis
This is a Design Event III category (see Section 8.0).

During the raise and traverse of the transfer cask, the maximum possible drop height from the
MVDS crane onto the reception bay floor is approximately 7 feet (base of transfer cask to floor).
The transfer cask may topple following impact with the reception bay floor.

The TN-FSV casks have been licensed under 10 CFR Part 71 and will be used to transfer loaded
FSCs from the ISFSI during defueling operations. The TN-FSV casks can withstand a 7 foot
drop onto the cask bottom in the ISFSI cask receiving bay, followed by a topple, without breach
of the containment vessel, assuming the impact limiters are not installed. Reference 13 contains
the drop analysis for the TN-FSV casks. Since the TN-FSV casks will maintain their integrity in
the event of a cask drop accident, such an event would not result in the release of significant
amounts of radioactivity to the atmosphere. However, the FSC contained inside the transfer cask
is not guaranteed for drops in excess of 4 inches, and damage may result in releasing radioactive
particulates and gas into the transfer cask.

The TCRB floor could be damaged by a drop of the transfer cask from the MVDS crane, but the
integrity of the vault module is not affected. See Section 4, Appendix A4-1 and Appendix AS8-8.
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8.2.5.3. Accident Dose Calculations

There is no immediate radiological hazard resulting from this accident. The cask is handled at
the ISFSI site using appropriate radiation protection precautions. Inspect and evaluate the cask
and FSC. Perform corrective actions as dictated by the evaluations.

8.2.6. Impacts on Charge Face Structure

8.2.6.1. Cause of Accident

The charge face structure and shield plugs form the primary shielding boundary for the FSCs.
There are two equipment impact cases as addressed below:

1. Those equipment impacts onto the charge face structure and shield plugs from
equipment drops. The worst case equipment drop onto the overall charge face
structure is the dropping of an isolation valve (25,000 Ibs) from a height of 7"
from the MVDS crane. The probability of an uncontrolled lowering (drop) of an
isolation valve is estimated at 1.7E-5/operation (Ref. 5).

2. Those equipment impacts onto the charge face shield plugs from local impacts.
Local equipment impacts on the shield plugs are bounded by the tornado
generated missiles A, B, C, and E which can enter the charge hall by penetrating
the roof or wall cladding. The probability of a direct impact onto the charge face
structure and shield plug is estimated at approximately 1.0E-7/year (see Section
8.2.1).

8.2.6.2. Accident Analysis
This is a Design Event III category (see Section 8.0).

An analysis of impacts on the charge face structure and the charge face shield plugs from
equipment drops and tornado generated missiles is given in Appendix AS8-3.

The shielding integrity of the charge face structure is maintained and the FSCs stored within the
vault module will not be affected by these worst case impacts.

8.2.6.3. Accident Dose Calculations

There are no radiological consequences resulting from this accident. The charge face structure
will not be breached from these impacts nor will any damage occur to the FSC.

8.2.7. Long Term Loss of AC Electrical Power
8.2.7.1. Cause of Accident

This postulated accident considers the long term loss (> 1 hour) of AC electrical power to the
ISFSI facility. All other components are assumed to be in their normal condition.
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The cause of this accident is the major failure in the power utility network.
8.2.7.2. Analysis of Accident
This is a Design Event III category (see Section 8.0).

Table 8.2-1 lists all the equipment normally operated by external power and identifies those
whose functions may be carried out manually.

The major effect of a loss of AC electrical power will be a prolonged interruption in fuel
handling operations.

The long term steady state temperatures have been assessed as part of the normal (but
conservative) temperature history. See Section 3, Appendix A3-1.4. With the FSC or a fuel
element partially inserted into the charge face or any position intermediate between the CHM
and the transfer cask, SSW, or vault module, the ability of the FSC/element to reject its decay
heat output will be impaired to some degree. In these intermediate locations the limiting case is
provided by the adiabatic temperature response of a fuel element - average rated fuel element 2.9
degrees Fahrenheit/hr, peak rated fuel element 5.1 degrees Fahrenheit/hr. This heat up rate has
been substantially reduced because of the additional decay from June 1992 to the present. The
steady state temperatures in the CHM and transfer cask allow indefinite storage periods and the
conservative adiabatic transient response demonstrates that significant time periods are available
for recovery operations.

Loss of AC power with the FSC or fuel element fully in the CHM or FSC fully in the transfer
cask results in much lower peak temperatures and is bounded by the above case.

8.2.7.3. Accident Dose Calculations

There are no radiological consequences resulting from this accident.
8.2.8. Full or Partial Blockage of Outlet to Vault Module
8.2.8.1. Cause of Accident

Due to the height above ground level, the outlet may be blocked by airborne debris but this is
much less likely to occur than the blockage of the inlet (Section 8.1.2). The outlet is double
sided and while it is possible for a light weight plastic sheet to completely block the upwind
outlet, it is incredible that another sheet could be blown simultaneously onto the downwind side.
Blockage of the upwind side of the outlet will not impair the cooling flow.

A blockage of 10% of the outlet is postulated to occur for the collection of leaves and debris on
the outlet. A probability of once per year is assumed.

Blockage by a snowdrift is considered to be incredible since a 70 foot drift is required. A
snowdrift on the roof may build up and block one side of the outlet under extreme conditions,
however the remaining side will still remain clear. Snow can be blown onto the mesh and build
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up eventually causing a blockage if the snow is sufficiently wet. The large size of the mesh will
make this unlikely and as such would only cause a single sided blockage.

As discussed in Section 8.1.2, frost formation has been observed to occur on the screens ("bird
mesh") in the outlet ducts, though not to the extent observed at the inlet ducts where heavy frost
has at times almost completely covered the inlet screens. The frost is very delicate and pores
exist through which some air can flow. Blockage due to the formation of ice on the outlet
screens, such as due to freezing rain, would be very unlikely since the roof over the screens
would offer protection, and ice buildup would only be expected to occur on the upwind side. In
the unlikely event that frost or ice buildup blocks 95% or more of the outlet screens, actions
would be taken as necessary to remove the blockage within 24 hours, as required by the
Technical Specifications.

A blockage caused by tornado generated missiles entering the duct is not considered due to the
very low probability of a missile entering the stack (see Section 8.2.1). However, the physical
size of the largest missile able to reach the stack top, would not constitute more than a 30%
blockage of a single module outlet, were it to enter the stack.

Although outlet blockage resulting from displaced cladding from the stack canopy is unlikely
due to the suction forces created by the tornado, it will not result in a blockage of greater than
95% of the total MVDS stack outlet.

8.2.8.2. Accident Analysis
This is a Design Event IV category (see Section 8.0).

Four cases of partial inlet blockage are considered in Appendix A8-11. These are a 50%, 75%,
90%, and 95% blockage. One case of partial outlet blockage is considered in Appendix A8-11,
95% blockage. The 95% inlet and outlet blockage cases are analyzed to show that although no
credible cause of prolonged blockage to this extent exists, the safety of the facility is not
compromised.

As discussed in Section 8.1.2, there was an occurrence of inlet duct blockage estimated to be
approximately 96% due to ice formation over the wire mesh in the inlet duct. This occurred due
to uncontrolled water drainage from melting snow on the roof of the inlet duct structure. A steel
gutter was installed on this roof to collect and drain water to the side of the MVDS structure,
preventing the water from contacting the inlet duct wire mesh. This is considered to remove the
mechanism for ice formation, and prolonged 95% blockage of the inlet or outlet ducts is not
considered to be credible. Nevertheless, analyses of inlet duct blockages greater than 95%, and
up to 99%, have been performed and the results are summarized in Appendix A8-11. As
discussed in Reference 12, maximum allowable temperatures for accident conditions of the fuel,
FSCs, and concrete would not be reached until after 14 days, 9.7 days, and 14 days respectively
with 100% blockage of the inlet or outlet ducts, conservatively assuming peak rated fuel with
only 600 days decay (150 Watts per element). However, since fuel was loaded in June 1992, an
additional decay of greater than 6,000 days has occurred. Hence, a surveillance interval of 7 days
is acceptable.
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8.2.8.3. Accident Dose Consequences
There are no radiological consequences of this accident.

8.2.9. Tornado Generated Missile Impact on the Transfer Cask in the Transfer Cask
Reception Bay or Cask Load/Unload Port

8.2.9.1. Cause of Accident

Tornado missiles A, B, C, D and E (Table 3.2-1) may enter the TCRB via the roller shutter door.
In the process, they will lose much or most of their energy before hitting the transfer cask.

The probability of this event is less frequent than the DBT (1.0E-7). The transfer cask is a small
target and the probability of an impact on the transfer cask during a DBT is considered to be
similar to the value of 3.0E-3/year estimated for an impact on the CHM (Section 8.2.10). There
will be no transfer casks in the TCRB for a significant fraction of the year (maximum of 252
transfer casks loaded per year). The probability of this accident is estimated to be less than
1.0E-10 per year and is considered to be below a level where further analysis is necessary.

8.2.10. Tornado Generated Missile Impact on Container Handling Machine
8.2.10.1. Cause of Accident

Missiles A, B, C, and E may penetrate the MVDS building cladding above the 30 foot level (see
Section 8.2.1) and impact the CHM.

The analysis in Appendix A8-7 shows the probability of a missile strike on the CHM when
loaded to be conservatively estimated at less than 1.0E-10/year.

This low probability is considered to be below a level where further analysis of the consequences
1S necessary.

However, if handling operations are in progress one of the following actions will be taken to
ensure that the FSC/element is in the best practical position allowed. The MVDS crane is
mechanically restrained in its stopped position by the automatic application of the restraint
system which prevents crane movement during a tornado event (see Sections 1.3.2.9 and
4.4.2.1).

1. If a FSC is being lowered or raised by the CHM over a vault module or SSW

2. Continue the operation and close the isolation valve or the CHM valve as
applicable.
3. If a full FSC is being lowered into a transfer cask

Continue to lower the FSC into the transfer cask and close the CHM valve.

4. If the CHM is full and in transit
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Protection is provided by the CHM tornado clamps on the MVDS building crane
and MVDS crane hoist failure (see Section 8.2.1.2.1).

8.2.11. Lifting of Equipment Out of Sequence

8.2.11.1. Container Handling Machine Lifted with both Container Handling Machine
Valve and Isolation Valve Open

8.2.11.1.1. Cause of Accident

The postulated cause of this accident is the premature removal of the crane pendant key from the
CHM valve allowing the crane to be mobilized. A full description of the CHM key interlock
system is contained in Section 4, Appendix A4-2.

Premature removal of the crane pendant key is conservatively estimated as 2.0E-8/operation
(Ref. 10). The operator failing to shut the isolation valve prior to attempting key removal is
estimated as 1.0E-3/operation (Ref. 2). Assuming two CHM lifts per transfer cask operation and
one transfer cask operation per year for FSC maintenance or repair, this results in an event
probability of 4.0E-11/year. Assuming 252 transfer cask operations per year for unloading
operations, this results in an event probability of 1.0E-8/year. . These are considered to be below
a level where further analysis is necessary.

8.2.11.2. Shield Plug Handling Device Lifted with Isolation Valve Open
8.2.11.2.1. Cause of Accident

The SPHD is lowered onto the isolation valve and disconnected from the MVDS crane. It is
then rotated to engage the three valve location dowels into the isolation valve. An interlock pin
on the isolation valve open/shut mechanism mechanically interlocks the SPHD to the isolation
valve when the isolation valve is not fully closed.

The postulated cause of this accident is a failure of the mechanical interlock, and an out of
sequence rotation of the SPHD by the operator(s).

8.2.11.2.2. Accident Analysis
This is a Design Event IV category (see Section 8.0).

No credible cause of interlock failure is identified. The interlock pin and valve location dowels
are not subject to any undue shear or tensile forces. The low usage rate and material
specification ensures that wear rate is not significant.

If an attempt is made to lift the SPHD while the isolation valve is open, the mechanical interlock
will prevent the valve location dowels from being unlocked. In the event of an attempted lift, the
valve location dowel tensile strength will prevent lifting (see Section 4, Appendix A4-2).
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8.2.11.2.3. Accident Dose Calculations

Since the analysis has shown that the SPHD cannot be lifted for this accident condition, there are
no radiological dose consequences.

8.2.11.3. Isolation Valve Lifted off Charge Face Structure, Standby Storage Wells, or Cask
Load/Unload Port after Shield Plug Removed

8.2.11.3.1. Cause of Accident

The isolation valve is bolted down into position on the charge face over the vault module, and
SSW, or transfer cask prior to any handling operations.

The removal of a bolted isolation valve is by administrative control.

The postulated cause of this accident is the unscheduled removal of an isolation valve from a
vault module position.

8.2.11.3.2. Accident Analysis

This accident has the potential for a direct radiation dose to the operator and is a Design Event
IV (see Section 8.0). To ensure this potential is minimized, Health Physics monitoring of
radiation levels at the interface between the isolation valve and the unplugged channel is carried
out during lifting operations. If radiation levels above background are detected, the isolation
valve is lowered and the equipment status is examined.

8.2.11.3.3. Accident Dose Calculations

Appendix A8-10 calculates that the peak dose rate of an unplugged channel is 310 rem/hr at the
vault module position centerline at the charge face level. On lifting the isolation valve, a shine
path can exist between the base of the isolation valve and top of the surrounding shield plugs.
Any radiation shine is detected by Health Physics monitoring and the isolation valve is lowered.
The maximum clearance between the isolation valve is 4 inches resulting in a dose rate at the
outside edge of the isolation valve of 12.6 rem/hr (see Appendix A8-10). Conservatively
assuming it takes two minutes to detect the radiation and lower the isolation valve, a maximum
exposure to the operator is 0.4 rem.

8.2.12. Close Isolation Valve onto Partially Inserted Fuel Storage Container or Fuel
Element

8.2.12.1. Cause of Accident

Closing the isolation valve and CHM valve onto a partially inserted FSC/element is prevented by
the use of a key interlock system. The isolation valve is mechanically prevented from being
closed via the operator handwind unless the CHM raise/lower mechanism control key is inserted
into the CHM valve. This control key is only released from the CHM raise/lower mechanism
control panel when the grapple is at upper datum (FSC/element fully inserted into CHM). The
upper datum position is protected by the use of two limit switches. A full description of the
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CHM key interlock system and the raise/lower mechanism interlocks is contained in Section 4,
Appendix A4-2.

The probability of the isolation valves being shut onto a FSC or fuel element to cause significant
damage is conservatively estimated to be 2.4E-10/operation (Ref. 10). Assuming two isolation
valve closure operations per FSC and 252 full FSCs are handled per year, this results in an event
probability of 1.2E-7/year. This is reduced to 4.8E-10/year assuming only one fuel element
handling operation per year. These are considered to be below a level where further analysis of
the consequences is necessary.

8.2.13. Deposit Fuel Storage Container/Fuel Element on the Charge Face
8.2.13.1. Cause of Accident

The CHM is regularly moved with storage containers on board (252 storage container operations
per year) and occasionally with fuel elements (one operation per year). This latter assumed
event frequency is very conservative, based on the fuel storage design features. During transit,
the CHM isolation valve is mechanically locked shut by a keyswitch operated locking bolt. The
CHM isolation valve is opened by being mechanically driven by isolation valve #1. The CHM
isolation valve has no built in open/shut drive of its own. A full description of the CHM key
interlock system and the raise/lower mechanism interlocks is contained in Section 4, Appendix
A4-2.

For this accident to occur, a number of coincidental events are necessary: failure of the locking
bolt arrangement, some external mechanism to open the CHM isolation valve and a lowering of
the CHM raise/lower mechanism.

The probability of a FSC or fuel element being exposed is estimated as 7.4E-14/operation (Ref.
10). Assuming 252 FSC and one fuel element handling operation per year, this results in event
probabilities of 1.9E-11/year and 7.4E-14/year, respectively. These are considered to be below a
level where further analysis of the consequences is necessary.

8.2.14. Traverse Container Handling Machine with Load Partially Inserted
8.2.14.1. Cause of Accident

Section 8.2.12 discusses the accident in which the isolation valve is closed onto a partially
inserted FSC or fuel element. Because of the CHM key interlock system design, the probability
of this event is extremely low (2.4E-10/operation).

For the accident in this section, the postulated cause is the premature removal of the MVDS
crane interlock key from the open CHM valve, following the events discussed in 8.2.12,
permitting the movement of the CHM away from the isolation valve in which a partially inserted
FSC/element is trapped. A full description of the CHM key interlock system and the raise/lower
mechanism interlocks is contained in Section 4, Appendix A4-2.

The probability of this accident is estimated as 1.0E-18 (Ref. 10), involving a number of events
in addition to those in Section 8.2.12. Assuming two CHM lift/traverse movements per transfer
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| cask and one transfer cask operation per year for FSC maintenance or repair, this results in an
event probability of 2.0E-18/year. Assuming 252 transfer cask operations per year for unloading
operations, this results in an event probability of 5.0E-16/year. These are considered to be below
a level where further analysis of the consequences is necessary.

8.2.15. Maximum Credible Accident
8.2.15.1. Cause of Accident

The "Maximum Credible Accident" is the radiological consequences at the site boundary
(approximately 100 meters) resulting from the leak of one FSC in a vault module. The release is
via the leak path from the MVDS stack (height of 80 ft 6 inches).

There are two postulated failure modes causing this accident. First is the failure of the redundant
metal O-ring seals. Secondly is the failure of the FSC due to corrosion. Due to the design of the
FSC's redundant seals and the corrosion protection afforded in the FSC design, (see Section
4.2.3.2) no credible failure mechanism for these design features is identified. Thus, both of these
failure modes are considered low probability events.

8.2.15.2. Accident Analysis
This is a Design Event IV category (see Section 8.0).

The release from a failed FSC is assumed to occur into the storage vault module over a 10
minute period, chosen to represent an instantaneous loss of containment. Following this release
the gaseous and particulate matter are assumed to be released to the atmosphere via the outlet
cooling stack and that no filtration of the release occurs.

8.2.15.3. Accident Dose Calculations

The radiological consequences at the controlled area boundary for one leaking FSC are within
| the requirements of 10 CFR 72.106 (Ref. 8). Appendix A8-9 contains the radiological release
assessment for this accident.
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Table 8.2-1. Powered Equipment

EQUIPMENT

MANUAL OPERATION

MVDS Crane

CHM raise/lower mechanism
Isolation valves - CHM on isolation
valve #1 or isolation valve #2

CHM HEPA filtration system

Lights

Heaters/ventilation fans

Long transverse, cross traverse, raise,
lower

Lower, grab release at isolation valve
level

None (loss of power disables interlock
system and valves are locked as set).

None

None (battery powered emergency
lights exist)

None
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8.3 Site Characteristics Affecting Safety Analysis

All site characteristics affecting the safety analysis presented in this SAR are noted where they
apply.
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APPENDIX A8-9

RADIOLOGICAL RELEASE ASSESSMENT
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RADIOLOGICAL RELEASE ASSESSMENT: FSC LEAKAGE (Maximum Credible Event)

Calculations have been performed to determine the maximum dose that will be received outside
the MVDS site boundary following the maximum credible release from the MVDS stack (height
80 ft 6 in). This release occurs as a consequence of the gross leakage of a single FSC in a VM.

The inventory of fission products contained in a maximum powered fuel block is assumed to be
a factor of 1.76 greater than that calculated using ORIGEN-S for an average powered fuel block
(Reference 1).

The releasable inventory of fission products from a single FSC containing six maximum
powered fuel blocks of 600-day decay is defined as 0.001% of the solids, 50% of the halogens
and 100% of the noble gases of the failed fuel particle fraction of 0.25% (Reference 7). The
assumption that 0.001% of the solids are released is considered highly conservative as this value
is about 100 times higher than the respirable fraction of particulates which are expected to be
released in a severe spent fuel transportation accident (Reference 4). It is assumed that no
filtration of the release occurs.

Calculations to predict the consequences of the release have been performed using the computer
code MARC-1 (Reference 2). This code uses a Gaussian plume model for the atmospheric
dispersion calculation. The results of the atmospheric dispersion calculation are used to
determine the whole body and critical organ doses due to the following sources: external
irradiation from the plume, activity deposited on the ground, beta irradiation from activity
deposited on the skin, and internal irradiation from radioactive material taken into the body via
inhalation.

The plume dispersion parameters assumed for the release calculations are based on the
recommendations of Reference 5. Constant weather conditions of Pasquill Stability Class F with
a wind speed of 1 ms™ have been modeled. The release is assumed to occur at ground level into
a building wake with no plume rise characteristics modeled. A 10 minute release period has
been chosen to represent an instantaneous release from an FSC. A ground roughness of

1.0E-3 m has been used in the modeling to represent a "sandy desert" terrain (Reference 3).

The maximum calculated doses occur at the site boundary.

The maximum cloud gamma dose at the site boundary is calculated as less than 0.01 mrem. The
maximum individual organ doses for adults resulting from inhalation are presented in Table 1.
Doses to other organs not presented (thyroid, liver. etc) have also been calculated, but were not
found to be significant when compared to the doses to the lungs and the bones. Inhalation and
cloud gamma doses will be a maximum with no rainfall.
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The effect of precipitation on the calculated doses has been investigated for the maximum
measured rainfall rate at Fort St Vrain of 2.46 inches in a single hour (Reference 6). The gamma
dose and skin beta dose attributed to the maximum calculated ground radioactivity deposited will
both be a maximum at this rainfall rate. The calculated skin dose resulting from beta irradiation
following the maximum credible release, which is assumed to occur during this period of
maximum rainfall, assuming contamination of the skin exists for 4 days following the accident,
is 71 mrem (or 18 mrem per day). The corresponding maximum calculated dose from activity
deposited on the ground for an individual positioned at the site boundary for 7 days following a
release is 0.3 mrem.

It should be noted that the doses calculated assuming wet deposition are intended as a guide only
as the coefficients used in the calculation are dependent on particle size and are based on limited
data for high rainfall rates.

It is therefore assumed that the 50 year committed dose consists of the effective committed dose
due to inhalation, the dose from external irradiation from the plume and the dose resulting from 7
days exposure to the activity deposited on the ground adjacent to the site boundary with the
maximum rainfall occurring during the release. This method of assessment results in a 50 year
effective committed dose of approximately 1 mrem to this hypothetical individual.

Ingestion via the food chain has not been quantified in this assessment. It is judged that the
contribution from this route will not significantly increase the calculated 50 year effective
committed dose.

The results which are presented above are based on conservative assumptions and demonstrate
that following the maximum credible release, the requirements of 10 CFR 72.106 are met.
Specifically the requirement is that "any individual located on or beyond the nearest boundary of
the controlled area shall not receive a dose greater than 5 rem to the whole body or any organ
from any design basis accident". The calculated dose of ] mrem achieves the criterion with a
substantial margin.
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TABLE 1. MAXIMUM INDIVIDUAL ORGAN DOSES

ORGAN INHALED DOSE
(mrem)

LUNGS 4.0
BONE MARROW 0.6
BONE SURFACE 1.3
EFFECTIVE COMMITTED 0.6

DOSE
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RADIOLOGICAL RELEASE ASSESSMENT: FSC LID REMOVAL

Conservative hand calculations have been performed to determine the worst case operator dose
resulting from a 'puff release' at the charge face via the CHM following the lid closure removal
from a FSC.

The assumptions made regarding the releasable inventory of fission products for this case are the
same as those made for the FSC vault leakage accident presented previously in this Appendix. It
is assumed that the release is into a 1,000 cubic meters volume, which is representative of the
charge hall volume, and that one operator is present on charge face for 30 minutes following the
release.

There are two distinct contributions to the operator dose from this release: an internal dose
arising from inhalation and an external gamma dose from the cloud.

The inhalation dose has been analyzed assuming the standard man described in ICRP 2
(Reference 9) inhaling 10’ cc in an 8 hour working day. It is assumed that the release is
uniformly distributed within the 1000 m® volume and that there are no air changes in the volume.

The contribution to the inhalation dose from each nuclide has been estimated based on the
inhalation dose conversion factors for adults presented in Reference 6. The whole body dose
calculated from inhalation is 310 mrem, largely resulting from the inhalation of Sr-90.

The external gamma dose is mainly due to the presence of Kr-85. The external gamma dose is
found to be negligible compared to the inhalation dose.

The puff release into the charge face volume will only gradually escape by leakage from this
volume to the environment, as there are no well defined leakage paths. The release of this
inventory from the charge hall volume to the environment will effectively originate from a level
of about half the height of the building and will be of a longer duration than the release resulting
from a FSC leakage in the vault, hence the off site consequences will be bound by the analysis
presented previously in this Appendix.
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APPENDIX A8-10

SHIELDING ASSESSMENT OF DIRECT RADIATION

DOSE RATES IN ACCIDENT CONDITIONS

FSV ISFSI SAR A8-10-1

Revision 7





Intentionally Blank

FSV ISFSI SAR A8-10-2

Revision 7





Calculation of Radiation Dose Rates to Operators for Off-normal and Accident Conditions

The code used for the assessment was RANKERN 12 (Reference 1). Data for 400 day decay
delay fuel was used, and the results are given with respect to 600 day decay fuel by the
application of a conversion factor of 0.76 to the 400 day decay results. The result of the
assessment are listed below and are for an average rated fuel block. Values for a peak rated fuel
block are higher by a factor of 1.76.

1. Exposed FSC

To assess the dose rate from an FSC protruding 21" below the CHM, it was considered that
the contribution from the fuel within the CHM was neglible compared to the dose rate for
the unshielded sections. Thus the model consisted of a 21" length of fuel block surrounded
by a 0.5" thickness of steel FSC. The resultant dose rate at 1 meter from the fuel centerline
was calculated as 1,200 rem/hour.

2.  Exposed Fuel Block

To assess the dose rate from a fuel block protruding 21" below the CHM, the same model
as in the previous case (1) was used with the exclusion of the 0.5" steel thickness of the
FSC. The dose rate calculated at 1 one meter from the fuel centerline was 1,500 rem/hour.

3.  Unplugged Vault

To assess the dose rate above an unplugged channel in the charge face, of a full vault,
above a position containing a FSC, a model of the charge face structure and the six adjacent
FSC’s was produced. The dose rates were then calculated at various radial distances from
the channel centerline at the top of the charge face level. The calculations gave a peak dose
rate of 170 rem/hour at the channel centerline.

To assess the dose rate above an unplugged channel in the charge face, of a full vault, but at
a location which does not contain a FSC, the same model as used previously was used with
the exclusion of the central FSC and fuel blocks. The dose rates were then calculated at
various radial distances at the top of charge face level. The peak dose rate was 310
rem/hour at the channel centerline.
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4. Clearing of Inlet Ducts Wire Mesh

This evaluation assesses the dose rate to an operator clearing the blocked wire mesh of the
inlet ducts. The analysis gives a peak dose rate of 20 mrem/hour, on the surface of the wire
mesh grill at 1.5 meters above the floor. Based on a time of 4 hours per duct and six ducts
for the complete MVDS facility, the cumulative dose to an operator is estimated as 480
mrem.

5. Isolation Valve Lifting from Unplugged Channel

This evaluation assess the cumulative dose to an operator from removing the isolation valve
from a full channel before replacement of the shield plug. A streaming dose can occur
between the valve underside and the charge face plug tops, (maximum gap of 4").

Based on the peak dose rate above the empty channel of 310 rem/hour from (3) above, the
dose rate to the operator is estimated to be 12.6 rem/hour.

The time for detection of the fault is conservatively assumed to be 2 minutes, thus the
cumulative dose to an operator is estimated as 0.4 rem.
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APPENDIX A8-11

THERMAL ANALYSIS FOR REDUCED AIR

FLOW THROUGH THE MVDS VAULT MODULES
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INTRODUCTION

The MVDS storage vaults have inlet and outlet ducts which allow the circulation of cooling air.

In this Appendix the effect on FSC and fuel element storage temperatures is considered for inlet
and outlet blockages postulated in Section 8.

Partial Blockage of Inlet and Outlet Ducts at the MVDS

The method of assessment using the DADS code (Reference 1 and 2) and the assumptions made
in the analysis are detailed in Appendix A3-1. The vault modules are assumed to be fully loaded
with fuel having a 600-day decay period.

The DADS flow performance calculations have been carried out for a single vault module with a
range of wire mesh blockage assumptions. Both the inlet and outlet ducts have, however,
interconnecting features which allow the individual vault flow performances to be based on the
total overall blockage.

The inlet duct features two large plena, running the length of the MVDS, which act as an inlet
manifold. The combined flow area of the plena is in excess of 100 square feet and ensures an
even flow distribution without any significant increase in the system flow resistance. The
analysis presented therefore embraces both local blockage of an inlet duct wire mesh and total
blockage of a number of adjacent vaults.

The same flow redistribution mechanism is also present within the birdmesh screen enclosure of
the outlet ducts. The flow area of this communicating plenum is in excess of 50 square feet and
will ensure flow redistribution in the event of a complete blockage of an outlet duct wire mesh.
Total blockage of both sides of the outlet duct screen is not however considered possible.

The effect of postulated percentages of blockage to the wire mesh of either the inlet ducts or the
outlet ducts has been assessed. The inlet duct is the more sensitive to blockage, because of its
relatively smaller flow area and hence its higher flow resistance. Results are presented in Table
A8-11-1 for a range of postulated inlet duct screen blockages between 0%. and 95% and for an
outlet duct screen blockage of 95%. The variation of the FSC and fuel element temperatures
with various percentages of blockage for the full vault operating condition are presented in
Table A8-11-1. All of the flow rates and temperatures are assessed for calm dry conditions at
the maximum ambient temperature of 120 degrees F, which will account for the maximum fuel
and FSC temperatures.
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Blockages of the MVDS Inlet Duct Greater Than 95%

On March 11, 1992, there was an actual blockage occurrence due to the formation of ice on the
inlet duct wire mesh, described in Section 8.1.2. It was estimated that approximately 96% of the
inlet duct was blocked. Since this exceeded the 95% previously analyzed, analyses were
performed of blockage cases beyond 95%, up to approximately 99% of the inlet duct assumed to
be blocked. The DADS code (Ref. 3) was again used to model the thermohydraulics in the
ISFSI, and the vault modules were assumed to be fully loaded with fuel having a 600 day decay
period. The major differences in assumptions between this analyses and that discussed in the
preceding paragraphs are the ambient temperatures. Instead of 120 degrees F, an ambient
temperature of 35 degrees F was used to simulate a maximum temperature at which ice could
reasonably be postulated to block the inlet ducts. In addition, other cases were analyzed
assuming an ambient temperature of 95 degrees F. This was used instead of 120 degrees F, since
it is considered to be representative of a maximum average ambient temperature over a period of
about 10 days (it would take at least this long for fuel and FSCs to reach maximum
temperatures). As in the preceding analyses, no credit was taken for enhancement of cooling due
to wind effects, and calm day conditions were assumed. A summary of the analyses is presented
here. A detailed discussion of these analyses is contained in Reference 4.

Two separate inlet duct wire mesh screen blockage situations were assessed - front and side inlet
duct blockage, described in the following paragraphs:

Front Inlet Duct Blockage

The DADS analysis was carried out for a single, fully loaded vault with a range of inlet duct
wire mesh screen blockage assumptions extending to 99%. No account was taken in this
analysis of any air flow entering via the two side inlet air flow routes in assessing the increased
flow losses due to the blockage. The calculations were carried out for the two specified ambient
conditions of 95 degrees F and 35 degrees F and the results are presented in Table A8-11-2,
extracted from Reference 4.

Side Inlet Duct Blockage

These cases assume that all of the front inlet and one of the two side inlet duct’s wire mesh
screens are completely blocked. The second side inlet is then subjected to 0%, 25%, 50% and
75% blockage of its wire mesh screen which in area terms represents 96%, 97%, 98%, and 99%
blockage of the total front and side inlet duct screen flow areas. In this situation, the total air
cooling flow for the six vaults is all admitted through this single side inlet. The most onerous
cooling scenario occurs for the end vault, the one furthest from the single inlet, and it is this vault
location which is assessed in the DADS analysis. The results are presented in Table A8-11-3,
extracted from Reference 4.
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TABLE A8-11-1

VARIATION OF FUEL ELEMENT AND FSC TEMPERATURES WITH

INLET/OUTLET DUCT BLOCKAGES

COOLING AIR AVERAGE FUEL PEAK FUEL
DUCT CONDITIONS
BLOCKAGE
FLOW | OUTLET FSC FUEL FSC FUEL
(%0)
RATE TEMP TEMP TEMP TEMP TEMP
(Ib/s) (°F) (°F) (°F) (°F) (®)
INLET DUCT
0 8.13 131 156 194 176 235
50 7.91 131 157 195 177 236
75 7.37 132 159 196 180 239
90 5.50 136 169 205 192 250
95 3.77 144 185 221 217 272
OUTLET DUCT
95 6.15 135 165 202 188 246

Note:I)  The fuel temperatures are the maximum centerline values.

ii)  The air flow rate is for a single module.
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TABLE A8-11-2

COMPARISON OF RESULTS OF THE DADS ANALYSIS FOR A RANGE OF

FRONT INLET DUCT WIRE MESH SCREEN BLOCKAGE CASES

DUCT COOLING AIR AVERAGE FUEL PEAK FUEL
CONDITIONS
BLOCKAGE FLOW | OUTLET FSC FUEL FSC FUEL
. RATE TEMP | TEMP (°F) | TEMP (°F) | TEMP | TEMP (°)
(%) (Ib/s) (°F) (°F)
1200F AMBIENT
0 8.13 131.0 156.0 194.0 176.0 235.0
95 3.77 144.0 185.0 221.0 217.0 272.0
950F AMBIENT
0 8.52 105.6 130.6 169.7 150.3 211.2
50 8.30 106.0 131.2 170.2 151.2 212.1
75 7.72 106.7 133.2 172.1 153.9 214.6
90 5.76 110.7 142.5 180.9 167.4 227.0
95 3.95 117.9 158.2 195.6 189.7 247.6
96 3.44 121.3 165.0 202.1 199.4 256.6
97 2.87 126.5 175.5 211.9 214.0 270.0
98 2.18 136.4 194.4 229.7 240.1 294.1
99 1.36 161.4 238.3 271.1 299.5 348.9
350F AMBIENT
0 9.60 44 .4 68.5 111.1 88.3 154.0
50 9.35 448 69.3 111.9 89.2 154.9
75 8.69 455 71.2 113.7 91.9 157.4
90 6.47 49.1 79.9 121.9 104.0 168.5
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DUCT COOLING AIR AVERAGE FUEL PEAK FUEL
CONDITIONS

BLOCKAGE FLOW | OUTLET FSC FUEL FSC FUEL
. RATE TEMP | TEMP (°F) | TEMP (°F) | TEMP | TEMP (°)
(%) (Ib/s) (°F) (°F)
95 4.44 55.6 94.5 135.6 125.1 188.0
96 3.87 58.5 100.9 141.7 1342 196.4
97 3.22 63.3 110.8 151.0 148.1 209.2
98 2.45 72.1 128.3 167.5 172.6 231.8
99 1.53 94.3 169.2 206.0 228.4 2833

Note that no allowance is made in this analysis for any cooling flow through the side inlets.
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TABLE A8-11-3

COMPARISON OF RESULTS OF THE DADS ANALYSIS FOR A RANGE OF

SIDE INLET DUCT WIRE MESH SCREEN BLOCKAGE CASES

DUCT EQUIV. COOLING AVERAGE PEAK FUEL
AIR FUEL
BLOCKAGE TOTAL
FLOW | OUTLE | FSC | FUEL | FSC | FUEL
(%) DUCT RATE T
TEMP | TEMP | TEMP | TEMP
BLOCKAGE | (Ib/s) | TEMP
(°F) (°F) (°F) )
(%) (°F)
950F AMBIENT
0 96 3.27 1227 | 1679 | 204.8 | 2034 | 260.3
25 97 2.77 1276 | 1776 | 2139 | 2170 | 272.8
50 98 2.13 1375 | 1962 | 231.5 | 2424 | 296.2
75 99 1.33 1629 | 241.0 | 273.7 | 302.9 | 352.1
350F AMBIENT
0 96 3.72 59.5 1029 | 1436 | 137.1 | 199.1
25 97 3.11 64.2 1128 | 1529 | 151.0 | 211.9
50 98 2.39 73.0 129.9 | 169.0 | 1749 | 234.0
75 99 1.49 95.7 171.7 | 2084 | 231.6 | 286.3

Note that this analysis assumes that the front and one side inlet duct birdmesh screens are
completely blocked and all the cooling flow for the six vaults is admitted via the single available
side inlet.
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9. CONDUCT OF OPERATIONS

This chapter describes the organization and general plans for operating the FSV ISFSI. The
organization section includes a brief description of the responsibilities of key personnel. The
training program for the facility staff is described. The Emergency Plan, Decommissioning Plan
and the Physical Protection Plan are described. Procedures that govern routine operations and
maintenance and the records developed as a result of those operations are also discussed.

9.1 Organizational Structure

9.1.1. Corporate Organization

The Manager of DOE-ID is authorized to be the license holder for the FSV ISFSI (materials
license SNM-2504). This authority was delegated and responsibility was assigned to the DOE-
ID Manager by the Secretary of Energy pursuant to 10 CFR 72.16(b) (Ref.1) in Delegation Order
No. 10CFR72.512.1. As the facility owner and licensee, DOE retains ultimate responsibility for
the safe operation of the facility and for compliance with all license conditions.

9.1.2. Corporate Functions, Responsibilities, and Authorities.

The Manager of DOE-ID is the authorized DOE representative having direct authority and
responsibility for compliance with the FSV ISFSI License. The Manager of DOE-ID is
responsible for overall executive management of the Idaho Operations Office, has signature
authority for the FSV ISFSI license, and is the person ultimately responsible for compliance with
the facility’s license conditions and overall facility nuclear safety. The Manager of DOE-ID
shall take any measures needed to ensure acceptable performance of the staff in operating,
maintaining, and providing technical support to the facility to ensure nuclear safety and
compliant operations. The responsibilities of the personnel reporting directly to the Manager of
DOE-ID, as depicted in Figure 9.1-1, are described below.

The responsibility of the Deputy Manager for Idaho Cleanup Project (ICP) is the overall
execution of EM-funded programs and operations at the INL, under which spent nuclear fuel
storage (including NRC-licensed ISFSI operations) falls. The actual day-to-day execution of
programs and operations associated with the NRC-licensed ISFSIs is performed by a contractor.
The Deputy Manager for ICP and staff provide management direction and oversight of
contractor performance in accordance with DOE-ID's Quality Assurance Program and
commitments herein.

The Deputy Manager for Operations Support is independent of facility line management and is
responsible for environmental protection, safety, health, quality assurance, and security. This
Office provides DOE-ID oversight of the contractor for licensed activities, independent of the
ICP organization.

The responsibility for developing the appropriate revisions to the contract is delegated to the
Assistant Manager for Administration Services.
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9.1.2.1. Applicant's In-House Organization.

This section continues the description of DOE-ID's organization, as depicted in Figure 9.1-1. The
responsibility for DOE-ID’s role of providing direction to the contractor for spent fuel
management lies with the Deputy Manager for Idaho Cleanup Project. Oversight of the EM
owned spent fuel management facilities and activities, including the NRC-licensed ISFSIs, is
delegated by the Deputy Manager for ICP to the Assistant Manager for Facility and Material
Disposition.

Reporting directly to the Assistant Manager for Facility and Material Disposition is the FSV
Facility Director, who is responsible for the oversight of the contractor to ensure that approved
requirements and performance objectives are met for the FSV ISFSI. The FSV Facility Director
has an alternate, designated in writing, who meets the training and qualification requirements
specified below for the Facility Director. The FSV Facility director has direct access to the
Manager of DOE-ID on issues affecting the safety and surety of ISFSI operations.

Also reporting to the Assistant Manager for Facility and Material Disposition through the
Materials Disposition Project Team Leader is the NRC Licensing Manager. The Licensing
Manager is responsible for the preparation and submittal of license applications (including any
necessary amendments thereto), timely response to NRC communications and inquiry, and
providing other licensing and interface support to the FSV Facility Director.

The responsibility for oversight of both the contractor’s QA Program for the NRC-licensed
ISFSIs as well as the DOE-ID oversight program of the ISFSI operations is delegated through
the Deputy Manager for Operations Support and Assistant Manager for Operational Support to
the Quality and Safety Director. The Quality and Safety Director delegated the responsibility for
QA oversight of the ISFSIs to the ISFSI Quality Assurance (QA) Manager. The roles and
responsibilities of the ISFSI QA Manager are further described in Chapter 11 of this SAR. As
with the FSV Facility Director, the ISFSI QA Manager has direct access to the Manager of
DOE-ID on issues affecting the safety and surety of ISFSI operations.

9.1.2.2. Interrelationships with Contractors and Suppliers.

The DOE utilizes a contractor for the FSV ISFSI activities. The authority for the management
and operation of the facility is contractually delegated and the responsibility for compliance with
license requirements and applicable regulations is contractually assigned to the contractor. To
exercise DOE's ultimate responsibility, DOE will: (1) retain responsibility for and perform
independent audits of the contractor’s FSV ISFSI Quality Assurance program (both the
achievement of quality by contractor management and the verification of quality by contractor
QA personnel), (2) ensure the license requirements for the facility are included in the contract,
(3) assess the performance of the contractor against the terms of the contract, (4) retain the
responsibility to budget funds necessary and sufficient to safely operate the facility, and (5)
retain the authority to revise the contract in the event contract deficiencies are found relative to
proper implementation of license requirements.

The key relationships between DOE-ID's FSV Facility Director, TMI/FSV Licensing Manager,
and ISFSI QA Manager and its contractor are also depicted in Figure 9.1-1.
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9.1.2.2.1. ISFSI Oversight Program

The Facility Director is the day-to-day management DOE-ID employee responsible for the
compliance of FSV ISFSI operations. Although not in residence at the FSV ISFSI, the FSV
Facility Director shall maintain routine electronic and verbal communication with the facility
staff.

The FSV Facility Director shall visit the FSV ISFSI at least twice a year for the purpose of
verification or audit of FSV ISFSI compliance with regulatory requirements and license basis
commitments, to communicate in person with facility staff, and to apprise DOE-ID management
of FSV ISFSI status based on observations.

The FSV Facility Director or alternate shall be present during significant operational or
maintenance evolutions, emergency exercises, and announced NRC inspections. Surveillances
of these activities will be performed. During prolonged evolutions, the FSV Facility Director
shall be present during initial activities and at least monthly thereafter.

The DOE-ID FSV Facility Director or alternate shall perform surveillances of the contractor's
ALARA Committee and the ISFSI Safety Review Committee and shall be an ex officio member
(and is a quorum requirement) of these committees when they meet to review ISFSI matters to
ensure these committees' functions are satisfactory and to report to DOE-ID management as
needed. (See Section 9.1.3.1.1 for the duties of the ISFSI Safety Review Committee.)

The DOE-ID FSV Facility Director or alternate shall review the results of management
assessments performed for the following contractors' programs: training, security, emergency,
quality assurance, and radiation protection.

The DOE-ID FSV Facility Director or alternate shall review and concur with all of the
following:

e All 10 CFR 72.48 evaluations and TS Basis evaluations (TS 5.5.1) for the FSV ISFSI

e 10 CFR 72.44(e) — Physical Protection Plan evaluations, 10 CFR 72.44(f) — Emergency Plan
evaluations, and evaluations of changes to DOE-ID's other essential programs (TS 5.5.2)

e Changes to TS Bases

e All changes to the SAR

e 10 CFR 72.70 SAR update

e Nuclear Material Status Reports (submitted electronically)
e Annual environmental report

e Other reports which may be submitted to NRC in response to conditions or events which are
not submitted by the Manager of DOE-ID.
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9.1.2.3. Applicant's Technical Staff.

The DOE Idaho Operations Office has a technical staff representing several areas of expertise
with the wide variety of projects and activities at the INL. This staff is available to assist the
management and oversight of the activities at the FSV ISFSI. Staff assigned to assist the
management and oversight in the areas of security, radiation protection, emergency
preparedness, and quality assurance are trained and qualified in accordance with Licensing
Management Procedures, or perform work directly under the supervision of the FSV Facility
Director.

9.1.3. Operating Organization, Management, and Administrative Control System

The operating organization, line management, and administrative control systems are provided
by DOE’s contractor personnel. The DOE and its contractor commit to provide the NRC with
ready access to the FSV ISFSI, personnel, and records that NRC considers necessary to carry out
its responsibilities.

DOE-ID has assigned responsibility and delegated authority for the management and operation
of the facility to the contractor. DOE-ID policy requirements for operating the FSV ISFSI are
assigned to the contractor through the contract. Specifically, the contract requires the contractor
to conduct work at the FSV ISFSI in compliance with all applicable:

e Human health and safety regulations,

e Environmental regulations,

e NRC regulations and license conditions, and
e (Quality assurance requirements.

DOE-ID commits to providing a contractor with management and staff for routine operation and
maintenance of the FSV ISFSI and support organizations to implement DOE's program
commitments in quality assurance, security, training, radiological protection, environmental
monitoring, and spent fuel accountability.

9.1.3.1. Onsite Organization.

The contractor corporate structure provides the necessary organizations for operating the FSV
ISFSI. The contractor organization supports the missions at the INL, not all of which are
applicable to the management and operation of the ISFSI. The following organizational
descriptions document the organizations necessary to manage the FSV ISFSI.

The contractor's chief executive officer is responsible for overall management of contractor
activities and is accountable for complying with the contract conditions. Authorities are
delegated and resources are provided to manage the FSV ISFSI in the areas of emergency
preparedness, engineering, environmental management, operations, maintenance, quality
assurance, radiological control, safety and health, training, and transportation. In addition to the
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interfaces shown on Figure 9.1-1 contractor personnel assigned to the above functions maintain
interfaces with their functional counterparts at DOE-ID.

Reporting to the Manager of ISFSI Management are the FSV ISFSI Manager, the TMI-2 ISFSI
Manager, and the Compliance Engineering Lead. Support staff for essential positions within the
ISFSI Management department report to the FSV ISFSI Manager for services provided for the
FSV ISFSI. The Manager of ISFSI Management also reports to the DOE-ID FSV Facility
Director. This interface is the primary operations interface between DOE-ID and its contractor
for the FSV ISFSI.

The Quality Assurance manager assigned to the FSV ISFSI reports to a level equal to or above
the reporting level of the Manager of ISFSI Management. The Quality Assurance manager
assigned to the FSV ISFSI also interfaces with the DOE-ID ISFSI QA Manager who is
responsible for the FSV ISFSI QA Program (see Chapter 11).

9.1.3.1.1. ISFSI Safety Review Committee

Reporting to and chartered by a senior executive is the ISFSI Safety Review Committee. This
committee is comprised of senior technical personnel and management personnel with extensive
nuclear experience in various areas.

The purpose of this committee is to evaluate the performance of the staff level safety review
committees, to review performance indicators (such as audit findings, reportable events and
conditions, Technical Specification violations); to review 10 CFR 72.48 evaluations (and
associated procedure or design changes); to review evaluations for the oil and gas program; to
review evaluations in response to leaking FSCs; to review changes to the Technical Specification
Bases, SAR, Emergency Response Plan, and Physical Protection Plan; to approve license
amendment requests; and to review changes to the review preparations for major changes in
operation (such as removing fuel from the ISFSI). The ISFSI Safety Review Committee shall
also perform special reviews at the direction of the DOE-ID Facility Director.

Core members, appointed in writing by the chartering senior executive, provide the needed
technical expertise in engineering, radiological control, criticality safety, nuclear facility
operations and nuclear quality assurance; their technical qualifications are described in section
9.1.4.1 below. Other members may be appointed as considered appropriate by the chartering
senior executive.

A quorum shall include 3 core members, the technical disciplines appropriate for the matters
under review, and the DOE-ID FSV Facility Director

The DOE-ID FSV Facility Director is informed of all appointments to the Safety Review
Committee.
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9.1.3.2. Personnel Functions, Responsibilities, and Authorities.

The daily management of the ISFSI operation is provided by the FSV ISFSI Manager. The
ISFSI Manager reports to the Manager of ISFSI Management. Assuring requirements are
satisfied in the operation of the ISFSI is the responsibility of the ISFSI Manager.

Personnel on site at the FSV ISFSI report to the ISFSI Manager to ensure clear lines of authority.
The ISFSI Manager, Facility Safety Officer (FSO), and the Security personnel are routinely
stationed at the ISFSI. Other support personnel from the INL are periodically sent to the ISFSI
and are either matrixed directly to the ISFSI Manager or the FSO while on site. The ISFSI
Manager is responsible for maintaining the Operations log; this log will be used to note the
performance of all significant on site activities and conditions not included in the Alarm Station
log.

FSV staff-level committees include an ALARA Committee and staff level safety review
committee(s) or board(s) responsible to review changes to license basis documents and any
associated evaluations.

9.1.4. Personnel Qualification Requirements

The following DOE-ID positions require minimum qualifications and training for the
management and oversight of the FSV ISFSI:

e ISFSI QA Manager
e FSV Facility Director and designated alternate

The following contractor positions require minimum qualifications and training for the operation
of the FSV ISFSI:

e [SFSI Safety Review Committee members

e Manager of ISFSI Management

e FSV ISFSI Manager and designated alternate

e FSV Facility Safety Officer and designated alternate
e Security personnel

e Certified Fuel Handler

¢ (Quality Assurance manager
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9.1.4.1. Minimum Qualification Requirements.

In all of the positions below where an academic degree is required, the requirement for a degree
may be replaced with an additional five years experience in the technical area (but not
necessarily at supervisory level) specified for that position (for a total of ten years experience).

The ISFSI QA Manager shall have a minimum of a Baccalaureate degree in an engineering or
physical science field and five years experience in nuclear quality assurance and certification as
lead auditor. The minimum training for this position shall include 72.48 process, QA program
indoctrination, NRC requirements, and the FSV ISFSI License Basis (consisting of the
identification of and orientation to the license and design basis documents).

The FSV Facility Director shall have a minimum of a Baccalaureate degree in an engineering or
physical science field and five years experience in nuclear facility operations. The minimum
training for this position shall include 72.48 process, QA program indoctrination, Technical
Specifications, NRC requirements, and the FSV ISFSI License Basis. The designated alternate
for the FSV Facility Director shall meet the same minimum qualifications and training
requirements.

The Chair, Members, and Alternates of the ISFSI Safety Review Committee (SRC) shall have a
minimum of a Baccalaureate degree in an engineering or physical science field and five years
experience in one or more of the following technical areas at nuclear facilities:

e Radiological Safety

e Nuclear Safety (with at least two years experience in criticality safety analysis)
e Nuclear Facility Operations

e Nuclear Quality Assurance

e Engineering

The minimum training for the Chair, Members, and Alternates of the ISFSI SRC shall include
72.48 process, QA program indoctrination, Technical Specifications, NRC requirements, and the
FSV ISFSI License Basis.

The Manager of ISFSI Management shall have a minimum of a Baccalaureate degree in an
engineering or physical science field and five years supervisory experience in nuclear facility
operations. No minimum training requirements are associated with this position.

The FSV ISFSI Manager shall have a minimum of a Baccalaureate degree in an engineering or
physical science field and five years supervisory experience in nuclear facility operations. The
minimum training for this position shall include 72.48 Process, FSV ISFSI License Basis,
Radiological Control Technician, Certified Protection Officer, Emergency Response, and
Certified Fuel Handler. The designated alternate for the FSV ISFSI Manager shall meet the
same minimum qualifications and training requirements.
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The FSV Facility Safety Officer shall have a minimum of a Baccalaureate degree in an
engineering or physical science field and five year supervisory experience in nuclear facility
operations. The minimum training for this position shall include 72.48 Process, FSV ISFSI
License Basis, Radiological Control Technician, Certified Protection Officer, Emergency
Response, and Certified Fuel Handler. The designated alternate for the FSV Facility Safety
Officer shall meet the same minimum qualifications and training requirements.

Security personnel shall meet the employment suitability and training requirements described in
the FSV ISFSI Physical Protection Plan and its addendum, Security Training and Qualification
Plan. Security personnel training includes implementation of emergency response duties.

The minimum qualifications for the position of Certified Fuel Handlers are a high school
diploma and successful completion of the biennial medical examination. The position of
Certified Fuel Handler requires training and certification in accordance with the requirements in
section 9.3.

The minimum qualifications for the QA manager assigned to the FSV ISFSI are a Baccalaureate
degree in an engineering or physical science field and five years experience in nuclear operations
quality assurance. No minimum training requirements are associated with this position.

9.1.4.2. Qualifications of Personnel.

The resumes or other appropriate documentation of personnel occupying the positions listed in
section 9.1.4.1 will be kept on file to demonstrate compliance with the minimum requirements
described in section 9.1.4.1.

9.1.5. Liaison with Outside Organizations

Arrangements have been made with the following local agencies to provide support services
related to ISFSI operations, security, environmental monitoring, and emergency response:

e Platteville Gilcrest Fire Protection District, Platteville, CO (Fire Protection/Ambulance
Service)

e North Colorado Medical Center, Greeley, CO (Medical Treatment, Decontamination and Air
Ambulance Service)

e Weld County Sheriff's Department, Greeley, CO (Security Assistance)

e Weld County Paramedic Service, Greeley, CO (Ambulance Service)
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9.2 Preoperational Testing Activities

For the existing, loaded FSV ISFSI, the only preoperatonal testing will be for the fuel movement.
9.2.1. Administrative Procedures for Conducting Fuel Movement

Training of selected INL personnel will be performed under the direction of FSV ISFSI staff as
part of the FSV ISFSI fuel movement preparation program. Approval of procedures,
performance of tests, evaluation of test results, and incorporation of any identified improvements
(based on the results of the tests) will be performed by the FSV ISFSI contractor.

9.2.2. Fuel Movement Program Description

All maintenance and operations procedures will be used in the training effort to ensure assigned
personnel are qualified to commence fuel movement operations. Table top exercises and drills
will be used to ensure the technical staff and management are qualified to respond to credible
emergencies and security events. An operational demonstration will be used to ensure the
operability of FSV ISFSI equipment needed for responding to off-normal operations and
accidents.

9.2.3. Fuel Movement Discussion
Implementation of the fuel movement program is discussed in the paragraphs which follow.

All routine maintenance and operation activities will be performed by assigned personnel under
the direction of FSV ISFSI staff as a training exercise.

The FSV ISFSI staff will demonstrate spent fuel and container handling capabilities. A shipping
cask will be used to remove an empty FSC. These demonstrations will require operation of the
MVDS crane, the CHM, and other selected tools and fixtures

9.2.4. Component Operational Testing

To ensure continued operability of the FSV ISFSI MVDS and equipment, procedures describing
inspections and functional checks have been developed and approved as procedures in
accordance with the FSV ISFSI Quality Assurance Program. Procedures implementing FSV
ISFSI Technical Specifications reference the appropriate Technical Specifications. Inspections
and functional tests are performed by following these procedures.

Table 9.2-1 lists the component operational tests and when these tests are needed. The vendor
specifications for testing of components, systems, and sequences are retained for future use as
appropriate for equipment or components replaced. An operational test has been added for Fuel
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Storage Container to list the requirement to purge and/or sample and analyze the air over the fuel
for hydrogen before removing lids or before moving Fuel Storage Containers containing spent
fuel.
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Table 9.2-1 Component Operational Tests

Component

Test

MVDS Crane

Function check of controls and interlocks for long travel,
cross travel, and hoist travel before each day of use.

Weekly visual check of seismic restraint system to ensure
engagement of restraint system.

Standby storage wells

Leak check of containment integrity before use.

SPHD 1 Function check of correct positioning on isolation valve
before use.

SPHD 2 Function check of correct positioning on isolation valve
before use.

CLUP and charge face Function check of controls and interlocks in conjunction with

1solation valve

container handling machine and shield plug handling device
before use.

Fuel storage container

Leak test of selected fuel storage containers when in storage
position using special shield plug and MVDS leak test
equipment every 5 years.

Purge and/or sample/analyze the gas over the spent fuel to
check the concentration of hydrogen before moving a fuel
storage container or before removing a lid.
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9.3 Training Program

This section of the SAR comprises DOE's FSV ISFSI Training Program and is submitted
pursuant to Subpart I of 10 CFR Part 72. The requirements of this FSV ISFSI Training Program
are implemented by contractor procedures providing for the administration of training programs.
A management assessment of the contractor's implementation of this training program shall be
performed biennially. Changes which do not decrease the effectiveness of this program will be
documented with annual SAR updates. Records will be retained for three years when changes
are made to this training program without prior NRC approval.

The objective of this FSV ISFSI Training Program is to use a systematic approach to training to
provide competent contractor personnel to perform all functions related to the operation and
maintenance of the FSV ISFSI. The application of the systematic approach to training will use a
graded approach, with the training of Certified Fuel Handlers subject to the most rigorous
application.

This training program ensures that qualified individuals will be available to perform planned and
unplanned tasks while protecting the health and safety of plant personnel and the public. DOE,
through its contractor, commits to maintain additional training to support the emergency plan,
physical protection plan, quality assurance plan, and administrative and safety requirements, as
required. Procedures and lesson plans used to implement this training program will be
developed and maintained by the contractor.

9.3.1. Administration

The Training Supervisor is responsible for the administration of training programs and for
maintaining up-to-date records on the status of contractor trained personnel, training of new
employees, and refresher or upgrade training of present personnel.

The FSV ISFSI Manager is responsible for ensuring that training requirements are specified for
personnel assigned to support the FSV ISFSI. In this role, the ISFSI Manager or designee will
approve all FSV specific lesson plans.

The FSV FSO is responsible for ensuring that training requirements have been satisfied for
personnel assigned to the FSV ISFSIL.

9.3.2. Records

The following records on the status of trained personnel will be maintained for a minimum of
five years in accordance with Section 9.4.2 below:

e Results of each Certified Fuel Handler's (CFH) biennial medical examination.

e The completed records of certification.
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9.3.3. Instructor Qualifications and Development
The contractor shall provide for and document the qualification and training of Training Staff.
9.3.4. Development of Training Material

The contractor shall maintain procedures providing for the analysis of jobs, design of initial and
continuing training, development of instructional material, implementation (conduct of training),
and evaluation (examinations, boards, performance demonstration, etc.) The development of
training material shall be performed by qualified and trained staff. The contractor shall maintain
all training materials, both academic lesson plans and On-the-Job training (OJT) guides,
developed in accordance with this training program.

9.3.5. Training Improvement

The contractor shall provide for and document the evaluation of training programs in order to
ensure the continued improvement of training material and the conduct of training.

9.3.6. Waivers of Training Requirements

Applications for waivers of training requirements shall be approved by the FSV ISFSI Manager
or designee. Successful completion of equivalent training programs may be used as a basis for
waiver from academic training requirements. This training should be comparable in content,
performance criteria, and duration. Any information used in the evaluation for a waiver should
be verified. Previous work experience may be used as a basis for waiver from OJT requirements.

9.3.7. Frequency of Training

Training requirements must be completed within the period specified in the sections below for
General Employee Training and Certified Fuel Handlers Training; however, a grace period of
25% is allowed. Not completing the retraining requirements within the specified frequency will
require completion of the initial training course in order to have qualification reinstated.

9.3.8. General Employee Training

General employee training will be provided to ISFSI certified fuel handlers and their direct
supervision. Topics required for certified fuel handlers may be included in the generalized
training.

The GET training program is composed of an initial training course and required annual
retraining.

A score of <80% on the examination will require a retest. Individuals who write or review
lesson plans or tests are excused from taking GET exams.
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The GET course shall consist of material dealing with:
e Physical description of the FSV ISFSI (structural characteristics).

e Heat transfer design considerations, including engineering principles of passive
cooling.

e Applicable regulations and standards.

e Radiological shielding.

e General FSV ISFSI information on building alarms, and access control.
e Emergency response.

e 10CFR 19.12.

The annual retraining for GET will be composed of the topics covered in the Initial GET course.
Additional topics may be added as needed.

9.3.9. Certified Fuel Handler Training

Detailed CFH and direct supervision training will be provided for the operations described in
Section 5.1. CFH certifications are required for personnel performing and directly supervising
fuel handling and transfers. (An exception is for uncertified personnel undergoing on-the-job
training acting under the direct observation of certified personnel.)

The training for ISFSI personnel shall provide for initial testing of persons who operate
equipment identified as Important to Safety and will also provide for retraining, proficiency
testing, and requalification for ISFSI personnel as required. Certified Fuel Handlers will be
actively maintained as necessary for the life of the ISFSI.

FSV ISFSI equipment and controls that have been identified as important to safety in this SAR
and in the license shall be operated by either personnel who have been trained and certified in
accordance with this section or who are under the direct visual supervision of a trained, certified
individual.

Instructors designated to teach the CFH Certification Program shall possess a current CFH
certification or sufficient subject matter expertise for a particular subject or topic. Instructors
initially qualified will maintain qualifications by instructing classes, and administering or
grading examinations and OJT guides, and preparing, reviewing, or revising CFH instructional
material.

The CFH Training Program will consist of lesson plans and associated examinations in, but not
limited to, the following topics, as applicable to personnel job functions:
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o Fuel Characteristics
- elementary nuclear theory
- fuel element description/identification
- fuel storage configuration
o Equipment, Component, and Design Description
- crane
- transfer cask load/unload port
- isolation valves
- shield plug handling devices
- charge face/standby storage wells
- container handling machine
- fuel storage containers
- utility supplies and systems ventilation system
- equipment operational interlocks
- shipping cask
o Regulations, Procedures, and Limitations

administrative control of CFH actions

- description of events and sequence of fuel handling operations

- identified applicable procedures and regulations including normal, emergency,
and 10 CFR Part 72 related

- Technical Specifications
o Accident Analysis, Emergency Systems, and Safety Devices

- accident analysis from the FSV ISFSI SAR for off normal operations and
accidents.

- confinement barriers/systems
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- FSV ISFSI cooling, equipment and instrumentation
- criticality prevention

o Radiological Protection

o General Organization

The CFH Training Program will include operational training (OJT) involving actual and/or mock
control manipulations of the following:

. Container handling machine
o Isolation valves

J Shield plug handling devices
o Cask load/unload port

o Crane.

Manipulations will include CFH responses, instrumentation, indications, abnormal situations,
corrective measures, alarms and annunciators, prerequisites, and procedures. Actual
manipulation and operations are preferred to mock manipulations to the extent practicable based
upon equipment availability.

The content of the recertification program will be determined prior to each annual recertification
training. All OJT will be repeated biennially and approximately half of the total will be
performed annually for recertification. The classroom material and written examinations
associated with the OJT will be presented and completed prior to the OJT. Based on a job and
task analysis, some parts of the training are identified as [pre-train] items. Training on pre-train
items is only completed prior to doing the task. Additionally, classroom material will be
presented as needed in order to convey pertinent modifications, procedure changes, regulatory
changes, or other significant material in a timely manner.

Certification as a FSV ISFSI CFH is contingent upon meeting the following criteria: obtaining a
score of >80% on all CFH academic examinations; and satisfactory performance of all OJT
practical evaluations. A score of < 80% on any CFH academic examination will require
retesting. A score of < 80% on the retest will constitute cause for dismissal from the CFH
Training Program. A score of < 80% on any three initial academic examinations will constitute
cause for dismissal from the CFH Training Program. Failure to demonstrate satisfactory
performance of the OJT practical examinations will require retesting. Failure to demonstrate
satisfactory performance of a second OJT practical examination will constitute cause for
dismissal from the CFH Training Program.
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The evaluation criterion for initial certification of CFHs shall not be waived; nor shall the
evaluation criterion be waived for two or greater consecutive recertification cycles.

The physical condition and general health of certified personnel will be verified by physical
examination before initial certification and biennially thereafter. These physical examinations
consider conditions which might cause impaired judgement or motor coordination. In addition,
if an employee’s behavior or condition creates a hazard to health or safety, then stop work may
be imposed.

9.3.10. Technical Support Positions

Training for the applicable support positions will include the administrative and management
controls associated with ensuring compliance with the FSV ISFSI license conditions.
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9.4 Normal Operations
9.4.1. Procedures

Detailed written procedures have been developed and maintained for the ISFSI operations,
maintenance, surveillance, and testing described in Section 5.1. These procedures constitute the
"procedures described in the SAR" associated with the requirements of 10 CFR 72.48.

The format and content of written procedures include
e purpose, scope, and applicability
e limitations and precautions
e prerequisites
e personnel (number and function) and equipment required

e detailed instructions (sequence, forms to be completed, acceptable conditions, actions if
conditions aren't acceptable, records generated, approvals)

In addition, the periodic check of the metallic O-ring integrity incorporates the requirements of
Section 11.11.

Maintenance of the written procedures is in accordance with Sections 11.5 and 11.6 as
implemented by established INL management control procedures. The INL document control
system provides written requirements for review, approval, revision, and controlled distribution
of the written procedures.

9.4.2. Records
The following FSV ISFSI records are maintained:

e QA records relating to design, construction, testing, surveillance, operation, and maintenance
of the ISFSI

¢ Decommissioning records

— Records of spills or other unusual occurrences involving the spread of contamination in
and around the facility, equipment, or site.

— As-built drawings and modifications of structures and equipment in restricted or
inaccessible areas.

— A list contained in a single document of all areas designated and formerly designated as
restricted areas and all areas outside of restricted areas that require documentation due
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to spread of contamination.
— Records of the cost estimate performed for decommissioning.
e Security records
— Records of changes to the Physical Protection Plan made without prior NRC approval
— The Physical Protection Plan and the Safeguards Contingency Matrix
— Other security records as specified in the Physical Protection Plan

e Training and certification/qualification records as specified by minimum training
requirements in (Section 9.1.4.1 and 9.3)

e Changes, Tests and Experiments made without prior NRC approval, including the safety
evaluations

e Spent fuel material records, including current inventory and material control and
accountability procedures

e Emergency preparedness records as specified in the FSV ISFSI Emergency Response Plan
o ISFSI Safety Review Committee records

e Environmental monitoring records as specified in the FSV ISFSI Radiological
Environmental Monitoring Program

e Records required by the operating, maintenance, and testing procedures described in Section
9.4.1

Copies of selected records are maintained at the FSV ISFSI Administration Building to facilitate
interface with outside organizations. The records are maintained at the INL Idaho Falls Records
Center in accordance with storage requirements
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9.5 Emergency Planning

The FSV ISFSI Emergency Planning requirements are maintained in the FSV ISFSI Emergency
Response Plan (ERP). The ERP does not cover detailed security related planning for the ISFSI.
These events are accounted for in the FSV ISFSI Physical Protection Plan.

It has been determined that radiological consequences (see Section 8 for accident analyses) at the
ISFSI will not exceed ALERT criteria. While no off-site emergency centers are necessary due to
the projected radiological consequences, the following DOE resources are available in an
emergency: (1) the INL WCC, (2) engineering and technical analysis personnel at the INL, and
(3) radiation protection and dose assessment personnel from the INL or DOE Region 6
Radiological Assistance Program. Specific ISFSI emergency planning requirements have been
identified in the ISFSI ERP.

Emergency plan exercises are conducted biennially at the FSV ISFSI, in accordance with the
ERP.
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9.6 Decommissioning Plan

The proposed Decommissioning Plan, developed in accordance with NRC Regulatory Guide
3.65 (Ref. 2) and NUREG- 1757 (Ref. 3), describes the FSV Facility decommissioning activities
and funding method to demonstrate that it can be safely and effectively decommissioned. The
DOE will provide funding for decommissioning.

To facilitate decommissioning, the records required by 10 CFR 72.30(d)(1) through 72.30(d)(3)
will be maintained as quality records until decommissioning is complete and the FSV Facility
license is terminated.
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9.7 Physical Protection Plan

The purpose of the FSV ISFSI physical protection program is to establish and maintain a
physical protection program that has the capabilities for the protection of spent fuel stored in the
MVDS, in accordance with Subpart H, "Physical Protection," of 10 CFR Part 72 and applicable
portions of 10 CFR Part 73.

The FSV ISFSI physical protection program is described in the Physical Protection Plan for the
FSV ISFSI. This plan includes, as appendices, the FSV ISFSI Security Training and
Qualification Plan, the Security Contingency Plan, and the Threat Analysis & Design for
Physical Protection.

The FSV ISFSI Physical Protection Plan contains Safeguards Information, is controlled and
protected in accordance with 10 CFR 73.21 (Ref. 4) and 10 CFR 2.790 (Ref. 5), and has been
submitted for NRC review under separate cover.
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9.8 Aging Management Program

An assessment of the FSV ISFSI inspection and monitoring activities identified an existing
activity necessary to provide reasonable assurance that a FSV ISFSI component within the scope
of license renewal will continue to perform its intended functions consistent with the current
licensing basis for the renewal period. The FSV ISFSI Aging Management Program involves
monitoring the exterior surface of the MVDS concrete. It includes visual inspection of the
accessible concrete (including below grade concrete, if exposed during excavation) and any
exposed steel embedments and attachments. It also includes monitoring the area radiation and
loose surface contamination levels at selected areas of the FSV ISFSI. Although this is primarily
a condition monitoring program, it also includes preventive actions such as a weekly surveillance
to ensure MVDS cooling inlet and outlet screens are not obstructed.

Subsequent to the aging management reviews conducted to support the license renewal
application, a number of technical procedures used for the inspection and maintenance of several
in-scope SSCs (FSC, SS, SSW, CHM Raise/Lower Mechanism, CHM FSC Grapple, CFS
Structural Steel, CLUP, and MVDS Structural Concrete) have been enhanced to include more
comprehensive inspection criteria, remote video inspection, tracking and trending of aging
conditions, increased inspection frequencies, documentation, engineering evaluations and
compliance with GEC Alsthom specifications. DOE-ID will implement all measures and
enhanced procedures recommended in the aging management reviews and as committed in the
response to the Request for Additional Information (RAI) following the license renewal
application (Ref. 6). Inaccessible areas of the vaults that can be remotely inspected will be
visually inspected every 10 years to assess FSC, SS, CFS underside (vault ceiling), and vault
wall and floor surfaces for signs of degradation.

Additional commitments in the response to the RAI include repair and/or additional inspection
of concrete and metal conditions exceeding second tier-criteria, as well as development of a
concrete inspector training and qualification program in accordance with ACI 349.3R-02 (Ref.
7). These additional commitments will be completed prior to the next MVDS concrete
inspection scheduled for June 2014.

A Time Limited Aging Analysis for the SSW indicates a wall thickness of 0.372 inches will
remain after 50 years of atmospheric exposure. This thickness exceeds the minimum wall
thickness of 0.0095 inches specified in the GEC Alsthom design calculation for SSW tube
corrosion allowance. Although any further loss of material due to corrosion on the internal
surfaces of the SSW is not an aging effect requiring management during the license renewal
period, the seal integrity of the SSWs will be periodically tested.

The gas inside one FSC in each of the six vault modules will be sampled for hydrogen no later than June
2015. The FSCs selected will be the same six FSCs scheduled for seal leak testing.
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10. OPERATING CONTROLS AND LIMITS

The MVDS is a passive spent fuel storage system requiring minimal controls and surveillance
during storage operations. The detailed analyses of the design and safety features of the MVDS
are documented in Section 3. During handling of spent fuel, operating controls are provided for
spent fuel handling equipment. During storage operations when no loading or unloading of fuel
is in progress, only the cooling air inlets and outlets need to be periodically observed to guard
against massive blockage.

10.1. Operating Controls, and Limits

The MVDS is completely passive during storage operations and the operating limits are that the
cooling inlets and outlets shall be free from major blockage and that the seals on the FSCs have
no gross leakage. When fuel handling is in progress, certain additional limits are required,
including a limit on the allowable lifting height of the CHM and requirements to ensure
operability of the CHM. Equipment operability is normally assured by satisfying the associated
surveillance requirements. These controls and limits are required to detect gross blockage of the
MVDS cooling air, confirm that FSC seal leakage is within limits and to ensure safe handling of
loads during spent fuel storage and unloading of the MVDS.

The FSV ISFSI Technical Specifications, contain the operating controls, limits for operation of
the FSV ISFSIL

10.2. Design Features

The design features of the MVDS and associated ISFSI facilities ensure safe storage of spent
fuel without active cooling. The design details of the facility are included in Section 3.

10.3. Administrative Controls

The administrative controls identify the organization, review requirements, procedures, and
record keeping requirements to ensure that the ISFSI is managed in a safe and reliable manner.
Details of the staffing and administrative controls for the ISFSI are included in Section 9.
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11. QUALITY ASSURANCE

The Quality Assurance Program that was used for the design, construction, and initial fuel
loading of the FSV ISFSI was based upon the NRC approved PSCo FSV Nuclear Generating
Station Quality Assurance Program that was in effect at the time. This Quality Assurance
Program was applicable for those systems, structures and components which were determined to
be important to safety as defined in Section 3.4 of this SAR. In addition, PSCo extended certain
aspects of the Quality Assurance Program, under the designation Enhanced Quality, to
encompass systems, structures and components considered important to the operation of the
ISFSI. These items also are defined in Section 3.4 of this SAR. PSCo implemented a modified
ISFSI Quality Assurance Program, approved by the NRC, for long term operation of the ISFSI.

DOE-ID applies the Quality Assurance Program described in this chapter of the SAR to long-
term ISFSI operations and decommissioning activities.

11.0. Quality Assurance

It is the policy of DOE-ID to ensure that the FSV ISFSI and the spent nuclear fuel stored there is
handled, shipped, stored, inspected, tested, operated, maintained, modified, and
decommissioned in a manner that ensures the health and safety of workers and the public and
protects the environment. The Quality Assurance Program for the FSV ISFSI is developed to
confirm that essential technical and quality requirements for structures, systems, and components
important to safety are satisfied and documented. The FSV ISFSI may optionally apply greater
rigor to quality requirements implementation, in whole or in part, to non-quality related portions,
as may be deemed appropriate, by DOE-ID, for the FSV ISFSI's continued reliable operation.

DOE-ID maintains full responsibility for the development and execution of the ISFSI Quality
Assurance Program. This program applies to design; purchase; fabrication; handling; shipping;
storing; cleaning; assembly; inspection; testing; operation; maintenance; repair; modification of
structures, systems, and components; and decommissioning activities that are important to
safety. The FSV ISFSI Quality Assurance Program is maintained to satisfy the requirements
established in 10 CFR 72, Subpart G, "Quality Assurance."

The quality assurance program for DOE spent fuel storage and transportation activities is the
DOE's Office of Civilian Radioactive Waste Management's Quality Assurance Requirements and
Description, DOE/RW-0333P, Revision 10 (QARD) (Ref. 1). The contents of the QARD are
listed in Table 11.0-1. For FSV ISFSI activities, DOE-ID and its contractor will apply
applicable portions of the QARD to systems, structures and components important to safety.
The purpose of this chapter of the SAR is to define the implementation and application of those
applicable QARD requirements for the FSV ISFSI, including the relationship and integration of
DOE-ID and contractor quality assurance responsibilities. To facilitate this description, this
chapter is written and developed following the format of the QARD. The quality assurance
program described in this chapter shall be implemented by DOE-ID and its contractor through
the use of approved, controlled implementing documents.
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Changes that significantly reduce the effectiveness of quality assurance program will be
submitted to the NRC for its review and acceptance prior to implementation.

The FSV ISFSI Quality Assurance Program provides for a graded approach to the
implementation of the QARD Elements, Supplements, and Appendices.

The remaining sections of this chapter describe how each of these Elements, Supplements, and
Appendices will be implemented for the FSV ISFSI.

All structures, systems, and components are analyzed to determine whether their functions or
physical characteristics are essential to the safety function. Those items determined to be
important to safety are subject to the applicable requirements of the QARD and identified in
Table 3.4-1. Structures, systems and components which are not important to safety have the
Quality Assurance Program applied in a graded approach.
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Table 11.0-1. Contents of the QARD Revision 10.

Section No. Section Title Rev. No. Eff. Date
Intro. Introduction 3 4-28-00
1.0 Organization 4 4-28-00
2.0 Quality Assurance Program 4 4-28-00
3.0 Design Control 3 6-2-97
4.0 Procurement Document Control 1 10-31-95
5.0 Implementing Documents 1 10-31-95
6.0 Document Control 2 3-3-97
7.0 Control of Purchased Items and Services 4 4-28-97
8.0 Identification and Control of Items 1 10-31-95
9.0 Control of Special Processes 1 10-31-95
10.0 Inspection 0 12-18-92
11.0 Test Control 0 12-18-92
12.0 Control of Measuring and Test Equipment 1 10-31-95
13.0 Handling, Storage, and Shipping 0 12-18-92
14.0 Inspection, Test, and Operating Status 1 10-31-95
15.0 Nonconformances 1 10-31-95
16.0 Corrective Action 1 10-31-95
17.0 Quality Assurance Records 2 3-3-97
18.0 Audits 1 10-31-95
Supplement I Software 3 2-7-00
Supplement I1 Sample Control 1 10-31-95
Supplement IIT Scientific Investigation 4 2-7-00
Supplement IV Field Surveying 0 12-18-92
Supplement V Control of the Electronic Management of Data 1 2-7-00
Appendix A High Level Waste Form Production 1 10-31-95
Appendix B Storage and Transportation 4 2-7-00
Appendix C Monitored Geologic Repository 4 2-7-00
Glossary 4 2-7-00
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11.1. Organization
The following is the organizational philosophy of the FSV ISFSI Quality Assurance Program.

DOE, as facility owner and licensee, retains ultimate responsibility for the safe operation of the
facility and compliance with all license conditions. The management and operation
responsibility of the facility is delegated to contractor. To exercise its ultimate responsibility,
DOE-ID will:

e Retain responsibility for and perform independent assessments of the contractor's
ISFSI quality assurance program

¢ Ensure that the license conditions for the facility are included in the contractor's
contract

e Assess the performance of the contractor against the terms of its contract

e Retain the responsibility to budget funds necessary and sufficient to safely operate the
facility

e Retain the authority to revise the contract in the event contract deficiencies are found
relative to proper implementation of license conditions.

The primary role of DOE-ID is management oversight rather than daily, direct management.
Therefore, a strong assessment function is retained by DOE-ID.

The contractor's Quality Assurance (QA) Director, directs the contractor’s quality assurance
organization during the operation and decommissioning of the FSV ISFSI and has responsibility
for development, management, and implementation of the contractor's quality assurance
program. As part of this responsibility, the QA Director ensures that other subtier contractor
Quality Assurance Programs meet all applicable requirements of the QARD for their scope of
work.

The Quality Assurance Program is implemented by trained personnel with adequate resources so
that cost and scheduling considerations do not override the Quality Assurance Program's
function. Quality shall be achieved and maintained by those who have been assigned
responsibility for performing work. Quality achievement shall be verified by persons and
organizations not directly responsible for performing the work. Positions or organizations
responsible for establishing and executing the quality assurance program may delegate work to
other organizations. However, the positions or organizations making the delegation shall retain
overall responsibility for the delegated work. Differences of opinion involving quality assurance
requirements shall be brought to the attention of the appropriate management, and, if not
resolved, shall be elevated progressively to successively higher levels of management. Stop
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work authority for conditions adverse to quality is assigned to the Manager of DOE-ID.
Contractor stop work authority resides with the INTEC QA Manager.

Stop work requests and actions are described in the DOE-ID and contractor's implementing
documents.

DOE-ID and contractor Quality Assurance personnel have the necessary authority, resources,
and organizational freedom to implement the Quality Assurance Program, including the ability to
identify quality problems; to initiate, recommend and provide solutions; and to verify
implementation of solutions. Quality Assurance personnel also have written authority and
responsibility to stop unsatisfactory work, controlling further processing, delivery, installation,
or use of nonconforming items.

QA personnel ensure that assessments of the Quality Assurance Program and its effectiveness
are reported to the appropriate levels of management. Specific quality assurance responsibilities
for the FSV ISFSI are provided below.

11.1.1. The Office of the Manager

The Manager of DOE-ID is responsible for overall executive management of the Idaho
Operations Office. The Manager of DOE-ID has signature authority as the NRC Licensee. (See
Figure 9.1-1)

11.1.2. Deputy Manager for Idaho Cleanup Project
The responsibility for the licensee's role of providing program direction to the contractor lies
with the Deputy Manager for Idaho Cleanup Project (ICP). Oversight of the EM owned spent

fuel management facilities and activities, including the NRC-licensed ISFSIs is delegated by the
Deputy Manager for ICP to the Assistant Manager for Facility and Material Disposition.

DOE-ID personnel performing quality affecting activities are responsible for:

¢ Planning and meeting product quality requirements and implementing the Quality
Assurance Program in their work

e Retaining responsibility for delegated work
e Notifying the immediate supervisor to resolve differing staff opinions related to
safety issues and quality issues and if not resolved elevating disputes to successive

levels of management until resolved

e Recommending work to be stopped when significant conditions adverse to quality are
identified.
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11.1.3. Deputy Manager for Operations Support

The responsibility for developing the appropriate revisions to the contractor's contract with
DOE-ID is delegated to the Assistant Manager for Administration Support.

The DOE-ID Deputy Manager for Operations Support is responsible for oversight of the
contractor as stated in Section 9.1.2. The responsibility for oversight of both the contractor’s
Quality Assurance Program for the ISFSI as well as the DOE-ID oversight program of the
contractor’s performance in ISFSI operations is delegated through the Deputy Manager for
Operations Support and the Assistant Manager for Operational Support to the Quality and Safety
Director. The Quality and Safety Director delegates the responsibility for QA oversight of the
ISFSIs to the ISFSI Quality Assurance (QA) Manager. The management responsibilities of the
ISFSI QA Manager are herein defined.

The ISFSI QA Manager is at the same or higher organization level as the highest Program
Manager/Team Leader responsible for performing work subject to the requirements of the
QARD, has knowledge and experience in quality assurance and management, and has no other
duties or responsibilities that could compromise the required independence. The ISFSI QA
Manager has the organizational freedom to communicate with senior management and is
sufficiently independent from cost and schedule considerations.

The ISFSI QA Manager is responsible for providing guidance and direction to the DOE-ID line
organization and its contractor on quality assurance matters relating to NRC Licensing activities,
developing DOE-ID's Quality Assurance Program implementation of the QARD, and effectively
assuring conformance to quality requirements. The ISFSI QA Manager also is responsible for
the overview of work subject to QARD requirements. This overview includes verifying
achievement of quality of work by DOE-ID’s line organization and its contractor through
assessments, surveillances, or other means of verification, as appropriate.

The ISFSI QA Manager and the contractor's QA Director, respectively, are responsible and
accountable for coordinating with the responsible managers to ensure that acceptable QARD
requirement implementation is developed and established and for documenting and promulgating
Quality Assurance policies, goals and objectives.

Also, the ISFSI QA Manager is kept current through various reports and verifies the
implementation, adequacy, and effectiveness of the overall Quality Assurance Program while
maintaining a continual involvement in Quality Assurance matters (See Figure 9.1-1).

The ISFSI QA Manager is responsible for developing and implementing the Quality Assurance
Program. This includes the following activities:

e Developing, reviewing, approving, issuing, and maintaining the DOE-ID’s
implementing procedures

e Verifying that the Quality Assurance Program is properly established and executed

FSV ISFSI SAR 11-7

Revision 7





e Ensuring that quality is verified by an organization not responsible for the work and
ensuring that the Quality Assurance Program is adequate and being effectively
implemented

¢ Ensuring Quality Assurance training and qualification programs are developed for
DOE-ID and contractor personnel who perform quality affecting activities.

e Develop, manage, update, and implement a Quality Assurance Audit Plan and
schedule, and coordinate NRC participation in audit activities

¢ Identifying quality problems; initiating, recommending, or providing solutions to
quality problems; and verifying the implementation of solutions to quality problems

e Determining the cause of significant conditions adverse to quality and ensuring that
corrective action is initiated for all conditions adverse to quality

e Accepting final resolution for all DOE-ID audit findings and proposed corrective
actions

e Initiating stop work orders within the license oversight program, when required

e Receiving and compiling Quality Assurance information and forwarding Quality
Assurance program status reports to management

e Interfacing with NRC to coordinate and clarify NRC Quality Assurance requirements,
the Quality Assurance Program, and to resolve Quality Assurance issues to NRC
requirements

e Interfacing with NRC to coordinate plans and schedules relevant to Quality
Assurance for NRC overview of licensing activities

e Being responsible for interpreting and approving Quality Assurance Program
requirements as they apply to the contractor's scope of work

e Assignment of the Quality Assurance Specialist (QAS) staff.
11.1.4. Contractor Personnel

DOE and its contractor personnel perform work subject to the requirements of the QARD per the
controls established in their respective implementing documents. The QARD requirements for
the contractor are identified in the appropriate procurement documents. The ISFSI QA Manager
provides overviews of the contractor's work subject to QARD requirements by using appropriate
verification methods.
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Quality control functions that are performed as part of the line organization’s activities will have
surveillances performed by the Quality Assurance organization to confirm that there is sufficient
independence from the individuals that actually performed the activity.

Quality-related activities are performed by the various contractor departments and contractors of
DOE-ID. The DOE-ID contractor is responsible for development of its Quality Assurance
Program which shall be consistent with the requirements of the QARD. Contractor personnel
have the authority to stop work pending resolution of any quality problem. If a member of
another area disagrees, that individual is instructed to take the matter to appropriate
management. The disagreement may either be resolved at this level or at any level up to and
including the DOE-ID Office of the Manager.

The topics from the QARD Section 1.0, Organization, that are implemented are:
1.2 Requirements

Requires preparation of controlled documents describing internal and
external interfaces.

1.2.1 Line Management

Requires identification of responsibilities and authorities of organizations
responsible for achieving quality.

1.2.2 Quality Assurance Management

Describes appropriate knowledge and experience for those performing the
Quality Assurance function.

1.2.3 Responsibility For Quality

Assigns responsibility for achieving quality in work and the verification of
quality.

1.2.4 Delegation of Work

Discusses the delegation of the execution of the Quality Assurance
program and maintenance of overall responsibility.

1.2.5 Resolution of Quality Disputes

Process for resolution of quality disputes.
1.3.3 Other OCRWM Affected Organizations

Section "A" and "C" only

Describes DOE EM as an agent of OCRWM. Also requires that
appropriate technical and quality requirements applicable to this scope of
work be incorporated into the associated work documents.
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11.2. Quality Assurance Program

DOE-ID has overall responsibility and program implementation authority for all Quality
Assurance Program requirements. Quality Assurance Program elements that are implemented
and discharged by DOE-ID are those identified as Organization, Quality Assurance Program,
Implementing Documents, Document Control, Corrective Action, Quality Assurance Records,
and Audits. Implementation of the entire QARD is delegated to the contractor for its scope of
work.

The ISFSI QA Manager has the assigned responsibility for ensuring that required DOE-ID
quality assurance program implementing documents are established at the earliest practical time
consistent with the schedule for accomplishing quality affecting activities. Instructions to DOE-
ID personnel for implementation of quality activities including performance of verification
activities are described by implementing documents.

Specific DOE-ID performance and verification activities include, but are not limited to:
o Reviews and approvals of various DOE-ID and contractor documents

° Surveillances, assessments, and evaluations of the DOE-ID and contractor's
quality assurance program

o Readiness evaluations with the contractor
o Verification and validation of DOE-ID's personnel training and qualification
records.

Authority for implementing Quality Assurance Program elements applicable to activities related
to important to safety items is delegated by DOE-ID to the contractor. The contractor may pass
functional activities to approved subcontractors. Overall responsibility for adequate
implementation and performance by DOE-ID's contractor and its subcontractors is retained by
DOE-ID. DOE-ID requires its contractor to document its Quality Assurance Program in
appropriate descriptions, plans and implementing documents.

The ISFSI QA Manager and the contractor initiate management assessments of the Quality
Assurance program. All pertinent correspondence, checklists, and reports related to assessments
are placed in the Quality Assurance files.

The graded approach for performing management assessments is commensurate with the risk
associated with the item or activity affecting quality being assessed. Any identified corrective
actions as a result of management assessments shall be tracked to completion.

Delegation of authority for implementation of Quality Assurance Program requirements is
accomplished through contracts between DOE-ID and its contractor and/or technical direction
given by DOE-ID. Contracts and technical direction specify that the applicable QARD
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requirements are to be established and functioning before initiating any activities affected by the
contractor's Quality Assurance Program. These documents additionally require that the need for
special controls, processes, test equipment, tools, and skills to attain the required quality and the
need for verification of quality by inspection and testing be taken into account for the scope of
work.

Proficiency of personnel performing quality-affecting activities is maintained by training,
examination, and/or certification. The graded approach is applied to indoctrination and training
commensurate with the scope, complexity, and nature of the activity. The graded approach is
not applied to the qualification and certification of inspectors, NDE personnel, and auditors.
Specific documentation of completed training and qualifications will be described in the
implementing documents. Qualified personnel are certified per applicable codes and standards.

Nuclear safety related activities are accomplished under controlled conditions. Preparations for
such activities include confirmation that prerequisites, identified in the implementing documents,
have been satisfied.

The contractor's Quality Assurance Program is monitored by DOE-ID on a continuing basis
through review, surveillance, and assessment to evaluate its adequacy and to verify compliance
with QARD requirements.

The topics from the QARD Section 2.0, Quality Assurance Program, that are implemented are:
2.2.1 QA Program Documents

Discusses the role of the Policy Statement, Implementing Documents, and
Requirements Matrix in the quality program.

2.2.2 Classifying Items
Identifies quality program applicability to systems, structures and
components.
2.2.3 Controlling Activities
Identities controls for activities related to quality affecting items.
2.2.4 Applying QA Controls
Describes graded approach application.
2.2.5 Planning Work

Provides planning elements for documentation of work under suitable
controlled conditions.

2.2.6 Surveillances

Describes quality evaluations for selected work subject to QARD
requirements.
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2.2.7 Management Assessment

Describes the conduct and criteria for management assessments of Quality
Assurance program effectiveness

2.2.8 Readiness Reviews

Identifies the need for and how readiness reviews shall be conducted for
major work.

2.2.9 Peer Reviews
Identifies the need for peer reviews and how they shall be conducted.
2.2.10 Document Review

Describes the basic review process for technical and quality requirements
in documents and implementing documents.

2.2.11 QA Program Information Management

Describes how management shall be apprised of Quality Assurance
program information on a continuing basis.

2.2.12 Personnel Qualification

Describes the established program for the evaluation, selection,
indoctrination, training, and qualification of personnel performing work
subject to the QARD.

2.2.13 Qualification of Personnel Who Perform Inspection, Nondestructive Examination,
Testing, and Auditing

Describes amplified requirements for personnel performing Quality
Assurance functions like auditing, inspecting, examining and testing.
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11.3. Design Control

The Quality Assurance Program requires procedures and instructions for implementation and
assurance of design control during the various design phase activities. Design control
requirements ensure that designs as specified in the license application are correctly defined,
controlled, and verified. Appropriate provisions of design control include:

e Specifying design inputs
e Correct translation of inputs in design documents

o Sufficient documentation which entails verification that design outputs relate to
design inputs

e Verification of design by persons other than the originator

e Assurance that changes to the design are properly reviewed, controlled, and
documented.

Designs are reviewed to ensure that the design characteristics can be controlled, inspected, and
tested. Inspection and test criteria are identified. Implementing documents ensure that the
design is performed per approved criteria which include appropriate regulatory and quality
requirements and standards, and that deviations and nonconformances are controlled.

Design control practices provide appropriate attention to design error and deficiency control,
design changes, technical reviews, control of experimental and developmental activities,
qualification of data, and modification control. Practices shall be established to include the use
of valid industry standards and specifications for the selection of suitable materials, parts,
equipment and processes for important to safety structures, systems, and components.
Modifications that affect licensing parameters are evaluated per 10 CFR 72.48, "Changes, Tests,
and Experiments".

Provisions are specified for the control of design analyses such as criticality physics, stress,
thermal, hydraulic, and accident; compatibility of materials; accessibility for in service
inspection; maintenance and repair; and delineation of acceptance criteria for inspections and
tests.

Revisions of controlled documents, including design documents, are reviewed for adequacy and
approved for release by the same organization that originally reviewed and approved the
documents or by some other designated organization that is qualified and knowledgeable.

Design verification methods include, but are not limited to design reviews, alternate calculations,
and qualification testing or a combination thereof. When a test program is to be used to verify
the adequacy of a design, a qualification test of a prototype unit under adverse design conditions
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shall be used. Independent design verification is completed before relying on the item to
perform its function. Confirmation that the correct computer code has been used is part of the
design verification. Design verification shall require a level of skill at least equal to that of the
original designer, design checking can be performed by less experienced persons. The Design
Control activities and their implementing documents are required to be in compliance with the
requirements of QARD Section 3.0, Design Control.

Appropriate design verification implementing documents are established and executed
commensurate with the importance to safety of the structures, systems, or components and in
compliance with requirements of QARD Section 3.0, Design Control.

The graded approach for design verification is a function of importance to safety and the
complexity of design, the degree of standardization, the state of the art, and the similarity with
previous designs.

When quality related structures, systems, and components are designed or require design
modifications, controls are applied commensurate with the controls established for the original
design, applicable regulatory requirements, and health and safety of operating personnel and the
general public.

DOE-ID delegates implementation authority for QARD Section 3.0, Design Control to its
contractor.

DOE-ID monitors its contractor's design control activities, by surveillance and assessment and
periodically reviews the contractor's practices to ensure proper implementation and adequacy.

DOE-ID's contractor is assigned Design Control responsibility in support of program activities
and is required to implement and maintain design control/verification practices and/or to
delegate these quality assurance program requirements to its next lower tier contractor for their
implementation.

The topics from the QARD Section 3.0, Design Control, that are implemented are:

3.2.1 Design Input Control
Describes criteria that provides for adequate control of design inputs.
3.2.2 Design Process
Describes controls for an adequate design process.
3.2.3 Design Analyses
Describes criteria for adequate design analyses.
3.2.4 Design Verification

Provides additional document review criteria for completed design
analyses and design output in support of QARD Section 2.2.10, Document
Review.
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3.2.5 Design Reviews
Describes how design reviews are controlled and performed.
3.2.6 Alternate Calculations

Describes the appropriateness of assumptions and checks required for
other calculation methods.

3.2.7 Qualification Testing

Describes criteria for verification of design adequacy.
3.2.8 Design Change Control

Provides criteria for controlling design changes.
3.2.9 Design Interface Control

Provides criteria for controlling design interfaces.
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11.4. Procurement Document Control

Implementing documents are established and executed to ensure that applicable regulatory and
technical requirements, design bases, quality assurance program requirements, and other
performance requirements necessary to ensure adequate quality are included or referenced in
documents for procurement of material, equipment, and services. These implementing
documents clearly identify the sequence of actions to be accomplished in the preparation,
review, approval, and control of procurement documents.

These actions include: evaluating qualifications of suppliers; ensuring qualified suppliers remain
qualified; accepting purchased items or services and invoking applicable technical, regulatory,
administrative, and reporting requirements, such as 10 CFR Part 21.

These implementing documents include provisions for ensuring that documentation for
structures, systems, and components classified as important to safety provide objective evidence
that those items conform to procurement requirements. Those implementing documents further
ensure that inspection, test, and acceptance requirements have been used to monitor and evaluate
the performance of the supplier and are satisfied before these items are placed in service.

Controls include specifying documents along with their revision level and change status that
describe selection criteria, determination of suitability for intended use, evaluation, receipt
inspection, and dedication of commercial grade items for use in structures, systems, and
components classified as important to safety.

Implementing documents are established and executed to verify that the quality of purchased
items and services is evaluated at appropriate intervals and to a depth consistent with the items'
and services' importance to safety, complexity, quantity, and frequency of procurement. A
review and concurrence of the adequacy of quality requirements stated in procurement
documents is performed by qualified personnel. This review shall determine that:

¢ (Quality requirements are correctly stated, inspectable, and controllable
e There are adequate acceptance and rejection criteria

e The procurement document has been prepared, reviewed, and approved per quality
assurance requirements.

DOE-ID delegates implementation authority for QARD Section 4.0, Procurement Document
Control to its contractor.

The graded approach for applying Quality Assurance Program requirements on suppliers
depends on type and end-use of the item or activity affecting quality being procured.
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DOE-ID monitors its contractor's procurement document control practices that support program
activities, or, by surveillance and assessment, periodically reviews its contractor's practices to
ensure their proper implementation and adequacy.

The topics from the QARD Section 4.0, Procurement Document Control, that are implemented
are:

4.2.1 Procurement Document Preparation
Describes necessary provisions for issued procurement documents.
4.2.2 Procurement Document Review and Approval

Provides additional document review criteria in support of QARD Section
2.2.10, Document Review for procurement document review and
approval.

4.2.3 Procurement Document Change

Describes change controls imposed on procurement documents of items
and services that affect quality.
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11.5. Implementing Documents

Implementing documents are instructions, procedures, drawings and other documents that
prescribe an approved process for accomplishing work in compliance with Quality Assurance
Program requirements. Activities affecting quality are prescribed and accomplished per
documented implementing documents. Implementing document requirements ensure that work
is prescribed by, and performed per written implementing documents. Methods for complying
with each of the applicable Quality Assurance requirements are specified in the implementing
documents. The graded approach for the direction of work processes, in the form of instructions,
procedures, and drawings is commensurate with risk, complexity, and importance of the work.
Document Control requirements provide guidance for the review, approval, and control of
implementing documents.

Provisions are established which clearly delineate the sequence of actions to be accomplished in
the preparation, review, approval, and control of implementing documents.

Contractor QA as part of a multi-disciplined review team, reviews and concurs with inspection
plans; test, calibration, and special processes; procedures; drawings and specifications; and their
associated changes.

DOE-ID has a procedural control system for its implementing documents which assigns
responsibility and provides instructions for preparation, review, approval, release, issuance,
distribution, and control of changes to implementing documents.

The ISFSI QA Manager participates in and monitors program execution of these implementing
documents related to program quality affecting activities. Periodically the ISFSI QA Manager
performs surveillance or arranges for an independent assessment of DOE-ID Quality Assurance
Program practices to document their level of implementation and adequacy.

DOE-ID monitors its contractor's procedural practices related to implementing documents, and,
by surveillance or assessments, periodically reviews its contractor's practices to document their
level of implementation and adequacy.

DOE-ID's contractor is assigned the authority for performing work activities affecting quality in
support of program activities and is required to establish and implement a practice of prescribing
those activities per documented instructions, implementing documents, and drawings.

The topics from the QARD Section 5.0, Implementing Documents, that are implemented are:

5.2 Requirements

Specifies that work done per the QARD shall be performed per controlled
implementing documents.

5.2.1 Types of Implementing Documents

Describes the type of document to be used to perform work per the QARD
and what they include.
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5.2.2 Content of Implementing Documents
Describes the information that implementing documents shall contain.
5.2.3 Review and Approval of Implementing Documents

Requires that implementing documents shall be reviewed and approved
per QARD Section 6.0 Document Control.

5.2.4 Compliance With Implementing Documents

Requires individuals to comply with QARD requirements and describes
what to do when work can not be completed per QARD requirements.
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11.6. Document Control

Document control requirements ensure that the preparation and issuance of documents including
changes thereto, are reviewed for adequacy, approved for release, and distributed to and used at
the location where the work is being performed. The document control system provides for
identification, preparation, review, approval and distribution of documents in a graded manner.
The review, approval, distribution and issue of documents and changes thereto, shall be
procedurally controlled to ensure that documents are adequate and that Quality Assurance
Program requirements are stated. Implementing documents and documents that specify technical
and/or quality assurance requirements are controlled per requirements of the Quality Assurance
Program.

The controlled documents include but are not limited to:
e Design specifications
e Design and fabrication drawings
e Procurement documents
e (Quality Assurance Program manuals
e Design criteria documents
e Fabrication, inspection, and testing instructions
e Test procedures.

Implementing documents provide program guidance, technical and/or quality assurance
requirements, or prescribe work processes that ensure proper execution of Quality Assurance
Program activities. Compliance with the Quality Assurance Program's document control
implementing documents ensures that the designated document holder and user of these
implementing documents have the latest up-to-date information and data available which define
technical and quality assurance requirements.

Distribution of new and/or revised controlled documents is in accordance with work processes
that are established, approved, and documented in the Quality Assurance Program's
implementing documents. Provisions shall be established which identify those individuals or
groups responsible for reviewing, approving, and issuing documents and revisions thereto.
Approved changes shall be included in implementing documents prior to the implementation of
the change.

A master list (either hard-copy or electronic) shall be established and identify the current
revision number of instructions, procedures, specifications, drawings, and procurement
documents. This list shall be updated and distributed to pre-determined responsible personnel to
preclude the use of superseded documents.
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DOE-ID monitors its contractor's procedural practices related to document control, and, by
surveillance or assessments, periodically reviews its contractor's practices to document their
level of implementation and adequacy.

DOE-ID's contractor has established and implemented document control practices through their
Quality Assurance Program and its associated implementing documents which are responsive to
this Quality Assurance program.

The topics from the QARD Section 6.0, Document Control, that are implemented are:

6.2.1 Types of Documents
Requires that implementing documents and documents that specify
technical and quality requirements be controlled per this section.

6.2.2 Preparing Documents
Requires assignment for preparation and maintenance of documents to
appropriate organizations.

6.2.3 Reviewing Documents
Requires that documents shall be reviewed per QARD Section 2.2.10,
Document Review.

6.2.4 Approving Documents
Requires identification of the position which has approval authority for
documents.

6.2.5 Distribution and Use of Documents
Provides criteria for distribution and use of documents.

6.2.6 Changes To Documents
Provides criteria governing changes to documents.

6.2.7 Expedited Changes
Provides criteria for initiating changes at the work location by responsible
management.

6.2.8 Editorial Corrections
Describes the criteria for editorial changes to documents.
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11.7. Control of Purchased Items and Services

Control of purchased items and services requirements provide for planning and executing
procurements assuring that purchased items and services meet specified requirements. Technical
and quality assurance requirements specified in these documents are verified and incorporated
into the program prior to starting work subject to the requirements of the Quality Assurance
Program.

Qualified personnel evaluate the supplier's capability to provide acceptable quality services and
products before the award of the procurement order or contract. The contractor's quality
assurance and engineering groups participate in the evaluation of those suppliers providing
critical important to safety items and services and the responsibilities for each group's
participation are provided.

The evaluation of suppliers is based on one or more of the following:

e The supplier’s capability to comply with the elements of the quality assurance criteria
that are applicable to the type of material, equipment, and service being procured

e A review of previous records and performance of suppliers who have provided
similar articles of the type being procured

e A survey of the supplier's facilities and quality assurance program to determine the
capability to supply a product that meets the design, manufacturing, and quality
requirements.

The results of supplier evaluations are documented and filed. Supplier's certificates of
conformance are periodically evaluated by audits, independent inspections, or tests to ensure
they are valid.

Receiving inspection of the supplier-furnished material, equipment, and services is performed to
ensure that items accepted and released are identified as to their inspection status prior to
forwarding them to a controlled storage area or releasing them for installation or for further
work.

Surveillance of suppliers during fabrication, inspection, testing, and shipment of materials,
equipment, and components shall be planned and performed per written procedures to ensure
conformance to the purchase order requirements. These procedures provide for: (a) instructions
that specify the characteristics or processes to be witnessed, inspected, or verified, and accepted;
the method of surveillance and the extent of documentation required; and those responsible for
implementing these instructions, and, (b) assessments and surveillance which ensure that the
supplier complies with the Quality Assurance Program requirements. Surveillance shall be
performed on those items where verification of procurement requirements cannot be determined
upon receipt. That verification documentation shall be available for the life of the NRC issued
operating license for the operation of the ISFSI.
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The supplier furnishes the following records as a minimum to the purchaser:

e Documentation that identifies the purchased material or equipment and the specific
procurement requirements (e.g., codes, standards, and specifications) met by the
items

e Documentation that identifies any procurement requirements which have not been
met together with a description of those nonconformances dispositioned "accept as is"
or "repair".

Items accepted and released are identified as to their inspection status prior to forwarding them
to a controlled storage areas or releasing them for installation or further work.

The graded approach for verification of supplier activities, the selection of suppliers, and amount
of supplier documentation, including planning is applied based on the relative importance,
complexity, and quantity of the item or activity being procured.

DOE-ID delegates implementation authority for QARD Section 7.0, Control of Purchased Items
and Services, to its contractor.

DOE-ID monitors its contractor's control of purchased items and services practices in support of
program activities, and, by surveillance and assessments, periodically reviews its contractor's
practices to document their level of implementation and adequacy.

DOE-ID's contractor is assigned authority for implementing QARD Section 7.0, Control of
Purchased Items and Services, for procurement of items (structures, components and systems)
and services in support of program activities and is required to establish and implement a system
for control of the procurement activity that is responsive to the requirements of the QARD. It is
required that supplier Quality Assurance Programs be reviewed and accepted before initiation of
program activities affecting quality.

The topics from the QARD Section 7.0, Control of Purchased Items and Services, that are
implemented are:

7.2.1 Procurement Planning
Describes criteria for adequate procurement planning and documentation.
7.2.2 Source Evaluation and Selection

Provides criteria for determining supplier selection and supplier capability
in providing items and services that affect quality.

7.2.3 Proposal/Bid Evaluation

Provides criteria for the proposal/bid evaluation process and who shall
participate in that evaluation.

FSV ISFSI SAR 11-26

Revision 7





7.2.4 Supplier Performance Evaluation

Provides criteria for interfacing with suppliers and verifying their
performance.

7.2.5 Control of Supplier Generated Documents

Establishes criteria for controlling, processing and accepting procurement
documents.

7.2.6 Acceptance of Items and Services

Provides criteria for objective evidence used in the acceptance of procured
items and services.

7.2.7 Certificate of Conformance

Provides criteria for when a Certificate of Conformance is used for
acceptance of an item or service.

7.2.8 Source Verification

Provides criteria where various methods of source verification may be
used. Includes description of the process involved to control and
personnel qualifications for source verification.

7.2.9 Receiving Inspection

Establishes the criteria for when receiving inspection is used to accept an
item.

7.2.10 Post-installation Testing

Establishes that QARD Section 11, Test Control and that post-installation
testing criteria are mutually established by purchaser and supplier.

7.2.11 Control of Supplier Nonconformances

Establishes requirements for both purchaser and supplier to document the
process for disposition of items that do not meet procurement document
requirements.

7.2.12 Commercial Grade Items

Establishes an acceptable alternative for commercial grade items when
and where specified by the design.
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11.8. Identification and Control of Items

Consistent with the importance to safety, implementing documents shall be established and
implemented to identify and control materials, parts, and components including partially
fabricated sub-assemblies to ensure that only correct and accepted items are used and installed.

Identification requirements are determined during generation of specifications and design
drawings. Correct identification of materials, parts, and components is verified and documented
prior to release for fabrication, assembly, shipment, and installation.

The graded approach for identification and control of items, and traceability requirements are
specified in applicable codes, standards, or specifications.

DOE-ID delegates implementation authority for QARD Section 8.0, Identification and Control
of Items, to its contractor.

DOE-ID monitors its contractor's identification and control of item practices and, by surveillance
and assessments, periodically reviews its contractor's practices to ensure proper implementation
and adequacy.

DOE-ID's contractor is assigned responsibility for implementing QARD Section 8.0,
Identification and Control of Items, for items which support program activities and is required to
establish and implement identification and control practices that are responsive to the
requirements of the Quality Assurance Program.

The topics from the QARD Section 8.0, Identification and Control of Items, that are
implemented are:

&.2.1 Identification

Establishes the requirements for maintenance of identification of items.
8.2.2 Physical Markings

Establishes physical marking requirements for item identification.
8.2.3 Traceability

Provides requirements for the established and maintenance of traceability
criteria to items.

8.2.4 Conditional Requirements

Establishes controls for item identification to be specified in
specifications.
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11.9. Control of Special Processes

Implementing documents are established and implemented to control special processes such as
welding, heat treating, and nondestructive examination. Implementing documents are used to
ensure that process parameters are controlled and that the specified environmental conditions are
maintained.

Special processes are accomplished by qualified personnel using qualified implementing
procedures and equipment per applicable codes, standards, specifications or other special
program requirements. The graded approach is not applicable for special processes. Special
processes are performed by qualified personnel and accomplished per written process sheets or
equivalent, with recorded evidence of verification per Quality Assurance Program requirements.
Qualification records of procedures, equipment, and personnel associated with special processes
shall be established, filed, and kept current.

DOE-ID delegates implementation authority for QARD Section 9.0, Control of Special
Processes, to its contractor.

DOE-ID monitors its contractor's special processes control practices related to program
activities, and, by surveillance and assessments, periodically reviews its contractor's practices to
ensure proper implementation and adequacy.

DOE-ID's contractor is assigned responsibilities for implementing QARD Section 9.0, Control of
Special Processes, for activities where special processes in support of program activities are
involved, and is required to establish and implement practices to ensure adequate performance
and control of production special processes. DOE-ID’s contractor's special process controls

shall be responsive to the requirements of the QARD.

The topics from the QARD Section 9.0, Control of Special Processes, that are implemented are:

9.2.1 Special Processes

Establishes requirements for control and verification of quality for special
processes.

9.2.2 Personnel, Implementing Documents, and Equipment Qualifications

Establishes requirements that process parameters are controlled and
environmental conditions are maintained.

9.2.3 Qualification of Nondestructive Examination Personnel

Establishes the requirements for the control and administration of training,
examination, and certification of nondestructive examination personnel.
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11.10. Inspection

The inspection program's implementing documents shall be established and implemented to
describe the planning (performance and documentation) and execution of inspections. These
inspections shall verify conformance of quality affecting activities with requirements. The
inspection program shall be established, documented, and accomplished per written, controlled
procedures.

Implementing documents address inspection planning, acceptance criteria, inspection techniques
to be applied, establishment of hold points, documentation of inspection results, and actions to
be taken when acceptance criteria are not met. Inspection implementing documents address
source, in-process, final, receipt, maintenance, modification, operations, and eventually,
decommissioning activities. Inspections are conducted by certified personnel who are
independent of the inspected activity. Inspection results are documented by the inspector and
reviewed by the cognizant quality assurance organization.

Inspection practices identify and verify conformance of items and services with the documented
specifications, instructions, implementing documents and drawings for accomplishing the
required activities. Documented inspection practices shall be responsive to the requirements of
the Quality Assurance Program. Inspection personnel shall be sufficiently independent from the
individuals performing the activity being inspected.

Inspection procedures, instructions, and checklists shall provide for the following:
¢ Identification of characteristics and activities to be inspected

e Identification of the individuals or groups responsible for performing the inspection
operation

e Acceptance and rejection criteria
e A description of the method of inspection

e Recording evidence of completing and verifying a manufacturing, inspection, or test
operation

e Recording inspector or data recorder and the results of the inspection operation.

The graded approach for inspection, verification and documentation is applied based on the
importance or complexity of the item or activity affecting quality being inspected or tested.
Modifications, repairs, and replacements are inspected per the original design and inspection
requirements or acceptable alternatives.

The individuals or groups who perform receiving and process verification inspections are
identified and shown to have sufficient independence and qualifications.
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DOE-ID delegates implementation authority for direct inspection of items and work practices per
QARD Section 10.0, Inspection, to its contractor.

DOE-ID monitors its contractor's inspection practices associated with program activities, and, by
surveillance and assessments, periodically reviews its contractor's practices to ensure proper
implementation and adequacy.

DOE-ID's contractor is assigned responsibility for performing procurement, manufacturing,
fabrication and assembly, testing, constructing, and operational activities in support of program
activities, and, is required to establish and implement inspection practices of sufficient scope to
be fully effective.

The topics from the QARD Section 10.0, Inspection, that are implemented are:
10.2.1 Inspection Planning

Establishes requirements for performing and documenting inspection
planning.

10.2.2 Selecting Inspection Personnel To Perform Inspections

Establishes qualification requirements for inspection personnel.
10.2.3 Inspection Hold Points

Establishes criteria for mandatory hold points to control work.
10.2.4 Statistical Sampling

Requires that statistical sampling shall be based on recognized standard
practices.

10.2.5 In-Process Inspections and Monitoring

Establish criteria for in-process inspection of items to verify quality.
These criteria include those necessary for coordination and sequencing of
work at established inspection points.

10.2.6 Final Inspection
Establishes criteria for final inspection of items.
10.2.7 Accepting Items

Establishes criteria for acceptance of items. QARD Section 14.0,
Inspection, Test, and Operating Status governs the item's inspection status.

10.2.8 Inspection Documentation
Provides criteria that govern contents of inspection documentation.
10.2.9 Qualifications of Inspection and Test Personnel

Provides guidance for qualification, determination of initial capabilities,
indoctrination and training of inspection and test personnel, and functional
qualification levels and associated documentation.

FSV ISFSI SAR 11-34

Revision 7





11.11. Test Control

Written and controlled procedures are established and executed to verify conformance to
specified requirements and demonstrate that items provide satisfactory performance. These
procedures contain:

e Instructions and prerequisites to perform the test

e Use of proper test equipment

e Acceptance criteria

e Mandatory witness and hold point inspections

e Other specified technical and/or quality assurance requirements.

Written test procedures incorporate and reference:

e The requirements and acceptance limits contained in applicable design and
procurement documents

e Instructions for performing the test
e Test prerequisites

e Mandatory inspection hold points
e Acceptance and rejection criteria

e Methods of documenting or recording test data results.

Test results shall be documented, evaluated, and their acceptability determined by a qualified,
responsible individual or group. When practicable, testing will test the structure, system, or
component under conditions which will be present during normal and anticipated off-normal
operations.

DOE-ID delegates implementation authority for QARD Section 11.0, Test Control, to its
contractor.

DOE-ID monitors its contractor's testing and test control practices related to program activities,
and, by surveillance and assessments, periodically reviews its contractor's practices to ensure
proper implementation and adequacy.
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DOE-ID's contractor is assigned responsibilities for documenting, evaluating, and determining
test result acceptability in support of program activities, and is required to establish, as
applicable, proof tests, pre-operational tests, product certification tests, and other testing
activities that are responsive to the requirements of the QARD.

The topics from the QARD Section 11.0, Test Control, that are implemented are:
11.2.1 Test Planning
Establishes criteria for effective test planning.
11.2.2 Performing Tests
Establishes criteria that implementing documents shall address for tests.
11.2.3 Use of Other Testing Documents

Establishes criteria for incorporation of test information directly from
testing documents into the testing implementation documents.

11.2.4 Test Results

Establishes criteria for documentation and evaluation of test results.
11.2.5 Test Documentation

Establishes criteria for contents of test documentation.
11.2.6 Qualification of Test Personnel

Establishes criteria that test personnel shall be qualified per QARD
Section 10, Inspection.
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11.12. Control of Measuring and Test Equipment

Implementing documents are established and executed to ensure that appropriate tools, gauges,
instruments, and other measuring and testing devices used in activities which have quality
assurance requirements or health and safety considerations are properly controlled, calibrated,
adjusted, and maintained at specified intervals. The graded approach is not applicable for
measuring and test equipment used for activities affecting quality.

Provisions, contained in procedures, describe the calibration technique and frequency,
maintenance, and control of the measuring and test equipment (instruments, tools, gages,
fixtures, reference and transfer standards, and nondestructive test equipment) which is used in
the measurements, inspection, and monitoring of important to safety structures, systems, and
components.

These implementing documents shall maintain equipment accuracy within necessary limits and
maintain traceability to National Institute of Standards and Technology (NIST) or other known
standards.

Calibration standards have an uncertainty requirement of no more than 1/4th of the tolerance of
the equipment being calibrated. A greater uncertainty may be acceptable when limited by the
"state-of-the-art".

The complete status of all items under the calibration system shall be documented and
maintained.

DOE-ID delegates implementation authority for QARD Section 12.0, Control of Measuring and
Test Equipment, to its contractor.

DOE-ID monitors its contractor's measuring and test equipment control practices related to
program activities, and, by surveillance and assessments, periodically reviews its contractor's
practices to ensure proper implementation and adequacy.

DOE-ID's contractor is assigned responsibility for performing inspections, examinations, or tests
which support program activities, and is required to establish and implement a system of
calibration and control of measuring and test equipment that is responsive to the requirements of
the QARD.

The topics from the QARD Section 12.0, Control of Measuring and Test Equipment, that are
implemented are:

12.2.1 Calibration

Provides criteria for calibration, adjustment and maintenance of measuring
and test equipment.

12.2.2 Documenting the Use of Measuring and Test Equipment
Requires that use of M&TE be documented.
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12.2.3 Out-of-Calibration Measuring and Test Equipment

Provides criteria for when MT&E shall be considered as out-of-
calibration.

12.2.4 Lost Measuring and Test Equipment

Provides criteria for lost M&TE.
12.2.5 Handling and Storage

M&TE shall be properly handled and stored to maintain accuracy.
12.2.6 Commercial Devices

Provides criteria for rulers, tape measures, levels, and other commercial
equipment.

12.2.7 Measuring and Test Equipment Documentation

Provide criteria for M&TE documentation information.
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11.13. Handling, Storage, and Shipping

Consistent with an item's or activity's importance to safety, procedures are established and
executed to control handling, storage, shipping, cleaning, packaging, and preservation of
material and equipment shall be accomplished by qualified individuals to prevent damage or
loss, and to minimize deterioration.

Procedures shall be prepared which control the cleaning, handling, storage, packaging, shipping,
and preservation of materials, components, and systems per design and specification
requirements to preclude damage, loss, or deterioration by environmental conditions such as
temperature or humidity.

Application of the graded approach for handling, storage, and shipping of items is specified in
work and inspection instructions, and depends on how critical, sensitive, perishable, or high-
value the item is.

DOE-ID delegates implementation authority for QARD Section 13.0, Handling, Storage, and
Shipping, to its contractor.

DOE-ID monitors its contractor's handling, storage, and shipping practices related to program
activities, and, by surveillance and assessments, periodically reviews its contractor's practices to
ensure implementation and adequacy.

DOE-ID's contractor is assigned the authority to develop special handling, preservation, storage,
cleaning, packaging, and shipping practices which support program activities, and is required to
establish and execute implementing procedures which control the cleaning, handling, storage,
packaging, shipping, and preservation of materials, components, and systems per design and
specification requirements which preclude damage, loss, or deterioration by environmental
conditions. These practices shall be responsive to the requirements of the QARD.

The topics from the QARD Section 13.0, Handling, Storage, and Shipping, that are implemented
are:

13.2.1 Controls

Provides criteria for handling, storage, cleaning, packaging, shipping, and
preservation of items.

13.2.2 Special Equipment, Tools, and Environments

Provides criteria for special equipment and protective environments for
particular items.

13.2.3 Marking and Labeling

Provides criteria for establishment of marking and labeling for packaging,
shipping, handling and storage of items.
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11.14. Inspection, Test, and Operating Status

Implementing documents are established and executed to identify the inspection, test, and
operating status of items. The Quality Assurance Program has provisions to ensure that
inspection, test, and operating status is verified before release, fabrication, installation, test, and
use of items to preclude inadvertent bypassing of inspections and tests and to prevent accidental
operation. Application and removal of status indicators, welding stamps, and other tags,
markings, and labels shall be procedurally controlled.

The graded approach is not applicable for inspection, test and operating status. The status is
identified either on the item or on documents to ensure the inspections and tests have been
performed, and to ensure items are not inadvertently installed, used, or operated.

Bypassing of inspections, tests, and other critical operations shall be procedurally controlled
under the cognizance of the contractor's quality assurance organization.

DOE-ID delegates implementation authority for QARD Section 14.0, Inspection, Test and
Operating Status, to its contractor.

DOE-ID monitors its contractor's practices related to program activities for indicating inspection,
test, and operating status, and, by surveillance and assessments, periodically reviews its
contractor's practices to ensure implementation and adequacy.

DOE-ID's contractor is assigned authority for: (1) developing practices that identify the
inspection and test status of structures, systems, and components throughout their fabrication;
(2) documenting bypassed inspections, tests, and other critical processes that are under the
purview of the Quality Assurance Program; (3) identifying the organization responsible for
documenting and identifying the status of nonconforming, inoperative, or malfunctioning
structures, components, and systems which support program activities; and (4) establishing and
implementing those practices to be responsive to the requirements of the QARD.

The topics from the QARD Section 14.0, Inspection, Test and Operating Status, that are
implemented are:

14.2.1 Identifying Items

Provides criteria for identification of items passing or not passing required
inspections and tests.

14.2.2 Indicating Status

Provides criteria for indicating status of required inspections and tests and
authority of application and removal of status indicators.
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11.15. Nonconformances

Nonconformance requirements shall establish control of items (material, components, and
systems) that do not conform to requirements in order to prevent their inadvertent installation or
use through written documents. The identification, documentation, tracking, segregation,
review, disposition, and notification to affected organizations of nonconforming material,
components, systems, services, or activities shall be procedurally controlled to prevent
inadvertent test, installation, or use.

A corrective action system is established and executed which promotes a "no fault" attitude
toward identification of conditions that are adverse to quality. Nonconforming items must be
reviewed and accepted, rejected, repaired, or re-worked per implementing documents.

Documentation shall:
¢ Identify the nonconforming item

e Describe the nonconformance, the disposition of the nonconformance, and the
inspection requirements

e Includes signature approval for the disposition.

Provisions shall be established identifying those individuals or groups delegated the
responsibility and authority for the disposition and the close out of nonconformances.

The graded approach is not applicable for the identification and control of nonconforming items.
All items that do not conform to the quality requirements shall be controlled to prevent their
inadvertent installation or use. Nonconforming items shall be segregated from acceptable items
and identified as discrepant until properly dispositioned and closed out.

Dispositions to nonconformances shall identify materials, components, and systems to be used-
as-is, rejected, or re-worked. Dispositioned nonconformance reports shall be made part of the
quality records.

Acceptability of re-work or repair of materials, parts, components, systems, and structures shall
be verified by re-inspecting and re-testing the item as originally inspected and tested or by a
method which is at least equal to the original inspection and testing method. Inspection, testing,
re-work, and repair procedures shall be documented.

Nonconformance documentation is analyzed to identify adverse trends in the performance of the
Quality Assurance Program. Results of these analyses are reported to DOE-ID's, and its
contractor's, senior management.
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DOE-ID also retains authority to identify and require that DOE-ID and contractor identified
nonconformances be entered into its contractor's nonconformance control system.

DOE-ID monitors its contractor's nonconformance control practices related to program activity,
and, by surveillance and assessments, periodically reviews its contractor's nonconformance
practices to ensure implementation and adequacy.

DOE-ID delegates implementation authority to its contractor for developing procedurally
controlled practices that identify, document, track, segregate, review, disposition, and notify
affected organizations of nonconforming materials, components, and systems, and is required to
establish and implement those practices for the control of nonconforming materials, components,
and systems in support of program activities. These practices shall be responsive to the
requirements of the QARD.

The topics from the QARD Section 15.0, Nonconformances, that are implemented are:

15.2.1 Documenting and Evaluating Nonconforming Items

Provides criteria for nonconformance identification and describing
nonconforming characteristics of an item. Corrective action criteria used
for evaluation use the requirements of QARD Section 16.0, Corrective
Action.

15.2.2 Identifying Nonconforming Items

Provides criteria for identification of nonconforming items through
marking, tagging or other means.

15.2.3 Segregating Nonconforming Items

Provides criteria for segregation of nonconforming items to prevent
inadvertent use.

15.2.4 Disposition of Nonconforming Items
Provides criteria of the use of "use-as-is", "reject", "repair", or "rework"
dispositions for nonconforming items.

15.2.5 Quality Trending

Requires that nonconforming documentation shall be periodically
analyzed to identify quality trends per QARD Section 16.0, Corrective
Action.
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11.16. Corrective Action

The corrective action system elements consist of prompt identification, documentation,
classification, cause analysis, correction of condition, elimination of root cause factors for
significant conditions, and follow-up activities. All conditions adverse to quality shall be
promptly identified and corrected.

Procedures have been established and implemented for the identification and correction of
conditions adverse to quality including the causes of significant conditions adverse to quality
identified through internal DOE-ID surveillance and assessments or external surveillance and
assessments performed on the program. Procedural instructions and policy guidance provide
criteria for determining the existence of significant conditions adverse to quality. The DOE-ID
ISFSI QA Manager provides follow-up to verify timely and proper implementation of corrective
action.

Corrective action is required for conditions adverse to quality such as failures, nonconformances,
malfunctions, deficiencies, deviations, and defective material, components or systems.
Significant conditions adverse to quality identified by DOE-ID overview or assessments of the
contractor's activities requires corrective action by the DOE-ID contractor and DOE-ID's review
and approval prior to the corrective action's implementation. Corrective action to preclude
recurrence of a nonconforming condition is commensurate with the item's importance.

Corrective action documentation is provided to appropriate DOE-ID and its contractor's
management, and requires appropriate quality assurance organizational concurrence with
proposed actions.

DOE-ID monitors its contractor's corrective action systems related to program activities, and, by
surveillance and assessments, periodically reviews its contractor's systems to ensure
implementation and adequacy.

DOE-ID's contractor is required to establish and implement a corrective action system which
supports program activities and is responsive to the requirements of the Quality Assurance
Program. Quality information is promptly analyzed and examined for adverse quality trends.
Trend analysis identifies adverse quality trends.

Quality trends and results of remedial actions are reported to DOE-ID's ISFSI QA Manager who
is responsible for corrective action tracking and providing appropriate DOE-ID upper
management appraisal.

DOE-ID's contractor collects key information from program assessments, surveillance, and
assessments reports. Analysis is performed to ensure prompt identification of adverse quality
trends. Evaluations are performed to determine systemic root cause(s) and determine if a course
of action for correction is required.

FSV ISFSI SAR 11-45

Revision 7





The topics from the QARD Section 16.0, Corrective Action, that are implemented are:
16.2.1 Identifying Conditions Adverse To Quality

Provides criteria for identification of conditions adverse to quality.
16.2.2 Classification of Conditions Adverse To Quality

Provides classification criteria for conditions adverse to quality
16.2.3 Conditions Adverse To Quality

Provides criteria for documenting and reporting to appropriate levels of
management conditions adverse to quality.

16.2.4 Significant Conditions Adverse To Quality

Provides criteria for determining, evaluating, investigating, and concurring
of proposed remedial actions for significant conditions adverse to quality.

16.2.5 Follow-up and Closure Action

Requires Quality Assurance verify implementation of corrective actions
and closed related corrective action documentation when complete.

16.2.6 Quality Trending

Provides criteria for determining adverse quality trends and the manner in
which trend evaluation shall be conducted.
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11.17. Quality Assurance Records

Quality Assurance records requirements ensure that Quality Assurance records are specified,
prepared, maintained and retrievable. As identified in the implementing documents Quality
Assurance records are classified as lifetime of the facility license or as nonpermanent. The
graded approach for Quality Assurance Records is as specified in design documents,
procurement documents, test procedures, and operational procedures. To aid in minimizing the
retention of unnecessary records, the records program shall list records to be retained by "type of
data" rather than by record title.

Implementing documents control records that document: design, design review and peer review
reports, engineering, procurement, manufacturing, construction, inspections, tests, installation,
pre-operation, start-up, operations, maintenance, modification, decommissioning, audits,
manufacturer's records, proof, receipt, personnel training and qualification records of procedures
and equipment, operating logs, results of reviews, assessments, material analyses, monitoring of
work performance, calibration procedures and reports, nonconformance reports and corrective
action reports.

Implementing documents are established and executed to ensure that sufficient records of
structures, components, systems and activities are generated and maintained to reflect completed
work. These implementing documents provide for the administration, receipt, retrieval, and
disposition of Quality Assurance records. All Quality Assurance records are retained in storage,
and are identified and retrievable. DOE-ID delegates to its contractor the maintenance and
control of the records storage facilities per the requirements of the QARD for the life of the
ISFSI.

Established implementing documents assign responsibility for storage, filing system, transmittal
verification, record access, retrieval and removal, filing supplemental information and for the
disposition of superseded records.

DOE-ID monitors its contractor's records' practices related to program activities, and by
surveillance and assessments, periodically reviews its contractor's practices to ensure
implementation and adequacy.

Quality Assurance records generated by DOE-ID will be maintained in accordance with the QA
program.

DOE-ID's contractor is assigned authority for performing work activities, and is required to
establish and implement a practice of specifying, preparing, and maintaining records in a manner
that is responsive to the requirements of the QARD.

The topics from the QARD Section 17.0, Quality Assurance Records, that are implemented are:

17.2.1 Classifying Quality Assurance Records

Provides criteria for classification of quality assurance records.
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17.2.2 Creating Valid Quality Assurance Records

Provides criteria for identification, creation, handling, and validating of
quality assurance records.

17.2.3 Receiving and Indexing Quality Assurance Records

Provides criteria for establishment of a receipt control system for quality
assurance records.

17.2.4 Correcting Information in Quality Assurance Records

Provides criteria for correction and approval of information changes to
quality assurance records.

17.2.5 Storing and Preserving Quality Assurance Records

Provides criteria for storing and preserving methods for quality assurance
records in predetermined storage facilities.

17.2.6 Retrieval of Quality Assurance Records

Provides for planned retrieval time of quality assurance records and
provides criteria for controlling access to storage facilities.

17.2.7 Retention of Quality Assurance Records

Establishes criteria for retention and preservation of quality assurance
records. Provides criteria for disposal of nonpermanent quality assurance
records.

17.2.8 Turnover of Quality Assurance Records
Section "A" only

Provides criteria for temporarily stored quality assurance records subject
to records turnover requirements.

17.2.11 Temporary Storage Facility

Provides criteria for temporary storage of quality assurance records during
processing, review, or use until turnover to DOE-RW for disposition.

17.2.12 Replacement of Quality Assurance Records

Provides criteria for replacement, restoration, or substitution of lost or
damaged quality assurance records.
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11.18. Audits

Quality Assurance audits are to be performed by the contractor in accordance with their DOE-ID
approved Quality Assurance Program. DOE-ID retains responsibility for the development and
implementation of an audit plan which will evaluate the performance of the contractor as well as
the adequacy of DOE-ID’s oversight of the contractor.

DOE-ID Quality Assurance audits and surveillances conducted under the direction of the ISFSI
QA Manager will be planned, performed, and reported by trained and qualified personnel in
accordance with implementing procedures. Subjects for Quality Assurance audits and
surveillances shall include, but not be limited to:

e Compliance, implementation, and effectiveness of the DOE-ID and contractor’s
Quality Assurance programs,

e Compliance with the 10 CFR Part 21 reporting requirements,
e Personnel training, and

e The managerial and administrative controls used to ensure safe operation of the FSV
ISFSIL

Regularly scheduled audits are supplemented by special audits when conditions which warrant
special audits exist or when requested by DOE-ID management.

DOE-ID's contractor has established and executed implementing documents to confirm that
activities affecting quality comply with the Quality Assurance Program and that they have been
effectively executed and responsive to the requirements of the Quality Assurance Program.

DOE-ID monitors its contractor's records' practices related to audits, and by surveillance and
assessments, periodically reviews its contractor's practices to ensure implementation and
adequacy.

The topics from the QARD Section 18.0, Audits, that are implemented are:
18.2.1 Scheduling Internal Audits
Provides criteria for scheduling internal quality audits.
18.2.2 Scheduling External Audits

Provides criteria for scheduling external quality assurance audits.
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18.2.3 Audit Schedule

Provides criteria for development of an audit schedule.
18.2.4 Audit Planning

Provides criteria for development of an audit plan and scope of the audit.
18.2.5 Audit Team Independence

Provides criteria for audit team independence, authority, and
organizational freedom.

18.2.6 Audit Team Selection

Provides criteria for identification of audit team, team leader and technical
specialists.

18.2.7 Performing Audits

Provides performance criteria for the audit team leader to ensure that the
audit team is prepared to perform the audit.

18.2.8 Reporting Audit Results

Provides criteria for preparation, contents, and signing of the audit report.
18.2.9 Responding To Audits

Provides criteria for management to respond to the audit report.
18.2.10 Evaluating Audit Responses

Provides for audit responses to be evaluated per QARD Section 16,
Corrective Action.

18.2.11 Follow-up Action
Provides criteria for follow-up actions to be taken by the auditing
organization to verify that corrective actions were accomplished per
QARD Section 16, Corrective Action.

18.2.12 Technical Specialist Qualifications

Provides criteria for the indoctrination and training of technical specialist
personnel to QARD Section 2, Quality Assurance Program.
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18.2.13

18.2.14

18.2.15

18.2.16

18.2.17

18.2.18

18.2.19

18.2.20

18.2.21
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Auditor Qualifications

Provides criteria for appropriate training and orientation of auditors for
developing their competency in performing audits.

Lead Auditor Qualifications

Provides criteria for lead auditor skills at organizing and directing
personnel.

Lead Auditor Education and Experience

Provides criteria for certification of education and experience of lead
auditors.

Lead Auditor Communication Skills
Requires that lead auditors have effective communications skills.

Lead Auditor Training
Provides criteria for training lead auditors to attain proficiency.

Lead Auditor Audit Participation
Requires lead auditors to participate in five (5) Quality Assurance audits
with at least one (1) being nuclear-related within one-year prior to
certification as a lead auditor.

Lead Auditor Examination

Provides criteria for examination that evaluates lead auditor
comprehension and ability to apply audit knowledge.

Certification of Lead Auditor Qualifications

Provides criteria for certification of qualified lead auditors by the auditing
organization.

Maintaining Lead Auditor Proficiency

Provides criteria for lead auditors to maintain proficiency, management
evaluation of proficiency, and qualification requirements.
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11.19. Supplements and Appendices
11.19.1. Software (QARD, Supplement I)

This QARD Supplement establishes requirements for the development, modification, control,
and use of software.

DOE-ID delegates implementation authority for QARD Supplemental I, Software for
configuration management which supports program activities, such as design, to its contractor.

DOE-ID monitors its contractor's practices related to program activities for software
configuration, and, by surveillance and assessments, periodically reviews its contractor's
practices to ensure implementation and adequacy.

DOE-ID's contractor is assigned implementation authority of QARD Supplement I, Software for
construction, fabrication, assembly and/or operation functions which support program activities,
and is required to establish and implement software configuration management practices for
individual items throughout the program and operational status of structures, components or
systems. These practices shall be responsive to the requirements of the QARD.

The topics from the QARD Supplement I, Software, that are implemented are:
[.2.1 General Software Requirements
Provides requirements that apply generally to software.
1.2.2 Software Planning
Provides requirements for and contents of software plans.
1.2.3 Software Life Cycle Requirements
Provides software life cycle criteria for developed or modified software.
1.2.4 Software Configuration Management

Provides criteria for software configuration management to include
configuration identification, configuration control, and status accounting.

1.2.5 Defect Reporting and Resolution

Provides criteria for software defect reporting and resolution which shall
be integrated into the software configuration management system.

1.2.6 Software Procurement
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Stipulates the flowdown of software requirements to other organizations
developing and supplying software under contract.

1.2.7 Software Previously Developed Not Using This Supplement

Provides criteria for use of software in which the history of the software
is not known.

1.2.8 Control of the Use of Software

Provides criteria for controlling, documenting, and using released
software.

11.19.2. Sample Control (QARD, Supplement IT)

Sample control practices as described in the QARD are not applicable to the FSV ISFSI.
Scientific samples taken, handled, or recorded for any purpose in order for the FSV ISFSI to
perform its function are covered by other procedures.

11.19.3. Scientific Investigation (QARD, Supplement III)

Scientific investigation practices are not applicable to the FSV ISFSI. The facility is passive and
its only function is SNF storage.

11.19.4. Field Surveying (QARD, Supplement IV)

Field surveying practices are not applicable to the FSV ISFSI. The facility construction location
is pre-established and identified in existing documents. The FSV ISFSI does not need the
surveying controls as outlined for a mined geological repository in the QARD.

11.19.5. Control of the Electronic Management of Data (QARD, Supplement V)

This supplement applies to the controls on the electronic management of data used as the
controlled source for information used in design analysis or process control.

DOE-ID delegates implementation authority for control of the electronic management of data
activities which support program activities to its contractor.

DOE-ID monitors its contractor's practices related to program activities for control of the
electronic management of data, and, by surveillance and assessments, periodically reviews its
contractor's practices to ensure implementation and adequacy.

DOE-ID's contractor is assigned implementation authority for QARD Supplemental V, Control
of the Electronic Management of Data, for design, construction, fabrication, and assembly and/or
operation functions which support program activities. The contractor is required to establish and
implement practices which control electronic management of data as the controlled source of
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information used in design analysis or process control. These practices are responsive to the
requirements of the QARD.

The topics from the QARD Supplement V, Control of the Electronic Management of Data, that
are implemented are:

V.2.1 Control of the Electronic Management of Data

Provides criteria for data input, subsequent changes to data input, security
of data, including integrity of the data, and retrieval of data using a query
language.

11.19.6. High-Level Waste Form Production (QARD, Appendix A)

High-Level Waste Form Production practices are not applicable to the FSV ISFSI. The facility
does not produce High-Level Waste in any form. The FSV ISFSI is a passive facility.

11.19.7. Storage and Transportation (QARD, Appendix B)

The Licensee and the contractor do not directly design or fabricate storage casks, transportation
casks, or multi-purpose canisters.

11.19.8. Monitored Geological Repository (QARD, Appendix C)

Monitored Geological Repository practices are not applicable to the FSV ISFSI. The FSV ISFSI
is a passive interim storage facility and is not a disposal system.
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11.20. References

1. DOE/RW-0333P, Revision 10, Office of Civilian Radioactive Waste
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1. INTRODUCTION AND GENERAL DESCRIPTION OF
INSTALLATION

1.1. Introduction
1.1.1. Overview

The High Temperature Gas Cooled Reactor (HTGR) at Fort St. Vrain (FSV) was permanently
shut down in August 1989. Public Service Company of Colorado (PSCo) removed the fuel and
other radioactive reactor components from the Prestressed Concrete Reactor Vessel (PCRYV).
For safe, onsite dry storage of the spent reactor fuel and irradiated core components, PSCo
designed and built the FSV Independent Spent Fuel Storage Installation (ISFSI) as shown in
Figures 1.1-1, 1.1-2, and 1.1-3.

The ISFSI was designed for storage of up to 1,482 fuel elements which are known as standard
fuel elements, control fuel elements, and bottom control fuel elements. These three types of fuel
elements are shown in Figures 1.1-4, 1.1-5, and 1.1-6. There are 1,458 elements of this type in
storage. Since there are six spent fuel elements stored in a fuel storage container (FSC), there
are 243 FSCs storing standard, control, or bottom control spent fuel elements at the FSV ISFSI.

The ISFSI also was designed for storage of up to 37 keyed top reflector control rod elements.
This type of element is shown in Figure 1.1-7. The reflector elements were planned to be stored
as “other radioactive material associated with spent-fuel sterageassemblies” as-defined-in
accordance with the 10 CFR 72.3 definition of spent nuclear fuel. PSCo originally had planned
to store the 37 keyed top reflector control rod elements in the ISFSI, since it was considered
likely that these elements would fall under the greater than Class C (GTCC) waste designation.
The GTCC waste designation would have precluded their shipment to a low-level waste (LLW)
disposal facility. However, it was determined that these 37 keyed top reflector control rod
elements were not GTCC waste, so they were removed to a LLW disposal facility, and are not
stored at the ISFSI.

In addition, the ISFSI was designed to safely store six neutron source fuel elements containing
Californium-252 (Cf-252) neutron sources. Each of these six neutron source fuel elements
originally contained an encapsulated source near the center of the element as shown in Figure
1.1-8. Planning for storage of these neutron source fuel elements at the ISFSI required the
design and construction of a special storage well to adequately shield the neutron flux from these
elements. However, the neutron sources were removed from the elements prior to the transfer of
the elements to the ISFSI. Therefore, although there are six neutron source fuel elements in
storage at the ISFSI, these elements do not contain the Cf-252 sources. The six fuel elements
that formerly contained the neutron sources are not included in the 1,458 spent fuel elements
discussed above and bring the total to 1,464 elements in 244 FSCs stored at the FSV ISFSI.

Design and analysis of the ISFSI for storage of the 37 keyed top reflector control rod elements
was completed before PSCo determined that the top reflector elements and the neutron sources
could be removed from the site and not stored in the ISFSI. Therefore, the provisions for their
storage were an integral part of the analysis of the ISFSI as reflected in this Safety Analysis
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| Report (SAR) when submitted for review and approval. Sinee-Because the ISFSI has been
licensed to store these elements, discussion of these elements has been retained throughout this
SAR.

The FSV ISFSI uses the Modular Vault Dry Store (MVDS) system. The MVDS system is
designed to safely hold all types of irradiated fuel for intermediate storage periods. A design for
light water reactor fuels was submitted to the U.S. Nuclear Regulatory Commission (NRC) for
licensing approval in The Energy Applications Division of Foster Wheeler Energy Corporation
[formerly Foster Wheeler Energy Applications, Inc. (FWEA)] Topical Safety Analysis Report
(Ref. 1) and approved by the NRC in March 1988 (Ref. 2).

On February 1, 1991 PSCo received an Environmental Assessment from the NRC with a Notice
of Issuance and Finding of No Significant Impact associated with constructing and operating the
FSV ISFSI (Ref. 3). On November 4, 1991 PSCo received a twenty year, renewable, NRC

| License pursuant to 10 CFR Part 72 (Materials License No. SNM-2504) to receive, possess,
store, and transfer FSV spent fuel in the ISFSI (Ref. 4). PSCo began loading the ISFSI with FSV
spent fuel on December 26, 1991. Loading of FSV spent fuel into the ISFSI was completed on
June 10, 1992.

In December of 1995, the U. S. Department of Energy (DOE) notified the NRC of its intent to
procure the ISFSI from PSCo, to take possession of the fuel stored in it, and to transfer the
license to DOE. An Agreement in Principle was incorporated by a contract modification
between DOE and PSCo (Contract No. DED-AC07-96-1D134265) on February 9, 1996. With
this agreement, DOE immediately took possession of the FSV fuel stored in the ISFSI. PSCo
managed the spent fuel in accordance with the license SNM-2504 until June 1999 when the
license was transferred to DOE.

This report is supported by technical appendices listed in Table 1.1-1 and the references listed at
the end of each Section.

1.1.1.1.General

The FSV MVDS is designed for interim storage of Fort St. Vrain HTGR fuel for 40 years in a
contained shielded system. The design provides for up to six fuel elements or up to 12 reflector
elements stacked vertically in each FSC. There is a matrix of 45 fuel storage positions within
each concrete vault module (for a total of 270 storage positions), which provides shielding and
the conditions to prevent criticality. The MVDS provides storage for a maximum of 252 FSCs.
Of these FSCs, up to 247 are allotted for the 1,482 fuel elements, up to four are allotted for the
37 reflector elements, and one is allowed for the six neutron source elements. The six vault
modules accommodate the complete FSV core. The 37 reflector elements were sent to a LLW
disposal facility and are not stored at the FSV ISFSI. The six neutron sources were removed
from the neutron source elements at the FSV Reactor and sold by PSCo and are not stored at the
FSV ISFSI. The elements that contained the sources are stored at the FSV ISFSI. Because three
shipments of the FSV core loading were shipped to the Idaho National Laboratory (INL) before
DOE was restrained from making further shipments by a court order, only 244 of the available
storage positions contain elements. Each position contains six elements making a total of 1,464
elements stored at the FSV ISFSI. The fuel storage medium within the FSC is air, and the decay
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heat is removed by a once-through buoyancy driven ambient air system flowing across the
exterior of the FSCs. Three storage wells are provided; separate from the six vault modules.

One of these wells is designed to provide storage for the six neutron source elements although no
Cf-252 neutron source elements are stored there. These three wells provide a means to store and
seal an FSC that has developed a leak. All three wells are identical in construction and can be
individually sealed. In addition, these wells provide a means to transfer fuel elements from a
leaking FSC to a new FSC. These three storage wells are functionally SSWs. On drawings and
in procedures they may be referred to as SSW or NSSW.

The fuel, in its FSC, was transported to the MVDS from the FSV Reactor Building in a transfer
cask. The transfer cask was received in the transfer cask reception bay (TCRB) where it was
removed from the transfer cask trailer by the MVDS crane and positioned in the cask
load/unload port (CLUP) for unloading. The transfer cask was prepared for unloading by having
its outer closure removed and an isolation valve positioned above the transfer cask. A depleted
uranium shield plug (DUP) was removed from the top of the FSC using a uranium shield plug
handling device (USPHD). A shield plug handling device (SPHD) was used to remove the
charge face shield plug in conjunction with the isolation valve at the FSC storage position in the
vault module. A shielded container handling machine (CHM), carried by the MVDS crane, is
provided that removed the FSC and placed it in the vault module storage matrix in conjunction
with an isolation valve. See Figures 1.1-1, 1.1-2 and 1.1-3.

1.1.1.2. Principal Design Features of the MVDS Installation
1. The Fuel and Fuel Storage Containers.

The design provides for the fuel elements, neutron source elements, and reflector elements to be
stored in the FSCs in an air environment that is compatible with the maximum predicted fuel
temperatures and the properties of graphite. The neutron sources and reflector elements are not
stored at the FSV ISFSI (see Section 1.1.1).

The FSCs are tubular, closed at the lower end and sealed at the top. They are vertically located
and supported at their lower ends on the floor of the concrete vault module and supported at their
upper ends by the charge face structure that also provides shielding for the charge hall. A shield
plug is positioned in the charge face structure above each FSC to provide shielding. Vertical
storage in the vault module matrix is the same orientation for which the fuel was designed to
operate in the reactor.

FSCs are positioned in an array of up to 45 to form a module surrounded by massive concrete
shielding. The vault module unit is the basis of the modular construction of the MVDS.

2. Vertical Handling and Storage of Fuel Storage Containers.

The CHM was used to remove the FSC from the transfer cask and relocate it to its storage
position in a vault module. All handling of FSCs with the CHM maintains a vertical position.
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3. Passive Cooling of Stored Fuel Storage Containers.

The fuel in the FSCs is cooled by a passive self-regulating cooling system that induces buoyancy
driven ambient air to flow across the exterior of the FSCs. There is no contact between this
cooling air and the fuel.

4. Shielding.

The fuel is shielded during storage by massive concrete walls, and is shielded by the CHM
during transfer. This facilitates the reduction of radiological impacts to ALARA and within the
requirements of 10 CFR Part 72 (Ref. 5) and 10 CFR Part 20 (Ref. 6).

5. Confinement.
The fuel is confined by the sealed FSC throughout the period of storage.
6. Criticality.

Criticality is prevented by the inherent geometry of the array of FSCs within the vault modules
and the dry storage conditions for the fuel within the FSC.

7. Modular Construction.

The MVDS is made up of six vault modules, three storage wells, and a TCRB for receiving the
transfer cask. The TCRB is situated at access road level with vault access at approximately 20
ft. Directly above this reception bay are facilities for CHM parking and the CLUP.

8. Fuel Transfer to the MVDS.
Fuel movement from the FSV Reactor Building to the MVDS has been completed.
9. Transfer of Fuel Within the MVDS.

The CHM is a high integrity shielded, natural thermosyphon cooled machine for handling the
fuel contained in the sealed FSCs. This machine was used to move fuel from the transfer cask to
the selected FSC storage position in the vault module. The CHM also will be used for any fuel
movements required if leakage occurs and when emptying the MVDS prior to decommissioning
using a reverse procedure.

10. Fire Protection.

The design of the MVDS, and its construction of steel and concrete, provides no means for the
initiation and propagation of major fires. Minor local electrical or hydrocarbon fires will be
dealt with by local extinguishers. There are no anticipated situations where these types of minor
fires can compromise the long term integrity of the fuel and its protective systems.
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11. Heating and Ventilation.

Heating at the MVDS is accomplished using electric radiant space heaters. The heating and
ventilation of the working area is provided for operator comfort only and is not required for
radiological protection.

12. Standby Facilities.

Three standby storage wells (SSW5s) are located adjacent to one of the vault modules. These
wells are provided to enable 'off-normal’ events involving FSCs to be dealt with and to provide a
secondary confinement.

The SSW is a closed ended tube set into an enclosure that provides necessary radiation shielding.
It can be closed and sealed using a charge face shield plug and cover plate.

Decay heat from a loaded FSC in an SSW is dissipated to the surrounding air by a once through
buoyancy driven air flow that is ducted out of and back into the adjacent vault module structure
surrounding the wells.

13. Surveillance and Monitoring.

The MVDS is subject to routine manual surveillance and monitoring. Security access
monitoring and surveillance also are conducted.

14. Decommissioning.

The MVDS design is arranged to contain any potential contamination during operation and to
facilitate its removal at the decommissioning stage. The individual items of MVDS equipment
are designed for easy decontamination and dismantling.

The FSCs and their contents will be in the as received condition and may be removed from the
MVDS by the same steps used to load them.

15. Waste.

Solid radioactive waste is minimal with the MVDS design. There are no gaseous or liquid
wastes produced under normal operation.
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Table 1.1-1 Supporting Technical Appendices.

Appendix Reference Title

A3-1 Thermal Hydraulic Analysis of the MVDS

A4-1 Structural Analysis of the MVDS

A4-2 Analysis of the MVDS Load/Unload Equipment

A7-1 Shielding Assessment for the MVDS

A8-1 Missile Penetration Through MVDS Openings

AS8-2 Seismic Analysis of Equipment

A8-3 Analysis of Impacts on the Charge Face Structure

A8-4 Not used

A8-5 Not used

A8-6 Analysis of Impacts on the Fuel Storage Container (FSC)

A8-7 Analysis of Impacts on Container Handling Machine (CHM)

AS8-8 Impact Loads onto Civil Structure

A8-9 Radiological Release Assessment

A8-10 Shielding Assessment of Direct Radiation Dose Rates in Accident
Conditions

A8-11 Thermal Analysis for Reduced Air Flow through the MVDS Vault
Modules
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Figure 1.1-6. Bottom Control Fuel Element.
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1.2. General Description of Installation
1.2.1. General

The MVDS provides for vertical, dry storage of irradiated graphite fuel elements, reflector
elements, and neutron source elements in a reinforced concrete structure covered by a clad steel
framework. The neutron sources and reflector elements are not stored at the FSV ISFSI (see
Section 1.1.1). The MVDS contains a TCRB, charge face, CHM, charge face isolation valve,
MVDS crane, cooling air outlet chimney, and cooling air inlet structure. See Figures 1.2-1 and
1.2-2 for pictorials of the MVDS.

A fully loaded FSV reactor core consisted of six fuel segments. The FSV ISFSI currently is
licensed to store the amount of fuel contained in six fuel segments, in addition to the reflector
elements and the neutron source elements (Ref. 7).

Along with the MVDS, the ISFSI facility was originally licensed with provisions for installation
of an entrance building, which would perform security functions. This building has been
installed by DOE and serves as the administration building. A safety evaluation completed by
PSCo identified no safety issues with the administration building installation. Layout of the
installed administration building is shown in Figure 2.1-3.

The DOE security facility containing the alarm station is located at the south end of the MVDS.

The fuel elements were loaded into FSCs in the FSV Reactor Building. The FSCs were sealed
before leaving the reactor, transferred to the ISFSI, and placed in the MVDS.

1.2.2. Principal Site Characteristics

The FSV ISFSI is located on part of the original FSV Nuclear Generating Station site which is
about three and one-half miles northwest of Platteville, CO. Platteville is located in Weld
County and is about 35 miles north of Denver. DOE owns the 3.83 acres of land on which the
ISFSI is located and has easements for access and control of the immediate area. The ISFSI is
located approximately 1500 feet northeast of the PSCo fossil-fueled, power plant building.

Population density in the rural area surrounding the site is relatively low. The nearest town is
Platteville which had a 2000 Census population of 2,370. The nearest population centers with
populations greater than 25,000 (based on the 2000 census) are Longmont (population 71,093),
Greeley (population 76,930), and Loveland (population 50,608). The nearest boundaries of
Longmont, Greeley and Loveland are all about 14 miles from the ISFSI location.

The majority of the land within five miles of the site is agricultural. The area within a few miles
of the site is characterized by irrigated farm land and pasture land with gently rolling hills.
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1.2.3. Principal Design Criteria

The principal design criteria and parameters for the MVDS are shown in Table 1.2-1. As
previously mentioned, the MVDS is designed to store fuel elements, neutron source elements,
and reflector elements. The neutron sources and reflector elements are not stored at the FSV
ISFSI (see Section 1.1.1).

1.2.4. Operating and Fuel Handling Systems

MVDS fuel handling procedures will be used for all fuel handling operations using certified fuel
handlers. (Ref. 5)

1.2.5. Safety Features

The safety features incorporated into the design of the MVDS include criticality prevention,
containment of the fuel, and maintaining the fuel temperature below oxidation limits for air
storage (which is well below fuel damage temperature limits).

1.2.6. Radioactive Waste and Aucxiliary Systems
1.2.6.1. Auxiliary Systems

The MVDS cooling system is passive and does not require electrical power. Equipment used at
the MVDS for fuel transfer or unloading requires electrical power for the CHM and TCRB
operations. The electrical power source is a 220 kVA 13 kV/480 Volt, three phase, padmount
transformer supplied by a 13 kV distribution line.

Backup power, which is used for security purposes only and is not tied to the MVDS, is supplied
by batteries. Loss of electrical power to the MVDS will not degrade safety during normal
operations, off-normal operations, and accident conditions.

1.2.6.2. Radioactive Wastes

There are minimal quantities of solid or liquid radioactive wastes generated at the MVDS. There
are no gaseous or liquid wastes produced under normal operation.

The solid wastes are limited to small filters for the filtration system on the CHM and isolation
valves (used during an off-normal event should individual fuel elements need to be handled) that
are exchanged using standard techniques, and general "house-keeping" items such as clothing,
swabs, vacuum-bags, etc.
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Table 1.2-1 Fort St. Vrain MVDS Design Parameters.

Parameter

Value

Heat Load per Fuel Element

Decay Period

Ambient Temperatures

Flood Level

Design Basis Earthquake Ground
Acceleration

Tornado Generated Missile/Velocity

Design Basis Tornado

Snow Loading

85 Watts (average)

600 days

-32 degrees F to 120 degrees F

6 ft.

0.1g

NUREG-0800 (Ref. 8)

Reg. Guide 1.76, Region 1 (Ref. 9)

30 psf
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Figure 1.2-1. MVDS Fort St. Vrain (without roof structure).
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Figure 1.2-2. MVDS Fort St. Vrain.
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1.3. General Systems Description
The major structures, system, and components of the FSV ISFSI are addressed in this Section.
1.3.1. MVDS Structure

The general arrangement of the MVDS structure is shown in Figures 1.1-1, 1.1-2, and 1.1-3.
The MVDS structure is comprised of vault modules, a TCRB, and a foundation structure.

Structural portions of the MVDS are designed to meet the requirements of American Concrete
Institute (ACI)-349 (Ref. 10) and are constructed to ACI-318 (Ref. 11).

1.3.1.1. Vault Module

The vault module provides shielding around the array of FSCs and provides for defined cooling
air inlet/outlet flow paths. The vault module structure is supported by an integral foundation
system. Cooling air enters the vault module (a common inlet plenum exists for all modules)
through a mesh covered opening, which prevents the ingress of birds, small animals, large
debris, and also is used as a security barrier. The labyrinth arrangement of the cooling air inlet
structure provides radiological shielding for the stored fuel. Cooling air distribution across the
outside of FSCs is improved by means of precast concrete collimators that are set into grooves in
the structure walls. The collimators also provide a contribution to the radiological shielding of
the stored fuel. The cooling air leaves the vault module through a second set of concrete
collimators, which serve the same functions as those at the inlet, and is exhausted to the
atmosphere through a concrete cooling air outlet chimney.

A steel canopy is provided on the top of the cooling air outlet chimney to prevent the ingress of
rain and snow. The opening of the outlet chimney is fitted with wire mesh. The ambient cooling
air does not come into contact with the fuel in the FSCs so that the internal walls of the vault
module will remain radiologically non-contaminated.

The floor of the vault module is sloped for drainage and provided with drainage connections.
Inset and grouted into the vault module floor are supports for the FSCs.

A construction recess is provided in the top of the vault module walls, which supports the charge
face structures. The charge face structure is set into each vault module to form the roof of the
vault and provide lateral support for the array of FSCs. Bearing pads are cast into the concrete
vault module recess to transmit charge face structure vertical loads into the building structure.

The charge face structure is shop fabricated, filled with concrete (for radiological shielding) at
the site and positioned in the vault module using a construction crane.

Above and running along each side of the charge face structure, the vault module incorporates
encast embedments to support the MVDS crane rails. The embedments transmit loads from the
crane to the building structure.
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The structural members of the MVDS concrete were designed and detailed in accordance with
ACI 349-85 (Ref. 10) and constructed in accordance with ACI 318-83 (Revised 1986) (Ref. 11)
using an enhanced quality QA program. The structural design of the MVDS meets or exceeds
the requirements of Regulatory Guide 3.60 (Ref. 12). The structural steelwork has been
designed in accordance with the American Institute of Steel Construction (AISC) Manual of
Steel Construction: Allowable Stress Design, Ninth Edition (Ref. 13).

The Design Basis Tornado (DBT) criteria have been established using Regulatory Guide 1.76
(Ref. 9) and American National Standards Institute (ANSI) A58.1 (Ref. 14). Tornado missiles
considered are in accordance with NUREG-0800 (Ref. 8).

Construction of the steel structure is in accordance with the AISC Manual of Steel Construction,
Allowable Stress Design, Ninth Edition.

The cladding/sheathing is considered to be of proprietary design although the attachments to the
main structure meets the requirements of the AISC Manual of Steel Construction, Allowable
Stress Design, Ninth Edition.

1.3.1.2. Transfer Cask Reception Bay

The TCRB is alongside and integral with the vault module structure. The bay provides an access
tunnel for the transfer cask trailer and tow vehicle. A rectangular access penetration through the
roof of the bay is provided for movement of the transfer cask to the charge face.

1.3.1.3. Foundation Structure

The foundation structure is designed to support the MVDS against the imposed loads created by
the structure weight, operating loads, environmental loadings and design basis earthquake.

1.3.1.4. Power Distribution and Lighting

Power is distributed to the MVDS crane, the CHM, power outlet sockets on the charge face
edge, power outlet sockets in the TCRB for MVDS heating and ventilation, and to a lighting
system for the charge face and the TCRB. Heating at the MVDS is accomplished using electric
radiant space heaters. The incoming main breaker and the individual circuit breakers are in an
enclosure inside the TCRB.

1.3.2. MVDS Equipment

FSV fuel was received at the MVDS via the transfer cask, which had an inner container (FSC)
designed to hold up to six FSV fuel elements or up to 12 keyed top reflector control rod
elements. The FSC is similar to the inner container used for shipping fuel off-site in the licensed
FSV-1 spent fuel shipping casks, which were used to transfer fuel from the FSV Reactor
Building to the ISFSI, as described in Section 4.3.

Fuel handling on the MVDS charge face is accomplished using a traveling electric MVDS crane
to effect movement of the transfer cask, CHM and other MVDS equipment.
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The structural design provides for storage of the container handling equipment and the complete
weather-proofing of the MVDS charge face and TCRB during the years of passive fuel storage.

1.3.2.1. Fuel Storage Container

The FSC replicates the functions and features of the 10 CFR Part 71 (Ref. 15) licensed FSV-1
spent fuel shipping cask inner container and provides a high integrity containment boundary for
the stored fuel. The FSC is the inner container that will be used in the more recently licensed
TN-FSV spent fuel shipping casks, discussed in Section 4.3.

Double metal O-ring seals between the closure and FSC body provide a high integrity and leak
checkable sealing arrangement designed to withstand exposure to radiation during the storage
period without the need for maintenance. A sealable O-ring interspace tapping allows container
sealing to be confirmed.

Empty and new FSCs are stored in the MVDS vacant vault positions.

The storage environment within the FSC is air, which is compatible with the maximum analyzed
fuel element temperatures and the properties of graphite.

The carbon steel body of the FSC is protected from atmospheric corrosion by application, during
manufacture, of a flame sprayed coating of aluminum to the outside surfaces. This method of
protecting FSCs has been used for many years in Europe, and the technique was validated by the
American Welding Society following a 19 year duration test program. The FWEA MVDS
Topical SAR (Ref. 1) referred to this experience, and NRC approval was given for the use of
carbon steel containers in MVDS where so protected (Ref. 2).

1.3.2.2. Container Handling Machine

The CHM provides the means of raising/lowering the FSCs from the transfer cask and
lowering/raising them into the vault storage locations. In the handling machine the container is
fully shielded, and the fuel decay heat is dissipated from the machine exterior surfaces. The
handling machine is moved over the storage vault using the MVDS crane.

The CHM is comprised of three major units that are described in the following:

1. Main Shield Tube

This lead-in-steel fabrication provides the necessary radial shielding for the FSC during handling
in the machine. A gusseted flange and spigot on its lower end allows the tube to be assembled

and bolted to the machine isolation valve. Two trunnions are incorporated near the top end of
the tube to provide a lifting feature for the whole machine.

2. Raise/Lower Mechanism

The raise/lower mechanism provides a high integrity means by which the FSC can be raised into
or lowered from the machine using a grapple. The mechanism and grapple are designed to be
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single failure proof. Thus, failure of any single component will not result in the dropping of a
FSC.

This mechanism comprises an acme thread leadscrew, drive unit, trunnion mounted nut, guide
system, duplex chains, sprockets and equalizing beam.

The FSC grapple is raised/lowered by the leadscrew/nut through two duplex chains. The chains
are connected at one end to the top of the grapple and at the other to an equalizing beam
mounted at the top of the machine. Each chain runs over a sprocket mounted on the nut trunnion
block and over two sprockets mounted on top of the machine body.

3. Controls

The CHM is controlled from a control panel located at the base of the machine, and the panel
will contain all the necessary contactors and relays. Control push buttons, displays and warning
lights are mounted on the face of the control panel.

Interlocks are provided between the CHM, the charge face isolation valve or CLUP isolation
valve and the MVDS crane such that:

1) The machine cannot be lifted unless the isolation valves are closed.
i1) The isolation valves cannot be closed unless the machine hoist is fully up.
ii1) The machine hoist cannot lower unless the isolation valves are open.

iv) The machine hoist cannot lower if hoist weight sensing indicates that the winch load is less
than the grapple weight.

In the unlikely event of failure of the MVDS crane hoist system while supporting the machine,
the drop height onto the charge face structure is limited to minimize the risk of damage to the
structure, fuel stored in the vault modules, and fuel that is contained in the CHM.

1.3.2.3. Isolation Valve

The isolation valves provide the necessary interface between the following:
1. Transfer cask load/unload and CHM

2. Charge face and CHM

3. Charge face and SPHD

4. Charge face and USPHD

They also provide the necessary shielding for charge face shield plug removal and replacement,
the removal of empty FSCs, and insertion of full FSCs into the vault during operational modes.
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The isolation valves are moved into their required positions using the MVDS crane and
dedicated slings such that potential drop height of the valves onto the charge face is limited.

The design incorporates a feature which interacts with the CHM to release its mechanical
interlocks. When the CHM is parted from the isolation valve, with gate valves in closed
position, the isolation valve in the handling machine is mechanically locked in the closed
position.

1.3.2.4. Charge Face Structure and Shield Plugs

The charge face structure is the shielding structure used to close the top of the storage vault and
to create the MVDS charge face. The charge face structure locates the top of each FSC in the
vault, maintaining the geometry of the fuel storage array. The charge face structure is a carbon
steel fabrication filled with concrete. The top plate includes threaded holes for bolting the
charge face isolation valve to the various positions on the charge face structure. The charge face
structure resists the imposed loads from the handling machine during a seismic event.

The charge face shield plugs complete the radiation shielding within the charge face structure
penetrations in conjunction with the FSC.

The shield plug is handled using the SPHD.
1.3.2.5. Fuel Storage Container Support

This simple component provides the spigot feature on the vault floor for the support and lateral
restraint of the base of the FSC.

1.3.2.6. Shield Plug Handling Device

The SPHD is designed to remove the charge face shield plugs using the MVDS crane and an
isolation valve. The device provides necessary shielding during the shield plug removal
operation. With the isolation valve gate open, the central lifting rod of the device can be lowered
and screwed into the shield plug top face allowing the shield plug to be raised and the isolation
valve gate closed. The device lifting rod is raised/lowered using the MVDS crane hoist.

1.3.2.7. Standby Storage Wells

Three SSWs are incorporated into the MVDS structure at the north end of the storage module.
The SSWs are included so the MVDS has operational flexibility for all anticipated potential
faults.

The functions of the SSWs are as follows:

1. Allows isolation of a defective FSC from the vault cooling system after removal from the
vault.

2. Allows total individual FSC leak checking throughout the storage period in a location remote
from the radiation fields associated with the storage vault(s).
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3. Provides basic provision to change fuel elements from one FSC to a spare unit in the unlikely
event of FSC failure.

4. Provides basic provision to move fuel elements from FSCs and discharge these into a
shipping cask for movement te-a-federalrepesitery-sometime in the future.

A SSW comprises a simple closed ended liner tube set into an enclosure created by the MVDS
structure, which provides necessary radiation shielding. The tube is designed to house a FSC
and support its base in a manner identical to that used in the storage vault. The charge face level
top plate allows for the level positioning and bolting of an isolation valve at the SSW locations.
The SSW can be closed using a charge face shield plug and sealed using a cover plate. A
sampling point, at charge face level with a self sealing coupling, allows the storage well volume
to be evacuated for total FSC leak testing.

If the SSW is occupied by a loaded FSC, the decay heat is dissipated to the surrounding air.

One SSW can be equipped with a spare FSC. The second and third will normally remain empty
unless a full defective FSC is removed from the vault.

1.3.2.8. MVDS Crane

The MVDS crane operates over the MVDS charge face and provides lifting for all operations.
Failure of the MVDS crane and subsequent dropping of the transfer cask, the handling machine
or the isolation valves will not result in the release of radioactivity, and the load handled by the
MVDS crane is not designated as critical. The MVDS crane structure and upper limit on hoist
travel will control the potential drop height of the CHM onto the charge face structure. The
MVDS crane is conservatively and seismically designed to retain and control the load during the
seismic event. The gantry and trolley are designed to remain in place on their respective
runways with their wheels prevented from leaving the tracks during a seismic or tornado event.

The operation of the MVDS crane is not critical to the safe handling of the FSCs/fuel elements at
the MVDS. Failure of the MVDS crane while handling the CHM or other components does not
result in a drop on to the charge face of greater than 4". The CHM is restrained from toppling by
secondary restraints which are attached to the crane structure from the CHM top plate. The 4"
drop is the maximum clearance between the charge face/shield plugs and the CHM support legs.

Design calculations for the 4" drop of the FSCs are included in the ISFSI SAR for the postulated
case of a FSC being dropped within the grapple release band on to a support stool, and the FSC
remains readily retrievable. This postulated drop is considerably less than the 22 feet drop
addressed for the FSC from the upper datum on to the vault floor for which calculations and
compression testing demonstrate that the FSC will not rupture and remains recoverable.

Therefore, the 4" drop of the CHM on to the charge face is bounded by the above calculations
and does not result in unacceptable radiation doses, criticality does not occur, and the FSC/fuel
remains readily retrievable.

Criticality and radiological aspects of accidents associated with failure of the MVDS crane have
been analyzed and are discussed in ISFSI SAR Section 8.
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1.3.2.9. Transfer Cask Load/Unload Port

The CLUP allows the transfer cask to be supported at the MVDS charge face level for FSC
loading/unloading operations. The port allows the loading port isolation valve to be located and
bolted into position over the transfer cask. Within the TCRB and below the port position, cask
restraint clamps are used to restrain the cask lower end for the seismic event.

1.3.3. ISFSI Facilities

The administration building is located on the west side of the MVDS as shown in Figure 2.1-3.
It consists of facilities to support ISFSI operations. There are no MVDS design or safety
requirements associated with the administration building. The Alarm Station is located at the
south end of the MVDS. See the FSV ISFSI Physical Security Plan for access control details.

Domestic water is supplied to the administration building from the Central Weld County Water
District. A septic system and leach field are located west of the administration building such that
any required maintenance may be performed without entering the protected access area. This
system is designed in accordance with Weld County requirements.

The administration building is electrically heated and cooled to provide comfort for the
occupants.

Electrical power is supplied from the 13 kilovolt (KV) overhead distribution line southeast of the
ISFSI facility. This line is fed from the Vasquez Substation. The ISFSI facility is fed via an
underground feeder to a 220 KVA 13KV/480V pad-mounted transformer located at the ISFSI.
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1.4. Identification of Agents and Contractors

In accordance with 10 CFR 72.16(b), the Secretary of Energy has designated the Manager of the
DOE Idaho Operations Office (DOE-ID) as DOE’s authorized representative for filing the FSV
ISFSI license transfer application and as the license holder. The DOE utilizes a contractor for
the activities controlled by DOE-ID, including the FSV ISFSI.

As the facility owner and licensee, DOE retains ultimate responsibility for the safe operation of
the facility and compliance with all license conditions. DOE contractually assigns day-to-day
operation of the facility to a qualified DOE contractor, formerly known as the Management and
Operating (M&O) contractor. Due to changes in contract nomenclature, this contractor will
simply be referred to as the “contractor.” The NRC is formally notified in writing upon the
selection of a replacement contractor tasked with ISFSI operation, when such contract changes
occur — per License Condition No.14.

To exercise its ultimate responsibility, DOE will: (1) retain responsibility for and perform
independent audits of the contractor’s FSV ISFSI Quality Assurance (QA) Program (both the
achievement of quality by contractor management and the verification of quality by contractor
QA personnel), (2) ensure the license requirements for the facility are included in the contract,
(3) assess the performance of the contractor against the terms of the contract, (4) retain the
responsibility to budget funds necessary and sufficient to safely operate the facility, and (5)
retain the authority to revise the contract in the event contract deficiencies are found relative to
proper implementation of license conditions.

The prime contractor for the design and analysis of the FSV ISFSI was Energy Applications

Division of Foster Wheeler Energy Corporation of Livingston, New Jersey in conjunction with
GEC Alsthom Engineering Systems Limited of Whetstone, England.
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1.5. Material Incorporated by Reference

1. FWEA MVDS Topical Safety Analysis Report, Revision 1, submitted to the NRC on
November 12, 1987.

2. Those items listed in the Reference Section for each SAR Section.
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9.

10.

11.

12.

13.

14.

15.
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2. SITE CHARACTERISTICS

2.1. Geography And Demography

2.1.1. Site Location

The FSV ISFSI is located next to the former FSV Nuclear Generating Station site. The site is
located about three and one-half miles northwest of the center of the town of Platteville in Weld
County, Colorado, and about 35 miles north of Denver. By far the majority of the land within
thirty miles of the site is agricultural. The area within a few miles of the site is characterized by
irrigated farm land and pasture land with gently rolling hills. The grade elevation at the ISFSI is
approximately 4,781 feet above sea level. By traveling approximately 20 miles directly west one
can reach the base of the Rocky Mountain Range. These "foothills" have an elevation of
approximately 6,000 feet above sea level. By going an additional 20 miles directly west one
would reach the Continental Divide with an approximate elevation of 13,000 feet above sea
level. Elevation changes in all other directions, north, east, and south are typified by changes of
only tens of feet within 30 miles surrounding the site.

The site is located approximately one mile south of the confluence of the South Platte River and
the St. Vrain Creek, 1/2 mile west of the South Platte River, and 3/4 of a mile east of the St.
Vrain Creek.

The ISFSI general location is shown on Figure 2.1-1. The plot plan of the FSV power
generating plant and the ISFSI is shown on Figure 2.1-2. The ISFSI's general arrangement is
shown on Figure 2.1-3. The local road network is described in Section 2.2.3.

The ISFSI administration building has been constructed, it was reviewed and licensed by the
NRC in the original license application. The administration building contains office space for
ISFSI operations.

Six 230 Kv transmission lines originate from the FSV switchyard. Their routes are shown on
Figure 2.1-5. The nearest 230 Kv transmission line route is about 1,500 feet west of the ISFSI
facility. A 13 Kv distribution line serves the ISFSI facility from the east. The distribution line is
shown on Figure 2.1-2.

2.1.2. Site Description

The ISFSI facility is located inside an independent controlled area. The minimum distance from
the MVDS outer concrete surfaces to the Controlled Area Boundary is approximately 331 feet
(101 meters). The ISFSI is inside an 8 foot high chain link fence with outriggers. The FSV
ISFSI Security Program establishes and maintains physical security for the ISFSI facility (see
Section 9.6).

A FSV ISFSI Emergency Response Plan (ERP) (Ref. ) is used should a radiological or non-
radiological emergency arise (see Section 9.5).

The natural topography of the ISFSI facility site is generally flat, with slight slope to the
northeast toward the Platte River (see Figure 2.1-4). The general surface drainage pattern is not
altered by the addition of the ISFSI facility.
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The area immediately surrounding the MVDS is surfaced with either asphalt or a gravel road
base material and is maintained essentially vegetation free. The ground surfaces surrounding the
exterior of the MVDS structure and the access trailer are sloped away for drainage. Where
potential for erosion exists, provisions are made to prevent such occurrence.

Other than ISFSI operation, no other activity is conducted inside the ISFSI controlled area.

The areas north and east of the ISFSI site continue to be used for farming. This activity does not
affect the operation of the ISFSI.

2.1.3. Population Distribution and Trends

The population density in the rural area surrounding the site is relatively low. The nearest town
is Platteville which is located between three and four miles from the ISFSI location. The
population of Platteville was -estimatedreported by the 2000 Census to be 2,370 and the
population within a 5-mile radius was_-estimatedreported to be 5,172.

The nearest population centers with a population over 25,000 are Greeley, Longmont and
Loveland. Greeley, which had a 1960 population of 26,314, increased to a population of 53,006
in 1980 and 76,930 according to the 2000 Census. The nearest boundary of Greeley is about 14
miles from the ISFSI location. Longmont, with a population of 11,489 in 1960, 42,942 in 1980
increased to 71,093 in 2000. Loveland, with a 1960 population of 9,734,30,244 in 1980
increased to 50,608 in 2000. The population center boundaries nearest the ISFSI for Longmont
and Loveland are within approximately 12 and 14 miles respectively.

2.1.3.1. Present Population Distribution

Population distribution of permanent residents within five miles of the ISFSI location is
displayed in Figure 2.1-4. The population is shown in each of the 16 sectors at one-mile
increments. The nearest permanent residence is located approximately one-half mile north of the
ISFSI facility. The population figures shown in Figure 2.1-4 were computed, based on the 2000
census.

The 2000 US Census Bureau block group data was used to generate Figure 2.1-4. Block groups
generally contain populations between 600 to 3,000 people and do not cross state or county
boundaries. To generate the Fort St Vrain population sector the number of people per square
meter was calculated. This was done by dividing the total population by the area of each block
group. Once this was completed the sector/rings were generated and centered on the facility. The
coordinates for the center of the facility were obtained from Google Earth. The sector/rings were
then intersected with the block groups which divided up each block group into individual sectors
grids. The population for each sector grid was then recalculated by multiplying the population
per square meter by the area to obtain the total population per sector grid. There is some seasonal
fluctuation in the population in agricultural areas surrounding the site due to migrant farm
workers. The usual length of stay for these workers is about four months during the summer.
The number of migrant and seasonal farm workers in the Greeley area for two previous growing
seasons averaged only about 500 persons. These farm workers, combined with all other visitors
and transients within five miles of the ISFSI location during the summer, would probably
amount to no more than a 20% increase over the number of permanent rural residents.
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2.1.3.2. Future Population Growth

Most of the land within a five-mile radius of the ISFSI location is agricultural. Changes will
occur in population density and land use mainly in and around the cities and towns and along the
major highways through this region. The future population trend is projected to the year 2041,
through the remainder of the license of the ISFSI facility. The population growth rate from 1980
to 2000 is assumed to continue for the licensed period. The population within the five-mile
radius of the ISFSI is projected to be 16,959, with 7,773 residing in Platteville. The projected
population distribution is shown in Table 2.1-2.

2.1.4. Uses of Nearby Land and Water

The site is located in the southwest corner of Weld County, Colorado, which is a large county
with an area of 4,033 square miles. The climate is dry and generally mild with long, warm
summers, open winters and a growing season of 138 days. The surface is level or rolling prairies
with low hills near the western border and elevations ranging from 4,400 to 5,000 ft. (Ref. 2).

Weld County is Colorado's leading producer of cattle, grain and sugar beets, and is the richest
agricultural county in the United States east of the Rocky Mountains. It is also becoming more
important as a milk-milk-producing county, with close to half of the state's cattle.

The leading industries in Weld County were livestock, food processing, and electronics.
Currently the major employers in-are education, government, electronics, trade, livestock, and
irrigated agriculture, in that order.

Weld County production of various minerals, petroleum, natural gas and coal constitutes
significant portions of the overall production within the State of Colorado. Coal mining is a
major activity in the area beginning about ten miles southwest of the ISFSI near the towns of
Frederick and Firestone, and extending to the southwest.

Land use within a five-mile radius of the ISFSI facility is predominantly agriculture. The major
farm products include feed corn, sugar beets, vegetables, beef cattle, sheep and turkeys. There
also is a limited amount of dairy farming in the area.

The industrial facilities within a few miles of the ISFSI site are primarily located in the town of
Platteville, about 3 1/2 miles Southeast of the ISFSI (see Section 2.2.1). Table 2.2-1 provides a
list of the manufacturing and related products within a five-mile radius.

The oil/gas wells and associated gas pipelines within approximately a one-mile radius of the
ISFSI are shown in Figure 2.2-1.

Combustion turbines and heat recovery steam generators for the FSV repower project have been
approved for installation on the east side of the Turbine Building, 1,200 — 1,400 feet south of the
ISFSI. The first combustion turbine was installed and placed into commercial operation in April,
1996. The repowering facilities are fueled by natural gas, and are further described in Sections
2.2.1 and 3.3.6.

Numerous permanent residences are dispersed within a five-mile radius, with the only municipal
population at the town of Platteville. The balance of the population is rural. The population
distribution is addressed in Section 2.1.3. During the summer, migrant farm workers increase
the rural population by about 20%.
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Because the majority of the land within a five-mile radius is privately owned and zoned
agricultural, no public recreation facilities exist in the area. The St. Vrain Creek and South Platte
River, the major natural waterways in the area, are not large enough to be used for water
transportation, boating or water skiing (Ref. 3). These two waterways, via diversion ditches,
supply the majority of the irrigation water for the farm lands.
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Table 2.1-1. Estimated-2000 Population as a Function of Distance and Direction from the FSV

ISFSIL.
Compass 0-1 Mile 1-2 Miles 2-3 Miles 3-4 Miles 4-5 Miles
Segment Center
N 3 19 37 38 130
NNE 3 31 69 44 47
NE 3 30 96 102 126
ENE 3 10 66 92 103
E 3 8 19 20 26
ESE 3 8 424 99 26
E 3 8 682 953 26
SSE 3 8 19 20 26
S 3 8 19 21 26
SSW 3 8 22 37 45
SW 3 10 100 129 162
WSW 3 16 119 130 164
W 4 18 73 83 104
WNW 3 15 36 38 49
NW 4 15 36 39 49
NNW 3 15 36 39 49
Totals 50 227 1853 1884 1158
* All population is rural except that shown for Platteville, totaling 2,370. Total population
within 5 mile radius is 5,172.
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Table 2.1-2. Forthe-Year2041+-Population as a Function of Distance and Direction from the
FSV ISFSI for the Year 2041.

Compass 0-1 Mile 1-2 Mile 2-3 Mile 3-4 Mile 4-5 Mile
Segment
Center
N 10 62 121 125 426
NNE 10 102 226 144 154
NE 10 98 315 335 413
ENE 10 33 216 302 338
E 10 26 62 66 85
ESE 10 26 1,391 325 85
SE 10 26 2,237 3,126 85
SSE 10 26 62 66 85
S 10 26 62 69 85
SSwW 10 26 72 121 148
SW 10 33 328 423 531
WSW 10 52 390 426 538
4 13 59 239 272 341
WNW 10 49 118 125 161
NW 13 49 118 128 161
NNW 10 49 118 128 161
Totals 164 742 6,075 6,181 3,797
* All population is rural except that shown for Platteville, totaling 7,773._Total population

within 5 mile radius is 16.959.

| Laticon withi le-radius is16.959.
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2.2. Nearby Industrial, Transportation, And Military Facilities

This section describes the industrial, transportation, and military installations and operations
located within a five-mile radius of the ISFSI facility.

2.2.1. Industrial Installations and Operations

The industrial installations are primarily located in the City of Platteville (located approximately
3 1/2 miles from the ISFSI). Table 2.2-1 provides a list of the manufacturers and related
products within a five-mile radius (Ref. 4). The farm feed/fertilizers may be stored in tall grain
elevator type structures. The failure (fire, explosion, collapse) of these tall structures, as well as
the other industrial facilities, would only impact the immediate surrounding area and not pose a
threat to the ISFSI facility.

The area surrounding the site is characterized as irrigated farm land and pasture land. Major
farm crops in this area are feed corn, sugar beets, and vegetables. The raising of beef cattle and
turkeys are other major activities in this area.

There are no tall structures located in proximity to the site whose collapse could impose damage
to the ISFSI MVDS. Exhaust stacks are installed along with the combustion turbines and heat
recovery steam generators in the FSV repeweringplant, located atleast1200-approximately
1,500 feet south of the ISFSI MVDS (See Section 2.2.4). However, this consideration was taken
into account when selecting the ISFSI location. Therefore, no hazard exists.

There are up to 16 oil/gas wells per square mile in the area around the site. There are also
associated oil production equipment and gas gathering pipelines (see Figure 2.2-1). Impact of
gas/oil well (including storage) and pipe line failure is addressed in SAR Section 3.3.6.

PSCo decided to repower the FSV plant, located approximately 1,500 ft. south of the ISFSI, with
combustion turbines and heat recovery steam generators. The Colorado Public Utilities
Commission granted approval by issuing the application for the Certificate of Public
Convenience and Necessity for phased installation of two combustion turbines and two
associated heat recovery steam generators, on July 1, 1994. The first combustion turbine was
installed and placed into commercial operation in April, 1996. The first heat recovery steam
generator for the first combustion turbine was put in service in May, 1998. The second
combustion turbine and its associated heat recovery system were put in service in 1999;-. and
tThe third combustion turbine and its associated heat recovery system were put in service in
2001. The fourth and fifth combustion turbines were put into service in 2009.

The combustion turbines and heat recovery steam generators are located on the east side of the
FSV Turbine Building (site of the decommissioned FSV Nuclear Generating Station). The
repowering facilities are fueled by natural gas. Natural gas is piped to the FSV power plant site
using a 24 inch diameter pipeline from a hub near Cheyenne, Wyoming that enters a metering
station near the intersection of Weld County Roads 19 1/2 and 34, approximately 5,700 ft. south-
southwest of the ISFSI. From the metering station, a 12-inch pipeline feeds natural gas to the
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combustion turbine(s). The 12-inch pipeline does not approach closer than 1,400 ft. to the
ISFSIL.

PSCo submitted to the NRC a description of plans for repowering the FSV plant, along with an
analysis of the effects of postulated worst-case natural gas pipeline ruptures at the ISFSI, as
described in Section 3.3.6. The NRC approved PSCo's proposed natural gas pipeline installation
plans, concluding that the installation of natural gas pipelines and repower facilities is acceptable
and does not pose a threat to nuclear safety at the ISFSI.

Farm field burning for weed control is occasionally utilized in the surrounding agricultural area.
The land immediately surrounding the ISFSI MVDS will be maintained vegetation free such that
the threat of a wild field fire impacting the MVDS is precluded. Smoke from such a field
burning fire would not adversely impact the MVDS ventilation system (see Section 3.3.2.2).

Chemical type fertilizers/machinery fuel may be stored at nearby farms within a 5 mile radius.
There are no stone quarries or mines within a 5 mile radius which are permitted to use and/or
store explosives.

2.2.2. Military Installations and Operations

There are no military installations or munitions depots located within a five-mile radius of the
site.

2.2.3. Transportation and Aircraft

In addition to the commercial aircraft activity, the agricultural industry in the surrounding areas
employs the use of small single engine aircraft for "crop dusting/spraying." These aircraft fly at
relatively low speeds and at low elevation directly over the crop field. There are no local
municipal or private airports within afive-mile radius of the ISFSI facility.

Denver International Airport (DIA) is located 24 miles south-southeast of the site. There are two
low altitude Federal airways which pass overhead within a five-mile radius, (Ref. 5). Victor 575,
which goes northwest from DIA toward Laramie, Wyoming, passes within approximately 4.8
miles southwest of the ISFSI; and Victor 220, which is directed southwest from Greeley,
Colorado, passes within approximately 4.1 miles to the northwest of the ISFSI (Ref. 1). There
also is a high altitude jet route passing within a five-mile radius of the ISFSI, designated J-13,
directed north from DIA towards Cheyenne, Wyoming. The ISFSI is located approximately 21
miles north and 9 miles west of the nearest DIA runway. A conservative assessment of the
annual probability of an aircraft impacting the ISFSI MVDS was made based on the following
information using the guidelines in NUREG 0800 (Ref. 6):

1. For the first six months after its opening on February 28, 1995, DIA had a total of
245,538 flight operations, an average of 1,334 operations per day. The Federal
Aviation Administration (FAA) at DIA indicated that flight paths of aircraft
departing DIA vary constantly depending on the departing and arriving runways in
operation. Arrival flight paths are more consistent, and the ISFSI is located outside
the area where arriving aircraft normally begin their final descent below 6,000 feet
above ground level into DIA. Aircraft arriving and departing DIA will normally be
at least 6,000 feet above ground level in the vicinity of the ISFSI (Ref. 7). In

FSV ISFSI SAR 2-14

Revision 8





response to PSCo's request for information, FAA personnel at DIA estimated that
66,000 flights per year pass through the airspace above a horizontal circle on the
ground, centered at the ISFSI, with a radius of 5 nautical miles (Ref. 8). This
estimate includes flights operating out of airports other than DIA, such as Loveland,
Fort Collins, Greeley and Jefferson County.

A traffic volume near the FSV site of 240 flights per day (15%) based on a DIA
daily traffic volume of 1,600 operations was conservatively assumed. Relative to the
major population centers throughout the continental United States, the majority of
the DIA operations would involve east-west destinations rather than north/south over
the ISFSI site. This volume includes general aviation (including crop dusting and
spray aircraft), air carrier and military.

The enroute accident rate was assumed to be 4E-10 per mile (Ref. 6). This value is
conservative (for the data presented in Ref. 6) since the ISFSI site is greater than 10
miles from the end of DIA's runways.

Although the legal width of Federal VOR airways is 9.2 statute miles, the effective
width of the Federal airways is 7 miles at the ISFSI site. Federal Aviation
Regulations (14 CFR 91.123(a)) require aircraft operating under IFR to fly along the
centerline of the Federal airway. The regulations (14 CFR 17194+-25) permit a
maximum error of £ 6 degrees in the aircraft equipment used to determine the
location of the airway. Since the ISFSI site is within 30 miles from 5 VOR
transmitters, the effective width of the airway at the ISFSI site would be 7 miles.

An impact angle of 45 degrees to the MVDS was assumed. This angle will result in
calculating the largest effective target area. The effective area of the MVDS would
be the (MVDS base area) + (MVDS elevation area x cot 45 degrees) = .0005 square
miles. An effective target area of .002 square miles, which includes the area within
the ISFSI fence, was conservatively assumed.

The annual probability of flight accident (PFA) of an aircraft traveling on an airway
or initial approach segment impacting on the ISFSI MVDS is given by Ref. 6:

where: PFA = CNA/W

£ » zZ
I

Probability of aircraft accident per mile of flight = 4E-10 per mile
Number of aircraft/year traveling on airway = 87,600
Effective area of plant = 0.002 square miles

Effective width of airway in miles = 7 miles

1.0 E-08 per year

FSV ISFSI SAR 2-15

Revision 8





NUREG-0800, Section 3.5.1.6, Acceptance Criteria states that "aircraft accidents which could
lead to radiological consequences in excess of the exposure guidelines of 10 CFR Part 100 with a
probability of occurrence greater than about 1E-7 per year should be considered in the design..."

It is conservatively concluded that the risk of an aircraft impacting upon the ISFSI MVDS and
causing radiological consequences exceeding 10 CFR Part 100 guidelines is below 1E-7 per
year. Such accidents are therefore not considered design basis events, and design for aircraft
impact or ensuing fire hazard is not necessary.

The nearest public roadway (Weld County Road 19 1/2) is located approximately 1,300 feet west
of the ISFSI. Travel on this road is typically local farm machinery, vehicles associated with
oil/gas well operations, local residents and employees at the FSV site. Interstate Highway 25
(U.S. 87) between Denver and Cheyenne passes about six miles west of the ISFSI facility, and
U.S. 85 between Denver and Greeley is about three miles to the east. Colorado State Highway
66, a two-lane, paved, principal through highway which connects Interstate 25 and U.S. 85,
passes about three miles south of the ISFSI facility. The FSV site is readily accessible by paved
roads, maintained by Weld County.

A railway system also is located within a 5-mile radius. A Union Pacific Railroad north-south
freight line runs through the City of Platteville to the east of the site. To the north
(approximately 6-7 miles) an east-west Union Pacific Line runs near the town of Milliken. From
this east-west railway, the Dent Line (5 miles owned by XCEL) is routed south to the former
FSV reactor site.

None of the public highway or railway systems poses a threat to the safe operation of the ISFSI.

2.2.4. FSV Power Generating Facility

With the FSV power generating facility located immediately adjacent to the ISFSI facility,
several industrial associated aspects and activities need to be addressed.

XCEL strategies have resulted in the conversion of the FSV reactor site to a fossil fueled power
plant, as discussed in Sections 2.2.1 and 3.3.6. One exhaust stack services each combustion
turbine and its associated heat recovery steam generator. The exhaust stacks are less than 180
feet high, and located a distance of at least +:+561,200 feet from the ISFSI MVDS structure. A
restriction in the site selection process (see Section 10.2 of Ref. 9) was that the FSV conversion
would be limited to using natural gas.

D1esel fuel oil (minimum of 1, 000 gallons) is stored in an above-ground storage tankDieselfuel

s ke runderground-tanks for operation of the standby
diesel generators at the FSV power generatlng facﬂlty s1te Smaller above ground tanks
(approximately 1,000 gallons) also exist for other equipment operation.

There are hazardous chemicals and flammable materials at the FSV power generating facility
site, including ammonia,-ehlerine; sulfuric acid, and hydrogen. None of these materials affect
the design of the MVDS.
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Table 2.2-1. Manufacturers Located Within a Five-Mile Radius of the Site.

Distance Company Name Product
Miles
3-4 PLATTEVILLE
Colorado Wire Cloth Screen wire cloth and bolts, tack-lag
Farley's Machine Air duct systems and wood planing
machines
MCO, Inc. Mobile home chassis
Morning Fresh Farms Protein supplement for cattle feed;
Richlawn Turf Food
Platteville Elevator, Inc. Manufactured, processed feed
Platteville Herald Newspapers
Longmont Foods Feedmill
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2.3. Meteorology

2.3.1. Regional Climatology
2.3.1.1. Data Sources

The regional climatology is described by data acquired from various sources at several locations
as described below. Figure 2.3-1 shows these cities, which are mentioned throughout Section
2.3, in relation to the FSV ISFSI.

Weather data for Brighton, Longmont, and Greeley (Tables 2.3-1, 2.3-2, and 2.3-3) were
collected by the Colorado Climate Center at Colorado State University. Information on extreme
winds in Section 2.3.1.3 is a summary of the work performed by Dr. Elmar Reiter, Professor of
Atmospheric Science, CSU. A complete report of Dr. Reiter's work is contained in References
10, 11, and 12. The tornado and thunderstorm data of Section 2.3.1.3 was extracted from
References 13 and 14, respectively.

Information regarding the Onsite Meteorological Measurement Program was obtained from the
Environmental Services Group of the National Oceanic and Atmospheric Administration
(NOAA) in Boulder, Colorado.

2.3.1.2. General Climate

The general climate around the FSV ISFSI is typical of the Colorado eastern-slope plains region.
In this semi-arid region the precipitation averages 10 to 15 inches a year, mostly from
thunderstorms in late spring and summer.

The wind records show no dominant direction, although winds out of the north by northeast
segment do occur with the greatest frequency. The winds are generally light (10 mph), with
higher velocities occurring during various atmospheric disturbances.

The weather is generally mild. Most seasons are characterized by low humidity and sunny days,
with occasional, short-lived storms bringing precipitation into the area. Relative humidity
averages about 40 percent during the day and 65 percent at night. Thermal radiation losses
resulting from lack of cloud cover provide considerable variation in temperature from night to
day. Although snowfall is significant, the snow cover is usually melted in a few days.

2.3.1.3. Severe Weather
2.3.1.3.1. Temperature and Precipitation

Tabulated below are temperature and precipitation records for three cities within 20 miles of
FSV (see Figure 2.3-1). The recording periods were 1973-1988 (Brighton), 1931-1988
(Longmont), and 1967-1988 (Greeley).
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Brighton Longmont Greeley

Max. Temp. (degrees F) 101 106 103
Min. Temp. (degrees F) -23 -36 -25

Max. Precip. - Day (in.) 2.73 4.04 3.20
Max. Snowfall - Month (in.) 22.1 32.4 37.3

Complete summaries of monthly climatic data for these locations are given in Tables 2.3-1, 2.3-2
and 2.3-3.

Actual on-site measurements at Fort St. Vrain for the period 1986 through 1989 yield the
following weather extremes:

Maximum Temperature 103.8 degrees F

Minimum Temperature -26.3 degrees F

Maximum Wind Velocity = 48 mph
at Wind Direction 6.5 degrees (NNE)

This information was extracted from archived weather data collected from FSV's previous 60
meter meteorological tower. Meteorological data acquisition during the operation of FSV is
explained in Reference 1.

The MVDS design temperatures are 120 degrees F and -32 degrees F as discussed in Section
3.3.2.2.2. The Thermal-Hydraulic Analysis of the MVDS (Appendix A3-1) has numerous
conservative assumptions and results in fuel temperatures significantly lower than allowable.

2.3.1.3.2. Extreme Winds

Seasonally, winds tend to be strongest in the late winter and spring, the season with high chinook
frequency, and again in the summer, when thunderstorms occur frequently.

Strong winds, especially under chinook conditions, have been observed on various occasions in
eastern Colorado. The chinook winds are strongest immediately to the east of the mountain
ridge and diminish rapidly over the plains with increasing distance from the mountains, as shown
by measurements from the National Center for Atmospheric Research (NCAR) wind network
near Boulder, Colorado on January 15, 1967:
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Location Peak Gusts 3-Hour Mean Direction

Speed

9PM -12AM
NCAR Building 125 MPH 52 MPH --
Bottom of Table Mesa, 3/4 miles 80 MPH 26 MPH WNW
northeast of NCAR Building
Boulder, Downtown 82 MPH 34 MPH --
Boulder, 76th Street 70 MPH 28 MPH WNW
Lafayette, Colorado 58 MPH 18 MPH WNW

At Stapleton International Airport, Denver, the "fastest mile" measured on January 15, 1967 was
equivalent to a wind velocity of 23 mph and the peak gust was 43 mph from the west.

This evidence suggests that the Denver gust data, taken at a comparable distance from the
mountains, would be more representative for the FSV site than the Boulder data. The Denver
"peak gust" for 20 years preceding 1967 was 70 mph, therefore, it appears that under non-
tornadic conditions 100 mph winds should provide maximum wind forces to be expected at the
FSV ISFSI (Ref. 12).

Figures 2.3-2 and 2.3-3 show the wind rose diagrams for Denver and Ft. Collins, Colorado. This
information was taken from Reference 11, which gives a complete description of the wind
characteristics near Fort St. Vrain.

The measurement records at the site reveal a strong prevalence of northerly and southerly winds
caused by the shallow depression of the St. Vrain Creek and the South Platte River and by the
proximity of the Rocky Mountains (see Figure 2.3-9).

2.3.1.3.3. Tornadoes

A study of tornadoes in the area surrounding the FSV site was conducted in March, 1967. The
results of the study are reported in Reference 12.

Since that report, several tornadoes have touched down in the Denver area. The following
information, from the National Center for Atmospheric Research, describes an event in which
three separate tornadoes hit Denver on June 3, 1981 (Ref. 15).

An aerial survey (see Figure 2.3-5) was conducted for the National Center for Atmospheric
Research in Boulder, Colorado, by Dr. Roger Wakimoto, of the University of Chicago, who has
done similar surveys for many of the more devastating tornadoes in the United States.
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Wakimoto used a tornado damage scale with a range of 0 to 5 that has been developed by Dr.
Theodore Fujita, Professor of Meteorology at the University of Chicago's Department of
Geophysical Sciences.

As the map indicates, the Fujita tornado damage scale is expressed in terms of wind speeds: 0 on
the scale equals winds of 40 to 72 miles per hour; 1 equals winds of 73 to 112 miles per hour;
and 2 equals wind velocities of 113 to 157 miles per hour. The tornado strengths were estimated
from the types of damage viewed in the aerial survey.

The 1981 tornado outbreak was the largest ever recorded in the Denver metropolitan area in the
75 to 80 years that the National Weather Service has been keeping records.

The FSV ISFSI is located in a region that typically experiences 5 tornadoes per year per 10,000
square miles (see Figure 2.3-4). The peak tornado activity occurs in the month of June (Ref. 13).
According to the National Weather Service, Weld County has had 117 tornadoes during the
period 1950-1987.

Maximum wind velocities in severe tornadoes of the FSV region should be less than their
midwestern counterparts. However, for design purposes the most severe tornado of Regulatory
Guide 1.76 (Ref. 16) was assumed (see Section 3.2.1).

2.3.1.3.4. Thunderstorms and Lightning

Northeastern Colorado has moderate thunderstorm activity. As shown in Figure 2.3-6 (Ref. 14),
the region near Fort St. Vrain averages 50 days/year in which thunder and lightning occur. The
majority of these thunderstorms are present from late spring through the summer.

2.3.2. Local Meteorology
2.3.2.1. Data Sources

The meteorological data base for the accident analysis is described in a report dated June, 1967,
and revised in November, 1970, by Dr. Elmar R. Reiter (Reference 10 and 12). These reports
include tables of wind speed, wind direction, and dilution factors for Fort St. Vrain.

2.3.2.2. Topography

The land near the ISFSI location is generally flat with the only significant features being the
South Platte River and the St. Vrain Creek. Detailed topographic features in the region
surrounding the ISFSI are shown in Figure 2.1-5.

2.3.3. Onsite Meteorological Measurement Program

The NOAA no longer maintains the on-site meteorological tower.

PSCo performed an evaluation (Reference 17) of its capability to comply with regulatory
requirements, particularly those involving emergency response, assuming NOAA discontintes
discontinued maintenance of their FSV meteorological tower. This evaluation determined that
operability of the NOAA meteorological tower on the FSV site is not required, and DOE can
fully comply with applicable regulations without reliance on data from this tower. It was
determined that meteorological monitoring is not required to protect the public from the effects
of potential releases of radioactivity from the ISFSI due to the extremely low dose consequences
projected to occur at the ISFSI emergency planning zone (EPZ) from worst case credible
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accidents, with whole body doses of approximately 1 mrem. The ISFSI EPZ is located
approximately 100 meters from the ISFSI MVDS structure. In the event of an accident at the
ISFSI involving radioactive release, dose consequences at the EPZ are conservatively assigned
by identifying the type of accident and using previous calculations of dose consequences at the
EPZ for the worst case scenario of that type of accident. Field monitoring data can be utilized to
validate these assigned doses. On-site meteorological monitoring also is not required to protect
emergency response personnel during an emergency. Personal observations by individuals
responding to an emergency may be used to assess wind direction and determine appropriate
access routes. Wind speeds associated with such tornadoes would be estimated based on
information obtained by the National Weather Service.

On site meteorological monitoring is as described in the FSV ISFSI Emergency Response Plan.

2.3.4. Diffusion Estimates
2.3.4.1. Basis

The design two-hour relative concentration (X/Q) at the controlled area boundary (CAB) for an
accidental release at the ISFSI is based on a Pasquill F type stability with a wind speed of 1.0
m/sec. The following equation for calculating (X/Q) is referenced in NRC Regulatory Guide 1.4
(Ref. 18) for these conditions.

X/Q= l[pIlYyo,]=3.3E-3 sec/m’

Meteorological conditions resulting in a higher value will occur less than five percent of the time
annually.

There are no long-term (routine) airborne releases associated with the operation of the facility;
therefore, no long-term diffusion estimate was made.
2.3.4.2. Calculations

Calculations of doses resulting from a potential accidental release from the ISFSI have been
performed based on the recommendations of NRC Regulatory Guide 1.4 (Ref. 18) using the
computer code MARC-1 (Ref. 19). MARC-1 calculates X/Q values assuming a Gaussian plume
model consistent with the recommendations of Reference 18.

The results of the calculations are presented in Section 8.1.
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Table 2.3-1. Climatic Data.

SUMMARY TF MCNTHLY CLIMATIC OATA FOR BRIGHTCN 1 NE COLORADO FOR YEARS 1973-1988 SUBSTATICN NC. 50952 > .3 Inv  «
LATITUDE - 40 O LONGITUDE - 104 48 ELEVATION - 4980 FEgT
JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NOV SEC ANN
MONTHLY PRECIPITATION (IN) AVE. 0.37 0.40 1.09 1.72 3.12 1.79 1.49 1,37 0.73 0.83 0.81 0.87 ‘4.3
MAX . 0.81 1.8 346 4.01 S.70 3.48 4.76 326 2.12 13.35 1.96 2.09 19.7%
YEAR 1976 1987 1983 1986 1987 1983 1977 1979 1985 198 1983 1973 1983
N, 0.10 0.10 0.22 0.32 0.14 0.76 0.3t 0.16 0.9 0.02 0.10 0.08 9.97
YEAR 1983 1982 1982 1982 1976 1975 1988 1985 1978 1988 1984 1980 1988
YEARS OF RECORD 15. 1S. 15. 15. 15, 1%, 1%. 15. 1. 15. 16. 16. 1%,
GREATEST DAILY PRECIP (IN) AMOUNT 0.58 0.60 1.32 2.26 2.73 2.27 2.25 1.26 0.8 .18 0.7 1.37
YEAR ANO DAY198819 198720 198306 198603 198213 197908 197721 197513 198529 197822 198715 197326
YEARS OF RECORD 15. 15. 15. 15. 15. 16. 14. 15. 14. 15. 1S. 16.
MONTHLY SNOWFALL (IN) AVE, 5.2 4.6 9.3 6.9 2.0 0. Q. Q. Q.7 1.9 7.0 7.5 47.2
MAX. 11.9 8.0 22.1 7.0 1. 0. Q. 0. 6.4 8.7 19,6 20.7 78.3
veas 1087 1087 1083  197¢ 1979 197¢ 1976 1974 1985 1984 1979 1973 1979
MIN, 1.0 1.2 11 0. 0. 0. 0. 0. 0. 0. 0.9 0.3 32.4
YEAR 1983 1982 1986 1985 1988+ 1988+ 1988+ 1988+ 1988+ 1983+ 1982 1980 1988
YEARS OF RECORD 15. 15. 15. 15. 1S. 14. 14. 1S. 16. 15. 1. 16. 12.
GRTST DEPTH SNOW ON GRND IN MON (IN) 15 7 13 3 0 0 0 6 b 18 14
YEAR AND DAY198301 198715+198831+198604 198317+ 0 0 198529 198416 198328 198227
YEARS OF RECORD 15. 14. 12. 13. 13. 13. 16. 15. 13. 13. 13. 15.
NO DAYS PRECIP GTR OR EQ 0.1 IN AVE, 1.4 1.5 3.5 6.1 5.1 3.8 3.2 2.9 2.6 241 3.0 1.8 35.2
MAX . 3 3 7 ] -] 6 5 7 é 5 7 A 43
YEAR 1985 1987+ 1983 1983+ 1982+ 1977 1983+ 1984 1985 1976 1683 1973 1983
N, 0 0 1 1 1 2 1 1 0 0 0 ol 26
YEAR 1983 1982+ 1982+ 1988+ 1974 1980+ 1987 1985+ 1978+ 1988+ 1976 1980+ 1988
YEARS OF RECORD 15. 15. 15. 18. 15. 14, 14. 15. 14. 15. 15. 16. 3.
NO DAYS PRECIP GTR OR €Q 0.5 [N AVE, 0.1 0.1 0.5 1.1 2.1 1.1 0.6 0.7 0.2 0.6 0.3 0.3 7.9
MAX. 1 1 2 2 S 3 2 3 1 4 1 2 1%
YEAR 1988 1987 1983 1986+ 1987 1987 1985+ 1979 1988+ 198  1987. 1982 1587
RiN. [ [} 2 [ 2 0 1] 0 o} 0 0 o 3
YEAR 1987+ 1988+ 1987+ 1988+ 1984+ 1978+ 1988+ 1988+ 1986+ 1988+ 1988+ 1988- ‘376
YEARS OF RECORD 15. 15. 15. 15. 15. 16. 1. 15. 14. 15. 15. 6. '3,
NO DAYS PRECIP GTR OR EQ 1.0 IN AVE, 0. 0. 0.1 0.1 0.8 0.4 0.4 0.3 0. 0.1 0. 0.1 2.3
MAX . 0 0 1 2 2 2 2 1 0 1 0 1 S
YEAR 1976 1974 1983 1986 1988+ 1983 1983+ 1987« 1976 198+ 1973 973 ‘983
MIN. 1] 0 0 [+} Q 0 0 0 0 0 0 3 J
YEAR 1988+ 1988+ 1988+ 1988+ 1984+ 1968+ 1988+ 1988+ 1988+ 1988+ 1988+ 1988+ '980
YEARS OF RECORD 15. 15. 15. 15. 18. 14. 14. 18. 14, 15. 15. 18. ‘3.
NUMBER OF DAYS WITH HAIL AVE. 0. 0. 0. 0. 0.1 0.1 0.1 0.3 Q. 0. 0. 0. a.5
MAX . 0 0 0 1 1 1 2 0 0 0 2 3
YEAR 1976 1976 1976 1974 1980 1960 1980 1981 1974 1973 1973 1973 ‘940
LI 0 0 0 0 0 Q [} 9 0 0 0 o 3
YEAR 1981+ 1981+ 1981« 1981+ 1979+ 1979+ 1981+ 1980« 1981+ 1981+ 1981+ 1081 ‘979«
YEARS OF RECORD 8. 8. 8. 8. 7. T. 8. 8. 8. 9. 8. 9. 5.
** NOTE : MANY WEATNER STATIONS DO NOT RECORD ALL MAIL OCCURRENCES. THEREFORE THESE OATA MAY NOT BE REPRESENTAT:/(E.
NO. OF OAYS WITH SNOW ON GROUWD AVE. 15.6 8.7 4.9 e.7 0.4 S. . . 8.1 Q9.7 4.3 112 st L
(GTR OR EQ 1 INCH ON GROUMD) MAX . 1 14 1" 4 2 0 0 0 1 3 22 3 32
) YEAR 1988+ 1988 1963 1974 1983+ 1976 1976 1976 1585 1984 1985 1983 8l
LI 1 0 0 0 0 0 0 "] ) 0 0 : 8
YEAR 1977 1982 1982 1985+ 1988+ 1968+ 1968+ 1988+ 1988+ 1988+ 1982+ 1980 378
YEARS OF RECORD 15. 15. 14. 18. 18. 1. 1. 15. 1%. 15. 15. 'S o
PREPARED BY : COLORADO CLIMATE CENTER
DEPARMENT OF ATMOSPERIC 31 ~ ¢
COLORADO STATE UNIVERS:i®~*
FORT COLLINS, CO 80523
(303) 491 - 8545
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Table 2.3-1. Climatic Data.

SUMMARY CF MONTHLY CLIMATIC OATA FOR BR{GHTON 1 NE COLCRADC FOR YEARS 1973-1988 SUBSTATICN NC. 33681 I..::

LATITUDE - 40 O LONGITUDE - 104 48 ELEVATION - 4980 FEET
JAN FEB MAR APR MAY JUN JuL AUG SEP ocT NQV SES

MONTHLY MEAN MAXIMUM TEMP (F) AVE. 41.1 8.3 553 4.1 72.2 8.2 89.64 8.5 793 68,1 51.5 6.2
MAX, S4.1 S5.7 83,7 7.5 78.64 8.0 1.6 90.4 8.9 72.5 59.7 55.7

YEAR 1986 1976 1986 1681 1974 1980 1980 1985 1977 1975 1981 1980

WIN. 30.6 40.2 49.0 55,2 66.9 77.5 &8.1 8.1 75.0 S8.2 40.5 28.5

YEAR 1979 1978 1983 1983 1983 1983 1985 1981 1985 1984 1985 1983

YEARS OF RECORD 15. 15. 15. 15. 15. 16, 14, 15. 14, 1. 1S. 16.

MONTHLY MEAN MINIMUM TEMP (F) AVE. 13,0 19.2 25.4 33.2 42.5 51.6 56.7 54.6 45.64 36,6 22.8 15.9
MAX. 23.5 26.5 32.0 38.3 46.64 S$6.3 58.7 S8.5 48.5 37.0 26.3 2.8

TEAR 1986 1987 1986 1981 1987 1988 1985 1983 1981 1988 1981 1980

MIN, 3.0 12,7 21.3 8.3 39.1 47.7 S54.9 50.2 40.7 30.6 6.7 3.4

YEAR 1979 1985 1976 1975 1983 1975 1979 1976 1976 1976 1979 1983

YEARS OF RECORD 15. 15. 15. 15. 15, 1. 14. 1S. 14. 15. 15, 16.

MONTHLY MEAN AVERAGE TEMP (F) AVE. 27.1 33.8 40.6 48.7 57.4 68.0 73.1 70.5 &2.6 51.64 37.2 30.0
MAX. 38.8 39.3 47.9 55.4 1.2 TV.7 7.9 73.8 45.64 53.7 43.0 0.3
YEAR 1986 1976 1986 1981 1974 1988 1980 1983 1981 1988 1981 1980
MIN. 16.8 27.6 36.5 42.5 53.0 4&3.4 71.9 &67.3 8.2 45.7 29.5 16.0

YEAR ISTS 1985 1980 1984 1083  108T 1078 1076 107: 198 1985 1083

YEARS OF RECORD 15. 15. 15. 15. 15. 1. 1%. 15. 14. 15. 15. 16.

DEGREE DAYS  (BASE 65F) AVE. 1168.8 B874.6 756.4 483.1 260.3 1.1 1.1 6.7 121.9 416.5 828.2 1076.8
MAX. 1686 1043 881 668 349 110 H 21 215 594 1057 1519
YEAR 1979 1985 1980 1984 1963 1963 1987 1987 1974 1986 1985 1983
MIN, 806 740 526 287 141 0 0 0 37 343 654 761

YEAR 1986 1976 1986 1981 1977 1977 1988+ 1986+ 1981 1988 1981 1980
YEARS OF RECORD 15. 15. 15. 15. 15. 14, 14, 15. 14. 15. 15. 16.

NQ DAYS MAX TEMP GTR OR EQ 90F AVE. 0. 0. g. 0. 0.4 9.2 16.6 10.5 3.8 0. 0. 0.
MAX. 0 0 0 0 2 16 3 19 9 Q 0 .0
YEAR 1976 1976 1976 1976 1988+ 1980 1980 1965 1978 1973 1973 1973
LILN 0 0 0 0 0 é 1?2 5 0 0 0 0

YEAR 1988« 1988+ 1988+ 1988+ 1987+ 1983 1986 1976+ 1986 1988+ 1988« 1988
YEARS OF RECORD 15. 15. 15. 15. 15. 1%, 14, 15. 1. 15. 15. 16.

NO DAYS MAX TEMP LESS OR EQ 32F AVE. 8.0 3.8 1.3 03 0. 0 0. 0. 0. 01 28 5%
MAX, 19 7 ‘ 3 0 0 0 0 0 110 s
TEAR 1979 1986 1983 1983 1974 IST4 1974 1974 1974 1984 1985 1983
nIN. 0 0 0 0 0 0 0 0 0 0 0 1

YEAR 1986 1977 1986+ 1988+ 1988+ 1988+ 1988+ 1968+ 1588+ 1988+ 1983+ 1976
YEARS OF RECORD 15. 15. 15. 15. 15. 1. 1%, 1s. 14, 15. 15. 16.

NG DAYS MIN TEMP LESS OR EQ 32F AVE. 30.5 26.6 26.2 13.0 1.9 0. 0. o. 1.7 1.3 2.1 30.1
MAX . 3t 29 3 26 14 0 [} 0 é 18 30 n
YEAR 1968+ 1984+ 1984 1986 1979 1976 1976 1974 1985 1980+ 1979 1988«
1L N 29 20 18 H 0 0 0 0 0 8 22 27

YEAR 1975+ 1986 1986 1985+ 1987+ 1988+ 1988+ 1988+ 1968+ 1988+ 1587 1980
YEARS OF RECORD 18. 15. 1s. 15. 13. 1. 1. 15. 16, 15. 15. 16.

NO DAYS MIN TEMP LESS OR EQ 0 F AVE. 5.2 1.8 0.5 0.1 0. 0. 0. 0. 0. 0. 0.7 3.3
MAX. 15 7 3 1 0 0 0 0 0 0 3 12
YEAR 1979 1985 1976 1975 1974 1976 1974 1976 1974 1973 1979 1983
nin. 0 0 0 0 0 0 0 0

0 0 0 0
YEAR 1966+ 1987+ 1968+ 1988+ 1968+ 1988« 1988+ 1988+ 1968+ 1988+ 1988+ 1984~
YEARS OF RECORD 1. 15. 15. 18. 15. 16. 1. 15. 1%. 15. 15. 16.

WIGHEST TEMPERATURE (F) ™>e 76 7 82 86 14 100 100 101 9% 87 30 76
YEAR AND DAY198226 198625 198630 198126 196816+198308 196121+198006 197909+197801+197808 198017

YEARS OF RECORD 1. 18. 18. 18. 18. 1. 1. 15. 1%. 18. 15. 16.

LOWEST TEMPERATURE (F) RN - -20 -8 -8 2 3s 46 A1 19 15 -7 -23
YEAR AND DAY198418 198S05+197606+197502 197807 197511 196713 197819 196529 197619 197627 198321

YEARS OF RECORD 15. 15. 15. 15. 15. 14. 14. 15. 1. 15. 15. 16.

PREPARED 8Y : COLORADO CLIMATE CENTER

N -

ANN

45.1
67.6
1981
62.6
1983
13.

3.6
37.2
1986
3.7
197%
13.

9.9
52.1
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Table 2.3-2. Climatic Data.

SUMMARY OF MONTHLY CLIMATIC DATA FOR LONGMONT 2 ESE COLORADO FOR YEARS 1931-1988 SUBSTATICN NO. 55'°5 2115028 -

LATITUDE - 40 10 LONGITUDE - 10S 4 ELEVATION - 4950 FEET
JAN FEB MAR APR MAY JUN Jui AUG SEP ocT NOV OEC

MONTHLY PRECIPITATION (IN) AVE. 0.36 0.1 0.93 1,70 2.52 1.66 1.12 1,01 1,18 0.90 0.58 0.45
MAX.  1.13 145 469 4,84 6.88 6.23 3.764 3.9 6.06 4.81 2.46 .73
YEAR 1980 1987 1983 1987 1957 1947 1946 1979 1938 1969 1983 1987
N, 0. 0. 0.0 0.0¢ 0.08 0.01v O. 0. 0. 0. 0. 0.
YEAR 1952+ 1954+ 1966 1963+ 1976 1971 1939 1971 1954« 1934 1949+ 1957+
YEARS OF RECORD 58. 58. s8. 58. 58. 58. s8. 58. 58. s8. S8. 58.

GREATEST DAILY PRECIP (IN) AMOUNT 0,75 0.78 1,45 2.70 4.04 2.38 1.52 1.7 1.60 1.8 0.& 0.72
YEAR AND DAY197320 195728 195221 196714 195709 197206 198311 195103 197619 197822 198715+197326
YEARS OF RECORD 40. o1, 41, 41, «0. 41, 41, (38 41, o1, 61, 40,

MONTHLY SNOWFALL  (IN) AVE. 5.6 5.4 7.9 5.5 0.6 0. 0. Q. 0.6 1.6 5.3 5.3
MAX, 18,0 15.5 26.0 25.5 8.0 0 0. 0. 10.0 2.5 32.¢ 32.0

YEAR 1962 1955 1970 194 1979 1931 1931 1931 1971 1969 1966 1982

MIN, 0. 9. a. 0. 0. 0. Q. 0. 0. 0. 0. 0.

YEAR 1983+ 1970+ 1966+ 1988+ 1088+ 1588+ 1968+ 1968+ 1988+ 1988+ 1978+ 1980«

YEARS OF RECORD 55. 51. se. 53. 56. 58. s8. 58. 58. 56. 57. 55.

GRTST OEPTH SNOW ON GRNO IN MON (IN) 12 8 14 16 3 0 0 0 9 1 9 16
YEAR AND DAY 0 1971214195221 195703 197301+ [} 0 0 197118 196912 0 198510
YEARS OF RECORD 3. 27. 33. 8. 8. 0. 40. 40. 38. 3. 33. 31.

NO DAYS PRECIP GTR OR EQ 0.1 [N AVE, 1.8 1.7 3.5 4.4 5.9 6.8 3.9 3.5 3.0 2.5 2.2 1.7
MAX 8

. 4 5 10 10 13 16 10 13 9 7 3
YEAR 1949 1987« 1949 1957+ 1952« 1949 1965 1952 1976+ 1969 1992 1982«
MM, 0 9 Q 0 2} 0 1 g Q 0 8] Q

YEAR 1986« 1982+ 1066 1582+ 1974 1980+ 1968+ 1985+ 1978+ 1988« 1978+ 1977+
YEARS OF RECORD 38 40. 41, 40. (3 41, (3 el 61, 61, 40. 41,

NO DAYS PRECIP GTR OR €Q 0.5 IN AVE. 0.1 0.1 0.5 1.0 1.4 1.0 9.5 0.6 0.6 0.5 0.2 0.3
&

MAX. 1 1 3 3 b] 3 0 3 3 2 2
YEAR 1973+ 197Se 1983 1974+ 1978« 1049 1967 1979 1971+ 1969+ 1985+ 1985¢
L1L 0 0 0 0 0 0 0 0 0 0

9 0
YEAR 1988+ 1988+ 1987+ 1968+ 1985+ 1988¢ 1968+ 1987+ 1987+ 1988+ 1988+ 1987+
YEARS OF RECORD 40. 40, 40. 40, 39. . 40. 40. 40. 40. 40. 40.

NO DAYS PRECIP GTR OR EQ 1.0 IN AVE. 0. . 0.1 0.2 0.6 0.3 0.1 0.1 0.2 6.2 0. 0.
MAX, 0 0 3 2 3 3 1 1 2 H 0 Q
YEAR 1948 19648 1983 1973« 1978 1949 1083+ 1988+ 1970 1969 1948 1948
MiN. 0 0 0 0 0 0 0 0 0 9 0

0
YEAR 1988+ 1988+ 1968+ 1988+ 1987+ 1968+ 1968+ 1967+ 1988+ 1988+ 1988+ 1588+
YEARS OF RECORD 40. 40. 40. 41. 0. 40, 40. 40. 40, 40. 40. «0.

NUMBER OF DAYS WITH HAIL AVE. 0. 0. 0. 0.0 0.2 0.2 0.1 0.1 0. 0. 0. 0.
MAX. 0 0 0 1 2 2 1
YEAR 1956 1956 1986 1964 1971 1969 1976+ 1965e 1936 1956 1956 1956
LIt 0 0 [ 0 0 0 0 0 0 0
YEAR 1981+ 1981+ 1981+ 1981« 1981+ 1981+ 1981+ 1981+ 1981+ 1981+ 1981+ 1981
YEARS OF RECORD 26. 26. 26. 2. 26. 26. 26. 26. 26. 26.

26. 26.
e NOTE : MANY WEATHER STATIONS DO NOT RECORD ALL MAIL OCCURRENCES. THEREFORE THESE DATA MAY NOT BE REPRESENTATIVE.

NO. OF DAYS WITH SNOW OM GROUND AVE. 8.7 5.9 4.8 1.6 0.1 o. 0. 0. 0.2 0.8 3.4 7.
(GTR OR €Q 1 INCH OM GROUMD) NAX. 20 16 13 é 1 0 0 0 3 1 18 31
YEAR 1974+ 1966 19653 1975+ 1979¢ 1943 1963 1963 1985« 1969 1985 1985
nn, 0 [} 0 0 0 0 0 0 0 0 0 3
YEAR 1987+ 1963+ 1982+ 1965+ 1988+ 1988+ 1968+ ~ 1968+ 1988+ 1988+ 1988+ 1984~
YEARS OF RECORD 19. 16. 20. 21, 2. 26. 26. 26. 26. 25. 22. %.

PREPARED OY : COLORADO CLIMATE CENTER
DEPARMENT OF ATMOSPER!IC SI
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12.84
20.91
1983

1939
S8.

37.3

67.5
1973

15.6
1943

318.6
a3
1951
21
1964
38.

8.6
15
1983
2
1964«
39.

1.9
7

1983
b

1987
&J.

9.7
2
1972
2
1981
26.

na

«0
1963
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Table 2.3.2 Climatic Data

SUMMARY CF MONTHLY CLIMATIC DATA FOR LONGMONT 2 ESE COLCRADC FOR YEARS '93'-1988 SLBSTATIIN NC. 337

w
’

LATITUDE - 40 10 LONGITUDE - 105 & ELEVATION - 4950 FEET
JAN FEB MAR APR MAY JUN Jub AUG SEP ocT NCV SEZ

MONTHLY MEAN MAXIMUM TEMP (F) AVE. 42.0 45.9 52.0 &42.1 711 81.8 88.7 86.6 78.2 &7.1 52.2 &&.7
~ MAX. S53.1 1.9 63.1 71,2 79.7 89.9 93.0 92.1 8.0 75.6 67.0 56.9

YEAR 1953 1956 1986 1964 1934 1956 1936 1937 1983 1950 1949 1957

MiN. 27.5 32.5 39.8 S51.8 S9.5 72.6 8.6 82.5 66.1 51.0 0.2 27.8

YEAR 1937 1942 1965 1957 1935 1947 1972 1979 1965 1969 1985 1583

YEARS OF RECORD 58. S8. S8. S8, S8. 58. S8, S8. S8. S58. S&.  Sa.

MONTHLY MEAN MINIMUM TEMP (F) AVE. 11,4 16,3 22.9 32.5 42.2 50.1 55.3 53.6 4&.2 33.6 21,9 1%.7
MAX. 21,2 2.0 31.1 39.3 46.0 55.6 58.8 58.5 50.1 39.64 27.2 23.3

YEAR 1986+ 1976 1986 1981 1958 1977 1956 1983 1940 1963 1949 1980

MmN, -3.2 6.8 16.5 27.0 38.64 45.6 52.5 8.0 388 27.8 5.8 0.5

YEAR 1937 1962 1965 1945 1983+ 1945 1959+ 1950 1988 1969 1952 1932

YEARS OF RECORD 58. 58. 58. 58. 58. 58. 58. 58. 58. 58. 58. 58.

MONTHLY MEAN AVERAGE TEMP (F) AVE., 26.7 31.1 37.4 47.3 S6.7 66.0 72.0 70.1 61.2 50.3 37.0 29.7
MAX. 37.2 41.8 47.1 S4.5 62.64 TV.6 T5.9 7.7 66.0 56.8 47.1 38.8

YEAR 1953 1954 1986 1981 1934 1977 1956 1983 1981 1963 1949 1980+

MIN, 12.2 18.6 27.2 39.9 49.6 59.8 68.5 66,8 53,1 39.64 283 16.2

YEAR 1937 1962 1965 1965 1935 1945 1950 1950 1965 1949 1985 1983

YEARS OF RECORD 58. s8. 58. 58. 58. 58. 58. 58. 58. 58. s8. 58.

DEGREE DAYS  (BASE &65F) AVE. 1196.4 947.2 862.1 527.6 248.6 62.3 6.0 13.4 157.9 457.1 838.7 1:20.0
MAX, 1544 1214 1167 726 400 161 52 o9 357 785 1095 51t

YEAR 1962 1955 1965 1957 1983 1969 1972 1968 1965 1969 1985 1983

MIN. 869 745 549 317 126 0 0 0 38 268 642 806

YEAR 1986 1976 1986 1981 1977 1977 1986+ 1986+ 1981 1963 1981 1980

YEARS OF RECORD 34. 3. 3. . 4. M. 3. 34. 3. 34, 34, 3.

NO DAYS MAX TEMP GTR OR EQ 9OF AVE. 0. 0. 0. 0. 0.8 7.7 154 1.8 3.5 0.0 0. 0.
MAX. 0 0 0 o b 16 26 3 " 1 0 ]

YEAR 15948 1948 1948 1948 1964 1980+ 1954 1983 1978 1980 1948 1948
MIN. 0 0 0 9 0 0 5 3 ] 0 0 9
YEAR 1988+ 1988+ 1988+ 1988+ 1987+ 1967+ 1958 1963 1986+ 1988+ 1988+ 1988«

YEARS OF RECORD 40. 40. 40. 40. 40. 41, 41, (38 &1, 40. 40. 40.
NO DAYS MAX TEMP LESS OR EQ 32F AVE. 8.1 4.7 2.7 0.5 0. 0. 0. 0. 0. 9.2 3.1 5.3
MAX 20 1" Al ) 0 0 [+} 0 0 2 10 77

YEAR 1979 1955 1965 1959 1948 1948 1948 1948 1948 1971+ 1985. 1583
LILN 0 0 0 0 9 0 0 0 0 0 0 0

YEAR 1986 1977+ 1986+ 1988+ 1988+ 1988+ 1988+ 1988+ 1088+ 1988+ 1988+ 1959+
YEARS OF RECORD (3 (38 41, «0. 40. 40. 40. 40. 40. 40. 41, o1,

NO DAYS MIN TEMP LESS OR EQ 32F AVE. 30.4 27.3 27.9 13.9 1.8 0.0 0. 0. 1.3 141 27.7  30.4
MAX. 31 29 3 3 é 1 0 0 7 23 30 n
YEAR 1987+ 1988+ 1984+ 1984¢ 1979+ 1951 1048 1948 1988+ 1948 1984+ 1988+
LIL A 26 3 20 ] 9 0 0 0 0 3 23 26

YEAR 1971 1986 1986 1981 1987+ 1988+ 1988+ 1988+ 1987+ 1963 1981 1977
YEARS OF RECORD 41, 41, 41, 61, 41, 40. 40. 40. 40. 40. 3 o1,

NO DAYS MIN TEMP LESS OR EQ O F AVE. 6.1 2.8 1.1 0.1 0. 0. 0. 0. 0. 0.0 0.6 3.2
o 16 10 7 2 0 0 0 0 0 1 5 13

YEAR 1979+ 1955 1948 1975+ 1948 1943 1948 1948 1968 1969 1952 1972

1L 0 0 0 0 0 0 0 0 0 2

0 0
YEAR 1986+ 1987+ 1988+ 1988+ 1968+ 1988+ 1988+ 1968+ 1988+ 1988+ 1988+ 1980
YEARS OF RECORD 41, 40. 6. 40. 40. 40. 40. 40. 40. 40. 41, (3P

O P 73 7 82 87 9% 105 106 103 L4 9N 83 78

YEAR AND DAY198227 193227 197127+198127 196928+195424 197307 194703 196001 193407 193102 19391!

YEARS OF RECORD 58. 58. 58. s8. s8. 58. 58. 58. 58. 58. 58. 58.
LOWEST TEMPERATURE (F) e -3 -36 -26 -10 26 31 40 38 18 0 -2 -29
YEAR AND DAY194313+195101 193208 194504 198803+194713 195209 196428 198530 196913 195010 19321

YEARS OF RECORD 58. 58. s8. s8. 58. 8. 58. s8. 58. 58. 58. 58

HIGHEST TEMPERATURE (F)

PREPARED BY : COLORADO CLIMATE CENTER

ANN

644
9.1
1934
1.7
1985
58.

33.2

1981
30.4

S8.
«8.8
51.9

1934
6.9

1962
58.

4395 ¢
1984

5423
1981

19.9
61
1980

1967
@J.

26.9

1948

<984
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Table 2.3-3. Climatic Data.

SUMMARY OF MONTHLY CLIMATIC DATA FOR GREELEY UNC

LATITUDE - 40 25

MONTHLY PRECIPITATION (IN) AVE.
MAX .
YEAR
MIN.
YEAR
YEARS OF RECORD

GREATEST DAILY PRECIP (IN) AMOUNT

YEARS OF RECORD

MONTHLY SNOWFALL  (IN) AVE.
MAX.
YEAR
L1
YEAR

YEARS OF RECORD

GRTST DEPTH SNOW ON GRNO [N MON (IN)

YEAR AND DAY197103

YEARS OF RECORD
NO DAYS PRECIP GTR OR EQ 0.1 IN AVE.

YEAR
MIN.
YEAR
YEARS OF RECORD

NO DAYS PRECIP GTR OR EQ 0.5 I[N AVE.
MAX .

YEAR

LIL IS

YEAR

YEARS OF RECORD

NO DAYS PRECIP GTR OR EQ 1.0 IN AVE,

YEAR

LI

YEAR

YEARS OF RECORD

NUMBER OF DAYS WITH HAIL AVE.
MAX
YEAR
MIN.
YEAR
YEARS OF RECORD

** NOTE : MANY WEATHER STATIONS DO

NO. OF DAYS WITH SNOW ON GROUND AVE.

(GTR OR EQ 1 [NCM OM GROUND) MAX.
YOAR
nin.
YEAR

YEARS OF RECORD

N -

ANM

‘6.8
22.17
1979
8.4
1948
21,

42.9
68.7
1983
17.4
1976
15.

Se.2
R
1989
'3

(-2 od

COLORADO FOR YEARS 1967-1588 SUBSTATICN NO. 53553 Zi.:3!
LONGITUDE - 104 42 ELEVATION - 4450 FEET
JAN FES MAR APR MAY JUN JuL AUG SEP ocT NOV D€C
0.45 0.35 1.08 1.8 2.82 1.8 1.3 103 1.07 1.00 0.8 0.53
1.46 1,52 2,90 3.41 5.36 3,68 2.7 3.89 3.36 4.6 2.9 1.1
1980 1987 1979 1983 1981 1983 1981 1979 1971 1969 1983 1979
0.02 0. 0.09 0.18 0.10 0.43 0.28 0.12 0. 0.03 0.02 0.
1975 1977 1978 1982 1976 1973 1972 1973 1978 1988 1971 1974
a1. 21. 22. 22. 22. 22. 22. 22. 22. 22. 22. 22.
0.5 0.7 1,08 1.7 2.9% 3.20 1.45 1.65 1.8 1.93 1,22 0.7%
YEAR ANO DAY197320 198726 197922 197122 197529 197408 198126 197910 197117 197822 197920 197927
21. 1. 22. 22, 22. 22. 2 . a2. 22. 22. 22.
$.3 3.8 8.1 6.8 1.1 0. 0. 0. 0.7 3.5 8.4 7.0
16.3 13.2 17.0 16.5 6.0 0. 0. 0. 9.0 37.3 23.5 13.8
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Table 2.3-3. Climatic Data.

SUMMAR © CF MONTHLY CLIMATIC DATA FOR GREELEY UNC COLORADO FOR YEARS 1967-1988 SUBSTATICN NC. 53553 C!.:5
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Figure 2.3-1. 30 Mile Radius From Fort St. Vrain.
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Wind Rose from Stapleton International Airport, Denver, Colorado, Based on Ten
Years of Data, 1951-1960. Numbers Plotted Along the Radial Arms of the Wind
Rose are Percentage Frequencies of Winds at Class Intervals 4—12, 13—24 and Over
24 mph (Courtesy: U.S. Weather Bureau, Denver).

Figure 2.3-2. Wind Rose Diagram, Denver.
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Figure 2.3-3. Wind Rose Diagram, Fort Collins.
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Average Annual Tornado Ipcgdence
Per 10,000 Square Miles
1953 - 1980

Figure 2.3-4. Average Annual Tornado Incidence.
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Figure 2.3-5. Denver Tornadoes, June 3, 1981.
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Contourlike lines show average number of days per year thunder is heard
in various parts of U.S. Florida leads by a wide margin.

Source: Weisel, Edwin P. "Lightning: The Underrated Killer."
NOAA Reprint, Vol. 6 No. 2, April 1976.

Figure 2.3-6. Average Frequency (Days) of Thunder Heard.
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Percent Frequency of Occurrence of Wind Directions, Fort St. Vrain.
Full Line: All Wind Speeds; Dotted Line: Speeds<4 mph; Dashed
Line: Speeds > 13mph. (Calm: 1.01 % with Speeds < 0.1 mph; 2.81 %
with Speeds < 0.2 mph).

Figure 2.3-7. Frequency of Occurrence of Wind Direction, Fort St. Vrain.
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2.4. Hydrology

This section describes the surface and subsurface hydrology of the FSV ISFSI facility and
surrounding vicinity. The ISFSI location is between the South Platte River and St. Vrain Creek
about two miles south of the confluence of these two streams. Four ditches traverse portions of
the XCEL owned, FSV power generating facility property and the surface water rights are owned
by them. No ditches cross the FSV ISFSI property owned by DOE. In addition, nineteen
shallow wells are located on the FSV power generating facility site. One monitoring well has
been drilled on the FSV ISFSI site.

Flow of ground water on the site is toward the alluvial deposits of both the South Platte River
and St. Vrain Creek. This is illustrated by Figure 2.4-1 which shows the contours of bedrock on
the site. The contours of the water table shown in Figure 2.4-2 indicate that the flow of ground
water is predominately toward the South Platte River Valley.

The presence of the ISFSI facility does not change the hydrology of the FSV site. No water is
diverted from the South Platte River or St. Vrain Creek for use at the ISFSI. Surface runoff at
the ISFSI due to precipitation is not noticeably altered as the runoff continues to flow toward the
South Platte River Valley once outside the FSV ISFSI site, following the natural contour of the
land.

2.4.1. ISFSI Facility Water Supply

No cooling water is required for the operation of the ISFSI because the MVDS structure is
designed to provide a passive self-regulating cooling system that induces buoyancy driven
ambient air to flow across the exterior of the fuel storage containers.

Domestic water for the administration building is supplied via a sew-line tapped into the existing
Weld County water distribution system. The total annual water usage will be minimal with the
majority used for sewage disposal and personal hygiene.

2.4.2. Plant Effluent

By design, there is no effluent from the MVDS structure since there is no active source of water
inside the MVDS. As a precaution, provisions have been made in the MVDS design to
discharge any water that may accumulate inside the vaults. The floors of the vaults are sloped to
cause any accumulated water to flow into a drainage trench which in turn discharges the water
into a pipe that protrudes from the exterior of the MVDS. The pipe has a valve that is normally
closed, and the end of the pipe is capped. Routine surveillances check for water buildup inside
the pipe. The water is tested for contamination prior to its disposal.

The effluent from domestic water used at the administration building is discharged into the septic
system.

2.4.3. Floods

The largest floods ever recorded in the South Platte River Valley in the vicinity of the site
occurred June 16-17, 1965 and May 6, 1973.

The 1965 flood was a result of torrential rains in the drainage area of tributary streams upstream
from Denver. The reported maximum discharge of 40,300 cfs in the South Platte River at
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Denver on June 17, 1965, exceeded the previous recorded maximum of 22,000 cfs in 1938.
Discharge of the South Platte River at Henderson was calculated to be 29,600 cfs, compared to
the previous maximum of 14,800 cfs. The recorded gage height of 12.93 ft. was higher than the
previous recorded maximum of 11.35 ft. in 1957. However, damage at the FSV site was
relatively minor, and was confined primarily to the area around the small reservoir at the north
end of the site. The crest was about 7 ft. below the elevation at the ISFSI location, and due to the
wide low area east of the river, it is inconceivable that the ISFSI location could ever be flooded
by the South Platte River.

The 1973 flood was caused mainly by rainfall, amounting to as much as 6 inches, which had
begun on May 5. The rainfall runoff was augmented by mountain snowmelt runoff which also
was increasing during this period. Discharge of the South Platte River at Henderson reached
33,000 cfs, which exceeded the maximum flow rate measured during the 1965 flood, although
the 1973 gage height reached 11.67 ft., which was more than a foot below the 1965 level. In the
immediate vicinity of the FSV site, the high water mark reached an elevation of 4,734.3 ft.,
which was well below the ISFSI grade elevation of 4,781 ft. and below the foundation elevation
of 4,781. No significant damage occurred at the site as a result of this flood.

Discharge in St. Vrain Creek at the mouth reached a maximum during the period of the 1965
flood, of 2,800 cfs, on June 18, 1965; and reached a maximum, during the period of the 1973
flood, of 5,620 cfs, on May 7, 1973. These flow rates were not abnormal for high flow
conditions, and were considerably below the maximum recorded discharge of 11,300 cfs in
1938. Information obtained from the local office of the United States Geological Survey
(USGS) indicated that the flood discharge for a flood recurrence interval of 50 years on St. Vrain
Creek would be 27,000 cfs. Extrapolation would incident a discharge of 34,400 cfs for a
recurrence interval of 100 years.

The simultaneous occurrence of the maximum recorded discharges in the South Platte River and
St. Vrain Creek would not cause damage at the ISFSI location. However, floods of the same or
larger magnitude as the 1965 and 1973 floods could occur in the future. To determine the flood
hazard posed by the South Platte River in Weld County, 10-year, 50-year, 100-year, and 500-
year floods were analyzed by the Omaha District of the Corps of Engineers. The evaluation -
discharge curve for these floods is shown in Figures 2.4-3a and 2.4-3b (Ref. 20). The 500-year
flood is not the largest flood that can occur, but the probability of larger floods is remote. In the
immediate vicinity of the FSV site, the higher water mark corresponding to the 500-year flood is
approximately 4,773 ft. (Ref. 21).

Additionally, the Omaha District Office of the Corps of engineers was requested to provide an
estimate of the maximum probable flood discharge that might develop in the south Platte River
basin between the Chatfield reservoir, which was completed in 1973, and the plant site. The
following paragraph (taken from Ref. 20) summarizes the reply received from the Omaha
District Office:

The peak discharge of the probable maximum inflow hydrograph computed for Chatfield
reservoir was 548,000 cfs. The uncontrolled drainage area between Littleton and Fort
Lupton is 1,556 sq. miles. It is estimated that a maximum discharge of about 500,000 cfs
would occur as a result of centering a probable maximum storm over the basin between
Chatfield dam and the plant site. Hydraulic computations indicate that the stage for this
discharge would be from 12 to 15 ft. above the flood plain in the vicinity of the plant.
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The elevation of the flood plain was not specified by the Omaha Office. If a flood plain
elevation of 4,765 is assumed, the estimated water level would be 4,777 to 4,780 ft. Thus the
ISFSI facility, at grade elevation of 4,781 ft., would be between zero and four feet above the high
water mark of the maximum flood discharge of the South Platte River. Due to the flat
topography of the area, the depth of water at the ISFSI facility would only be on the order of a
few inches, and thus would not have any significant velocity or force associated with it.

To check the estimated water level for a maximum discharge of 500,000 cfs, calculations were
made using the slope-area method (Ref. 22). Two cross-sections were selected in the South
Platte River Valley east of the plant as a basis for the calculations. One section was taken about
1,800 ft. north of the south boundary of Section 11, Township 3N, Range 67W; the other was
taken about 150 ft. south of the north boundary of Section 11, Township 3N, Range 67W. The
distance between the two reaches was 3,300 ft. Elevations within the site boundary were
determined from topographic site survey maps. These topographic survey maps were prepared
by the photogrammetric method as part of preliminary site investigation work. The maps were
plotted to a contour interval of one foot west of the South Platte River, and a contour interval of
two feet east of the river. It was specified that plotting accuracy would be such that 90% of the
contours would be within one-half of the basic contour interval. For the area to the east of the
property boundary, elevations were inferred from standard USGS topographic maps in the 7-1/2
minute series. Contours on these maps were found to correlate very well with those determined
by the photogrammetric survey in the area east of the river.

Discharge for a reach between two cross-sections may be computed directly by the following
equation if the water level at the two sections is known:

o Ah
L L 1-k | A, L2
/\ K K, 2gA,° - ( A )
where
Q = discharge, cfs
K = 1.486 AR* x 1/n, cfs
n = roughness coefficient, ft'°
A = cross-sectional area, sq. ft.
R = hydraulic radius, ft.
Ah = difference in water level surface at two sections, ft.
L = length of reach, ft.
k = coefficient, zero for contracting reach, 0.5 for expanding reach.
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To determine water elevations versus discharge by this equation, water levels were arbitrarily
selected at the first cross-section and a trial and error solution was used to determine the
elevation at the second cross-section which would result in the maximum calculated discharge.
Velocity head at each of the two sections was taken into account in checking the calculated
discharge.

The river stage calculated at a cross-section directly east of the plant for the maximum probable
flood discharge of 500,000 cfs was 4,777.75. This is about 3 ft. below the facility grade
elevation of 4,781, and compares very well with the Corps of Engineers computations. Thus it
may be safely concluded that, even for the maximum probable flood discharge in the South
Platte River, the plant would not be subjected to direct flooding by the flood discharge in the
river valley.

However, while no direct flooding of the plant would occur in the maximum portable flood,
covered or damaged roadways could isolate the plant. In the event of such a flood, helicopters or
small water craft would be utilized to transport necessary personnel, equipment and supplies to
the site.

The MVDS structure is located about 500 feet east of the FSV generating station storage ponds.
An analysis has been performed to determine the bounding depth and velocity of water flowing
from a breach of the FSV storage ponds. The conservative analysis resulted in a bounding water
depth of 6 feet and velocity of less than 10 ft/sec. The MVDS structure has been designed to
withstand the forces developed by the bounding case, as well as the partial blockage of the
cooling air intake (see Section 3.2.2).
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Figure 2.4-1. Estimated Bedrock Contours Surrounding the FSV ISFSI.
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Figure 2.4-2. Estimated Water Table Contours Surrounding the FSV ISFSI.
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Figure 2.4-3a. Elevation - Discharge Curve, South Platte River Basin.
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2.5. Geology And Seismology

The original surficial geology and seismology of the former FSV reactor site was investigated by
the Colorado School of Mines Foundation. The results of the investigation are described in the
final report, "Geology and Seismology, Fort St. Vrain Nuclear Generating Station Near
Platteville, Colorado," Colorado School of Mines Foundation, May 1967 (Reference 23). Site
specific soils investigation for the ISFSI facility was performed to determine the geotechnical
criteria for design of the MVDS structure and administration building.

2.5.1. Regional Geology

The geologic structure of the general area in which the ISFSI site is located is shown in Figure
2.5-1.

The geologic map in Figure 2.5-2 covers about 20 square miles around the ISFSI site and was
prepared from field investigations, photogeologic interpretation and analyses of core samples
from drill holes. The field and photogeologic information was compiled on a base map
constructed from portions of U.S.G.S. topographic maps of the Gowanda, Johnstown, Milliken,
and Platteville Quadrangles.

The area contains the confluence of St. Vrain Creek with the South Platte River. The most
striking topographic feature of the area is the abrupt northeast-southwest trending escarpment
along the northwest side of St. Vrain Creek and the South Platte River. Over most of the area,
the topography is characteristically the near flat, stepped topography formed by several terrace
levels along the major drainage.

The area of Figure 2.5-2 lies mainly in the valley of the South Platte River. Rocks of Cretaceous
and Quaternary ages that have been identified in the area are listed on Table 2.5-1. No rocks of
Tertiary age have been recognized in this vicinity. The valley of the South Platte was cut in
rocks of Cretaceous age and has undergone repeated filling and cutting by streams during the
Quaternary with the result that the modern valley of the South Platte is developed primarily of
Quaternary alluvial deposits.

See Reference 23 for a detailed description of the Cretaceous rocks and Quaternary alluvial
deposits.

2.5.1.1. Storage Site Geomorphology

The early stages in the geomorphic development of the area must be inferred from areas outside
that shown on Figure 2.5-2. The surficial sediments and the present topography reflect primarily
changes in the South Platte River and its tributaries during the late Quaternary.

During the Tertiary period, sediments were deposited and then removed by streams which were
probably ancestral to the modern South Platte River. The earliest stage of topographic
development evident in this area is the sedimentation in the early Pleistocene which produced the
Verdos Alluvium, suggesting that the South Platte may have been as much as 150 feet higher
than at present.

Subsequent to the development of the pediment beneath the Verdos, the streams began
deepening their channels in the Cretaceous rocks. Aggradation in the channels of the major
streams led to the deposition of the "Older Quaternary Valley Deposits." Most probably these
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deposits represent not a single episode of deposition but rather a relatively long period of
repeated deposition and removal of material. The present topography and surficial deposits
represent only the latter phases in the cutting-filling of the valley deposits.

By late Wisconsin time, the Valley had been filled to approximately the level of the top of the
terrace formed by the Broadway Alluvium, which represents the channel-flood plain deposits of
the late-Wisconsin South Platte River.

During recent time, the river cut through the Broadway Alluvium to develop a lower flood plain
on which the Piney Creek Alluvium was deposited. Most recently, the river again lowered its
channel to about the present level and the Post-Piney Creek Alluvium began to accumulate.

The repeated history of post-Tertiary erosion and deposition in the valley of the South Platte
River reflects climatic changes in the mountains to the west. Episodes of glaciation and
deglaciation altered both the flow characteristics of the streams and the availability of sediment.
The topography and Quaternary sediments of the valley suggest a Quaternary history of climatic
changes rather than changes in the base level induced by uplift.

2.5.1.2. Storage Site Structural Geology

Although exposures of the pre-Quaternary rocks are very limited in the mapped area, the
information available indicates that the structural geology of the area is relatively uncomplicated.
The area lies within the Denver Basin and is relatively close to the axis of the basin. In the area
of the map, the Cretaceous rocks are nearly flat-lying. In the northwest part of the map where
Cretaceous rocks are exposed, the beds dip gently to the east. Maximum dip of the Cretaceous
beds is 1-1/2 to 2 degrees. Outside the area to the east, the dip is to the west.

A soil and foundation investigation of the site area was performed by CTL/Thompson, Inc. Test
holes were drilled for the MVDS structure and the administration building, and soil samples
were retrieved. During the sampling process, the relative density, stiffness or hardness of the
soils and bedrock layers were estimated by penetration tests. The samples from the test holes
were returned to the laboratory for classification and testing. Laboratory testing included natural
moisture content and dry density, gradation, Atterberg limits, water soluble sulfate, compaction
and R value (Hveem stabilometer) tests. The results of the tests, including the static and
dynamic engineering soil properties, are documented in Reference 24. Figure 2.5-3 shows the
test bore hole locations.

Based on the soils investigation results, the maximum allowable soil bearing capacities were
determined. A minimum safety factor of 2 is provided for the ultimate bearing capacity of the
foundation material.

The subsoils at the ISFSI facility site are St. Vrain - Platte River alluvial sands and gravel
overlying Pierre claystone/shale bedrock. Generally, there is up to 5 feet of loose, slightly
clayey sand overlying 4 to 7 feet of loose and medium dense, clean to silty sand underlain in turn
by medium dense to dense, silty and slightly silty sand and then very dense, gravelly sand
overlying hard claystone/shale bedrock at 47 to 49 feet. The claystone/shale changed to very
hard claystone/shale at 49 to 51 feet. Free water was measured in the test holes at the time of
drilling at 16 and 19 feet. Logs of the test holes are presented in Figure 2.5-4.

The loose sands have moderate strength but will consolidate considerably if subjected to high
soil bearing pressures. If saturated loose sands are subjected to a Design Basis Earthquake
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(DBE), they are at risk of liquefaction. The medium dense and dense sands are stronger than the
shallower sands and much less susceptible to consolidation even under higher soil bearing
pressures. The deeper sands should not liquefy during a DBE because of their depth and higher
density even though they are below the water table. The hard and very hard claystone/shale
bedrock are an excellent foundation strata.

The MVDS foundation is a shallow reinforced concrete slab with its top surface at elevation
4781'. The general thickness of the slab is 3'-0" but local thicker sections are provided as
required by the design. Approximately 12'-0" of loose in situ sand is excavated in the foundation
area as the soils investigation has shown that this soil could be subject to liquefaction during the
DBE. A compacted structural fill is replaced in the excavation in accordance with specification
362F0229, which supersedes SP1.5 (Reference 5 to Appendix A4.1.2.1), to suit the required
profile of the foundation slab. Figure 2.5-6 shows the extent of excavation and backfill at the
MVDS structure.

2.5.1.3. Ground Water

Flow of ground water on the site is toward the alluvial deposits of both the South Platte River
and St. Vrain Creek. This is illustrated by Figure 2.4-1 which shows the contours of bedrock on
the site. The contours of the water table shown in Figure 2.4-2 indicate that the flow of ground
water is predominately toward the South Platte River Valley. Much of the ground water comes
from the South Platte River and St. Vrain Creek, such that the water table changes with the flow
rate (elevation) in the two streams. Total precipitation, mostly in the form of rain, in the South
Platte Valley is small and contributes relatively little to the ground water (Ref. 3).

2.5.2. Vibratory Ground Motion

The seismic history and characteristics of the FSV site were investigated by the Colorado School
of Mines Foundation. A copy of the final report, entitled "Geology and Seismology Fort St.
Vrain Nuclear Generating Station near Platteville, Colorado," which presents the results of this
investigation, is included in Reference23.

The following determinations were made by this report:
1. No evidence of recent faulting was discovered in this area.

2. The vast majority of Colorado earthquakes occur west of the continental divide
and, like most earthquakes in the world, appear to be associated with late Tertiary
and Quaternary volcanism.

3. In the last one hundred years, only two Colorado earthquakes have had an
observed maximum modified Mercalli intensity of VII. The first, November 7,
1882, frightened people in Golden and Denver and caused minor damage in
Louisville and Boulder, but was apparently not felt in Longmont. Taken as a
whole the newspaper reports are inconsistent. The second earthquake, April 10,
1967, was well recorded. Its epicenter was between Thornton and Irondale, about
twenty-five miles from the St. Vrain Valley site.

4. The Magnitude 5 earthquake of April 10, 1967 produced ground accelerations at
St. Vrain Valley of .002g plus or minus .001g.
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5. Based on history, it is estimated that the facility will be subjected to horizontal
accelerations no larger than .02 g during its lifetime.

6. Competent bedrock (Pierre Shale) exists whose bulk and shear moduli are
1.4E+06 and 1.0E+05 psi respectively.

7. No velocity contrast exists between the water saturated overburden and the
bedrock, thus precluding refraction seismic mapping of the bedrock surface.

8. No unforeseen factors appeared during the investigation that would adversely
affect the choice of the site.

9. No earthquakes have ever been observed in the vicinity of Platteville. The closest
active area is in northeast Denver, about 25 miles south of the FSV ISFSI site.
Based on history, the maximum intensity likely to be experienced by the ISFSI
facility during its lifetime will be associated with an earthquake originating in the
Denver area.

Seismic occurrence data subsequent to 1967 shows that there have not been earthquakes of
comparable magnitude as evaluated in References 23 and 25. These supplemental earthquake
data are tabulated in Reference 26.

The procedures used to determine the design earthquake for the ISFSI site are documented in
References 23 and 25.

The dynamic soil properties used in the seismic wave propagation and soil-structure interaction
analyses are shown in Table 2.5-2. These property values were derived from the laboratory test
results discussed in Section 2.5.1.2.

Based on the seismic history, it appears unlikely the ISFSI site will experience a significant
earthquake ground motion during the life of the installation. The MVDS structure was
conservatively designed to horizontal earthquake ground acceleration of 0.1g and vertical
earthquake ground acceleration of 0.07g without loss of function. It is unlikely that this level of
ground motion will be exceeded during an earthquake similar to any historical event.

Figure 2.5-5 shows the FSV ISFSI earthquake acceleration response spectra. The spectra have
been normalized to a horizontal ground acceleration of 0.1g for the DBE.

2.5.3. Surface Faulting

The FSV site lies on the east flank of the Colorado Front Range which is a complexly faulted
anticlinal arch and on which are superimposed numerous smaller folds and faults. The rocks of
the core of the anticlinal arch are Precambrian crystallines, including gneisses, schists, and
quartzites which have been intruded by granitic rocks that range in age from Precambrian to
Tertiary. On the east flank of the arch are Paleozoic and Mesozoic sedimentary rocks.

The regional structure of this part of Colorado is characterized by sedimentary rocks dipping
eastward into the Denver Basin. Along the mountain front the regional structural pattern is
interrupted by relatively small, en echelon anticlines that plunge to the southeast. In addition to
the fold axes, two groups of faults have been recognized. The most notable occurs along the
mountain front and includes a series of faults extending in a generally northwest-southeast
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direction from the Precambrian into the Paleozoic-Mesozoic sediments. The second group of
faults has been recognized primarily in coal mines, located generally east of Boulder. These
faults have a northeast-southwest orientation. Both groups of faults are relatively high angle
faults. There are no known active faults at the ISFSI facility site (Refs. 27 and 28).

The faults and the minor folds are related to the uplift of the Front Range which began in Late

Cretaceous and continued into the Tertiary. The field examination and photo interpretation of
the area surrounding the site location failed to indicate any evidence of recent movement along
any of the known faults.

2.5.4. Stability of Subsurface Materials

As discussed in Section 2.5.1.2, up to about 12 feet of natural sand materials at the MVDS
structure is excavated and reused as structural backfill material. The sands are placed in 8-inch
maximum loose lifts at 4 percent below to optimum moisture content and compacted to at least
98 percent of modified Proctor maximum dry density (Ref. 29). See Figure 2.5-6 for limits of
excavation and backfill. The compacted backfill and the underlying natural soil are not
susceptible to liquefaction during a DBE event.

The MVDS structure's reinforced concrete mat foundation is designed to bear on soil with
allowable soil bearing pressure of 2,000 psf. The estimated total settlement of the MVDS
structure is on the order of 1 inch. The settlement due to dead load w#H-occurred during
construction and that due to live load upon first application of the live load due to the granular
nature of the soils.

The administration building is founded on continuous footings bearing on loose natural sand
with maximum allowable soil bearing pressure of 2,000 psf. The estimated total settlement of
the administration building is in the order of 1 inch and differential settlements between footings
will-beis 1/2 of the total that occurred. The settlement due to dead load wiH-occurred during
construction and that due to live load upon first application of the live load due to the granular
nature of the soil.

The loose sands underlying the administration building foundation are at risk to liquefaction if
saturated and subjected to a DBE event. The administration building is not required to function
subsequent to a DBE event, therefore, improvement of the soil conditions to prevent liquefaction
1s not necessary.

Backfill around foundations are well compacted. Backfill consisting of the onsite sands placed
in thin lifts at 4 percent below to optimum moisture content and compacted to at least 95 percent
of standard Proctor maximum dry density (Ref. 30).

2.5.5. Slope Stability

The ISFSI facility site is generally flat. The ground floors of the MVDS structure and
administration building are situated essentially at the existing natural grade elevation. The
bottom of their respective mat and spread footing foundations are founded on the alluvium soil
stratum below the natural ground surface (see Figure 2.5-6). Therefore, slope stability is not a
concern.
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Table 2.5-1. Stratigraphic Units Identifiedi n the Area Covered by Figure 2.5-2

ERA SYSTEM SERIES SUBDIVISION

Mesozoic Cretaceous Upper Pierre Formation
Fox Hills Sandstone
Laramie Formation
Cenozoic Quaternary (1) Pleistocene Verdos Alluvium
Broadway Alluvium
Recent Upland Deposits
Piney Creek Alluvium

Post-Piney Creek
Alluvium

1. In the area of Figure 2.5-2, drilling indicates that a maximum thickness of 85 feet of
alluvial sand and gravel of Quaternary age overlies the Cretaceous rocks.
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Table 2.5-2. Summary of In-Situ Estimated Dynamic Soil Properties for Naturally Occurring
Strata at MVDS Site.

Soil Description Density SPT'N'  Relative Shear Poissons Shear
Layer Kg/m®  Value Density % Modulus  Ration Wave
Kn/m® Velocity
m/s

1 Loose Sands 1,666 5 40 28,587 0.38 131

2 Medium 1,858 6 50 70,260 0.35 195
Dense Sands

3 Dense Sands 2,018 20 70 155,730 0.35 278

4 Dense Gravel 2,098 40 80 206,921 0.35 314

Rock Hard 2,323 >40 Not 1,792,700  0.15 878
Sandstone Estimated

SOURCE: Reference 31
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Figure 2.5-1. Subsurface Geology of the Area Surrounding the Site.
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Figure 2.5-5. Earthquake Acceleration Response Spectra.
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3. PRINCIPAL DESIGN CRITERIA

3.1. Purpose of Installation

The MVDS system is used for the interim storage of FSV HTGR fuel on the DOE owner
controlled property at the FSV site and is operated as a stand-alone facility. The MVDS system
provides storage for six segments of the HTGR fuel (1,464 fuel elements). The fuel is
maintained in a sub-critical state at temperatures low enough to preclude fuel damage and protect
the fuel from natural forces in order to protect the health and safety of the public. In addition,
the MVDS has space to store and protect up to 37 keyed top reflector control rod elements which
were originally thought to be Greater than Class C waste (Section 1.1), according to 10 CFR Part
61 (Ref. 1). These components were associated with the spent fuel per 10 CFR Part 72 (Ref. 2).
It was determined that these 37 keyed top reflector control rod elements were not Greater than
Class C waste, so they were removed to a LLW disposal facility and are not stored at the ISFSI.
Up to six neutron source elements from the FSV also were to be stored in the MVDS, however,
the neutron sources were removed from the fuel elements before they were transferred to the
ISFSI. Since provisions for storage of the 37 keyed top reflector control rod elements and the six
neutron source elements are an integral part of the ISFSI design, and the ISFSI has been licensed
to store these elements reference to these elements has been retained throughout the SAR (see
Section 1.1. 1) cetion & : CHI-HH

3.1.1. Stored Materials
3.1.1.1. Physical Characteristics

The mechanical and structural design of the MVDS is based on the physical characteristics of the
FSV fuel elements. The MVDS stores four types of fuel elements: standard fuel elements,
control fuel elements, bottom control fuel elements, and neutron source elements with the
neutron sources removed. All four types have the same external dimensions, but differ in:
weight, number of coolant holes, reactivity holes, and neutron source holes. Descriptions of the
physical characteristics of each element are shown in Table 3.1-1. The fuel elements are
graphically shown in Figures 1.1-4, 1.1-5, 1.1-6, and 1.1-8. Additional details of the fuel
elements are provided below.

The individual fuel elements are hexagonal in cross section with dimensions of 14.17 in. across
flats by 31.22 in. high. Internal coolant channels within each element are aligned with coolant
channels in elements above and below. The active fuel is contained in an array of small-
diameter holes, which are parallel with the coolant channels, and occupy alternating positions in
a triangular array within the graphite structure.

The fuel holes are drilled from the top face of the element to within about 0.3 in. of the bottom
face. The fuel holes in all the elements are 0.500 in. diameter. The bonded rods of coated fuel
particles are stacked within the holes.

The fuel holes and coolant channels are distributed on a triangular array of about 0.74 in. pitch
spacing with an ideal ratio of two fuel holes for each coolant channel. Edge effects change the
ratio slightly, therefore each fuel element contains 210 fuel holes and 108 coolant channels as
shown in Figure 1.1-4.
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The center control rod fuel element in each region is similar to the surrounding fuel elements,
but contains enlarged channels for the two control rods and the reserve shutdown absorber
material. The control rod channels have a 9.72 in. centerline spacing and a diameter of 4.00 in.
The reserve shutdown channel has a diameter of 3.75 in. Each control rod fuel element contains
120 fuel holes and 57 coolant channels. The standard control rod fuel element is shown in
Figure 1.1-5.

The bottom element in the control rod column extends below the core about 7.5 in. The fuel
holes in the bottom control rod element are 22.3 in. deep so the bottom of the fuel holes of all
elements at the bottom of the core are at the same elevation. The reserve shutdown absorber
channel hole also is 22.3 in. deep. The bottom control rod element is shown in Figure 1.1-6.

An engagement hole at the center of each fuel element is provided for handling purposes. The
bottom of the fuel handling hole has been extended in some of the regular fuel elements to
accommodate a neutron source. Sources are placed in neutron source elements as shown in
Figure 1.1-8.

Three graphite dowels for aligning the individual elements within a column are located on the
top face of the fuel element. A normal coolant channel passes through the center of each dowel.
Each dowel is threaded into the graphite structure and cemented with a carbonaceous cement
material. The dowel is made from the same type of graphite as the fuel element structure and has
the same extrusion orientation.

The fuel element structural (and moderator) material is conventional nuclear grade H-327
needle-coke graphite for the initial core, the first and second reloads, and half of the third reload.
Half of the third reload and subsequent reloads used H-451 near-isotropic graphite.

The fuel is in the form of carbide particles, coated with a highly retentive coating, and bonded
with a carbonaceous matrix into fuel rods within the fuel holes. In both the initial core fuel and
the first reload cycle fuel, this matrix contained a coal tar pitch binder. In the matrix used in the
second reload, the binder was changed to a petroleum derived pitch binder. The fuel rods
contain homogeneous mixtures of two types of particles, called fissile and fertile. The fissile
particles contain both thorium and U-235 (93.15% enriched). The fertile particles contain only
thorium. The fuel particles are coated with a four-layer TRISO coating as shown in Figure 3.1-
1. The inner layer is a porous pyrolytic carbon, referred to as a buffer layer. The next layer is
high density isotropic pyrocarbon. A thin layer of SiC, which is highly impervious to metallic
fission products, is deposited outside the inner isotropic pyrocarbon layer. The outermost layer
is a strong high density isotropic pyrocarbon. The important parameters of the particles are
shown in Table 3.1 3.

In addition to the fuel particles, some of the fuel elements contain a small amount of burnable
poison in the form of boron carbide. The burnable poison is formed into poison rods and placed
in the corner holes of the hexagonal elements.

Two startup neutron sources consisting of Cf-252 encapsulated in platinum and stainless steel
were originally installed in the core. The total initial neutron generation rate was approximately
4E+09 neutrons per second. In 1981, the neutron generation had decreased to about 2.5E+08
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neutrons per second due to radioactive decay of the Cf-252. A third source consisting of Cf-252
doubly encapsulated in stainless steel was added in December 1981 with an initial neutron
generation rate of 1.88E+09 neutrons per second. In February 1984 a fourth source, with the
same characteristics as the third source, was added. This source had an initial neutron generation
rate of 1.3E+09 neutrons per second. Two more neutron source elements were installed in the
core. These neutron sources were also Cf-252. These neutron sources, at the time of
installation, had neutron generation rates of 4.1E+8 and 4.2E+8 neutrons per second. Both
sources were placed in the top layer of the active core by replacing two standard fuel elements.
These neutron source elements are modified H-327 graphite fuel elements without fuel. The
location of the neutron sources within the fuel element is shown in Figure 1.1-8. None of these
six neutron sources are stored at the FSV ISFSI (see Section 1.1.1).

The initial core loading contained 67 different types of fuel elements. The large number of
different types was due to the variations of the block, the different fuel loadings, the positioning
of the burnable poison rods and the neutron sources. Each fuel element has a permanent three
digit type number engraved on the side of the hex block. This type number identifies the specific
contents of the element. In addition, each element has a permanent serial number engraved on
the side of the hex block. The serial number is unique for each element and can be used to trace
the entire fabrication history of the components within an element.

3.1.1.2. Thermal Characteristics

The ISFSI is designed to limit the temperature of a fuel element to less than 750 degrees F. The
design criteria for this limit is based on the fuel segment with the highest calculated heat
generation rate at 600 days after shutdown, determined to be fuel segment 7, per Reference 3.
The irradiation period of fuel segment 7 associated with this maximum heat generation rate was
assumed to be 945 Effective Full Power Days (EFPD). This is equivalent to a core average
burnup of 52,000 MWd/MT. The actual irradiation period of all FSV fuel segments is 230
EFPD less than the conservatively assumed EFPD for each segment, and the actual core average
burnup at end-of-life was calculated to be 38,680 MWd/MT. The heat generation rate for an
average segment 7 fuel block, assuming 945 EFPD, was calculated using ORIGEN-S computer
code and is contained in Reference 3. The heat generation rate for a maximum fuel element was
then calculated by applying an appropriate peaking factor of 1.76. The heat generation rates for
a maximum and an average fuel element at 600 days after shutdown were calculated to be 150 W
and 85 W, respectively. These decay heat design values are conservative since the in-service
date for the ISFSI was 859 days after reactor shutdown. Calculations based on the Reference 3
methodology project that heat generation rates for a maximum and average fuel element at 859
days after shutdown, using actual burnup, were 101W and 55W, respectively.

3.1.1.3. Radiological Characteristics

The principle design criteria for acceptable radiological characteristics for an average fuel
element are shown in Table 3.1-2. The radiological characteristics are based on the analysis
discussed in Section 3.1.1.2 in which the fuel has been irradiated to 52,000 MWd/MT and
decayed 600 days. The maximum radiation fuel source is calculated by applying a peaking
factor of 1.76 to the values in Table 3.1-2. No fuel elements are considered to have a source
higher than this value.
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Although no unirradiated fuel is stored in the MVDS, criticality analyses are based on the most
conservative enrichment of unirradiated fuel. The details of the criticality analyses are in
Section 3.3.4.

The maximum design source strength of the Cf-252 neutron sources originally planned to be
stored (but are not stored) in the MVDS (see Section 1.1.1) is 4.000E+05 microcuries (strength
at approximately 440 days after shutdown). The actual maximum strength source would have
been less than 4.000E+05 microcuries at 600 days after shutdown.

3.1.2. General Operating Functions

FSCs are arranged up to 45 to each of the six vault modules. Each FSC can store six fuel
elements or twelve reflector elements, although no reflector elements are stored in the ISFSI.
There is an air environment in the sealed and loaded FSCs. The decay heat is removed by the
once-through buoyancy-driven ambient air flowing across the exterior of the FSCs. There is no
contact between this cooling air and the fuel being stored. Long-term safety of the storage
operation, therefore, is ensured by a totally passive system that is designed to withstand the most
severe environmental conditions discussed in Section 3.2.

To deal with anticipated potential faults (off-normal events) and to make provision for
decommissioning of the MVDS, three SSWs are provided. These storage wells are built into the
MVDS structure adjacent to the vault and can be accessed through the charge face by the CHM.

Utility services required at the ISFSI facility are limited to the electrical requirements for the
electric radiant space heaters, security system, security facility, administration building, fuel
handling equipment during the handling operations, as well as telephone for the security facility
and administration building and domestic water requirements for the administration building.
The security plan is discussed in Section 9.6. Fire and explosion protection are discussed in
Section 3.3.6. The electrical requirements for equipment and instrumentation are discussed in
Section 3.3.3.
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Table 3.1-1. Physical Characteristics of FSV Fuel Elements.

Control Fuel Fuel Neutron Source
Element Element Element*
Approximate Weight (Ibs.) 243 285 285
Element Material graphite graphite graphite
hexagonal hexagonal hexagonal
cylinder cylinder cylinder
Element Height (in.) 31.22 31.22 31.22
Distance Across Flat Faces 14.172 14.172 14.172
(in.)
Number of Coolant Holes 57 108 108
(both 0.5" and 0.635" dia.)
Number of Fuel Holes (0.5" 120 210 210
dia.)
Fuel Hole Pitch (in.) 0.74 0.74 0.74
Number of Control Rod 2 0 0
Drive Holes (4.0" dia.)
Number of Reserve 1 0 0

Shutdown Holes (3.75" dia.)

Note: The characteristics of the Control Fuel Elements also are applicable to the Bottom Control
Fuel Elements.

* No elements containing neutron sources are stored at the FSV ISFSL
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Table 3.1-2. Radiation Sources for FSV Fuel.

Gamma Energy (MeV) Gamma Spectra (photons/sec)
Boundaries Mean 600 days
4.0 -3.5 3.75 2.11E+05
3.5 -3.0 3.25 4.54E+08
3.0 -2.6 2.80 1.45E+10
2.6 -2.2 2.40 2.90E+10
22 -1.8 2.00 1.44E+12
1.8 -1.34 1.57 3.08E+12
1.34-0.92 1.13 7.47E+12
0.92-0.38 0.65 2.68E+14
0.38-0.22 0.30 1.72E+13
0.22-0.14 0.17 8.93E+08
Total 2.97E+14
Neutron Energy (MeV) Neutron Spectra (n/s)
Boundaries Mean 600 days
6.43 -20.00 13.22 5.14E+03
3.00- 6.43 4.72 6.89E+04
1.85- 3.00 243 9.37E+04
1.40 - 1.85 1.63 4.40E+04
0.90 - 1.40 1.15 5.34E+04
0.40 - 0.90 0.65 5.48E+04
0.10 - 0.40 0.25 1.07E+04
Total 3.31E+05
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Table 3.1-3. Important Parameters of the TRISO Coated Fuel Particles.

Parameter Fissile Fertile
Th:U 3.6:1,4.25:1 All Th
Kernel composition (Th:U)C2 ThC2

Small Large Small | Large
Average fuelkernel 140 225 375 525
diameter(micron)
Average coating
thickness:
Buffer carbon layer( micron) 50 50 50 50
Isotropic carbon 20 20 20 20
layer(micron)
SiC layer(micron) 20 20 20 20
Isotropic carbon 30 40 40 50
layer(micron)
Average coated 30 485 635 805

fuel diameter(micron)
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Figure 3.1-1. Model of TRISO Coated Fuel Particles and Corresponding Coated Particles.
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3.2. Structural and Mechanical Safety Criteria

The design of the MVDS was based on classifying the structures, systems, and components as
either important to safety, enhanced quality, or not important to safety. Items classified as
important to safety fall under the FSV ISFSI Quality Assurance Program for 10 CFR Part 72
Subpart G. Complete definitions of important to safety, enhanced quality, the classification
criteria, and a list of components are given in Section 3.4.

3.2.1. Tornado and Wind Loadings

3.2.1.1. Applicable Design Parameters

The ISFSI facility is located in Weld County, Colorado and is within Tornado Intensity Region I
as defined by Regulatory Guide 1.76 (Ref. 4). The characteristics of a Design Basis Tornado
(DBT) in Region I are as follows:

Maximum wind speed = 360 mph
Rotational speed = 290 mph
Translational speed = 70 mph (maximum)

5 mph (minimum)
Radius of maximum rotational speed = 150 ft
Pressure drop = 3.0 psi at a rate of 2.0 psi/second

These design criteria are identical to the criteria used in the FWEA MVDS Topical SAR (Ref. 5)
and correspond to the most severe DBT. This DBT exceeds the tornado conditions documented
for the area surrounding the site (See Section 2). The resulting forces on the MVDS were
determined by following the procedures in NUREG-0800 (Ref. 6). The details are included in
Section 3.2.1.2.

ISFSI is designed against tornado-generated missiles as defined in Section 3.5.1.4 of
NUREG-0800 (Ref. 6). The spectrum of tornado-generated missiles considered is summarized
in Table 3.2-1.

The civil structure is designed to resist the impact of all missiles defined in Table 3.2-1 up to 34
ft. above grade. Above this level, missiles A, B, C, and E are assumed to penetrate the structure
cladding and impact on equipment within the charge hall. The assessment of these impacts is
given in Section 8 of this report.

3.2.1.2. Determination of Forces on Structures
3.2.1.2.1. Wind Loads

Gust response factors corresponding to Exposure Category C have been taken from Table 8 of
Reference 7 and are presented in Table 3.2-2.
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Velocity pressure exposure coefficients also are given in Table 3.2-2 and have been used in
conjunction with an importance factor of 1.11 for a Category III structure, from Table 5 of
Reference 7, to determine velocity pressures from the expression:

q(z) = 0.00256K(z) (I x V)2

where: q(z) is the velocity pressure at height z,

K(z) is the velocity pressure exposure coefficient at height z,
I is the importance factor for a category III structure,

and
V is the Basic Wind Speed of 110 mph

Design wind pressures are calculated for the main wind force resisting systems, from the
expressions in Table 4 of Reference 7, based on the appropriate pressure coefficients taken from
Figures 2 and 3 and Table 9 of Reference 7.

Design wind pressures for the building main frame have been evaluated at 34 ft. and 62 ft. above
grade, representing the top of the main concrete vault structure and the top of the charge hall
walls respectively. Roof wind pressures were evaluated at the mean roof height of 67 ft.,
assuming a value of h/L of 0.43 and a roof slope of 10 degrees.

The resultant design wind pressures are given in calculation DC 1.2.6 in Appendix A4-1.

The application of design wind pressures to the structural analysis of the MVDS also is
discussed in Appendix A4-1 of this report.

3.2.1.2.2. Tornado Wind Loads

The steel structure is designed to withstand forces due to maximum DBT wind speeds, assuming
the cladding is to be held in place.

The design wind pressures on the building main frame for the DBT wind speed of 360 mph are
given in calculation DC 1.2.1 of Appendix A4-1. The cladding is designed to withstand the
maximum normal wind speed of 110 mph, but is expected to fail at tornado wind speeds
exceeding 110 mph.

3.2.1.3. Tornado Generated Missile

All components and structures of the MVDS that are important to safety are designed to be
protected from or to withstand the loads imposed by the DBT and its associated missiles without
gross failure (see Section 8.2). Hence, the safe operation of the MVDS, in the event of a tornado
strike, is assured. Structural cladding enclosing the charge hall is not designed to withstand wind
loads associated with the DBT, but the secondary missiles generated are bounded by the DBT
missiles.
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3.2.2. Water Level (Flood) Design

The ISFSI is located between the South Platte River and St. Vrain Creek, about two miles south
of the confluence of these two streams. The ISFSI is located to the east of the FSV Generating
Station Storage Ponds. The grade elevation of the MVDS system is 4,781 ft. The possible
sources of water that could flood onto the ISFSI facility are_the South Platte River and/or the St.
Vrain Creek, and the FSV Storage Ponds.

The hydrology of the ISFSI site is discussed in Section 2.4.3. Section 2.4.3 discusses the largest
floods ever recorded in the South Platte River Valley in the vicinity of the ISFSI site, and
compares these to the ISFSI site grade elevation. The determination is that floods of this
magnitude would not damage the ISFSI. In addition to this, Section 2.4.3 presents a paragraph
(taken from an estimate by the Omaha District Office of the Corps of Engineers) summarizing
the effect of the Corps of Engineers estimated maximum probable flood discharge that might
develop in the South Platte river basin between Chatfield reservoir and the plant site.

"The peak discharge of the probable maximum inflow hydrograph
computed for Chatfield reservoir was 548,000 cfs. The
uncontrolled drainage area between Littleton and Fort Lupton is
1,556 sq. miles. It is estimated that a maximum discharge of about
500,000 cfs would occur as a result of centering a probable
maximum storm over the basin between Chatfield Dam and the
plant site. Hydraulic computations indicate that the stage for this
discharge would be from 12 to 15 ft. above the flood plain in the
vicinity of the plant."

Section 2.4.3 also states: "The elevation of the flood plain was not specified by the Omaha
Office. If a flood plain elevation of 4,765 ft. is assumed, the estimated water level would be
4,777 to 4,780 ft." Thus the ISFSI facility, at grade elevation 4,781 ft, would be between zero
and four feet above the high water mark of the maximum flood discharge of the South Platte
River. Due to the flat topography of the area, the depth of water at the ISFSI facility would only
be on the order of a few inches, and thus would not have any significant velocity or force
associated with it.

An analysis has been performed to determine the bounding depth, velocity and duration of water
flowing from a breach of the FSV storage ponds (Ref. 8). The topography of the ISFSI facility
(Ref. 9) shows that the area around the ISFSI is a flat plain. The analysis does not take credit for
the 4 ft. 6 in. wide by 1 ft. 6 in. deep canal that the water would have to flow over which would
act as a stilling basin. As a result of the analysis in Reference 8, the design values for a flood are
conservatively determined to be a depth of 6 feet, a velocity of 10 ft/sec, and a duration of one
hour. In reality, the water from the storage ponds would flow into an essentially infinite flat
plain, and thus would have negligible depth and velocity. The top of the inlet duct canopy is 11
feet above grade. Therefore even at the maximum flood height there is a clearance of 5 feet
along the length of the inlet duct, giving access to the 3 ft. 6 in. wide inlet duct flow passages.
This partial blockage will only result in a modest increase in fuel block and concrete
temperature. Also, this flood condition is unlikely to be associated with the maximum ambient
air temperature of 120 degrees F. The effects of coolant flow restrictions are described in more
detail in Section 8.1.2 and Appendix A8-11.
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3.2.3. Seismic Design

A response spectrum analysis has been performed which models the major civil structures along
with the CHM.

The following input criteria were used:

3.2.3.1. Design Response Spectra Derivations

Free field seismic input motion has been defined by the site-independent broad banded
acceleration response spectra described in NUREG/CR-0098 (Ref. 10) scaled to a zero period
acceleration of 0.1g for the DBE.

3.2.3.2. Damping

Regulatory Guide 1.61 (Ref. 11) specifies damping values of 7% for safe shutdown earthquake
of bolted steel structures, 4% for welded steel structures, and 7% for reinforced concrete.
However, Regulatory Guide 1.61 also states that if a structure is loaded significantly below its
yield stress, then lower damping values should be used to avoid underestimating the amplitude
of vibrations or dynamic stresses. Accordingly a damping value of 4% was used, for both
reinforced concrete and structural steelwork.

3.2.3.3. Soil

Soil structure interaction has been included in the analysis. The maximum ground acceleration
of 0.1g has been used for this specific site.

An assessment has shown that the soil is of such a consistency that liquefaction could occur
during a seismic event. It was decided to replace approximately the top 12 ft. depth of soil with
graded and compacted material which will eliminate the risk of liquefaction and increase the soil
low strain dynamic shear modulus.

3.2.4. Snow and Ice Loading

The ISFSI is designed for a snow and ice loading of 30 pounds per square foot (psf). This value
is identical to that used for the FSV site as detailed in FSV document DC-70, "Design Criteria:
Structures - General," (Ref. 12).

A snow and ice load of 30 psf also envelopes the value recommended by ANSI A58.1 (Ref. 7).
The flat-roof snow load is calculated in accordance with Section 7.3 of Reference 7.An exposure
factor, Ce, of 0.9 has been assumed, corresponding to a windy area with little shelter. A thermal
factor, Ct, of 1.2, appropriate to an unheated structure, was taken as pessimistic together with an
importance factor, I, of 1.2 for a Category III structure. Since the MVDS roof slope is only 10
degrees, the roof slope factor is unity and does not affect the snow load calculation. The flat-
roof snow load, pf, is found from the expression:

pf  =0.7(Ce) (Ct) (I) (pg)
= (0.7)(0.9)(1.2)(1.2)(30)

= 27 Ib/square feet
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Drifting due to aerodynamic shade has been assessed in accordance with Clause 7.7 of Reference
7, assuming a triangular drift, as defined in Figure 12 of that reference.

The above calculations are conservative since the ground load, pg, was assumed to be 30 psf
instead of the 15 psf suggested by Figure 5 of Reference 7.

3.2.5. Combined Load Criteria

The load criteria associated with the MVDS may be divided into three groups: civil structure,
CHM, and MVDS crane.

3.2.5.1. Civil Structure

3.2.5.1.1. Load Factors and Combinations for Reinforced Concrete Design

The required strength U shall be at least equal to the following (Ref. 13):

Load Case Load Combination

1. U=14D+1.7L + 1.7R,

2. U=14D+1.7L + 1.7TW+ 1.7R,

3. U=D+L+T, +tRo+ Eg

4. U=D+L+T, + R, + W;

5.% U=D+L + T,+ R, tA

6.% U =D +L +T,+R, +F

7. U=1.05D + 1.3L + 1.05T,+ 1.3R,

8. U=1.05D + 1.3L + 1.3W+ 1.05T, + 1.3R,

* Additional to ACI 349-85 (Ref. 13) but in line with ANSI/ANS 57.9 - 1984 (Ref. 14)

Where :
D = Dead load

L = Live load including snow, rain, operational, superimposed loads etc.(varied 0% to
100% as

required by ANSI ANS-57.9)
R, = Pipe and equipment reactions - normal or shutdown (including crane loads)

W = Operating Basis Wind (OBW) Load
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Wt =DBT load including tornado generated differential pressures

Ea = Loads due to the DBE

T, = Internal moments and forces caused by thermal effects during normal operating or fault
conditions

A = Loads due to drop of a heavy load

F = Loads due to extreme flood loading

The following additional load cases taken from ACI 307-88, shall be considered for the design of
the exhaust stack:

9. Not Used

10. U=1.1D+14T,+1.7W

11. U=09D+14T,+1.7TW

3.2.5.1.2. Load Combinations for Structural Steel Design

Structural steelwork is designed in accordance with the AISC Manual of Steel Construction
(Ref. 15) and shall be based on the allowable stress design with the following load combinations
for the factored strength S:

Load Case Load Combination

I. S=D+L+R,

2. 1.335=D+L+R,+W

3. 1.5S=D+L+R,+T,+W
4.%* 1.6 S= D+L+R,+T,+ W,
3. 1.6S=D+L+R,+ T, + Eg

* Load cases additional to ANSI/ANS 57.9 - 1984 (Ref. 14) but in line with ACI 349-85
(Ref. 13)

These load cases are based on ANSI ANS-57.9 but with the addition of R,, W; and F and with E
taken as Egp to better agree with load cases for reinforced concrete design. All symbols are as
defined in Section 3.2.5.1.1.
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3.2.5.2. Container Handling Machine Raise/Lower Mechanism

Combined load criteria for the design of the CHM raise/lower mechanism equipment are given
in American National Standard, "Rules for Construction of Overhead & Gantry Cranes,"
(Top Running Bridge, Multiple Girder), ANSI/ASME NOG-1-1983 (Ref. 16).

3.2.5.3. MVDS Crane

Combined load criteria for the design of the MVDS crane hoist equipment is given in:

CMAA 70 'Specification for Electric Overhead Traveling Cranes' Class C (Ref. 17)and ESL
Spec 362F0008 (Ref. 18).
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Table 3.2-1. Design Basis Tornado Generated Missiles.

(Taken from NUREG 0800 Section 3.5.1.4)

Missile Mass (kg) Dimensions (m) Velocity (m/sec)
A Wood Plank 52 0.092 x 0.289x3.66 83
B 6" Sch. 40 Pipe 130 0.168D x 4.58 52
C 1" Steel Rod 4 0.0254D x 0.915 51
D Utility Pole 510 0.343D x 10.68 55
E 12" Sch. 40 Pipe 340 0.32D x 4.58 47
F Automobile 1810 5x2x1.3 59
Footnotes

Vertical velocities of 70% of the postulated horizontal velocities acceptable except for missile C.
This missile, which is used to test barrier openings, is assumed to have the same velocity in all
directions. Missiles A, B, C and E are considered at all elevations and missiles D and F at
elevations up to 30 feet above grade level.

FSV ISFSI SAR 3-16

Revision 8





Table 3.2-2. Gust Response Factors and Velocity Pressure Exposure Coefficients for the MVDS
Structural Analysis.

(Taken from ANSI A58.1 - 1982)

Height above Gust Response Velocity Pressure
Grade, Z (feet) Factors, Gz Coefficients, Kz

0-15 1.32 0.80

20 1.29 0.87

25 1.27 0.93

30 1.26 0.98

40 1.23 1.06

50 1.21 1.13

60 1.20 1.19

70 1.19 1.24

80 1.18 1.29

90 1.17 1.34

100 1.16 1.38
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3.3. Safety Protection Systems
3.3.1. General

The MVDS is designed for safe and secure storage of the FSV HTGR irradiated fuel for up to 40
years. The structures, systems and components important to safety have been designed to
maintain:

1. The spent fuel in a sub-critical configuration.

2. The integrity of the spent fuel against gross rupture during handling and storage
for normal and off-normal events.

3. The capacity to shield operators and the general public from direct radiation and
contamination.

4. Structures and equipment against gross collapse from operating and

environmental hazards.

The equipment and structures that are required to assure that the above conditions are met are
shown in Table 3.4. To ensure that item 2 is met, consideration has been given to:

1. The adequacy of air as the long-term storage gas.
2. The prediction of spent fuel storage temperatures.
3. The integrity of the total transfer system to ensure safe handling and placement of

the irradiated fuel in its FSC.

3.3.2. Protection by Multiple Confinement Barriers and Systems
3.3.2.1. Confinement Barriers and Systems

The MVDS is designed to contain the radioactivity during all phases of fuel storage and
unloading. This is accomplished by the multiple barriers shown in Table 3.3-1.

The direct radiation is attenuated by the bulk shielding of the civil structural components, the
CHM and the transfer cask.

The primary confinement barrier for the escape of radioactivity from the spent fuel is the fuel
particle TRISO coating. A description of the TRISO coating is contained in Section 3.1.1.1,
Table 3.1-3, and Figure 3.1-1. Throughout storage in, and subsequent transfer from, the vault
module, the FSC provides a high integrity secondary containment barrier.

The FSC is manufactured of 1/2" thick carbon steel. It is protected from atmospheric corrosion
by application during manufacture of a flame sprayed coating of aluminum to the outside
surfaces. The FSC is closed by a lid sealed with double metal O-ring seals that provide a high
integrity arrangement designed to withstand exposure to radiation during the storage period
without the need for maintenance. Provisions are incorporated for leak checking the interspace
between the two O-ring seals.
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3.3.2.2. Ventilation - Offgas

The spent fuel stored within the FSCs in the MVDS is cooled by a passive, self-regulating
natural convection cooling system. This system induces buoyancy driven ambient air to flow
across the exterior of the FSC (see Figure 3.3-1). There is no contact between this cooling air
and the fuel.

The MVDS design limits the temperature of the stored spent fuel such that no fuel damage will
occur under the design base conditions. The MVDS response to abnormal cooling conditions
(i.e. convective air flow blockage conditions) is provided in Section 8.

3.3.2.2.1. Principle of Operation

The MVDS cooling system has been designed to provide low fuel element and FSC temperatures
during long term fuel storage in the MVDS, using atmospheric air as the working fluid to cool
the outside surfaces of the FSCs.

Within the FSC the three modes of heat transfer (conduction, radiation and convection) transmit
the decay heat of the six fuel elements to the FSC walls. The cover gas is air. The heat from the
FSCs is removed by natural convection which induces a cross-flow of ambient air from the air
inlet, across the exterior of the FSCs, then out through the outlet duct.

The vault air flow rate can only be enhanced by the influence of wind on the building. This is
valid for wind from any direction (see Appendix A3-1.1). This flow enhancement reduces the
temperature of the FSCs and the fuel elements relative to their calm day values by an amount
dependent on wind direction and velocity. No credit has been taken for the effect of vault air
flow enhancement by the wind in the prediction of temperatures for this report, despite the
significant reductions that will be obtained in practice. Air passing through the module is heated
as it passes, in cross-flow, over the vertical FSCs containing the fuel elements. These FSCs are
arranged in a regular equilateral triangular array in the shielded vault (Figure 1.1-2). The
warmed air then passes up the vertical outlet duct which provides the buoyancy head that
maintains the passive cooling flow over the bank of FSCs.

Heat is transferred from the fuel elements to the cooling air in the following manner:

1. Heat transfer from the fuel to the FSC is by radiation, convection and conduction.
Conduction within the fuel element transfers heat radially to the outer surface of
the element then heat transfer to the inner FSC surface is by all three processes.

2. Each FSC holds six fuel elements and their individual heat outputs vary,
depending on their location within the reactor core and irradiation history. The
average rated fuel element heat output is 85W, the average FSC heat output is
510W and the total vault module heat load for 45 FSCs is 23kW.

Within any FSC all six fuel elements have different heat outputs but, as a
consequence of the loading method, the actual heat distribution is different for all
FSCs. For the vault as a whole it is assumed that the averaging effect of 45 FSCs
results in no actual variation in the heat output.
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The maximum individual peak rated fuel element heat output is 150 W and the
maximum FSC heat output is 900 W. The maximum fuel element, FSC and
concrete temperatures are calculated assuming this maximum rated FSC to be
present at any location within a vault module which is otherwise loaded with
average rated fuel.

Mixed/natural convection and radiation heat transfer processes can transfer heat
from the FSCs into the cooling air flow and to the vault walls. The exact regime
of convective heat transfer is dependent upon the air cross-flow velocity, which is
affected by the total module heat load and environmental wind effects.

When only a few FSCs are stored in a vault module, the mechanism can be
natural/mixed convection with additional radiation transfer to neighboring FSCs
and the concrete walls. Therefore, the preferred pattern for the first charge of
FSCs is to place them at the outlet end of the module. This ensures that the
heated air passes up the outlet duct into the atmosphere, minimizing fuel element
and FSC temperatures. However, placing the initial FSC loading in a location
other than the last row causes no thermal-hydraulic problems because sufficient
cooling is always maintained even under calm conditions with a heat load of only
one FSC.

The buoyancy head produced in the outlet duct produces a vault flow rate which
ensures that cross-flow heat transfer conditions dominate over local buoyancy
effects within the tube bank whenever the store heat load exceeds approximately
0.5 kW. This condition can be exceeded by loading a single FSC into the vault.
Therefore heat transfer from the FSC surfaces to the air has been assessed as a
staggered tube bank heat exchanger in cross-flow, using widely available and
reliable data (see Appendix A3-1.1).

Radiation heat transfer from the FSCs to the vault walls can be a significant heat
transfer mechanism, particularly from the outer FSCs in the array.

Atmospheric air that has been heated by the tube bank has a buoyancy potential
that causes it to rise relative to air of lower temperature due to differential density
effects. The MVDS has been designed to ensure that the heated air passes up the
outlet duct and out into the atmosphere into which the heat is finally dissipated.
The action of heated air rising up the outlet duct induces further atmospheric air
into the inlet to continue the self-sustaining natural thermosyphon air cooling
flow.

The flow rate of the natural convection is affected by the decay heat output of the
stored fuel and wind effects on the building. Increased heat output increases the
vault module air flow rate, and wind from any direction also increases the cooling
flow from inlet to outlet.
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3.3.2.2.2. Ambient Temperature

MVDS thermal parameters have been evaluated at two selected ambient temperatures to
demonstrate the thermal performance over the extreme temperature range.

1.

Lowest ambient temperature: -32 degrees F (-36 degrees C). This is the lowest
temperature considered. This was used to evaluate performance under extremely
low ambient temperature conditions.

Maximum ambient temperature: 120 degrees F (49 degrees C). This is the
maximum design temperature and provides the limiting case for thermal analysis
of the MVDS.

The source of these temperature data is the Project Data File, Section 5.4 (Ref. 19).

3.3.2.2.3. Spent Fuel Elements

I.

Decay Heat Output

Decay heat output from the fuel elements stored in the MVDS has been calculated
from conservative irradiation history predictions.

The minimum decay period for fuel following reactor shutdown is 600 days
giving an average fuel element heat output of 85 W and a peak output of 150 W.

Fuel Temperature Limits
The maximum allowable storage temperature for an air environment is 750

degrees F (400 degrees C) and is limited by graphite oxidation. (Ref. 19, Section
3.2).

3.3.2.2.4. Loading Pattern

It is preferable that each vault module is loaded and unloaded in a specific pattern due to the

following:

1.

Transverse symmetry of loading across the vault module produces flow
characteristics that are consistent across the width of the vault module.

The fuel temperatures are minimized throughout the vault module during both
loading and unloading operations.

The specified pattern reduces the complexity of the logistical control and
management of loading and unloading operations by using the location labeling
shown on Figure 3.3-2.

The vault location labeling shown in Figures 3.3-2 and 3.3-3 are for loading sequence
description only.
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The preferred loading sequence starts at the last row of the module (row K) and follows the
patterns shown on Figure 3.3-3.

Departures from the specified loading pattern will not cause any thermal problems within the
vault module.

3.3.2.2.5. Concrete Temperature Limits

The maximum design steady state structural concrete temperatures are as follows (Ref. 19,
Section 5.7):

Maximum bulk temperature = 135 degrees F (57 degrees C)

Maximum local temperature = 150 degrees F (66 degrees C)

Maximum crossfall temperature = 20 degrees F (11 degrees C) for a 3'6" wall thickness.
Fault condition temperatures are less than those quoted in Appendix A.4.2 of Reference 14.
3.3.2.2.6. Detailed Thermal Hydraulics of the MVDS

Full details of the MVDS Thermal-Hydraulic Analysis are given in Appendix A3-1.1.

3.3.3. Protection by Equipment and Instrumentation Selection
3.3.3.1. Equipment
The equipment important to safety is listed in Table 3.4-1. The details of this equipment are

given in Section 4. The design criteria for this equipment is summarized in Section 3.6.

For off-normal operations, the additional item considered important to safety is the individual
fuel element grapple.

3.3.3.2. Instrumentation

The MVDS is designed to maintain a safe and secure long-term containment and storage
environment for the spent fuel using totally passive components. Therefore, no important to
safety instrumentation is required for operation of the facility.

3.3.4. Nuclear Criticality Safety

This section provides a summary of the criticality safety margins inherent in the MVDS design,
which ensure that a sub-critical situation exists at all times, both for storage and for fuel handling
operations. The assessment covers the CHM, the SSW, and the vault module. The detailed
criticality safety assessment of the MVDS is presented in Reference 20.

The criteria for criticality safety are as follows:

1. The effective multiplication factor (Kes) shall not exceed the value of 0.95 with
optimal density water introduced uniformly in the vault, on the outside of the
FSCs.
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2. The value of K¢ quoted will include allowances for uncertainties in the
calculations, modeling geometry and the data libraries.

3.3.4.1. Control Methods of Prevention of Criticality

The configuration of the FSC tube array within the vault module ensures nuclear criticality
safety under all situations. The normal fuel storage environment is dry; the fuel elements are
stored in a sealed air atmosphere within the FSC and the concrete vault is dry, being protected
from the maximum 6 feet flood level by a 16 ft. 4 in. inlet duct barrier wall. Flooding of the
vault with water of uniform and various densities, resulting from an unspecified fault situation,
also is assessed.

The criticality safety case is based on the following conservative assumptions:

1. All the FSCs contain standard fuel elements, i.e. not a mixture of standard, control
and reflector elements.

2. All elements are the most reactive fuel, taken from the most heavily loaded
segment (segment 9) of the reactor.

3. The upper manufacturing limit to the range of fuel element uranium loading was
used: 1,347 x 1.02 = 1,374 gram of uranium per element (Ref. 21).

4. The lower manufacturing limit to the range of fuel element thorium loading was
used: 11,025 x 0.97 =10,694 gram of thorium per element (Ref. 21).

5. All fuel elements are unirradiated, i.e. no credit is taken for fuel burn-up or the
presence of fission products.

6. Burnable poisons are ignored.
7. Silicon in the fuel particle coatings and other impurities are ignored.
8. The Uranium-235 content of the fuel is 93.15%.

The control methods required for the prevention of criticality are the engineered features which
maintain the fuel in a defined geometry and restrict the presence of moderating materials which
might otherwise increase the reactivity of the storage array. Any fuel element can be transported
and stored in any location - there is no requirement to either restrict or control the fuel element
inventory. There is no requirement for the presence of neutron absorbing materials for the
specific purpose of ensuring subcriticality.

Fuel transfer from the transfer cask to the vault module was carried out using the CHM.

It has been shown in Reference 20 that reactivity of the FSC in the CHM is safe from criticality
hazard.

In the event a loaded FSC is placed in one of the three storage wells, it will be isolated
neutronically from other FSCs by the adjacent concrete structure. It has been shown in
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Reference 22 that a dry, isolated, infinitely high, stack of the most reactive fuel elements is
always safe from criticality hazard. The presence of metallic components which surround the
fuel results in lower multiplication. External flooding of the FSC also is shown to reduce the
reactivity, since it promotes the absorption of thermal neutrons in the FSC wall.

The effective multiplication factor for a full vault module under normal dry storage conditions
and for a range of flooding situations is presented in Reference 20. Internal flooding of a single
FSC in the center of the vault also is addressed. The vault module is designed to prevent gross
water ingress. The vault has a non-return drainage system to remove water collected in the vault
space. In addition, there are no installed fire protection deluge systems to cause flooding of the
vault. It is, however, necessary to address those moisture levels associated with the various
extreme atmospheric conditions (e.g. fog, mist and snow). Consequently the criticality analysis
has considered a complete range of interstitial water densities from 0.0 to 1.0 gram/cubic
centimeters.

The results of the criticality assessments are presented in Section 3.3.4.5.

3.3.4.2. Criticality Analysis Methods

The MICROX code (Ref. 23) was used to calculate P1 transport cross sections. FSV fuel
particle, fuel rod, and standard element dimensions and densities were used as input, taken from
the FSV fuel specification (Ref. 21). A standard concrete composition was used based on Table
5.1 of ANSI/ANS 6.4-1985 (Ref. 24).

The DTFX code (Ref. 25) was used to perform one dimensional transport theory calculations.
The application of this one dimensional code for an infinite array of FSCs of infinite height gave
values of K¢ which were pessimistic and had significant margins on the maximum allowable
values.

The MCNP Monte Carlo code (Ref. 26) was used to verify the DTFX results and to provide a
basis for the independent review.

The MICROX and DTFX codes are validated for the nuclear safety calculations carried out by
General Atomics Inc. (GA) and all three computer codes, as well as the calculational
methodologies, are consistent with GA's Nuclear Safety Evaluation Guide (Ref. 27).

The validation/verification of the MICROX and DTFX codes are given in Table 3.3-4. These
results are obtained from Section 5.3.4.2 of the Demonstration Volume I of GA's License
SNM-696. All calculations assumed the scattering (anisotropy) order of P1 and the angular
quadrature approximation of S4. Note that the use of nine flux energy broad groups results in a
consistent overprediction of reactivity. For Cases 11 and 12, i.e., the water/graphite mixtures,
the conservatism varies between 0.014 and 0.052 delta k. These cases are of particular interest
because the DTFX model assumes that fuel, carbon and water are homogeneously mixed and
reflected (in flooded cases) with water. This means that the selected benchmark cases are fully
applicable and supportive of the ISFSI nuclear safety evaluation. The experimental data is for
spherical geometries, whereas the geometry of the calculational cell is cylindrical. Due to the
relatively large size of the calculational cell the geometrical differences are inconsequential.
Note that an increase in the number of groups results in a much better accuracy. The benchmark
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calculation of the TID-7028 300/1 H/U experiment (Ref. 22) was conducted to estimate the
critical mass, rather than the reactivity. The calculations were on the preliminary basis, and were
supplemented by the final validation work reported in SNM-696 License. Note that the
systematic over prediction of reactivity by the nine group DTFX model was not factored into the
ISFSI evaluation by using negative reactivity biases.

3.3.4.3. Error Contingency Criteria

The values of the effective multiplication factor calculated by the one dimensional DTFX code,
for an infinite array of infinite height FSCs, has been shown by comparison with results from the
MCNP code for a finite array of finite height FSCs, to include a substantial margin of
conservation (Ref. 20). The maximum value of the effective multiplication factor occurs in the
normal dry operating condition (Kegr = 0.75) and is significantly lower than the maximum
allowable value (Kegr = 0.95) as discussed in Reference 6. A discussion of the error contingency
criteria is presented in Reference 20.

3.3.4.4. Verification Analysis

All criticality calculations have been carried out by GA using calculational methodologies and
the two validated computer codes (MICROS and DTFX) in a manner consistent with their
Nuclear Safety Evaluation Guide (Ref. 27).

The calculations have been subject to an independent review. The result of the review is
included in the Criticality Safety Report (Ref. 20).

3.3.4.5. Calculated Values of the Effective Multiplication Factor

1. The calculated values of K¢ for the normal dry operational conditions and for a
range of hypothetical flooding situations are given. They have been assessed
assuming an infinite FSC array of infinite height. Normal vault operational
condition (dry): K= 0.7467

2. Off normal condition, with the vault flooded with water of various uniform
densities and the FSC internals dry:

H20 Content Kesr

0% 0.7467
2% 0.6210
20% 0.3402
40% 0.2386
60% 0.2098
100% 0.2037

Further off normal conditions have been assessed assuming a finite array of FSCs with a finite
height.
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1. Off normal condition, vault dry and a single centrally located FSC fully flooded
(the most reactive configuration): K= 0.7201

2. Off normal condition, consolidation of the FSC array into a close packed matrix
in one corner of the vault (dry conditions): K= 0.5846

3.3.5. Radiological Protection

The MVDS is designed to maintain both on-site and off-site doses as low as reasonably
achievable (ALARA) during long term storage and decommissioning. This is effected by access
control and the provision of appropriate shielding on the TCRB, CHM, and the vault.

The ISFSI is surrounded by a controlled area boundary fence to limit public access. Within this
region is a fence around the MVDS structure. Adjacent to the inlet ducts is a further fenced-off
area to restrict access. Personnel access to the MVDS is through the Access Control and Search
Facility. There is no contamination associated with FSC handling operations during normal
operating conditions.

A detailed description of the shielding design, the radiation shielding calculations, and the access
controls used to provide additional radiological protection are provided in Section 7. These
details together with the operational time cycles are used to assess the collective on-site and off-
site doses. This assessment provides assurance that the radiological exposures of operators and
the public will be maintained ALARA.

3.3.5.1. Access Control

Access to the MVDS installation is controlled in accordance with 10 CFR Part 72 (Ref. 2) and
10 CFR Part 73 (Ref. 28).

3.3.5.2. Shielding

A detailed discussion of radiation shielding calculations can be found in Section 7 of this report.
Estimated exposure times for the major operations also are given in Section 7 from which the
collective doses have been derived.

The design dose rates for the radiation zoning system adopted for the MVDS are shown in
Table 3.3-2. The allocation of radiation zones throughout the controlled area of the facility is
shown in Table 3.3-3.

In addition to these dose rate criteria, however, the design recognizes the recommendations of
Regulatory Position 2 of Reg. Guide 8.8 (Ref. 29). In this way operator exposure is maintained
within the limits given in 10 CFR Part 20 (Ref. 30), and the collective dose associated with the
irradiated fuel storage operation is maintained at a level which is ALARA.

3.3.5.3. Radiation Monitoring

Portable radiation monitors will be used as required during the operation and maintenance of the
installation.
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Radiation monitoring of the MVDS controlled area boundary and charge face level will be
carried out as described in Section 7.3.3.

3.3.6. Fire and Explosion Protection

Minimal amounts of combustible materials are stored within or adjacent to the FSV ISFSI
MVDS. The MVDS materials of construction, primarily concrete and steel, can withstand any
postulated credible fire hazard at the MVDS. Portable suppression equipment such as fire
extinguishers are located within the protected area boundary of the ISFSI. Security members are
trained in the use of hand-held portable fire suppression equipment.

Section 7.6.4 discusses authorization for temporary storage at the ISFSI of low-level radioactive
waste awaiting disposal. Such waste would be generated during maintenance, surveillance,
defueling or decommissioning operations related to spent fuel storage. It is expected to consist
primarily of dry active waste such as rags or paper wipes, and anti-contamination clothing
(coveralls, caps, hoods, gloves, shoe covers, etc.). This waste would be packaged in 55 gallon
steel drums and temporarily staged at the ISFSI while awaiting shipment. It is considered that
there will not be more than about 15 drums of low-level waste stored at the ISFSI at any given
time, totaling less than 100 cubic feet. Although the steel drum packaging should prevent
ignition and combustion of the waste, the potential dose effects from the postulated combustion
of the low-level radioactive waste are discussed in Section 8.2.4.

The ISFSI administration building meets all local fire codes and applicable National Fire
Protection Association (NFPA) guidelines.

The MVDS contains no volatile materials or gases, therefore no credible internal explosion is
postulated. The design basis for explosions away from the MVDS is bounded by the DBT
described in Section 3.2.1 for overpressures resulting from oil and natural gas production and
collection activities and infrastructure.

The effects of fires and explosions associated with oil/natural gas facilities in the vicinity of the
MVDS are assessed in Reference 31. The bounding case involving an explosion in Reference 31
conservatively postulated the release of 91,700 scf of natural gas in 2 minutes from a worst case
rupture of the 4 inch collection pipeline 540 feet north of the MVDS (depicted as HSG-02 on
Figure 2.2-1). The nearest approach of a flammable concentration of the natural gas plume to
the ISFSI from this accident, assuming conservative meteorological conditions and buoyancy of
the natural gas, was computed to be 343 feet from the MVDS at a height of 200 feet above
ground. It was hypothesized that all of the natural gas in the plume that was in a flammable
concentration was detonated at its closest point of approach to the MVDS, although detonation
of an unconfined cloud of natural gas in air is not considered credible. The resultant peak side-
on overpressure at the MVDS structure was computed to be 0.74 psi, using the TNT energy
equivalent method. Reference 31 determined that this overpressure is well below that which
would be produced by a DBT, and this postulated accident would not threaten the structural
integrity of the MVDS structure.

In Reference 31, the closest 6 inch pipeline was analyzed in the same manner as the bounding (4
inch) case. This case conservatively postulated the release of 83,300 scf of natural gas in 1
minute from a worst case rupture of the 6 inch collection pipeline 2000 feet west of the MVDS
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(also depicted as HSG-02 on Figure 2.2-1). The nearest approach of a flammable concentration
of the natural gas plume to the ISFSI from this accident, assuming the same conditions as the
bounding case, was computed to be 1770 feet from the MVDS. The detonation assumptions and
calculation methods from the bounding case were applied to the 6 inch case. The resultant peak
side-on overpressure at the MVDS structure was computed to be 0.12 psi which is well below
the value computed for the bounding case.

In Reference 32, PSCo requested NRC review and approval of the installation of nine new
oil/natural gas wells and associated natural gas pipelines within one-half mile of the ISFSI.
Analyses were performed which determined that the effects of postulated rupture of the existing
4 inch pipeline routed within 540 ft. of the ISFSI, described above, would bound effects
associated with the proposed new oil/natural gas wells and associated pipelines. The closest
proposed new natural gas collection pipeline (depicted as DES-01 on Figure 2.2-1), which also is
4 inch diameter, will be located a distance of at least 800 ft. from the ISFSI. The closest
production facilities (three-phase oil/gas/water separator and oil storage tanks) are also located
approximately 800 feet from the ISFSI and are also discussed in Reference 32. The NRC
approved installation of the proposed wells and pipelines within one-half mile of the ISFSI
described in References 31 and 32, as evidenced by an amendment to the ISFSI license, issued in
Reference 33.

As discussed in Section 2.2.1, PSCo decided to repower the FSV plant, located approximately
1,500 ft. south of the ISFSI, with combustion turbines and heat recovery steam generators. The
natural gas combustion turbines and heat recovery steam generators are located on the east side
of the FSV decommissioned nuclear reactor building, approximately 1,200 ft. south of the ISFSI.
Natural gas is piped to the FSV power plant by means of a 12 inch diameter pipeline (depicted as
FSV-02 on Figure 2.2-1) from the metering station near the intersection of Weld County Roads
19 1/2 and 34, approximately 5,700 ft. south-southwest of the ISFSI. The 12 inch supply
pipeline does not approach closer than 1,400 ft. to the ISFSI. The metering station is supplied by
a 24 inch diameter pipeline (depicted as FSV-01 on Figure 2.2-1) from the north at the
Cheyenne, Wyoming hub. The closest point of approach of the 24 inch main supply pipeline is
approximately 4,300 ft. west of the ISFSI.

PSCo submitted to the NRC a description of plans for repowering the FSV plant, along with
analyses of potential effects of postulated natural gas pipeline ruptures on the ISFSI (Ref. 34).
PSCo installed a valve with an automatic isolation feature over one-half mile from the ISFSI
based on the commitment to the NRC in Reference 35. This valve and its control system were
designed to isolate the 12 inch service line in the event of a low pressure condition, such as
would result from rupture of the 12 inch service line. The analyses of the effects of natural gas
pipeline ruptures on the ISFSI, summarized below, do not take credit for this automatic isolation
capability.

The analyses described in Reference 34 considered four separate postulated pipeline rupture
scenarios as follows:

Case 1: A rupture of the 12 inch service line at its closest point of approach
to the ISFSI, conservatively assumed to be 1,400 ft. south of the
ISFSIL.
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Case 2a: Double-ended rupture of the 24 inch main supply line at the
metering station where the 12 inch service line connects to it,
conservatively assumed to be 5,280 ft. south-southwest of the

ISFSI.

Case 2b: Double-ended rupture of the 24 inch main supply line at the closest
point of approach of the 24 inch pipeline to the ISFSI, 4,300 ft.
west of the ISFSI.

Case 3: Detonation of natural gas within the turbine building, assumed to

be located at a point 1,737 ft. southwest of the ISFSI. It was
assumed that a pipeline rupture occurred near the turbine building
and the turbine building ventilation system pulled natural gas into
the building, filling the building with a stoichiometric
concentration of natural gas which then ignited and detonated.

The above pipeline rupture scenarios assumed conservatively high natural gas release rates and
evaluated different wind speeds to obtain worst case meteorological conditions to produce a
large plume close to the ISFSI, maximizing the effects of postulated plume explosion. The
analyses determined that under no condition could a flammable concentration of natural gas
reach or enter into the ISFSI. While evidence indicates that an unconfined natural gas vapor
cloud will conflagrate and not detonate, it was hypothesized that plume ignition resulted in a
detonation for all cases (not just Case 3, where the gas is confined), resulting in conservatively
high overpressures at the ISFSI. Amplification of the overpressures by reflection of the pressure
wave off the ground was factored in for Cases 1, 2a and 2b above, in which elevated detonations
were postulated.

The following table identifies the overpressures and impulses (pressure integrated with time)
computed for the different scenarios:

Overpressure (psi) Impulse (psi-millisecond.)
Case 1: 33 252
Case 2a: 1.0 228
Case 2b: 1.3 267
Case 3: 0.7 47
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The results of these analyses show that a rupture of the 12 inch service line at its closest point of
approach could create the highest overpressure at the ISFSI. Because this overpressure exceeds
the value for the DBT, detailed structural analyses were performed to assess the response of
various portions of the ISFSI structure to the overpressures and impulses generated by the
detonations. It was determined that the metal cladding of the ISFSI could be substantially
damaged by Case 1, and suffer light to moderate damage for the other cases. However, the
cladding does not perform a nuclear safety function, but serves as a weather enclosure for worker
comfort. The important-to-safety concrete walls and chimney of the ISFSI and the charge face
structure would suffer only superficial damage, and would continue to carry out their safety
functions of protecting the FSCs from damage, maintaining the FSCs in a subcritical array,
providing for natural convection cooling, and providing adequate radiation shielding. Thus it
was determined that nuclear safety at the ISFSI would not be compromised even in the event of a
worst case natural gas pipeline rupture scenario.

The NRC approved PSCo's proposed natural gas pipeline installation plans, as evidenced by an
amendment to the ISFSI license issued in Reference 33, concluding that the installation of
natural gas pipelines and repower facilities is acceptable and does not pose a threat to nuclear
safety at the ISFSI.

In 2007 Xcel Energy, the successor company to PSCo, advised DOE-ID of its plan to add two
additional combustion turbines adjacent to the three existing units, as well as a new 12 inch
service line parallel to the existing service line. A qualitative comparison of the new service line
with the hazard analysis of bounding Case 1 indicated the Case 1 analysis bounded the new
service line (Ref. 42).

The effects of fires on the MVDS are analyzed in Reference 36. That analysis considers fires
from oil/gas wells, pipelines, a 9,000 gallon storage tank, small aircraft (such as crop dusters),
and diesel fuel tanks. The bounding case involving a fire is that of the transport trailer tow
vehicle fuel tanks catching fire in the TCRB. Such a fire will not create a significant hazard to
the MVDS concrete structure or important to safety equipment. A barrier was installed in the
TCRB before unloading FSCs to the MVDS during fuel loading operations with the FSV-1
transfer cask (see Section 4.3). This barrier assured that the transport trailer tow vehicle's fuel
tanks remained outside the MVDS. ISFSI defueling operations will utilize the TN-FSV transfer
casks instead of the FSV-1 casks, as described in Section 4.3. The trailers that transport the TN-
FSV casks are much longer than those used with the FSV-1 casks, and approximately 4 feet
longer than the TCRB. The length of the TN-FSV cask trailers positively prevents entry of the
tow vehicle's fuel tanks into the TCRB.

No credible design basis mechanism could be identified that could cause a graphite fire (graphite
oxidation) of the spent fuel elements to occur. The FSCs are carbon steel with double metal O-
ring seals. The storage environment is a confined volume of air.

3.3.6.1. Aircraft Hazards

As described in Section 2.2.3, there are two federal low altitude airways that pass overhead
within a 5 mile radius of the ISFSI site. Victor 575, which goes northwest from DIA toward
Laramie, Wyoming, passes within approximately 4.8 miles southwest of the ISFSI; and Victor
220, which is directed southwest from Greeley, Colorado, passes within approximately 4.1 miles
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to the northwest of the ISFSI (Ref. 37). There also is a high altitude jet route passing within a 5
mile radius of the ISFSI, designated J-13, directed north from DIA towards Cheyenne,
Wyoming. The ISFSI is located approximately 21 miles north and 9 miles west of the nearest
DIA runway. A conservative assessment of the annual probability of an aircraft impacting the
ISFSI MVDS was made based on the following information using the guidelines in NUREG
0800, Chapter 3.5.1.6 (Ref. 5):

1.
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The traffic volume at the Stapleton International Airport for the years 1986
through 1994 (Ref. 38) was as follows:

Year Yearly Total Average Daily
Operations Operations
1986 524,247 1,436
1987 520,836 1,427
1988 503,185 1,379
1989 463,797 1,271
1990 484,040 1,326
1991 488,254 1,338
1992 506,706 1,388
1993 552,422 1,513
1994 530,839 1,454

Flight operations at Stapleton International Airport ceased at the end of February,
1995, with the opening of DIA. For the first six months after its opening on
February 28, 1995, DIA had a total of 245,538 flight operations, an average of
1,334 operations per day. The Federal Aviation Administration (FAA) at DIA
indicated that flight paths of aircraft departing DIA vary constantly depending on
the departing and arriving runways in operation. Arrival flight paths are more
consistent, and the ISFSI is located outside the area where arriving aircraft
normally begin their final descent below 6,000 feet above ground level into DIA.
Aircraft arriving and departing DIA will normally be at least 6,000 feet above
ground level in the vicinity of the ISFSI (Ref. 39). In response to PSCo's request
for information, FAA personnel at DIA estimated that 66,000 flights per year pass
through the airspace above a horizontal circle on the ground, centered at the
ISFSI, with a radius of 5 nautical miles (Ref. 40). This estimate includes flights
operating out of airports other than DIA, such as Loveland/Fort Collins, Greeley
and Jefferson County.

3-32





A traffic volume near the FSV site of 240 flights per day (15%) based on a DIA
daily traffic volume of 1,600 operations was conservatively assumed. Relative to
the major population centers throughout the continental United States, the
majority of the DIA operations would involve east-west destinations rather than
north/south over the ISFSI site. This volume includes general aviation (including
crop dusting and spray aircraft), air carrier and military.

2. The enroute accident rate was assumed to be 4E-10 per mile (Ref. 5). This value
is conservative (for the data presented in Ref. 5) since the ISFSI site is greater
than 10 miles from the end of DIA's runways.

3. Although the legal width of Federal VOR airways is 9.2 statute miles, the
effective width of the Federal airways is 7 miles at the ISFSI site. Federal
Aviation Regulations (14 CFR 91.123(a)) require aircraft operating under IFR to
fly along the centerline of the Federal airway. The regulations (14 CFR
17194-25)} permit a maximum error of £+ 6 degrees in the aircraft equipment used
to determine the location of the airway. Since the ISFSI site is within 30 miles
from 5 VOR transmitters, the effective width of the airway at the ISFSI site would
be 7 miles.

4. An impact angle of 45 degrees to the MVDS was assumed. This angle will result
in calculating the largest effective target area. The effective area of the MVDS
would be the (MVDS base area) + (MVDS elevation area x cot 45 degrees) =
.0005 square miles. An effective target area of .002 square miles, which includes
the area within the ISFSI fence, was conservatively assumed.

5. The annual probability of flight accident (PFA) of an aircraft traveling on an
airway or initial approach segment impacting on the ISFSI MVDS is given by
Ref. 5:

where: PFA = CNA/W

C = Probability of aircraft accident per mile of flight = 4E-10 per mile
N = Number of aircraft/year traveling on airway = 87,600

A = Effective area of plant = 0.002 square miles

W = Effective width of airway in miles = 7 miles

PFA =1.0 E-08 per year

NUREG-0800, Section 3.5.1.6, Acceptance Criteria states that "aircraft accidents which could
lead to radiological consequences in excess of the exposure guidelines of 10 CFR Part 100 with a
probability of occurrence greater than about 1E-7 per year should be considered in the design..."
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It is conservatively concluded that the risk of an aircraft impacting upon the ISFSI MVDS and
causing radiological consequences exceeding 10 CFR Part 100 guidelines is below 1E-7 per
year. Such accidents are therefore not considered design basis events, and design for aircraft
impact or ensuing fire hazard is not necessary.

3.3.7. Materials Handling and Storage
3.3.7.1. Spent Fuel Handling and Storage

The handling of spent fuel is conducted with the fuel fully contained by its FSC and shielded
within the transfer cask or CHM. Ceriticality safety during all phases of handling and storage is
discussed in Section 3.3.4, where it is shown that sub-criticality is maintained.

The maximum temperature of the fuel will not endanger its integrity.

3.3.7.2. Radioactive Waste Treatment

Radioactive waste, both of solid or liquid form, are minimal with the MVDS design. Further
information is provided in Section 6.
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Table 3.3-1. Radioactivity Confinement Barriers and Systems for the MVDS.

Radioactive Source: FSV HTGR spent fuel.

Confinement Barriers and Systems: Fuel TRISO coating. In addition the following are
available:

1. Residence in the vault module storage position: FSC.

2. During transfer of the FSC between the vault module storage position in the
MVDS and the cask: FSC and CHM.
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Table 3.3-2. Radiation Zone Designations.

ZONE ZONE DESCRIPTION MAXIMUM DOSE
NO. RATE (mrem/hr)
L Unrestricted area - continuous access <0.20
II. Unrestricted area - occupational access <2.0
II1. Restricted area - periodic access <5
Iv. Restricted area - controlled access <20
V. Radiation area - controlled infrequent access <100
VL High radiation area not normally accessible > 100
FSV ISFSI SAR 3-36

Revision 8





Table 3.3-3. Allocation of Radiation Zones for MVDS.

PLANT AREA RADIATION ZONE (MREM/HR)
DESIGNATION

Controlled Area Boundary (Outer II (< 2.0

Fence)

ISFSI Fence v (< 20.0)

Administration Building II (< 2.0

TCRB v (< 20.0)

Charge Hall I (< 5.0

Around CHM with full FSC loaded A% (<100.0)

Exclusion around inlet duct A% (< 100.0)
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Table 3.3-4. Calculated Multiplication Factors for Uranium, Water, and Graphite Spheres.

CASE | REFERENCE | H/U | C/U | REFLECTED? | 2GR | 5GR 9GR 12GR | 18GR | 22GR

1 * 0 0 YES 1.060 | 1.130 | 1.034 | 1.057 | 1.051 | --

2 * 20 0 YES 1.194 | 1.077 | 1.027 | 1.009 | -- --

3 * 126 0 YES -- -- 1.039 | -- -- --

4 * 500 0 YES 1.160 | 1.056 | 1.038 | 1.019 | 1.014 | --

5 * 573 0 YES -- -- 1.030 | 1.011 | 1.005 | 1.004

6 * 573 0 NO -- -- 1.022 | -- -- --

7 * 1000 | O YES -- -- 1.023 | 1.005 | -- --

8 *x 0 316 YES -- 1.025 | 1.022 | -- -- --

9 *E 0 1271 | NO 1.049 | 1.038 | 1.032 | 1.022 | -- --

10 ok 0 5091 | NO -- -- 1.009 | -- -- --

11 ok 335 316 YES 1.156 | 1.062 | 1.052 | 1.022 | -- --

12 ok 1348 | 1271 | YES -- -- 1.014 | 1.006 | -- --

* W.R. Stratton, "Critical dimensions of Uranium - Graphite - Water Spheres, Cylinders,
and Slabs," LAMS-2944, LANL, 1962.

*ok H.C. Paxton, "Critical Dimension of systems Containing U-235, Pu-239, and U-233,"
TID-7028, LANL/ORNL, 1964.
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Figure 3.3-1. MVDS Cooling Flow.
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3.4. Classification of Structures, Systems, and Components

Classification of components as important to safety or enhanced quality was based on the
specific need for component function under accident conditions, or other operational
considerations.

3.4.1. Important to Safety
The definition of important to safety in 10 CFR Part 72 (Ref. 2) is:

"Structures, systems and components important to safety means those features of the ISFSI
whose function is:

1. To maintain the conditions required to store spent fuel or high level radioactive
waste safely,

2. To prevent damage to the spent fuel or high level radioactive waste container
during handling and storage, or

3. To provide reasonable assurance that spent fuel or high level radioactive waste
can be received, handled, packaged, stored, and retrieved without undue risk to
the health and safety of the public."

3.4.1.1. Classification Criteria

The classification criteria used during design for compliance with the 10 CFR Part 72 definition
was:

“An ISFSI structure, system, or component shall be classified as important to safety if:

1. It forms a primary or secondary containment boundary, or
2. It controls or prevents criticality, or
3. It is used to prevent radioactive releases (gaseous and particulate) resulting in an

exposure at the owner controlled boundary in excess of 5 rem (per 10 CFR
72.106) for any design basis accident.”

The classification criteria met the 10 CFR Part 72 definition for structures, systems, and
components considered as important to safety for the following reasons.

1. A structure, system, or component which forms a primary containment boundary
encompasses all three functions of the definition. Primary and secondary
containment allow safe storage of spent fuel since the primary function is to
prevent the release of radioactive gases and particles. It also acts as a barrier
against fuel damage during handling and storage. In addition, it provides a
method for handling the spent fuel without creating an undue risk to the health
and safety of the public.
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2. A structure, system, or component which prevents criticality allows spent fuel to
be handled and stored safely. Items in this category prevent the establishment of
a configuration which would sustain a nuclear chain reaction. By preventing
criticality, the spent fuel can be packaged, stored, handled and retrieved safely
without exposing the public to an undue risk to their health and safety.

3. A structure, system, or component which prevents radioactive releases in excess
of 5 rem (design basis accident) at the owner controlled boundary allows the
ISFSI design to meet the requirements of 10 CFR 72.106. Items in this category
help to provide reasonable assurance that the spent fuel can be handled and stored
safely without causing an undue risk to the health and safety of the public.

Therefore, the criteria established for the ISFSI design to meet the definition of important to
safety provide a reasonable assurance that spent fuel will be packaged, received, handled, stored,
and retrieved safely at the ISFSI without posing an undue risk to the health and safety of the
public in accordance with 10 CFR Part 72.

DOE-ID will use these classification criteria to classify structures, systems, and components
involved with any future design modifications.

3.4.1.2. Listing of Structures and Components

The FSV ISFSI components classified as important to safety are listed in Table 3.4-1. These
items were selected based on the criteria in Section 3.4.1.1 as follows:

1. FSCs and Standby Storage Wells (provides the secondary containment boundary
for the spent fuel).

2. Raise/Lower Mechanism and FSC Grapple assemblies of the Fuel CHM (prevents
damage to the FSC during handling operations).

3. CLUP and FSC Support Stools (prevents and controls criticality and radioactive
releases).
4. The structural steel of the Charge Face Structure (the charge face structure

maintains the FSCs in a non-critical array and therefore prevents criticality).
DOE-ID will apply its QA Program, described in Section 11, to these important to safety items.

The following two items discuss the structures and components which were not classified as
important to safety, but fell under the enhanced quality program during design and construction.
The enhanced quality items do not form a primary or secondary containment boundary, prevent
or control criticality, or prevent radioactive releases, however, the function they perform is
considered important to the operation of the ISFSI and they received a level of quality
commensurate with their important function.

1. The structural concrete of the MVDS building was designed to withstand the
forces from a seismic event and a DBT. This structural concrete was designed to
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ACI 349-85 (Ref. 13) and constructed to ACI 318-83 (Ref. 41). The enhanced
quality program implemented the QA requirements specified in these ACI codes.
The MVDS structural concrete was considered enhanced quality since it does
provide radiation and missile shielding and is capable of withstanding a seismic
event. However, it does not form a primary or secondary containment boundary,
prevent or control criticality, or prevent radioactive releases.

2. The concrete fill inside the Charge Face Structure was designed and constructed
under the enhanced quality program since it performs the bulk of radiation
shielding for operations personnel. It should be noted that the concrete fill does
not aid the structural steel sections of the Charge Face Structure in preventing
criticality.

The enhanced quality program that was in effect during the ISFSI design, construction and initial
fuel loading, which was included in PSCo’s FSV 10 CFR Part 50 Appendix B QA program, was
applicable to certain aspects of the physical security and fire protection systems. Neither the
security nor the fire protection systems are important to safety, therefore any modifications to
these systems after license transfer will be under the DOE-ID Quality Assurance Program.
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Table 3.4-1. FSV ISFSI Components Classified as Important to Safety.

Important to Safety Items

Fuel Storage Containers

Fuel Storage Container Support Stools

Standby Storage Wells

Container Handling Machine Raise/Lower Mechanism

Container Handling Machine Fuel Storage Container Grapple
Charge Face Structure Structural Steel

Cask Load/Unload Port

Structural Concrete of the MVDS Building (Enhanced Quality Item)

Concrete Fill inside the Charge Face Structure (Enhanced Quality Item)
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3.5. Decommissioning Considerations

Details of conceptual plans for decommissioning the FSV ISFSI are contained in DOE-ID’s FSV
ISFSI Decommissioning Plan provided as an enclosure to the FSV ISFSI License Renewal
Application. This decommissioning plan describes the proposed program (approaches, elements,
and cost estimates) for decommissioning the FSV ISFSI.

The tentative selection of decommissioning alternatives is based on providing decontamination
and removal of radioactivity from the site and dismantling the modular vault structure. DECON
is the preferred decommissioning alternative. The program includes fuel removal, detailed
decommissioning plan preparation (engineering and planning, filing an updated
decommissioning plan with the NRC, and site preparation), decommissioning operations and
license termination, and site restoration.

The FSV ISFSI Decommissioning Plan contains cost estimates for decommissioning the FSV
ISFSI. The DOE Office of Environmental Management has included the FSV ISFSI
decommissioning program in its overall cost estimate for the Environmental Management
Program at the INL. Based on these estimates, there is reasonable assurance that
decommissioning funds will be provided.

Decommissioning of the MVDS can be performed in a manner consistent with that for
decommissioning other INL nuclear facilities, including spent nuclear fuel facilities. The FSCs
can be retrieved from the MVDS and transferred to a federal facility.

All components of the MVDS are manufactured of materials similar to those found at existing
plants (e.g., reinforced concrete, carbon steel, and stainless steel). These components can,
therefore, be decommissioned by the same methods in place to handle those materials at the INL.
Any of the components that may be contaminated can be cleaned and/or disposed of using the
decommissioning technologies available at the time of decommissioning.

The MVDS is a dry containment system that effectively confines all contamination within the
FSCs. When the FSCs are removed from the MVDS, the freestanding MVDS can be manually
decontaminated for any radioactive material, dismantled, and removed from the site.

Records that support decommissioning will be treated as QA records. The FSV ISFSI
Decommissioning Plan identifies the types of records that will be maintained to facilitate the
ISFSI decommissioning.
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3.6. Summary of MVDS System Design Criteria

3.6.1. Reference Spent Fuel Characteristics

1.

Quantity: Up to 1,482 HTGR fuel elements (six segments), up to six neutron
source elements and 37 keyed top reflector elements. (See Section 1.1.1 for
actual inventory.)

Decay Heat: 150 W per element (maximum)
85 W per element (average).

Maximum Burnup: 52,000 MWd/MT

Physical and radiological characteristics of the spent fuel are given in Table 3.1-1 and 3.1-2.

3.6.2. Components Functions

FSC: provides a sealed containment envelope for the spent fuel.

CHM: provides for the shielded and contained transfer of the FSCs between the
transfer cask and the MVDS, vault module storage positions.

MVDS: provides shielding, passive decay heat removal, structural and seismic
support and environmental protection for the FSCs.

MVDS Crane: provides the means of handling the transfer cask, CHM, and other
equipment in the MVDS.

3.6.3. Environmental Conditions

Seismic

1.
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Ground Motion Spectra

In accordance with NUREG/CR-0098 (Ref. 10).
Ground Acceleration

DBE ground acceleration of 0.1g.

Damping
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Flooding

In accordance with NRC Regulatory Guide 1.61 (Ref. 11).

Six feet above grade elevation.

Tornado

1.

Temperature

The design tornado in accordance with Regulatory Guide 1.76 Region 1 (Ref. 24)
and tornado missile in accordance with NUREG 0800, Section 3.5.1.4 (Ref. 6).

The steel enclosure cladding to withstand a maximum wind speed of 110 mph as
specified in ANSI 58.1 (Ref. 7).

The steel structure to withstand forces due to design tornado in accordance with
Regulatory Guide 1.76, Region 1, assuming cladding in place.

Ambient air temperature extremes are: maximum 120 degrees F, minimum minus 32 degrees F.

Snow Loading

Maximum snow load of 30 psf.

3.6.4. Safety Protection

1.
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The worst case condition for fuel temperatures was encountered while the fuel
was contained in the transfer cask. The maximum calculated temperatures,
assuming peak rated fuel, are 316 degrees F at the fuel element centerline and 264
degrees F at the FSC. These temperatures are well below the design temperatures
of 750 degrees F (fuel) and 300 degrees F (FSC).

Fuel confinement - Multiple Barrier Concept.
Criticality control is by the vault storage configuration (K < 0.75).

Off-gasses - During normal operation there is no release of "off-gasses." In the
off-normal operation of changing over fuel elements from one FSC to another,
any FSC gas pressure is released and filtered before the FSC is opened. If
purging is required any gasses released will be HEPA filtered and monitored
during the release.
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10.

11.

12.

13.

14.

15.

16.
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3.8. Appendix A3-1.1
Proprietary
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4. STORAGE SYSTEM

The ISFSI for the FSV HTGR is a MVDS system. The MVDS is located northeast and adjacent
to the FSV power generation facility boundary, and is surrounded by its own controlled area.

4.1. Location And Layout

The location and layout of the ISFSI is shown on SAR figures 2.1-1, 2.1-2 and 4.0-1. Also
illustrated are the roadways, utilities, and water service locations.

4.2. Storage System
4.2.1. MVDS Specifications

The MVDS system consists of a civil structure, FSCs, equipment for handling the FSCs, and
standby facilities.

4.2.1.1. Design Specification
4.2.1.1.1. Civil Structure

The civil structure is constructed of reinforced concrete and structural steelwork.
American Concrete Institute ACI 349-85: Code Requirements for Nuclear Safety
Related Concrete Structures (Ref. 1) is used for design parameters of the concrete
while the American Institute of Steel Construction: AISC Specification for the
Design, Fabrication and Erection of Structural Steel for Buildings, 9th Edition -
1989 (Ref. 2) is used for the design of structural steel components.

The design of the reinforced concrete by the strength method has been facilitated
by the use of the ACI Design Handbook: Strength Design Method, of ACI
318-83 Volumes 1 and 2 (ACI 340.1R-84 and 340.2R-85), Reference 3.

Construction of the concrete is in accordance with ACI 318-83, revised in 1986
(Ref. 4), Building Code Requirements for Reinforced Concrete.

4.2.1.1.2. Vault Module Charge Face Structure
Structural component and weld stress levels are in accordance with Reference 2.

Welding and NDT requirements are in accordance with ANSI/AWS D 1.1 - 1988
(Ref. 5) and Reference 2.

4.2.1.1.3. Fuel Storage Containers

Vessel boundary material testing is in accordance with ASME III DIV I ND2000
- 1986, including addenda through 1988 (Ref. 6).
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Fabrication is in accordance with ASME Section III DIV I ND4000 - 1986,
including addenda through 1988 (Ref. 7).

NDE examination is in accordance with ASME Section III DIV I ND5000 - 1986,
including addenda through 1988 (Ref. 8).

Proof pressure test is in accordance with ASME Section III DIV I ND6000 -
1986, including addenda through 1988 (Ref. 9).

4.2.1.1.4. MVDS Crane

The crane complies with CMAA Specification No. 70 - 1988, Specification for
Electric Overhead Traveling Cranes (Ref. 10).

4.2.1.1.5. Container Handling Machine and Shield Plug Handling Devices

The CHM and SPHDs (including the USPHD) comply with Reference 2, with
welding standards: ANSI/AWS D14.1 - 1985 Welding of Industrial and Mill
Cranes and Other Material Handling Equipment, (Ref. 11). ANSI/ASME
NOG-1-1983 Rules For Construction Of Overhead And Gantry Cranes (Ref. 12)
was utilized for the CHM raise/lower mechanism.

4.2.1.2. Design Loadings and Input Parameters

In preparing the design, the loadings and other input parameters have been based upon the
following codes and standards:

1. American National Standard ANSI/ANS 57.9 - 1984: Design Criteria for an
Independent Spent Fuel Storage Installation (dry storage type) Section 6.17 (Ref.
13).

2. NUREG/CR-0098, “Development of Criteria for Seismic Review of Selected
Nuclear Power Plants” (Ref. 14).

3. Regulatory Guide 1.61: Damping Values for the Seismic Design of Nuclear
Power Plants, October 1973 (Ref. 15).

4. Regulatory Guide 1.76: Design Basis Tornado for Nuclear Power Plants, April
1974 (Ref. 16).

5. NUREG-0800 Section 3.5.14, Missiles Generated by Natural Phenomena (Ref.

17).
6. ACI 349-85, Code Requirements for Nuclear Safety Related Concrete Structures
(Ref. 1).
7. ANSI A58.1-1982: Minimum Design Loads for Buildings and Other Structures
(Ref. 18).
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4.2.1.3. Materials of Construction
4.2.1.3.1. Civil Structure

Concrete: 4,000 psi

Cement: Type II Portland: ASTM C150
Aggregates: ASTM C33

Reinforcing Steel: ASTM A615, Gr 60
Structural Steel: ASTM A572, 50 ksi

4.2.1.3.2. Charge Face Structure
Plate: ASTM A516, Gr 70
Liner tubes: ASTM A333, Gr 6
Bolts and Screws: ASTM A325
Concrete: 140 Ibs/cu ft. minimum density
4.2.1.3.3. Fuel Storage Containers
Container steel: ASME SA333, Gr6
Base and flange forgings: ASME SA350, Gr LF2
Container lid: ASME SA350, Gr LF2
Support stool: ASTM A36
Lid fasteners: ASME A320, Gr L7
4.2.1.3.4. Container Handling Machine
Structural fabrication material: ASTM A36 and ASTM A516, Gr 70
Lifting features: ASTM AS588

Inner pipe: ASTM A106
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4.2.1.3.5. Fuel Storage Container Grapple

Load bearing plate: ASTM A572, Gr 42
Tubing: ASTM AS501

Lifting pins: ASTM A434, Gr 4037 Class BB
Jaws: ASTM A541 Class 2A or 3A Forging

Jaw pin and rope clevis pins: ASTM A434, Gr 4037 Class BB

4.2.1.3.6. Fuel Storage Container Raise/Lower Mechanism

Lead Screw: British Standard (BS) 970, 708M40 (AISI/SAE 4140)

Shafts: BS 970, 605M36 (ASTM A434 Gr 4037 Class BB) or BS 970, 817M40
(ASTM A434 Gr 4640 Class BD)

Guide Channels: BS 4360, 50D (ASTM A516, Gr 70)

Plate: BS 4360, 50D (ASTM A516, Gr 70) and BS 4360, 43E (ASTM A516, Gr
60)

Chain: ANSI B29-1

4.2.1.3.7. Shield Plug Lifting Devices & Isolation Valves

Bar: ASTM 588, Gr K
Pipe: ASTM A106, Gr B

Plate: ASTM A36

4.2.1.3.8. Standby Storage Wells
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Shell: ASTM A333,Gr 6

Base Forging: ASTM A350, Gr LF2

Flange Forging: ASTM A350, Gr LF2

Storage Well Lid: ASTM A516, Gr 55 or ASTM A350, Gr LF2
Lid Bolts: ASME A320, Gr L7

Hold Down Bolts: ASTM A307
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4.2.1.3.9. Cask Load/Unload Port
Material: ASTM A36 and ASTM A516, Gr 70
Seismic restraint pins: ASME A242

4.2.2. Installation Layout

Section 4.1 discusses the general layout of the ISFSI facility. Engineering drawings of the
storage site and buildings have been developed, are referenced within the applicable section
detailing the various components that comprise the MVDS, and are maintained in accordance
with the QA Program described in Section 11.

4.2.3. Storage Installation (ISFSI) Description

The ISFSI for the FSV HTGR is an MVDS system, based primarily on the FWEA MVDS
Topical SAR, as discussed in Section 1.

4.2.3.1. Function

The MVDS provides interim storage (designed for a 40 year life) for the FSV HTGR spent fuel
and associated spent fuel material in a contained, shielded system.

4.2.3.2. Components

The MVDS consists of a civil structure, FSCs, equipment for handling the FSCs, and standby
facilities.

4.2.3.2.1. Civil Structure

The civil structure is shown on Figures 1.1-1, 1.1-2 and 1.1-3. The civil structure
consists of the following parts: Vault Modules, TCRB, Charge Hall Structure,
Foundation Structure, and Standby Storage Wells. Each of the six vault modules
has the capacity for 45 FSCs. Each FSC is designed to hold six fuel elements, six
neutron source elements, or twelve reflector elements

Vault Module

The civil structure of the vault module provides a minimum of 3' -6" thick
shielding walls around the array of FSCs and the cooling air inlet/outlet duct
configuration. The vault module structure is supported by an integral foundation
system. Cooling air enters the vault module through a mesh covered opening to
prevent the ingress of birds, animals, large debris, etc. The labyrinth arrangement
of the inlet structure provides radiological shielding for the stored fuel. Cooling
air distribution across the outside of the sealed FSCs is improved by precast
concrete collimators set into pockets in the vault module structure air inlet walls.
The collimators also provide a contribution to the radiological shielding of the
stored fuel. The cooling air leaves the vault module through a second set of
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concrete collimators, which serve the same functions as those at the inlet, and is
exhausted to atmosphere through a concrete cooling air outlet chimney that
extends above the charge face.

A steel canopy on the top of the cooling air outlet chimney prevents the ingress of
rain and snow. The opening of the outlet duct is fitted with mesh. The ambient
cooling air does not come into contact with the fuel in the FSCs so that the
internal walls of the vault module will remain clean and not require smooth
finishes to facilitate decontamination.

This canopy structure is designed to withstand the maximum tornado wind
loading and the cladding is designed to withstand the maximum normal wind of
110 mph.

The floor of the vault module is sloped for drainage and is connected to a gutter
that leads to a drain pipe with a valve for sampling, if necessary. Inset and
grouted into the vault module floor are the support stools for the FSCs. A
construction recess in the top of the vault module walls supports the charge face
structure. The charge face structure is illustrated in Figures 4.2-1 and 4.2-2. The
charge face structure is set into the vault module to form the roof of the vault and
provide lateral support for the array of FSCs. Bearing pads are cast into the
concrete vault module recess to transmit charge face structure vertical loads into
the civil structure.

Lateral loads are transmitted via concrete walls around the outer edges of the
charge face structure.

The charge face structure was shop fabricated, filled with concrete (for shielding)
at the site and then positioned in the vault module.

Above and running along each side of the charge face structure, the vault module
incorporates embedments to support the MVDS crane rails. The embedments
transmit loads from the crane to the civil structure.

Normal access to the MVDS charge face is via a steel stair case.

Transfer Cask Reception Bay

The TCRB is alongside and integral with the vault module structure. The TCRB
provides an access area for the loading/unloading of the transfer cask from its
transporter (tractor and trailer). A rectangular hatched access opening at the
charge face level of the TCRB is provided for movement of the transfer cask to
the vault module charge face.

A single road access is provided into the TCRB. This access can be closed with a
steel roller shutter door to provide a weather-proof enclosure.
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Charge Hall Structure

The charge hall of the MVDS is formed on one side by the vault module cooling
air outlet chimney and on the other three sides and the roof by the charge hall
structure. The charge hall structure is enclosed by a concrete wall up to +34 ft.
level. Above this level is a steel braced and clad structure supported from the
concrete walls and the cooling air outlet chimney.

The design of the roof profile has been determined by considerations of wind and
snow effects and the performance of the vault module cooling system.

Foundation Structure

The foundation structure is designed to support the MVDS, considering the
imposed loads created by the structure weight, facility operations, environmental
conditions and the DBE.

4.2.3.2.2. Standby Storage Wells
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The MVDS has been designed to deal with 'off-normal’ events.

Standby Storage Wells

Three SSWs are incorporated into the civil structure at one end of one of the
MVDS, adjacent to one of the vault modules. The functions of these are as
follows:

a. Allows isolation of a defective FSC from its storage position in the vault
module.

b. Provides for leak checking of a FSC away from its vault module storage
position.

c. Provides basic provision to change fuel elements from a FSC to a spare unit in
the unlikely event of FSC failure.

d. Provides basic provision to move individual fuel elements from FSCs and
relocate these into a shipping cask ferultimate-movementto-the Federal
Repeository-if this should be required in the future.

An SSW is illustrated in Figures 4.2-6, 4.2-7 and 4.2-8 and consists of a simple
closed-ended liner tube set into an enclosure within the civil structure, which
provides necessary radiation shielding. The tube is designed to house a FSC and
support its base in a manner identical to that used in the vault module. The top
plate at the storage well allows the positioning and bolting of the charge face
isolation valve. The SSW can be closed using a charge face shield plug and
sealed using a sealing cover plate. A sampling point closed at the charge face
level with a self sealing coupling, allows the storage well volume to be leak tested
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to confirm its integrity. When the SSW is occupied by a loaded FSC, the decay
heat is dissipated to the surrounding air. The warmed air circulates to the
environment via ducts through the wall of the adjacent vault module. The cooling
air does not come into contact with the fuel.

One SSW may be equipped with a spare FSC. The others normally remain empty
until a full defective FSC should require removal from a vault module.

4.2.3.2.3. Fuel Storage Containers
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The FSC provides a containment boundary for the stored fuel. Figure 4.2-3
illustrates the FSC design, and Table 4.2-1 provides the essential design
parameters. Engineering Evaluation EE-DEC-0031, Rev. A (Ref. 19), determined
that corrosion on the internal wall of the container due to potential water
contained in the graphite fuel elements was not detrimental to the safe function of
the FSCs during their 40-year design lifetime.

The DUP of the FSC is designed to enable it to be lifted by the USPHD. The lid
of the FSC has a lifting feature on its inner profile to enable the FSC to be
handled.

Double metal O-ring seals between the lid and the fuel storage body provide a
high integrity and leak checkable sealing arrangement designed to withstand
exposure to radiation during the storage period without the need for maintenance.
A sealable O-ring interspace tapping allows container sealing to be confirmed.

Shipping cask inner container orientation features are retained in the FSC and
allowed engagement of the fuel element spigots during FSC loading using the
reactor building fuel handling machine. A location boss on the base of the FSC
replicates that of the shipping cask inner container and is used to engage the FSC
support stool fixed to the base of the vault module.

Empty FSCs may be stored in the vault modules until required.

The storage environment within the FSC is air, which is compatible with the
maximum predicted fuel temperatures and the properties of graphite.

The outside carbon steel body of the FSC is protected from atmospheric corrosion
by application during manufacture of a flame sprayed coating of aluminum to all
outside surfaces.

In NRC Bulletin 96-04 (Ref. 20 ), the NRC required ISFSI licensees to review
spent FSC materials to determine whether chemical, galvanic or other reactions
among these materials, the contents and environment could occur, with
consideration for normal, off-normal and accident conditions. In response to
NRC Bulletin 96-04 (Ref. 21 and 22), PSCo identified various materials used in
the carbon steel FSCs, including an interior primer and grease used with the metal
O-rings and concluded that galvanic cell corrosion is a possible localized
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corrosion mechanism that could theoretically occur, depending on conditions in a
FSC. While galvanic cell corrosion was evaluated along with other potential
localized corrosion mechanisms in the above noted Engineering Evaluation EE-
DEC-0031, Rev. A (Ref. 19), it was considered that small amounts of moisture in
the graphite would tend to remain trapped in the graphite, and would not be
driven out at the relatively low temperatures that would be expected for fuel
blocks stored in the ISFSI (less than 200 degrees F).

In the event that fuel elements having a significant absorbed water inventory were
loaded into a FSC, and the water evaporated out of the graphite and condensed
onto the inner surfaces of the FSC, it may be possible for sufficient water to
collect in the bottom of a FSC such that a galvanic cell would be formed. This
would require concentrations of ions in the standing water so that it served as a
suitable electrolyte. With a suitable electrolyte, formation of a galvanic cell is
theoretically possible, with the carbon steel functioning as the anode and the
bottom graphite fuel element as the cathode, since carbon has a lower oxidation
potential than iron. The oxidation reaction would result in corrosion of the carbon
steel, with positive iron ions entering the electrolyte solution, and the reduction
reaction could involve production of hydrogen gas where graphite contacts the
electrolyte. It should be noted that there are no potential ignition sources during
spent fuel storage operations. Calculations indicate that corrosion of steel by this
mechanism, assuming a conservatively high water inventory that evaporates out
of the graphite, could not oxidize sufficient iron to prevent the FSC from
performing its containment safety function, and from meeting its minimum
strength requirements. Any FSC affected by galvanic cell reaction, as well as by
general and crevice corrosion mechanisms also considered in Ref. 21 and 22,
would continue to maintain its structural integrity.

PSCo considered it extremely unlikely that the conditions conducive to a galvanic
cell reaction resulting in the production of hydrogen gas could exist in the FSC,
for reasons discussed in Ref. 21 and 22. However, PSCo committed, and DOE
commits, to institute controls to assure measures are included in FSC handling
procedures to preclude handling of a loaded FSC, or removal of the lid bolts, until
such a time as the gas space inside the FSC has been analyzed and determined not
to have a combustible gas mixture, or evacuated and purged with air to assure
hydrogen concentrations are below flammable levels (Ref. 21 and 22). This will
assure that only FSCs that do not contain a flammable concentration of hydrogen
are handled and/or transported in the TN-FSV casks. In the unlikely event that
testing determines a FSC has a flammable concentration of hydrogen in air, then
the FSC will be evacuated and purged with air prior to handling. As stated in Ref.
21 and 22, if no significant hydrogen concentration is detected in the first six
storage containers whose internal atmospheres are tested, then it will be assumed
the theoretical galvanic reaction is not occurring at a significant rate in the FSCs,
and additional FSCs will not be tested.
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4.2.3.2.4. Equipment for Handling Fuel Storage Containers
This equipment is described in Section 4.4.
4.2.3.3. Design Bases and Safety Assurance

The design bases and materials of construction are detailed in Section 4.2.1. The structural
analysis of the MVDS is described in Appendix A4-1.

4.2.4. Instrumentation and System Description

The MVDS is designed to maintain a safe and secure long-term containment and storage
environment for the spent fuel and associated spent fuel material using totally passive
components. Therefore, no important to safety instrumentation is required for the operation of
the facility.

Monitoring of the fuel confinement boundary provided by the FSC is not necessary because the
materials of construction will not significantly degrade during the specified storage period.
However, the FSC features that allow comprehensive leak checking immediately following fuel
loading into the FSC can be used safely and quickly throughout the storage period, without
removing the FSC from the vault module.

No fixed radiation monitors are provided or are necessary for the MVDS. Portable monitors will
be used if required during the operation and maintenance of the installation. Radiation
monitoring of the MVDS site boundary is discussed in Section 7. Seismic instrumentation is
provided and is discussed in Section 5.1.4.
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Table 4.2-1. Fuel Storage Container Design Parameters.

[Included in the proprietary version of the SAR]
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[Included in the proprietary version of the SAR]

Figure 4.2-1. Charge Face Structure.
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[Included in the proprietary version of the SAR]

Figure 4.2-2. Charge Face Structure.
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[Included in the proprietary version of the SAR]

Figure 4.2-3. Fuel Storage Container Assy.
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Figure 4.2-4. THIS FIGURE IS NOT USED.
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Figure 4.2-5. THIS FIGURE IS NOT USED.
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[Included in the proprietary version of the SAR]

Figure 4.2-6. Storage Well Tubes Assy.
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[Included in the proprietary version of the SAR]

Figure 4.2-7. Storage Well Tubes Assy.
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[Included in the proprietary version of the SAR]

Figure 4.2-8. Storage Well Tubes Assy.
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4.3. Transport System
4.3.1. Loading Spent Fuel into the ISFSI
4.3.1.1. Function

The FSV-1 spent fuel shipping casks were used to transfer spent fuel from the Reactor Building to the
ISFSI. The fuel loading operation began December 26, 1991, and was completed June 10, 1992.

The components of the system for transport of spent fuel from the Reactor Building to the ISFSI were
the FSCs, the transfer casks, and the transfer cask trailers. Use of the existing FSV-1 spent fuel
shipping casks as transfer casks precluded the need for Reactor Building or crane modifications.

The FSC was the secondary containment for FSV spent fuel during transport to the ISFSI. The
primary containment was the fuel particle coating (TRISO) discussed in Section 3.3.2.1. The FSC is
designed to hold six irradiated FSV fuel elements or twelve reflector elements and replicates the
functions and features of the FSV-1 licensed spent fuel shipping cask inner container (see Section
4.2.3.2). The FSC fits inside the transfer cask and was loaded with spent fuel elements by the fuel
handling machine through an isolation valve in the Reactor Building.

The transfer casks that were used to transport the fuel from the Reactor Building to the ISFSI were the
FSV-1 spent fuel shipping casks which were licensed under the provisions of 10 CFR Part 71 (Ref.
23), and were separate from both the 10 CFR Part 50 (Ref. 24) operating license for the FSV Nuclear
Generating Station and the 10 CFR Part 72 (Ref. 25) license for the ISFSI. Authorized configurations
of the FSV-1 shipping casks for highway transport were controlled by a Certificate of Compliance
(Ref. 26), which is issued and renewed by the NRC every five years. The Certificate of Compliance
identified several different configurations for transporting radioactive materials. FSV-1 in some of the
licensed configurations was approved for transportation of solid nonfissile, irradiated and
contaminated hardware, and did not require the use of an impact limiter. FSV-1, Configuration E, was
approved for transportation of irradiated FSV fuel elements and required the use of an impact limiter
for spent fuel shipments over public highways. Since the transport route from the Reactor Building to
the MVDS was totally within owner-controlled property and not on public highways, as shown in
Figures 2.1-1 and 2.1-2, the FSV-1, Configuration E, authorized shipping cask configuration that
requires impact limiters for highway transport was not utilized when the cask was used as a transfer
cask for irradiated fuel elements.

Before a loaded transfer cask was transferred to the ISFSI, the seals were leak-tested under a vacuum
to ensure that leakage of radioactive gases from the cask would not occur. Therefore, the only
differences between shipping spent fuel offsite in an FSV-1 cask in accordance with its 10 CFR Part 71
authorized spent fuel shipping configuration and transporting it to the ISFSI, using the FSV-1 as a
transfer cask, were that the FSC was used instead of the 10 CFR Part 71 inner fuel shipping container,
a removable DUP was incorporated, and the impact limiters were not utilized.
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4.3.1.2. Components

The transportation system components used in ISFSI spent fuel loading operations, with the exception
of the FSC and the removable depleted uranium plug, are discussed in GADR-55 (Ref. 27) and also in
the 10 CFR Part 71 (Ref. 23) license for the FSV-1 shipping casks.

FSV's 10 CFR Part 50 (Ref. 24) Appendix B QA program was approved by the NRC to control QA
activities related to the FSV-1 fuel shipping casks, and was in effect throughout the ISFSI fuel loading
operation. The QA program for transport packages also is renewed at 5 year intervals. Any
modifications to these casks which affect components identified in the Certificate of Compliance
issued by the NRC require prior approval of the proposed modifications by the NRC.

The fuel transport route is shown in Figures 2.1-1, 2.1-2, and 2.1-3. The sole use for this route is to
support the ISFSI, which includes initial fuel loading, security, and maintenance. There are no public
uses of this roadway.

4.3.1.3. Design Bases and Safety Assurance

The design bases and safety analyses for the FSV-1 fuel shipping casks are discussed in Reference 27
and remained accurate when these casks were used as transfer casks (even though the FSC was
substituted for the inner fuel shipping container, and the impact limiter was not used for this transfer
route). The design bases for the FSC are discussed in Section 4.2.1.

There are no backup provisions or interface with the FSV Power Generating Building after the MVDS
was loaded and pre-operational testing was completed. See Section 8 for details concerning certain
off-normal events. Radiation and contamination control for the transport system are detailed in
Reference 27.

4.3.2. Unloading Spent Fuel from the ISFSI

FSV-1 casks are licensed under 10 CFR Part 71 for transport of spent fuel over public highways with
six spent fuel elements contained in a stainless steel FSV-1 inner canister that functions as the fission
product containment boundary. It was determined that use of the FSV-1 casks for ISFSI defueling
operations was not desirable, since individual fuel elements would have to be transferred from the
carbon steel FSCs to the stainless steel FSV-1 inner canisters. PSCo licensed new spent fuel shipping
casks, designated TN-FSV casks, in which the licensed configuration uses the FSC itself as the inner
container, and the cask provides the containment boundary. Title to the two TN-FSV shipping casks
was transferred to DOE with the facility transfer. and-an-apphication-was-made-to-transfer theeask
lieense-The Certificate of Compliance for the casks was alsowas transferred to DOE. Defueling will
involve transfer of an FSC from a vault module to a TN-FSV cask in the CLUP. At no time during
defueling operations at the ISFSI will the integrity of the FSC be broken.

The TN-FSV casks are licensed under 10 CFR Part 71 for transport of loaded FSCs on public
highways. The Certificate of Compliance for the TN-FSV casks (Ref. 28) requires these casks to have
two impact limiters installed for fuel shipping, one at each end. As was the case with the FSV-1 cask,
the seals of the TN-FSV casks are required to be leak tested prior to releasing the cask from the ISFSI
for spent fuel shipment. The design bases, design and safety analyses of the TN-FSV casks are
described in the TN-FSV SAR (Ref. 29).
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4.4. Operating Systems
4.4.1. System for Loading Fuel Storage Containers

The loading of the spent fuel into the FSCs was performed at the FSV Reactor Building. The
initial ISFSI fuel loading operation involved the loading of irradiated fuel elements into the FSC
that was in the transfer cask, the unloading of the loaded FSC from the transfer cask, and the

movement of the FSC to its storage location in the MVDS. Fuel loading operations performed at
the MVDS are detailed in Section 4.4.2.

4.4.2. Handling of Fuel Storage Containers at the MVDS
The equipment required for the handling and transfer of loaded and unloaded FSCs consists of:
1. MVDS Crane

2. CLUP and its Isolation Valve

3. SPHDs
4. Charge Face Isolation Valve
5. CHM

All equipment associated with fuel handling and transfer operations is designed as detailed in
Section 3. The analysis of the MVDS load/unload equipment is detailed in Appendix A4-2.

Operating descriptions and modes for specific items of equipment are discussed in the following
sections. The procedures for handling the FSCs at the MVDS are provided in Section 5.1.1.

4.4.2.1. MVDS Crane

The MVDS crane operates over the MVDS charge face and CLUP and provides all lifting
operations necessary to support fuel load/unload. It handles the transfer cask, the CHM, the
CLUP hatch cover, the CLUP adaptor plate, the isolation valves and the SPHDs. The crane is
equipped with a grapple, illustrated in Figure 4.4-1, for handling the transfer cask. When lifting
the CHM, the crane hook couples to the lifting frame of the CHM illustrated in Figure 4.4-2.
Dedicated slings are provided for lifting of the other components.

The crane is rated at 110,000 pounds capacity, pendant controlled, electric overhead traveling
goliath type, manufactured to CMAA Specification No. 70 (Ref. 10). Its design parameters are
shown on Table 4.4-1. It is supported on rails from the MVDS charge hall concrete walls at the
+34 ft. level, traverses the length of the building, and spans the charge face.

The gantry and trolley are designed to remain on their respective runways with their wheels
prevented from leaving the tracks during a seismic event or tornado. Design allowable stress
limits are those indicated in CMAA Specification No. 70 (Ref. 10).
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If the crane fails and drops a transfer cask, CLUP adaptor plate, isolation valve or SPHDs, the
lifting slings are sized to limit the drop to within acceptable heights. See Table 4.4-2. The crane
structure and upper limit of the hoist controls the potential drop height of the CHM. These limits
and restraints ensure that no release of radioactivity will occur in the event of any of the items
carried by the crane being dropped.

4.4.2.2. Transfer Cask Load/Unload Port and Isolation Valve

The CLUP provides a position in the charge face above the TCRB for the transfer cask to be
seated and prepared for unload/load of its FSC. The CLUP is illustrated in Figure 4.4-3 and its
design parameters are given in Table 4.4-3. The CLUP isolation valve provides a shielded
interface access between the CLUP and the CHM for loading and unloading FSCs.

The CLUP is a carbon steel seating ring and an adaptor plate complete with shield ring. The
seating ring is recessed into the charge face onto which the transfer cask can sit via the flange at
the top of its body. The seating ring and charge face are slotted to allow the transfer cask to be
placed in position by the MVDS crane with minimum lift. The height of lift of the crane hook
when lifting the transfer cask is restricted by the dedicated sling length.

The adaptor plate and its shield ring sit in the seating ring around the top of the transfer cask and
are positioned by the MVDS crane after the transfer cask has been placed on the seating ring. It
provides a continuation of the shield in the slot of the load/unload port and a seating feature for
the isolation valve identical to that on the vault module charge face.

The isolation valve sits above the transfer cask at the CLUP at the charge face level. It is
handled into position by the MVDS crane employing a dedicated sling to restrict the height of
lift. The valve is a gate valve constructed of carbon steel, driven manually by a screw jack. The
valve is located and fixed to the CLUP adaptor plate when in use.

The gate and the body of the valve provide a gamma shield over the transfer cask, which is
required when the DUP has been removed from the lid of a loaded FSC. The valve is
mechanically interlocked so that when the DUP is removed by the USPHD, the USPHD cannot
be removed from the valve unless the gate is closed.

The isolation valve design incorporates a feature that interacts with the CHM valve to release its
mechanical interlocks, and at the same time links the gates of both valves for the screw jack
opening and closing operation. When the CHM is parted from the CLUP isolation valve, with
both valves “'closed,” the CHM valve is mechanically locked in the closed position. The CHM
isolation valve open and closed positions are indicated by limit switches.

4.4.2.3. Shield Plug Handling Devices

Two SPHDs (includes the USPHD) are provided, one for handling the DUP of the FSC lid and
other for handling the charge face shield plug. These are illustrated on Figures 4.4-4 and 4.4-5.

The SPHDs are similar in construction and consist of a carbon steel cylinder closed at the top
end and open at the bottom. A screwed lifting rod passes through the top of the cylinder and
engages the item being handled. The lifting rod is manually operated.
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The SPHD is moved into position over its isolation valve by the MVDS crane employing a
dedicated sling to restrict the lift height. The SPHD provides shielding from a loaded FSC while
either the DUP or the shield plug is being lifted through an open isolation valve. A mechanical
interlock prevents a SPHD from being lifted from the isolation valve unless the gate of the valve
is closed.

4.4.2.4. Charge Face and its Isolation Valve

The charge face isolation valve provides shielded interface access between the FSC in its storage
position in the vault module and the CHM or the SPHD. It is used during the load/unload of
FSCs and shield plugs at their vault module positions.

The isolation valve is moved into position on the charge face by the MVDS crane employing a
dedicated sling of such a length as to restrict the lift height.

The construction of the valve is identical to that of the CLUP isolation valve described in Section
4.4.2.2 and is illustrated in Figures 4.4-6, 4.4-7 and 4.4-8. The gate of the valve is driven
manually and when fully open provides an access hole of 21.25 inches diameter, giving a radial
clearance of 0.4 inches on the FSC. The valve is fixed by three-bolts and twe-location dowels in
the selected position on the charge face.

The gate and the body of the valve provide a gamma shield over the FSC storage position. The
isolation valve is mechanically interlocked so that when the charge face shield plug is being
removed by the SPHD, the SPHD cannot be removed from the valve unless the gate is closed.

The design of the isolation valve incorporates a feature that interacts with the CHM valve to
release its mechanical interlocks and at the same time links the gates of both valves for opening
and closing. When the CHM is parted from the charge face isolation valve, with both valves
closed, the CHM valve is mechanically locked in the closed position.

4.4.2.5. Container Handling Machine

The CHM provides the means of raising/lowering FSCs from the transfer cask and
lowering/raising these at the vault module storage location. When contained within the CHM,
the FSC is fully shielded and the fuel decay heat is dissipated via machine exterior surfaces. The
CHM is illustrated in Figures 4.4-9 through 4.4-14 and the major parameters are given in Table
4.4-4. The CHM is moved over the charge face using the MVDS crane.

The CHM consists of four major units, as detailed in Sections 4.4.2.5.1 through 4.4.2.5.4.
4.4.2.5.1. Machine Base
The base of the machine includes an isolation valve and four shock absorber legs.

The CHM isolation valve provides gamma radiation shielding for the base of the CHM. This
valve is similar in construction to the isolation valves, except that it has no separate mechanism
for actuation. The CHM isolation valve is designed to sit upon, engage and bolt to the isolation
valves.
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When attached to either of the other two isolation valves, interlock pins couple both the valve
gate slides together such that the actuation of the lower valve also operates the CHM isolation
valve. When the valves are de-coupled in the closed position, spring loaded pins lock the CHM
isolation valve in the closed position, thus ensuring that it cannot be inadvertently opened.

Four legs extend from the CHM isolation valve and straddle the CLUP or charge face isolation
valve to which the machine is engaged. Each leg has a built-in shock absorber feature and is
designed to give stability to the CHM.

4.4.2.5.2. Machine Body

The body of the CHM is a composite tube with a closing flange mounted plate at its upper end.
The body provides the necessary shielding for the FSC during handling in the CHM.

The composite tube is a fabrication of lead encased in carbon steel and has a bore of
approximately 22 inches. A lifting frame at the top of the tube provides the lifting feature for the
CHM.

4.4.2.5.3. Fuel Storage Container Raise/L.ower Mechanism

This mechanism comprises an acme thread leadscrew, drive unit, trunnion mounted nut, guide
system, duplex chains, sprockets and equalizing beam, and is designed to be single-failure proof
in accordance with Reference 12.

The leadscrew is mounted between bearings on the outside of the machine body, and is driven
from the lower end by a motor through a gearbox. The motor is fitted with a brake. A second
(standby) brake is provided between the gearbox and the leadscrew.

A nut is provided on the leadscrew. This nut is mounted in a trunnion block which runs between
guide channels up the height of the machine body. The helix angle of the leadscrew/nut is
chosen to ensure that the nut is self-sustaining.

The FSC grapple is raised/lowered by the leadscrew/nut through two duplex chains. The chains
are connected at one end to the top of the grapple and at the other to an equalizing beam
mounted at the top of the machine. Each chain runs over a sprocket mounted on the nut trunnion
block and over two sprockets mounted on top of the machine body.

Limit switches are housed in the guide channels for position control of the grapple.
4.4.2.5.4. Container Handling Machine Controls and Power Supply

The machine is controlled locally from a control panel on the base of the machine. See Section
5.2 for details.

4.4.2.6. Safety Considerations and Controls

Interlocks are provided between the machine, the CLUP and charge face isolation valves and the
MVDS crane.
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1. The machine cannot be lifted unless the isolation valves are closed.

2. The isolation valves cannot be closed unless the FSC raise/lower mechanism is
fully up.

3. The FSC hoist cannot lower unless the isolation valves are open.

4. The FSC raise/lower mechanism cannot lower if hoist weight sensing indicates

that the load is less than the grapple weight.
Further details of the various interlocks, alarms and annunciators are found in Section 5.2.
4.4.3. Decontamination Systems

The ISFSI facility does not contain a decontamination system. There are no active water
sources. Any solid or gaseous radioactive material is contained within the FSCs, the CHM, or
the glove box apparatus. In the event that some unforeseen activity produces radioactive
contamination, it will be decontaminated as required.

4.4.4. Maintenance Systems

The FSCs are high integrity containment vessels designed to ASME Section III requirements.
They are proof pressure tested during manufacture and leak tested after being loaded with spent
fuel.

In the event that an off-site release is caused by a failed FSC, a special charge face shield plug is
provided that allows in-situ access to the FSC leak test valves and is installed at the relevant
vault module storage position prior to testing. The leak test probe is shown in Figure 4.4-15.
The test that is conducted on the FSC is a leak test of the lid seals.

If the test establishes that the containment boundary is leaking, the FSC will be transferred to a
SSW by the CHM. Failure of the lid seals requires the lid to be removed and the seals replaced
and retested. If the seals still fail the leak test, the spent fuel would be transferred to a new FSC.
The leaking FSC can remain in the SSW for an indefinite period of time. The procedure for this
is given in Section 4.4.4.1. Before the spent fuel transfer operation can commence, it is necessary
for the FSC grapple to be exchanged for an individual fuel element grapple.

This exchange is made in a glovebox which is mounted to the underside of the CLUP when the
transfer cask is not in position. The glovebox is illustrated in Figure 4.4-17. After use, the
individual fuel element grapple would be checked for contamination in the glovebox; if it is
found to be contaminated, it is then decontaminated in-situ or bagged and dispatched from the
MVDS for decontamination.

4.4.4.1. Typical Operation for Transferring Spent Fuel from a Faulty Fuel Storage
Container to a New Fuel Storage Container

Starting Conditions: Isolation valve positioned at the vault module storage position containing
the faulty FSC; charge face shield plug in position; isolation valve positioned at SSW #1, with
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shield plug in position. (Procedures for operating personnel are based on the following typical
operation).

NOTE: As discussed in section 4.2.3.2, galvanic cell corrosion inside FSCs is theoretically
possible, and this reaction could possibly generate hydrogen gas. For this reason, PSCo has
committed (Ref. 21), and DOE also commits, that no FSC will be handled, or its lid bolts
removed, until a sample of the fuel storage atmosphere has been analyzed and determined not to
contain a combustible gas mixture, or evacuated and purged with air to assure hydrogen
concentrations are below flammable levels. If analysis identifies a flammable concentration of
hydrogen in air, then the FSC will be evacuated and purged with air prior to handling or removal
of the lid bolts. If no significant hydrogen concentration is detected in the first six FSCs whose
internal atmospheres are tested, then it will be assumed that the theoretical galvanic reaction is
not occurring at a significant rate in the FSCs, and additional FSCs will not be tested.

Operations
1. Remove shield plug at storage position using SPHD #1.
2. Remove faulty FSC using CHM and park the CHM.
3. Replace shield plug using SPHD #1.

4. Remove shield plug from SSW #1 using SPHD #1, and transfer and deposit shield
plug in its parking position.

5. Place faulty FSC into SSW using CHM, and close isolation valve.
6. Park CHM.
7. Replace the shield plug using SPHD #1.
The lid of the faulty FSC is now removed as follows at SSW #1:
8. Using the pressure test equipment, relieve the FSC internal pressure volume.

9. Remove shield plug from SSW using SPHD #1, transfer and deposit shield plug
in its park position.

10.  Place FSC depleted uranium plug and the adaptor plate on the FSC lid using
SPHD #2 (USPHD).

11. Remove isolation valve #2.

12.  Undo and remove FSC bolts using special tool provided. Secure the adaptor plate
to the FSC lid.

13. Replace isolation valve #2.
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14.  Remove FSC lid, depleted uranium plug and adaptor plate using SPHD #2.

15. Transfer and deposit SPHD #2 plus the FSC lid depleted uranium plug and
adaptor plate into the park position.

With the FSC in SSW #1 now ready for emptying of its spent fuel, the CHM is made ready to
handle the fuel.

1 Attach glovebox beneath the CLUP.

2. Transfer isolation valve #1 from the vault module storage position to the CLUP.

3. Position CHM at the CLUP.

4. Detach FSC grapple in the glovebox.

5. Park CHM away from the CLUP.

6. Remove the FSC grapple using the MVDS crane.

7. Place individual fuel element grapple into the glovebox using crane.

8. Transfer CHM to the CLUP.

9. Attach individual fuel element grapple to CHM raise/lower mechanism.

10.  Park CHM.
With the spare FSC in SSW #2 having previously been prepared before this procedure
commences by having its lid removed, SSW #2 can have its final preparation and the change
over of spent fuel from SSW #1 to SSW #2 can commence.

1 Place isolation valve #1 on SSW #2.

2 Remove SSW #2 shield plug using SPHD #1.

3 Place CHM over SSW #1.

4 Lift individual fuel element into CHM.

5 Transfer CHM to SSW #2.

6 Lower individual fuel element into SSW #2.
7 Position CHM at its parking position.
8 Position spent fuel element alignment tool on isolation valve #1 at SSW #2.
9 Align fuel element in the FSC with location pins.
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10 Remove individual fuel element alignment tool.

11 Repeat operation five more times.

NOTE: Operations concerning the alignment tool are optional since this tool is necessary for
properly aligning 6 fuel elements or 12 reflector elements in a FSC at the MVDS. If the
tool is not used, it is acceptable to have less than 6 fuel elements or 12 reflector elements
loaded into a FSC.

The sealing of the FSC containing spent fuel elements and its transfer to the vault module
storage position now takes place as follows:

1 Park CHM

2 Replace FSC lid and DUP complete with adaptor plate onto the FSC in SSW #2
using SPHD #2.

3 Remove isolation valve #1 from SSW #2.
4. Unfasten adaptor plate.
5. Replace isolation valve #1.

6. Remove adaptor plate using SPHD #2.

7. Remove isolation valve #1.
8. Secure lid to the FSC using special tool provided.
0. Replace isolation valve #1.

10.  Replace SSW #2 shield plug using SPHD #1.

The CHM individual fuel element grapple can now be exchanged in the glovebox beneath the
CLUP for the FSC grapple as follows:

1 Place isolation valve #1 over the CLUP.

2 Transfer the CHM to the CLUP.

3 Remove and bag the individual fuel element grapple in the glovebox beneath the
CLUP.
4 Attach the FSC grapple to its raise/lower mechanism.

5 Park the CHM.
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6 Transfer isolation valve #1 to SSW #2.

7 Remove SSW #2 shield plug using SPHD #1.

8 Transfer the CHM to SSW #2.

9 Remove the loaded FSC with the CHM.

10 Park the CHM.

11 Replace the shield plug using SPHD #1.

12 Transfer isolation valve #1 to the vault module, FSC storage position.
13 Remove the shield plug using SPHD #1.

14 Place the CHM on the storage position and lower the FSC into place.
15 Remove the CHM and place in the park position.

16 Replace the shield plug using SPHD #1.

The faulty FSC can then be discharged from the MVDS using the CHM through the CLUP for
packaging-and-dispesaldispositioning.

4.4.5. Utility Supplies and Systems

The utility supplies and systems for the ISFSI facility are electricity, communications, and
domestic water as required. The electrical supply is from the 13 -kV distribution line from the
Vasquez substation. The domestic water serves the Administration Building only, is not
required for operation of the MVDS, and is provided from the Weld County Water District
system. Engineering plans and drawings for these systems are maintained.

The MVDS cooling system is passive and does not require electrical power. During transfer
cask load/unload operations, the MVDS system requires an electrical power supply for the CHM
and TCRB operations. The electrical power source is a 220 kVa 13 kV/480 Volt, three phase
padmount transformer supplied by a 13 kV distribution line. Backup power, for security
purposes only, is supplied. Loss of electrical power to the MVDS will not degrade safety during
normal operations, off-normal operations, and accident conditions.
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Table 4.4-1. MVDS Crane Design Parameters.

[Included in the proprietary version of the SAR]
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Table 4.4-1. MVDS Crane Design Parameters (continued).

[Included in the proprietary version of the SAR]
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Table 4.4-2. MVDS Crane, Limits of Drop.

[Included in the proprietary version of the SAR]
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Table 4.4-3. Cask Load/Unload Port Design Parameters.

[Included in the proprietary version of the SAR]
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Table 4.4-4. Container Handling Machine Design Parameters.

[Included in the proprietary version of the SAR]
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Figure 4.4-1. Cask Shipping Grapple.
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Figure 4.4-2. Container Handling Machine Assembly.
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Figure 4.4-3. Cask Load/Unload Port.
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Figure 4.4-4. Uranium Shicld Lifting Device Assembly.
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Figure 4.4-5. Shield Plug Lifting Device Assembly.
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Figure 4.4-6. Charge Face Isolation Valve.
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FIG 4.4=7
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Figure 4.4-7. Charge Face Isolation Valve.
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Figure 4.4-8. Charge Face Isolation Valve.
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[Included in the proprietary version of the SAR]

Figure 4.4-9. Container Handling Machine Assembly.
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[Included in the proprictary version of the SAR]

Figure 4.4-13. Raise Lower Mechanism.
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[Included in the proprietary version of the SAR]

Figure 4.4-14. Container Grapple Mods.
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[Included in the proprietary version of the SAR]

Figure 4.4-15. Fuel Storage Container Leak Test Equipment.
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Figure 4.4-16. THIS FIGURE IS NOT USED
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STRUCTURAL ANALYSIS OF THE MVDS
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ANALYSIS OF LOAD/UNLOAD EQUIPMENT
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5. OPERATION SYSTEMS

5.1. Operation Description

This section describes typical operations for unloading spent fuel from the MVDS and for

monitoring. The interlocks to ensure the proper operation of these steps are listed in Reference
1.

Spent fuel handling activities will not be performed when the ambient air temperature is less
than 12 degrees F. The basis for this is brittle fracture prevention of the FSCs, and taking into
account the reduced amount of decay heat that will be available for future spent fuel handling
activities.

5.1.1. Narrative Description
5.1.1.1. Defueling Operations
The defueling operation normally starts with the charge face isolation valve positioned over an

empty charge face location, the CLUP hatch cover removed, the CLUP adaptor plate removed
and an operable crane outside the MVDS.

NOTE: As discussed in section 4.2.3.2, galvanic cell corrosion inside FSCs is theoretically
possible, and this reaction could possibly generate hydrogen gas. For this reason, PSCo
committed (Ref. 2), and DOE also commits, that no FSC will be handled, or its lid bolts
removed, until a sample of the fuel storage atmosphere has been analyzed and determined not to
contain a combustible gas mixture, or evacuated and purged with air to assure hydrogen
concentrations are below flammable levels. If analysis identifies a flammable concentration of
hydrogen in air, then the fuel storage container will be evacuated and purged with air prior to
handling or removal of the lid bolts. If no significant hydrogen concentration is detected in the
first six FSCs whose internal atmospheres are tested, then it will be assumed that the theoretical
galvanic reaction is not occurring at a significant rate in the FSCs, and additional FSCs will not
be tested.

5.1.2. Flowsheets
The sequence of operations is as follows:
1. The trailer carrying an empty FSC in the shipping cask arrives at the MVDS.
2. Preliminary Health Physics survey.
3. Inspect trailer and personnel barrier for damage.
4. Remove personnel barrier and impact limiters.

5. Health Physics survey of shipping cask.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
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Inspect the shipping cask and trailer for damage.
Remove cask shipping tie-downs.
Position trailer in the MVDS TCRB.

Remove the shipping cask from the trailer and position it in the CLUP.

Remove the trailer from the MVDS and fasten seismic restraints onto shipping

cask in the MVDS TCRB.

Remove the shipping cask outer closure.

Health Physics survey.

Verify that the DUP is in place.

Verify that the FSC lid bolts are properly installed.
Place the CLUP adaptor plate in position.

Place the CLUP hatch cover in place.

Bolt the DUP adapter to FSC lid DUP.

Place the CLUP isolation valve over the shipping cask using the crane.
Place the USPHD on the isolation valve using the crane.
Open the isolation valve.

Remove the FSC lid DUP using the USPHD.

Close the isolation valve.

Remove and park the USPHD using the crane.

Place and connect the CHM to the isolation valve at the CLUP using the MVDS

crane.
Open the CHM and CLUP isolation valves.

Lift the empty FSC into CHM using the FSC grapple.
Close the isolation valves.

Place the CHM in its park location.

5-2





29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bypass the CLUP isolation valve interlock.

Open the CLUP isolation valve.

Health Physics survey of interior of shipping cask.
Close the CLUP isolation valve.

Remove the CLUP isolation valve bypass device.

Transfer the loaded CHM to FSC vault module storage position using the MVDS
crane.

Connect the CHM to the charge face isolation valve.

Open the CHM and charge face isolation valves.

Lower the empty FSC into its vault module storage position.
Close the CHM and charge face isolation valves.

Transfer the CHM to its parking position using the MVDS crane.

The empty FSC is now in the vault module storage location. The sequence proceeds to prepare
the next location for removing a loaded FSC.

40.

41.

42.

43.

44,

45.

46.

47.

48.
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Place the SPHD loaded with the charge face shield plug on the charge face
isolation valve using the MVDS crane.

Open the isolation valve.

Lower the shield plug into position on the charge face above the empty FSC in its
storage position using the SPHD.

Close the isolation valve.
Remove and park the SPHD using the crane.

Transfer the isolation valve to the next vault storage position to remove a loaded
FSC using the MVSC crane.

Place the SPHD on top of the isolation valve using the crane.
Open the isolation valve.

Remove the charge face shield plug using the SPHD.
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49.

50.

51.

Close the isolation valve.
Remove and park the SPHD loaded with the shield plug using the MVDS crane.

Update records of storage locations.

The sequence has completed the preparation of the next location of a loaded FSC for removal,
and proceeds to transfer a loaded FSC to the shipping cask.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.
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Place the CHM on and connect it to the charge face isolation valve using the
crane.

Open the CHM and charge face isolation valves.
Lift the loaded FSC up into the CHM.
Close the CHM and charge face isolation valves.

Transfer the CHM to the CLUP using the MVDS crane and place it on top of the
isolation valve.

Open the CHM and CLUP isolation valves.

Lower the loaded FSC into the shipping cask.

Close the CHM and CLUP isolation valves.

Disconnect and transfer the CHM to its parking position using the crane.

Place the USPHD containing FSC lid DUP on the CLUP isolation valve using the
crane.

Open the CLUP isolation valve.

Lower the DUP into FSC lid.

Close the CLUP isolation valve.

Remove and park the USPHD using the crane.

Remove and park the CLUP isolation valve using the MVDS crane.
Remove the CLUP adapter plate from CLUP.

Remove the DUP adapter from depleted uranium plug.

Remove the "O" ring innerspace port cover from shipping cask outer closure.
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70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

90.

91.

92.
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Lift the shipping cask outer closure with crane.
Inspect shipping cask outer closure "O" rings.
Inspect and clean shipping cask seal area.
Install shipping cask outer closure on cask.
Torque outer closure on shipping cask.
Perform shipping cask outer closure "O" ring innerspace leak check.
Install "O" ring port cover.

Perform "O" ring port cover leak check.
Remove CLUP hatch cover.

Attach cask lifting device to crane and cask.
Remove seismic restraints.

Lift shipping cask.

Back trailer into MVDS TCRB.

Lower shipping cask onto trailer.

Health Physics initiate shipping survey.
Remove trailer with cask from MVDS TCRB.
Install cask tie-downs to fasten shipping cask to trailer.
Install impact limiters.

Install front impact limiter seal.

Install personnel barrier.

Health Physics complete shipping survey.
Prepare shipping documents.

Release the trailer for shipment.
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The sequence is complete. The charge face location from which the loaded FSC was removed
will be the location for the next empty FSC that returns from the spent fuel storage site.

For reference purposes, the sequence times associated with loading operations are specified in
Table 5.1-1, and the operational loading sequence is illustrated in Figures 5.1-1a, 5.1-1b, and
5.1-1c. This information will be used for exposure estimates and procedure development for
unloading the fuel from the FSV ISFSI.

5.1.3. Monitoring Operations

It is not necessary to monitor the MVDS performance parameters because of the passive heat
removal system, the margins on allowable fuel element temperature, and the margin of
subcriticality during all normal and off-normal events.

ISFSI boundary radiation monitoring is described in Section 7.6.1.

The cooling air inlet structure and outlet chimney mesh will be inspected for gross obstructions.
Any such obstructions will be removed.

It is not necessary to monitor the fuel containment boundary provided by the FSC because the
construction materials will not degrade beyond the ASME allowable thresholds (see Section
4.2.1.3) during the licensed storage period. However, the FSC features that allow
comprehensive leak checking during fuel loading operations can be utilized safely throughout
the storage period to check the metallic O-ring integrity, without FSC removal from the vault
module.

5.1.4. Criticality Prevention

Criticality of the fuel stored in the MVDS is prevented by the inherent safe geometry of the array
of FSCs within the vault module. The criticality analysis is described in Section 3.3.4.

5.1.5. Instrumentation

The MVDS does not require instrumentation for monitoring cooling air flow, cooling air
temperature, radiation or criticality. Instrumentation will be supplied for seismic monitoring.
Seismic instrumentation will be used to determine the severity of seismic disturbances. This
instrumentation will consist of a Triaxial Time-History Accelerograph which will measure
earthquake acceleration.

The seismic instrument vendor's instructions for ensuring the continued accuracy of the
instrument will be implemented. Responses to a seismic event will include estimating the
seismic input to the MVDS and evaluating the MVDS for damage.

5.1.6. Maintenance

The MVDS requires minimal maintenance during the long term storage period. This is due to
the simplicity of the MVDS design.
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5.1.6.1. Equipment Maintenance

During the fuel storage period, the CHM will normally be bolted down on its storage pad except
during training exercises and other planned activities. A local power supply will be available for
periodic operation of the MVDS crane, CHM raise/lower mechanism, and control systems. The
CLUP and charge face isolation valves and the SPHDs will remain on the charge face. The
TCRB entrance will be typically closed. In this way all equipment can be preserved and be
retrievable for use at any time. The volume above the charge face and the TCRB can be
routinely accessed for inspection of the stored equipment.

5.1.6.2. Structural Maintenance

Civil structure maintenance is not anticipated to be necessary during the storage period other
than routine checking that the cooling air inlet structure and outlet chimney mesh are not
blocked, particularly during heavy snow conditions. However, the effectiveness of the vault
cooling system is not sensitive to partial blocking and will function satisfactorily with up to 95%
area blockage, as described in Sections 8.1.2 and 8.2.8. Should any cracks or general
degradation of the concrete be observed, they will be evaluated as to the effect on the structure
and required repairs. All steelwork associated with the enclosure structure is accessible for
inspection and repainting if necessary during the anticipated storage duration.
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Table 5.1-1. MVDS Loading Operation Sequence Times.

Time Operation
Hrs Min
27.5 CLUP hatch cover removed
42 Transfer cask transferred from trailer to CLUP
24 CLUP hatch cover replaced
15 Cask closure removed
11 Cask shield ring positioned over cask
20 DUP adaptor bolted to FSC lid DUP
24 CLUP adaptor positioned at CLUP
24 Isolation valve positioned at CLUP adaptor and bolted down
48.5 FSC lid uranium shield removed
26 CHM positioned at CLUP adaptor
25.5 FSC lifted into CHM
23% CHM transferred to vault storage position isolation valve
25.5 FSC lowered into storage position
24* CHM moved to parking position
54.5 Charge face shield plug replaced
22 Isolation valve moved to next storage position
40.5 Charge face shield plug removed
46.5* CHM transferred to vault storage position isolation valve
25.5 Empty FSC lifted into CHM
23% CHM transferred to CLUP
25.5 Empty FSC lowered into cask
13.5 CHM moved to parking position
47.5 FSC lid uranium shield replaced
24 Isolation valve removed from CLUP
24 CLUP adapter removed from container load/unload port
16.5 DUP adapter removed from DUP
11 Cask shield ring removed
18 Cask closure replaced
24 CLUP hatch cover removed
42 Transfer cask returned to trailer
28.5 CLUP hatch cover replaced
14 h 6.5m TOTAL time for a loading cycle starting with a full FSC in the transfer cask on the

transporter, and finishing with an empty FSC in the transfer cask on the transporter
* Average times

FSV ISFSI SAR 5-8

Revision 7





L UOISIADY

AVS ISASI ASA

190yS mo[ 2ouonbag SuneradQ ‘e[-1°¢ 231

JON3ND3S YNILYHIHO 4O 1HVLS LV INVId 40 3ILVLS
1end yim os4 0S4 Adwgz I1suueyg Ajdwgz

Aid
L'ON 8Ajep n_DAc wamv
Bunejos —_| aHdS

/ 100Q T - o s , 4
Jaunys i
ooy T T —

“wwmw T ] / " (eoe4 ebieyn

U d — Uo JUBIUSAUOD

dnio < ‘ / alaym payied)

L =Y —— H LU | = || Joydepy dnTo
L1 i \ / /101depy dna

1 ﬂu i 1 L __u ] \ /BUld ples o1

H H H b= = (lauueyy Adw3 )
Z°ON aAjep Bunejosy

|

| | |
= ——
|

i i (6nid PIBIUS YHM) AHS

Baly juswdinbg Buiy

J LI
L






L UOISIADY

01-§ AVS ISASI ASA

199y Mmo[] 9ouanbag Funerddp ‘qr-1°g anJig

(L2-61 suoljesadQ)
“WHO 01 QL wouy

19Nd4 YIM 0S4 Jaysuesl
"dN1D 18 WHO 9318907

(92-2¢2 suoljesadQ)
“HNBA Olul 9S4 Jamon]
‘HINeA 18 ZAl 0} WHO Jajsuedp

[ ]
o

¥seo lajsues) g
T e e e e e Joydepy dn10 g
i dna o) uoyeso ] 4
€

[

3

Buty prays oL
laulejuog abelolg |ang
H juawa(3 jong

A3

(81 -8 suoljesadQ) I =)

% "dN@ 8AowWal ‘dNTO 1B LAl 99BId = | (2-9 suonesado)
/. "9INS0|) 8AOWal % dn1o oju

‘01 0} sjureiSayY olwsidg Ajddy l Jejlodsues) wouy 91 peojun

Lo e 4L L

[ 2=






L UOISIADY

11-s VS ISISI ASd
199YS Mmo[] 9ouanbag Funerddp o1-1°¢ 231

- (8S-€¥ suonelsdQ)
'l 711 ‘a@4nso|) D1 9oedau
‘Buty plalys oL anowsay
Il ‘LAl @Aowal
(09-6S suoljesadQ) ‘dNa eoe|das ‘WHO dAowsy
%u J18)40dsuel) 0} ‘01 oul 9S4 Aldwa 1amo)
\& dN7O wouy 91 J8jsueldy ‘dNTO 01 WHO J8jsuedy
g a 4
AR (6€-2g suonesadp)
L ‘Bnid pleiys aAowal
(2¥-0p suoijesadQ) | ‘lauuey) 1xsu JB ZA| 9)BO0|3Y
'WHO ojul 9S4 A1dwe ssiel i ‘6nid plelys
‘UNBA 1B ZAI 0} WHO Jajsuedy aoe|dal ‘WHO sAowey






1%

L UOISIADY

AVS ISASI ASA

yueld Ajeuonuajuy





5.2. Controls

The CHM is operated from an on-board local control panel, and the MVDS crane is controlled
by a pendant controller. The rest of the equipment at the MVDS does not require control
stations. A pushbutton alarm bell is provided for warning prior to movement of the MVDS
crane.

The control of the CHM is by a hardwired system consisting essentially of relays, contactors,
lamps, limit switches and pushbuttons. The system is housed in a pair of cubicles mounted on
the CHM itself, and is powered by a 480V/60Hz power source.

Electromechanical technology is used as far as possible as this represents the optimum balance
between longevity, performance, reliability and cost.

Operation of the raise/lower mechanism is mechanically interlocked to the physical condition of
the CHM by two keyswitches. The first prevents raise/lower mechanism operations if the
isolation valves are not fully open, and prevents closing of the isolation valves unless the grapple
and any item it may be handling are clear of the valve (i.e. at the upper datum position). The
second prevents raise/lower mechanism operations when the mechanism handwind is in use.
The electrical equipment to be controlled consists of:

o Raise/lower mechanism motor

J Service brake

o Standby brake

o Grapple release solenoid.
5.2.1. Lamps
The following color coding is used for lamps:
White - normal operations
Yellow- off normal operations
Amber - fault conditions
All operations are considered normal (white lamps) except for the following:
Off normal (yellow lamp) operations

J Selection of grapple exchange mode
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o Selection of individual fuel element grapple mode

J Selection of FSC mode without a FSC grapple fitted

o Selection of individual fuel element mode without an individual fuel element
grapple fitted

o Selection of grapple exchange mode without being at the CLUP

o Installation of an individual fuel element grapple

J Main contactor not pulled in

o Standby brake manually released

o Lower datum

Fault (amber lamp) conditions
o Raise/lower mechanism motor overtemperature
o Raise/lower mechanism motor overtorque
o Grapple at Upper Ultimate Limit
o Grapple at Lower Ultimate Limit

° Chain broken

° Seismic tremor
° Raise overload
° Lower overload.

5.2.2. Load Sensing System

The load sensing system consists of two load cells positioned underneath the equalizer assembly
on the fixed end of the chains. Associated with each load cell there are four trip levels, two of
which are overload trips, the other two are underload trips; the appropriate overload and
underload trip levels are selected according to which type of grapple is in use, the condition of
the grapple jaws and the position of the grapple within the CHM.

In order to set up the load trip levels, two displays are provided internal to the control cubicles
giving the load readout from each load cell individually. These two readouts are electrically
summed to give a readout of the total load on the front panel.
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When an overload condition is detected, raising operations are prevented, the overload lamp is
illuminated, and the audible alarm is sounded. When an underload condition occurs lowering
operations are prevented, the underload lamp is illuminated, and the audible alarm is sounded.

In each case the service and standby brakes also are applied. The audible alarm may be canceled
by pressing the adjacent load alarm accept pushbutton.

5.2.3. Lamp Test

There is a lamp test that applies power to all lamps on the front panel when the lamp test
pushbutton is depressed. A lamp is adjacent to the lamp test pushbutton, and it lights only when
the lamp test pushbutton is depressed.

5.2.4. Mode Select

The CHM mode is selectable by a three position keyswitch that locks in each position by a
solenoid. The key is removable in each position. The mode select keyswitch determines the
position of the grapple release band and the lower datum for each of the three distinct operating
conditions of the CHM.

The mode may only be changed when the CHM is positioned at the CLUP with the grapple at
upper datum and the jaws locked in the disengaged position. The mode keyswitch pushbutton
must then be depressed, energizing the solenoid and thus unlocking the keyswitch.

A mode select error lamp lights if: 1) FSC mode is selected without a FSC grapple fitted or; 2)
individual fuel element mode is selected without an individual fuel element grapple fitted or; 3)
grapple exchange mode is selected when not at the CLUP.

During normal operations, the FSC handling position is selected and the key is removed.

5.2.5. Isolation Valves
The isolation valve interlock keyswitch is a two position keyswitch which is locked in the key

inserted position by a solenoid.

Operation of the CHM is not permitted unless the isolation valves are locked in the open position
and the isolation valve key is removed from the valve and inserted into the isolation valve
interlock keyswitch on the control panel.

Two lamps on the control panel indicate when the valves are in the open or closed positions.
These are for information only and are not used in the control circuitry.

5.2.6. Container Handling Machine Location

There is an indicator on the control panel of the position of the CHM, either at the CLUP or at
the vault (i.e. not at the CLUP).
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5.2.7. Raise/Lower Mechanism Operation

Raise/lower mechanism operation is controlled by two latching demand pushbuttons (one for
raise and one for lower), and a stop pushbutton to cancel the raise or lower demand. Two
position indications are provided, one for upper datum and one for lower datum. The actual
position of lower datum is determined by the mode.

In normal operation when mechanism lower is demanded, the mechanism will be lowered until
the grapple jaws unlocked signal is received, this signal being backed up by the lower datum
signal. Similarly, when mechanism raise is demanded, the mechanism will be raised until the
upper datum signal is received, this signal being backed up by the ultimate upper limit switch.

5.2.8. Grapples

There are two types of grapples which may be used in conjunction with the CHM: a FSC
grapple to handle FSCs and an individual fuel element grapple to handle individual fuel
elements. An indication of which type of grapple is fitted is provided on the control panel
showing that either a FSC grapple is fitted, or an individual fuel element grapple is fitted. If
neither type of grapple is fitted, then no indication is given.

An indication also is provided to show that the grapple is within the grapple release band, the
position of which is determined by the mode.

Once the loaded grapple has entered the grapple release band, on further lowering the jaws
become mechanically unlocked. The locked/unlocked condition of the jaws is indicated by two
lamps on the control panel.

With the grapple jaws in the unlocked state, they may be actuated from the engaged to
disengaged state by depressing the disengage pushbutton. The condition of the jaws is indicated
by two lamps on the control panel (engaged or disengaged).

When the disengage pushbutton is depressed, the disengage lamp is illuminated until either the
jaws become disengaged (engaged lamp extinguished, disengaged lamp illuminated, disengage
lamp extinguished) or the duty cycle circuitry times it out (engaged lamp remains illuminated,
disengage lamp extinguished).

Once the unloaded grapple has entered the grapple release band, on further lowering the jaws
become mechanically unlocked and the jaws automatically engage. The locked/unlocked and
disengaged/engaged condition of the jaws is indicated by lamps on the control panel (locked
lamp extinguished, unlocked lamp illuminated, disengaged lamp extinguished, engaged lamp
illuminated).

Once a loaded or unloaded grapple is raised from its seated condition in the grapple release band

the jaws automatically mechanically lock, the state of the jaws remain locked until the grapple
re-enters the grapple release band.
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5.2.9. Trip Circuits

The following trip conditions cause the power to the raise/lower mechanism motor to be
interrupted and cause the service and standby brakes to be applied immediately:

o Ultimate upper limit
o Raise/lower mechanism motor overtorque
o Chain broken.
The following trip conditions cause the power to the raise/lower mechanism motor to be

interrupted, cause the service and standby brakes to be applied immediately and prevent the
grapple jaws from being disengaged:

o Emergency stop
o Seismic tremor
o Three phase supply over voltage

J Three phase supply under voltage

o Three phase supply phase imbalance

o Lower ultimate limit

o Raise/lower mechanism motor over temperature.

Once the cause of the trip has been cleared, the reset pushbutton may be pressed to pull in the

tripped contactors. Pressing the reset pushbutton before the relevant trip conditions have been

cleared will not pull in the contactors.

The emergency stop pushbutton is of the key released type.

An indication is given of the state of the main contactor, and bears the legend 'Power,' indicating

when power is applied to the motor, brake and grapple solenoid circuits.

5.2.10. Container Handling Machine Alarms
1. Standby brake released - The standby brake is manually released when

handwinding the raise/lower mechanism. A warning lamp illuminates if the brake

1s left released.

2. Mode select error - The actual grapple fitted is detected by links and these are
compared with the selected operating mode. If these disagree operations are
inhibited.
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10.

11.

12.

13.
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Overload - Load exceeding 1700 lbs (or 6400 lbs with full FSC grapple). Note
that there are two load cells, each sensing 50% of the load; the trip level is thus
850 Ibs (or 3200 Ibs) each.

Underload - Load under 374 Ibs (or 1800 lbs with a full FSC grapple). The trip
level is thus 187 Ibs (900 lbs with a full FSC grapple).

Upper ultimate limit - Raise overtravel. Must be handwound off.

Lower ultimate limit - Lower overtravel. Must be handwound off.

Over-torque - High torque on the raise/lower mechanism (either of two detectors).
Over-temperature - Thermostat fitted to raise/lower mechanism motor.

Chain broken - Either of the two lifting chains broken.

Seismic tremor - Excessive vibration detected by a proprietary seismic tremor
switch.

Thermal overload - Conventional thermal overload in the raise/lower motor
circuit.

Under volts - A phase balance detector on the incoming mains supply monitors
for imbalance or low voltage.

Over volts - Over voltage protection is provided by means of an overvoltage trip
relay.
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5.3. Spent Fuel Management Program

This section of the SAR comprises DOE's Spent Fuel Management Program document for the
FSV ISFSL

The Spent Fuel Management Program reflects how the fuel elements are stored in the ISFSI.
Each fuel element has a unique serial number stamped on it. This serial number was visually
verified with the fuel handling machine camera system and recorded prior to placing the fuel
elements into the FSC. The Spent Fuel Management Program includes spent fuel records which
identify the exact location of each fuel element at the MVDS and the amount of special nuclear
material contained in each fuel element. A Tamper Indication Device (TID) has been placed
between each shield plug and the charge face structure.

DOE's Spent Fuel Management Program is implemented through contractor procedures for the
following activities:

Records showing the receipt, inventory and location, disposal, acquisition, and transfer of all
spent fuel in storage are kept in accordance with 10 CFR 72.72(a).

A physical inventory of all the spent fuel in storage is conducted every 12 months in accordance
with 10 CFR 72.72(b). A copy of each inventory is retained as a record until license termination.

Written material control and accounting procedures that are sufficient to enable accounting for
material in storage are established, maintained, and followed in accordance with 10 CFR
72.72(c) and are maintained until license termination.

Records of spent fuel in storage are kept in duplicate and in separate locations in accordance
with 10 CFR 72.72(d).

Accidental criticality events and any loss of special nuclear material are reported in accordance
with 10 CFR 72.74 and the Emergency Response Plan.

A material status report is completed in computer-readable format, in accordance with
NUREG/BR-0007 (Ref. 3) and NMMSS Report D-24 (Ref. 4). This report will be submitted
within 60 days of the beginning of the physical inventory required by § 72.72(b) in accordance
with 10 CFR 72.76(a) unless otherwise directed by the NRC.

Computer-readable Nuclear Material Transaction Reports are completed in accordance with 10

CFR 72.78(a), NUREG/BR-0006 (Ref. 5), and NMMSS Report D-24 whenever spent fuel is
either transferred or received.
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5.4. Spent Fuel Transport

The spent fuel elements were transported to the MVDS using a transfer cask mounted on a trailer
and pulled with a tractor. The spent fuel elements will be transported from the MVDS using an
NRC licensed shipping cask.
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5.5. References
Fort St. Vrain MVDS Interlock Schedule 362F0027

PSC letter dated August 19, 1996 (P-96071), Crawford to Travers; Subject:
“NRC Bulletin 96-04.”

NUREG/BR-0007, Instructions for Completing Material Balance Report, Physical
Inventory Listing, and Concise Note Forms

USNRC Nuclear Material Management and Safeguards System, Report D-24,
Personal Computer Data

NUREG/BR-0006, Instructions for Completing Nuclear Material Transaction
Reports
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6. SITE-GENERATED WASTE CONFINEMENT AND MANAGEMENT

Section 3 provides the design bases and supporting analyses for demonstrating that all
radioactive waste materials that may be generated during ISFSI operations will be safely
contained until disposal.

6.1. ONSITE WASTE SOURCES

Small quantities of solid and liquid waste may be generated during operation of the ISFSI. These
wastes are further discussed below and would be handled in accordance with applicable
procedures and regulations.

6.2. OFFGAS TREATMENT AND VENTILATION

No gaseous radioactive wastes are generated during normal operation, throughout the storage life
of the MVDS. Therefore no offgas treatment system is required to support operation of the
ISFSI.

6.3. LIQUID WASTE TREATMENT AND RETENTION

Liquid (decontamination residuals, etc.) wastes are generated in very small quantities as a result
of corrective/preventive maintenance and surveillance activities. Liquid waste is estimated to be
less than 10 gallons per year. Therefore no liquid waste treatment system is required to support
operation of the ISFSI. All liquid wastes generated are collected in suitable containers and
disposed of in accordance with all applicable federal, state, and disposal site regulations.

6.4. SOLID WASTES

Solid (plastic, cloth, paper, etc.) wastes may be generated in very small quantities as a result of
corrective/preventive maintenance and surveillance activities. Solid waste is estimated to be less
than 25 cubic feet per year after volume reduction. Therefore no solid radioactive waste system
is required to support operation of the ISFSI. All solid wastes generated are collected in suitable
containers and disposed of in accordance with all applicable federal, state, and disposal site
regulations.

The ISFSI License, as amended, provides for the receipt, possession, storage and transfer of low-
level radioactive waste and contaminated equipment/materials associated with spent fuel storage
activities. Radioactive waste generated during maintenance, surveillance, defueling or
decommissioning operations is expected to consist primarily of dry radioactive waste such as
rags or paper wipes, and anti-contamination clothing. The waste will be packaged in 55 gallon
drums and temporarily stored at the ISFSI while awaiting shipment for disposal. Staging of low-
level waste in the transfer cask reception bay is not permitted when a cask containing spent fuel
is in the cask load/unload port, in order to assure a potential fire does not impact a loaded cask.
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6.5. RADIOLOGICAL IMPACT OF NORMAL OPERATIONS

Procedures describe proper collection and handling of radioactive material at the MVDS and
provide instructions for shipping radioactive materials from the facility. Personnel who prepare
radioactive materials for shipment and supervisors who review or oversee these preparations are
trained and periodically retrained prior to and during the performance of shipping activities.

The MVDS has a sample connection from the low point in the vault area. This is sampled
periodically and is analyzed to determine if any water collected is above the free release limits of
10 CFR Part 20 (Ref. 1). Should this water be above these limits, it will be collected and
disposed of in accordance with ISFSI procedures. It is expected that minimal water will collect
and that this water will be below the applicable limits that allow free release.
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6.6. REFERENCES

1. 10 CFR Part 20, "Standards for Protection Against Radiation."
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7. RADIATION PROTECTION

7.1. Ensuring that Occupational Radiation Exposures are As Low As
Reasonably Achievable (ALARA)

7.1.1. Policy Considerations
The design parameters and operating characteristics of the ISFSI allow doses to remain ALARA

during operation. In order to maintain personnel exposures low, an ALARA Program will be
implemented that includes the following key elements:

1. Design and procedural ALARA reviews by qualified staff and committees.

2. Pre and post job reviews including the establishment of person rem goals,
planning for special tools, ventilation, shielding, services, and communications
equipment.

3. Trending of radiological performance factors including worker exposures,

personnel contamination, waste generation, and area contamination

4. ALARA committee reviews of selected activities including radiological work
resulting in individual and/or collective radiation exposure exceeding thresholds
established by the ALARA Committee or requiring entry into 1 rem/h radiation

fields.
5. Training for selected jobs.
6. Management review of Radiation Protection Program effectiveness.

7.1.2. Design Considerations

The design of the MVDS complies with the requirements to maintain radiation exposure
ALARA. The objectives of Regulatory Position 2 of Regulatory Guide 8.8 (Ref. 1) have been
used for guidance and have been applied throughout the design of the MVDS.

The MVDS is designed to maintain the spent fuel within the FSC and provides bulk radiation
shielding (i.e. the civil structure, CHM shielding, and the transfer cask) ensuring that the
radiation exposures to personnel during MVDS operation are maintained ALARA, in addition to
satisfying the requirements of 10 CFR Part 20 (Ref. 2).

Listed below are specific considerations to ensure that the annual dose to individual personnel
and the annual collective dose to personnel are maintained ALARA.

1. The application of a system of maximum acceptable design dose rates, related to
access requirements.
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The provision of radiation shielding, designed using methods known to yield
accurate results, and based on demonstrably conservative assumptions.

The MVDS is a passive system requiring minimal maintenance. Maintenance is
based on a unit replacement philosophy. Component maintenance is performed in
a low dose rate area. Wherever possible, operating mechanisms and drives
requiring maintenance are positioned outside of the shielding envelope.

Radiation scatter and streaming are minimized by providing labyrinths and
stepped streaming paths.

A prime consideration in the MVDS design is the provision of adequate access for
personnel to perform operations carried out in radiation areas.

The use of existing transfer cask handling procedures and experience minimize
radiation exposure and eliminate the spread of contamination

7.1.3. Operational Considerations

Operational considerations that reflect on ALARA are listed in the previous section.
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‘ 7.2. Radiation Sources
7.2.1. Characterization of Sources

The design basis for the radiological assessment for the storage facility is for HTGR fuel that has
been irradiated to 52,000 MWdays/MT of heavy metal and has decayed 600 days, as discussed in
Section 3.1.1.2. The gamma and neutron source terms were generated with the ORIGEN-S

| computer code (Refs. 3 and 4) using the above burnup criteria and the actual initial fuel loading.

The spent fuel and any waste associated with the spent fuel are bounded by the source terms
determined in the above mentioned analysis. The gamma and neutron source spectra are shown
in Table 3.1-2. A description of the physical characteristics of the spent fuel is included in Table
3.1-1. The total gamma source strength is 2.97 E+14 photons/sec. The total neutron source

| strength is 3.31 E+05 neutrons/sec.

The neutron energy source spectrum includes both alpha-neutron and spontaneous fission
sources. In addition to the intrinsic neutron sources discussed above, the facility is designed to
accommodate the storage of Cf-252 neutron sources. The maximum design strength of the

| Cf-252 neutron sources is 4.000 E+05 micro Curies per source. No Cf-252 neutron sources are
stored at the FSV ISFSI (see Section 1.1.1).

The gamma and neutron sources originating in the fuel are considered to be the primary sources.
Secondary gammas generated in the shielding are considered in the shielding calculations. The
| shielding calculations are detailed in Appendix A7.1-1.

Tables 7.2-1 and 7.2-2 provide fuel element source characterization information.
7.2.2. Airborne Radioactive Material Sources

The design of the MVDS is such that in normal operation there are no sources of radioactive
material that may become airborne.
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Table 7.2-1. Total Gamma Source Terms for an Average Fuel Element.

Gamma Energy (MeV)

Gamma Spectra (photons/sec)

Boundaries

(MeV) Mean 400 Day 600 Day 900 Day
4.0-35 3.75 3.03E+05 2.11E+05 1.24E+05
3.5-3.0 3.25 6.62E+08 4.54E+08 2.58E+08
3.0-2.6 2.80 1.50E+10 1.45E+10 1.45E+10
2.6-2.2 2.40 4.45E+10 2.90E+10 1.53E+10
22-1.8 2.00 2.34E+12 1.44E+12 6.95E+11
1.8-1.34 1.57 4.02E+12 3.08E+12 2.14E+12
1.34-0.92 1.13 9.06E+12 7.47E+12 5.90E+12
0.92-0.38 0.65 3.47E+14 2.68E+14 2.11E+14
0.38-0.22 0.30 2.57E+13 1.72E+13 1.03E+13
0.22-0.12 0.17 8.92E+08 8.93E+08 9.82E+08
Total 3.88E+14 2.97E+14 2.30E+14
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Table 7.2-2. Total Neutron Source Terms for an Average Fuel Element.

Neutron Energy (MeV) Neutron Spectra (neutrons/sec)
Boundaries

(MeV) Mean 400 Day 600 Day 900 Day
20.0 - 6.43 13.22 5.41E+3 5.14E+3 4.89E+3
6.43 - 3.00 4.72 7.26E+4 6.89E+4 6.59E+4
3.00 - 1.85 2.43 9.74E+4 9.36E+4 9.07E+4
1.85-1.40 1.63 4.59E+4 4.40E+4 4.24E+4
1.40 - 0.90 1.15 5.60E+4 5.34E+4 5.12E+4
0.90 - 0.40 0.65 5.77E+4 5.48E+4 5.23E+4
0.40-0.10 0.25 1.12E+4 1.07E+4 1.02E+4
Total 3.46E+5 3.31E+5 3.18E+5
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7.3. Radiation Protection Design Features
7.3.1. Installation Design Features

The design considerations listed in Section 7.1.2 ensure that occupational exposures are ALARA
and that a high degree of integrity is obtained for the confinement of radioactive materials.

7.3.1.1. Design Features Relevant to Maintaining Exposures ALARA

The applicable design feature guidance given in Regulatory Position 2 of Regulatory Guide 8.8
(Ref. 1) is discussed below.

7.3.1.1.1. Access Control of Radiation Areas

Access to the ISFSI is controlled in accordance with 10 CFR Part 72 (Ref. 5) (shown in Figure
4.0-1).

Normal access to the MVDS is through a single access point that includes a Health Physics
Control Station when radiological conditions warrant.

7.3.1.1.2. Radiation Shields and Geometry

Fixed radiation shielding constitutes the primary method of reducing personnel exposure to
radiation.

The design of radiation shielding is based on the results of shielding analyses, which are
discussed in detail in Appendix A7.1-1. Calculation methods known to provide reliable and
accurate results have been employed, including Point Kernel Integration and Monte Carlo
analyses. The application of these methods to specific shield designs and the verification of the
computer codes used are fully described in Appendix A7.1-1.

Conservative assumptions have been used throughout. In particular, radiation exposure is
calculated on the bases that all spent fuel elements handled and stored have the average source
strengths, defined in Sections 3.1.1.3 and A7.1.2 which is based on the fuel segment with the
highest heat generation rate at 600 days after shutdown. Integrated operator exposures are
therefore maximum values, although higher local dose rates from groups of higher rated
individual fuel elements could occur.

The main components of the shielding system shown in Figures 1.1-1, 1.1-2 and 1.1-3 are as
follows:

a. The transfer cask.
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b. The CLUP and its isolation valve (including a cask shield ring) at the TCRB, which
maintains the shielding envelope while a FSC containing the spent fuel is lowered
from the CHM into the transfer cask.

c. The CHM bulk shielding, which provides a massive radiation barrier surrounding the
spent fuel within the CHM.

d. The vault module charge face structure, in which the tops of the FSCs are located.
Stepped streaming paths and the charge face shield plugs maintain the shielding
integrity of the composite steel and concrete filled charge face structure.

e. The massive concrete vault civil structure surrounding the array of FSCs. The cooling
air inlet duct provides a multiple scatter path for radiation from spent fuel stored in the
FSCs, the shielding effectiveness of which is enhanced by concrete radiation
collimating slabs. In the same way, collimating slabs at the outlet duct, combined
with its dog-leg geometry, maintain the integrity of the shielding envelope
surrounding the FSC array.

7.3.1.1.3. Control of Airborne Contaminants and Gaseous Radiation Sources

The MVDS has no sources of airborne contaminants or gaseous radiation during normal
operation, therefore no specific control systems are required. All radiation sources except for
sealed instrument check sources are contained within the sealed FSCs. The radioactive sources
are described in Section 7.2.1.

The spent fuel was sealed in FSCs at the Reactor Building. This containment prevented the
spread of contamination during handling and storage at the MVDS.
7.3.1.1.4. Provisions for Spent Fuel Transfer to the MVDS

Transfer of spent fuel to the MVDS used the existing transfer cask and procedures. This
permitted the direct application of previous operational experience in controlling radiation
exposure and spread of contamination, maintaining the ALARA principle as it relates to these
operations.

7.3.1.2. Installation Layout

The general layout of the MVDS is shown in Figures 1.1-1, 1.1-2 and 1.1-3. The radiation zone
designations applied to specific areas and the location of areas and equipment that are relevant to
the radiological protection program are indicated in Table 3.3-2. The allocation of radiation
zone designations to these areas is shown in Table 3.3-3.

7.3.2. Shielding

The design of shielding for each of the radiation sources identified in Section 7.2 is described in
Appendix A7.1-1.
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7.3.3. FSC Integrity

DOE commits to performing a leak test of the interspace between the double metal ‘O’ ring on
six (6) FSCs at five year intervals following initial loading of the MVDS with spent fuel in
accordance with the ISFSI Technical Specifications.

FSV ISFSI SAR 7-9

Revision 7





Intentionally Blank

FSV ISFSI SAR 7-10

Revision 7





7.4. Estimated Onsite Collective Dose Assessment

The MVDS is surrounded by an ISFSI fence and access to the MVDS is only possible via the
security access control point. Access is primarily restricted to personnel required for inspection,
monitoring, and maintenance activities and in the longer time scale for fuel unloading and
decommissioning activities.

During the inspection/monitoring/maintenance phase of operations of the MVDS only infrequent
access to the facility will be required. The dose rates prevailing in the key facility areas for fuel
decay periods of 600 days and 900 days are presented in Table 7.4-1.

General area radiation and contamination levels inside the charge face have historically been less

2
than 0.2 mrem/hour and less than 1,000 dpm/100 cm , respectively. Consequently, individual
and collective annual occupational radiation exposure during normal operation and maintenance
has been, and will continue to be, less than 10 mrem.

During March 1996 FSC seal integrity verification, the localized radiation level above each FSC
undergoing testing increased to less than 5 mrem/hour. The increased radiation level occurs only
during the test period because of the changed configuration of the shield plug. Contamination

levels remained less than 1,000 dpm/100 cm . Individual and collective annual occupational
radiation exposure received during the FSC seal integrity verification and projected during
subsequent verifications was, and will continue to be, less than 10 mrem.

Actions to be performed by workers at the MVDS for defueling operations are identified in
Section 5.1.1. Since the time at which the spent fuel will be transferred out of the ISFSI is not
known, a detailed dose assessment is not provided. The 6.5 person-mrem average actual
exposure to workers at the MVDS per FSC transfer during fuel loading operations provides a
reasonably conservative exposure estimate for defueling operations. Using this value, transfer of
244 FSCs from the ISFSI would result in total exposures to workers at the MVDS of
approximately 1.59 person-rem.
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Table 7.4-1. Dose Rates at MVDS after Completion of Fuel Loading.

Area Dose Rate (mrem/h) at Decay Periods
600 Day 900 Day
Controlled area boundary 0.02 0.02
fence (100m)
Surface of outlet duct wall 2.0 1.5
Vault wall inside TCRB 6.9 53
Surface of outer TCRB wall 1.0 0.8
Surface of storage well wall 2.8 2.2
Inlet duct mesh 21.0 16.0
Inlet duct exclusion fence 1.3 1.0
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7.5. Estimated Offsite Collective Dose Assessment

The design features described in Section 7.3.1 ensure that, during normal operation, there are no
effluent streams from the MVDS. The only offsite dose due to the MVDS installation, therefore,
will be from direct and scatter radiation.

The variation of calculated dose rate with distance from the MVDS installation is shown
graphically in Figure 7.5-1. The dose rate is highest adjacent to the cooling air inlet structure
(east side). However, at the controlled area boundary the dose rate is highest on the west side.
The dose rates for other directions are lower. This effect is due to the layout of the outlet duct,
TCRB, inlet duct and storage wells.

There are five significant contributions to the controlled area boundary dose rate, arising from:

1. Direct radiation through the vault module shield walls.

2. Direct radiation from a FSC resident in the CHM (short term).

3. Scattered radiation from the beam emerging from the inlet and outlet ducts.

4. Scatter of radiation arising from the charge face.

5. Direct radiation from a FSC resident in the transfer cask in the TCRB (short
term).

All five contributions were analyzed using the Point Kernel Integration code RANKERN, which
has the facility to perform both direct penetration and scatter/skyshine calculations. (See
Appendix A7.1-1).

The conservative dose rates shown in Figure 7.5-1 make no allowance for personnel occupancy
factors and are based on 600 day decay spent fuel. The maximum dose rate to the nearest
resident [797meters (2,600 feet)] is 0.15 mrem/year.

The variation of the off-site dose rates, at distances up to 950 meters (3,100 feet), are presented
in Figures 7.5-1(a), 7.5-1(b) and 7.5-1(c). The dose rates are presented assuming a 10%
occupancy factor for a member of the public, which is appropriate for this rural location.

The dose rates have been assessed based on actual fuel irradiation parameters and based on a
reactor shutdown in September 1989 and fuel loading completion in July 1992.

Figure 7.5-1(a) presents the dose rates at the controlled area boundary on the west side of the
MVDS. These annual dose rates are for the first year of operation.

Figures 7.5-1(b) and 7.5-1(c) are to be used in combination to provide the total annual dose rates
for the north, south, east and west sides of the MVDS as a function of both distance (0 to 950m)
and storage time (0 to 50 years). The first figure presents the dose rate against distance for the
four sides, based on a hypothetical assumption that the complete MVDS is loaded

FSV ISFSI SAR 7-13

Revision 7





instantaneously with fuel at 760 days decay. The second figure presents factors by which the
north/south and east/west dose rates should be multiplied to give the average annual dose rate for
storage periods up to 50 years. The two figures must only be utilized in this manner.

The maximum annual dose rate to a member of the public at the controlled area boundary is 13
mrem/year and occurs on the west boundary. The maximum annual dose rate at the controlled
area boundary, averaged over all four sides of the MVDS, is 4 mrem/year. Both of these dose

rates are based on a 10% occupancy factor.

No real individual member of the public located beyond the controlled area boundary will
receive a dose rate in excess of 25 mrem/year, as required in 10 CFR 72.104. The maximum and
averaged annual dose rates at the controlled area boundary are 13 mrem/year and 4 mrem/year
respectively. Based on the occupancy levels of 10%, these controlled area boundary radiation
levels are well within the regulatory requirement and consistent with the ALARA philosophy.

The calculation for the FSV off-site dose rate involves many conservative assumptions, which
include:

a. All fuel elements were assumed to be from the hottest segment.

b. The assumed fuel burnup is much higher than the actual value. The calculation
assumed operation through 300 Effective Full Power Days (EFPD), plus a coastdown
period of 170 EFPD. The actual fuel burnup is 232 EFPD, which is 238 EFPD less
than the value used in the calculations.

c. A conservative peaking factor of 1.76 was used.

d. 10% public occupancy.

e. Maximum dose rate with no azimuthal averaging.

f. The presence of six Cf-252 neutron source elements loaded in the ISFSI. As

explained in Section 1.1.1, Cf-252 neutron sources were removed from the fuel
elements before the elements were transferred to the ISFSI.
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Annual Dose Rate for First Year of Operation (mrem/year)
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7.6. Health Physics Program

This section comprises DOE's FSV ISFSI Occupational Radiation Protection Program. The
procedural requirements of this FSV ISFSI Occupational Radiological Protection Program are
implemented by contractor procedures.

This Health Physics Program is implemented by the contractor Management Control Procedures
for Radiation Protection developed for use at the INL and by Technical Procedures developed
specifically for use at the FSV ISFSI. The effectiveness and implementation of the FSV ISFSI
Radiation Protection Program is reviewed annually by DOE or its contractor.

7.6.1. Organization

The FSO is responsible for all radiation protection activities at the ISFSI with implementation
performed by contractor personnel or subcontractors working under the direction of the
contractor in accordance with approved procedures. The FSV FSO acts as the ISFSI
representative on the INTEC ALARA Committee. Radiation safety issues that arise are brought
to the attention of the INTEC ALARA Committee and the ISFSI Safety Review Committee by
the FSO. Stop work authority is granted to any individual who observes an actual or potential
unsafe radiological condition.

7.6.2. Equipment

Sufficient numbers and types of radiation surveillance instrumentation and other general
radiological control supplies such as anti-contamination clothing, decontamination materials,
etc., are available to perform assessment of radiological conditions and perform normally
expected duties during routine activities at the ISFSI. If non-routine, unplanned, or otherwise
large scale maintenance or surveillance activities are required, adequate equipment will be
obtained through the INL.

7.6.3. Administrative Limits
7.6.3.1. Occupational Radiation Exposure

Occupational radiation exposure at the FSV ISFSI is controlled in accordance with 10 CFR 20,
Subpart C, Occupational Dose Limits. With the exception of planned special exposure,
occupational radiation exposure is administratively limited to 20% of the limits specified in 10
CFR 20. The need for planned special exposure at the FSV ISFSI is not anticipated.

7.6.3.2. Radiation Exposure to Public

Radiation exposure to individual members of the public is limited to an combined annual dose
equivalent of 25 mrem in accordance with 40 CFR 190.03, which also achieves the dose
limitation of 40 CFR 72.104. The results of the FSV ISFSI Radiological Environmental
Monitoring Program are used to verify compliance with the exposure limit.
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7.6.3.3. Control of Exposure from External Sources

During routine operations at the FSV ISFSI, there are no personnel access points to High
Radiation Areas (HRA) and Very High Radiation Areas (VHRA) where posting and access
control of such areas is warranted. Any HRA's and VHRA''s created during fuel storage
container (FSC) movement will be posted and access controlled in accordance with 10 CFR
20.1601 and 20.1602 respectively.

7.6.3.4. Respiratory Protection and Controls to Restrict Internal Exposure

Process and engineering controls inherent in the design of the FSV ISFSI minimize the potential
for generation of airborne radioactivity. During FSC movement and FSC seal integrity checks,
the potential for intake of airborne radioactivity is minimized through HEPA filtration and/or
containment of breached air volumes. Access control, exposure time limitation, and use of
respiratory protection equipment are secondary means for maintaining the Total Effective Dose
Equivalent (TEDE) ALARA. Use of respiratory protection equipment is performed in
accordance with 10 CFR 20.1703 through services provided by the INL.

7.6.4. Procedures

Procedures and engineering controls are used, to the extent practicable and based upon sound
radiation protection principles, to achieve occupational radiation doses and radiation doses to
members of the public that are ALARA.

7.6.4.1. Surveys and Monitoring

Internal and external occupational radiation exposure monitoring thresholds specified in 10 CFR
20.1502 are not anticipated to be exceeded during routine operation of the FSV ISFSI. However,
capability for providing such monitoring is maintained.

Tritium monitoring has been instituted within the ISFSI as a means of monitoring the effects of
facility aging during the prolonged storage period and future fuel movements. Such tritium
monitoring is performed on the ISFSI charge face and in each of the six ISFSI chimneys. The
charge face monitoring is intended to detect gross failures related to the FSC O-ring seals while
the chimney monitoring is intended to detect failures related to the FSCs themselves. Desiccant
samples installed on the charge face and in the chimneys are retrieved periodically and the
absorbed atmospheric water vapor is analyzed for tritium.

Radiation surveys are performed periodically in the FSV ISFSI and within the 100 meter
perimeter fence. Contamination surveys are performed periodically in the ISFSI. Radiation and
contamination monitoring instrumentation is calibrated periodically for the types of radiation
measured.

When occupational radiation exposure monitoring is required, direct reading and/or electronic
dosimetry is utilized. Radiation and contamination surveys in the ISFSI are used to confirm
when the occupational radiation exposures are low enough that personal radiation dosimetry is
not required. Personnel thermoluminescent dosimetry, when used, is processed at the INL by a
DOELAP accredited processor. DOELAP accreditation is considered a NVLAP accreditation
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equivalent for the radiation performance categories that approximate the radiation environment
at the FSV ISFSI. An exemption from the NVLAP requirement in 10 CFR 20.1501(c) was
granted by the NRC on March 12, 1999 and made effective upon the transfer of the Materials
License SNM-2504 to DOE.

All material leaving a posted contamination area is surveyed prior to unrestricted release to
uncontrolled areas.

7.6.4.2. Storage and Control of Licensed Material

Licensed material at the FSV ISFSI is controlled in accordance with 10 CFR 20.1801 and
20.1802.

7.6.4.3. Posting, Labeling, and Receipt of Licensed Material

Radiological areas characterized as areas defined in 10 CFR 20.1003 are posted and controlled in
accordance with 10 CFR 20.1901 through 20.1903.

Containers of licensed material are labeled and controlled in accordance with 10 CFR 20.1904
and 20.1905.

Receipt and opening of packages containing quantities of radioactive material exceeding Type A
quantities is performed in accordance with 10 CFR 20.1906.

7.6.4.4. Control of Radioactive Material Other Than Spent Fuel

The NRC amended the ISFSI license to authorize receipt, possession, storage and the transfer of
certain radioactive materials at the ISFSI other than spent fuel (Ref. 6). These radioactive
materials include radioactive sources (calibration disks or sealed sources which are used for
sample analyses and instrument calibrations), low-level radioactive waste, contaminated
equipment items, and the depleted uranium plugs (DUPs), all associated with spent fuel storage
activities.

The radioactive sources are controlled in accordance with the requirements in 10 CFR 20. The
sources are stored in a fire-rated storage cabinet located at the south end of the ISFSI charge
face. The cabinet is locked when unattended, with keys controlled by the Facility Safety Officer.
It is restrained in a manner such that it will not topple in the event of a design basis earthquake.
The radioactive sources, or packaging containing the sources, are labeled and the cabinet posted
in accordance with 10 CFR 20 requirements. Radiation protection personnel are responsible for
receipt, storage, use, inventory, performance of source leak checks, and final disposition of
sources, in accordance with approved procedures. Radiation Protection personnel that use the
sources are trained in their proper handling.

The ISFSI License, as amended (Ref. 6), provides for the receipt, possession, storage and
transfer of low-level radioactive waste and contaminated equipment/materials associated with
spent fuel storage activities. Radioactive waste generated during maintenance, surveillance,
defueling or decommissioning operations is expected to consist primarily of dry radioactive
waste such as rags or paper wipes, and anti-contamination clothing. The waste will be packaged
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in 55 gallon drums and temporarily stored at the ISFSI while awaiting shipment for disposal.
Staging of low-level waste in the transfer cask reception bay is not permitted when a cask
containing spent fuel is in the cask load/unload port, in order to assure a potential fire does not
impact a loaded cask. In addition, staging of low-level waste is not permitted within 20 ft. of the
DUPs, as discussed below. Section 8.2.1 postulates that a tornado breaches drums of low-level
waste, and assesses dose consequences. Section 8.2.3 assesses effects of postulated drop of
contaminated equipment.

Three DUPs, necessary for spent fuel transfer operations, are stored on the ISFSI charge face. A
DUP is positioned on the lid of a FSC when the FSC is placed in the transfer cask. This assures
adequate shielding to workers performing operations on top of the transfer cask, such as removal
of the cask closure. The depleted uranium is radioactive, with dose rates of approximately 10
mrem/hour and 3 mrem/hour on contact and at 12 inches respectively, and the DUP storage areas
are posted in accordance with 10 CFR 20 requirements. In the event the DUPs could be exposed
to a fire, no significant release of U-238 would be anticipated since uranium metal is pyrophoric
only when finely divided. The DUPs consist of solid, machined, depleted uranium that is nickel
plated. However, in order to reduce the potential for a low-level radioactive waste fire from
involving the DUPs, a minimum of 20 ft. horizontal separation is required between the DUPs
and any drums containing low-level waste stored at the ISFSI (Ref. 7).

7.6.4.5. Waste Disposal

Licensed material designated as radioactive waste is presently neither generated nor disposed at
the FSV ISFSI. Temporary on-site storage of such material will be the interim option until
disposal procedure approval is obtained.

The need for discharge of licensed material into sanitary sewerage is not anticipated.

If and when transfer of low-level radioactive waste for disposal at a land disposal facility
becomes necessary, a shipping manifest tracking system will be established in accordance with
10 CFR 20.2006. Control of such transfers will also be implemented in accordance with 10 CFR
20.2006.

7.6.4.6. Records

Records of the provisions of the FSV ISFSI Radiation Protection Program; survey results used in
the determination of dose from external radiation sources; measurement results and calculations
used to determine individual intakes of radioactive material and used in the assessment of
internal dose; results of air sampling, surveys, and bioassays to substantiate the respiratory
protection program; and measurement results and calculations used to evaluate the release of
radioactive effluents to the environment are maintained for the duration of the license.

Records of audits and reviews of the program content and implementation, radiological surveys,
and radiological monitoring equipment calibrations are maintained for a minimum of three years.

Prior occupational dose for individuals who are likely to exceed annual occupational exposure
above required monitoring thresholds while employed at the FSV ISFSI is determined and
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documented in accordance with 10 CFR 20.2104. Information documented on the NRC Form 4
or equivalent is maintained for the duration of the license. Records used in preparing the NRC
Form 4 are maintained for a minimum of three years.

Records of individual occupational radiation monitoring results, planned special exposures, and
exposure to individual members of the public will be documented and controlled in accordance
with 10 CFR 20.2105, 20.2106, and 20.2107 and maintained for the duration of the license.

Records of licensed material disposal will be retained for the duration of the license.
7.6.4.7. Reports
The theft or loss of licensed material will be reported in accordance with 10 CFR 20.2201.

Any event involving byproduct, source, or special nuclear material in possession at the FSV
ISFSI that may have caused, or threatens to cause, exposure and intake thresholds established in
10 CFR 20.2202(a) to be exceeded will be reported immediately.

Any event involving loss of control of licensed material in possession at the FSV ISFSI that may
have caused, or threatens to cause, exposure and intake thresholds established in 10 CFR
20.2202(b) to be exceeded will be reported within 24 hours of discovery of the event.

Any event resulting in exposure, radiation level, or radioactive material concentration thresholds
in 10 CFR 20.2203 to be exceeded will be reported within 30 days after learning of the event.

The occurrence of any planned special exposure will be reported within 30 days following the
exposure.

Prior to April 30 of each year, an annual report for the preceeding year of the results of
individual monitoring carried out at the FSV ISFSI for each individual for whom monitoring was
required will be submitted in accordance with 10 CFR 20.2206.

7.6.5. Occupational Radiation Exposure Monitoring

A DOELAP accredited thremoluminescence dosimetry (TLD) processor will be used to process
TLDs worn by workers at the FSV ISFSI. The processor will have demonstrated successful
proficiency testing in those radiation performance categories that approximate the radiation
environment at the FSV ISFSI.
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7.7. Radiological Environmental Monitoring Program

No planned radioactive effluents are released from the FSV ISFSI during storage conditions.
The only offsite dose due to the FSV ISFSI is from direct and scattered radiation. Environmental
monitoring is performed to detect unplanned radioactive effluents from the FSV ISFSI.

This section of the SAR comprises DOE's FSV ISFSI Radiological Environmental Monitoring
Program (REMP).

The REMP is conducted to provide data on levels of radiation and radioactive material in the site
environs. The program discriminates between those changes in environmental radiation and
radioactivity levels resulting from radioactive releases from the FSV ISFSI and those changes
attributed to other sources such as worldwide fallout from weapons testing. The results of this
program are used to verify the effectiveness of measures applied to prevent the release of
radioactive materials. A preoperational radiological environmental monitoring program for the
FSV ISFSI environs was conducted by Colorado State University. Operational data will
continue to be compared to the preoperational data to characterize the environmental impact of
FSV ISFSI operation.

Additional monitoring in the vicinity of the facility may be conducted or coordinated by other
organizations, notably the Colorado Department of Public Health and Environment.

7.7.1. Organization
The Facility Safety Officer will oversee the conduct of the REMP Sampling

Radiological environmental monitoring dosimeters will be collected from the specific locations
given in Table 7.7-1.

7.7.2. Processing

Radiological environmental monitoring dosimeters will be processed pursuant to the
requirements of Table 7.7-1 with a demonstrated minimum detectable dose of no greater than 10
mrem.

7.7.3. Annual Reports

An Annual Radiological Environmental Monitoring Report shall be submitted by DOE-ID
within 60 days of January 1 of each year. The report shall include summaries, interpretations,
and analyses or trends of the results of the REMP for the reporting period, the quantity of each of
the principal radionuclides released to the environment in liquid and gaseous effluents in the
previous 12 months, and any other information required to estimate the maximum potential dose
commitment to the public resulting from effluent releases and direct radiation exposure.

Each radiological environmental monitoring report shall contain a map that presents detailed
information regarding monitoring station locations. Deviations are permitted from the required
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monitoring schedule if dosimeters are unobtainable due to hazardous conditions, seasonal
unavailability, schedule conflict with unforseen fuel handling operations, and other legitimate
reasons. If dosimeters are unobtainable due to equipment malfunction, every effort shall be
made to complete corrective action before the end of the next monitoring period.

All changes in monitoring station locations and schedule that occur through the year shall be
explained in each annual report.

FSV ISFSI SAR 7-26

Revision 7





Table 7.7-1. Radiological Environmental Monitoring Program.

radiation

or more dosimeters to
be placed as follows:
a ring of stations
around the controlled
area boundary; others
may be placed in
special interest areas
such as population
centers, nearby
residences, and

Approximately one

Exposure Pathway Number of Dosimeter Type and
Monitoring Stations Collection Frequency of

and Locations Frequency Processing
Direct and scattered | 16 stations with one | Quarterly Gamma exposure

rate on each
dosimeter collected.

. third of the
schools as desired. dosi .
osimeters will be

checked and replaced
each month.

One control station

with one or more

dosimeters at a

location at least 10

miles from the FSV

ISFSI
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A7.1.1 INTRODUCTION

This Appendix provides details of the shielding assessment undertaken on the Modular Vault
Dry Store (MVDS) for the Fort St. Vrain Independent Spent Fuel Storage Installation (ISFSI).
The design caters for the Fort St. Vrain HTGR standard fuel elements, the control elements, the
reflector elements and the neutron source containing fuel elements.

A detailed description of the facility layout and the operational procedures may be found in
Sections 1, 4 and 5 of this Safety Analysis Report.

The first section of this Appendix describes the radiation source data used in the shielding
assessment. This is followed by a brief discussion of the main radiation shielding design feature
incorporated in the Fort St. Vrain MVDS. A detailed description of analytical methods then
follows, as an introduction to the section which provides details of specific calculation models.

An assessment of the radiological consequences resulting from the bounding accident case of an
airborne release from an FSC in the vault is dealt with in Section A7.1.6.

The shielding is designed to protect the operators during the loading, maintenance, storage,
transfer and unloading of the 247 FSC’s which contain fuel and control elements. One FSC may
contain the six neutron sources and for this one time operation a series of special shielding
measures will be taken to ensure that doses comply with ALARA.

A7.1.2 RADIATION SOURCE DATA

A7.1.2.1 Gamma and Neutron Source Terms

The gamma and neutron source terms for an average rated fuel element for a range of decay
times is presented in Section 7.2. The gamma and neutron source term spectra for the average
rated fuel element are given in Tables A7.1-1 and A7.1-2, respectively.

A7.1.2.2 Source Geometry

The model used to present the Fort St. Vrain fuel element is illustrated in Figure A7.1-1. The
hexagonal fuel element is modeled as a cylinder with the same cross section area. The fuel and
graphite are represented as a single homogeneous material, and the composition and density are
presented on Table A7.1-1. The fuel source term is uniformly distributed throughout the inner
active region, shown on Figure A7.1-1.

A7.1.2.3 Flux to Dose Rate Conversion Factors

Gamma and neutron flux to dose rate conversion factors have been taken from Reference A7.1-1,
and are described below.

A7.1.2.3.1 Gamma Flux to Dose Rate Conversion Factors

The general form of the analytic function is
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In Dfg(E) = A +Bx + Cx* + Dx’

where Dfg(E) = gamma flux to dose rate conversion factor
(rem hr")/(photon cm™s™)

E = gamma energy (MeV)

X = InE

The coefficients of the polynomial expression are given in Table A7.1-3. Resultant gamma flux
to dose rate conversion factors appropriate to the fuel block gamma source spectrum used in the

shielding assessment are given in Table A7.1-4.

A7.1.2.3.2 Neutron Flux to Dose Rate Conversion Factors

As in gamma radiation, the general form of the analytic function is:
In Dfn(E) = A +Bx + Cx* + Dx°

where Dfn(E) = neutron flux to dose rate conversion factor
(rem hr'")/(neutron cm™s™)

E = neutron energy (MeV)

X = InE

The coefficients of the polynomial expression are given in Table A7.1-5. Resultant neutron flux
dose rate conversion factors appropriate to the neutron source spectrum used in the shielding

assessment are given in Table A7.1-6.

A7.1.3 RADIATION SHIELDING DESIGN FEATURES

For the purposes of this radiation shielding design analysis, the Fort St. Vrain MVDS has been
considered to be comprised of the following major components.

a) The Shielded Transfer Cask (TC)

b) The Cask Load/Unload Port (CLUP)

C) The Container Handling Machine (CHM)

d) The Auxiliary Handling Machinery

e) The Vault Module (VM) bulk shield, consisting of:

1) the main concrete shield walls

i1) the cooling air inlet and outlet ducts

1ii) the concrete and steel Charge Face Structure (CFS)
v) the vault shield plugs in the CFS

The general arrangements of these components are shown in Figures 1.1-1 and 1.1-2 of this

Safety Analysis Report. The significant shielding design features are described below.
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A7.1.3.1 The Shielded Transfer Cask

The Fort St. Vrain MVDS has been designed to interface with the standard HTGR transfer cask
(Reference A7.1-10), illustrated for shielding purposes in Figure A7.1-2.

To facilitate MVDS operations the lid of the Fuel Storage Container (FSC), has been modified to
incorporate a removable depleted uranium shield plug. This inner shield plug has been designed
to ensure that the dose rates adjacent to the TC when handling 600 day decay spent fuel are no
greater than the dose rates that prevail adjacent to the original TC lid, when the cask contains
fuel at 100 days decay. This approach is in keeping with the ALARA concept.

A7.1.3.2 The Cask Load/Unload Port (CLUP)

The CLUP is described in detail in Section 4.4.2.2 of this Safety Analysis Report. It essentially
consists of a penetration in the floor between the Transfer Cask Reception Bay and the Charge
Hall in which the TC is retained during loading/unloading of the Fuel Storage container. The
CLUP is designed so that the shielding envelope around the FSC is maintained during TC lid and
uranium plug insertion/removal operations and during the transfer of the FSC between the TC
and the CHM.

The main features included to maintain the shielding envelope are; an inner shield ring located in
the cask lid, an outer shield ring enclosing the top of the cask and an isolation valve to shield the

charge hall against direct radiation from the top of an FSC.

A7.1.3.3 The Container Handling Machine (CHM)

The CHM is described in detail in Section 4.4.2.5 of this Safety Analysis Report. It essentially
consists of three components; the FSC Raise/Lower mechanism assembly, the CHM structure
and the CHM isolation valve. The main shielding features are shown in Figure A7.1-3.

The raise/lower mechanism incorporates two pairs of chain wheels, for a dual link chain,
mounted on the 5" thick steel shield plate at the top of the CHM. Each of these, and the chain
penetration through the top plate, are individually enclosed by a - thick steel box to give
adequate shielding.

The main CHM structure consists of concentric inner and outer steel tubes of 1" and 0.25" wall
thicknesses respectively with the annular interstitial gap being filled with 5.5" of lead. This
radial shield region gives adequate shielding from the fuel during transportation between the
CLUP and the vault. The inner steel tube extends 15" above the main shielding of the CHM
structure, to the CHM top plate.

The CHM Isolation Valve is a steel structure designed on the principle of a gate-valve and
comprises a main body of 76" diameter by 15.5" thick with a central penetration of 22.5"
diameter, thus giving a radial steel shielding thickness of 26". Within this body the gate is 11"
thick and when closed overlaps the valve penetration by a minimum of 1". This CHM valve is
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mounted on the bottom of the CHM structure, and completes the shielding envelope when
transporting fuel at the vault.

A7.1.3.4 The Auxiliary Handling Machinery

The auxiliary Handling Machinery consist of two discrete handling machines; the Uranium
Shield Plug Handling Device and the Shield Plug Handling Devic.

The Uranium Shielding Plug Handling Device (USPHD), is designed to maintain an adequate
shielding envelope around the transfer cask while the Uranium Shield is manipulated on the cask
at the CLUP. The USPHD comprises a frame of 1" steel consisting of a base and a 12.9" high
annular cylindrical body. Around the body there is a bulk shielding envelope of lead which is
5.5" above the top of the frame. The shielding envelope is a square profile with sides measuring
31.25".

The Shield Plug Handling Device (SPHD) is designed to maintain adequate shielding above a
fuel storage penetration while manipulating the Shield Plug. As with the above device the frame
is 1" thick steel but the bulk shielding used is concrete which has a square profile with its sides
measuring 36" and is concurrent with the top of the frame, at a height of 40.7".

A7.1.3.5 The Charge Face Isolation Valve

The Charge Face Isolation Valve is of a similar design to the CHM Isolation Valve, described in
Section A7.1.3.3 above. This valve is designed to act as an interface between the Charge Face
Structure and the Handling Machinery, and to minimize operator dose rates during
loading/unloading of the fuel into a vault channel. The base plate of this valve has a pattern of
circular recesses which are designed to interlace with the pattern of the shield plug caps
protruding above the Charge Face upper surface. This design eliminates any direct streaming
paths between the Valve and the Charge Face.

A7.1.3.6 Vault Module Bulk Shield

The Fort St. Vrain fuel blocks were supplied to the MVDS in sealed FSC’s, which were then
loaded into the vault module. Shielding for the fuel in these containers was provided by the
main concrete shield walls, the concrete filled Charge Face Structure, the shield plugs and the
Air Inlet and Outlet ducts, with their collimator slabs.

A7.1.3.6.1 Concrete Shield Walls

The concrete shield walls around the outside of the vault structure are all 3'6" thick, with the Air
Inlet and Outlet ducts discussed in detail in Section A7.1.3.6.2 below. The thickness of the
Internal Walls between each vault module are designed only to meet structural requirements.

The Outer (north) End Wall has an additional shielding feature, that of the Storage Well facility
which consists of a solid concrete wall running the height of the FSC array and extending out
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from the main shield wall. This additional feature has three storage well positions which are 3'6"
from the outside face of the shield wall and of 2'4" diameter.

The Inner (south) End Wall also has additional shielding features, that of the TCRB structure
which has a concrete wall thickness of 2'0".

A7.1.3.6.2 Air Inlet and Outlet Ducts

The Air Inlet and Outlet Ducts are designed to enable a buoyancy driven cooling air flow to pass
over the FSC array in the vault module, but not to the detriment of the shielding requirements.

The Inlet duct is of labyrinth design so as to eliminate direct unshielded radiation and minimize
the effect of scattered radiation. In addition to this concrete collimator slabs are included to
further reduce the direct and the scattered radiation dose outside the Inlet duct. The collimator
slabs are 6" thick by 3'0" wide and spaced typically on a 12" pitch.

A similar approach is adopted for the Outlet duct, although in this instance a “dog-leg” bend is
incorporated, rather than the labyrinth provided in the Inlet duct. The Outlet duct collimators are
also 6" thick by 3'0" wide and are spaced typically on a 18" pitch.

A7.1.3.6.3 The Charge Face Structure

The Charge Face Structure is described in detail in Section 4.2.3.2, of this Safety Analysis
Report. It consists of a 2" thick steel top plate fixed to a 2" thick steel bottom plate by an array
of, steel liner tubes, into which the FSC’s are located. The resultant interstitial cavity is 38" deep
and filled with concrete. The side walls of the CFS which run parallel to the vault side walls are
supported in a step in the vault concrete structure, and are mortared into place. The end wall of
the CFS adjacent to the Inlet and Outlet duct’s are clear of the concrete vault structure and are
stepped to eliminate direct shine paths for radiation.

A7.1.3.6.4 The Vault Shield Plug

The Vault Shield Plugs maintain the integrity of the Charge Face Structure shielding. They
consist of a stepped cylindrical blocks of Cast Iron with the lower section bored out to reduce
weight. This design gives a bulk shield thickness of 14" of Cast Iron. The step in the Vault
Shield Plug is used to support the plug in the Charge Face Structure and also to reduce radiation
streaming. This step gives a shielding thickness of 3" above the streaming path between the
Charge Face Structure steel liner tube and the Vault Shield Plug.

A7.1.4 CALCULATIONAL METHODS AND PARAMETERS

A7.1.4.1 Calculation Methods

In addition to widely accepted hand calculational techniques (see, for example, References A7.1-
2, 3,4 and 5), the MVDS shielding analysis has involved the use of the computer codes
described below.

FSV ISFSI SAR 5
Revision 2





RANKERN

Developed by the U.K. Atomic Energy Authority, RANKERN (Reference A7.1-6) is a Point
Kernel, “line of sight”, integration code which uses Combinatorial Geometry routines, similar to
those used in many U.S. codes, to model complex gamma shielding problems in three
dimensions.

Long established with the U.K. Nuclear Industry as the prime calculational route for this type of
problem, RANKERN may be used to determine fluxes at selected points throughout shielding
systems. By employing albedo options, multiple flights involving single or higher order scatter
and reflection events may be modeled.

Unlike many other Point Kernel Integration Codes RANKERN employs a stochastic integration
method which makes it particularly appropriate to the analysis of complex source and shield
geometries.

Extensive validation evidence has been produced to demonstrate the accuracy of RANKERN in
predicting radiation levels for a wide range of typical applications. As well as numerous
comparisons with standard analytical techniques, benchmark calculations have been carried out
for a wide range of shielding configurations which have been modeled experimentally. A
compilation of standard cases used in the verification analyses is available in Reference A7.1-7.

MCBEND
MCBEND Reference A7.1-9, is another of the codes developed by he U.K. Atomic Energy
Authority. It is a Monte Carlo method transportation code, which uses Combinatorial Geometry

routines to model complex neutron shielding problems in three dimensions.

The MCBEND code uses a splitting/rouletting method to improve the optimization of the simple
Monte Carlo approach. Thus enabling deep penetration calculations to be performed accurately.

As with the above RANKERN code, validation evidence has bene produced for a wide range of
typical applications.

A7.1.4.2 Calculational Parameters

This Section defines the assumptions made when calculating the dose rates for Section A7.1.5.

All materials data used in the analysis, except for the fuel elements utilize the standard
RANKERN library of material properties. The compositions and densities are given in Table
A7.1-7. Also included in this table is information about composition and density of the HTGR
fuel which was used to produce the computer model of the element discussed in Section
A7.1.2.2.

All the calculations performed in the analysis were based on fuel with a 400 day decay period,
although all the results presented are based on 600 day decay fuel. The dose rates for 600 day
fuel were calculated by applying a factor of 0.76 to the 400 day decay values. This factor is a
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conservative estimate of the differential decay and thus actual doses to operators will be less than
this.

A7.1.5 DETAILED DESCRIPTION OF CALCULATIONS

This section describes in detail, the shielding calculations carried out for the major components
of the Fort St. Vrain MVDS shielding system, as identified in Section A7.1.3 of this Safety
Analysis Report.

A7.1.5.1 The Shielded Transfer Cask

The Transfer Cask used to transfer the fuel to and from the MVDS is the Fort St. Vrain Transfer
Cask.

The assessment of the radiation levels associated with the Shielded Transfer Cask was performed
using RANKERN, and was divided into three discrete models, as illustrated in Figure A7.1-2.

The modeling of the base of the Cask was carried out using a single fuel element with 11.6" of
steel situated on one end face. The gamma dose rate calculated on the outer surface of the steel
was 42 mrem/hour.

The modeling of the side of the Cask was carried out using two fuel elements surrounded by
concentric cylinders of 1.25" of steel, then 3.5" of depleted Uranium, then 1.0" of steel. The
gamma dose rate calculated on the outer surface was 36 mrem/hour.

The modeling of the top of the Cask was carried out using a single fuel element shielded by a
10.75" thick steel slab, containing within it a 4.25" slab of depleted Uranium. The gamma dose
rate on the outer surface of the cask top was calculated to be 0.4 mrem/hour in the center rising
to a local peak of 5.7 mrem/hour near the edge.

A7.1.5.2 The Container Handling Machine

The assessment of radiation levels associated with the Container Handling Machine presents the
dose rates through the side and the top of the CHM.

The assessment of the radiation level through the side shield was performed using the
RANKERN code and the model used is illustrated in Figure A7.1-3. In the assessment the FSC
itself was neglected, as it only has a nominal shielding thickness, and only two fuel blocks were
modeled as dose rate contributions from any further blocks above or below these two were
shown to be negligible. The shield model consisted of three concentric annular regions around
the fuel of 1.0" of steel, 5.5" of lead and 0.25" of steel. This analysis gives gamma dose rates of
65 mrem/hour on contact with the side of the CHM and 25 mrem/hour at a typical operator
position (nominally 6'0" from centerline of CHM).

In the assessment at the top of the CHM a model of the FSC grapple was included to give more
representative geometry, this resulted in the modeling of all plates and bars greater than 0.5"
steel thickness. The model is illustrated in Figure A7.1-3. The gamma dose rate through the top
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of the CHM was found to be 21 mrem/hour through the bulk shield plate and 92 mrem/hour at
the closest accessible region above the chain penetrations.

An assessment of the neutron radiation contribution from a standard fuel element to the dose rate

was carried out using the MCBEND code. The assessment through the side of the CHM, gave a
neutron dose rate of 0.5 mrem/hour, which is negligible compared to the gamma dose rate.

A7.1.5.3 Auxiliary Handling Machinery

The application of the Auxiliary Handling Machinery at the MVDS is different for each item,
and thus calculational models for this equipment are described separately.

A7.1.5.3.1 Uranium Shield Plug Handling Device

The Uranium Shield Plug Handling Device is used at the CLUP in conjunction with the Port
Isolation Valve (which is identical to the Charge Face Isolation Valve). The model used for the
Uranium Shield manipulation assessment includes the top of the Cask with the closure removed
and the empty FSC Lid, below this level are the fuel elements. Above the cask top the model of
the isolation valve includes a 15.5" thick steel plate with a 22.5" diameter penetration and a 23"
square by 11" thick penetration centrally located around the circular penetration.

The model of the Handling Device above this penetration includes a 1" thick steel base plate
with a 1" thick steel cylindrical body to a height of 12.9" above the base plate. This is
surrounded by a concentric square lead body of a 31.25" side and 18.4" above the base plate.
Within the steel body, located near the bottom, is the Uranium shield of 18.5" diameter and 5.1"
thick. The gamma dose rate was calculated at various locations around the lead shielding and
the peak dose was found to be 7 mrem/hour at the bottom corner of the lead shield.

A7.1.5.3.2 Shield Plug Handling Device

The Shield Plug Handling Device is used in conjunction with the Charge Face Isolation Valve to
remove and replace the channel Shield Plug. The model of this situation incorporates a fuel
element with an empty FSC lid above it. Around and above the top of the fuel, is a model of
single CFS channel incorporating two 2" steel plates with 38" of concrete between, surrounding
a 1" steel liner tube. On top of the channel is the Isolation Valve model and then the Shield Plug
Handling Device model as described previously in Section A7.1.5.3.1, except that the bulk
shielding consists of a 36" square of concrete to a height of 41", and includes a shield plug
within as described in Section A7.1.3.6.4. The gamma dose rate was calculated at various
positions around the bulk shielding and the peak was found to be 7 mrem/hour.

A7.1.5.4 Vault Module Concrete Walls

The direct penetration radiation shielding assessment of the Vault Module concrete Walls was
undertaken in the following four cases:-
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1) The Outer (north) End Wall (i.e., The shield wall on the outside of the building).

1) The Inner (south) End Wall (i.e., The shield wall between Vault Module and TCRB).
1) The Outlet duct Wall

1v) The Inlet Duct Wall

The Outer End Wall has substantial shielding from the FSC array in the vault by the addition of
the Storage Well structure. Thus, the model to estimate the dose rate on the Outer wall only
addresses the case of a single FSC in one of the Storage Wells behind 3'6" of concrete. The
contributions from fuel in the vault through 10'11" of concrete is negligible. The maximum
gamma dose rate calculated on the outer surface of the Storage Well Structure was found to be
2.8 mrem/hour.

The model of the Inner End Wall represented three rows of FSC’s arranged on a triangular pitch
of 26.75". The concrete which was 3'6" thick had its inner face placed 13" from the centerline of
the first row. The gamma dose rate was calculated on the outer surface of the wall adjacent to
the central FSC assembly of the first row to give a conservative estimate of the contact dose rate.
The dose-rate was found to be 7 mrem/hour.

With the additional 2'0" thickness of the TCRB outer wall the gamma dose outside the TCRB
reduced to less than 1 mrem/hour.

A7.1.5.5 The Cooling Air Inlet and Outlet Ducts

The shielding performance of the Cooling Air Ducts was performed using the RANKERN code,
taking due account of both direct penetration and scatter contributions. Details of the specific
models are given below.

A7.1.5.5.1 The Inlet duct

A RANKERN model of the Cooling Air Inlet Duct was used in assessing the radiation levels
outside the duct. This model is illustrated in Figure A7.1-4 and includes the first two FSC rows,
as the contributions from assemblies further away were shown to be insignificant.

This model was fist used to assess the direct penetration dose rate through the collimators and
the shield wall in the Inlet Duct. The calculation of the direct gamma dose rate gave a value of 1
mrem/hour at the birdmesh screen.

Calculations to quantify the scatter/reflection contribution to the gamma dose rate included
modeling of collimator scatter bodies and first and second order reflection bodies on the
underside of the Inlet duct roof. This assessment showed that the second order scatter/reflection
gamma rays have an insignificant contribution to any calculated dose rate values.

An assessment of the scattered gamma dose-rate at the nearest accessible point, adjacent to the
Inlet Duct birdmesh screen, gave a maximum dose rate of a 21 mrem/hour. This dose rate is
localized to a region in front of the birdmesh screen, because the majority of the dose rate is from
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scattered radiation. Access to this region is limited by an exclusion fence around the Inlet Duct
and the dose rate outside the fence is 1.3 mrem/h.

A7.1.5.5.2 The Outlet Duct

The RANKERN model of the Cooling Air Outlet Duct is illustrated in Figure A7.1-5. It
includes the FSC assembly array, the collimators and the bulk shield wall.

This model assesses the direct penetration gamma dose rate on the outer surface of the bulk
shield wall of 2 mrem/hour. Dose rates were also calculated on the outside surface of the Outlet
duct above the 19 feet level and the peak dose directly through the structure was found to be 5
mrem/hour.

An assessment was made of the gamma dose rate passing up the full height of the Outlet duct to
the canopy. This was carried out by the introduction of reflection bodies around the “dog-leg”
bend. The peak dose-rate at the top of the Outlet duct (+80'6" level) is less than 1 mrem/hour.
Therefore, any dose rate contribution to ground level figures from the Outlet Duct is negligible.

A7.1.5.5 The Charge Face Structure

The combination of the concrete filled Charge Face Structure and the Shield Plugs serves two
purposes from the radiological point of view:

1) The provision of bulk shielding from the FSC array.
i) Attenuation of radiation from the FSC array streaming up through the clearance gaps
between the shield plugs and the penetrations in the CFS.

The assessment of the direct penetration dose rate through the bulk shielding of the Charge Face
Structure and Shield Plugs assembly was assessed as follows. First,a RANKERN model of a
single channel was produced which represented the fuel, the FSC Lid, a Shield Plug and a
Section of the Charge Face Structure, which consists of 2" thick steel top and bottom plates, with
38" of concrete between, around a steel liner tube. The gamma dose rate on contact with the top
surface of the shield plug is 0.2 mrem/hour.

An assessment for the whole Charge Face Structure was then carried out which involved
repeating the above model on a 26.75" pitch triangular array. The dose rate on contact with the
CFS midway between three adjacent channels is also 0.2 mrem/hour.

An assessment of the radiation streaming dose along the gap between the Shield plug and the
steel liner tube was carried out. By using the RANKERN models described above, the dose rate
on the underside of the Charge Face Structure was calculated. From this value and the
dimensions of the annular gap the streaming dose rate penetrating through the 3" cap of the
Shield Plug was calculated. This gives a gamma dose rate of 30 mrem/hour which is localized in
an annular region typically 0.06" wide.

A7.1.6 RADIOLOGICAL RELEASE ASSESSMENT
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The design of the MVDS is such that in normal operation there is no possibility of a release of
radioactive material.

The spent fuel elements are stored within a sealed Fuel Storage container. The only possible
release mechanism for radioactive material follows the rupture of an FSC. This accident
condition is addressed in Chapter 8.

A7.1.7 SHIELDING DESIGN FOR HANDLING THE CALIFORNIUM NEUTRON
SOURCES

The neutron shielding analysis is performed assuming that all the neutron sources are located in
standard fuel elements which is considered the most conservative approach. The analysis will
still apply if these sources are placed in dummy graphite elements since this configuration will
be enveloped by the analysis.

The source terms presented in Section 7.2 have conservatively been increased by a factor of 3.0
to account for neutron multiplication (Reference A7.1-11).

The neutron contribution to the dose rate is reduced to levels which comply with the principles
of ALARA by the provision of additional neutron shielding placed onto and adjacent to the TC
and the CHM. Operational procedures and access requirements are also modified, where it is
appropriate, to comply with ALARA.

The neutron source analysis was undertaken based on the dose rate requirements which required
the neutron component of the dose rate to be reduced to below 10 mrem/h at 3 feet from the
surface and to 200 mrem/h on the surface. The following sections summarize the shielding
requirements and dose rates for ‘key’ areas in the possible transfer route of the neutron source
blocks to and from the MVDS. The neutron and capture gamma assessments were carried out
using the MCBEND code (Reference A7.1-9). The code and method of calculation are
described in Section A7.1.4.1.

A7.1.7.1 Neutron Source Handling at Reactor Facilities

Whilst the neutron sources in the Transfer Cask are being transferred to or from the neutron
shielding housing on the trailer, the minimum distance form the surface of the cask necessary to
achieve a peak dose rate of less than 20 mrem h™' is calculated as 50 ft.

A7.1.7.2 Transfer Cask on Trailer

The additional neutron shielding for the transfer cask, which is incorporated within the railer, is
detailed in Figure A7.1-6. Dose rates have been calculated at a number of selected positions
adjacent to the Transfer Cask whilst it is housed in the neutron shielding ono the trailer, as
shown in Figure A7.1.6. The separate neutron, gamma and capture gamma contributions to the
dose rates at these positions are presented in Table A7.1-8.

A7.1.7.3 Transfer Cask at CLUP
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There are no neutron shielding requirements above the transfer cask whilst at the CLUP. This
situation may be achieved by the placement of the larger neutron sources at the bottom of the
FSC. Dose rates have been calculated at the top of the Transfer Cask whilst it is positioned at
the CLUP for various shielding configurations, as shown in Figure A7.1.7. The neutron, gamma
and capture gamma contributions to the dose rates at these positions are presented in Table A7.1-
9.

A7.1.7.4 Transfer to and from CHM

There are no neutron shielding requirements for the isolation valve. Transient dose rates have
been calculated adjacent to the isolation valves whilst the neutron sources are in transit between
the CLUP and the CHM and between the CHM and the vault. The maximum transient neutron
dose rate calculated on the surface of the isolation valve is 88 mrem/h™. The gamma and capture
gamma contributions to dose rates at this point are found to be eligible. The minimum distance
from the edge of the valve required to achieve a peak transient dose rate of 10 mrem h™' is
calculated as 7 ft.

A7.1.7.5 CHM

The neutron shielding requirements for the CHM are detailed in Figure A7.1.8. Dose rates have
been calculated at a number of selected positions adjacent to the CHM whilst it contains the six
neutron sources. The neutron, gamma and capture gamma contributions to the dose rates at these
positions are presented in Table A7.1-10.
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TABLE A7.1-1

GAMMA ENERGY SPECTRA FOR A STANDARD FUEL ELEMENT

Gamma Spectra (Photons/s)

Gamma Energy (MeV)

Boundaries Mean 400 Day 600 Day 900 Day
4.0-3.5 3.75 3.03E05 2.11E05 1.24E05
3.5-3.0 3.25 6.62E08 4.54E08 2.58E08
30-2.6 2.80 1.50E10 1.45E10 1.45E10
2.6-22 2.40 4.45E10 2.90E10 1.53E10
22-1.8 2.00 2.34E12 1.44E12 6.95E11
1.8-1.34 1.57 4.02E12 3.08E12 2.14E12

1.34-0.92 1.13 9.06E12 7.47E12 5.90E12

0.92-0.38 0.65 3.47E14 2.68E14 2.11E14
0.38-0.22 0.30 2.57E13 1.72E13 1.03E13
0.22-0.12 0.17 8.92E08 8.93E08 9.82E08

Total 3.88E14 2.97E14 2.30E14

The source strength derivation is given in Section 7.2.1.
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TABLE A7.1-2 NEUTRON ENERGY SPECTRA FOR A STANDARD FUEL ELEMENT

Source Strength per element (neutrons/s)

Mean Energy
MeV) 400 day 600 day 900 day

13.22 541 x10° 5.14x 10° 4.89x10°

4.72 7.26 x 10* 6.89 x 10* 6.59 x 10*

2.43 9.74 x 10* 9.36 x 10* 9.07 x 10*

1.63 4.59 x 10* 4.40x 10* 424 x10*

1.15 5.60x 10* 534x 10* 5.12x 10*

0.65 5.77x 10* 5.48 x 10* 5.23x 10*

0.25 1.12 x 10* 1.07 x 10* 1.02 x 10*

3.46x 10° 3.31x 10° 3.18x 10°

The source strength derivation is given in Section 7.2.1.
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TABLE A7.1-3

POLYNOMIAL COEFFICIENTS FOR CALCULATING GAMMA FLUX TO
DOSE RATE CONVERSION FACTORS

Photon Energy A B C D
(MeV)

0.01 to 0.03 -2.0477x10' -1.7454 0 -2.4897x10™
0.03t0 0.5 -1.3626x10' -5.7117x10™! -1.0954 0
0.5t05.0 -1.3133x10' 7.2008x10™" -3.3603x10 0
5.0to 15.0 -1.2791x1' 2.8309x10™! 1.0873x10™" 0

The data are taken from Reference A7.1-1.

FSV ISFSI SAR
Revision 2

16





TABLE A7.1-4 GAMMA FLUX TO DOSE RATE CONVERSION FACTORS

Mean Energy Conversion Factor
MeV) (rem/hr) (Photon/cm?s)
3.75 4.83x10°
3.25 4.41x10°
2.80 4.01x10°
2.40 3.62x 10°
2.00 321x10°
1.57 2.72x10°
1.13 2.16x 10°
0.65 1.44x 10°
0.30 7.59 x 107
0.18 4.51x 107

The conversion factors are derived from the data of Table A7.1-3.
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TABLE A7.1-5

POLYNOMIAL COEFFICIENTS FOR CALCULATING NEUTRON

FLUX TO DOSE RATE CONVERSION
FACTORS

Neutron Energy
(MeV)

0.01 to 0.1
0.1 to 0.5
0.5 to 1.0
1.0 to 2.5
2.5 to 5.0
5.0 to 7.0
7.0 to 10.0
10.0 to 14.0
14.0 to 20.0

-8.9302
-8.6632
-8.9359

-9,2822
-8.8247

-1.1208x10'
-9.1202

0

0

B C D
7.8440x10° 0 0
9.0037x10" 0 0
5.0696x10" 0 0

-5.5979x107 0 0
3.2193x10° 0 0
-1.8018x10-' 0 0
0 0 0

1.0352 0 0
2.4395x10° 0 0

The data are taken from Reference A7.1-1.
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TABLE A7.1-6 NEUTRON FLUX TO DOSE RATE CONVERSION FACTORS

Mean Energy Conversion Factor
(MeV) (rem/hr) (Neutron/cm’s)
13.22 1.96x 10™
4.72 1.53x 10"
243 1.25x 10"
1.63 1.28x 10"
1.15 1.31x 10"
0.65 1.06 x 107
0.25 4.96x 107

The conversion factors are derived from the data of Table A7.1-5.
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TABLE A7.1-7 MATERIAL COMPOSITION DATA (PERCENTAGE BY WEIGHT)

FOR SHIELDING ANALYSES
MATERIAL
Element Concrete  Depleted Lead Steel Fuel Polythene
Uranium Block
H 0.40 12.1
6.00 90.40 64.2
0) 49.80 23.2
Al 1.40 2.10
Si 15.50
S 0.20
Ca 25.70
Mn 1.50
Fe 1.00 98.50
Pb 96.00
Sb 4.00 7.00
Th 0.50
U 100.00
0.5
Density 2.24 18.90 11.04 7.86 1.53 0.93
(g/em’)
FSV ISFSI SAR 20
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TABLE A7.1-8 Dose Rates Adjacent to Transfer Cask Containing Neutron Sources on the Trailer

SURFACE 36" FROM SURFACE
(mrem/hour) (mrem/hour)
DOSE P.OINT CAPTURE CAPTURE
(Szf;il-i‘;re NEUTRON GAMMA GAMMA TOTAL NEUTRON GAMMA GAMMA TOTAL
1 47 19 11 77 7 7 2 16
2 56 19 11 86 8 7 2 17
3 57 23 2 82 7 8 , 15
4 27 23 2 52 3 8 , 11
5 77 28 1 106 7 9 , 16
6 21 28 1 50 2 9 , 11
7 119 36 1 156 10 10 , 20
8 134 36 1 171 10 10 , 20
9 60 , 21 81 17 , 5 22
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TABLE A7.1-9Dose Rates Above the Transfer Cask Containing Neutron Sources at the CLUP

SURFACE 36" FROM SURFACE
(mrem/hour) (mrem/hour)
DOSE POINT CAPTURE CAPTURE
See Figure
( g NEUTRON GAMMA GAMMA TOTAL NEUTRON GAMMA GAMMA TOTAL
A7.1-7)
1 9 6 , 15 1 1 , 2
2 60 20 , 80 8 7 , 15
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TABLE A7.1-10 Dose Rates Adjacent to the CHM Containing Neutron Sources

SURFACE 36" FROM SURFACE
(mrem/hour) (mrem/hour)
DOSE POINT CAPTURE CAPTURE
See Figure NEUTRON GAMMA TOTAL NEUTRON GAMMA TOTAL
( £ GAMMA GAMMA
A7.1-6)

1 41 38 1 80 7 16 , 23
2% 33 45 78 19 2 21

* This is not a normally accessible position.

FSV ISFSI SAR 23
Revision 2





__R7.44" .

‘ACTIVE" REGION

FUEL

BLOCK
\\

- ,

b m— ——

Figure A7.1-1 Fort St.Vrain
Fuel Block Model

FSV ISFSI SAR 24

Revision 2





DOSE POINT

e

NN ToP

- e
i A

N\ N

gggﬁ_ \ FUEL \ MIDDLE

N N

\B —_— AN
Ny

DOSE POINT

Figure A7.1-2 Fort St.Vrain Spent Fuel
Transfer Cask Model

FSV ISFSI SAR 25
Revision 2





Chain penetration Dose point

vore o Nz

SNNNNNNNNNNNH NN T
// i | )//// Steel top
: | ]
w ry >
it
s@%g:.-— Stee! tubes
Fuel :
A
A
-'.J!. Lead fill
3
< —— o
T — e ——— _—
:;1_"&;9_5 : Dose point
RS Meree
DErEy
S :
-1, ~ N
b rAd
T =
:ﬂ;"}\‘%"} - ‘.;i;: : isolation valve
E‘é:;ggff:o‘ - - a-yi'%‘
7 < ——— 7
NN\
_ \ 7 £ 7L 7L Z A

Figure A7.1-3 Model used in Assessment of
’ the CHM Shielding

FSV ISFSI SAR 26
Revision 2





REFLECTION BODY

COLL IMATORS SURF ACE

FUEL

B I1RDMESH
SCREEN

FIGURE A7.1-4 MODEL USED TO ASSESS
SHIELDING OF COOLING AIR INLET DUCT

FSV ISFSI SAR 27
Revision 2





REFLECTOR
REGION

COLL IMATORS

FIGURE A7.1-5 MODEL USED TO ASSESS
SHIELDING OF COOLING AIR OUTLET DUCT

FSV ISFSI SAR 28
Revision 2





-
NEVTRaW

SHIELD:

29

FSV ISFSI SAR





FSV ISFSI SAR
Revision 2

30

N

{
1
!
!'
i
!

"\x\\\\\*‘; ‘

E ‘h*&“"m I[ -'v, ‘:\.,\

C.LLP






g i
L | \ DogE PowTs
i b (SSE TIRE 7. 1=\0)
£ . 0
L} - -
[ -] SHELDNG
CHH
| tSoLAnOd VALVE
1 CFS
1SSLATION VALVE

FSV ISFSI SAR
Revision 2

31





Intentionally Blank

FSV ISFSI SAR 32
Revision 2





