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Dear Sir or Madam:

In accordance with the provisions of 10 CFR 50.90, Entergy Nuclear Operations (ENO)
is submitting a license amendment request to revise the Technical Specifications (TS)
for Palisades Nuclear Plant (PNP).

The proposed changes revise TS 3.8.3, “Diesel Fuel, Lube Oil, and Starting Air,” by
relocating the current stored diesel fuel oil and lube oil numerical volume requirements
from the TS to the TS Bases so that they may be modified under licensee control. The
TS are modified so that the stored diesel fuel oil and lube oil inventory will require that
a 7-day supply be available for either diesel generator. Condition A and Condition B in
the Action table are revised and Surveillance Requirements (SR) 3.8.3.1 and 3.8.3.2
are revised to reflect the above change.

The proposed changes also revise TS 3.8.3 by reducing the Completion Time for
Condition C. Condition C currently requires that an inoperable fuel transfer system
associated with fuel oil transfer pump P-18A be restored to operable status within 15
hours. The proposed TS change reduces the Completion Time for this Required Action
from 15 to 12 hours. The Completion Time is reduced to reflect the amount of time that
an emergency diesel generator fuel oil day tank can support emergency diesel
generator operation under design conditions.
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The proposed changes have been evaluated in accordance with 10 CFR 50.91(a)(1)
using criteria in 10 CFR 50.92(c) and it has been determined that the changes involve
no significant hazards consideration. The bases for these determinations are included
in Attachment 1 along with a detailed description of the proposed changes, background
and technical evaluation, and an environmental review consideration.

Attachment 2 provides TS page change instructions and the revised TS pages that
reflect the proposed changes. Attachment 3 provides the annotated TS pages showing
the proposed changes. Attachment 4 provides the annotated TS Bases pages that
reflect the proposed changes. Attachment 5 provides a supporting fuel oil and lube oil
inventory calculation. Attachment 6 provides a supporting fuel oil transfer pump P-18A
allowed outage time computation.

Once approved, the amendment shall be implemented within 60 days.

A copy of this request has been provided to the designated representative of the State
of Michigan.

This letter contains no new commitments and no revision to existing commitments.

| declare under penalty of perjury that the foregoing is true and correct. Executed on
July 20, 2010.

Sincerely,
7
CL-—- M/\—K'
cisfjse
Attachment(s): 1. Evaluation of Proposed Changes

N

Renewed Operating License Page Change Instructions and
Revised Technical Specification Pages

Mark-up of Technical Specification Pages

Mark-up of Technical Specification Bases Pages

Fuel Oil and Lube Oil Inventory Calculation

Fuel Oil Transfer Pump P-18A Allowed Outage Time
Computation

R

cc:  Administrator, Region 1ll, USNRC
Project Manager, Palisades, USNRC
Resident Inspector, Palisades, USNRC



ATTACHMENT 1

EVALUATION OF PROPOSED CHANGES

1.0 DESCRIPTION

Entergy Nuclear Operations, Inc. (ENO) requests amending the Renewed Facility
Operating License DPR-20 for Palisades Nuclear Plant (PNP) to revise Appendix A,
Technical Specifications (TS), as they apply to fuel oil and lube oil inventory
requirements and fuel oil tfransfer system requirements.

The proposed changes revise TS 3.8.3, “Diesel Fuel, Lube Qil, and Starting Air,” by
relocating the stored diesel fuel oil and lube oil numerical volume requirements from the
TS to the TS Bases so that they may be modified under licensee control. The TS are
proposed to be revised so that the stored diesel fuel oil and lube oil inventory will
require that a 7-day supply be available for the emergency diesel generators.

The NRC approved Revision 1 to Technical Specification Task Force (TSTF) Improved
Standard Technical Specification Change Traveler-501, “Relocate Stored Fuel Oil and
Lube Oil Volume Values to Licensee Control.” The availability of this TS improvement
was announced in the Federal Register on May 26, 2010, (FR 29588) as part of the
consolidated line item improvement process (CLIIP).

There are two differences between the approved TSTF and this PNP proposed TS
change. One difference is that the TSTF is written specifically for sites licensed for
7-day supplies of fuel oil and lube oil for each emergency diesel generator whereas
PNP is licensed for 7-day supplies of fuel oil and lube oil for either emergency diesel
generator. PNP has one fuel oil storage tank that supplies the two emergency diesel
generators.

The other difference is that the TSTF refers to the 7-day fuel oil supply maintained
within a fuel oil storage tank whereas PNP credits both the volume in the fuel oil storage
tank as well as the volume in an emergency diesel generator fuel oil day tank as
comprising the required 7-day fuel oil supply. The TS 3.8.1 Bases, Background section,
states “A single buried Fuel Oil Storage Tank is used, along with an individual day tank
for each DG, to maintain the required fuel oil inventory.” This proposed PNP TS
amendment refers to the combined volume of the fuel oil storage tank and a diesel fuel
oil day tank as the “fuel oil storage subsystem.”

In addition to the diesel fuel oil and lube oil inventory changes, the proposed changes
also revise Technical Specification (TS) 3.8.3, “Diesel Fuel, Lube Oil, and Starting Air,”
by reducing the Completion Time for Condition C in the TS. Condition C pertains to the
fuel oil transfer system associated with fuel oil transfer pump P-18A. The proposed TS
change reduces the Completion Time for restoration of an inoperable fuel transfer
P-18A system to operable status from 15 hours to 12 hours. The Completion Time is
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based on the time duration in which a diesel fuel oil day tank can support emergency
diesel generator operation under design operating condifions.

2.0 PROPOSED CHANGE

Fuel Qil and Lube Oil Changes

The proposed changes revise TS 3.8.3, “Diesel Fuel, Lube Oil, and Starting Air,” by
relocating the stored diesel fuel oil and lube oil numerical volume requirements from the
TS to the TS Bases so that they may be modified under licensee control. The TS are
modified so that the stored diesel fuel oil and lube oil inventory will require that a 7-day
supply be available for either emergency diesel generator. As a result:

e Condition A and Condition B in the Action table are revised. Currently, Condition
A and Condition B are entered when the stored diesel fuel oil and lube oil
numerical volume requirements are not met. As discussed in the current TS
Bases, the numerical volume requirements in Condition A and Condition B are
based on volumes less than a 7-day supply, but greater than a 6-day supply.
The revision relocates the volumetric requirements from the TS and places them
in the TS Bases. The TS are modified so that Condition A and Condition B are
entered when the stored diesel fuel oil and lube oil inventory is less than a 7-day
supply, but greater than a 6-day supply for either of the emergency diesel
generators.

e Surveillance Requirements (SR) 3.8.3.1 and 3.8.3.2 are revised. Currently,
SR 3.8.3.1 and SR 3.8.3.2 verify that the stored diesel fuel oil and lube oil
numerical volume requirements are met. As discussed in the current TS Bases,
the numerical volume requirements in SR 3.8.3.1 and SR 3.8.3.2 are based on
maintaining at least a 7-day supply. The revision relocates the volumetric
requirements from the TS and places them in the TS Bases. The TS are
modified so that SR 3.8.3.1 and SR 3.8.3.2 verify that the stored diesel fuel oil
and lube oil inventory is greater than or equal to a 7-day supply for either of the
emergency diesel generators.

e The reference to Appendix B of ANSI N195—-1976 in the TS Bases is deleted. As
a result, the only reference will be to ANSI N195-1976.

Proposed revisions to the TS Bases for these fuel oil and lube oil changes are also
included in this application, as information only. The changes to the affected TS Bases
pages will be incorporated in accordance with the TS Bases Control Program.

The proposed TS changes above will enable ENO to address a non-conservative TS
requirement for stored fuel oil to support 7 days of continuous emergency diesel
generator operation under emergency conditions. The changes will also enable ENO to
efficiently revise the fuel oil storage requirements contained in the TS Bases as



changes may be needed to address future updates to regulations and standards
governing diesel fuel oil quality.

Fuel Oil Transfer Pump Change

The proposed TS change also revises the Completion Time for Condition C in the
Action table TS 3.8.3. Condition C contains requirements for the inoperable fuel
transfer system associated with fuel oil transfer pump P-18A. The Completion Time for
Condition C requires that the inoperable P-18A fuel transfer system be returned to
operable status within 15 hours. The proposed TS change reduces the Completion
Time for Condition C from 15 hours to 12 hours. This proposed TS change will correct
a non-conservative TS.

Changes to the TS Bases pages associated with this fuel oil transfer pump TS change
are included in this application. The TS Bases changes are provided for information.
The associated TS Bases changes will be incorporated in accordance with the TS
Bases Control Program.

3.0 BACKGROUND

The two PNP emergency diesel generators share a common fuel oil storage and
transfer system. A single common buried fuel oil storage tank is used, along with an
individual day tank for each emergency diesel generator, to maintain the required fuel
oil inventory sufficient to operate either of the emergency diesel generators for a period
of 7 days, while the emergency diesel generator is supplying maximum post-accident
loads. Each day tank is required by TS SR 3.8.1.4 to contain at least 2500 gallons.
Fuel oil is transferred from the fuel oil storage tank to the day tank by either of two fuel
transfer systems, each associated with a separate fuel transfer pump.

Either fuel transfer pump is capable of supplying either emergency diesel generator.
However, each fuel transfer pump is not normally capable of being powered from either
emergency diesel generator. Emergency diesel generator 1-1 can power either fuel
transfer pump, but emergency diesel generator 1-2 can only power fuel transfer pump
P-18A.

Since emergency diesel generator 1-2 cannot power fuel transfer pump P-18B, without
P-18A, emergency diesel generator 1-2 becomes dependant on offsite power or
emergency diesel generator 1-1 for its fuel supply (beyond the duration it will operate on
the day tank). The TS currently allow 15 hours to restore the fuel transfer system to
operable status prior to declaring the associated emergency diesel generator
inoperable.

The emergency diesel generator lubrication system is designed to provide sufficient
lubrication to permit proper operation of its associated emergency diesel generator
under all loading conditions. The system is required to circulate the lube oil to the diesel
engine working surfaces and to remove excess heat generated by friction during
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operation. The onsite storage is sufficient to ensure 7 days of continuous operation.
This supply is sufficient supply to allow the operator to replenish lube oil from offsite
sources.

In January 2001 and in June 2004, the U.S. Environmental Protection Agency (EPA)
finalized the Clean Diesel Trucks and Buses Rule and the Clean Nonroad Diesel Rule,
respectively, with more stringent standards for new diesel engines and fuels (See NRC
Information Notice 2006-22, "New Ultra-Low-Sulfur Diesel Fuel QOil Could Adversely
Impact Diesel Engine Performance," October 12, 2006). The EPA rules require a
reduction in the sulfur content of highway diesel fuel from its current level of 500 parts
per million (ppm) low sulfur diesel (LSD) to 15-ppm ultra low sulfur diesel (ULSD).
Refiners were required to start producing the cleaner-burning diesel fuel ULSD, for use
in highway vehicles beginning June 1, 2006.

The EPA required sulfur reductions for land-based nonroad diesel fuel to be
accomplished in two steps, with an interim step from previous uncontrolled levels to a
500 ppm cap starting in June 2007 and the final step to 15 ppm in June 2010.

In general, the processing required to reduce sulfur in ULSD also reduces the aromatics
content and density of diesel fuel, resulting in a reduction in volumetric energy content
(BTU/gallon). The requirements on diesel fuel oil may continue to change in the future
and the addition of additives to compensate for the issues associated with ULSD
discussed in Information Notice 2006-022 may further affect the volumetric energy
content (and, as a result, the stored diesel fuel oil volume requirements). These
changes would result in future license amendments to revise the stored fuel oil volume
in order to ensure that the volume provides for at least 7 days of emergency diesel
generator operation. In order to facilitate the expeditious revision of the fuel oil volume
requirement when needed, and to avoid the unnecessary expenditure of ENO and NRC
resources to prepare and review future license amendment requests that simply revise
the volume equivalent to a 7-day supply, the proposed change places the requirement
to have stored fuel oil sufficient to support 7 days of emergency diesel generator
operation in the TS with the equivalent numerical volume under licensee control in the
TS Bases.

The TS requirements on lube oil are also based on maintaining a 7-day supply. To
maintain consistency within the TS and to avoid future amendments to the lube oil
inventory numerical value equivalent to a 7-day supply, the proposed change places the
requirement to have lube oil inventory sufficient to support 7 days of emergency diesel
generator operation in the TS with the equivalent numerical volume in the TS Bases.



4.0 TECHNICAL ANALYSIS

Fuel Oil and Lube Qil Changes

4.1 Modification to LCO 3.8.3, “Diesel Fuel, Lube Qil, and Starting Air,”
Requirements

The emergency diesel generators are provided with a fuel oil capacity sufficient to
operate either emergency diesel generator for a period of 7 days while the emergency
diesel generator is supplying maximum load demand. This onsite fuel oil capacity is
sufficient to operate an emergency diesel generator for longer than the time to replenish
the onsite supply from outside sources.

The diesel generator lubrication system is designed to provide sufficient lubrication to
permit proper operation of an emergency diesel generator under all loading conditions.
The system is required to circulate the lube oil to the diesel engine working surfaces
and to remove excess heat generated by friction during operation. The lube oil
inventory is capable of supporting either emergency diesel generator for a minimum of 7
days. This supply is sufficient {o allow the operator to replenish lube oil from outside
sources.

In order to meet a 7-day supply of stored diesel fuel oil and lube oil for either emergency
diesel generator, TS 3.8.3, “Diesel Fuel, Lube Oil, and Starting Air,” currently contains
numerical volume requirements associated with a 7-day supply for either emergency
diesel generator. The TS Bases currently discuss that the numerical volume
requirements are based on meeting a 7-day supply. The proposed change revises TS
3.8.3 by relocating the stored diesel fuel oil and lube oil numerical volume requirements
from the TS to the TS Bases so that they may be modified under licensee control. The
TS are modified so that the stored diesel fuel oil and lube oil inventory will require that a
7-day supply be available for either emergency diesel generator. No changes to the
current plant configuration or current 7-day basis are proposed in the application; ENO
is relocating the numerical volume requirements from the TS to the TS Bases and
relocating the associated current 7-day basis from the TS Bases to the TS. The
numerical volume requirements in the current TS will be revised in the TS Bases as
described below.

Approval of this license amendment request will assist ENO in addressing a
non-conservative TS. ENO performed a calculation in accordance with Regulatory
Guide 1.137, Revision 1, “Fuel-Oil Systems for Standby Diesel Generators,” and ANSI
N195-1976, "Fuel Oil Systems for Standby Diesel Generators,” to determine the fuel oil
and lube oil inventories required to operate either emergency diesel generator for 7
days assuming accident loading conditions (Attachment 5). This calculation was
prompted by the ULSD issue and non-conservative assumptions in stored diesel fuel oll
inventory calculations discovered at another site. The calculation determined a required
diesel fuel oil inventory that exceeded the fuel oil inventory required by TS LCO 3.8.3



Condition A. The calculated required fuel oil and lube oil inventories are shown as
information in Attachment 4, “Mark-up of Technical Specification Bases Pages.”

NRC Administrative Letter 98-10, “Dispositioning of Technical Specifications that are
Insufficient to Assure Plant Safety,” provides guidance for TS that are determined to be
non-conservative. Imposing administrative controls as a compensatory measure is an
acceptable short-term solution under this guidance. Following implementation of the
administrative controls, a TS amendment is to be submitted to resolve the condition.

In accordance with this letter, ENO implemented administrative controls, as required, to
maintain stored fuel oil inventory above the required inventory determined in the
calculation until the condition is resolved.

Section 4.3 below discusses the methodology on how the stored diesel fuel oil and lube
oil numerical volume basis in the TS Bases may be modified under ENO control. The
use of this methodology will ensure that a 7-day supply of stored diesel fuel oil and lube
oil for either emergency diesel generator will be met, thereby providing assurance that
the lowest functional capability or performance levels of the diesel generator required
for safe operation of the facility will be continued to be met.

4.2 Modification to Action Table for TS 3.8.3 “Diesel Fuel, Lube Oil, and Starting Air”

Currently, Condition A and Condition B are entered when the stored diesel fuel oil and
lube oil numerical volume requirements are not met. As discussed in the current TS
Bases, the numerical volume requirements in Condition A and Condition B are based on
volumes less than a 7-day supply, but greater than an a 6-day supply. The proposal
relocates the volumetric requirements from the TS and places it in the TS Bases. The
TS are modified so that Condition A and Condition B are entered when the stored diesel
fuel oil and lube oil inventory is less than a 7-day supply, but greater than a 6-day
supply for either emergency diesel generator.

No other parts of Condition A and Condition B (i.e., Required Actions or Completion
Times) are proposed to be modified in the application; ENO is relocating the numerical
volume requirements that dictate Condition entry from the TS to the TS Bases and
relocating the associated current less than 7-day but greater than 6-day basis for
Condition entry from the TS Bases to the TS.

Section 4.3 below discusses the methodology on how the stored diesel fuel oil and lube
oil numerical volume basis in the TS Bases may be modified under licensee control.
The use of this methodology will ensure that the 7-day and 6-day supplies of stored
diesel fuel oil and lube oil for either emergency diesel generator that dictate Condition
entry will continue to be calculated in accordance with NRC-approved methods.



4.3 Modification to SRs 3.8.3.1 and 3.8.3.2

Currently, SR 3.8.3.1 and SR 3.8.3.2 verify that the stored diesel fuel il and lube oil
numerical volume requirements are met. SR 3.8.3.1 and SR 3.8.3.2 are revised to
reflect the change in LCO requirements, namely that a 7-day supply be available for
either emergency diesel generator. As a result, the SRs are modified so that SR 3.8.3.1
and SR 3.8.3.2 verify that the stored diesel fuel oil and lube oil inventory is greater than
or equal to a 7-day supply for either emergency diesel generator.

No other parts of the SRs (i.e., Frequencies) are proposed fo be modified in the
application; the licensee is relocating the numerical volume requirement verification
from the TS to the TS Bases and relocating the associated current 7-day basis for
verification from the TS Bases to the TS.

The methodology for determining the 7-day stored diesel fuel oil supply for either
emergency diesel generator, as well as the 6-day supply associated with Condition A, is
calculated in accordance with RG 1.137, Revision 1, and ANSI N195 1976. ANSI
N195-1976 discusses how the stored diesel fuel oil requirement shall be calculated
based upon the diesel generators operating at the minimum required capacity for the
plant condition which is most limiting for the calculation of such capacity. One method
for calculating the stored diesel fuel oil supply takes into account the time dependence
of diesel generator loads. That s, if diesel generator loads increase or decrease during
the event, the load changes shall be included in the required fuel storage calculation. If
the design includes provisions for an operator to supply power to equipment other than
the minimum required for the plant condition, such additional loads shall be included in
the calculation of required fuel storage capacity. RG 1.137, Revision 1, supplements
the above by stating that for the time-dependent load method, the minimum required
capacity should include the capacity to power the engineered safety features. A
minimum margin of 10% shall be added to the calculated storage requirement if the
alternate conservative calculation discussed next is not used. Another method for
calculating the stored diesel fuel oil supply, which is more conservative than the
time-dependent load method, is to calculate the storage capacity by assuming that the
diesel operates continuously for seven days at its rated capacity. Both calculation
methods include an explicit allowance for fuel consumption required by periodic testing.
This includes the fuel required for operation of the engine at the minimum loads
specified by the engine manufacturer. ENO accounts for fuel consumption during
monthly SR testing by maintaining the fuel oil storage tank at a level that provides
sufficient fuel oil inventory to support both periodic testing and the required 7-day fuel oil
supply. For periodic 24-hour SR testing, the fuel oil storage tank is replenished as
required prior to testing to ensure that the required 7-day fuel oil supply is maintained
throughout the test.

One variable used in both stored diesel fuel oil calculation methods is the fuel
consumption rate. The property of diesel fuel oil having the most significant effect on
the fuel consumption rate is the energy content (heating value) of the fuel. There are
standards which correlate the energy content to the fuel’s American Petroleum Institute
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(API) gravity or absolute specific gravity. At a minimum, ENO calculates required fuel
storage values assuming the most limiting absolute specific gravity, and therefore, the
most limiting fuel energy content. As long as the fuel oil placed in the storage tank is
within the assumed absolute specific gravity range, the calculations of fuel consumption
and required stored volume remain valid. Current SR 3.8.3.3 requires new fuel to be
tested in order to verify that the new fuel API gravity or absolute specific gravity is within
the range assumed in the stored diesel fuel oil calculation.

The lube oil inventory equivalent to a 7-day supply, as well as the 6-day supply
associated with Condition B, is based on the emergency diesel generator manufacturer
consumption values for the run time of the diesel generator.

The above methods still provide assurance that the necessary quality of systems and
components is maintained, that PNP operation will be within safety limits, and that the
LCOs will be met.

4.4  Deletion of Reference to Appendix B of ANSI N195-1976

The proposed change deletes the reference to Appendix B of ANSI N195-1976 in the
TS Bases for TS 3.8.3. As a result, there will only be a reference to ANSI N195-1976.
LCO 3.8.3 requires, in part, that the stored diesel fuel oil and lube oil shall be within
limits for the emergency diesel generators. The basis for these limits is derived from
RG 1.137, Revision 1, and Appendix B of ANSI N195-1976.

For proper operation of the emergency diesel generators, it is necessary to ensure the
proper quality of the fuel oil. RG 1.137, Revision 1, addresses the recommended fuel
oil practices as supplemented by ANSI N195-1976, Appendix B. The fuel oil properties
that are checked to ensure the proper quality of the fuel oil are sediment content, the
kinematic viscosity, specific gravity (or API gravity), and impurity level.

Although the reference to Appendix B of ANSI N195-1976 will be deleted, RG 1.137,
Revision 1, which is currently referenced in the TS Bases, states, “Appendix B to ANSI
N195-1976 addresses the recommended fuel oil practices. Although not a mandatory
part of the standard, Appendix B can serve as an acceptable basis for a program to
maintain the quality of fuel oil, as supplemented by regulatory position 2 of this guide.”
Regulatory Position 2 of RG 1.137 states, in part, “Appendix B to ANSI N195-1976
should be used as a basis for a program to ensure the initial and continuing quality of
fuel oil.” As a result, the use of Appendix B of ANSI N195-1976 is still referenced,
although now indirectly, and therefore still provides a basis for ensuring the proper
quality of the fuel oil; namely that water and sediment content, the kinematic viscosity,
specific gravity (or API gravity), and impurity level are within the specified limits.
Current SR 3.8.3.3 verifies these limits.

The change still provides assurance that the lowest functional capability or performance
levels of equipment required for safe operation of the facility will be continued to be met.



Fuel Qil Transfer Pump Change

45  Modification fo Action Table TS 3.8.3 “Diesel Fuel, Lube Qil, and Starting Air”

The Bases for TS LCO 3.8.1 currently describes an emergency diesel generator fuel oil
consumption rate of about 2.6 gallons of fuel oil per minute at 2400 kW. The Bases
also state that each emergency diesel generator day tank contains at least

2500 gallons and that each fuel oil day tank contains sufficient fuel for more than

15 hours of full load emergency diesel generator operation. Beyond that time, a fuel
transfer pump is required to transfer additional fuel oil from the fuel oil storage tank to
the emergency diesel generator day tank to support continued operation of the
emergency diesel generator. This 15-hour duration is the basis for the Completion Time
for TS 3.8.3 Condition C. The Completion Time for Condition C requires that the
inoperable P-18A fuel transfer system be returned to operable status within 15 hours.

The ENO fuel oil storage inventory calculation that determined the fuel oil storage
inventory required to operate one emergency diesel generator for 7 days computed fuel
oil consumption rates that were greater than the consumption rates described in

the Bases for TS LCO 3.8.1.

At the fuel oil consumption rate determined in the calculation, the 2500 gallons of fuel oil
in each fuel oil day tank contains sufficient fuel for only about 13.5 hours of emergency
diesel generator operation under accident loading conditions (Attachment 6). This
calculated fuel day tank duration is less than the 15-hour duration described in

TS B 3.8.1 and the 15-hour Completion Time for TS LCO 3.8.3 Condition C.

Reducing the TS LCO 3.8.3 Condition C Completion Time to 12 hours would
conservatively bound the 13.5-hour duration that a day tank inventory will support
emergency diesel generator operation under accident loading conditions.

ENO implemented administrative controls as a compensatory measure to limit the
Completion Time for TS 3.8.3 Condition C to 12 hours. This administrative control
bounds the 13.5-hour duration that the day tank inventory will support emergency diesel
generator operation under accident loading conditions. The controls would be in place
until the Completion Time for TS 3.8.3 Condition C is revised in a license amendment.

This compensatory measure is in accordance with NRC Administrative Letter 98-010,
“Dispositioning of Technical Specifications that are Insufficient to Assure Plant Safety.”
This administrative letter provides guidance for Technical Specifications that are
determined to be non-conservative. Imposing administrative controls as a
compensatory measure is an acceptable short-term solution under this letter. Following
implementation of the administrative controls, a Technical Specification amendment is
to be submitted to resolve the condition.



5.0 REGULATORY SAFETY ANALYSIS
5.1 No Significant Hazards Consideration

Entergy (ENO) has evaluated the proposed changes to the Technical Specifications
(TS) using the criteria in 10 CFR 50.92 and has determined that the proposed changes
do not involve a significant hazards consideration.

The proposed changes would revise the TS by relocating the current stored diesel fuel
oil and lube oil numerical volume requirements from the TS to the TS Bases so that they
may be modified under licensee control. The TS would be modified so that the stored
diesel fuel oil and lube oil inventory would require that a 7-day supply be available for
either emergency diesel generator.

The proposed changes would also revise TS by requiring an inoperable P-18A fuel
transfer system to be returned to operable status within 12 hours rather than 15 hours.

As required by 10 CFR 50.92(c), an analysis of the issue of no significant hazards
consideration is presented below:

1. Does the proposed change involve a significant increase in the probability or
consequences of an accident previously evaluated?

Response: No.

The proposed change relocates the volume of diesel fuel oil and lube oil required to
support 7-day operation of the onsite emergency diesel generators, and the volume
equivalent to a 6-day supply, to licensee control. The specific volume of fuel oll
equivalent to a 7-day and 6-day supply is calculated using the NRC approved
methodology described in Regulatory Guide 1.137, Revision 1, “Fuel Oil Systems for
Standby Emergency diesel generators” and ANSI N195-1976, "Fuel Oil Systems for
Standby Diesel Generators." The specific volume of lube oil equivalent to a 7-day and
6-day supply is based on the emergency diesel generator manufacturer's consumption
values for the run time of the diesel generator. Because the requirement to maintain a
7-day supply of diesel fuel oil and lube ail is not changed and is consistent with the
assumptions in the accident analyses, and the actions taken when the volume of fuel oil
and lube oil are less than a 6-day supply have not changed, neither the probability or
the consequences of any accident previously evaluated will be affected.

The proposed change also reduces the Completion Time for TS 3.8.3 Condition C for
an inoperable P-18A fuel transfer system from 15 hours to 12 hours. Reducing the
Completion Time to 12 hours bounds the 13.5-hour time duration that the emergency
diesel generator day tank will support emergency diesel generator operation under
accident loading conditions. The change in Completion Time does not affect required
TS actions if the Completion Time is exceeded. The Completion Time change does not
affect the probability or consequences of an accident previously evaluated.
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Therefore, the proposed changes do not involve a significant increase in the probability
or consequences of an accident previously evaluated.

2. Does the proposed change create the possibility of a new or different kind of accident
from any accident previously evaluated?

Response: No.

The proposed fuel oil and lube oil changes do not involve a physical alteration of the
plant (i.e., no new or different type of equipment will be installed) or a change in the
methods governing normal plant operation. The change does not alter assumptions
made in the safety analysis but ensures that the emergency diesel generator operates
as assumed in the accident analysis. The proposed change is consistent with the
safety analysis assumptions.

The proposed change also reduces the Completion Time for TS 3.8.3 Condition C for
an inoperable P-18A fuel transfer system from 15 hours to 12 hours. This change does
not involve a physical alteration of the plant (i.e., no new or different type of equipment
will be installed). This change does not create a condition in which a new or different
kind of accident can occur. It does not alter assumptions made in the safety analysis.

Therefore, the proposed changes do not create the possibility of a new or different kind
of accident from any accident previously evaluated.

3. Does the proposed change involve a significant reduction in a margin of safety?
Response: No.

The proposed change relocates the volume of fuel oil and lube oil required to support
7-day operation of either emergency diesel generator, and the volume equivalent to a
6-day supply, to licensee control. As the bases for the existing limits on diesel fuel oil
and lube oil are not changed, no change is made to the accident analysis assumptions
and no margin of safety is reduced as part of this change.

The proposed change also reduces the Completion Time for TS 3.8.3 Condition C for
an inoperable P-18A fuel transfer system from 15 hours to 12 hours. There are no
adverse affects on margins of safety since a more stringent operability requirement will
be applied to the P-18A fuel transfer system. Therefore, the proposed change does not
involve a significant reduction in a margin of safety.

Therefore, the proposed changes do not involve a significant reduction in a margin of
safety.
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Based on the above, the ENO concludes that the proposed changes present no
significant hazards consideration under the standards set forth in 10 CFR 50.92(c), and,
accordingly, a finding of "no significant hazards consideration” is justified.

5.2 Applicable Regulatory Reqguirements/Criteria

General Design Criterion (GDC) 17, “Electric Power Systems,” of Appendix A, “General
Design Criteria for Nuclear Power Plants,” to Title 10 of the Code of Federal
Regulations (10 CFR) Part 50, “Domestic Licensing of Production and Utilization
Facilities,” requires that an onsite electric power system and an offsite electric power
system be provided to permit functioning of structures, systems, and components
important to safety. In addition, GDC 17 contains requirements concerning system
capacity, capability, independence, redundancy, availability, testability, and reliability.

Regulatory Guide 1.137, Revision 1, “Fuel Oil Systems for Standby Diesel Generators”
dated October 1979, describes a method acceptable to the NRC staff for complying with
the Commission’s regulations regarding diesel fuel oil systems for standby diesel
generators and assurance of adequate diesel fuel oil quality. Regulatory Guide 1.137
states that Appendix B to ANSI N195-1976 should be used as a basis for a program to
ensure the initial and continuing quality of diesel fuel oil as supplemented by eight
additional provisions described in the Regulatory Guide for maintaining the properties
and quality of diesel fuel oil.

ANSI N195-1976, "Fuel Oil Systems for Standby Diesel Generators," requires that
onsite fuel oil storage shall be sufficient to operate the minimum number of diesel
generators following the limiting design basis accident for either 7 days, or the time
required to replenish the oil from sources outside the plant site following any limiting
design basis event without interrupting the operation of the diesel, whichever is longer.
The ANSI standard also provides guidance for calculating storage requirements.

The proposed change does not affect the design of the onsite electric power system,
the quality of the onsite electric power system, or the method of determining the
necessary quantity of onsite diesel fuel oil or lube oil.

In conclusion, based on the considerations discussed above, (1) there is reasonable
assurance that the health and safety of the public will not be endangered by operation in
the proposed manner, (2) such activities will be conducted in compliance with the
Commission’s regulations, and (3) the approval of the proposed change will not be
inimical to the common defense and security or to the health and safety of the public.

6.0 ENVIRONMENTAL CONSIDERATION

The proposed amendment does not involve (i) a significant hazards consideration, (ii) a
significant change in the types or significant increase in the amounts of any effluent that
may be released offsite, or (iii) a significant increase in individual or cumulative
occupational radiation exposure. Accordingly, the proposed amendment meets the

12



eligibility criterion for categorical exclusion set forth in 10 CFR 51.22(c)(9). Therefore,
pursuant to 10 CFR 51.22(b), no environmental impact statement or environmental
assessment need be prepared in connection with the proposed amendment.
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ATTACHMENT TO LICENSE AMENDMENT NO.

RENEWED FACILITY OPERATING LICENSE NO. DPR-20

DOCKET NO. 50-255

Remove the following pages of Appendix A Technical Specifications and replace with
the attached revised pages. The revised pages are identified by amendment number and
contain lines in the margin indicating the areas of change.

REMOVE INSERT

Page 3.8.3-1 Page 3.8.3-1

Page 3.8.3-3 Page 3.8.3-3



Diesel Fuel, Lube Qil, and Starting Air

3.8.3
3.8 ELECTRICAL POWER SYSTEMS
3.8.3 Diesel Fuel, Lube Oil, and Stariing Air
LCO 3.8.3 For each Diesel Generator (DG):
a. The stored diesel fuel oil, lube oil, and starting air subsystem shall

be within limits, and

b. Both diesel fuel oil transfer systems shall be OPERABLE.

APPLICABILITY:

ACTIONS
NOTE

When associated DG is required to be OPERABLE.

Separate Condition entry is allowed for each DG.

CONDITION REQUIRED ACTION COMPLETION TIME
A. Fuel oil inventory less than | A.1 Restore fuel oil 48 hours
a 7 day supply and greater inventory to within limits.
than a 6 day supply.
B. Stored lube oil inventory B.1 Restore stored lube oil 48 hours
less than a 7 day supply inventory to within [imits.
and greater than a 6 day
supply.
C. Fuel transfer system CA1 Restore fuel transfer 12 hours
(P-18A) inoperable. system to OPERABLE
status.
D. Fuel transfer system D.1 Restore fuel transfer 7 days
(P-18B) inoperable. system {o OPERABLE
status.
Palisades Nuclear Plant 3.8.3-1 Amendment No. 489,



Diesel Fuel, Lube Qil, and Starting Air

SURVEILLANCE REQUIREMENTS

3.8.3

SURVEILLANCE

FREQUENCY

SR 3.8.3.1 Verify the fuel oil storage subsystem contains > a 24 hours
7 day supply of fuel.
SR 3.8.3.2 Verify stored lube oil inventory is > a 7 day supply. 31 days
SR 3.8.3.3 Verify fuel oil properties of new and stored fuel oil are In accordance with
tested in accordance with, and maintained within the the Fuel Oil
limits of, the Fue! Oil Testing Program. Testing Program
SR 3.8.3.4 Verify each DG air start receiver pressure is 31 days
> 200 psig.
SR 3.8.3.5 Check for and remove excess accumulated water from | 92 days
the fuel oil storage tank.
SR 3.8.3.6 Verify the fuel oil transfer system operates to transfer 92 days

fuel oil from the fuel oil storage tank to each DG day
fank and engine mounted tank.

Palisades Nuclear Plant 3.8.3-3 Amendment No. 489,
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MARK-UP OF TECHNICAL SPECIFICATION PAGES
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2 pages follow



Diesel Fuel, Lube Qil, and Starting Air

3.8.3
3.8 ELECTRICAL POWER SYSTEMS
3.8.3 Diesel Fuel, Lube Oil, and Starting Air
LCO 3.8.3 For each Diesel Generator (DG):
a. The stored diesel fuel oil, lube oil, and starting air subsystem shall

be within limits, and

b. Both diesel fuel oil transfer systems shall be OPERABLE.

APPLICABILITY:

ACTIONS

When associated DG is required to be OPERABLE.

NOTE
Separate Condition entry is allowed for each DG.

CONDITION REQUIRED ACTION COMPLETION TIME
A. Fuel oil inventory A Restore fuel oil 48 hours
<23 700-gallens-and inventory to within
>20,440-gallens less than a limits.
B. Stored lube oil inventory B.1 Restore stored lube oil | 48 hours
<-200-gallens-and inventory to within
limits.
y SUppty.
C. Fuel transfer system C.1 Restore fuel transfer 45 12 hours
(P-18A) inoperable. system to OPERABLE
status.
D. Fuel transfer system D.1 Restore fuel transfer 7 days
(P-18B) inoperable. system to OPERABLE
status.
Palisades Nuclear Plant 3.8.3-1 Amendment No. 189



Diesel Fuel, Lube Oil, and Starting Air

SURVEILLANCE REQUIREMENTS

3.8.3

SURVEILLANCE

FREQUENCY

SR 3.8.3.1 Verify the fuel oil storage tank contains > | 24 hours
23;700-gallens of fuel.

SR 3.8.3.2 Verify stored lube oil inventory is > QOQ—gaHensa 31 days

SR 3.8.3.3 Verify fuel oil properties of new and stored fuel oil are In accordance with
tested in accordance with, and maintained within the the Fuel Qil
limits of, the Fuel Oil Testing Program. Testing Program

SR 3.8.34 Verify each DG air start receiver pressure is 31 days
> 200 psig.

SR 3.8.3.5 Check for and remove excess accumulated water from | 92 days
the fuel oil storage tank.

SR 3.8.3.6 Verify the fuel oil transfer system operates to transfer 92 days

fuel oil from the fuel oil storage tank to each DG day
tank and engine mounted tank.

Palisades Nuclear Plant 3.8.3-3 Amendment No. 189
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MARK-UP OF TECHNICAL SPECIFICATION BASES PAGES
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AC Sources - Operating

B 3.8.1
BASES
BACKGROUND The three startup transformers are connected to a common 345 kV
(continued) overhead line from the switchyard R bus. Startup transformers 1-1 and

1-3 supply 4160 V non-safety related station loads; Startup Transformer
1-2 can supply both safety related and non-safety related 2400 V loads.
The startup transformers are available during operation and shutdown.

Safeguards Transformer 1-1 is connected to the switchyard F bus. It
feeds station 2400 V loads through an underground line. It is available
o supply these loads during operation and shutdown.

The onsite distribution system consists of seven main distribution buses
(4160 V buses 1A, 1B, 1F, and 1G, and 2400 V buses 1C, 1D, and 1E)
and supported lower voltage buses, Motor Control Centers (MCCs), and
lighting panels. The 4160 V buses and 2400 V bus 1E are not safety
related. Buses 1C and 1D and their supported buses and MCCs form
two independent, redundant, safety related distribution trains. Each
distribution train supplies one train of engineered safety features
equipment.

In the event of a generator trip, all loads supplied by the station power
transformers are automatically transferred to the startup transformers.
Loads supplied by the safeguards transformer are unaffected by a plant
trip. If power is lost to the safeguards transformer, the 2400 V loads will
automatically transfer to startup transformer 1-2. If the startup
transformers are not energized when these transfers occur, their output
breakers will be blocked from closing and the 2400 V safety related
buses will be energized by the DGs.

The two DGs each supply one 2400 V bus. They provide backup power
in the event of loss of off-site power, or loss of power to the associated
2400 V bus. The continuous rating of the DGs is 2500 kW, with

110 percent overload permissible for 2 hours. The required fuel in the
Fuel Oil Storage Tank and DG Day Tank will supply one DG for a
minimum period of 7 days assuming accident loading conditions ard

fuel-conservationpractices.

If either 2400 V bus, 1C or 1D, experiences a sustained undervoltage,
the associated DG is started, the affected bus is separated from its
offsite power sources, major loads are stripped from that bus and its
supported buses, the DGs are connected to the bus, and ECCS or
shutdown loads are started by an automatic load sequencer.

Palisades Nuclear Plant B 3.8.1-2 Revised 02/24/2005



BASES

AC Sources - Operating
B 3.8.1

BACKGROUND
(continued)

The DGs share a common fuel oil storage and transfer system. A
single buried Fuel Oil Storage Tank is used, along with an individual day
tank for each DG, to maintain the required fuel oil inventory. Two fuel
transfer pumps are provided. The fuel tra s are necessary for
long-term operation of the DGs. Testing have shown that

each DG consumes about 2.6-gallons-of fuel-oil-per-rinute-at 2400-KAL

Each day tank is required to contain at least

2500 gallons—Fherefore—each-fuel-eitday-tank and contains sufficient

fuel for mere-than 45 hours of full load 2500-KAH operation
( Beyond that time, a fuel transfer pump is required for
continued DG operation.

Either fuel transfer pump is capable of supplying either DG. However,
each fuel transfer pump is not capable, with normally available
switching, of being powered from either DG. DG 1-1 can power either
fuel transfer pump, but DG 1-2 can only power P-18A. The fuel oil
pumps share a common fuel oil storage tank, and common piping.

Fuel transfer pump P-18A is powered from MCC-8, which is normally
connected to Bus 1D (DG 1-2) through Station Power Transformer 12
and Load Center 12. In an emergency, P-18A can be powered from
Bus 1C (DG 1-1) by cross-connecting Load Centers 11 and 12.

Fuel transfer pump P-18B is powered from MCC-1, which is normally
connected to Bus 1C (DG 1-1) through Station Power Transformer 19
and Load Center 19. P-18B cannot be powered, using installed
equipment, from Bus 1D (DG 1-2).

APPLICABLE
SAFETY ANALYSES

The safety analyses do not explicitly address AC electrical power. They
do, however, assume that the Engineered Safety Features (ESF) are
available. The OPERABILITY of the ESF functions is supported by the
AC Power Sources.

The design requirements are for each assumed safety function to be
available under the following conditions:

a. The occurrence of an accident or transient,
b.  The resultant consequential failures,

c. Aworst-case single active failure,

d. Loss of all offsite or all onsite AC power, and

e. The most reactive control rod fails to insert.

Palisades Nuclear Plant

B 3.8.1-3 Revised 02/24/2005



BASES

AC Sources - Operating
B 3.8.1

SURVEILLANCE
REQUIREMENTS
(continued)

SR 3.8.1.3

This Surveillance verifies that the DGs are capable of synchronizing
with the offsite electrical system and accepting loads greater than or
equal to the equivalent of the maximum expected accident loads for at
least 15 minutes. A minimum total run time of 60 minutes is required to
stabilize engine temperatures.

During the period when the DG is paralleled to the grid, it must be
considered inoperable. This is because there are no provisions to
automatically shift the DG controls from parallel mode to unit mode.
Additionally, when paralleled, there are certain conditions where the
protection schemes may not prevent DG overloading and subsequent
breaker trip and lockout.

The 31-day Frequency for this Surveillance is consistent with the
original Palisades licensing basis.

The SR is modified by three Notes. Note 1 states that momentary
transients outside the required band do not invalidate this test. This is
to assure that a minor change in grid conditions and the resultant
change in DG load, or a similar event, does not result in a surveillance
being unnecessarily repeated. Note 2 indicates that this Surveillance
should be conducted on only one DG at a time in order to avoid
common cause failures that might result from offsite circuit or grid
perturbations. Note 3 stipulates a prerequisite requirement for
performance of this SR. A successful DG start must precede this test to
credit satisfactory performance.

SR 3.8.14

This SR provides verification that the level of fuel oil in the day tank is at
or above the level at which fuel oil is automatica ded. The
specified level is adequate for a minimum of 45 hours of DG
operation at full load.

The 31-day Frequency is adequate to assure that a sufficient supply of
fuel oil is available, since low-level alarms are provided and plant
operators would be aware of any uses of the DG during this period.

Palisades Nuclear Plant B 3.8.1-16 Revised 02/24/2005



AC Sources - Operating

B 3.8.1

BASES
REFERENCES 1. 10 CFR 50, Appendix A, GDC 17

2.  Regulatory Guide 1.93, December 1974

3.  Generic Letter 84-15, July 2, 1984

4. 10 CFR 50, Appendix A, GDC 18

5. Regulatory Guide 1.9, Rev. 3, July 1993

6. Regulatory Guide 1.137, Rev. 1, October 1979

Palisédes Logic Drawing E-17, Sheet 4

Palisades Nuclear Plant

B 3.8.1-24
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Diesel Fuel, Lube Oil, and Starting Air
B 3.8.3

3.8 ELECTRICAL POWER SYSTEMS

B 3.8.3 Diesel Fuel, Lube Oil, and Starting Air

BASES

BACKGROUND

The Diesel Generators (DGs) are provided with a storage tank
having a required fuel oil mventory sufficient to operate one
i lyi

This onsite fuel oil capacity |s"
an the time to replenish the

onsite supply from offsite sources.

Fuel oil is transferred from the Fuel Oil Storage Tank to either day tank
by either of two Fuel Transfer Systems. The fuel oil transfer system
which includes fuel transfer pump P-18A can be powered by offsite
power, or by either DG. However, the fuel oil transfer system which
includes fuel transfer pump P-18B can only be powered by offsite
power, or by DG 1-1.

For proper operation of the standby DGs, it is necessary to ensure the
proper quality of the fuel oil. Regulatory Guide (RG) 1.137 (Ref. 1)
addresses the recommended fuel oil practices as supplemented by
ANSI N195-1976 (Ref. 2).

The DG lubrication system is designed to provide sufficient lubrication
fo permit proper operation of its associated DG under all loading
conditions. The system is required to circulate the lube oil to the diesel
engine working surfaces and to remove excess heat generated by
friction during operation. The onsite storage in-addition-to-the-engine-oil.
sump is sufficient to ensure 7 days of continuous operation. This supply
is sufficient supply to allow the operator to replenish lube oil from offsite
sources. Implicit in this LCO is the requirement to assure, though not
necessarily by testing, the capability to transfer the lube oil from its
storage location to the DG oil sump, while the DG is running.

Each DG is provided with an associated starting air subsystem to
assure independent start capability. The starting air system is required
to have a minimum capacity with margin for a DG start attempt without
recharging the air start receivers.

Palisades Nuclear Plant
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APPLICABLE
SAFETY ANALYSES

Diesel Fuel, Lube Qil, and Starting Air
B3.8.3

A description of the Safety Analyses applicable in MODES 1, 2, 3, and
4 is provided in the Bases for LCO 3.8.1, "AC Sources - Operating”;
during MODES 5 and 6, in the Bases for LCO 3.8.2, "AC Sources -
Shutdown.” Since diesel fuel, lube oil, and starting air subsystems
support the operation of the standby AC power sources, they satisfy
Criterion 3 of 10 CFR 50.36(c)(2).

LCO

Stored diesel fuel oil is required to have sufficient supply for 7 days of
full accident load operation. It is also required to meet specific

standards for quality. The-speeified-7-day-requirement-and-the-6-day
quantity-listed-in-CenditionA-are taken-from-the Engineering-Analysis

- Additionally, the ability
to transfer fuel oil from the storage tank to each day tank is required
from each of the two transfer pumps.

Additionally, sufficient lube oil supply must be available to ensure the
capability to operate at full accident load for 7 days. This requirement is
in addmon to the lube oil contained in the englne sump. Ihe—speelﬂed

The starting air subsystem must provide, without the aid of the refill
compressor, sufficient air start capacity, including margin, to assure
start capability for its associated DG.

These requirements, in conjunction with an ability to obtain replacement
supplies within 7 days, support the availability of the DGs. DG day tank
fuel requirements are addressed in LCOs 3.8.1 and 3.8.2.

APPLICABILITY

Palisades Nuclear Plant

DG OPERABILITY is required by LCOs 3.8.1 and 3.8.2 fo ensure the
availability of the required AC power to shut down the reactor and
maintain it in a safe shutdown condition following a loss of off-site
power. Since diesel fuel, lube oil, and starting air support LCOs 3.8.1
and 3.8.2, stored diesel fuel oil, lube oil, and starting air are required to
be within limits, and the fuel transfer system is required to be
OPERABLE, when either DG is required to be OPERABLE.

B 3.8.3-2 Revised 07/22/2002



ACTIONS

Diesel Fuel, Lube Oil, and Starting Air
B 3.8.3
A1

In this Condition, the available DG fuel oil supply is less than the
but enough for at least 6 days

T
perform the sampling and analyses required prior to addition of fuel oil
fo the tank. A period of 48 hours is considered sufficient to complete
restoration of the required inventory prior to declaring the DGs
inoperable.

B1

In this Condltlon the available DG lube oil supply in storage i
but enough for at least 6 days.

This condition allows sufficient time to obtain additional lube oil. A

period of 48 hours is considered sufficient to complete restoration of the
required inventory prior to declaring the DGs inoperable.

C.1. D1, and E.1

Since DG 1-2 cannot power fuel transfer pump P-18B, without P-18A,
DG 1-2 becomes dependant on offsite power or DG 1-1 for its fuel
supply (beyond the app| 5 45 hours it will operate on the
day tank), and does not meet the requirement for independence. Since
the condition is not as severe as the DG itself being inoperable, 46
hours is allowed to restore the fuel transfer system to operable status
prior to declaring the DG inoperable.

Without P-18B, either DG can still provide power to the remaining fuel
transfer system. Therefore, neither DG is directly affected. Continued
operation with a single remaining fuel transfer system, however, must
be limited since an additional single active failure (P-18A) could disable
the onsite power system. Because the loss of P-18B is less severe
than the loss of one DG, a 7 day Completion Time is allowed.

If both fuel transfer systems are inoperable, the onsite AC sources are
limited to about 13.5 45 hours duration. Since this condition is not as
severe as both DGs being inoperable, 8 hours is allowed to restore one
fuel transfer pump to OPERABLE status.

Palisades Nuclear Plant B 3.8.3-3 Revised 07/22/2002



ACTIONS
(continued)

Diesel Fuel, Lube Qil, and Starting Air
B 3.8.3

F1

With the stored fuel oil properties, other than viscosity, and water and
sediment, defined in the Fuel Oil Testing Program not within the
required limits, but acceptable for short term DG operation, a period of
30 days is allowed for restoring the stored fuel oil properties. The most
likely cause of stored fuel oil becoming out of limits is the addition of
new fuel oil with properties that do not meet all of the limits. This 30 day
period provides sufficient time to determine if-new fuel oil, when mixed
with stored fuel oil, will produce an acceptable mixture, or if other
methods to restore the stored fuel oil properties are required. This
restoration may involve feed and bleed procedures, filtering, or
combinations of these procedures. Even if a DG start and load was
required during this time interval and the fuel oil properties were outside
limits, there is a high likelihood that the DG would still be capable of
performing its intended function.

G1

With a Required Action and associated Completion Time not met, or
with diesel fuel oil, lube oil, or starting air subsystem not within limits for
reasons other than addressed by Conditions A, B, or F, the associated
DG may be incapable of performing its intended function and must be
immediately declared inoperable.

In the event that diesel fuel oil with viscosity, or water and sediment is
out of limits, this would be unacceptable for even short term DG
operation. Viscosity is important primarily because of its effect on the
handling of the fuel by the pump and injector system; water and
sediment provides an indication of fuel contamination. When the fuel oil
stored in the Fuel Oil Storage Tank is determined to be out of viscosity,
or water and sediment limits, the DGs must be declared inoperable,
immediately.

Palisades Nuclear Plant B 3.8.3-4 Revised 07/22/2002



SURVEILLANCE
REQUIREMENTS

Palisades Nuclear Plant

Diesel Fuel, Lube Oil, and Starting Air
B 3.8.3

SR 3.8.3.1

This SR provides verification that there is an adequate inventory of fuel
oil in the storage tank [

ations. The 7 day period is sufficient time to place
the plant in a safe shutdown condition and to bring in replenishment fuel
from an offsite location.

The 24 hour Frequency is specified to ensure that a sufficient supply of
fuel oil is available, since the Fuel Oil Storage Tank is the fuel oil supply
for the diesel fire pumps, heating and evaporator boilers, in addition to
the DGs.

SR 3.8.3.2
This Surveillance ensures that sufficient stored lube oil inventory is

available to support at least 7 days of full accident load operation for
one DG i

A 31 day Frequency is adequate to ensure that a sufficient lube oil
supply is onsite, since DG starts and run times are closely monitored by
the plant staff.

SR 3.8.3.3

The tests listed below are a means of determining whether new fuel oil
and stored fuel oil are of the appropriate grade and have not been
contaminated with substances that would have an immediate,
detrimental impact on diesel engine combustion.

Testing for viscosity, specific gravity, and water and sediment is

completed for fuel oil delivered to the plant prior to its being added to
the Fuel Oil Storage Tank. Fuel oil which fails the test, but has not been

B 3.8.3-5 Revised 07/22/2002



SURVEILLANCE
REQUIREMENTS

Palisades Nuciear Plant

Diesel Fuel, Lube Oil, and Starting Air
B3.8.3

SR 3.8.3.3 (continued)

added to the Fuel Oil Storage Tank does not imply failure of this SR and
requires no specific action. If results from these tests are within
acceptable limits, the fuel oil may be added {o the storage tank without
concern for contaminating the entire volume of fuel oil in the storage
tank.

Fuel oil is tested for other of the parameters specified in ASTM D975
(Ref. 3) in accordance with the Fuel Oil Testing Program required by
Specification 5.5.11. Fuel oil determined to have one or more
measured parameters, other than viscosity or water and sediment,
outside acceptable limits will be evaluated for its effect on DG operation.
Fuel oil which is determined to be acceptable for short term DG
operation, but outside limits will be restored to within limits in
accordance with LCO 3.8.3 Condition F.

SR 3.8.34

This Surveillance ensures that, without the aid of the refill compressor,
sufficient air start capacity for each DG is available. The pressure
specified in this SR is intended to refiect the acceptable margin from
which successful starts can be accomplished.

The 31 day Frequency takes into account the capacity, capability,
redundancy, and diversity of the AC sources and other indications
available in the control room, including alarms, to alert the operator {o
below normal air start pressure.

SR 3.8.3.5

Microbiological fouling is a major cause of fuel oil degradation. There
are numerous bacteria that can grow in fuel oil and cause fouling, but all
must have a water environment in order to survive. Removal of water
from the Fuel Oil Storage Tank once every 92 days eliminates the
necessary environment for bacterial survival. This is the most effective
means of controlling microbiological fouling. In addition, it reduces the
potential for water entrainment in the fuel oil during DG operation.
Water may come from any of several sources, including condensation,
ground water, rain water, contaminated fuel oil, and from breakdown of
the fuel oil by bacteria. Frequent checking for and removal of
accumulated water minimizes fouling and provides data regarding the
watertight integrity of the fuel oil system. The Surveillance Frequencies
and acceptance criteria are established in the Fuel Oil Testing Program
based, in part, on those recommended by RG 1.137 (Ref. 1). This SR
is for preventative maintenance.
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SURVEILLANCE
REQUIREMENTS

Diesel Fuel, Lube Oil, and Starting Air
B3.8.3

SR 3.8.3.5 (continued)

The presence of water does not necessarily represent failure of this SR
provided the accumulated water is removed in accordance with the
requirements of the Fuel Oil Testing Program.

SR 3.8.3.6

This SR demonstrates that each fuel transfer pump and the fuel transfer
system controls operate and control transfer of fuel from the Fuel Oil
Storage Tank to each day tank and engine mounted tank. This is
required to support continuous operation of standby power sources.

This SR provides assurance that the following portions of the fuel
transfer system is OPERABLE:

a. Fuel Transfer Pumps;

b.  Day and engine mounted tank filling solenoid valves; and

c. Day and engine mounted tank automatic level controls.

The 92 day Frequency corresponds fo the testing requirements for
pumps in the ASME Code, Section XI (Ref. 4). Additional assurance of
fuel transfer system OPERABILITY is provided during the monthly

starting and loading tests for each DG when the fuel oil system will
function to maintain level in the day and engine mounted tanks.

REFERENCES

1. Regulatory Guide 1.137

2. ANSI N195-1976;-AppendixB

3. ASTM Standards, D975, Table 1

4.  ASME, Boiler and Pressure Vessel Code, Section X|

5. Engineering Analysis EA-EC6432-01

Palisades Nuclear Plant
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ATTACHMENT 5

FUEL OIL AND LUBE OIL INVENTORY CALCULATION

Calculation No. EA-EC6432-01, Revision 1

Calculation Title: Palisades Emergency Diesel Generator
Diesel Fuel Oil Storage Requirements

54 pages follow
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ATTACHMENT 8.4 HECORD OF REVISION

Sheet 1 of 1

Revision| =~ Record of Revision

Initial issue.

Revised to include 6 day run time fuel oil storage volume and added
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ATTACHMENT 9.3 CALCULATION REFERENCE SHEET
SHEET 10F2
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il and Pickford, 1972

Il 10. Palisades Specification Change SC-96-051-01, “Replace Pumps P-18A/B with New
Pumps”

11. Palisades Engineering Change EC9610, “Evaluate Operation of the Site Diesel Fuel
Burning Equipment with Diesel Fuel with Sulfur Content Less than 15 ppm (Ultra .
Low Sulfur Diesel Fuel)”

12. Entergy Engineering Guide EN-ME-G-001, “Evaluation of Pump Protection from

i Low submergence”, Rev. 0

Il 13. Vermont Yankee Calculation VYC-1404 “EDG Fuel Oil Usage and Storage
Capacity” Rev. 2

14. Palisades Engineering Analysis EA-T-342-01 “Determination of Fuel Consumption
Rate for the 1-1 & 1-2 Diesel Generators”, Rev. 0

il 15. ASME B16.5-2003 “Pipe Flanges and Flanged Fittings”

| 16. Palisades Technical Specifications as revised through Amendment 238

17. Palisades Final Safety Analysis Report, Rev. 26

18. USNRC Regulatory Guide 1.137, “Fuel-Oil Systems for Standby Diesel

Generators,” Rev. 1
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ol QNS

d.

PURPOSE

The primary purpose of this calculation is to determine the fuel oil storage
requirements to operate one Emergency Diesel Generator (EDG) for seven
(7) days assuming accident loading conditions employing current industry
practices for determining fuel storage requirements. The secondary
purpose of this calculation is to determine the lube oil storage requirements
to operate one EDG for (7) days under accident loading conditions.

The following are the calculation objectives:

Determine Emergency Diesel Generator fuel oil consumption rates at
continuous rated capacity.

Determine critical submergence depth to prevent air entrainment vortexing
for the diesel fuel oil transfer pumps suction located in Diesel Fuel Oil
Storage Tank T-10A

Determine amount of unusable fuel in Tank T-10A

Determine required diesel fuel oil storage volumes

Determine Tank T-10A levels associated with required storage volumes
Validate that the available Net Positive Suction Head (NPSHA) for the
Diesel Fuel Oil Transfer Pumps, P-18A/18B is adequate

Determine required lube oil storage volume

This calculation supersedes calculation EA-A-NL-92-337-01, “Palisades EDG
Diesel Fuel Oil Requirements for a DBA”, Rev. 2. This calculation supersedes
the level setting information in calculation EA-FC-958-04 "Calculation to Size and
Provide Instrumentation Levels for the Replacement of the Diesel Fuel Oil Tank
T-10 with T-10A”, Rev. 2

2.0

CONCLUSION

o EDG diesel fuel consumption rates based on a fuel specific gravity of
0.830 are: @ 2600 KW fuel consumption rate = 185.94 gal/hr; @ 2850
KW fuel consumption rate = 205.56 gal/hr

o The critical submergence depth o prevent air entrainment vortexing for
the fuel oil transfer pump suction line is 5” above suction line inlet level.



Entergy EA-ECE432-01 Rev. 1
Engineering

= Eﬁf@'gy Calculation

Page 7 of 27

e The amount of unusable fuel in Tank T-10A due to the elevation of the
diesel fuel oil transfer pump suction piping above the bottom of the tank,
and the additional submergence depth to prevent vortexing is 1777 gals.

e Required diesel fuel storage volumes are as follows:

Fuel required to operate 1 EDG for 7 Days (includes unusable volume) =
33054 gals. This is Palisades’ License compliance volume.

Fuel required to operate 1 EDG for 7 Days + amount to account for
periodic EDG testing = 35254 gals

e The following gives the Tank T-10A required storage volumes vs. level. |
The volumes are total required stored volume minus EDG Day Tank
stored volume of 2500 gals.

(This information is extracted from table 6-2)

item Required Stored Tank T-10A Level

Volume Tank T-10A | Adjusted for Instrument
Inaccuracy

Inside top of N/A N/A

Tank

LIA-1400 48227 gal 126.1”

High Level

Alarm

LIA-1400 32754 gal 92.48"

Low Level Alarm

LIA-1400 30554 gal 87.48"

7 Day EDG run

storage

Level Indicator N/A N/A

Bottom of

Range

Inside Bottom of | N/A N/A

Tank

e Available Net Positive Suction Head for Diesel Fuel Oil Transfer pumps
was validated as adequate.

e The required lube oil storage volume needed to operate 1 EDG for 7
days = 313 gals
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3.1

3.2

3.3

3.4

INPUT AND DESIGN CRITERIA

Palisades FSAR Section 8.4.1.3 states that IEEE 308-1978 requires
sufficient fuel be onsite for operation of one diesel for seven days assuming
accident loads (Ref. 7.1)

ANSI N195-1976 paragraph 5.4 will be used as guidance in determining the
diesel fuel oil storage requirements (Ref. 7.2). Paragraph 5.4 presents two
methods for calculating total fuel storage. The conservative method will be
used in this calculation, which assumes that the diesel operates
continuously for seven days at its rated capacity. Paragraph 5.4 also states
that an explicit allowance for fuel consumption required by periodic testing
be included. NRC Regulatory Guide 1.137 (Ref 7.31) accepts ANSI N195-
1976 methodology for the calculation of fuel oil storage requirements for
standby diesel generators.

The Palisades Emergency Diesel Generators (EDG) are currently rated at
2500 KW continuous with a two hour overload rating of 2750 KW per
Palisades FSAR section 8.4.1.3.

There are plans to increase the EDGs output ratings to 2600 KW
continuous and 2850 KW 2 hr overload rating. This calculation will be
based on the planned increased ratings (ie, 2600 KW/2850 KW). The
calculated fuel consumption values using the increased ratings will be
conservative for the current EDG ratings of 2500 KW continuous and 2750
KW 2 hr overload rating.

The Palisades Diesel Fuel Oil Storage Tank,T-10A, is a horizontal,
cylindrical tank with flat ends. Tank inside diameter is 12’-0” (144”) with an
inside length of 60’ (720”) per Palisades Vendor Drawing VEN-M0071A Sht.
3 (Ref. 7.3). The 60’ tank length shown on Drawing VEN-MO071A Sht. 3 is
listed as “nominal”. No final as-built tank dimensional information was
located, but the available record drawings information indicate the tank
length as 60°. Therefore, 60’ will be used as the tank length.




Entergy EA-EC6432-01 Rev. 1
Engineering

5@5@? gy Calculation Page 9 of 27

3.5

3.6

3.7

3.8

3.9

EDG fuel oil consumption rates are obtained from the original vendor test
data which provides fuel consumption in lbs/hr at various loads (Ref. 7.4).
The fuel consumption rates for EDG # 2 were the highest and will be utilized
in this calculation. The data is repeated in the table below.

Kilowatts Fuel Consumed
Lbs/Hr

600 350

1330 671

1908 951

2503 1234

2827 1410

The EDG Day Tanks, T-25A & T-25B, are maintained with a minimum of
2500 gallons of diesel fuel each per Palisades Technical Specifications
3.8.1 (Ref. 7.21).

Each EDG is tested monthly per Palisades Technical Specification
Surveillance Procedure MO-7A-1 & MO-7A-2 (Refs 7.5 & 7.6) during which
the EDGs are operated nominally for 4 hours.

Required submergence to prevent air entrainment vortexing for the Diesel
Fuel Oil Transfer Pumps P-18A and P-18B suction line in T-10A is
calculated employing the Reddy/Pickford methodology presented in the
Water Power article “Vortices at intake in Conventional Sumps” (Ref. 7.7),
included as Attachment 8.6. Reddy/Pickford is one of several available
methods presented in Entergy Engineering Guide EN-ME-G-001 (Ref 7.18)
for determining required submergence. The Reddy/Pickford method was -
chosen because it is applicable to the Tank T-10A suction piping
configuration and will provide appropriately conservative results.
Additionally, the Reddy/Pickford methodology has been applied by other
nuclear plants for determining required submergence, including Entergy
Vermont Yankee (Ref. 7.22)

Nominal design flow rate for the Diesel Fuel Oil Transfer Pumps P-18A and
P-18B is 20 gpm per Ref. 7.8. The flow rate used in calculating the required
submergence to prevent air entrainment is 25 gpm. The 25 gpm value
comes from the post modification test results discussed in EA-FC-958-05
Section 5.8 (Ref. 7.9). The flow rate is based on one pump operation.
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Pump P-18A is normally aligned and automatically transfers fuel to a day
tank. Pump P-18B suction valve is locked closed and P-18B is operated
manually only (Ref. 7.23).

3.10 This calculation employs current industry practices for determining required
diesel fuel oil storage volume. In addition, this calculation includes large
conservatisms such as the EDG operates continuously at rated capacity for
7 days, fuel in the EDG belly tank (also called bedplate tank —
approximately 800 gals.) is not taken credit for in determining stored diesel
fuel oil volume, and that operators take no action to refill Tank T-10A. This
conservatism and inherent margin are mentioned to highlight the precision
levels of this fuel oil storage calculation. Iltems that would have only very
minimal impact on results are not considered. Examples of these include:
the minor impact of temperature changes in tank T-10A on fuel density,
minor impact on level indication/alarm setpoints due to measuring and test
equipment (M&TE) accuracy and potential out of roundness of tank, etc.
Again, calculation employs current industry practices and produces
conservative results.

3.11 Lube oil consumption is a percentage of fuel oil consumption. It is stated on
page B3.8.3-2 of Technical Specifications Bases 3.8.3 (Ref. 7.29) that lube
oil consumption is 0.8 to 1.0% of fuel oil consumption. The reference for
the Technical Specifications Bases lube oil consumption values is not
provided in the Bases document. Available EDG vendor documentation
(Ref.7.30) provides an upper range lube oil consumption factor of 0.7%.

For the purposes of this calculation, a lube oil consumption factor of 1.0% of
fuel oil consumption will be used to calculate lube oil consumption.

4.0 ASSUMPTIONS

4.1  The foot valve/strainer combination at the bottom of the suction piping in T-
10A for the fuel oil transfer pumps provides no vortex suppression function.

4.2  EDG fuel oil consumption at continuous rated output is not impacted by
operation at slightly higher frequency (speed) (61.2 Hz vs. 60 Hz). Specific
fuel consumption, lbm/brake horsepower, is a function of power and is fairly
constant near rated load.

4.3  The EDG fuel oil consumption rates obtained from the original
manufacturer’s test data (Ref. 7.4) remain valid for determining EDG fuel
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4.4

4.5

4.6

5.0

5.1

5.2

consumption. Maintenance of the diesels has not negatively impacted
engine efficiency. Engineering Analysis EA-T-343-01 (Ref.7.24) evaluated
the results of Special Test T-343 “Fuel Oil Consumption Test” and
determined that the original manufacturer tested fuel consumption rates are
conservative.

Determination of Diesel Fuel density is based on a stored fuel temperature
of 60 °F. 60 °F is the standard reference temperature used for specifying
fuel oil API gravity (Ref. 7.20, Att. 9). A 60 °F temperature is reasonable for
underground tanks since ground temperature will remain fairly constant and
generally in the 50 °F to 60 °F range at the latitude of Palisades.

Internal to Diesel Fuel Oil Storage Tank T-10A are piping and fixtures that
reduce the total useable volume of the tank. That volume reduction is small
(estimated to be less than 50 gallons of the total tank volume of 50,000
gallons) and will not be considered in the calculation of tank storage volume
vs. level.

Diesel Fuel Oil Storage Tank T-10A is assumed to be installed with the tank
ends level. There is no information on the Tank installation drawings (Refs.
7.12 & 7.22) that would indicate an out of plumb condition.

METHOD OF ANALYSIS

This analysis determines the required Diesel fuel oil storage inventory
needed to operate one Emergency Diesel Generator for seven (7) days
(168 hours) assuming accident loading conditions. The EDG fuel
consumption rates are calculated assuming the EDG operates continuously
for seven days at rated capacity, with the first two hours at the 2 hr overload
rating.

The following methodologies are utilized in the calculation:

EDG Fuel consumption rate in Ibs/hr at the continuous rated capacity of
2600KW will be computed by interpolation from the initial vendor testing
data.

EDG Fuel consumption rate in lbs/hr at the 2 hr load rating of 2850KW will
be computed by extrapolation from the initial vendor testing data. The
highest tested KW value was 2827 KW. Reviewing the test data, it can be
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54

seen that the generator efficiency at the two highest output test values of
2503 KW and 2827 KW reached a constant value of 96.1 %. Additionally,
specific fuel consumption (Lbs/BHPxHr) is essentially constant above 50%
load. Therefore, linear extrapolation will provide an accurate value of EDG
fuel consumption at the uprated value of 2850 KW.

Fuel consumption rates in Ibs/hr will be converted to gallons per hour based
on a diesel fuel Specific Gravity of 0.830. A Specific Gravity value of 0.830
is used for the following reasons:

Appendix C to ANSI/ANS-59.51-1997 “Fuel Oil Systems for Safety-Related
Emergency Diesel Generators” recommends that fuel oil absolute specific
gravity at 60/60 °F be greater than or equal to 0.83 but less than or equal to
0.89 (Ref. 7.10). ANSI/ANS-59.51-1997 is the latest revision of this
standard, and is being used as best practice guidance only. Palisades is hot
committed to use of this standard.

Use of the 0.830 specific gravity value also accounts for the potential
reduction in the heat content of the diesel fuel oil as a result of the change to
Ultra Low Sulfur Diesel fuel (ULSD). As discussed in EC9610 (Ref. 7.11),
Palisades is now receiving ULSD fuel. The ULSD fuel heat content in
relation to specific gravity is estimated to be reduced 1% versus previous low
sulfur diesel fuel. Diesel Fuel Oil Storage Tank T-10A monthly fuel oil
sample data for the past five years indicates that the lowest fuel oil specific
gravity was 0.845 (see Ait. 8.4). To account for the potential 1% decrease in
heat content at any specific gravity, the specific gravity of the fuel is reduced
by the 1%; 0.845 x 0.99 =0.837. The resultant decrease in specific gravity
0 0.837 is greater than the specific gravity value of 0.830, therefore use of a
specific gravity of 0.830 is conservative.

In order to ensure that stored diesel fuel oil and new fuel deliveries meet
the minimum specific gravity of 0.830, the Palisades Fuel Oil Program
Procedure COP-22A (Ref. 7.20) should be revised to incorporate the
minimum specific gravity requirement. The limit should be established at
a specific gravity value of 0.838 o account for the potential 1% decrease
in heat content, i.e. 0.830 + 1% = 0.838.

The total required diesel fuel oil storage quantity includes an amount of fuel
needed for periodic testing. That fuel amount is the fuel required in any
month for monthly EDG testing. Each of the two EDGs are tested each
month per Surveillance Procedures MO-7A-1 (EDG 1-1) and MO-7A-2
(EDG 1-2). Each EDG is operated for less than 4 hours each at rated load.
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5.6

The total amount of fuel to account for periodic testing will be based on 8
hrs total EDG run time at rated load of 2600 KW.

The method for determining Tank T-10A volume versus level above the
bottom of the tank is based on the following formula for a horizontal
cylindrical tank with flat ends. The formula was found through an internet
search, see Attachment 8.5.

V=L [R? ARCCOS (1-H/R) — (R-H) SQRT (H(2R-H))]

Where: V is volume, L is the inside length, R is the inside radius and H is
the level (height) of the diesel fuel in the tank. The ARCCOS must be in

radians.

The unusable volume of fuel in storage tank T-10A will include a volume of

fuel required to provide adequate submergence of the Fuel Oil Transfer

Pump suction line to prevent air entrainment vortexing. The Reddy/Pickford

methodology presented in the Water Power article “Vortices at Intake in
Conventional Sumps” will be used to calculate the required submergence

depth (Ref. 7.7).

The formula for determining required submergence takes the following

form:

Sidz1+F,,

Where,

S = submergence above intake
d = diameter of intake (id)
Fr= Froude Number = v / V(gd)

v = velocity of flow through intake
g = gravity constant (32.2 fi/sec?)
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6.1 Determine the EDG fuel consumption rates in lb/hr at 2600KW and

2850 KW

EDG Fuel consumption rates in lbs/hr at various KW loadings are provided
in the original EDG vendor test data, Design Input 3.5 consumption rates
are not given at 2600 KW or 2850 KW. To determine the consumption rate
at 2600KW the value will need to be interpolated from the available data.
To determine the consumption rate at 2850 KW the value will need to be
extrapolated from the available data.

The Design Input 3.5 EDG test data is repeated below:

Kilowatt Fuel Consumed
Lbs/Hr

600 350

1330 671

1908 951

2503 1234

2827 1410

Fuel consumption at 2600KW

Interpolate to determine fuel consumption rate at 2600 KW

2600 -2503

1234 +
2827 -2503

j* (1410-1234)=1286.69 Ib/hr

Fuel consumption at 2850KW
Extrapolate to determine fuel consumption rate at 2850KW

2850-2503

1234 +| —————
28272503

j* (1410-1234)=1422.49 Ib/hr
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6.2

6.3

Determine density of diesel fuel at a Specific Gravity of 0.830

In order to convert the EDG fuel consumption rates from lbs/hr to gal/hr, the
density of the diesel fuel needs to be determined.

P diesel fuel = P water X Spec. Gravity of diesel fuel

Specific Gravity of Diesel fuel =0.830

The density will be based on a temperature of 60 °F.

Density of water @ 60 °F = 62.37 Ibm/ft®

P diesel fust = 62.37 X 0.830 = 51.77 lbm/ft®

Next convert from lbom/ft° to lbm/gal

Conversion factor = 0.1337 ft*/gal

Therefore: 51.77 Ibm/ft® x 0.1337 ft%/gal = 6.92 Ibm/gall

Determine EDG fuel oil consumption with one EDG in operation
supplying loads. First two hours of EDG operation at 2850 KW (2 hr
rated capacity) and remaining 166 hrs at continuous rated capacity of
2600KW

Table 6.1 below gives EDG fuel consumption values based on the listed
KW output values with a fuel specific gravity of 0.830. The table is an

Excel spread sheet. The spread sheet cell formulas are shown in
Attachment 8.1.

Table 6.1
6 days 7 days
Time - hours {elapsed) 1 2 144 168
Kw 2850 2850 2600 2600
Ibm/hr 1422.49 | 1422.49 1286.69 1286.69
gal/nr 205.56 | 205.56 185.94 185.94
gal used (based on .830 sg) 205.56 | 205,56 26403.18 4462.51
gal used cumuiative (.830 sg) 205.56 | 41112 26814.30 | 31276.81
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6.4

Determine critical submergence to prevent air entrainment vortexing
for the diesel fuel oil transfer pumps suction in T-10A

Critical submergence determines the level of fluid above an intake such that
air entraining vortexing of the fluid is unlikely to occur. Critical submergence
of the fuel oil transfer pumps suction in T-10A will be determined using the
guidance of Input 3.8 and as discussed in Methodology 5.6.

The amount of submergence will be used in determining the total amount of
unusable fuel in T-10A.

The following formula will be used to calculate critical submergence:

Sidz1+F,,

Where,
S = submergence above intake
d = diameter of intake (id)
Fn= Froude Number = v / \(gd)
v = velocity of flow through intake
g = gravity constant (32.2 ft/sec?)

The fuel transfer pumps suction pipe in T-10A is 1.5 inch nominal (Ref.
7.12). For this evaluation it is assumed that the pipe is Schedule 80 with
inside diameter of 1.5” (Ref.7.13). The piping was considered to be
Schedule 80 in EA-FC-958-05 (Ref. 7.9). It is conservative to assume Sch.
80 vs. Sch. 40, since the velocity through Sch. 80 pipe will be higher and
the submergence Froude Number is velocity dependant.

Compute flow velocity, v, in suction line
v= Volumeiric Flow/ Area

First compute volumetric flow, g

Volumetric flow = 25 gal/min * 0.1337 ft*/gal * 1min/60sec
= 0.056 ft*/sec

Next, compute pipe flow area:
A= d%4 =1 (1.5 in /12 infft)?/ 4
=0.012 f°

Solving for flow velocity, v, yields:
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6.5

v= Volumetric Flow/ Area
v=0.056 ft*/sec / 0.012 ft? = 4.67 ft/sec

Now, F,,, Froude Number = v/ v(gd)
Fo=4.67 fi/sec / \ [(32.2 fi/sec® x 1.5 in x (1 ft /12 in)]
Fo=2.33

Rearranging the equations to solve for Critical Submergence, S, gives:
Sc.=d +dFn

Sc=15in+15inx2.33=5.0"

Determine amount of unusable fuel in Tank T-10A

There is an unusable volume of fuel in the bottom of storage Tank T-10A
due to the elevation of the diesel fuel oil transfer pump suction piping above
the bottom of the tank, and the additional submergence depth to prevent
vortexing computed in item 6.4 above. T-10A tank drawing C-228 Sh. 3
(Ref. 7.12) shows the bottom of the suction line being 5“ = %" min. above
the tank bottom. The 5” dimension is to the inlet of the foot valve (top of
foot valve strainer) located at the end of the suction line. The foot valve inlet
dimension was verified per review of EDC-FC-958-21. For conservatism,
the height above the botiom of the tank will be assumed to be 6”. Note that
the 6" height was also used in calculation EA-FC-958-05 (Ref. 7.9) which
evaluated the performance of the fuel oil transfer system.

With the fuel oil transfer suction line located 6 inches from the tank botiom,.
that 6 inches of fuel will be unusable. Furthermore, due 1o critical
submergence considerations described in 6.4 above, an additional 5 inches
above the suction pipe level is also considered unusable. Therefore, the
fuel contained below the 11” tank level is considered unusable.

In order to determine the volume contained below the 117 tank level, the
volume versus level for Tank T-10A must be calculated. The method for
calculating volume vs. level described in methodology 5.5 will be employed.
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6.6

6.6.1

Attachment 8.2 is an Excel spreadsheet that gives Tank T-10A volume vs.
level above the bottom of the tank. Attachment 8.3 shows the cell formulas
for the spreadsheet in Att. 8.2.

(It should be noted that Tank T-10A volume versus level values per Attachment 8.2 are
slightly different then those calculated in EA-FC-958-04 (Ref. 7.14) which is the current
calculation of record for tank volume versus level values. The reason for the differences
is that EA-FC-958-04 used 143" as the inside diameter for T-10A, while Att 8.2 values are
based on a tank ID of 144”.)

From Att. 8.2, the unusable volume below 11” is 1777 gals.

Determine required fuel oil storage volumes |
Determine required storage volume for 7 day run time |

The amount of on site stored fuel necessary to operate an EDG
continuously for 7 days to comply with Palisades License Basis is equal to
the following:

7 Day run fuel consumption volume + unusable fuel volume in T-10A

7 Day run fuel consumption volume = 31277 gal (per 6.3 above)
Unusable fuel volume in T-10A = 1777 gal (per 6.5 above & Att. 8.2)

Therefore, 7 Day run necessary stored volume = 31277 gal + 1777 gal
= 33054 gals

To meet the total fuel storage requirements guidance of ANSI N195-1976,
an amount of additional fuel to account for periodic testing of the EDGs
must be included in the total stored quantity.

As discussed in Methodology 5.4, the quantity of fuel to account for periodic
testing will be based on 8 hrs total EDG run time at rated load of 2600 KW.
Fuel consumed operating an EDG at 2600 KW is calculated as follows:

Fuel consumption rate @ 2600 KW = 185.94 gal/hr per Table 6.1
Fuel consumed in 8 hrs = 185.94 gal/hr x 8 hrs = 1488 gals
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The 1488 gal value is less than the current additional fuel volume of 2200
gals used to initially establish the T-10A low level alarm per EA-FC-958-04
(Ref. 7.14). The 2200 gals was based on operating the Plant Heating Boiler
M-81 for 8 hours. For conservatism, the 2200 gal volume will be used here
also, since it is greater than the calculated periodic testing volume of 1488
gals.

Periodic testing volume = 2200 gals.

Therefore, the total amount of on site stored fuel = 7 Day EDG run
quantity + Periodic EDG testing quantity:
= 33054 + 2200 gals = 35254 gals

6.6.2 Determine needed storage volume for 6 day run time

Technical Specifications include a 6 day run time fuel oil quantity. The 6
day fuel oil quantity is the lower bound for acceptable fuel oil inventory.
The 6 day run time stored fuel volume is calculated similarly to the 7 day
value calculated above in 6.6.1.

The 6 day stored volume = 6 day run fuel consumption volume (per 6.3
above) + unusable fuel volume in Tank T-10A:
= 26815 gals + 1777 gals = 28592 gals

6.7 Determine Tank T-10A Levels and setpoints associated with necessary
stored fuel volumes.

Attachment 8.2 spread sheet uses 9.50” above the bottom of Tank T-10A
as the level where LT-1400 begins indicating. The basis for the 9.50” value
is presented in Attachment 8.7 of this calculation.

6.7.1 Determine total instrument error for LT-1400 and LIA-1400

Tank T-10A Level Transmitter LT-1400 is calibrated to a 2% As Found
tolerance and a 1% Final tolerance (Ref. 7.16). Level Indicator LIA-1400 is
calibrated to a 2% As Found tolerance and a 1% Final tolerance (Ref. 7.17).
The amount of instrument error will be calculated using the As Found
tolerance of both instruments and the square root of the sum of the squares
method.
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6.7.2

6.7.3

Insirument Error;

= [LT-1440 error® + LIA-1400 error’]"?
=[2% + 2% " =2.83% (of the 137" indicator) = 3.9”

Determine T-10A tank level and LIA-1400 reading for the 7 Day EDG run
required stored volume of 33054 gals.

T-10A stored volume = Required stored volume — volume in EDG Day Tank
(T-25A or T-25B)
= 33054 gals — 2500gals = 30554 gals.

Per Att. 8.2, 30554 gals equates to a T-10A tank level of 83.58"
Then adding the instrument inaccuracy of 3.9” yields a level of 87.48”. This
corresponds to an indicated percentage of 56.92%

Next calculate the level instruments mA output for the 56.92% indication.
The level instruments output a 4-20mA signal which corresponds to the
range 0-137” (eg, 0" = 4 mA and 137" = 20 mA linearly). Calculate the
output for a value of 56.92 % as follows:

56.92% X 16 MA +4 mA =13.11 mA

Determine T-10A tank level and LIA-1400 reading for the total required
stored fuel volume of 35254 gals, which is the 7 Day EDG run quantity +
Periodic EDG testing quantity. This value establishes the low level alarm
setpoint for T-10A.

T-10A stored volume = Required stored volume — volume in EDG Day Tank
(T-25A or T-25B) :
= 35254 gals — 2500gals = 32754 gals.

Per Att. 8.2, 32754 gals equates to a T-10A tank level of 88.58"

Then adding the instrument inaccuracy of 3.9” yields a level of 92.48". This

corresponds to an indicated percentage of 60.57%

Next calculate the level instruments mA output for the 60.57% indication.

60.57% x 16 mMA + 4 mA = 13.69 mA (Low Level alarm setpoint)
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6.7.4 Determine T-10A tank volume, tank level and alarm setpoint associated
with the high level alarm.

The requirements for the T-10A high level were established per EA-FC-958-
04 item 5.3 (Ref. 7.14). The automatic pump shutoff and the high level
(overfill) level of the tank must be set at 95% of the total tank volume to
comply with Section 2-10.3 of Michigan Storage and Handling of
Flammable and Combustible Liquids (FL/CL) Rule 216. This section states
that an underground storage tank shall be equipped with overfill prevention
equipment that will automatically shut off the flow of the liquid into the tank
when the tank is not more than 95% full. On high level indication from LT-
1400, level switch LS-1400 opens the circuit to pump P-965 to stop transfer
of fuel oil from Tank T-926. Local alarm (LA-1400) is located at the tank for
immediate indication during a direct tanker fill of T-10A.

Per Attachment 8.2, 95% of Tank T-10A volume is at the 130" level.
Then, subtracting the calculated instruments inaccuracy of 3.9” yields a

level of 126.1”. This level corresponds to an indicated percentage of
85.11%.

Next, calculate the level instruments mA output for the 85.11% indication.

85.11% x 16 mA + 4 mA = 17.62 mA (High Level alarm setpoint)
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6.8 Summary of Tank T-10A Levels and setpoints associated with
necessary stored fuel volumes

Table 6.2 below provides a summary of Diesel Fuel Oil Tank T-10A levels
and volumes as were determined above.

Table 6.2
ltem Required Reference Tank T-10A | LIA-1400 LIA-1400
Stored Volume | Tank T-10A Level Level Instrument
Tank T-10A Level, Inside Adjusted for Indication Loop Current
Instrument
Inaccuracy
Inside top of N/A 144" N/A 98.18% N/A
Tank
LIA-1400 48227 gal 130" 126.17 85.11% 17.62 mA
High Level
Alarm
LIA-1400 32754 gal 88.58" 92.48” 60.57% 13.629 mA
Low Level
Alarm
LIA-1400 30554 gal 83.58" 87.48 56.92% 13.11 mA
7 Day EDG
run storage
Level N/A 9.50" N/A 0% 4 mA
Indicator
Bottom of
Range
Inside Bottom | N/A o N/A N/A N/A
of Tank

6.9 Validate that the available Net Positive Suction Head (NPSHA) for the
Diesel Fuel Oil Transfer Pumps, P-18A/18B is adequate

Engineering Analysis EA-FC-958-05 (Ref 7.9) evaluated the performance of
the diesel fuel oil transfer system for the current fuel oil transfer pumps
taking suction from Tank T-10A. Attachment 4 of Ref. 7.9 assessed
whether the NPSHA was adequate to meet the NPSH requirements of the
Fuel Oil Transfer Pumps. The assessment evaluated the worst case of
maximum pump flow at minimum Tank T-10A level. The assessment
determined that adequate NPSH was available for proper operation of the
transfer pumps.
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6.10

6.11

That NPSH assessment was reviewed as part of preparing this calculation.
The review determined that a non-conservative value had been used for
determining the flow losses through the foot valve in the fuel oil transfer
pumps suction piping. Condition Report CR-PLP-2008-01616 (Ref. 7.28)
was initiated to document the finding.

In order to determine the affect on NPSHA due to the non-conservative flow
loss value and validate whether NPSHA is adequate, a re-assessment of
NPSH was performed. The re-assessment is included as Attachment 8.8.

The re-assessment determined that there is adequate available NPSH to
meet the NPSH requirements of the Fuel Qil Transfer Pumps.

Assess whether the current licensing basis EDG fuel oil storage
requirements are conservative considering fuel at minimum specific
gravity and considering increased unusable fuel volume to account for
required submergence of the fuel oil transfer system suction pipe

Appendix A contains an assessment that compares the current license
basis EDG fuel oil storage requirements to a limiting case which assumes a
worst case fuel oil specific gravity of 0.815 and includes the increase in
unusable fuel in Tank T-10A to account for required submergence for the
fuel oil transfer suction line inlet determined in Section 6.5. The
assessment determined that current licensing basis fuel storage
requirements are conservative using the same EDG load profile that
established the requirements and taking into account minimum specific
gravity fuel and increased unusable fuel volume in T-10A.

Determine EDG Lube Oil Consumption Based on EDG Fuel Oil
Consumption

6.11.1 Determine EDG lube oil consumption for 7 day run time

As per Design Input 3.11, lube oil consumption will be calculated using a
consumption factor of 1.0% of fuel oil consumption.

From ltem 6.3, Table 6.1, the quantity of fuel oil consumed in the 7 day run
time is 31277 gals.
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To calculate the quantity of lube oil consumed in the 7 day run time, the
quantity of fuel oil consumed is multiplied by the lube oil consumption factor.

Lube oil consumed in 7days = 31277 gals x 0.01 =313 gals

6.11.2 Determine EDG lube oil consumption for 6 day run time

The 6 day run time lube oil consumption is calculated similarly to the 7 day
value calculated above in 6.11.1.

From Item 6.3, Table 6.1, the quantity of fuel oil consumed in the 6 day run
time is 26815 gals.

Lube oil consumed in 6 days = 26815 gals x 0.01 = 268 gals

6.12 Determine Required EDG Lube Oil Storage Volumes

As discussed in Technical Specifications Bases 3.8.3 (Ref. 7.29), sufficient
lube oil supply must be available to ensure the capability to operate an EDG
at full accident load for 7 days. The EDG engine sump does not have
enough useable capacity to store the total 7 day lube oil supply. To ensure
a sufficient lube oil supply is available, credit is taken for lube oil stored
onsite, but external of the EDG oil sump. The externally stored lube oil is
stored in barrels in the Palisades warehouse.

In the past, the total stored lube oil inventory included a portion of the oil in
the EDG oil sump. For conservatism, this calculation will not credit any of
the lube oil in the EDG engine sump.

Since no credit will be taken for lube oil in the EDG engine sump, the
externally stored lube oil volumes will then simply be the 7 day and 6 day
run time lube oil consumption volumes calculated in item 6.11 above.
Required 7 day run time lube oil siored volume = 313 gals

6 day run time lube oil stored volume = 268 gals
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8.0 ATTACHMENTS

8.1  Excel Spreadsheet — EDG Fuel Consumption cell formulas (basis for Table
6.1)

8.2  Excel Spreadsheet — Tank T-10A Volume vs. Level

8.3  Excel Spreadsheet — Tank T-10A Volume vs. Level cell formulas

8.4  Diesel Fuel Qil Storage Tank T-10A Specific Gravity Data

8.5  Formula for Calculating Volume vs. Level for a Horizontal Cylindrical Tank

8.6  Water Power Article — “Vortices at Intakes in Conventional Sumps

8.7 Determine Zero Level Indication Level for LT-1400

8.8  Validation of Adequate Available Net Positive Suction Head (NPSH,) for
Diesel Fuel Oil Transfer Pumps P-18A/18B

9.0 APPENDICES

A Assessment of Current Licensing Basis Fuel Oil Storage Requirements




EDG 7 Day Fuel Consumption
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Attachment 8.1

Page 1 of 1
A | B | C | D E
1 JEDG 7 Days Fuel Consumption - first 2 hrs @ 2850 KW, next 166 hrs @ 2600 KW
2 6 days 7 days
3 |Time - hours (elapsed) 1 2 144 168
4 IKw 2850 2850 2600 2600
5
6 |lbm/hr 1422.49 1422.49 1286.69 1286.69
7 |gal/hr =B6/6.92 =C6/6.92 =D6/6.92 ~_ |=E6/6.92
8 lgal used (based on .830 sg) =B7 =(C3-B3)*C7 =(D3-C3)*D7 =(E3-D3y'E7 |
9 |gal used cumulative (.830 sg) =+B8 =SUM(B8:C8) |=SUM(B8:D8) =SUM(B8:ES8)
10
11




T-10A Volume vs Level EA-EC6432-01

With LT/LIA-1400 Settings Attachment 8.2
1of4
Distance from |Volume Gallons  |LIA-1400 Percentage
bottom of tank |cu-in Percentage of tank used
h (in) Reading %
1 11495.97 49.77 0.00 0.10
2 32447.38 140.46 0.00 0.28
3 59484.15 257.51 0.00 0.51
4 91388.15 395.62 0.00 0.78
5| 127447.44 551.72 0.00 1.09
6] 167176.36 723.71 0.00 1.43 B
7| 210214.45| 910.02 0.00 1.79 B
8| 256279.32| 1109.43 0.00 2.19
9| 305141.28| 1320.96 0.00 2.60
9.5| 330559.94| 1431.00 0.00 2.82
10| 356608.17| 1543.76 0.36 3.04
11, 410515.77| 1777.12 1.09 3.50
12| 466721.29| 2020.44 1.82 3.98
13| 525098.81| 2273.16 2.55 4.48
14| 585536.02| 2534.79 3.28 4.99
15] 647931.73] 2804.90 4,01 5.53
16] 712194.03| 3083.09 474 6.07
17| 778238.79) 3369.00 5.47 6.64
18] 845988.53] 3662.29 6.20 7.21
19] 915371.49, 3962.65 6.93 7.81
20 986320.86, 4269.79 7.66 8.41
21 1058774.17 4583.44| 8.39 9.03
22| 1132672.78 4903.35 9.12 9.66
23| 1207961.40, 5229.27 9.85 10.30
24| 1284587.77| 5560.99 10.58 10.96
25| 1362502.31| 5898.28 11.31 11.62
26| 1441657.88| 6240.94 12.04 12.29
27| 1522009.51| 6588.79 12.77 12.98
28| 1603514.22| 6941.62 13.50 13.67
29| 1686130.80| 7299.27 14.23 14.38
30| 1769819.73| 7661.56 14.96 15.09
31, 1854542.97) 8028.32 15.69 15.82
32| 1940263.83| 8399.41 16.42 16.55
33| 2026946.94| 8774.66 17.15 17.29
34, 2114558.05| 9153.93 17.88 18.03
35| 2203064.01| 9537.07 18.61 18.79
36| 2292432.67| 9923.95 19.34 19.55
37| 2382632.78| 10314.43 20.07 20.32
38| 2473633.96| 10708.37 20.80 21.10
39| 2565406.64| 11105.66 21.53 21.88
40| 2657921.96, 11506.16 22.26 22.67
41| 2751151.78; 11909.75 22,99 23.46
42| 2845068.58| 12316.31 23.72, 24.26
43| 2939645.45, 12725.74 24.45 25.07
44| 3034856.04| 13137.90 25.18 25.88
45| 3130674.51, 13552.70 25.91 26.70
46| 3227075.54| 13970.02 26.64 27.52
47| 3324034.22, 14389.76 27.37 28.35
48| 3421526.11, 14811.80 28.10 29.18




T-10A Volume vs Level
With LT/LIA-1400 Settings

Distance from |Volume Gallons  |LIA-1400 Percentage
bottom of tank |cu-in Percentage of tank used
h (in) Reading %
49| 3519527.15| 15236.05 28.83 30.01
50| 3618013.65| 15662.40 29.56 30.85
51| 3716962.28| 16090.75 30.29 31.70
52| 3816350.02| 16521.00 31.02 32.55
53| 3916154.18] 16953.05 31.75 33.40
~ 54] 4016352.32| 17386.81 32.48 34.25
55| 4116922.29| 17822.17 33.21 35.11
56| 4217842.17| 18259.06 33.94 35.97
57| 4319090.28| 18697.36 34.67 36.83
58| 4420645.13| 19136.99 35.40 37.70
50| 4522485.44| 19577.86 36.13 38.57
60| 4624590.12| 20019.87 36.86 39.44
61| 4726938.20| 20462.94 37.59 40.31
62| 4829508.92| 20906.97 38.32 41.19
63| 4932281.60] 21351.87 39.05 42.06
64| 5035235.72] 21797.56 39.78 42.94
65| 5138350.83] 22243.94 40.51 43.82
66| 5241606.63| 22690.94 41.24 44.70
67| 5344982.84| 23138.45 41.97 45,58
68| 5448459.31| 23586.40 42.70 46.47
69| 5552015.90| 24034.70 43.43 47.35
70| 5655632.54| 24483.26 44.16  48.23] -
71| 5759289.21| 24931.99 44.89 49.12
72| 5862965.87| 25380.80 45.62 50.00
73| 5966642.54| 25829.62 46.35 50.88
74| 6070299.20| 26278.35 4708 51.77
75| 6173915.85| 26726.91 47.81 52.65
76| 6277472.44] 27175.21 48.54 53.53
77| 6380948.91| 27623.16 49.27 54.42
78| 6484325.12] 28070.67 50.00 55.30
79| 6587580.91| 28517.67 50.73 56.18
80| 6690696.03] 28964.05 51.46 57.06
81| 6793650.15| 29409.74 52.19 57.94
82| 6896422.83| 29854.64 52.92 58.81
83| 6998993.54| 30298.67 53.65 59.69|
83.58 7058383.88 30555.77 54.07 60.19
84| 7101341.63| 30741.74 54.38 60.56
85| 7203446.31| 31183.75 5511 6143,
86| 7305286.62| 31624.62 55.84 62.30
87| 7406841.47| 32064.25 56.57 63.17
87.48 7455480.16 32274.81 56.92 63.58 New Tech Spec fuel setting
88| 7508089.58| 32502.55| 57.30] 64.03|
88.58 7566664.47 32756.12 '57.72 64.53
89| 7609009.46| 329309.43 58.03 64.89
90| 7709579.43| 33374.80 58.76 65.75
91| 7809777.57| 33808.56 50.49 66.60
92| 7909581.73| 34240.61 60.22 67.45
92.48 7957341.20 34447.36 60.57 67.86 New Low Level Alarm Setpoint
93| 8008969.47| 34670.86/ 60.95 68.30]

EA-EC6432-01
Attachment 8.2
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T-10A Volume vs Level

EA-EC6432-01

127

10947692.96

With LT/LIA-1400 Settings Attachment 8.2
3ofd
Distance from |Volume Gallons |LIA-1400 Percentage
bottom of tank jcu-in Percentage of tank used
h (in) Reading %
94| 8107918.10] 35099.21 61.68 69.15
95| 8206404.60, 35525.56 62.41 69.99
96| 8304405.64| 35949.81 63.14 70.82
97| 8401897.53| 36371.85 63.87 71.65
98| 8498856.21, 36791.59 64.60 72.48
99| 8595257.23| 37208.91 65.33 7330 |
B 100| 8691075.71| 37623.70 66.06 74.12
101| 8786286.30| 38035.87 66.79 74.93
102| 8880863.17| 38445.30 67.52 75.74
103| 8974779.97| 38851.86 68.25 76.54
104 9068009.78| 39255.45 68.98 77.33
105, 9160525.11| 39655.95 69.71 78.12
106 9252297.79| 40053.24 70.44 78.90
107| 9343298.97| 40447.18 71.17 79.68
108, 9433499.08| 40837.66 71.90 80.45
109| 9522867.73) 41224.54 72.63 81.21
110| 9611373.70, 41607.68 73.36 81.97
111| 9698984.81| 41986.95 74.09 82.71
112| 9785667.91| 42362.20 74.82 83.45
113| 9871388.78| 42733.28 75.55 84.18
114, 9956112.01] 43100.05 76.28 84.91
115/10039800.94| 43462.34) 77.01 85.62
116|10122417.53, 43819.99 77.74 86.33
117|10203922.23| 44172.82 78.47 87.02
118/10284273.86| 44520.67 79.20 87.71
1191 10363429.43| 44863.33 79.93 88.38
120 10441343.98| 45200.62 80.66 89.04
121|10517970.35| 45532.34 81.39 89.70
122|10593258.97 45858.26 82.12 90.34
123|10667157.57| 46178.17 82.85 90.97
124/10739610.89| 46491.82 83.58 91.59
125,10810560.26| 46798.96 84.31 92.19
126/10879943.22| 47099.32 85.04 92.79

47392.61 . 93.36

~ 128'11013737.72| 47678.52 86.50 93.93
o 129 11078000.02| 47956.71 87.23 94.47|
130 11140395.73 48226.82 87.96 95.01
131]11200832.94| 48488.45 88.69 95.52
132]11259210.46| 48741.17 89.42 96.02

133/ 11315415.98| 48984.48 90.15 96.50
134]11369323.58] 49217.85 90.88 96.96

135/ 11420790.47| 49440.65 91.61 97.40
136]11469652.43| 49652.18 92.34 97.81

137 11515717.30] 49851.59 93.07 98.21

138] 11558755.38| 50037.90 93.80 98.57
139]11598484.31| 50209.89 94.53 98.91

140[ 11634543.60| 50365.99 95.26 99.22
141]11666447.60| 50504.10 95.99 99.49




T-10A Volume vs Level

With LT/L

1A-1400 Settings

EA-EC6432-01

Attachment 8.2

4ofd
Distance from Volume Gallons |LIA-1400 Percentage
bottom of tank |cu-in Percentage of tank used

h (in) Reading %

142|11693484.37| 50621.14 96.72 99.72
1431 11714435.78| 50711.84 97.45 99.90
1441 11725931.75| 50761.61 98.18 100.00




T-10A Volume vs Level
With LT/LIA-1400 Settings

A B
1 |Distance from Volume Gallons
2 {bottom of tank cu-in
3 th(in)
4 11 =12*60*((72"2*ACOS(1-A4/72))-((72-A4)*SQRT(A4*(2*72-A4)))) =B4/231
512 =12*60*((72°2*ACOS(1-A5/72))-((72-A5)*SQRT(A5*(2*72-A5)))) =B5/231
6 |3 =12*60*((72"2*ACOS(1-AB/72))-((72-A6)*SQRT(A6*(2*72-A6)))) =B6/231
7 14 =12*60*((72°2*ACOS(1-A7/72))-((7T2-A7y*SQRT(A7T*(2*72-A7)))) =B7/231
8 |5 =12*60%((72"2*ACOS(1-A8/72))-((72-A8)*"SQRT(A8*(2*72-A8)))) =B8/231
9 16 =12*60*((72/2*ACOS(1-A9/72))-((72-A9)*"SQRT(A9*(2*72-A9)))) =B9/231
10 |7 =12*60*((72"2*ACOS(1-A10/72))-{(72-A10)*SQRT(A10*(2*72-A10)))) =B10/231
1118 =12*60%((72/2*ACOS(1-A11/72))-((72-A11)*SQRT(A11*(2*72-A11)))) =B11/231
1219 =12*60*((72"2*ACOS(1-A12/72))-({(72-A12)*SQRT(A12*(2*72-A12)))) =B12/231
1319.5 =12*60*((72"2*ACOS(1-A13/72))-((72-A13)*SQRT(A13*(2*72-A13)))) =B13/231
14 110 =12*60*((72"2*ACOS(1-A14/72))-((72-A14y*SQRT(A14*(2*72-A14)))) =B14/231
15 |11 =12*60*((72"2*ACOS(1-A15/72))-((72-A15)*SQRT(A15*(2*72-A15)))) =B15/231
16 112 =12*60%((72/2*ACOS(1-A16/72))-((72-A16)*SQRT(A16*(2*72-A16))})) =B16/231
17 113 =12*60*((72"2*ACOS(1-A17/72))-((72-A17)*SQRT(A17*(2*72-A17)))) =B17/231
18 |14 =12*60*((72"2*ACOS(1-A18/72))-((72-A18)*SQRT(A18%(2*72-A18)))) =B18/231
19 |15 =12*60*((72"2*ACOS(1-A19/72))-({72-A19)*SQRT(A19*(2*72-A19)))) =B19/231
20|16 =12*60%((72"2*ACOS(1-A20/72))-((72-A20)*SQRT(A20%(2*72-A20)))) =B20/231
21117 =12"60*((72"2*ACOS(1-A21/72))-((72-A21)*SQRT(A21*(2*72-A21)))) =B21/231
22118 =12*60%((72/2*ACOS(1-A22/72))-((72-A22)*SQRT(A22*(2*72-A22))}) =B22/231
23119 =12*60*((72"2*ACOS(1-A23/72))-((72-A23)*"SQRT(A23*(2*72-A23)))) =B23/231
24 120 =12*60*((72"2*ACOS(1-A24/72))-((72-A24)*SQRT(A24*(2*72-A24)))) =B24/231
25121 =12"60"((72"2*ACOS(1-A25/72))-((72-A25)*SQRT(A25%(2*72-A25)))) =B25/231
26 22 =12*60*((72"2*ACOS(1-A26/72))-((72-A26)*SQRT(A26%(2*72-A26)))) =B26/231
27 123 =12*60*((72"2*ACOS(1-A27/72))-({72-A27)*SQRT(A27*(2*72-A27)))) =B27/231
28 |24 =12*60%((72"2*ACOS(1-A28/72))-((72-A28)*SQRT(A28*(2*72-A28))})) =B28/231
29 |25 =12*60%((72/2*ACOS(1-A29/72))-((72-A29)*SQRT(A29*(2*72-A29)))) =B29/231
30 |26 =12*60%((72/2*ACOS(1-A30/72))-((72-A30)*SQRT(A30*(2*72-A30)))) =B30/231
3127 =12*60*((72"2*ACOS(1-A31/72))-((72-A31)*SQRT(A31*(2*72-A31)))) =B31/231
32128 =12*60*((72"2*ACOS(1-A32/72))-((72-A32)*SQRT(A32*(2*72-A32)))) =B32/231
33129 =12*60*((72"2*ACOS(1-A33/72))-({72-A33)*SQRT(A33*(2*72-A33)))) =B33/231
34 130 =12*60*((72"2*ACOS(1-A34/72))-((72-A34)*SQRT(A34*(2*72-A34)))) =B34/231
35131 1=12*60*((72"2*ACOS(1-A35/72))-((72-A35)"SQRT(A35*(2*72-A35)))) =B35/231
36 132 |=12*60%((72"°2*ACOS(1-:A36/72))-((72-A36)*SQRT(A36*(2*72-A36)))) =B36/231

EA-EC6432-01
Attachment 8.3
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T-10A Volume vs Level
With LT/LIA-1400 Settings

E

LIA-1400

Percentage

Percentage

Reading

of tank used

%

0

=(B4/11725931.7)*100

=(B5/11725931.7)*100

=(B6/11725931.7)*100

=(B7/11725931.7)*100

=(B8/11725931.7)*100

=(B9/11725931.7)*100

=(B10/11725931.7)*100

=(B11/11725931.7)*100

oliaslolel ool s |win]-=

OO0 IO OO0

=(B12/11725931.7)*100

13

=((A13-9.5)/137)*100

=(B13/11725931.7)*100

14

=((A14-9.5)/137)*100

=(B14/11725931.7)*100

15

=((A15-9.5)/137)*100

=(B15/11725931.7)*100

16

=((A16-9.5)/137)*100

=(B16/11725931.7)*100

17

=((A17-9.5)/137)*100

=(B17/11725931.7)*100

18

=((A18-9.5)/137)*100

=(B18/11725931.7)*100

19

=((A19-9.5)/137)*100

20

=((A20-9.5)/137)*100

=(B19/11725931.7)*100

=(B20/11725931.7)*100

21

=((A21-9.5)/137)*100

=(B21/11725931.7)*100

22

=((A22-9.5)/137)*100

=(B22/11725931.7)*100

23

=((A23-9.5)/137)*100

=(B23/11725931.7)*100

24

=((A24-9.5)/137)*100

=(B24/11725931.7)*100

25

=((A25-9.5)/137)"100

=(B25/11725931.7)*100

26

=((A26-9.5)/137)*100

=(B26/11725931.7)*100

27

=((A27-9.5)/137)*100

=(B27/11725931.7)*100

28

=((A28-9.5)/137)*100

=(B28/11725931.7)*100

29

=((A29-9.5)/137)*100

=(B29/11725931.7)*100

30

=((A30-9.5)/137)*100

=(B30/11725931.7)*100

31

=((A31-9.5)/137)*100

=(B31/11725931.7)*100

32

=((A32-9.5)/137)*100

=(B32/11725931.7)*100

33

=((A33-9.5)/137)*100

=(B33/11725931.7)*100

34

=((A34-9.5)/137)*100

=(B34/11725931.7)*100

35

=((A35-9.5)/137)*100

=(B35/11725931.7)*100

36

=((A36-9.5)/137)*100

=(B36/11725931.7)*100

EA-EC6432-01
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T-10A Volume vs Level
With LT/LIA-1400 Settings

A B C
1 |Distance from Volume Gallons
2 [bottom of tank cu-in
3 |h(in)
37 133 =12*60*((72"2*ACOS(1-A37/72))-((7T2-A37)*SQRT(A37*(2*72-A37)))) =B37/231
38 134 =12*60*((72"2*ACOS(1-A38/72))-((72-A38)*SQRT(A38*(2*72-A38)))) =B38/231
39135 =12*60%((72/2*ACOS(1-A39/72))-((72-A39)*SQRT(A39*(2*72-A39)))) =B39/231
40136 =12*60*((72"2*ACOS(1-A40/72))-((72-A40)*SQRT(A40*(2*72-A40)))) =B40/231
41137 =12*60*((72"2*ACOS(1-Ad1/72))-((72-A41)*SQRT(A41*(2*72-A41)))) =B41/231
42138 =12*60*((72"2*ACOS(1-A42/72))-((72-A42)*SQRT(A42*(2*72-A42)))) =B42/231
43 139 =12*60*((72"2*ACOS(1-A43/72))-((72-A43)*SQRT(A43*(2*72-A43)))) =B43/231
44 140 =12*60*((72"2*ACOS(1-A44/72))-((72-A44)*SQRT (A44*(2*72-A44)))) =B44/231
45 141 =12*60%((72"2*ACOS(1-A45/72))-((72-A45)*SQRT(A45*(2*72-A45)))) =B45/231
46 |42 =12*60*((72"2*ACOS(1-A46/72))-((72-A46)*SQRT(A46*(2*72-A46)))) =B46/231
47 143 =12*60*((72"2*ACOS(1-A47/72))-((7T2-A47)*SQRT(A47*(2*72-A47)))) =B47/231
48 |44 =12*60*((72"2*ACOS(1-A48/72))-((72-A48)*SQRT(A48*(2*72-A48)))) =B48/231
49 |45 =12*60%((72"2*ACOS(1-A49/72))-((72-A49)*SQRT(A49*(2*72-A49))})) =B49/231
50 |46 =12*60*((72"2* ACOS(1-A50/72))-((72-A50)*SQRT(A50*(2*72-A50)))) =B50/231
51147 =12*60*((72°2*ACOS(1-A51/72))-((72-A51)*SQRT(A51%(2*72-A51))})) =B51/231
52 148 =12*60*((72/2*ACOS(1-Ab2/72))-((72-A52)*SQRT(A52*(2*72-A52)))) =B52/231
53 |49 =12*60*((72"2*ACOS(1-A53/72))-((72-A53)*SQRT(A53*(2*72-A53)))) =B53/231
54 150 =12*60*((72"2*ACOS(1-A54/72))-((72-A54)*SQRT(A54*(2*72-A54)))) =B54/231
55 151 =12*60*((72"2*ACOS(1-A55/72))-({72-A55)*SQRT(A55*(2*72-A55)))) =B55/231
56 {52 =12*60*((72°2*ACOS(1-A56/72))-((72-A56)*SQRT(A56*(2*72-A56)))) =B56/231
57 |53 =12*60%((72/2*ACOS(1-A57/72))-((72-A57)*SQRT(AL7*(2*72-A57)))) =B57/231
58 |54 =12*60*((72*2*ACOS(1-A58/72))-((72-A58)*SQRT(A58*(2*72-A58)))) =B58/231
59 |55 =12*60*((72/2*ACOS(1-A59/72))-((72-A59)*SQRT(A59*(2*72-A59)))) =B59/231
60 {56 =12*60%((72"2*ACOS(1-AB0/72))-((72-A60)*SQRT(AB0*(2*72-A80)))) =B60/231
61157 =12*60*((72"2*ACOS(1-AB1/72))-((72-A81)*"SQRT (A6 1*(2*72-A61)))) =B61/231
62 158 =12*60%((72"2*ACOS(1-AB2/72))-((72-A62)*SQRT(A62*(2*72-A62)))) =B62/231
63 159 =12*60*((72"2*ACOS(1-AB3/72))-((72-A63)*SQRT(AB3*(2*72-A63)))) =B63/231
64 160 =12*60*((72"2*ACOS(1-A64/72))-((72-AB4)*SQRT (AB4*(2*72-A64)))) =B64/231
65 |61 =12*60*((72"2*ACOS(1-A65/72))-((72-AB5)*SQRT(AB5*(2*72-A65)))) =B65/231
66 |62 =12*60*((72"2*ACOS(1-AB6/72))-((72-A66)*SQRT(AB6*(2*72-A66)))) =B66/231
67 163 =12*60*((72"2*ACOS(1-AB7/72))-((72-A67)*SQRT(AB7*(2*72-A67)))) =B67/231
68 |64 =12*80%((72"2*ACOS(1-A68/72))-((72-AB8)*SQRT(AB8*(2*72-A68)))) =B68/231
69 |65 =12*60*((72/2*ACOS(1-AB2/72))-((72-AB9)*SQRT(ABY*(2*72-A69)))) =B69/231

EA-EC6432-01
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T-10A Volume vs Level
With LT/LIA-1400 Settings

D E

1 |LIA-1400 Percentage

2 |Percentage of tank used

3 |Reading %

37 1=((A37-9.5)/137)*100 =(B37/11725931.7)*100
38 |1=((A38-9.5)/137)*100 =(B38/11725931.7)*100
39 |=((A39-9.5)/137)*100 =(B39/11725931.7)*100
40 |=((A40-9.5)/137)*100 =(B40/11725931.7)*100
41 |=((A41-9.5)/137)*100 =(B41/11725931.7)*100
42 |=((A42-9.5)/137)*100 =(B42/11725931.7)*100
43 |=((A43-9.5)/137)*100 =(B43/11725931.7)*100
44 |=((A44-9.5)/137)*100 =(B44/11725931.7)*100
45 |=({A45-9.5)/137)*100 =(B45/11725931.7)*100
46 |=((A46-9.5)/137)*100 =(B46/11725931.7)*100
47 |=((A47-9.5)/137)*100 =(B47/11725931.7)*100
48 |=((A48-9.5)/137)*100 =(B48/11725931.7)*100
49 |=((A49-9.5)/137)*100 =(B49/11725931.7)*100
50 |=((A50-9.5)/137)*100 =(B50/11725931.7)*100
51 |=((A51-9.5)/137)*100 =(B51/11725931.7)*100
52 |=((Ab2-9.5)/137)*100 =(B52/11725931.7)*100
53 |=((A53-9.5)/137)*100 =(B53/11725931.7)*100
54 1=((A54-9.5)/137)*100 =(B54/11725931.7)*100
55 |=((A55-9.5)/137)*100 =(B55/11725931.7)*100
56 |=((A56-9.5)/137)*100 =(B56/11725931.7)*100
57 |=((A57-9.5)/137)*100 =(B57/11725931.7)*100
58 |=((A58-9.5)/137)*100 =(B58/11725931.7)*100
59 |=((A59-9.5)/137)*100 =(B59/11725931.7)*100
60 |=({A60-9.5)/137)*100 =(B60/11725931.7)*100
61 |=((A61-9.5)/137)*100 =(B61/11725931.7)*100
62 |=((A62-9.5)/137)*100 =(B62/11725931.7)*100
63 [=((A83-9.5)/137)*100 =(B63/11725931.7)*100
64 1=({A64-9.5)/137)*100 =(B64/11725931.7)*100
65 |=((A65-9.5)/137)*100 =(B65/11725931.7)*100
66 |=((A66-9.5)/137)*100 =(B66/11725931.7)*100
67 |=((A67-9.5)/137)*100 =(B67/11725931.7)*100
58 |=((A68-9.5)/137)*100 =(B68/11725931.7)*100
69 |=((A69-9.5)/137)*100 =(B69/11725931.7)*100

EA-EC6432-01
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T-10A Volume vs Level
With LT/LIA-1400 Settings

A B C
1 |Distance from Volume Gallons
2 |bottom of tank cu-in
3 lh(in)
70 |66 =12*60*((72"2*ACOS(1-A70/72))-((72-A70)*SQRT(A70*(2*72-A70)))) =B70/231
71 167 =12*60*((72"2*ACOS(1-A71/72))-((72-A71)*SQRT(A71*(2*72-A71)))) =B71/231
72168 =12*60*((72"2*ACOS(1-A72/72))-((72-A72)*SQRT(A72*(2*72-A72)))) =B72/231
73169 =12*60"((72/2*ACOS(1-A73/72))-((72-A73)*SQRT(A73*(2*72-A73)))) =B73/231
74 170 =12*60*((72/2*ACOS(1-A74/72))-((72-A74)*SQRT(A74*(2*72-AT74)))) =B74/231
75171 =12*60*((72"2*ACOS(1-A75/72))-{(72-A75)*SQRT(A75*(2*72-A75)))) =B75/231
76 |72 =12*60*((72°2*ACOS(1-A76/72))-((72-A76)*SQRT(A76*(2*72-A786)))) =B76/231
77173 =12*60*((72"2*ACOS(1-AT77/72))-((72-A77)*SQRT(A77*(2*72-AT7)))) =B77/231
78|74 =12*60*((72"2*ACOS(1-A78/72))-((72-A78)*SQRT(A78*(2*72-A78)))) =B78/231
79|75 =12*60*((72"2*ACOS(1-A79/72))-((72-A79)*SQRT(A79*(2*72-A79)))) =B79/231
80 |76 =12*60*((72"2*ACOS(1-A80/72))-((72-A80)*SQRT(A80*(2*72-A80)))) =B80/231
81177 =12*60*((72"2*ACOS(1-A81/72))-((72-A81)*SQRT(A81*(2*72-A81)))) =B81/231
82178 =12*60*((7272*ACOS(1-A82/72))-((72-A82)*SQRT(A82*(2*72-A82)))) =B82/231
83179 =12*60*((72"2*ACOS(1-A83/72))-((72-A83)*SQRT(A83*(2*72-A83)))) =B83/231
84 180 =12*60%((72/2*ACOS(1-A84/72))-((72-A84)*SQRT(A84*(2*72-A84))})) =B84/231
85 181 =12*60*((72"2*ACOS(1-A85/72))-((72-A85)*SQRT(A85*(2*72-A85)))) =B85/231
86 |82 =12*60*((72"2*ACOS(1-A86/72))-((72-A86)*SQRT(A86*(2*72-A86)))) =B86/231
87183 =12*60*((72/2*ACOS(1-A87/72))-((72-A87)*SQRT(A87*(2*72-A87)))) =B87/231
88 183.58 =12*60*((72°2*ACOS(1-A88/72))-((72-A88)*SQRT(A88*(2*72-A88)))) =B88/231
89 |84 =12*60*((72"2*ACOS(1-A89/72))-((72-A89)*SQRT(A89*(2*72-A89))}) =B89/231
90 |85 =12*60%((72/2*ACOS(1-A90/72))-((72-A90)*SQRT(A90*(2*72-A90))})) =B90/231
91 186 =12*60*((72"2*ACOS(1-A91/72))-((72-A91)*SQRT(A91*(2*72-A91)))) =B91/231
92 |87 =12*60*((72°2*ACOS(1-A92/72))-((72-A92)*SQRT(A92*(2*72-A92)))) =B92/231
93 [87.48 =12"60%((72/2*ACOS(1-A93/72))-((72-A93)*SQRT(A93%(2°72-A83)))) =B93/231
94 |88 1=12*60*((72"2*ACOS(1-A94/72))-((72-A94)*SQRT(A94*(2*72—A94)))) |=BQ4/231
95 188.58 =12*60*((72"2*ACOS(1-A95/72))-((72-A95)*SQRT(A95*(2*72-A95)))) =B95/231
96 |89 =12*60*((72"2*ACOS(1-A96/72))-((72-A96)*SQRT(A96*(2*72-A96)))) =B96/231
97 |90 =12*60*((72"2*ACOS(1-A97/72))-((72-A97)*SQRT(A97*(2*72-A97)))) =B97/231
98 {91 =12*60*((72"2*ACOS(1-A98/72))-((72-A98)*SQRT(A98*(2*72-A98)))) =B98/231
99 (92 =12*60*((72"2*ACOS(1-A99/72))-((72-A99)*SQRT(A99*(2*72-A99)))) =B99/231
100{92.48 =12*60*((72"2*ACOS(1-A100/72))-((72-A100)*SQRT(A100%(2*72-A100)))) =B100/231
101493 =12*60*((72"2*ACOS(1-A101/72))-((72-A101)*SQRT(A101*(2*72-A101)))) |=B101/231
102}94 =12*60*((72"2*ACOS(1-A102/72))-((72-A102)*SQRT(A102*(2*72-A102)))) |=B102/231
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T-10A Volume vs Level
With LT/LIA-1400 Settings

D E F

1 {LIA-1400 Percentage

2 |Percentage of tank used

3 |Reading %

70 |=((A70-9.5)/137)*100 =(B70/11725931.7)*100
71 [=((A71-9.5)/137)*100 =(B71/11725931.7)*100
72 |=((A72-9.5)/137)*100 =(B72/11725931.7)*100
73 |=((A73-9.5)/137)*100 =(B73/11725931.7)*100
74 |=((A74-9.5)/137)*100 =(B74/11725931.7)*100
75 |=((A75-9.5)/137)*100 =(B75/11725931.7)*100
76 |=((A76-9.5)/137)*100 =(B76/11725931.7)*100
77 {=((A77-9.5)/137)*100 =(B77/11725931.7)*100
78 |=((A78-9.5)/137)*100 =(B78/11725931.7)*100
79 {=((A79-9.5)/137)*100 =(B79/11725931.7)*100
80 |=((A80-9.5)/137)*100 =(B80/11725931.7)*100
81 |=((A81-9.5)/137)*100 =(B81/11725931.7)*100
82 |=((A82-9.5)/137)*100 =(B82/11725931.7)*100
83 |=((A83-9.5)/137)*100 =(B83/11725931.7)*100
84 |=((A84-9.5)/137)*100 =(B84/11725931.7)*100
85 |=((A85-9.5)/137)*100 =(B85/11725931.7)*100
86 |=((A86-9.5)/137)*100 =(B86/11725931.7)*100
87 |=((A87-9.5)/137)*100 1=(B87/11725931.7)*100
88 [=((A88-9.5)/137)*100 =(B88/11725931.7)*100
89 |=((A89-9.5)/137)*100 1=(B89/11725931.7)*100
90 |=((A90-9.5)/137)*100 1=(B90/11725931.7)*100
91 [=((A91-9.5)/137)*100 '=(B91/11725931.7)*100
92 |=((A92-9.5)/137)*100 '=(B92/11725931.7)*100
93 |=((A93-9.5)/137)*100 =(B93/11725931.7)*100 - ‘New Tech Spec fuel setting
94 |=((A94-9.5)/137)*100 |=(B94/11725931.7)*100
95 |=((A95-9.5)/137)*100 =(B95/11725931.7)*100
96 |=((A96-9.5)/137)*100 =(B96/11725931.7)*100
97 |=((A97-9.5)/137)*100 =(B97/11725931.7)*100
98 |=((A98-9.5)/137)*100 =(B98/11725931.7)*100
99 |=((A99-9.5)/137)*100 =(B99/11725931.7)*100
100{=((A100-9.5)/137)*100 =(B100/11725931.7)*100 New Low Level Alarm Setpoint
101]=((A101-9.5)/137)*100 =(B101/11725931.7)*100
102{=((A102-9.5)/137)*100 =(B102/11725931.7)*100
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T-10A Volume vs Level
With LT/LIA-1400 Settings

A B C

1 |Distance from Volume Gallons

2 |bottom of tank cu-in

3 fh(in)
103]95 =12*60*((72"2*ACOS(1-A103/72))-((72-A103)*SQRT(A103*(2*72-A103)))) |=B103/231
104]96 =12*60*((72"2*ACOS(1-A104/72))-((72-A104)*SQRT(A104*(2*72-A104)))) |=B104/231
105}97 =12*60*((72"2*ACOS(1-A105/72))-((72-A105)*SQRT(A105%(2*72-A105)))) |=B105/231
106}98 =12*60*((72"2*ACOS(1-A106/72))-((72-A106)*SQRT(A106*(2*72-A108)))) |=B106/231
107199 =12*60*((72"2*ACOS(1-A107/72))-((72-A107)*SQRT(A107*(2*72-A107)))) 1=B107/231
108100 =12*60*((72/2*ACOS(1-A108/72))-((72-A108)*SQRT(A108*(2*72-A108)))) |=B108/231
109|101 =12*60*((72"2*ACOS(1-A109/72))-((72-A109)*"SQRT(A109*(2*72-A109)))) |=B109/231
110{102 =12*60*((72°2*ACOS(1-A110/72))-((72-A110)*SQRT(A110%(2*72-A110)))) |=B110/231
111{103 =12*60*((72"2*ACOS(1-A111/72))-((72-A111)*SQRT(A111*(2*72-A111)))) |=B111/231
112]104 =12*60*((72"2*ACOS(1-A112/72))-((72-A112)*SQRT(A112*(2*72-A112)))) |=B112/231
113}105 =12*60*((72"2*ACOS(1-A113/72))-((72-A113)*SQRT(A113%*(2*72-A113)))) |=B113/231
1141106 =12*60*((722*ACOS(1-A114/72))-((72-A114)*SQRT(A114*(2*72-A114)))) |=B114/231
115107 =12*60*((72"2*ACOS(1-A115/72))-((72-A115)*SQRT(A115*(2*72-A115)))) |=B115/231
116]108 =12*60*((72"2*ACOS(1-A116/72))-((72-A116)*SQRT(A116*(2*72-A116)))) |=B116/231
1171109 =12*60*((72"2*ACOS(1-A117/72))-((72-A117)*SQRT(A117*(2*72-A117)))) |=B117/231
1181110 =12*60*((72"2*ACOS(1-A118/72))-((72-A118)*SQRT(A118*(2*72-A118)))) |=B118/231
1191111 =12*60*((72"2*ACOS(1-A119/72))-((72-A119)*SQRT(A119%(2*72-A119)))) |=B119/231
1201112 =12*60*((72"2*ACOS(1-A120/72))-((72-A120)*SQRT(A120%(2*72-A120)))) |=B120/231
121113 =12*60*((72"2*ACOS(1-A121/72))-((72-A121)*SQRT(A121*(2*72-A121)))) =B121/231
122|114 =12*60*((72"2*ACOS(1-A122/72))-((72-A122)*SQRT(A122*(2*72-A122)))) |=B122/231
123115 =12*60*((72"2*ACOS(1-A123/72))-((72-A123)*SQRT(A123*(2*72-A123)))) =B123/231
1241116 =12*60*((72"2*ACOS(1-A124/72))-((72-A124)*SQRT(A124*(2*72-A124)))) |=B124/231
1251117 =12*60*((72"2*ACOS(1-A125/72))-((72-A125)*SQRT(A125*(2*72-A125)))) |=B125/231
1261118 =12*60*((72"2*ACOS(1-A126/72))-((72-A126)*SQRT(A126*(2*72-A126)))) |=B126/231
1271119 =12*60*((72"2*ACOS(1-A127/72))-((72-A127)*SQRT(A127*(2*72-A127)))) |=B127/231
128{120 =12*60*((72"2*ACOS(1-A128/72))-((72-A128)*SQRT(A128*(2*72-A128)))) |=B128/231
1291121 =12*60*((72"2*ACOS(1-A129/72))-((72-A129)*SQRT(A129*(2*72-A129)))) 1=B129/231
130]122 =12*60*((72"2*ACOS(1-A130/72))-((72-A130)*SQRT(A130*(2*72-A130)))) |=B130/231
1311123 =12*60*((72"2*ACOS(1-A131/72))-((72-A131)*SQRT(A131*(2*72-A131)))) |=B131/231
132]124 =12*60*((72"2*ACOS(1-A132/72))-((72-A132)*SQRT(A132*(2*72-A132)))) |=B132/231
133]125 =12*60*((72"2*ACOS(1-A133/72))-((72-A133)*SQRT(A133*(2*72-A133)))) |=B133/231
134)126 =12*60*((72"2*ACOS(1-A134/72 2*72-A134 =B134/231

-((72-A1“34)*SQRT A134*
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T-10A Volume vs Level
With LT/LIA-1400 Settings

D E

1 |LIA-1400 Percentage

2 |Percentage of tank used

3 |Reading %
103}=((A103-9.5)/137)*100 =(B103/11725931.7)*100
104|=((A104-9.5)/137)*100 =(B104/11725931.7)*100
105|=((A105-9.5)/137)*100 =(B105/11725931.7)*100
106|=((A106-9.5)/137)*100 =(B106/11725931.7)*100
107|=((A107-9.5)/137)*100 =(B107/11725931.7)*100
108|=((A108-9.5)/137)*100 =(B108/11725931.7)*100
109{=((A109-9.5)/137)*100 =(B109/11725931.7)*100
110§=((A110-9.5)/137)*100 =(B110/11725931.7)*100
111}=((A111-9.5)/137)*100 =(B111/11725931.7)*100
112{=({A112-9.5)/137)*100 =(B112/11725931.7)*100
113]=((A113-9.5)/137)*100 =(B113/11725931.7)*100
1141=((A114-9.5)/137)*100 =(B114/11725931.7)*100
115]=((A115-9.5)/137)*100 =(B115/11725931.7)*100
116|=((A116-9.5)/137)*100 =(B116/11725931.7)*100
117}=((A117-9.5)/137)*100 =(B117/11725931.7)*100
118{=((A118-9.5)/137)*100 =(B118/11725931.7)*100
1191=((A119-9.5)/137)*100 =(B119/11725931.7)*100
120]=((A120-9.5)/137)*100 =(B120/11725931.7)*100
121]=((A121-9.5)/137)*100 =(B121/11725931.7)*100
122|=((A122-9.5)/137)*100 =(B122/11725931.7)*100
123|=((A123-9.5)/137)*100 =(B123/11725931.7)*100
124]=((A124-9.5)/137)*100 =(B124/11725931.7)*100
125|=((A125-9.5)/137)*100 =(B125/11725931.7)*100
126|=((A126-9.5)/137)“100 =(B126/11725931.7)*100
127|=((A127-9.5)/137)*100 =(B127/11725931.7)*100
128{=((A128-9.5)/137)*100 =(B128/11725931.7)*100
129]=((A129-9.5)/137)*100 =(B129/11725931.7)*100
130|=((A130-9.5)/137)*100 =(B130/11725931.7)*100
131]=((A131-9.5)/137)*100 =(B131/11725931.7)*100
132|=((A132-9.5)/137)*100 =(B132/11725931.7)*100
133]=((A133-9.5)/137)*100 =(B133/11725931.7)*100
134 =(B134/11725931.7)*100

[135];

=((A134-9.5)/137)"100
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T-10A Volume vs Level
With LT/LIA-1400 Settings

A B C
1 |Distance from Volume Gallons
2 |bottom of tank cu-in
3 |h (in)
1361127 =12*60*((72"2*ACOS(1-A136/72))-((72-A136)*SQRT(A136*(2*72-A136)))) |=B136/231
137{128 =12*60*((72"2*ACOS(1-A137/72))-((72-A137)*SQRT(A137*(2*72-A137)))) |=B137/231
138{129 =12*60*((72"2*ACOS(1-A138/72))-((72-A138)"SQRT(A138%(2"72-A138)))) |=B138/231
1401131 =12*60*((72"2*ACOS(1-A140/72))-((72-A140)*SQRT(A140*(2*72-A140)))) |=B140/231
1411132 =12*60*((7272*ACOS(1-A141/72))-((72-A141)*SQRT(A141*(2*72-A141)))) |=B141/231
1421133 =12"60*((72"2*ACOS(1-A142/72))-((72-A142)*SQRT(A142%(2*72-A142)))) |=B142/231
143|134 =12*60*((72"2*ACOS(1-A143/72))-((72-A143)*SQRT(A143*(2*72-A143)))) |=B143/231
1441135 =12*60*((72"2*ACOS(1-A144/72))-((72-A144)*SQRT(A144%(2*72-A144)))) |=B144/231
145{136 =12*60*((72/2*ACOS(1-A145/72))-((72-A145)*SQRT(A145*(2*72-A145)))) |=B145/231
146|137 =12"60*((72"2*ACOS(1-A146/72))-((72-A146)"SQRT(A146%(2"72-A146)))) |=B146/231
147]138 =12"60"((72/2*ACOS(1-A147/72))-((72-A147)*SQRT(A147*(2*72-A147)))) |=B147/231
1481139 =12*60*((72"2*ACOS(1-A148/72))-((72-A148)*SQRT(A148%(2*72-A148)))) |=B148/231
1481140 =12*60*((72"2*ACOS(1-A149/72))-((72-A149)*SQRT(A149%(2*72-A149)))) |=B149/231
1501141 =12*60*((72"2*ACOS(1-A150/72))-((72-A150)*SQRT(A150%(2*72-A150)))) |=B150/231
151}142 =12*60*((72"2*ACOS(1-A151/72))-((72-A151)*SQRT(A151*(2*72-A151)))) |=B151/231
152]143 =12*60*((72"2*ACOS(1-A152/72))-((72-A152)*SQRT(A152*(2*72-A152)))) |=B152/231
153|144 =12*60*((7272*ACOS(1-A153/72))-((72-A153)*SQRT(A153*(2*72-A153)))) |=B153/231
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T-10A Volume vs | evel
With LT/LIA-1400 Settings

. D E
1 [LIA-1400 Percentage
2 |Percentage of tank used ]
3 |Reading %
136[=((A136-9.5)/137)*100 =(B136/11725931.7)*100
137{=((A137-9.5)/137)*100 =(B137/11725931.7)*100

=((A138-9.5)/137)*100

=((A140-9.5)/137)*100

00

=(B138/11725931.7)*100

=(B140/11725931.7)*100

=((A141-9.5)/137)*100

=(B141/11725931.7)*100

=((A142-9.5)/[137)*100

=(B142/11725931.7)*100

=((A143-9.5)/[137)*100

=(B143/11725931.7)*100

=((A144-9.5)1137)*100

=(B144/11725931.7)*100

=((A145-9.5)/137)*100

=(B145/11725931.7)*100

=((A146-9.5)/137)*100

=(B146/11725931.7)*100

=((A147-9.5)1137)*100

=(B147/11725931.7)*100

=((A148-9.5)/137)*100

=(B148/11725931.7)*100

=((A149-9.5)/137)*100

=(B149/11725931.7)*100

=((A150-9.5)/137)*100

=(B150/11725931.7)*100

=((A151-9.5)/137)*100

=((A152-9.5)/137)*100

=(B151/11725931.7)*100

=(B152/11725931.7)*100

=((A153-9.5)/137)*100

=(B153/11725931.7)*100
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Tank T-10A Fuel Oil Sample

Specific Gravity

Date Time System Unit Specific Grav
1/7/2003 9:00:00 AM|T-10A 1 0.854
2/3/2003 9:30:00 AM|T-10A 1 0.86
3/4/2003 9:40:00 AM|T-10A 1 0.86

3/25/2003 1:30:00 PM|T-10A 1 0.86
4/3/2003 10:00:00 AM|T-10A 1 0.862
4/29/2003 6:40:00 AM|T-10A 1 0.86
5/28/2003 10:05:00 AM|T-10A 1 0.86
6/25/2003 10:15:00 AM|T-10A 1 0.855
7/2/2003 9:08:00 AM|T-10A 1 0.867
7/23/2003 2:10:00 AM|T-10A 1 0.862
8/20/2003 6:00:00 AM|T-10A 1 0.86
9/17/2003 10:05:00 AM|T-10A 1 0.862
10/15/2003 10:26:00 AM|T-10A 1 0.86
11/12/2003 6:00:00 AM | T-10A 1 0.858
12/10/2003 9:45:00 AM | T-10A 1 0.862
1/7/2004 11:15:00 AM|T-10A 1 0.86
1/14/2004 3:45:00 PM|T-10A 1 0.865
2/4/2004 11:45:00 AM|T-10A 1 0.86
3/3/2004 9:00:00 AM|T-10A 1 0.862
3/31/2004 9:32:00 AM|T-10A 1 0.86
4/29/2004 8:40:00 AM|T-10A 1 0.858
5/26/2004 9:40:00 AM|T-10A 1 0.86
6/23/2004 8:30:00 AM|T-10A 1 0.858
7/1/2004 12:14:00 PM|T-10A 1 0.86
7/20/2004 © 9:40:00 AM|T-10A 1 0.86
8/18/2004 11:25:00 AM|T-10A 1 0.858
9/15/2004 8:00:00 AM | T-10A 1 0.866
10/11/2004 11:00:00 AM | T-10A 1 0.864
11/10/2004 9:15:00 AM | T-10A 1 0.856
11/10/2004 2:50:00 PM|T-10A 1 0.86
12/8/2004 12:15:00 PM|T-10A 1 0.857
1/4/2005 1:50:00 PM|T-10A 1 0.862
2/1/2005 10:30:00 AM|T-10A 1 0.858
3/2/2005 10:30:00 AM{T-10A 1 0.86
3/28/2005 10:00:00 AM | T-10A 1 0.86
4/25/2005 12:00:00 PM | T-10A 1 0.862
5/23/2005 11:00:00 AM|T-10A 1 0.86
5/23/2005 11:01:00 AMIT-10A 1 0.864
6/20/2005 10:45:00 AM|T-10A 1 0.858
7/18/2005 9:50:00 AM|T-10A 1 0.854
8/15/2005 9:30:00 AM|T-10A 1 0.856
9/13/2005 2:15:00 PM | T-10A 1 0.855
10/11/2005 8:40:00 AM | T-10A 1 0.856
11/7/2005 10:35:00 AM|T-10A 1 0.86
12/2/2005 12:55:00 PM | T-10A 1 0.86
1/6/2006 2:00:00 AM | T-10A 1 0.862
1/6/2006 2:01:00 AM|T-10A 1 0.863
2/6/2006 10:25:00 AM|T-10A 1 0.862
3/6/2006 8:45:00 AM|T-10A 1 0.861
4/3/2006 7:30:00 AM | T-10A 1 0.86
5/8/2006 10:00:00 AM|T-10A 1 0.86
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Tank T-10A Fuel Oil Sample

Specific Gravity

10:00:00 AM

6/5/2006 T-10A 1 0.863
6/5/2006 10:01:00 AM|T-10A 1 0.864
7/5/2006 9:10:00 AM|T-10A 1 0.864
8/8/2006 1:15:00 PM|T-10A 1 0.862
9/5/2006 12:00:00 PM|T-10A 1 0.859
10/3/2006 9:15:00 AM|T-10A 1 0.856
11/6/2006 10:30:00 AM|T-10A 1 0.858
11/20/2006 10:55:00 AM|T-10A 1 0.862
12/4/2006 9:00:00 AM|T-10A 1 0.861
1/8/2007 10:00:00 AM|T-10A 1 0.856
2/5/2007 11:05:00 AM|T-10A 1 0.856
3/5/2007 11:00:00 AM|T-10A 1 0.865
4/2/2007 10:05:00 AM|T-10A 1 0.856
5/7/2007 10:15:00 AM|T-10A 1 0.854
6/4/2007 8:35:00 AM|T-10A 1 0.858
7/2/2007 11:05:00 AM|T-10A 1 0.852
8/6/2007 11:40:00 AM|T-10A 1 0.852
9/4/2007 7:40:00 PM | T-10A 1 0.848

- 10/3/2007 9:35:00 AM|T-10A 1 0.851
11/5/2007 11:00:00 AM|T-10A 1 0.848
12/3/2007 11:00:00 AM | T-10A 1 0.848
1/7/2008 9:40:00 AM|T-10A 1 -0.846
2/4/2008 10:00:00 AM|T-10A 1 0.845
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Practical Formulas - Numericana BA-EC6432-01

Attachment 8.5

Page 1 of 1
schmeelke (2002-01-27) agelo

If I know the dimensions of a cylindrical tank or its side [the axis of
revolution is horizontal] and can measure the depth of the liquid inside,
how do I calculate the volume of liquid present?

Let R be the radius of the tank, L its length and H the
height of the liquid in it. Consider a (circular) vertical
cross-section of the tank and call 0 the angle (from the
center O of the circle) between the vertical and the line
OF, where F is one of the two points where the horizontal
line representing the surface of the liquid meets the circle
representing the wall of the tank [see figure at right].

We clearly have R-H =R cos(8), which means 6 is equal to arccos(1-H/R)
and is thus readily obtained using the proper inverse trigonometric function
on a scientific caculator. [Angle 8 must be expressed in radians and is thus
between 0 and m; don't forget to multiply a result in degrees by /180, if
applicable.]

The surface area corresponding to the liquid in that cross section is obtained
as the difference of areas between a circular sector (a pie portion) and a
triangle, namely © R2- (R«H)\/(H(ZR—H)). Just multiply this area by the
tank's length L to obtain the formula for the volume V of the liquid in the
tank, namely:

V = L[R?arccos(1-H/R) - R-H)N(HQ2R-H)) |

This formula is perfectly valid for the whole range of H (from 0 to 2R),
although the above "visual" explanation (involving the "difference of two
areas") assumed that H was less than R (tank at most half-full). The formula
could have been obtained symbolically without splitting cases. I'll leave it up
to you to "visualize" the other case (where the area of a circular sector is to
be added to that of a triangle of height H-R), should you feel the urge to do
S0.
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LEC, TCY terms at international level.

This approach was less evident in the promuotion of &
~Turbine Specification™,

The steps kiken to unily the expertise of [EC/TCS and
1ECSC2D for the consideration of salient pole alternators
and motors in turbine and stortage-pump testing in terms
of losses, puwer outputiinput, their mexsurement and
allocation, seem justified. Several problems allied with
electrical, friction, windage, thrust and other losses await
reconciliation, however.

There were faw indications that the “Governer Guide
Specification” would cmbrace frequency-response data
mentioned in the “Speed Governing System Test Code™
{IEC Publication No. 303/1970).

Although approval of the “Muodel Storage Pump Test
Code™ under the Six-Months Rule and the Geneva
retease of Chapter XI on “Madet Turbine Cavitation™

EA-EC6432-01
Attachment 8.6
Page 1 of 2

”

Cansideration of long-term work did not, in the eveng,
produce a specific programme because current demands &b
the I8 working groups were hewvy cnough to defer idgy
tional undertakings, Jocd

After recognizing that working groups should seruting;
sponsored publications, their constitution—including IS
representation—was reviewed and modified where 253
propriate, %

Although establishment of appacently effective [EC/ISGY
liaison should avoid delays and ensure consistency of
codes sharing common ground, it remains to be seepy
whether successful initiation is maintained subsequently, &

The absence of Committee of Action references wayg g-
tribute to “Speciulist/User™ understanding of practicaf
groblems, espectally in terms of prototype interpretution,
and to the spirit prevailing throughout the sessions. %

These were presided over by Professor L. C. ivealel

(Publication No. 193A) will complete difficult assigaments
and will (with the “Model Testing Standardization™
écport) smbody valuable material, much remazins to be
ong.

Tasks on “Scale Effect Formulae™ and “Turbine Model
Dimensionat Verification™ herald amendments to {EC
No. 193, 1963, and perhaps codification with the “Mode!
Starage Pump Test Code™,

USA. who succeeds Professor L. J. Hooper, USAx
Professer Hooper now retires as Chatrman of 1EC;TCa
in accordance with TEC rules, although he attended in
consultative capacity.

Afler expressing appreciation for their services, as we
.as for BSL aid and NEL facilities, the meeting adjourned®
It left the date and location of the next session to thel
Chatrman's discection, but favoured Munich in 1973,
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Vortices at intakes i
conventional sumps

RPY.

N
P
By Br. Y. R. Reddy® and J. &, Pickford® & .
This article describes the development of a desiga criterion to avoid vortices in pump sumps and at intakes?
from resarvoirs prd

PO T TR

THE FUNCTION of an intake is to convey water from a
reservoir into the penstock in 8 aydroelectric power plant
or 10 supply water {tom a sump (o a pump. -

{f the depth of water above the intake is low air-
entraining vortices develop, and these adversely affect the
efficiency of the hydraulic machinery by reducing flow rate
and by giving extra switl to the fluid, in addition to causing
vibration ard noise,

In shallow reservoirs wave action develaps an unstable
boundary layer (depending on the wave length and
celerity) and this is generally responsible for the change in
vorticity which leads ta the formation of air-entraining
vortices,

The largest single factor contributing to vortex forma-
tion in pump inlcts is the Aow patter:s within the sump,
which in turn is governed by the eatry conditions. All the
af:t . vorticity responsible for vortex formation is generated

.3 N at a flow boundary and this thea diffuses into the flow,

Vortices also develop as a result of boundary disconti-
nujties, which is the main reason for different critical
submergences for the same intake diameter and velocity,
when the sump geometry is changed.

However, only inlets where there is no induced swicl
due to artificial boundary changes are considered here and
it is thus assumed that the air<atraining vortex in a con-
veational inlet {Fig. 1} is only a function of the following
varigbles:
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Fig, 1. Deftnilion shelch of an intake

r(‘r- d v, Py h 2, 8)=0

as

where s is submergence above the intake; 4 is the diameter
of the intake: v is the velocity of flow through the intake:
# and p are fluid viseosity and deusity, respectively; & is
the total water depth; A is wave Langth; and g is the ac-*3
seleration due to gravily. . :

Using Buckingham's a-thearem, Eq. (1) can be reduced
to the following form of dimensionless numbers: ’

w(Fr, Re, sid, ift}=0
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B!
ot he vyt
srrent demissds o
gh o defer adgy

severti writers'! have studied air entrainment but it is
gifiicmt to conclude from the individuat experiments how
gl air entesinment varied with other parameters,

gome usc submergence as a function of velocity head,
and others use submergence as a function of velocity

it

ishould serutpggt
m—including 1S0% 1 904
diticd where ap.® {n Eq. (2} Re {Reynolds' number} can safely be elimi-
aaied teom the field of the present problem. since vortex
formation is 3 surface phenomenon.
Hence the formation of a vortex depends on the Froude
sumber (Fr), critical submergence (s/d), and wave para-
weters (AA). Therefore:

s{d=1(Fr, 2ik) &)

The steength of the voriex depends on the velocity of flow
and hence on the Froude number., However, the inception
of a vortex as a dimple formation depends on the fluctua-
don of vorticity, which again depends on the wave
p:mmctcr.

Several types of baffles were suggestzd for vortex pre-
vention’-? and all reduce the wave parameter near the
intake, thus reducing the change in vorticity and hence
vortex formation.

For shallow water A4 is a decisive parameter for vortex

offective IECISGE
e consistency off
aains to be 1.8
=d subsequently, %
referencas was g%
ling of practicaps:
pu interpretation 3
he sessions, %
sor L. C. '\fea!e,z
Hooper, USAm:
nan of [EC;TCE
he attended in,§

¢ services, as wd‘%
eceting tdjourne 2
Xt session to th

nich in 1973, ,'g

Zl  formation, but for deep watcr its influence will be aeglig-
—-§ ibiz, tlowever, there is no published experimental data
. :'ﬁ avatiable to correlate critical submergence as a function

of wave paramaier.

fo experiments at Loughborough University, UK’
vortex formation was reduced in a rectangular sump by
using vertical baffles which suppressed the wave paranteter
near the intake.

Receatly Gordon* showed the scale effect by comparing
field studies with the laboratory studies of Denny and
Young® The disparity between the two scts of results
could have been narrowed if the results were plotied at
e "ame wave paramgler,

12 a conventional hydroclectric power plant the total
dzptn. £, of water is generally large compared to the wave
length, £, and Eq. (3} may be written:

) sld=KFr) =t (s @

Gyfdon‘ found, by trial and error, a design equation for
. critical submergence, which was: -

(6]

i} .. whers the value of ¢ varied from 03 to 04, .
' Eowever, some of the resulis which he quoted from
(2 Swedish sources had ¢ vaiues of 001 aad 0-28. It is reason-~
& able, therefore, to assume that ¢ is a functon of shape
- {geometry) of the intake.

For symmetrical and well-designed intakes, the value of
¢ will be low and for complicated designs the value of ¢
- eaa be higher. L

if one assumcs that Eq. (4) holds goed for a general
tase then: E

A s=ovd®
.

*sfd=viJigd) oc s=vd¥//g {6)

b % Eq. (8) recuces to the form (Eq. 5) givea by Gordon, with
e the value of £=0-176 and 0-319 with British and ST units,
respectively.

. In Fig, 2, lest results™ are plotted in non-dimensional

% lotm with s/d on the p-axis and Froude number (v//(gd)]

-Z. o the x-axis, up to & Froude number of 3-4. The results

v Of.Gordon‘ represent intakes with vortices, whereas all the

otier results represent critical submergence,

{ Except for {wo or three stray cases, all the sesults lie
= ahove the critical line sf/d=Fr, indicating that for vortex

sspectively: h fsz
nd g {5 the ac

can be reduce
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Fig. 2. Critical submerg depend: on Fr b

prevention the critical submergence should always be
greater than the Froude number,

Thus vortex inception is possible when s/d< Fr, and the
vortex-formation tendency is least when s/d> Fr.

All the experimental results lie on 2 band, the lower line
of-which corresponds to sfd=Fr, and the upper line
sjd=1+Frt

Muoreaver, it should be noted that the results of Denny
and Young? are based on pipe diameter instead of inlet
diameter, 2, and the s/d curves should be lower than those
shown in the figure, This analysis is correct only for the
case of conventional inlets,

By using devices like vertical or horizontal baffles, oc
floating rafls, the critical submergence line can be brought
down (as shown by the thick circles In Fig. 2}, thus ee-
ducing sfd requirements.

In conclusion, when vartex prevention devices are used,
sjd=Fr (otherwise sfd=i+Fr} will give vortez-free
operation either ia hydroelectric practice or pump sump
design.

I!sis hoped that luture research will indicate the influence
of the wave parameter oa vortex formation.
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Determine Zero Level Indication Level for L. T-1400

As documented in Condition Report CR-PLP-2008-01496 (Ref. 7.27) a dimensional
discrepancy was identified that brought into question what level in Tank T-10A
corresponds to the zero % level indication for LT-1400. Per reference 7.14, existing
setpoints were based on the zero point being 6 inches above the bottom of the tank. On
page 2 is a depiction of the level probe configuration of Level Transmitter LT-1400
within Diesel Fuel Oil Storage Tank T-10A.

In order to determine the actual zero point location, the distance from the Tank T-10A
mounting flange to the strike plate at the bottom of the tank was measured under Work
Request WR00124879 using the fuel oil level dipstick. Based on that measurement the
zero point location is determined as follows:

First, determine distance from the bottom of LT-1400 mounting flange to inside bottom
of T-10A. That distance is equal to the distance measured from the T-10A flange to the
strike plate (207 9/16”) + the thickness of the strike plate (3/8” Ref. 7.3 Sht 3) + the
flange gasket thickness (1/8”) + the height of the raised face on the T-10A mounting
flange (1/16” Ref. 7.25).

=207 9/16” +3/8” + 1/8” + 1/16” = 208 1/8”

Next determine the distance from the bottom end of LT-1400 to the bottom of T-10A.
Per Ref. 7.15 the length of LT-1400 level probe from the underside of its mounting
flange to the end of the probe shaft is 205 3/8”. Therefore, the distance from the bottom
end of LT-1400 to the tank bottom is:

=208 1/8” —2053/8” =2 %"

Finally, the zero point dimension is determined by adding the distance the bottom of the
probe is above the tank bottom to the probe’s “Float Factor”. The “Float Factor” is the
minimum distance above the bottom of the probe where the probe begins indicating level.
For LT-1400 the “Float Factor” dimension is 6 %”( Ref.7.15)

Therefore the zero point dimension is:

=23%"+6 %" =9 Y% above the inside bottom of Tank T-10A

References per Section 7 in main body of calculation
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Configuration of LT-1400 Within Tank T-10A

LT-1400 e LT-1400
Mounting Flange
Gasket
7N I . L — —
T-10A
208 1/8” 205 3/8”
207 9/16”
LT float
6 %> 1 «~
¥ \ 4 J
v [ ] T
2% T \ Strike Plate 3/8”

References per Section 7 in main body of calculation
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Validation of Adequate Available Net Positive Suction Head (NPSH,) for Diesel
Fuel Oil Transfer Pumps P-18A/18B

Attachment 4 of Ref. 7.9 assessed whether the available Net Positive Suction Head was
adequate to meet the NPSH requirements of the Fuel Oil Transfer Pumps P-18A and P-
18B. The assessment evaluated the worst case condition of maximum pump flow at
minimum Tank T-10 level. That worst case is when T-10A level is 6”, while pump P-
18A is supplying Tank T-24.

The NPSH assessment performed in Attachment 4 of Ref. 7.9, was based on a non-
conservative value for the flow loss for the foot valve with strainer in the fuel oil transfer
pumps suction piping. The flow losses were based on a resistance coefficient value or
“K” value of 0.7 for the foot valve. A more appropriate K value for this poppet style foot
valve with strainer is 8.82 as described below. The foot valve model information is
shown on Ref. 7.12.

Below is an assessment of NPSH for the Fuel Oil Transfer Pumps using the larger K
value for the foot valve. The below assessment uses the same methodology and inputs as
the assessment in Attachment 4 of Ref. 7.9, with the following exceptions: larger K
value for foot valve flow resistance; corrected T-10A level elevation and a diesel fuel oil
specific gravity of 0.83 vs.0.86.

Ref. 7.13, Pg. A-28, provides the Resistance Coefficient “K” for a foot valve with
strainer (poppet style) as K =420fr . The “K” value is for a single poppet foot valve,
whereas the foot valve in Tank T-10A is a double poppet valve. Although the type of
valve differs slightly, the K value provided in Ref. 7.13 is the best available value based
on a search of published flow resistance coefficient information. The difference in flow
resistance between single and double poppet foot valve is assumed to be small.

7= 0.021 for 1.5” pipe per Ref. 7.13 Pg. A-26

Therefore, K =420 (0.021) = 8.82

The K value of 8.82 is for 1.5” pipe. The equivalent K value for 3” pipe properties in
terms of 1.5” pipe needs to be computed since the Ref. 7.9 flow model is in terms of the

3” pipe. The following relationship is used to calculate the equivalent K value for 3”
pipe in terms of 1.5” pipe (Ref. 7.13, Equation 3-24, Pg. 3-5))

4
Ka = Kb[é)
ds

4
Ky= 8.82(%) =154.4

References per Section 7 in main body of calculation
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Next, compute friction head loss for foot valve (Ref. 7.13, Equation 3-14, Pg. 3-4)

m=K2

2g
From Ref. 7.9, Att. 7 pg. 46, the fluid velocity for the worst case condition = 1.283 fi/sec

(1.283ft/sec)* _

\_ =395t
2(32.2ft/sec?)

Therefore, h=154.4

Next, using the friction head loss value calculated above, compute the total friction head
loss in the suction line.

From Attachment 4 of Ref. 7.9 the suction line friction losses are equal to the total of the
losses in the 3 piping segments designated s0002, s0003 and PS. The total suction line
friction losses using the original loss value for the foot valve was 6.71 ft.

To determine the total suction line friction losses considering the increased foot valve
losses, the friction loss using the original foot valve K value will be subtracted from the

total loss and then the new (larger) loss value for the foot valve will be added.

Calculate friction head loss for foot valve based on original (low) K value (Ref. 7.9 Att.
5):

(1.283 1t/ sec)* _

hi=12.25 >
2(32.2 ft/sec”)

0.31ft

Then, total suction line friction head loss with revised foot valve losses becomes:

hg =3.851 +0.364 +2.49 -0.31 +3.95=10.35f

Next, compute the total Net Positive Suction Head Available , NPSHA
Per Ref. 7.9 Att. 4, NPSHA=h, — hypa — hs — hg
Where;

h,:  pressure in Tank T-10A ( expressed as head, feet)

hypa:  vapor pressure of No. 2 diesel fuel at 60 °F (feet)

hy:  static head between T-10A and pump suction (feet)
hg, : friction losses in suction line (feet)

References per Section 7 in main body of calculation
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h,= 14.696 psia/ (yp/144) (Atmospheric pressure converted to feet of head)
where v is specific gravity of diesel fuel
p is density of water at 60 °F

= 14.696 psia / (0.83 x 62.4 Ibs/ft’ / 144)
40.86 ft

hypa:= 0.52 ft (from Ref. 7.9 Att. 4, conservatively assumes vapor pressure at 60 °F is
equal to the maximum value at 100 °F)

hg = 1428 ft (Att. 4 of Ref 7.9 used a value 0f 14.79” for hy, which was based on T-
10A fuel level of 6” above tank bottom as being at an elevation of 577°. The 6”
level is actually at 577°-6 1/8” or 577.51° (Ref. 7.26)

hp = 3.851 ft. (calculated above)

NPSHA=40.86 - 0.52 - 14.28 - 10.35=15.71 ft

From Ref. 7.9 Att. 4 the Net Positive Suction Head Required, NPSHg, for the transfer
pumps is 12.2 ft at a specific gravity of 1 (y = 1). The pump’s NPSHg for diesel fuel oil
with a specific gravity of 0.83 is determined as follows:

NPSHR (y=083)" NPSHR (y= 1‘0)( 1/083)

=12.2 £ (1/0.83)
=147 f

Therefore, NPSH Margin

NPSHa - NPSHr

i

15.71 ft - 14.7 i = 1.01ft

References per Section 7 in main body of calculation
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Current licensing basis EDG fuel oil storage requirements are based on the fuel
consumption values determined in calculation EA-A-NL-92-337-01 (Ref 7.19%).
The volume of fuel needed to operate one EDG for 7 Days, was calculated in EA-
A-NL-92-337-01 based upon a specific load profile and utilized a fuel oil specific
gravity value of 0.852.

To assess whether the current design basis EDG fuel oil storage requirements
are conservative, they will be compared to a limiting case that uses the same
load profile, but assumes a worst case minimum fuel oil specific gravity value of
0.815 and includes an increase in unusable fuel in Tank T-10A to account for
required submergence for the fuel oil transfer suction line to prevent air
entrainment vortexing. A specific gravity of 0.815 can be considered as worst
case since it is currently the lowest allowable value per COP-22A (Ref 7.20).

Table A below gives EDG fuel consumption values based on the same load
profile used in EA-A-NL-92-337-01, but using the worst case fuel specific gravity
of 0.815 vs 0.852 that was used in EA-A-NL-92-337-01. In order to calculate fuel
consumption rates in gals/hr, the fuel specific gravity was converted to density
using the same methodology employed in Section 6.2 of the main calculation.
Fuel density at a sg of 0.815 = 6.79 lbm/gal.

Table A
EDG Fuel Consumption Based on Load Profile from EA-A-NL-92-337-01
@ a fuel Specific Gravity of 0.815

Time - 0.67 0.8 3.16 8 24 100 144 168
hours (7 Days)
(elapsed)

Kw 2808.89 2572.46 2444.56 2302.96 |2168.76 | 2168.76 | 2035.56 2035.56
lom/hr 1400.162 | 1271.731 | 1206.204 | 1138.855 | 1075.025 | 1075.025 | 1011.671 | 1011.671
gal/hr 206.2094 | 187.2947 | 177.6442 | 167.7253 | 158.3247 | 158.3247 | 148.9943 | 148.9943
gal used 138.1603 | 24.34831 | 419.2403 | 811.7906 | 2533.196 | 12032.68 | 6555.747 | 3575.862
(.815 sg)

gal used 138.1603 | 162.5086 | 581.7489 | 1393.54 | 3926.735 | 15959.42 | 22515.16 | 26091.03
cumulative

(.815 sg)

Next, the required storage volume is determined by adding the 7 Day EDG fuel

consumption quantity from Table A above to the unusable fuel volume in Tank T-
10A. The unusable fuel volume was determined to be 1777 gallons per Section
6.5 of the main calculation body.

Therefore, the quantity of stored fuel needed to meet the 7day EDG operating
time requirement at 0.815 sg is = 26091 gal + 1777 gal = 27868 gal

*References per Section 7 in main body of calculation
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To determine whether the current design basis EDG fuel oil storage requirement
is conservative it will be compared to the limiting case required volume of 27868
gals. calculated above.

The current licensing basis 7 Day fuel quantity compliance value for Tank T-10A
is 53.77% level indication. As calculated per Ref. 7.14, the 53.77% level
indication, with indicator error taken into account, equates to a stored volume of
26925 gallons in T-10A. As discussed in Attachment 8.7 of the main body of the
calculation, the Tank T-10A level setting information calculated in Ref. 7.14 was
based on the zero % indication being at 6” above tank bottom, but should have
been based on the zero point being 9.5” above tank bottom. Therefore, the
actual fuel level in tank T-10A at 53.77% indication will be 3.5” greater (9.5"- 6”)
than calculated in Ref. 7.14, resulting in a conservative stored fuel volume, i.e.
more stored fuel volume than was credited.

From Table B below, the fuel volume in Tank T-10A at 53.77% indication
adjusted for the 3.5” level zero shift is 28634 gals. The methodology and
equations used in Table B are the same as used to compute volumes and levels
in Table 8.2 of the main calculation.

Adding the quantity of fuel stored in the EDG day tank of 2500 gallons, to the T-
10A volume at 53.77%, gives a total stored volume of 28634 + 2500 = 31134
gallons.

Next, compare the total stored volume to the Limiting case required volume:

Total Stored volume 31134 gal. > Limiting Case required volume 27868 gal.

Margin is 31134 gal — 27868 gal = 3266 gal.

Table B
Distance
from Volume Gallons LIA-1400 Percentage |
bottom of of tank
tank cu-in Percentage | used
h (in) Reading %
79 | 6587580.91 | 28517.67 50.73 56.18
79.26 | 6614405.20 | 28633.79 50.92 56.41
80 | 6690696.03 | 28964.05 51.46 57.06
81 | 6793650.15 | 29409.74 52.19 57.94
82 | 6896422.83 | 29854.64 52.92 58.81
83 | 6998993.54 | 30298.67 53.65 59.69
83.16 | 7015384.74 | 30369.63 53.77 59.83
84 | 7101341.63 | 30741.74 54.38 60.56
85 | 7203446.31 | 31183.75 55.11 61.43
86 | 7305286.62 | 31624.62 55.84 62.30

*References per Section 7 in main body of calculation
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FUEL OIL TRANSFER PUMP P-18A
ALLOWED OUTAGE TIME COMPUTATION

Engineering Change (EC) Reply 12118

EC Reply Title: Diesel Generator Day Tank Duration Computation

3 pages follow
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This EC supported a compensatory measure implemented under
CR-PLP-2008-04708 concerning the allowed outage time for fuel oil transfer
pump P-18A. The allowed outage time for P-18A is based on the amount of
time a diesel generator can be operated with reguired 2500 gallong in a
fuel oil day tank.



JSErickson
12/2/08

Engineering Change Reply
EC12118

Description

The computation below determines how long an emergency diesel generator can be
operated under design loading conditions with 2500 gallons of fuel oil.

Condition Report CR-PLP-2008-04708 documented that the fuel consumption rate used
to establish the 15 hour allowed outage time for diesel fuel oil transfer pump P-18A in
Technical Specification 3.8.3 was non-conservative. The 15 hour allowed outage time
was established based on the time that an emergency diesel generator can be operated on
the 2500 emergency diesel generator day tank inventory required by Technical
Specification Surveillance Requirement SR 3.8.1.4 and assuming a fuel oil consumption
rate of 2.6 gpm. Since the assumed fuel consumption rate was found to be non-
conservative, the actual time that an emergency diesel generator can be operated on 2500
gallons is less than 15 houss.

This computation is being performed to establish an allowed outage time for P-18A based
on the duration that an emergency diesel generator can operate on 2500 gallons of fuel
under design loading conditions using an appropriate fuel oil consumption rate.

Assumptions

Fuel oil specific gravity is assumed to be at its procedurally minimum value of 0.815
(Ref: 1.

Diesel generator is operating under design loading conditions (2750 kW for two hours
and 2500 kW afterward).

Fuel temperature is assumed to be 60°F. Water density at this temperature is 62.371
Ibm/ft’. This is consistent with EA-EC6432-01 (Ref. 2).

References

L. Chemistry Operating Procedure COP-224, “Diesel Fuel Oil Testing Program”,
Revision 9.

2. EA-EC6432-01, “Palisades Emergency Diesel Generator Fuel Oil Storage
Requirements”, Revision 0.



Fuel consumption rates are obtained from the original vendor test data which provides
fuel consumption in Ibom/hr at various loads (Ref. 2). The fuel consumption rates for
emergency diesel generator 1-2 were highest and are used in this computation. The data
is repeated below:

Kilowatts Fuel Consumed, Ibm/hr
600 350
1330 671
1908 951
2503 1234
2827 1410

Fuel consumption at 2750 kW and 2500 kW is determined by interpolation from this
table.

At 2750 kW:

2750 kW — 2503 kW (1410 Ibm/hr — 1234 Ibm/hr) + 1234 Ibm.hr = 1368.17 lbm/hr
2827 kW — 2503 kW

At 2500 kW:

2500 kW — 1908 kW (1234 Ibm/hr — 951 Ibm/hr) + 951 Ibm.hr = 1232.57 Ibm/hr
2503 kW —~ 1908 kW

Fuel consumption is converted from lbm/hr to gal/hr as follows:

At 2750 kW:  (1368.17 Ibm/hr)(1/(62.371 1bm/ft*)(0.815))(7.48 gal/ft’) = 201.3 gal/hr
At 2500 kW (1232.57 Ibm/hr)(1/(62.371 ibm/ﬁz)(o.815})(7.48 gal/ﬂs) = 181.37 gal/hr
2500 gal = (2 hours)(201.3 gal/hr) + (T — 2)(181.37 gal/hr)

T = 13.5 hours

Conclusion

Based on the above, a diesel generator can be operated with 2500 gallons under design
loading conditions for 13.5 hours. A conservative allowed outage time for the diesel fuel
oil transfer pump P-18A is 12 hours.



