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REVISION SUMMARY
Revision # Description
0 Original Issuc. Evaluates SFP cooling capabilities with an in-vessel decay time of 100 hours.
1 Revision 1 evaluates SFP cooling capabilities with an in-vessel decay time of 85 hours, and its
purpose is to support Licensing Change Request LCR S06-07.
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1.0 PURPOSE

This document evaluates spent fuel pool (SFP) Cooling Capabilities with 85-hours of in-vessel decay,
rather than the 100-hour delay currently required by technical specifications during the period from Octo-
ber 15% to May 15%. As such, this evaluation is intended to provide a technical basis for a licensing change
request to the USNRC to revise the technical specifications of both Salem Unit 1 and Salem Unit 2.

While this evaluation supports the licensing change request, the Salem SFP Integraied Decay Heat Man-
agement (IDHM) program (as described and detailed in USFAR Section 9.1.3.2) is relied upon to assure
that adequate SFP cooling capability is available prior to off-loading fuel during & specific outage. The
IDHM program assures pool temperature does not exceed 149°F with both SFP heat exchangers available
or 180°F with onc SFP heat exchanger available..

2.0 SCOPE

This evaluation applies to both Salem Unit 1 and Salem Unit 2, and addresses the period from October 15*
through May 15%, annually, when CCW temperature is expected to be 71°F or below. During the
remainder of the year (May 16 through October 14" or when CCW temperature exceeds 71°F), the current
168-hour technical specification requirement will remain intact. This evaluation deals only with decay heat
resulting from the radioactive decay of fuel rods loaded into the Spent Fuel Pools. It does not address
radiological dose issues associated with fuel transfer to the SFP, Radiological dose issues are addressed
separately.

3.0 DISCUSSION
The Salem UFSAR, Section 9.1.3.1 makes the following statements:

“The Spent Fuel Pool Cooling System maintains pool temperature at or below 149°F, provided both SFP
heat exchangers are available. If only one heat exchanger is available, pool temperature is limited to

180°F.”
Later, in Section 9.1.3.2, the UFSAR states:

“In 1998, additional spent fuel pool heat removal analyses were performed. The analyses addressed
potential full-core off-loads during upcoming refueling outages as well as end of plant life. These analyses
concluded one pump and one heat exchanger can maintain poo! temperature below 149°F under all
combinations of decay time and CCW temperature except minimum decay times and very high cooling
water temperatures, Under these later conditions, in vessel decay-time would be extended or paralle] heat
exchanger operation would be used to maintain pool temperature below 149°F.”

In addition to the above, Section 9.1.3.2 describes the SFP IDHM program under which pre-outage
assessments of SFP heat loads are performed prior to core offload as follows:

e Calculations to assure SFP temperature does not exceed 149°F following a full-core offload with
one heat exchanger per pool.

¢ Calculations to assure SFP temperature does not exceed 180°F following a fullcore offloed with
one heat exchanger for both pools.

e Validation of assumptions in the Integrated Decay Heat Management program including
o Auvailability of both hest exchangers, each with an available pump and
o Actual CCW system temperatures consistent with calculated values.
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In view of the above, the questions to be resolved in this evaluation are;

1. If in-vessel decay time is reduced from 100-hours to 85-hours during the period from October 15% to
May 15%, can the SFP cooling system maintain pool temperatures at or below 149°F with both heat
exchangers available and below 180°F with one heat exchanger available? If so, is there a time limit on
this activity based upon background heat within the Spent Fuel Pool?

2. If pool temperature is predicted to rise above 149°F, can the temperatures of both pools be maintained
below 149°F by employing parallel heat exchanger operations? If so, with what frequency are the heat
exchangers shified between pools to maintain 149°F?

3.1 Background

In-vessel decay is required before moving a fresh, hot core into the SFP because of the radiation dose rates
and fuel-pool cooling requirements. With regard to pool cooling, decay heat from previously irradiated
fuel elements constantly decreases as the fission products and heavy elements decay. Therefore, the longer
the clements are allowed to decay within the reactor vessel, the less heat duty is transferred to the SFP.

The 168-hour limit is based upon the capability of the SFP cooling system when River temperatures, and
the consequent CCW temperatures, are at their highest. These analyses considered the River temperature to
be at 90°F, with CCW at 99°F. This condition has never occurred at Salem, but if it did, it would occur in
late July or early August, when River temperatures typically peak. The 168-hour delay imposes an unnec-
essary penalty on plant operators in the cooler months, when refuelings are typically scheduled. For this
reason, current technical specifications permit a 100-hour delay during the period from October 15® to May
15%,

This evaluation considers SFP cooling capabilities if an 85-hour delay rather than the current 100-hour de-
lay is imposed prior to defueling during the period between October 15" and May 15® or when CCW tem-
perature is 71°F or below.

3.2 Assumptions/Initia! Conditions

1. Both spent fuel pool cooling (SFPC) heat exchangers will be assumed to have 6% of the tubes plugged.
This is a conservative assumption because the highest current tube plugging is 4% (Assumption 5.0.c,
of Reference 5.1), and additiona! plugging is not expected with these pure water (SFP) and treated wa-
ter (CCW) exchangers.

2. SFPC (one pump) flow to the heat exchanger is 2500 gpm (Reference 5.1, paragraph 6.2). When two
heat exchangers are aligned to a single pool, 2 pumps will be assumed running with an average ﬂow
rate of approximately 1500 gpm per heat exchanger (Reference 5.1, paragraph 4.0.¢).

3. CCW flow to the SFP heat exchanger is 3000 gpm (Assumption 5.0.a of Reference 5.1).

4. SFP heat exchanger fouling factor will be conservatively held equal to or greater than its design basis
value (0.001075). The heat exchanger data sheet is shown in Reference 5.7.

5. Reactor power is conservatively assumed to be 3459 MWt [1.014 x 3411 MW1] (Reference 5.3, Input
3.19).
6. Based on current refucling programs, fuel assemblies while in the reactor vessel will be assumed to be
expended in accordance with the following (Reference 5.2):
¢ 76 assemblies with 17 months of effective full power operation
e 76 assemblies with 34 months of effective full power operation
e 4] assemblies with 51 months of effective full power operation.
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7. Defueling of 193 assemblies will be assumed to require 40 hours, which is faster than all recent Salem
off-load times, as shown below (References 5.4 and 5.12).

Time Time
Outage (hours) Ref. Outage (hours) Ref.
1R17 59.2 5.12 2R14 42.7 5.12
1R16 41.5 5.12 2R13 41.9 5.12
1R15 48.0 5.12 2R12 47.8 5.12
1R14 53.0 5.4 2R11 53.0 54
1R13 60.0 54 2R10 58.0 54

8. There are currently 1137 fuel assemblies in the Unit 1 SFP (as of 1R17 in October 2005) and 964 ele-
ments in the Unit 2 pool (as of 2R14 in April 2005). (Reference 5.12).

9. Background heat in the Unit 1 SFP was 2.31 x 10° Btu/hour prior to outage 1R13 in 1999 (Reference
5.1).

10. Background heat in the Unit 1 SFP at end of life (i.c. with a full pool) is 8.46 x 10° Btu/hr (Reference
5.5).
11. The maximum number of fuel elements that can be loaded into a Salem SFP is 1632 (Reference 5.11).

12. Background heat in the pool at any given refucling between the present and end of life (or full pool) is
assumed to be a straight line between 2.31 x 10° Btu/hour (Input #9) and 8.46 x 10° Btu/hour (Input
#10).

13. Net thermal capacity of SFP water at the end of life with all fuel racks filled (thereby minimizing avail-
able water volume) is 1.96 x 10° Btu/°F, as shown on page 29 of Reference 5.5. This value considers
only the water volume within the SFP and does not include the fuel transfer pool.

14. The volume of the fuel transfer pool is 19,927 ft* (16” x 28.5° x 43.7—Reference 5.13). Subtracting
15% for equipment, the water volume becomes 17,000 fi*. When added to the 32,000 fi* of the fuel
pool (Reference 5.5, page 29), the thermal capacity of the combined pools is 3.0 x 10° Btu/°F (49,000
ft* x 61.2 #/ft* x 1 Btuf# °F). _

15. The surface area of the SFP is 1111.5 fi* (Reference 5.5, page 30). The transfer pool surface is 16’ x
28.5° (Reference 5.13) or 456 fi>. Using 75% of the transfer pool (for conservatism), the combined sur-
face is 1453.5 fi%, or 30% greater than the surface of the SFP alone. Hence, when considering surface
evaporation, the evaporation rates of Reference 5.5 (shown in Attachment D) can be increased by a fac-
tor of 1.3 when both pools are connected. The evaporation rates, both with and without the transfer
poo! are listed in Attachment D,

16. SFP pump heat adds 210,000 Btu/hr to the pool (Reference 5.5, page 31). This heat is orders of magni-
tude below the decay heat and therefore is ignored for convenience, particularly since no credit is taken
for evaporative heat (with 2 available heat exchangers) or heat lost to the concrete structure.

3.3 Basic Parameters
The basic parameters that are used throughout the remainder of this evaluation are reiterated below:
1. Refucling operations are conducted during the period from October 15 to May 15.

2. All 193 fucl assemblies are off-loaded to the Spent Fuel Pool (full core offload). This assumption
bounds any partial off-loads that might be conducted. '
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3. In addition to the new 193 assemblies, the background heat (old assemblies) is assumed to be 8.46 x
10° Btw/hr, which represents e full spent fuel pool (Reference 5.5, page 50). This assumption bounds
future refueling since assembly transfer to dry-cask storage would remove the oldest fuel first.

4. River temperatures are determined from 30 years of historical data.
5. Defueling begins 85 hours and completes at 125 hours after reactor shutdown.,

6. All SFP heat removal is via the Spent Fuel Pool Cooling System. No credit is taken for heat transfer
viz evaporative cooling' or to the SFP (concrete) structure.

3.4 Methodology

1. Determine the decay heat rate from the off-loaded core using USNRC Branch Technical Position ASB
9-2 (Reference 5.6).

2. Determine background heat that will exist in the full spent-fuel pools.
3. Ewvaluate Delaware River temperatures during the period from October through May.

4. Benchmark the SFP heat exchanger design basis parameters against the Joseph Oats (Manufacturer’s)
data sheet, using the HTC-STX heat exchanger design computer program.

5. Using the benchmarked heat exchanger model in the HTC-STX heat exchanger computer program, de-
termine heat duties with verious SFP temperatures and CCW temperature appropriate for the time pe-
riod.

6. Evaluate the ability of the SFP Cooling System to maintain pool temperature limits.

3.5 Inherent Conservatisms

This analysis considers heat removal from the Salem Spent Fuel Pools using forced cooling provided by the

SFPC heat exchangers. By relying only on the SFPC heat exchangers, the analysis contains several sub-

stantia]l conservatisms as described below, These conservatisms could be credited in this calculation,
However, at this time they will be left as providing additional temperature margins.

1 No credit is taken for evaporative cooling, i.c. pool bulk temperature cooling resulting from evapo-

ration at the surface of the SFP, provided that both SFP heat exchangers are available’. Reference

5.5 indicates that evaporative cooling contributes 0.86 x 10° Btu/hour &t 150°F and 3.87 x 10°

Btu/hour at 180°F. Conseguently, if the pool reaches 180°F, evaporative cooling amounts to about
8% of the peak heat load in-the hot pool and 45% of the heat load in the non-refueling pool.

2 No credit is taken for the cooling that occurs when cold water is made-up to the pool to replace the
evaporation. At 180°F, 3.87 x 10° Btu/hr releases 3900#/hour (3.87 x 10° Btu/hr/990.2 Btu/# [la-
tent heat of vaporization for 180°F water]). When this 3900#/hr (approximately 8 gpm) is replaced
with 100°F water (at 67.97 Btu/#), 311,800 Btu/hr are required to heat the 100°F water back to
180°F (147.92 Bru/#). [(147.92-67.97) Btu/# x 3900 #/hr = 311,800 Btu/hr]

3 No credit is taken for cooling through the concrete structure of the pool. Heat is conducted through
the pool steel liner, concrete structure, and ultimately to the cooler environment beyond the struc-
ture. The higher the pool water temperature, the more heat transmitted through the structure,

! In the abnormal case wheze only one heat exchanger is available for both fuel pools, evaporative cooling from the pool surface will be
considered in order to determine more realistic iming for the HX transfer between pools. When both SFP heat exchangers are avail-
able, no credit is taken for eveporative coaling.

1 See Footnote #1 above.
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4 RHR cooling continues to provide forced cooling to the SFP with all fuel elements removed to the
SFP as long as the refueling canal remains flooded and the transfer gate is open. The cooler water
in the reactor vessel and refueling canal will transfer to the SFP via natural circulation through the
transfer gate. This potential cooling source is never credited in any analysis or procedure,

3.6 Evaluation

Core Decay Heat

Decay heat from the newly discharged core is determined using the USNRC Branch Technical Position
ASB 9-2, Residual Decay Heat for Light-Water Reactors for Long-Term Cooling (Reference 5.6). Thisisa
conservative computer code for calculating fuel element decay heat, and is used here without scaling fac-
tors or other adjustments.

As shown in Attachment A, pages Al through A4, the residual heat from the 193 assembly offload to the
SFP is shown to be 3.95 x 107 Btw/br as summarized in the following table. The 125 hours after shutdown
includes the 85-hour delay plus an additional 40 hours to offload the 193 assemblies. A 10% uncertainty
factor is included per the BTP.

This is the highest heat load in the pool from the newly discharged core, and it exists only at the moment
that the final assembly is moved into the pool. After that time, the heat load continuously decays to lower
values. Nonetheless, this value is used throughout this evaluation as the heat in the SFP.

Table 1 ~ Full-Core Off-Load Decay Heat

Number of Reactor Power Time to Off-Load Efiective Full Calcnlated Decay
Assemblies After Shutdown Power Hours of Heat
Burnup

76 3459 MWt 5.21 days (125 hrs.) 12,410 (17 mos.) 1.37 x 10’ Baw/hr

76 3459 MWt 5.21 days (125 hrs.) 24,820 (34 mos.) 142 x 10" Btw/hr

4] 3459 MWt 5.21 days (125 hrs.) 37,230 (51 mos.) 7.75 x 10° Btw/hr
Heavy Elements 6

(all assemblies) 3459 MWt 5.21 days (125 hrs)) Same as above 3.89 x 10° Btu/hr

Core Total 3.95 x 10’ Btw/hr

Background 8.46 x 10° Btu/hr
Peak Pool Heat v

Load 480 x 10’ Btu/hr

ackpgro eat

The background heat is taken from Reference 5.5 for 2 full spent fuel pool (8.46 x 10° Btw/hr—see input
3.2.10). This is a maximum value (i.c. all available fuel racks full with spent fuel) and therefore it applies
to any anticipated future refueling in either Salem unit. With 1137 assemblies in the Unit 1 pool, this pool
will be full in another 4 refucling outages (i.e. 1632 — 1137 — 193 = 302/76 = 3.97), with room available for
one additional core. However prior to that time it is expected that the oldest fuel will be withdrawn to dry-
cask storage. In any event, either before or afier implementation of dry-cask storage, the maximum back-
ground heat value of Reference 5.5 will bound any potential background heat rate. Furthermore, this value
is conservative since Reference 5.5 was based on a power level of 3600 MW, whxchxshxghcrthanacmal
power levels to wluch the spent fuel was exposed.

3 Derivation of background heat is discussed in the next paragraph. '
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The background heat value used in this evaluation (8.46 x 10° Btw/hr) is extremely conservative because it
represents 1776 elements in the pool (the current pool is limited to 1632) with all elements exposed to 4.5

years of full power at 3600 MWt. Since the background heat in the SFP during outage 1R17 was only 3.1 x

10° Btu/hr, it is clear that the actual background heat in only 4 more refuelings will be well below 8.46 x

10° Btw/hr. Based on the above, 8.46 x 10° Btw/hr is appropriate for use in this design-basis evaluation,

since it will bound any possible background heat scenarios. In the outage specific calculation performed in

accordance with Reference 5.10, the actual background heat will be less and therefore the 85-hour decay
time of this evaluation is conservative.

aware River/CCW Tempersture

As shown in Attachment B, pages Bl through B8, the average monthly temperature in the Delaware River
(measured at Reedy Island) between the months of October and May are 63°F and below. These tempera-
tures are based upon 30 years of weekly data recorded at Reedy Island, a locetion just upstream of Salem

~ and Hope Creek. These pages also show that on average, inlet temperatures at the plant run 3°F higher than
Reedy Island, Bven though there have been measurements of plant temperatures as much as 5°F higher
(and as low as 1°F) than Reedy Island, the 3°F average is considered conservative in a condition where one
of the two Salem Units is shutdown. The Salem Units account for nearly all of the output heat in the River.
Hope Creck has a cooling tower, through which most waste heat is released to the environment. Therefore,
with one of the two Salem Units shutdown (and only discharging waste reactor heat), historical average dif-
ferentials between the plant and Reedy Island are conservative.

The differential temperature between Service Water (SW) and CCW is reduced under shutdown conditions
because there is less heat load on both the CCW System and the SW System. Using both CCW heat ex-
-changers during the few days that SFP heat loads are at their peak would lower the differential even further.
However, since both CCW heat exchangers may not be available when fuel is moved, the analysis of At-
tachment F evaluates both one and two CCW heat exchangers. As shown in Attachment F, the CCW sup-
ply temperature is 71°F with a Service Water inlet temperature of 66°F (one CCWHX and two SFPCHXs).

Temperature | Description
63°F Delaware River historical data
3°F Reedy Island to plant intake
66°F Service Water Inlet Temperature
71°F CCW Temperature Based on 66°F
SW Inlet, as shown in Attachment
F*. [See Footnote 4 below]

Use of 71°F for this analysis is considered appropriate for two reasons:

1. This evaluation provides a technical basis for reducing the in-vessel decay time for defueling from
168-hours to 85-hours during the months from mid-October to mid-May. Before fuel is actually
transferred, the Salem Integrated Decay Heat Management Program (currently based upon the
Holtec CROSSTIE computer code) is implemented in accordance with Outage Risk Management
procedures (Reference 5.10) for the actual conditions in existence at outage time. In the case of a
particularly mild winter or particularly hot summer where River temperatures might be above pre-

* Attachment F is not changed from Revision 0, even though Revision 0 was based upon 4.4 x 107 Btu/hr while Revision 1 is based on
4.8 x 10" Biw/hr. This is justified because of the conservatisms in Attachment F with regard to both CCW flow rates and the calculated
temperatures, Furthermore, since this evaluation concludes an 85-hour decay is justified with 8 CCW temperature of 71°F or below,
Attachment F simply détermines that these temperatures can be expected during this time period.
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dicted temperatures, fuel would not be transferred until the Dccay Heat Manegement Program indi-
cated pool temperature limits would be achieved.’

2. The inherent conservatisms in this analysis (i.e. evaporative cooling, structure cooling, cold water
makeup, RHR cooling) are of sufficient magnitude to account for any foreseeable changes in river
temperatures or other potentially non-conservative assumptions. Hence, this calculation is consid-
ered to be sufficiently conservative.

Heat Exchanger Efficlency .
As shown in Attachment C, pages C1 through C3, the HTC-STX heat exchanger computer code, Version
3.6, is benchmarked against the original Joseph Oats data sheet from Reference 5.7. It should be noted that
the HT'C-STX data sheet says that SFPC surface area is over-designed by 7.55%. This is consistent with
HOLTEC International’s analysis of this same heat exchanger (Reference 5.5). In Reference 5.5, HOLTEC
concluded that the SFPC heat exchanger was over-designed by 7.04%. Based on their analysis, HOLTEC
concluded that the design basis heat duty should have been 12.78 x 10° Btu/hour rather than the 11.94 x 10°
Btu/hour of the Joseph Oats data sheet.

The same heat exchanger model that produced the benchmarked data sheet was then changed to incorporate
6% tube plugging and to revise shell-side (CCW) inlet temperature to 71°F. Using this model, heat duties
were calculated for various spent fuel pool temperatures. As shown on pages C4 (for one heat exchanger)
and page C5 (with two heat exchangers lined-up in parallel) heat exchanger efficiencies are determined as
shown in the attached table. These efficiencies are then applied to the various conditions described below.,

Table 2 — Heat Exchanger Efficiency

Page | No. HX | CCW Flow | Tube Flow | Shell Tube | Plugged | HeatDuty | Efficiency
[gpm] [epm] Inlet Inlet Tubes Btuw/hour | Btu/sec °F
C4 One 3000 2500 71°F | 160.9°F 6% 4.3968E7 135.8
C5 Two 3000 1500 71°F | 128.4°F 6% 2.1998E7 106.5

Both SIIC Heat Exchangers
With two SFPC heat exchangers available, both Salem SFPs can be maintained below 149°F as follows:

1. With one heat exchanger aligned to each Salem SFP, the hot pool (the pool with the full-core off-
load) will heat toward 149°F, while the non-refueling pool will remain well below 149°F.

2. With both heat exchangers aligned in parallel to the hot pool, the hot pool will cool below 149°F,
while the non-refueling pool will slowly heat toward 149°F.

3. The heat exchanger for the non-refueling pool will be swapped between the refuehng pool and the
non refucling pool as shown in the Table 3 below. Each succeeding cycle will be extended, since
the spent fuel is constantly decaying. Assumed CCW inlet temperature is 71°F in all cases.

4. In Teble 3, no credit is teken for (1) evaporative cooling from the pool surface (2) heat transfer
through the pool structure (3) the volume of water contained in the fuel transfer pool or refueling
cavity (which would still be attached), (4) the cool make-up water that would replace the evapora-
tion or (5) any RHR heat exchanger,

5 In October, River temperatures are highest on the day the fucl is offloaded and River temperatures slowly decrease thereafter, With
residual heat from the fuel also decaying, SFP cooling capabilities become more conscrvative with each passing day. In May, how-
ever, River temperatures can be expected to slowly increase (typically 2.2°F to 2.3°F per week) after the fuel has been offloaded. This
is not conservative, although the decaying residual heat would offsct the temperature increases. Nonetheless, to assurc that tempera-
tare increases after fuel offload do not adversely impact the results of the CROSSTIE cods analysis, refucling in May (with 85-hour in-
vessel decay) has been limited to May 15*. This assures that the fuel in the pool will be well decayed as River temperatures rise into
the month of June.
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Table 3 — Two Heat Exchanger Operation
AHat Heatpor | HXEM. | Initisl | Final
[ ea 'y o nitia na
| 3| nemew | GRS | Wi | Cooim | (G0 | pwi | | (Tt
(MBtu/br)®
Refuel | 2 24.0 48.0 0 0 1065 | 133.6°F | 133.6°F | 11.4 hs.
R o 0 8.46 +846 | +43%FMmr | NA | 100°F | 149°F | 11.4hm.
Refuel | 1 34.4 36.5 ¥12.0_ | +6.2°F/r | 1358 | 133.6°F | 149°F | 2.5 hrs.
Ryl I 310 8.46 226 | -10.5Fmr | 1358 | 149°F | 120F | 2.5hm.
Refuel | 2 27.0 46.2 78 | 40°F/mr | 1065 | 149°F | 1312°F | 6.7 hm.
R | o 0 8.46 +846 | +43°Fhr | NA | 120F | 149°F | 6.7hm.
Refuel | 1 338 454 116 | 45.9°F/hr | 1358 | 131.2°F | 149.0°F | 3.0bms.
Pl I 30.0 8.46 214 | -110°Fr | 1358 | 140°F | 116°F | 3.0hss.
Refuel | 2 262 452 73 | 3.7°Fh | 1065 | 149°F | 130.0°F | 7.7 bus,
l{:"g;l 0 0 8.46 4846 | +43Fmr | NA | 116°F | 140°F | 7.7hms.

As can be seen above once the non-refueling pool reaches 149°F, the non refueling pool heat exchanger can
be shifted between its own pool and the hot poo] on & 2.5 hours on, 6.7 hours off basis as long as necessary
to maintain both SFPs below 149°F. With each succeeding cycle, the shift times will increase shghtly 3.0
hours/7.7 hours for the 2™ cycle) since the spent fuel heat load (particularly from the hot-core) is decreas-
ing with time. This time cycle compares to 3.7 hours on, 10.8 hours off for the 100-hour decay that was
evaluated in Revision 0 to this mechanical engineering evaluation. Both of these cycle times (the 85 hour
and the 100 hour) are well with the capability of plant operators to achieve. ,

One SFPC Heat Exchanger

A full-core offload would not be undertaken unless both SFP heat exchangers are available, Should one
heat exchanger fail or otherwise become unavailable prior to completing the offload, the offload would be
suspended. Hence in the worst case scenario, one heat exchanger fails just as the full-core offload is com-
pleted and the peak heat load is in the hot-pool.

In this case, the remaining heat exchanger would be ahgned to the hot-pool until the non-refueling pool
(which now has no forced cooling) heats to 180°F. As shown in Table 4, this heating will take approxi-
mately 20 hours. Adding these 20 hours to the 85 hour delay and 40 hour off-load time, the non-refueling
pool reaches 180°F at 145 hours after shutdown of the refuel-unit. At 145 hours, the decay heat load in the

hot-pool (including the background heat) would be 4.55 x 107 Btu/hr, as shown in Table 4 Row 3. With
evaporative losses from the pool surface at 2.66 x 10° Btu/hr at 170°F, the heat available to raise pool tem-

S Heat removal is calculated based on the heat exchanger efficiency (K valuc) using the average pool temperature dunng the specific

period and an essumed 71°F CCW tempcrature.

7 The heat added is determined for each cycle including the additional time since plant shutdown into the spreadsheets of Appendix A
As can be scen in this column, tota! heat in the refueling pool slowly decreases with time while the non-refueling pool remains con-
stant st the maximum background heat level.

¥ Heat up or cooldown rate is calculated by dividing the differential heat rate (in Btu/hr) by the SFP heat capacity of 1. 96 x 10° Bow/F
(scc paragraph 3.2.13),

? Final pool temperatures with the hot (reﬁzchng) pool in cool-down using both heat exchangers are limited by heat exchanger capacity
and not by the available cool-down time. For example, in Table 3, Row 5, the 4 degree per hour cooling rate for 6.7 hours should
lower pool temperature to 122.2°F (149°F — 4 x 6.7). However, at 131.2°F, the two heat exchangers (in paralle]) just balance the heat
input mte of 4. 62 x 107 Btu/hr and therefare temperature will not decrease below 131.2°F.
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perature would be 4.22 x 107 Btw/hr, which is well below the 4.4 x 107 Btu/hr that was analyzed and found
to be acceptable in Revision 0 to this MEE. Hence, the evaluation of Revision 0 bounds the maximum heat
load expected in this condition.

In addition to being bounded by the evaluation of Revision 0 to this MEE, Revision 0 did not credit any of
the water in the refueling canal, reactor vessel or transfer pool, which would still be connected to the SFP
from the refucling operations. As shown in Input 3.2.14, when the transfer pool alone is included, the heat
capacity of the combined pools is 3.0 x 10° Btu/°F, Using this revised heat capacity, the sequence of events
with one heat exchanger is shown in Teble 4 below.

Table 4 - One Heat Exchanger Operation

Average Surface

No. Heat Heat Evapora- Differen- Heatup or Inftial Final Time to
Pool HX Removal Added tion tial Cooldown Pool Pool Switch

per HX (MBtuhr) | (MBtwhr) | (MBtu/hr) Rate" Temp. Temp. HX

(MBtw/hr)!® (Attach D) '

Refuel | 1 46 48.0 2.0 0 0 165°F 165°F 20 hrs.
pe | o 0 8.46 1.56 +69 | +23°Fmr | 135F | 180°F | 20w
Refuel | O 0 45.5 2.66 +42.8 +14.3°F/hr | 165°F 180°F 1.0 hrs.
' gof:;l 1 49.6 846 2.66 -43.8 -14,6°F/r | 180°F 165°F 1.0 hrs,
Refuel | 1 49,1 45.3 2.66 -6.5 -2.15°F/hr | 1B0°F 163°F 7.9 hrs.
R 1o 0 8.46 2.66 +58 | +1.9°%Mmr | 165°F | 180°F | 7.9hm.
Refuel 0 0 44.3 2.66 +41.6 +13.8°F/hr 163°F 180°F 1.2 hts.
lgoﬁx:;l 1 49.6 8.46 2‘66, -43.8 -14.6°F/mr | 180°F 162°F 1.2 hrs,
Refuel | 1 48.4 44.2 2.66 -6.8 -2.3%/hr 180°F 160°F 9 hrs.
goﬁ?;] 0 0 8.46 2.66 -5.8 +1.9°F/he 162°F 180°F 9 hrs.

As shown in Table 4, the 8-hour (hot pool)/1-hour (background pool) cycle can be continued as long as
would be necessary to either restore the unavailable heat exchanger or begin transferring hot fuel back into
the vessel of the refueling unit. In addition, the cooling times available prior to each heat exchanger shift
are considered to be conservative and in reality, are expected to be longer. This is the case because (1) the
BTP heat loads are conservative and do not consider forced outages or other lost generation time (2) the
concrete structure would act to buffer the temperature changes and (3) no credit is taken for cold water
make-up that replaces the evaporation. Also, when considering surface cvaporation rates, the non-refueling
pool may never reach 180°F, since evaporation plus heat transfer through the structure might offset the ac-
tuzl heat input prior to reaching 180°F. In this case, the single heat exchanger would constantly cool the
hot-pool, with a maximum temperature of approximately 165°F.

Finally, a more accurate assessment of the pool heat up times will be done prior to & refueling outage, as
part of the Integrated Decay Heat Management Program, so proper planning on when &nd if to remove &
SFHX from service can be performed.

1% Heat exchanger efficiency is 135.8 Btu/sec °F, since only one heat exchanger is available.
! Heat up er cooldown rate is calculated by dividing the differential heat rate (in Btu/hr) by the SFP and transfer pool heat capacity of
* 3,0 x 106 Btu/F (see paragraph 3.2.14),
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4.0 CONCLUSION/RECOMMENDATION
Conclusion

This evaluation demonstrates that a fully radiated 193 element reactor core can be off-loaded to either Sa-
lem spent fuel pool with 85-hours of in-vessel decay, rather than the current 100-hours decay, provided the
CCW outlet temperature is less than or equal 71°F. The evaluation also demonstrates that the required
temperature (less than or equal 71°F) can be expected during the period October 15® through May 15%, an-
nually. Therefore, the technical specifications can be written to allow an 85-hour decay either during the
period from October 15™ through May 15® or anytime that CCW outlet temperature is equal or below 71°F.,

This conclusion is based on the capability of the SFP cooling system to (1) maintain both Salem pools be-
low 149°F with two SFPC heat exchangers available and (2) maintain both pools below 180°F with only
one heat exchanger available. This capability mects the requirements of UFSAR Chapter 9.1.3.1. A Tech-
nical Specification change will be required because the 100-hour delay is currently required by Technical
Specifications during this time period.

This conclusion is justified because (1) the Salem Outage Risk Management Program'?, which includes &
pre-outage assessment of the SFP heat loads and heat up rates will assure available SFPC capability prior to
actually offloading fuel and (2) the inherent conservatisms in this calculation provide for additional cooling
sources that are not credited herein. In order to maintain both pools below the required temperature limits,
the SFPC heat exchangers may be required to operate in the crosstic mode (i.e. in parallel) for a period of
time, as determined by the pre-outage assessment.

Recommendation

This evaluation justifies reduction of the Technical Specification 100-hour in-vessel decay to 85-hours dur-
ing the period from Oclober 15® to May 15® The Technical Specification can be based upon either the
time period (October 15* to May 15%) or the limiting CCW temperature (less than or equal 71°F), as Salem
management may choose.

At the same time, Salem management may decide to take further steps in the future to increase SFP cool-
ing, and thereby further reduce the decay time requirements. Such actions could include (1) installation of
additional heat exchanger capability (2) connection of an RHR heat exchanger for SFP cooling in accor-
dance with Reference 5.14 or (3) use of & fuel-shuffle that precludes e full-core off-load. Such action could
be anticipated if the Technical Specifications rely on the Integrated Decay Heat Management (IDHM) pro-
gram for determining the required decay time for any particular outage. Under this methodology, the
Technical Specifications would state:

1. The minimum in-vessel decay time as required by radiological considerations in handling the spent
fuel.

2. A requirement for the IDHM program to establish the minimum in-vessel decay time needed to as-
sure the limits of 149°F with two available heat exchangers and 180°F with only one heat ex-
changer prior to the start of cach specific Salem refueling outage.

3. A fuel movement limit based on the more restrictive of steps 1 or 2 above. This Technical Specifi-
cation would replace both the current 100-hour and 168-hour requirements, since the time of year
would not be relevant in the IDHM calculations.

12 The Integrated Decay Heat Management Program is part of Salem Outage Risk Management,
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5.0 REFERENCES

5.1 S-C-SF-MDC-1780, Revision 0, Capability of Salem Spent Fuel Pool Heat Exchangers to Maintain
149°F Pool Temperature

52 Phone Call with Gienn Schwartz, Salem Fuels of 5/2/02 (sec Attachment E)

53 S-C-SF-MDC-1800, Revision 4, Decay Heat-up Rates and Curves

54 Phone call with Glenn Schwartz, Salem Fuels Department, on 5-3-02 (sec Attachment E)

5.5 S-C-SF-MDC-1240, Revision 1, SFP Thermal-Hydraulic Calculation (HOLTEC International)

56  BTP ASB 9-2 Revision 2 of July 1981, USNRC Standard Review Plan 9.2.5, Ultimate Heat Sink,
NUREG 0800

57 PSBP 301110, Westinghouse Instruction Manual, Auxiliary Heat Exchangers

5.8 Phone call with Kevin King, PSE&G Engineering, on 5/6/02 (scc Attachment E)

59 LCR S02-03

510 SC.OM-AP.ZZ-0001, Revision 1, Shutdown Safety Management Program Salem Annex

5.11 T/S 5.6.3, Fuel Storage Capacity

5.12 Email T. Wathey (PSEG) to T. DelGaizo (MLEA) on 5/9/06 (Attachment E)

5.13  PSEG Drawing 204836, Revision 7—Fuel Handling System Arrangement Drawing

5.14  S-C-N230-MDC-049, Revision 0, Spent Fuel Pool Cooling Using SFP and RHR Cooling Systems

5.15  81(2).0P-SO.SF-0002, Revision 17(16), Spent Fuel Cooling System Operation

6.0 EFFECTS ON OTHER TECHNICAL DOCUMENTS
The following procedure changes are required upon NRC approval of the LCR:

1. S1(2).0P-10.2Z-0007, R13(11), Cold Shutdown to Refueling; Precaution 3.6 states TS 3.9.3 is valid
until the year 2010. When the LCR is approved, the 2010 expiration will be eliminated.

2. S1(2).0P-10.ZZ-0107, R1(1), Administrative Requirements Cold Shutdown to Refueling, Precaution
3.3 states TS 3.9.3 is valid until the year 2010. When the LCR is approved, the 2010 expiration will be
eliminated,

3. SC.OM-AP.ZZ-0001, Rev. 1, Shutdown Safety Management Program—Salem Annex. Paragraph 5.7.1
refers to 100-hours prior to core offload.
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NC.CC-AP.ZZ-00106(Q)
FORM-1

CERTIFICATION FOR DESIGN VERIFICATION

Reference Number: S-C-SF-MEE-1679, Revision 1

SUMMARY STATEMENT

This revision was prepared to evaluate SFP cooling capabilities with 85 hours of in-vessel decay, rather
than the 100-hour delay currently required by Technical Specifications. As such. it is intended to pro-

vide a technical basis for a licensing change request. calculation demonstrates that a fully radi-

ated 193 element core can be offloaded to the SFP with 85 hours of in-vessel decay and temperatures

will not exceed 149°F in either poo! with two SFP heat exchangers avallable or 180°F with one avail-
ble. All changes made in Revision 1 have been checked line-by-line. The results are consistent with

the previous revision of this document considering the changes made and given the design input, and
ethodolo sed conclusions reachad were found to be appropriate and conservative.

The individua!l named below in the right column hereby certifies that the design verification for the sub-
ject document has been completed, the questions from the generic checklist have been reviewed and
addressed as appropriate, and all comments have been adequately incorporated. SAP Or-
der/Operation final confirmations are the legal equivalent of signatures.

Rlan Do\nssa Paul Lindsay, MLEA Inc, '/J) ‘9 sinke
Design Verifier Assigned By | Name of Design Verifier / Date

(print name of Manager/Director)

Design Verifier Assigned By | Name of Design Verifier / Date
(print name of Manager/Director)

Design Verifier Assigned By | Name of Design Verifier / Date
(print name of Manager/Director)

Deslign Verifier Assigned By _ Name of Design Verifier / Date
(print name of Manager/Director) '

“If the ManagerfSupervisor acts as the Design Vertfier, the name of the next higher leve! of tachnical management Is required In the left column.
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Page 1 0f4
COMMENT / RESOLUTION FORM
FOR DESIGN DOCUMENT
DOCUMENT NO./REV: S-C-SF-MEE-1679, Revision 1
COMMENTS
1) Page 2 and forward, header - change 70 hours to 85 hours.

2) 1.0 Purpose - 2™ sentence, add the word “to® prior to “the USNRCY.

3) 1.0 - 2™ paragraph, see markup, abbreviate Integrated Decay Heat Man-
agement during second use. Algo, see Section 3.0, 3™ paragraph.

4) Section 3.0, 3™ paragraph, add “is performed” between *SFP heat loads*
and “prior to core offload*.

5) Page 4, top, item 1 - change “delay*® to “decay”. See other markups pro-
vided.

6) 1.0 rurpose, define SBFP during its first use.

7) Section 3.2.1 - is there a design reference for the less than 4% tubes
plugged. The referenced calculation makes this as an assumption with-
out a reference?

8) Section 3.2, Item 14, 1%,972 should be 19,927,

9) The thermal capacities of the SFP and/or transfer pool are based on
150°F, is this conservative for 180°F?

10) Make note on Attachment D, graph is for SFP only.

11) Section 3.5, change words “only” and “exclusively® per markup since we
do credit evaporation for the limiting case.

12) Section 3.5, 1™ paragraph ~ delete “quantified and”. B8everal of the
following points are quantified.

13) Page € - combine footnotes 1 and 2 - they say the same thing.

14) Section 3.5, Item 2 - provide reference for 3400#/hour - I get 3900 us-
ing steam tables. Looks like you used total heat not heat of evapora-
tion.

15) Page 43 of Holtec report shows that the background heat is based on op-
eration of 3600 MWTI' and more racks than currently in the Salem SBFP. A
number as low as 8.13 Mbtu/hr could be justified versus 8.46 used.
Justify.

16) Footnote 3 should be on the page before it.

17) See markups -~ page 8.

18) Page 7, equation requiree correction 1675-1137-193 =345/76=4.5

19) Attachment 1, Page Al, remove statement “2010 total in pool.”

20) Attachment F, Page 1, references the body of the calculation for total
SFP heat load. Calls it 44 Mbtu/hr, but now we are at 48 Mbtu/hr.
What is impact of this change?

21) Attachment F - shows with 1 CCHX and 1 SFPHX temps rige to 75°F. Any
single failure which can simultaneously cause lose of both? (bus fail-
ure or EDG?)

22) Table 3 - correct 3 incorrect temperatures.

23) Minor editorial changes on page 10.

24) Table 4 - correct per markup.

2s) Minor editorial changes on page 11.

26) Section 5.0 - update references.

27) Page 13 - need new dates.




RESOLUTIONS

1. Corrected. Good catch, that’s a tough one.

2. Changed as suggested.

3. Changed as suggested

4. Changed as noted

5. Changed as noted

6. Done :

7. The referenced calculation is all I have. However, when I asked Bob Down
to update the MEE-1679 assumptions, tube plugging was not updated.

8. Corrected

9. The available SFP water volume is conservatively rounded down to 32,000
gallons from 32,990 gallons. This offsets the use of 150°F for the heat
capacity (e.g., 32,990 gallons x 60.57 lbm/ft* = 1,99 E6, therefore, the
use of 1.96E6 1s conservative for all SFP temperatures).

10.The note has been added to Attachment D

11.Done

12.Done

13.Footnote #2 now refers back to footnote #1.

14.This has been corrected. I had used the enthalpy of saturated steam at
180F when I should have used the latent heat of vaporization. The numbers
have been revised accordingly, including the make up rate,

15.The use of the higher background heat although not present is conservative
and provides margin in the evaluation.

1€.I agree but Microsoft Word puts it on the next page (for whatever reason)
and I don’t know how to change it. The footnote is there, the reader just
has to find it.

17 .Corrected

18.The problem with the formula was the space available ghould have been 1632
not 1675 (based on input 3.2.11). This leaves the result to be about 4
more outages. Added a sentence in this paragraph about the conservatiem
of the B8.46E6 value (based on 3600 MWt).

19.I deleted all reference to number of elements in the pool and 2010. That
was left over from the methodology of Revision 0 and doesn’t apply to Re-
vieion 1.

20.8ee Footnote §#4 on page 8. Basically, i1f we basge the 85-hours on 71F CCW
temperature, Attachment F is not critical.

21.There is no known single failure that can reduce SFP cooling to only 1 SFP
and 1 CCW heat exchanger. Hence the l-and-1 configuration is not a design
basis configuration.

22.I added Footnote #7 to Table 3 to explain that the configuration with 2
HXe on the hot-pool is limited by HX capacity to remove decay heat rather
than the time availlable for cooling (which is actually set by the heat-up
of the background (non-refueling) pool.

23.Changes incorporated

24.Table 4 revised

25.Changes incorporated

26 .Done

27 .Done

ACCEPTANCE OF RESOLUTION

Resolutions are acceptable ,?S.

[0,

SUBMITTED BY DATE ai1816

DATE
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(SAP Standard Text Key “NR/CDV3") EG-0020, Revision 9

GENERIC VERIFICATION CHECKLIST REFERENCE DOCUMENT NUMBER/REVISION

WHERE FOUND

YESNONA | ™" paGE NO.

COMMENTS
(YN)

1. WERE DESIGN INPUTS CORRECTLY SELECTED AND
INCORPORATED INTO DESIGN? H_:I o0 Section 3.2

N

2. ARE ASSUMPTIONS NECESSARY TO PERFORM THE
DESIGN ACTIVITY ADEQUATELY DESCRIBED AND
REASONABLE? WHERE NECESSARY, ARE THE .
ASSUMPTIONS IDENTIFIED FOR SUBSEQUENT RE- Moo Section 3.2
VERIFICATION WHEN THE DETAILED DESIGN
ACTIVITIES ARE COMPLETED?

3. ARE THE APPROPRIATE QUALITY AND QUALITY OO B]
ASSURANCE REQUIREMENTS SPECIFIED?

4. ARE THE APPLICABLE CODES, STANDARDS AND
REGULATORY REQUIREMENTS INCLUDING ISSUES AND 00O m
ADDENDA PROPERLY IDENTIFIED AND ARE THEIR
REQUIREMENTS FOR DESIGN MET?

5. HAVE APPLICABLE CONSTRUCTION AND OPERATING oo E]
EXPERIENCE BEEN CONSIDERED?

6. HAVE THE DESIGN INTERFACE REQUIREMENTS BEEN oo m
SATISFIED?

7. WAS AN APPROPRIATE DESIGN METHOD USED? Nloo Section 3.4

E:I 0o Section 3.0 and

8. IS THE OUTPUT REASONABLE COMPARED TO INPUTS? 4.0

9. ARE THE SPECIFIED PARTS, EQUIPMENT, AND
PROCESSES SUITABLE FOR THE REQUIRED oog m
APPLICATION?

10. ARE THE SPECIFIED MATERIALS COMPATIBLE WITH
EACH OTHER AND THE DESIGN ENVIRONMENTAL OO m
CONDITIONS TO WHICH THE MATERIAL WILL BE
EXPOSED?

11. HAVE ADEQUATE MAINTENANCE FEATURES AND oo m
REQUIREMENTS BEEN SPECIFIED?
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GENERIC VERIFICATION CHECKLIST

REFERENCE DOCUMENT NUMBER/REVISION

EG-0020, Revision 8

YES NO N/A

WHERE FOUND
PAGE NO.

COMMENTS
(YIN)

12,

ARE ACCESSIBILITY AND OTHER DESIGN PROVISIONS
ADEQUATE FOR PERFORMANCE OF NEEDED
MAINTENANCE AND REPAIR?

oon

13.

HAS ADEQUATE ACCESSIBILITY BEEN PROVIDED TO
PERFORM THE IN-SERVICE INSPECTION EXPECTED TO
BE REQUIRED DURING THE PLANT LIFE?

14.

HAS THE DESIGN PROPERLY CONSIDERED RADIATION
EXPOSURE TO THE PUBLIC AND PLANT PERSONNEL?
HAVE ALARA CONSIDERATIONS BEEN ADDRESSED?

15.

ARE THE ACCEPTANCE CRITERIA INCORPORATED IN
THE DESIGN DOCUMENTS SUFFICIENT TO ALLOW
VERIFICATION THAT DESIGN REQUIREMENTS HAVE
BEEN SATISFACTORILY ACCOMPLISHED?

Section 4.0

16.

HAS VERIFICATION OF THE ELECTRIC LOAD CONTROL
PROGRAM [ND.DE-TS.22-2908 (Q)] BEEN PERFORMED?

oo

17.

HAS THE EFFECT ON THE DIESEL GENERATOR LOAD
SEQUENCE STUDY BEEN ANALYZED?

n0ofl

18.

HAVE ADEQUATE PRE-OPERATIONAL AND
SUBSEQUENT PERIODIC TEST REQUIREMENTS BEEN
APPROPRIATELY SPECIFIED?

ool

19.

ARE ADEQUATE HANDLING, STORAGE, CLEANING AND
SHIPPING REQUIREMENTS SPECIFIED?

Ooof

. ARE ADEQUATE IDENTIFICATION REQUIREMENTS

SPECIFIED?

ooN

21,

ARE REQUIREMENTS FOR RECORD PREPARATION
REVIEW, APPROVAL, RETENTION, ETC, ADEQUATELY
SPECIFIED?

oof
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6)

8)

10)
11)
12)
13)
14)

15)

16)

17

Page 10f2
COMMENT / RESOLUTION FORM
FOR DESIGN DOCUMENT
DOCUMENT NO./REV: §-C.SF-MEE-1679, Revision 1
OWNER REVIEW COMMENTS
1) Throughout the evaluation, reference is made to "reduce from 100-hours to 85-hours during the

period from October 15" to May 15", The Recommendation section is based on an 85-hour de-
lay for time-period or limiting CCW temperature. Consider rewording such that the 85-hours is
not tied to the time-period. Such as, "reduce from current 100-hours during the period from Oc-
tober 15" to May 15%, to a delay of 85-hours..."

Page 4 Section 3.2.1 - spell out "Spent Fuel Pool Cooling (SFPC)" the first time.

Page 5 Section 3.2.10 — the background heat of 8.46 Mbtwhr appears high. The background heat
for unit 1 from 1R13 was 2.3]1 Mbtuw/hr (per Assumption 3.2.9). The background heat from 1R17
was 3.047 Mbtu/hr (per S-C-SF-MDC-1810 Revision 6). Assumption 3.2.12 states that back-
ground heat in the pool at any given refueling between the present and end of life (or full pool) is
assumed to be a straight line between 2.31 x 10° Btu/hour (Input #9) and 8.46 x 10° Btwhour
(Input #10).

Page 5 Section 3.3.3 - change "the background heat (old assemblies) are assumed" to "is as-
sumed".

Page 6 Section 3.5.2 2™ sentence — change "vaporization for ]80F water])." to "180°F water])."
Page 8 Footnote 4 last line — change "that these temperature can be" to "these temperatures can",
Page 9 Table 2 — modify column width for "plugged tubes”, and add revision bar to right of table.
Page 9 Table 3 - the table is split between pages, move title and header to next page.

Page 9 Table 3 — change units for columns 3 and 4 to Mbtu/hr to match Table 4.

Page 9 Table 3 - provide reference for data in table.

Page 10 Table 4 — move title for Table 4 to next page.

Page 11 Table 4 — Table 4 does not have column for HX efficiency.

Page 11 Table 4 — provide reference for data in table.

Page 12 Reference 5.10 — change revision from "0" to 1", and verify that new revision does not
impact engineering evaluation.

Page 13 References — add reference for S1(2).0P-SO.SF-0002 as justification for parallel HX
operation.

Page 13 Section 6.1 — change "R13" to "Revision 13 (an".

Pege 13 Section 6.2 — add "Revision 1 (1)".




RESOLUTIONS

WM

N

= P w

0.

11,
12.

13.
14,
15.
16,
17.

Revised statements in the Scope (para 2.0), Background (para 3.1) and Conclusion (para 4.0).
Done

The background heat in Reference 5.5 is very conservative. A new paragraph is added to the back-
ground heat section of paragraph 3.6 to explain the conservatisms in this number, It also discusses
that this is another reason why the outage specific calculation is more appropriate.

Done

Done

Done

Done

Done

Changed columns 3, 4, and § from Btwhr to MBtwhr

The date in Table 3 is calculated. Footnotes are included to explain the various calculations that are
not apparent,

Done

Footnote #10 added to show HX efficiency (which does not change in Table 4). Ididn’t include &
column for HX efficiency because Table 4 already had too many columns.

See response to comment #10 above.

Changed

Added new Reference 5.15

Done

Done

ACCEPTANCE OF RESOLUTION

Resolutions are acceptable

Bob Do 6/22/06 ¥ b 4 5/23/06
0 wn T.J Galzo
SUBMITTED BY DATE RESQUVED BY DATE
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SFP Decay Heat

76 Assemblies with 24820 EFPH (34 months)

Hours after Reactor Shutdown when Refueling Begins:
Days after Reactor Shutdown when Refueling Begins:

n

Infinite Core
1
2
3
4
5
6
7
8
9
10
11
n
1/3Core-2Cycles
1
2
3
4
5
6
7
8
9
10
11
D.H. Rate

An

Fit Coeff,
0.5980
1.6500
3.1000
3.8700
2.3300
1.2900
0.4620
0.3280
0.1700
0.0865
0.1140

An

Fit Coeff.
0.5980
1.6500
3.1000
3.8700
2.3300
1.2900
0.4620
0.3280
0.1700
0.0865
0.1140

173 for 2 cycles (76 assemblies)
1/3 for 3 cycles (41 assemblies)
173 for 1 cycle (76 assemblies)

Background

Heavy Elements
TOTAL

an
Fit Coeff.
1.772E+00
5.774E-01
6.743E-02
6.214E-03
4.739€-04
4,810E-05
5.344E-06
5.716E-07
1.036£-07
2.959E-08
7.585E-10

an

Fit Coeff.
1.772E+00
5.774E-01
6.743E-02
6.214E-03
4.739E-04
4.810E-05
5.344E-06
5.716E-07
1.036E-07
2.959E-08
7.585E-10

S.D.
(days)
521
52
5.21
5
LW
5
5.21
5
5.21
521
521

Op.Time
(days)
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

ts
(seconds)
4.50E+05
4.50E+05
4.50E +05
4,50E+05
4.50E +05
4 50E+05
4.50E+05
4.50E + 05
4,50E+05
4,50E+05
4.50E+05

to+1s
{(seconds
8.98E+07
8.98E+07
8.98E+07
8.98E+07
8.98E+07
8.98E +07
8.98E +07
8.98E+07
8.98E+07
8.98€+07
8.98E+07

Elements
In Pool

§56

85
3.5416667

P/Po
Power Fr,
0.00E+00
0.00E +00
0.00E +00
0.00E +00
2.82E-95
2.57E12
2.09E-04
1.27€-03
8.11E-04
4.27E-04
5.70E-04

3.28€-03

P/Po
Power Fr.
0.00€+ 00
0.00E+00
0.00E+00
0.00E +00
0.00E +00
0.00E+00
8.81E-212
8.36E-26
7.74E-08
3.03£-05
5.32E-04

5.63E-04
3.05E-03

2010 tota!
in Pool

1412

Po
Full Power
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.126+07
6.12E+07
6.12E+07
6.12E+07

6.12E+07

Po
Full Power
6.12E+07
6.12E407
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07

6.12E+07

6.12E+07

Hours to Defuel
Days to Defuel

P

{Btwhr)
0.00E +00
0.00E +00
0.00E + 00
0.00E+00
1.73E-87
1.57E-04
1.28E+04
7.76E+04
4.96F +04
2,61E+04
3.49E4+04

2.01E+05

P

{Btuhr)
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.39E-204
5.11E-18
4,745+ 00
1.86E+03
3.26E+04

3.44E+04

1.87E+05

1.42E4+07
7.75E+06
1.37€407
8.46E+06
3.89E+06
4.80E+07

40
1.6666667
No.
Elem. Bt/hr

76 1.53E+07

76 2.62E+06

76 1.42E+07
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SFP Decay Heat

76 Assemblies with 12410 EFPH (17 months)

Days after Reactor Shutdown when Refueling Begins: 3.5416667
No.
n An an S.D. s P/Po Po P Elem. Bt/hr
Infinite Core Fit Coeff.  Fit Coeff. (days) (seconds) Power Fr, Full Power (Btuhe)
1 0.5980 1.772E+00 5.21 4.50E+05 O0.00E+00 6.12E+07 0.00E+00
2 1.6500 5.774E-01 5.21 4.50E+05 0.00E+00 6.12E+07 0.00E+00
3 3.1000 6.743E-02 5.21 4.50E+05 O0.00E+00 6.12E+07 0.00E+00
4 3.8700 6.214E-03 5.21 450E+05 O0.00E+00 6.12E+07 0.00E+00
5 2.3300 4.739E-04 5.21 4.50E+05 2.82E-95 6.12E+07 1.73E-87
6 1.2500 4.810E-05 5.21 4.50E+05 2.57E-12 6.12E+07 1.57¢-04
7 0.4620 5.344E-06 5.21 4.50E+05 2.09E-04 6.12E+07 1.28E+04
8 0.3280 5.716E-07 5.21 4.50E+05 1.27€-03 6.12E+07 7.76E+04
9 0.1700 1.036E-07 5.21 4,50E+05 8.11E04 6.12E+07 4.96E+04
10 0.0865 2.959E-08 5.21 4.50E+05 4.27E-04 6.12E+07 2.61E+04
n 0.1140 7.58SE-10 5.21 4.50E+05 5.70E-04 6.12E+07 3.49E+04
3.28E-03 6.12E+07 2.01E+05 76 1.53E+07
n An an Op.Time to+ts P/Po Po P
1/3Core-1Cycle  FitCoeff.  Fit Coeff. (days) (seconds Power Fr. Full Power {Btwhn
1 0.5980 1.772E+00 522 451E+07 O0.00E+00 6.12E+07 0.00E+00
2 1.6500 5.774E-01 522 4.51E+07 O0.00E+00 6.12E407 0.00E+00
3 32,1000 6.743E-02 522 451E+07 O0.00E+00 6.12€407 0.00E+00
4 3.8700 6.214E-03 522 4.51E+07 O.00E+00 6.12E+07 O.00E+00
5 2.3300 4,739E-04 522 451E+07 O0.00E+00 6.12E+07 0.00E+00
6 1.2900 4.810E-05 522 4.51E+07 0.00E+00 6.12E+07 0.00E+00
7 0.4620 5.344E-06 522 4.51E+07 4.29E-108 6.12E+07 2.62E-100
8 0.3280 5.716E-07 522 4.51E+07 1.03E-14 6.12E4+07 6.30E-07
9 0.1700 1.036E-07 522 4.51E+07 7.93E-06 6.12E+07 4.85E+02
10 0.0865 2.959E-08 522 4.51E+07 1.14E-04 6.12E+07 6.96E+03
n 0.1140 7.585E-10 522 4.51E+07 5.51E-04 6.12E+07 3.37E+04
6.73E-04 6.12E+07 4.11E+04 76 3.13E+06
D.H. Rate 2.94E-03 6.12E+07 1.80E+05 76 1.37E+07
Attachment A

Page A2



SFP Decay Heat

41 Assemblies with 37,230 EFPH (51 months)

Days after Reactor Shutdown when Refueling Begins:

Infinite Core
1
2
3
4
5
[
7
8
9
10
1
n
1/3Core-3 Cycles
1
2
3
4
5
6
7
8
9
10
11
D.H. Rate

An

Fit Coeff.
0.5980
1.6500
3,1000
3.8700
2.3300
1.2900
0.4620
0.3280
0.1700
0.0865
0.1140

An

Fit Coeff.
0.5980
1.6500
3.1000
3.8700
2.3300
1.2900
0.4620
0.3280
0.1700
0.0865
0.1140

an
Fit Coeff.
1.772E+00
5.774E-0
6.743E-02
6.214E-03
4.739E-04

4.8106-05

5.344E-06
5.716E-07
1.036E-07
2.959E-08
7.585E-10

an

Fit Coeff,
1.772E+00
5.774E-01
6.743E-02
6.214E-03
4.739E-04
4,810£-05
5.344E-06
5.716E-07
1.036£-07
2,959E-08
7.585E-10

S.D.
(days)
5.21
5.21
5.21
521
5.21
5.21
5.21
5.21
5.21
521
5.21

Op.Time
{days)
1556
1556
1556
1556
1556
1556
1556
1556
1556
1556
1556

ts
(seconds}
4,50F +05
4.50E +05
4.50E+05
4.50E+05
4,50E+05
4.50f +05
4,50E+05
4.50E+05
4.50E+ 05
4.50E+05
4.50f +05

to+ts
(seconds
1.34E4+ 08
1.34E+08
1.34E+08
1.34E4+08
1.34E +08
1.34E+08
1.34E+08
1.34E+08
1.34E+08
1.34E+08
1.34E+08

3.54166667

P/Po
Power Fr.
0.00E +00
0.00E + 00
0.00E+00
0.00E +00
2.B2€-95
2.57E-12
2.09E-04
1.27e-03
8.11E-04
4,27€-04
5.70E-04

3.286-03

P/Po
Power Fr.
0.00E+00
0.00E +00
0.00E +00
0.00E + 00
0.00E +00
0.00E +00
0.00E +00
6.79E-37
7.57e-10
8.09E-06
5.15E-04

5.23E-04

3.09E-03

Po
Full Power
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E407
6.126+07
6.12E+07
6.12E+07
6.128+07
6.12E+07

6.12E+07

Po
Full Power
6.12E+07
6.12E+07
6.12£+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E+07
6.12E +07
6.12E+07
6.12E+07

6.12E+07

6.128+07

P

(Btu/ht)
0.00E +00
0.00E +00
0.00E +00
0.00£ + 00
1.73E-87
1.57E-04
1.288+04
7.76E4+04
4.96E +04
2,61E+04
3.49t4+ 04

2,01E+05

P

(Btu/hr)
0.00E+00
0.00E+00
0.00E +00
0.00E + 00
0.00E +00
0.00E +00
0.00E +00
4,15E-29
4,63E-02
4,95E +02
3.15E+04

3.20E+04

1.89E 405

No.
Elem. Bt/hr

41 8.24E+06

41 1.31E4+06

41 7.75E+06
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U-239
N-239

U-239
N-239

U-239
N-239

2.28E-03
2.17E-03

2.28£-03
2.17E-03

2.28€-03
2.17E-03

SFP Decay Heat

Contribution of Heavy Elements LJ-239 and Np-239

0.7
0.7

0.7
0.7

0.7
0.7

to ts

4.47E+07 4.50E+05
4.47E+07 4.50E+05

8.94E+07 4.50E+0S
8.94E+07 4.50E+05

1.34E+08 4.50E+05
1.34E+08 4.50E+05

1-EXP

1.00E+00
1.00E + 00

1.00E+00
1.00E+00

1.00E +00
1.00E+00

EXP

1.1E-96
0.215563

1.1E-96
0.215563

1.1E-96
0.215563

P/Po

1.76£-99
3.30E-04

1.76E-99
3.30E-04

1.76E-99
3.30E-04

Po

61168741
61168741

61168741
61168741

61168741
61168741

Elem

76
76

76
76

41
1

P

8.18E-90
1.53E+06

8.18E-90
1.53£+06

4.42£-90
8.27E+05

3.89E+06
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SFP Background Heat

Unit 1 1R13 1R14 1R15 1R16 1R17 1R18 1R19 1R20 1R21 1R22 1R23
Unit 1 Oct09  Apr-01  Oct-02 Apr-04 Oct-05 Apr-07 Oct08 Apr-10  Oct-11  Apr-13 Oct-14
Unit 2 2R10 2R11 R12 2R13 2R14 2R15 2R16 2RY7 2R18 2R19 ZR20
Unitz Apr-98 Oct00 Apr-02 Oct-03 Apr05 Oct-06 Apr-0B Oct-10 Apr-11  Oct-12  Apr-14

Btu/tr Year e ——— — - -
2.31E+00 1999 [ l
8.46E+00 2014 ! Year
: !
;2018 |
2014
P 2012 -
Y X ‘ 2010
2010  6.819981 !
| w2008 - U
, 3 ;—e—Year, |
. > 2006 T
;2004 |-
;2002 -
) 2000 '
. 1998 : : — : '
! 0 2 4 6 3 10 :
: Btuthr x E6 |

Gt~ iF—MEE-I&77 REv. 0
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Deleware River Temperature Data
Weekly Averages compiled into Specified Era Averages 1967 - 1997

Jan | Feb | March ] April | May § June | July | Aug | Sept| Oct | Nov | Dec
1967 - 1969 40.0] 38.7 376] 458] 53.7] 624] 704] 74.1] 724] 666) 56.6] 474
1070 - 1979 39.2) 3.0 41.0] 479] 57.3] €4.8] 722] 750] 73.1] 64.5] 66.2] 47.
1880 - 4889 336} 34.68] 414} 528] 63.1) 72.4] 776] 76.9] 725 60. 48.7 39.9]
1890 - 1697 35. 35.4 41.2] 51.6] 62.2] 7098} 768] 78.3] 70.5] 60.3] 48B4} 41 .OI
AVERAGE 37,0 35. 40.3] 495] 60.4] 67.5] 74.2] 765.3] 72.1] 63.0] 527 43.6]
Feb | March ! April | May | June| July Aug | Sept] Oct | Nov | Dec
39.8 30.1] 44.8] 499! 887} 684] 726| 70.7] 656] 66.7] 47.¢
33.1 36.1] 47.3] 533| 61.2] 71.3] 746| 728] €7.3] 57.7 48
35.7 35.8( 46.5] 65.5| 646 72] 75.1] 76.2] 686 59] 404
388 385 4171 512] 619] €54/ 72.8] 70.2] 68.1] b53.6] 467
35 36.1] 433 85} €3.1} 67.8] 753] 719] 70.2 E5] 45.1
354] 376] 41.4] 67.8] 658.2] 69.8] 75.2] 73¢ 74| 58.6] 47.1
40.7 ar7 43! 48.6] 55.1 67) 725| 71.5] €68] 59.6 43
37.7 35.1] 453] S51.4) 582 69.2] 746] 7368] 67.8] 61.3] 651.7
36.5 35.8] 44.1] 636] €2.8] 704] 745 76§ 70.1 61 81
37.2 304| 48.1] 824] €4.1] 70.2f 723 68] €3.7] §1.3] 45.2
34.7 40.3| 48.8; 56.9] 655| 72.9 14.7 71.8] 656.08] 53.2] 43.1
36.7) 39.3] 486} 60.2] 68] 725 764] 722| ©656] 54.5] 44.3
'I"*!,t*" I 47.5 e 71600 81.9)2 e
; ik IED 735 L iy
61.2 736 63.3p% i
36.67) 37.57] 45.81] 63.74] 62.42] 70.37] 74.13] 72.40] 66.61] 856.62] 47.38

§-C-SF-MEE-1679 Rev. 0
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Deleware River Temperature Data
Weekly Averages compiled into Specified Era Averages 1967 - 1997

| Jan | Feb | March| April| May | June| July ]} Aug | Sept] Oct |} Nov | Dec
374 % 37| 43.6)] 63.7] 632] 708] 754] 753] 706] 61.8] 516
40.7] 35.7) 30.1] 448 5t8] 612 70.e| 743] 753 eo4] 60.2f 408
46.5] 415 41|  45] 62.9] 60.7] 69.8] 73] 75.3] €5.8] 62.7] 53.2]
42.7] 404 43| 484] 655 65.7] 798| 774 75 68| 60.3] 51.9)
42.9] 404] 426| 48.1] 56.2] 64.3] 71.3] 734| 73.7| €53] 68.7] 60.7
44.4] 40.7 41] "435] 53.8] 61.9] 706] 745 734] €6.6] 55.8] 4B.1
412] 37.8] 422] 48.6] 55.6] 61.3] 703] 73.1] 76.5] 652| 69| 52.7
262] 286 46| 56.3] 62.6] €52 78.1] 77.5| 74.5] 54.4] 57.6] 4852
208] 26.8] 328] 502] 558 €9.7] 74.4] 78.1] 737] 586] 856.7] 485
314] 24.7] 388] 48] 64.7] 702] 765] 73.2] 733] 67.3] 66.2] 482
42| 36.1] 37.5| 40.2] 66.3] 649| 68.1] 76.8| 72.3| 73.6) 61.6] 62.8
444] 365 401] 413] 54| e31] e8] 747 71.2] 725] 59.7] 60.4
494] 404] 418] 425 548] 628 65.7] 733 726 707 84.1] 461
46.6] 39.3] 43.6] 46.1] 864] 67.1] 71| 765] 72.2] 724 62.1| 44.6
45.3] 40.7]  42.8] 44.5] 68.7] €6.3| es4] 741 716] 69.4] 513] 358
452] 41| 42.1] 42.4] 651] 548] 67.8] 746 70.2] 689] 47.9] 368
45.6] 30.8] 420 46.1] 666 €4.3] 688 73.3] 71.7] 60.4] 5286] 424
372] 30.7] 483| 60.8] €7.1] 588| 736] 74.6] 70.8] 646/ 50.1] 354
33] 272] 38.1] 458] 614] 703] 71.6] 77.8] 732] €52] 50.6] 442
356] 238] 42.7] 485 654] 71] 70.2] 726 70.3] 66.3] 50| 39.8
391 36| 367) 42| 60.7] 61.3] 60.6] 744] 758] 72.7] 63.3] 643
425] 358] 36.1] 43| 40.5] 58.7] 66.7] 737] 74.6] 70.7| 656] 538
484] 422] 41.2] 431] 508] 69.2f 67| 731] 74.3] 66.3] €0.7] 51.8
437] 422 40.7] 488] 64| 61.7] 726 76.8] 78.2] 714] 614| 85.1
445] 418] 426] 459] 532 61.7] 70.3] 73] 74.3] 67.2] 6€1.1] 50.9
4581 419 412 421] 49] 60.2] 60.1] 74.3] 734] 67.5] 635] 55.1
431] 374] 424] 48.7] 537| 68¢| 60.8] 724] 731 67.7) 57] 48
328] 254] 406] 616 61] 653] 753] 778] 75.7] 604] b56.2] 41.2
31.6] 26.7] 286] 46.7| 535] €0.2] 731] 76.6f 75.7] 61.6] B38| 44.7
335] 206] 362| 47.3] 618 69] 71.8] 701 758] 604} 52.8] 46.3
a5.7] 36.2]| 36.8] 455] 58.6)] 66.5| 71.9] 76.2] 75.7] 68.4] 56.4] 474
39.2] 370 40| 485 558] 68| 71.9] 74.3] 73.5] 68.2] 86.6| 60.7
458] 404] 418] 46.7] 5671 64] 725] 744] 72| €32] 635 472
426] 303] 444] 508 58.2] €8.9] 74.7] 77.3] 73.2] 67.1] 66.8] 47.4
428] 406 43| 50| 60| €86] 716| 76| 71.8] 62.3] 634 47.4
434] 418] 426] «56] 58] 66.7] 723] 74.7] 70] €57 674] 47.6
30.1] 413] 448] 61.3] 678 67.4] 71.2] 74] 7] 62.2] 60.4] 425
282] 366| 465] 60| €82 71.1] 76.1] 74.9] 67.7] 63.3] 43.8] 356
26.9] 28.6 42] 6508] @8] 725] 76.8] 76.8] €8.1] 86.7] &4.1] 374
32.8] 301 46| 634] 664] 70.8] 77.2| 76| €6.7| 57.8] 51| 385
38 R 4B3FRt gy 79.6[ i aytey 65,7 3
| ifi] 368 3 41.7 73]} 65
il 44.3 484 i 72 QR 62
: 42.3 623 I B s e A )
43.4 62.3 ; 72604 ] 61.7 ;
43 i 47 il 73.8 5 642 Rt SR
& 365 : 52 O T 50.4)ZhiA: 0
253 61.2 78,240, ] 641 e
ST 28.5 616 tf 75.6) 0 il 54.8
1070- 1978 | 33§ 66.8 | 70.8 ] 54.6H
AVERAGE | 30.25] 38.01] 40.88} 47.94] 67.28] 64.79] 72.15] 75.03] 73.06] 64.45] 56.23] 47.03

S-C-SF-MEE-1679 Rev. 0
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Deleware River Temperature Data
Weekly Averages compiled into Specified Era Averages 1967 - 1997

Feb ] March | April | May | June | Juty | Aug | Sept] Oct | Nov | Dec
30.3] 385 623| 62.3] 67.7] 77| 76.3] 74.8] 60.3] 466 404
324] 408| 64.7] 64.6] €8.3] 77.8] 75| 728] 6568] 432 37
335 41] 506] 61.2] 71.7] 80.7) 76.7) 715] 60| 486 37.3
300] 30.7] 49.8] 62.8] 74.1] 77.8] 76.8] 692] 60.2] 46.3] 348
31.8] 406] 56.3] 63.8) e84| 78.1] 76| 7250 635] 51.1 448
348] 431] 823] 854] 71| 77.3] 76.3] 709] 60.7] 49.4] 41.6
358 35] 64.2] 68.3] 74.2] 7o) 76.7] 724] 59.8| 526| 41.5
405] 391| 61.1] 51.8] 745] 795] 78.7] 702] s8] 4856| 427
32.2] 46.3) 634] €87 7r0.8] 776] 839] 73.8] 61.8] 54.4] 423
36] 453] 48] 674] 716] 738] 7671 703] 672 53 377
314] 408] 51.8] 63.2] 74} 74.3] 72.7] 604] 616] 868] 424
33.3] 44.9] 45.8] 67.6] 73.7] 714.7) 749} 66%| 665 47.1] 40.5
325 39] 434] 28] 728] 76| 77| 735] 621 406 432
325] 41.6| 60.5) 64] 768 73.1] 758] 728] 67.2) 471| 414
33.0] 420] 827 60.8] €7.8] 73.7] 74.5] 734}] 70| 506 41
35.1) 41.8] 49.1] 639] 73.3] 766 77.7] 709] €6.3] 49.4] 373
37| 379 51.2) 89.8] 73.1] 73] 802] 78] 675 64.7| 358
37.3] 424[ 508] 64.5] 748] 78] 764] 739] €51| 48.5] 31
20,6 33] 606] 60] 68.8] 74.71 8C.1] 778 635] 502] 405
30.5] 41.2] 54.6] s8.8] 69.8] 77.7] 76.6] 71.8] 67.7] 52.3] 4.6
305] 36.2| 430] €05]| 688] 77.5| 7e| 719] €58 63.7] 493
315 37.7] 467] 657.3] 67.3] 758] 785] 74.6] 60.2] 66.3] 438
208 430 614] 63.9] 706| 76.7] 77.4] 76.1] 64.3] 54.3] 44.1
33| 346 61.7] 60.6] 72.3] 769] 78.7] 60.8] €51| 54.3] 44.1
332] 38.7] s1.8] 59] 71.8] 78.8] 70.3] 724 62| 63.3] 4358
34.2 40] &19] s65] 671] 76.3] €3] 76.3] €2.7] 514] 45
38 35] 51 s76] 728] 70.1] 785 74.9] €1.8] 66.2] 395
32.5 43| 65.3] 68.1] 71| 78.5] 764| 71.4] 67.7] 42.2] 324
42.6 44] 64.08] 674] 74.3] 76.6] 72.6] 64.7] 8546| 420 340
35| «44.4] 544] 678 738| 80.8] 72.5] ©7.3] 648] 47.1] 434
40.1 41]  851] e57] 746] 77.3] 76.9] 686] 624] 45] 427
418] 474] 61.3] €93] 71.8] 78| 740] 69.3] €0.8] 482 34.2
33.4) 48.7] 535] 70.2] 73.4] 76.6] 71| 684) 88.7] 46| 39.9
351] 474} 564] €8.85] 768! 61.6] 74.3] 70.1] 67.5] 458| 412
371] 47.1] 61.7] 66.8] 746] 79.8] 765] 695 56.5| 47.8] 35.1
4] 363] 47.4] &55] 685f v7.4] 708] 77] 69.8] 58.3] 44.3] 268
S 56.4 i) 78, 7T RER R 62,2
i 57.5 76.1 54,2
67.6 80.11% 54.5)1
54.9 76.4 63.2f
62 77.7 6.6}
i 674 A 70.2% i 57.2114.
58Jaihuts ST 80,3l 85.11%
| . 63.2 B1.7 i 52.7
1880-1089 | 36.0 67.4 78.9 88.5
AVERAGE | 83.68] 34.E8] 41.38] 82.78] 63.14] 72.05] 77.58] 76.88] 72.45} 60.65] 49.68] 30.63

S-C-SF-MEE-1679 Rev. 0
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Deleware River Temperature Data
Weekly Averages compiled into Specified Era Averages 1967 - 1997

Jan | Feb | March | April ] May § June | July ] Aug | Sept| Oct | Nov | Doc
34.3] 43.8] 47.3| 62| 634] 688 76.1] 78.6] 746| 67.5] 49.8] 44
39| 448 61| 54.6] 63.1] 71.7] 79.4] 75.4] 70.3] €0.1] 47.4] 44.3
38.1] 368| 43.3| 50.3] 67.6] 76.7] 78.7] 77.2| 75.3] 60.6| 49.6] 46.3
30.3] 30.8] 452| 623 708| 77.4] 60.3] 774] 74.1] 59.8] 652.2] 41.6
28.7| 35.3] 43.2] 66.3] 61.1] 71.1] 81.7] 75.8] 74] 60.1] 538 41.6
41.8] 38.7] 40.8] 52.4] 63.9] 71.5] 822| 74.8] 73.4] 65.1] 49| 416
20.7] 36| 36.5| 60.7| 66.8| 723] 60.4] 78.2] 75.8] 60.7] 51.3] 44.7
320 348] 358| 61.1] 66.8] 756 79.7] 78] 71.8] 62.4] 48.3] 428
20] 206 3B.1) 484} 61.3] 72.7] 758| 77.5| 70.3] 66.8] 47] 451
42] 32.8] 40.3] 50.1] 63.1] 77.1] 77.7] 76.2] 702| 67.6] 48.8] 426
40.5] 31.1] 41.2| 44.4] 62.8] 74.1] 73.7] 82.1] 74.6] 638 47.8] 37.3
41] 336] 45.9] 44.5] 67.5) 75.7{ 78.3] 785| 71.9] €4.7] 51.5] 346
34.9] 31.7] 374] 46.4f 60.7} 74| 70.2] 78.5| 774] 651] 52.1] 433
39.7] 33.6) 40.4] 48.1] 65.9] 77.3] 77.2f 79 73] 68| 45.7] 424
31.1] 356] 44.6] 454] 50.3] ©68.3) 764] 77.8] 71.8] 67| 495.8] 403
41.3] 413 41| 50.1] 614] 67.2| 77.5] 76.6] 76| 65.5] 659| 459
31.7] 30.7] 44.8] 40.7| 626| 76.2] 76| 77.5) 76.4] €3.6] 506| 47.2
30] 35.1] 42.7] 55| 58.14] 67.7] 77.8] 77.5| 74.3] 64.2) 51.8] 45.1
41.3] 36.4] 36.7] 48.1] 634] 685 759 77.5] 80.] 622] 52] 478
40.7] 204] 358] 47.5] 60.0] 60.3] €2.7] 76.6| 724| 62] 666] 47.8
33.1] 32.6| 37.5| 51.7] 586] 74| 81.2] 82.1] 76.6] €25] 64.3| 42.7
a74] 308] 375 49.7] 62| e85 78.7] 70.0] 78.6] 68.4] 65.5] 454
28.1] 35.8] 454] 48.5] 676] 635 79.7| 76.7] 726| €2.3] 52.5] 42.1
38.6] 41.8 48| 60.7] B38| 74.2| 77.8] 76| 67.8| 66.7) 47.6] 430
37.3] 413 48] 67.6] 7e.7| 78] 78] 78.3] 60.3] 63| 48.7] 395
37.2| 40.4) 42.3] £5.3] 64.3] 71.3] €0.2| 76.1] 68.3] 58.7] 48.9] 398
35.7) 33.9] 40.8] 65.1] 68.2] 76.6] 78] 80.4| 68.8] 658 49| 39
30.6] 334] 44.2| 642 66.1] 78] 78.3] 758] 68.8| 8692 43] 431
26.6] 35.3] 47.4] 66.8] 702| 756] €1.5] 77.5| 6€6.1] 69.4] 43.8] 31.8
40.3] 368 43| 66.2] 66.3] 77.4] 64) 79.6] 70.3| 62.8] 47.2) <08
32.3] 45| 47.8] 58| €3.3] 76.5| 78.5| 74.4] 67.8| 506| 444] 353
32.0 402 44.7) 62.8] 61.3] 72.3] 762 56.8
; d 776 574
76.6] 566'
776l 53.8|
78.5] it 65,3 AN
3] 52k 67.7) i
848} 0.1 [ R
78,3 58.6
. R L 78.7 Hiepeinb] 54,4
35.05) 3545[ "41.20] 51.62] 62.16] 70.08] 76.82] Tt 32] 7047 80.20] 48.44] 41 01
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Delaware River Temperature Average 1967 to 1997
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Delaware River Average Temperatures for Past 20 years (1977 - 1987)

—0—19‘i7 - 1979

Attachment 8
Page BS

—3— 1980 - 1989
—a—1999 - 1997
S-C-SF-MEE-1679 Rev. 0

& x& oféﬁ

*

S

g"“v&*@

&
&

jleyussey soo1Beq



Degrees Faranheit

Delaware Water Temps by Decade 1967 - 1997
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Comparison of Reedy Island and PSEG Maximum

Annual Temperatures
Maximum Annual Actwal Maximum Annual Temperature Difference
Year Temperature at Reedy Temperature from Between HC.A2438 and
Isiand (°F) HC.A24338 Reedy Island
1992 78.7 81.8 3.1
1993 821 85.5 2.8
1994 817 86.4 4.7
1995 84.6 854 0.8
1996 80.4 82.0 1.6
1997 79.7 84.6 4.9
Average 81.3 84.3 3

- 5F -pee- 1679
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HTC-STX Version 3.6 Time: §:01:16 AM Date: 4/30/02 File: Spfchx
*+* Main *** English unils
1]Job No ltem No. __EVALUATION Csse
2| Case Desciption SFPHX
3[TEMAType BEU-HORZ __— Shelnit __ 1 Connln___1Series 1 Paraliel
4)Size: 33.500In _Dia 148.3kn Tube Len in__Kettle Dia
6|Surface/Shell i 23532 Gross 2,310.3 Eff 151 U-Bend Area
6[SurtaceUntt _f¢ 23532 Gross 2,318.3 Eff 151 U-Bend Area
Performance of One Unit SHELLSIDE TUBESIDE
7]Fluid Circulatad SFPHX
8{Tetal Fluid In Ibhe 1,480,000.0 1,140,000.0
8 Vapor lbhr 00 00 _
10 Liguid b 1,490.000.0 1,140,000.0
11 Fluid Vep'2/Cend ibhr 0.0 0.0
12| Denslty InfOut Ibf? 82.060/6€1.846 61.729 /81,8419
13]Spec. Heat VapiLig Biub-F 0.000/ 0.857 0.000/0.857
14| Viscosity VepiLig cP 0.000/0.682 0.000/0.588
15| Therm Cond Vap/Lig Blumrf-F 0.000/0.364 0.000/0.370
16| Temperature In/Out °F $5.07103.0 120.0  108.54
17| Operating Pressure {Abs) __ psi 75.000 50.000
18]Press. Dr!gg Allow/Calc psi 8.000/ 10.681 16.000/18.933
18 Number of Passes/Shall 1 4
20\‘ Vel;gﬂy. Average fseo 4.07 9.61
21|Flim Coel. Blukw-f2F 1912.81 2256.37
22[Fouling Resist. hrf2-F/Btu 0.000500 0.000575
23{Heat Duty 11,883,525 Btuhr MTDMWId/Corr 14.81 °F _ F-CORR 0.841
24| Transfer Rate 345.99 Serv 372.11 Cale £55.32 Clean 0.0013¢ Foul
Construction of Ons Shell
25| TEMA Shell Typs E Resr End Type u.T.
26| Tube Type PLAIN __ jBundie Dia in 32.50
27|Tube O.D n 0.760 No. Holes/TubeSheet $20
28|Tube |.D n 0.652 No. Holes Counted
29|Area Ratio 1150 |Tube Pilch n 0.8375
30|Tube L Total fl 12.18 Tube Leyout Angle 20
31]Tube Length Effoctive ft 12.00 impingement Fiste NO
32[Baffls Type VERT-DBL-SEG|Crosspasses/Shell _ g
33| Baffis Cut, Frac Dia/NFA 0.1€0/0.200 |Central Epacing in ie.558
34| Window Area in? $4.8841 _ |Wn/Qut Spacing in 23.8/4.2
35|Seal Strips YEE Drop Under Noz In/Out in 1717
Shell Nozzles inlet Outist __ [Tube Nozzles Inlet Outlet
36]Inside Dia, n 10.00 16.00 Inside Dia, n 10.00 10.00
37| Velacity f/sec 1223 12.25  Velodity Rsec g.41 8.30
98|Rho-V-Sqr __Ibffi-sact $250 9206 |Rho-V-8qr bAigect £461 £451
39{Nozzlea/Sheil (OPP. SIDE) 1 1
Shaliside Performance Pressure Drop
40[Bundie Flow Fraction 0.761 Shell Cress/Wind 4.378/4.408
41{Mass Ve! CrossWind 252.1/627.4_|Tubes $7.750
42} Mass Ve! LongMaan 125.6/387.7 |Nozzies ShelllTube 2.185/1.183
‘ Bundie Diameter Clearancas Tube Mets| Temperatures
43|Bundle-Shell _in 1.00000__JAvp. Tube Metal Temp. F 106.8
44|8affle-Shell __in 0.18750 |Sheliside Avg Surf. Temp 'F 102.0
45[Tube-Batfle  in 0.03625 _|Tubesids Avg. Surf Temp °F 111.6
46|Bsfllo Th. _ in 0.8313

F<C-SF-MEC 16TT Rer.0
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NTC-STX Version 3.6 Time: ©:04:16 AM Date: 4/30/02 Flie: Spichx

o Summary ™ English units

tem No

Senvice SFPHX

Calculation Mode Evaluation Case

Stze 34 x 148 Type BEU - HORZ Connections 1 Series 1_Paralle!

Surface/Unit 2319 Shellshmit 1 Surf/Shall 2.316.35

CostiUnit 42688 Cost’'Surf 184 WelghtUShe!! 9,531

Heat Duty 11,883,825 MTD 14.81 F-com 0.9408

[Rate-Service 345.69 Calculated _ 372.19 Cale Foyling __0.00136
Shell Tubes |Tubes 0.750 x 0.045 on 0.6375 30 dag

Flow Rate 1480000 1140000 _ §Tube No 020 Typs: PLAIN

TJemparature in §5.0 320.0 Bafliss: VERTDAL-SEG 188 space  20.0 cut

Temperaturs Out 163.0 108.6

Pressure Drop 10.881 18.633  |Surface Arez OK. Overdesign by 7.55%

Veloclty 4.086 B.611 Shell pressure Drop * Allowabls axcesndad.

Passes 1 4 Tube Pressure Drap ** Allowabla excasdsd.

Film Coef. 16128 22564 [Vibration ** Tube vibration lkely.

Nozzle in 1x 10.0 10.0 Shell Nozzles ** Rho-V-Sor exceeds 4000

Nozzie Out 1x 10.0 10.0 Chan Nozxzias OK. Rha-V-Sgr within 8000

YL~ $F-mege, 1679 Aev. o
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esavics 2:zw T PUEL PIT MK TV ND.LKE~SR=~ §317

T MPR_ SOL. QAT € dnus ype e SIZF 3.5 x /%=
] COmn- | SNELL. (STRS {BARA) ml:u e 2320
ToThL e BAELS 7 TS7TD ITURES (STR) (PARA) SRTA [pex uwiT T3 ,;,,-,-
. PERFORMANGCE (PER UNITY - .
. sioe TUSE MBC
nue . w) A TE 3 YY) ATE‘
TOTAL AL ENTERINCG L8 /MR .
LIoWs L5 /A J, =G xIC™ Jo24 X 16
VAPOR _LB/uR
RON-CIONOENSIOLES  LB/XR
§TCAN L8/MR .
FLJiS VaSORITED OR CONOENSED - —
SRINITY =\L1DUIE 8 *F, | [ .7,
[ vissosiTY. Ligwid  CINTIACIELS ey, ) (-3 sy,
[ SSCES AR W EXNT ova PORS
TEMAER_TURL N, 5%, dc.a 120 o
TENPLRATURE EUT, oy, ] TN * 09,
PRESSURE NLET, PSIT. . ]
MNECR OF PASIZS A ! | -
veLBCITY, FT/SEC. * &L, ( &,
BRESIURE NP, CLEAN PE1. . (-] /£
‘ $OuLIKG FACTSA = REC. -T-Y-Ny L1808l = D00
' [ NEAT EXCHANGED = BTU/MR. /). Q& x / LOS MTR.°F. /<, CORRTCTED WTD. OF /4N &
0) [ SvAsSFER RATE » SERVICE * 1420 gEAR S FOULING FACTOR L cC/EJ
- . i CONSTRUCTION . *
. SE3.6M PRESSURE ~P81G. - 250 1 /3T
) TEST ARCSSUAE = #SIC. . .
SIS Sx TTMPERITURESSY, %S . (X
TiIs- NC. &40 . 6.0 S/dave S IK LENGTH (=t AV Lo dren g TIAC) i)

Yy 33/ = 1,0, o= :
ConnECTIENE = SNELL INw 10 W, Bl o FACING IOUT= /O . IV _\E FAC NG
i CHANNEL (ine /0 m. /SC LS. PACING | OUT w /50 ST~ BSING
$arFL P2 | SRESS Ria T ES. MENG /.0 WILEKED, PERMUR ENOVII AL IMNGE. (YESI D! B Trx

. €25 RICLIRTILENTR » AIME TVEET LI =C/EN E2e Vii7 TENA CLASY ST, SPEC.
’ { WYoal <EASNELL € BUAGLE (| [=Q) LI=S. _FULL OF WATEX TOS LESSUNDLE 711 O LSS
STALSS ~ RELIEVED PUATI MARLES X RASIOERAPHED MARKED IX
(¥ 5 HMATEAISL T, | COMR. AL2., PALRT HATERIAL [Tontans, | CORR.ALL
FOURTVITRAE (113 SANY re3ae 1. 0us FLOAT. T.5.
. Snlt . ,1_;’.;__;_&_.:‘: it e T IMXED TS, IS4 JJo TH 2ey 1203 8) Q
. SnEl SSVER IS b 2E IT L&) 2 L) TURE SUMORTS
. CMadNEL I3 £ SW/f TV ! LS (=) COSS BAFRLE ) &, ST TRY
ol euxecovEr (34 Sup 70 3evi.2000 © LBNG BAFFLL
Shacs wocons ! 0 4SXETS T PrRAL Weowd
REMIRAS -
|4
T
¢ o«
P ' '
g.-) - { . { e nc.{ oxwe. 2™
- E:!;: . ] - s
:.:...‘.u . “:‘wf:,'.'.'_'-"'.ﬁ’ ’ |"-/,‘4= LBID : s L
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HTC-STX Version 3.6 Time: 212:11PM Date: 8/12/2002 File: sfphx-71ccwB%-158
2 Summary > Engishynts |
ftem No
S X-71CCin|
Caiculation Mode _ Rating Case
Size 34 x 148 Type - ons 1 Series 1 _Paraltel
Sinfacelnit 2179 _Shelishunit 1 SurfiShell 2,179.24
[Coattnit 41,208 CostSurt 1651 Weighvshel 6238 |
Heat Duty 43,868,300 MTD 64,41 F-gort 06488
7084 Z A Eeding . 000108
—fhell Jubes |Tubss 0.760x00490n 00375 30dog |
JFiow Rate 1501500 ) 1222718 JTuboNo B8 ___Tye. __ PLAN
Temperaturs In 710 § 1608 |1Bafles: _ VERTDBL-SEG {68space 220cut |
Tom; Out 1001 ¥ 1254
sure 10413 4438 | Surface Area * Uinder design by -3.81%
4.218 5842 S 3y e |6 exceoded
Eas 1 2 Tube Pressurs Drop OK. Within allowabls. |
. 20470 17305 |yibration ** Tube vibration _
o in _1x100 100 | Shsi| Nozden + RhoV s 4000
Nozze Out 1x100 10,0 Chan Nozries ** Rho-V-Sar excceads 8000

y-c-$F -MEE-1679 REY. O
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HTC-STX Version 3.8 Time: 244:21 PM Date: 6/12/2002 File:
[ Summary > Englshunite |
ltom No
Senfca SFPHX-71CClntet
Calculation Mode _Rating Case
Size 34 x 148 Type BEU - HORZ Connections 1 Sefes 3_Perajal
Surfacellinn 2176 Shalishnkt 1 __SurShel ___ 2.178.24
CosyUnit_ 41206 CogfSwl sy _ Weight/Shel 5,238
Heat Duty 21,697,684 MTD %26 Fcorr 0.6371
Rais-Serdes —E3R Salcdaed... ‘

Shell Jubss ubes 0. £.045 on 0.837.
Flow Rats 1501200 | 742840 JTubaNo 838 Twe _ PLAN
Temperature in 71.0 1284 |Baffes VERT DBL.SEG 16.5 apace_ 22.0 cut
Temperature Out 856 08,0
|Pressure Drop 10.441 1783 __]Surface Area * Under davign by -3.67%
Velocity 4.188 3349 _1Shal sure D * Alowsbis
Passes 1 2 be P Di . Within bis
m 8634 [Vibrotion " Tuba vibration fikely
Nozzis In_ 1x10.0 10,0 Nozziss * Rho-V-Sgr sxceads 40
Nozzls Out 1x100 100 nN 800

4-C-FF-MEc- (679 gev. O
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HTC-STX Version 8.6 Tims: 1:85:50 PM Date: 6/12/2002 File:

hinied ke Engflish units

Htom No

Service S %-71CClinlet

Celculation Mode _ Reting Cess

Size 34 x 148 Tye EU - HORZ ons 1 _Series 1 _Parpllel

SurfacelJnit 2170 Shallsiunit 1 Surf/Shell’ 2.176.24

Cost/Unit 41,208 Cost/Sur! 18.81 Weight/Sheil 9236

Hast Duty 42,971,104 MTD_ B54.57 E-comr 0.6478

Raic:Sonvico 280 25801 CacFoung Q00119 |
Shsll Tuhes Jubes C.750 x 0,046 on D.B3I75 SO dag

Flow Rate S0 8 1Tubs No _geg Typs: PLAIN

| Temperature in 710 1600 |Baffiss: VERT DBL.-SEG 16.6 apace_ 22.0 eut

Temparature Out 21 126.3

| Pressure Drop 10. 445 Surface Area O, Over dest -1.84

Velocity 4.214 5840 Sheil pressire Droo ** Allowabls exceeded.

Passes 1 2 T . Wilhin allowsble.

[Fim Coef. 2043.6 1725.7__{Viration ** Jube vibration likely.

| Nozzle In 1x¥0 10.0 Shell Nozzles ** Rho-V-Sqr 4

Nozzls Out Ixg00 ! 100 Nozzlss i - ceads 000

§-C-SF-Mte 1679 agvg

Attachment C
Page C6




HTC-STX Version 3.8 Tima: 1:49,84 PM Date: 6/12/2002 Fla: afphx-71ccw%-170
o Summary *** Engiish units

e No
[service _____ SFPHX-71CCInlet

Calculation Mode _ Rating Case

Sizn 34x 146 Jyoo BEU - HORZ Connections 1 _Serles 1_Farallel
[Surfacetinit 2178 Shelisfonit 1 SurliShell 2.178.24

Cost/Unit 41,208 CosvVSurf 18.91 w | 38

Meat Duty 47,084,380 __MTD €030 F-corr 0.9471

_Shell Jubse ITubes 5O % 0.0 $375_30

Flow Rata 200 1217710 JTubs No 2ss ___ Type: PLAN

 Temparature in 718 3700 __JBaffles: RYDBL-SEG 16.5space 220 cut
Temperature Out w27 1 1312

Pressure Prop 10,407, 4410 JSurface Ares : esign by -1.8

Velocity 4.221 5652 sure ** Allowabls exceedsd.

Passes 1 2 ube Pressure oK alloswabls ‘
Flim Cosf. 2085.8 17683 JVibration ** Tube vibration fikely. ‘
INaz2ie In Ix100 .4 Shell Nozzles * Rho-V-Sgr excesds 4000
[Nozzle Out I1x 106 00 Chan Norzles * Rho-V-Sqr excesds 6000 |

bt fF-mgp-1679 nEv.0
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HTC-STX Version 3.6 Tima: 1:43:40 PM Data: 8/12/2002 Fila: sfphx-7T1cowE%

= Summary = Engishymits
Hem

Service _SFPHX-71CCinlet

Caiculation Mode _ Rating Case

Size Mx1e8  Tope _BEU-HORZ Connections _{_Seres 1_Paraliel
Surface/linit 2178 Shellshimit h ] Surf/Shell ~2376.24

[Cosyun 41,208 OostSuf 1881 WeighVShel 9,235

Hoat 83,116 176 MTD £5.10 J-con 0.9481
(Rate-Servio0 ~ASRZE. (eI — -1

Shett ubes 50 X0.048 on 0.6376 30

Fiow Rate _1501e00 | ig;& Tube No 888 Twe: PLAIN

Tempstature In bak] 180.0__}Baffies: VERT DEL-SEG_16.5 space 220 cut ]
| Temporature Out ETXE 370

|Pressure Drop 10.402 4.37. Surfaca Area OK, Over design by-1.18%
[Velocity 4.228 £.674 | Shell preaaure Drop > Allowable exceaded. ‘
|Passes 1 2 TuboFressuroDrop _ OK Wihingllowable |
Fim Coef. 2088.7 1873.2 _Vibration > Yube yiration Mcely.

ozzie In 1x 100 10.0 Shel] Nozrles > Rho~V-Sqr excesds 4000
Nozzle Out 1x100 10.8 Chan Nozxies ** Rho-V-Sgr excesds 6000

§-C ~$F-MEC~16 79 Rey. ¢
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HTC-STX Vereion 3.8 Time: 4:01:40 PM Date: 6/1272002 Flle: sfphx-T1cows%-135
*+* Summary ** English units
[kom No
Sepvice SFPHX-7{CClndet
Calculation Mods Case
Stz Mx 148 Typs BEU -HOR? Connectione 1 Series. 1 _Perelet _
Surface/Unit 21718 Shells/unit 1 Surf/Shell 217624
Costunit 41,206 _ Coay/Surf T Weight/Shal 6,235
Heat Duty 20,407,080 MTD 39.57 F-cor 0.9506
[Rate-Serdca -y

Shell Yubsa | 0.048 $375

1601800 | 1232728 JTvboNo 688  Type: _ PLAIN
718 35 Baffles: ___VERTDBL-SEG 16B8epacs 220eut |
12 1108
10.428 4.576 Surface Ares bl eskan %
4187 £.563 S essure ** Allowabls R
1 2 Tubs Prassure Drop OK. Within .
39868 18473 jVibration ** Jube vibration Hkaly.
ixi0.0 10.0 Shall Norzles +* Rho-V-Sqr exceeds 4000
1x10¢ 10 Chan Nozzies ** Rho-V-Sqr exceeds 8000

$-C SF-MEE-1679 REV. O
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HTC-STX Version 3.6 Time: 2:10:58 PM Dato: 6/12/2002 File: sfphx-71cowE%-149
= Summary ™= Englshuntts |
itorn No
Service $ -71CCint
Calculation Mode _Rating Case
[Size 34x148 _Twe BEU - HORZ Connections Secles 4_Parallsl
Surfacefnit 2178 Shellsiunit 1 Surf/Shell 2178.24
Costilinit 41,208 CosSurf 18.81 __Weight'Shell __§238
Hest Duty 29,643,260 ~MiD 4418 Fcorr 0.8383
[Rate-Service ETITTY Caicuigiod
___Yubps__|T x0.049 on £.6375 30

Flow Rate 1501800 736633 FTube No 888 ;
| Jomperaturs In_ 1.0 J40.0 _ [Baffies v DBL-SEG__{8.6 spece 220 cut

emperature 0.8 j087
Pressure Drop 10427 3.738 __ISurface Area OK. Over design by -1.45%
Veiccity 4.186 3.382 _§Shell prassure Drop > Allowable sxceedad.
Passas 1 2 Tube Preasurs Drop OK. Within aliowabls.
Film Coef. 1678.6 10439 __JVibration * Yube yibration ikely
Nozzle In 1x10.0 10.0 ___ JShall Nozzies > Rho-V-Sqrexcesds 4000 |
P!Ldo Out 1x%00 $0.0 [ V-§ 8000

F-C-SF-MEC-I67F REv.0
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SFP Evaporation Losses

SFP Only w/TRF Pool
Temp BtuhnES) Btu/hr (E6)

149 0.86 1.118
160 12 1.56
165 1.578 2.0527
170 2,05 2.665 Blu/hr(E6)
175 29 3T
179 3.64 4732 10
180 3.87 5.031 9
190 = 63 8.19 8
200 9.41 12.233 7
6
5
4
3
2
1
0
140 150 160 170 180 190 200 210
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DOCUMENTED TELEPHONE CONVERSATION

Reference 5.2

Date: 5/2/02

From: Glen Schwartz, PSEG Fuels
To: Ted DelGaizo, MLEA Inc.
Subject: Future Refueling Plans

1. Based on current projections, Salem Station will replace 76 spent fue) assemblies during

upcoming refueling outages. Consequently, at the end of each cycle, the core would
contain the following types of assemblies:

76 assemblies with 1 operating cycle
76 assemblies with 2 operating cycles
41 assemblies with 3 operating cycles

193 total assemblies

S-C-SF-MEE-1679 Rev. 0
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DOCUMENTED TELEPHONE CONVERSATION

Reference 5.4

Date:
From:
To:

Subject:

5/3/02

Glenn Schwartz, PSEG Fuels
Ted DelGaizo, MLEA Inc.

Spent Fuel Pool Information

1. There ere currently 920 fuel assemblies in the Unit 1 pool as of 1R14 (April 2001) and
812 elements in the Unit 2 pool as of 2R 12 (April 2002).

2. Refueling was performed during the recent past Salem outages as shown below:

IR13
1R14
2R10
2R11

Off-Load Started
9/28/99 at 1855
4/14/01 at 1508
4/14/99 at 0527
10/16/00 at 0104

Off-Load Complete
10/1/99 at 0607
4/16/01 at 2044
4/16/99 at 1549
10/18/00 st 0616

Re-Load Started
10/8799 at 0411
4/26/01 at 1811
4/28/99 at 1930
10/24/00 at 0807

S-C-SF-MEE-1679 Rev. 0
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DOCUMENTED TELEPHONE CONVERSATION

Reference 5.8

Date: 5/6/02

From: Kevin King, PSEG Engincering
To: Ted DelGaizo, MLEA Inc.

Subject: CCW Temperatures with Shutdown Conditions

Question: Based upon shutdown conditions with Service Water inlet temperature at 66°F
and approximately 4 x 107 Btw/hr of heat duty, what is the CCW outlet temperature according
to the ProtoFlo model of the CCW system.

Answer: With on SW/CCW heat exchanger in opetation, the CCW outlet temperature is
approximately 7°F higher than the inlet SW temperature. If both CCW heat exchangers are
operating and sharing the heat duty, the CCW temperature is approximately 3°F higher than
SW temperature.

S-C-SF-MEE-1679 Rev. 0
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Ted DelGaizo

From: King, Kevin C. [Kevin.King@pseg.com)
Sent: Wednesday, May 15, 2002 5:32 PM
To: Ted DelGalzo (E-mall)

Subject: CC temperature confirmation

Ted

I ran my FP-Flo model, and got the following results with 1 and 2 8FHXs. For
both cases, SW temp = 66°F, W flow = 10000 gpm, CC flow to SFHX = 3000 gpm.

1 SFHX (Q = 4¢ MBtu/hr):
SFP flow = 2500 gpm
SFP temp = 1€1.8°F
CC temp = €9.3°F

2 BEFHXs (Q = 22 MBtu/hr per hx):
8FP flow = 1740 gpm
SFP temp = 121.0°F
CC temp = 67.7°F
Thus your assumption for 7¢°F CC temp iz valid (and slightly conservative).

Revin
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REFERENCE 5.12

Ted DelGaizo

From: Wathey, Thomas R. [Thomas.Wathey@pseg.com]
Sent:  Tuesday, May 09, 2006 12:58 PM

To: Ted DelGalzo; Schwartz, Glenn S.

Subject: RE: Assumptions for S-C-SF-MEE-1679

Here Iis the information for #7:

IR17 - 55h 10m

2R14 - 42h 39m

1R16 -41h 32m

2R13 -41h 51m

IR1S - 48h

2R12 - 47h 45m

Note that with anticipated changes over the next couple of years to both the Tech Spec (100 hours to
move fuel after shutdown) and equipment upgrades, the total time from shutdown to fully offloaded
could be in the 120 hr timeframe versus 142 hr currently.

The following is for #8:

There are currently 1137 fuel assemblies in the Unit 1 SFP (as of 1R17 in October 2005) and 964 fuel assemblies in the Unit
2 pool (as of 2R 14 in April 2005).
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S-C-.SF-MEE-1679 Rev. 0
Attachment F

CC Temperature Assumption Validation

Preparer:  Kevin King Date:  5/16/02

Reviewer: Ted Delgaizo Date: 5/16/02

1.0 PURPOSE:

zlo

3.6

To determine the CC inlet temperature to the SFHX (CC supply temperature) based on the
SFP heat load and SW temperature requirements specified in Section 2.

INPUTS/ASSUMPTIONS:

2.1

2.2

2.3
24

2.5

SW temperature = 66°F [= 63° (Reedy Island historical data) + 3° (Reedy Island to
plant intake) — Calc, Section 3.6]

SW flow to CCHXs = 10000 gpm (max allowable flow). For the plate CCHX (#12),
this is 5000 gpm per each half,

CC flow to SFHX = 3000 gpm (Calc, Section 3.2.3)

The tube and shell CCHX (#11) is assumed to be 2% plugged (Reference 3.2, Section
3.3.6). No. tubes = 3400%0.98 = 3332; Surface arca = 16954 * 0.98 = 16615 f%,

The SFHX is modeled as a fixed heat load. The required SFHX heat load from
Calculation Section 3.6 is 44 MBtwhr (1 SFHX aligned) and 22 MBtwhr (2 SFHXs
aligned). For the two SFHX condition, it is assumed that the total SFP heat load is
split equally between the two SFHXSs.

REFERENCES:

3.1

32

33
34

S-1-CC-MDC-1788, Rev. 0, Component Cooling System Thermal-Hydraulic Model
(Unit 1)

S-1-CC-MDC-1817, Rev. 2, Component Cooling System Thermal-Hydraulic
Analysis — Unit |

S-C-CC-MDC-1798, Rev. 2, Component Cooling System Heat Exchangers
Procedure $1.0P-SO.RHR-0001, Rev. 14, Initiating RHR
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S-C-SF-MEE-1679 Rev. 0
Attachment F

CC Temperature Assumption Validation
Preparer:  Kevin King Date: 5/16/02
Reviewer: Ted Delgaizo Date: 5/16/02

40 METHODOLOGY:

The Unit 1 CC Thermal-Hydraulic Model developed per Reference 3.1 will be used for this
analysis. The default model database "S1CCR0.dbd" from Reference 3.1 will be the
baseline databasc. A new working database "S1CCRO - Refueling.pdb” will be created for
this analysis, and will be saved as default database "S1CCRO - Refueling.dbd".

Approach:

1. Set the CC model alignment to match actual field conditions.
2. Input the known parameters from Section 2.0 into the model. .
3. Run model, and determine the CC System supply temperature (SFHX inlet) .

‘12 CCHX modeling:

The 12 CCHX is a plate type heat exchanger. It is modeled in Proto-Flo as a UA-counter
flow type heat exchanger since the current version of Proto-Flo cannot plate type heat
exchangers. That is, a fixed U value is inputted into the model. This requires a trial and
error solution within Step 3 above to determine U, using the plate CCHX model developed
per Reference 3.3, as follows:

1. Perform an initial run of the system model to determine the CC flows to each half of the
plate CCHX.

2. Input the CC flows determined from above, SW flow (5000 gpm per hatf), SW inlet

temperature (66°F) and en initial estimate of the CC inlet temperature into the plate

CCHX model.

Run the plate CCHX model to detcrmine the U values.

Input the U values into the system model.

Run system model.

Repeat until U values and CC inlet temperatures agree.

B S
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S-C-SF-MEE-1679 Rev. 0
Attachment F

CC Temperature Assumption Validation
Preparer:  Kevin King Date: 5/16/02
Reviewer: Ted Delgaizo Date: 5/16/02

5.0 ANALYSIS:
Discussion

This analysis will use the CC System Thermal-Hydraulic Model, which will perform a
thermal balance between the CCHXs and the SFHX. The CC system temperatures are
determined by Proto-Flo as a result of this thermal balancing. By setting the SW flow to
the CCHXs to the maximum value of 10000 gpm, the resultant CC supply temperature
(CCHX CC outlet temperature) represents the minimum temperature for a given heat load
and SW temperature. Thus if the CC supply temperature is set in the field at a value less
than this, the setpoint value could not be maintained as the flow controls would limit SW
flow to 10000 gpm.

System Alignment

The Normat Operations alignment from the default model database "S1ccr0.dbd", which
has two pumps aligned to the entire system, except the RHRHXS, is modified as follows:

l. The BAE Package is isolated by closing valve 1CC48. This is in accordance with
Reference 3.4, which isolates the BAE Peckage prior to initiating RHR.

2. Letdown HX (LDHX) temperature control valve 1CC71 is closed, as letdown is
isolated during shutdown modes.

3. The contzinment isolation valves are closed, as the containment loads are isolated
during shutdown modes. This includes: 1CC113 & 1CC215 (Excess LDHX); 1CC117,
1CC118, 1CC131, 1CC136, 1CC187 & 1CC190 (RCPs)

4. The RHRHX isolation valves (11&12 CC16) remain closed as RHR is not required
after a full core offload.

5. Flow to the SFHX is set to 3000 gpm by establishing throttle valve 1CC37 as the flow
balancing parameter.

6. With the above valve alignments, only one CC pump is required — 13 CC Pump is
selected. Since flow to the SFHX is being set to a specific value, the pump curve to be
used is not critical ~ the "benchmark" curve is selected.

7. All heat exchanger heat loads are set to 0, except the CCHXs and SFHX. The
parameters for these HXs (flows, temperatures, 12 CCHX Us) are inputted.
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S-C-SF-MEE-1679 Rev. 0
Attachment F

CC Temperature Assumption Validation

Preparer:  Kevin King Date: 5/16/02
Reviewer: Ted Delgaizo Date: 5/16/02
Results

Cases were run with both one and two SFHXs and with both one and two CCHXs. Since
Unit | has one tube and shell CCHX and one plate type CCHX, separate cases were run
with each individual CCHX. A summary of the pertinent results are included below, The
complete Proto-Flo reports are saved as report files, and are included on the disk included
with this evaluation. The 12 CCHX spreadsheet model results are included on pages 5 and

6 of this attachment.
Case | CCHXs | #SFHXs | Qsex CC supply
(MBtwhr) | temperature (°F)
1 11&12 1 44 69.3
2 11 1 44 75.0
3 12 1 44 74.5
4 11&12 2 22 67.7
5 11 2 2 70.7
6 12 2 22 ~ 70.6

6.0 CONCLUSION:

The minimum CC supply temperature with a SFP heat load of 44 MBtu/hr and a SW

temperature of 66°F is as follows:
# CCHXs | #SFHXs CC supply
temperature (°F)
2 1 69.3
1 1 750
2 2 67.7
1 2 70.7
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intet temp (°F)

OQuttet temp (°F)
Mess Flow (th,/tr)
Volumetric Fiow (gpm)
Foufing (hr-R-*F/Btu)

Properties:
Tavg (°F)
Density @ Ti i,/
Density @ Tav (b))
Cp (Btultb,"T)

k (Bwhr-0-°F)
Dynamic visc (t,/ft-hr)
Kinematic visc ('/s)
pr

Fitm Resistance:
\ée'owv (tss)
e

Ny
h (Blufhe-12-F)

C (B-"F)
Crin (BUN-F)
Corax (BtWhr-F)
F {Cra/Crnen)

R (hr-12-"F/Btu)
U (Bwhr--"F)
NTU
Effecfiveness

LMTD("F)
Q (MBhuhr)

S-C-SF-MEE-1679, Rev. 0

Attachment F
C s 2CC valuation - Fufl FP
114 12 CCHXs; 1 SFHX _ 115 12 CCHXs; 2 SFHXS
Ahall B hatf Total Aha B haff Jotal
SwW CC SW cC 5W cC SW cC
65.00 91.37 66.00 01.37 66.00 78.80 66.00 78.80
70.61 6944 70.64 60.47 68.22 67.82 68.33 67.84
2521178 6530990 | 2521,178 535,008 2,521,178 533,600 | 2521478 537,124
5000 1057 5000 1065 5000 1060 5000 10867
0.001000 0.001000 0.001000 0.001000
68.31 £80.40 68.32 8042 67.18 7331 67.17 7332
62.88 6263 62.86 6263 62.88 62.76 62.88 62.76
62.84 62.21 62.84 6221 62.85 6227 62,85 6227
40008 09938 | 10008 09998 10008  1.0003 | 10008  1.0003
03483 03547 | 03484 03547 03478 03515 | 03478 03515
24713 2084 2473 2.084 2512 2.260 2512 2259
1.093E-05 9.217E-06 | 1.093E-05 9215508 1.110E-05 1.008£-05] 1.110E-05 1.008E-05
7.108 5.820 7.105 5818 1227 8431 7207 8.430
1.631 0.345 1.634 0.347 1631 0.348 1.631 0.348
4478 1122 aar? 1131 4408 1029 4408 1038
12822 4035 12823 4050 127.58 2926 12756 3048
14888 4770 14800 4799 14788 4600 14789 4624
2523314 530,907 | 2523320 534924 2522809 533,771 | 2522812 537208
530,007 534,924 533,771 537,296
2523314 2,523,320 2,522,809 2522812
02104 02120 02116 0.2130
0.0039719 0.0039594 0.0040542 0.0040430
2518 2526 2487 2473
22787 2.2668 22186 22101
0.8845 0.8631 0.8578 0.8564
9.63 9.66 495 498
11.64 11.71 23.36 5.86 5.60 .75
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intet temp (°F).

Oustiet tamn (°F)

Mass Flow (b./hr)
Volumetric Flow (gpm)
Fouting (hr-12-"F/Bty)

Propetrties:
Tavg (°F)
Density @ Ti (/1)
Density @ Tav (by/n")
Cp (Btu/ib,-°F)
K (Btwhe-ft-*F)
Dynamic visc (,/f-hr)
Kinematic visc (/)
Pr

Fim Resistanca:
Velocity (ftfs)
' Re
Nu
h (Btuhr-2-°F)

C (Btwhr-°F)
Crun (Btuhr-F)
Crux (Btu/hr-F)
7 {Crt/Crma)

R (hr-2-*F/Btu)
U (Btuhr-8-°F)
NTU
Effectiveness

LMTD (*F)
Q (MBhuhr)

8-C-SF-MEE-1679, Rev. 0

Attachment F
(¢} for 12 CCHX Evaluation - s
12 CCHX only; 1 SFHX — 12 CCHX onty; 2 SFHXS
Ahalt B haif Total Ahatf B haif Total
sW cC swW cC BW cC SW cC
6800 9691 | €800 9691 €600 8202 | 6600 6202
7AT3  TAS0 | 7478 7456 7048 7060 | 7050 7062
2521478 988,110 | 252,178 994,132 2521178 991204 | 2521478 997,242
5000 1969 5000 1881 5000 1970 5000 1982
0.001000 0.001000 0.001000 0.001000
7036 8576 | 7038 8578 6824 7631 | 6825 7832
6286 6255 | 6286 6256 6286 6273 | 6288 6273
6283 6216 | 6283 6218 6285 6225 | 6285 6225
10012 09995 | 10012 09995 10008 10001 | 10008  1.0001
03493 03570 | 03493 03570 03483 03528 | 03483 03529
2408 1934 | 2408 1934 2415 2178 | 2415 2173
1084505 B.644E-08 | 1.084E-05 8.642E-06 1.084E-05 9.700E-08| 1.004E-05 0.698E-06
6896 5416 | 6835 5414 7113 6161 | 7112 6360
1831 0642 | 1631 0646 1631 0843 | 1631 0647
4600 2229 4601 2244 a2 1088 4473 2000
12941 8887 | 12042 6720 12819 6440 | 12818 6471
15066 7958 | 15071 7006 14883 7574 | 14884  7B1.1
2524232 087,060 | 2524238 903678 2523286 091,311 | 2523200 897,348
987,860 993,678 991,311 997,348
2,524,232 2,524,239 2,523,286 2,523,290
03913 0.3937 03929 0.3953
0.0031243 0.0031181 0.0031961 0.0031898
3201 3207 3128 3135
15559 1.5495 15153 1.5091
0.7217 0.7200 0.7131 07114
14.34 14.36 7.54 758
22.03 22.11 44.14 11.33 11.37 2269 |




NC.NA-AS.ZZ-0059(Q)
FORM-1
REGULATORY CHANGE PROCESS DETERMINATION

Document L.D.: $-C-SF-MEE-1678 Revislon: 1
Calculation Title: SFP Cooling Capabllity with Core Off-Load Starting 85-Hrs after SD

Page 10f4

Activity Description: The activity evaluates the capabllity of the spent fue! poo! coaling system to maintain fuel pool
temperatures within UFSAR requirements (149°F with both heat exchangers and 180°F with one SFP heat exchanger) if
In-vesss! decay is reduced from 100-hours to 85-hours during the period October 15™ to May 15™. The activity is intended
to provide the basis for a licensing change request In order to change the Salem TS to require an 85-hour decay period
rather than 100-hours.

Nots that more than one process may epply. If unsure of any answer, contact the cognizant department for guidance.
Activities Affected Yes | No Actlon

1. Does the proposed activity Involve a change to the Technical Ilf Yes, contact Licensing. See NOTE in
Specifications or the Operating License? = (O Section 4.1.1. LCR No. ___(later)

The intention of the activity Is to change
the technical specifications.
2. Does the proposed activity involve & change to the Quality if Yes, contact Quality Assessment.

Assurance Plan? Example: 0 Ix=
s Changes to Chapter 17.2 of UFSAR

3. Does the proposed activity invalve a change to the Security if Yes, contact Security Department.
Plan? Examples:

s Change program in NC.NA-AP.ZZ-0033(Q)

¢« Change indoor/outdoor securlty lighting

¢ Placement of component or structure (permanent or
temporary) within 20 feet of perimeter fence 0O N
Obstruct field of view from any manned post
Interfere with security monitoring device capability
Change access to any protected or vital area
Modify safeguards systems or equipment

4. Does the proposed activity involve a change to the lif Yes, contact Emergency Preparedness

Emergency Plan? Examples:

e Change ODCM/accident source term

s Change liquid or gaseous effluent release path

s Affect radiation monttoring instrumentation or EOP/AOP
setpoints used In classifying accident severity O R

s Affect emergency responss facllities or personnel,
including control room

¢ Affect communications, computers, Information systems

or Met tower
Doses the proposed activity involve a change to the ISI If Yes, contact Engineering Programs
Program Plan? Example: ISI/IST.
o Affect Nuclear Class 1, 2, or 3 Piping, Vessels, or O

Supports (Guidance in NC.CC-AP.ZZ-0007(Q))

Nuclear Common Rev. 11



NC.NA-AS.ZZ-0059(Q)
FORM-1
REGULATORY CHANGE PROCESS DETERMINATION

Document I.D.: S-C-SF-MEE-1679 Revision: 1
Calculation Title: SFP Cooling Capability with Core Ofi-Load Starting 85-Hrs after SD

Page 2 of 4
Activities Affected Yes | No Actlon
. Does the proposed activity involve a change to the IST if Yes, contact Enginesring Programs
Program Pian? Example: ISINST.

« Affect the design or operating parameters of a Nuclear O IR
Class 1, 2, or 3 Pump or Valve (Guidance in =
NC.CC-AP.ZZ-0007(Q))

7. Does the proposed activity involve a change to the Fire If Yes, contact Design Engineering.
Protection Program? Examples:

Change program in NC.DE-PS.ZZ-0001(Q)
Change combustible loading of safety related space
Change or affect fire detection system 0 I
Change or gffect fire suppression system/component
Change fire doors, dampers, penetration seal or barriers
See NC.CC-AP.ZZ-0007 for detalls

Change or affect FFP compensatory measures l

Does the proposed activity involve Maintenance, which If Yes, process in accordance with
restores SSCs to thelr original design and configuration? INC.WM-AP.ZZ-0001(Q)
es:
« CMor PM activity O =
¢ Implements an approved Design Change?
s  Troubleshooting (which does not require §0.59 screen
per SH.MD-AP.ZZ-0002)

Is the proposed activity a temporary change (T-Mod), which If Yes, contact Engineering.

meets all the following conditions?

e Directly supports maintenance and is NOT a
compensatory measure to ensure SSC operability.

e« Wil be in effect at power operation less than 80 days.

¢ Plant will be restored to design configuration upon O IR
completion.

e SSCs will NOT be operated In & manner that could
impact the function or operabllity of a safety related or
Imporiant-to-Safety system.

Nuclear Common Rev. 11



Document L.D.:
Calculation Title:

FORM-1

NC.NA-AS.ZZ-0059(Q)

REGULATORY CHANGE PROCESS DETERMINATION

S§-C-SF-MEE-1679

Revision: 1

SFP Cooling Capabllity with Core Off-Load Starting 85-Hrs after SD

Page 3of 4

Activities Affected

Yes

No

Action

10.

Does the proposed activity consist of changes to
maintenance procedures, which do NOT affect SSC design,
performance, operation or control?

Note: Procedure information affecting SSC design,
performance, operation or contral, including Tech Spec
required survelllance and inspection, requires 5§0.59
screening. Examples Include acceptance criteria for valve
stroke times or other SSC function, torque values, and types
of materials {e.g., gaskets, elastomers, lubricants, etc.)

if Yes, process in accordance with
INC.NA-AP.ZZ-0001(Q)

11.

Does the proposed activity involve a minor UFSAR change

{including documents Incorporated by reference)?

Examples:

¢ Reformatting, simplification or clarifications that do not
change the meaning or substance of information

. ‘l;tem?ves obsolete or redundant information or excessive

etal
¢ Corrects inconsistencies within the UFSAR
s Minor correction of drawings {(such as mislabeled ID)

if Yes, process in accordance with
NC.NA-AP.ZZ-0035(Q)

12.

Does the proposed activity involve a change fo an
Administrative Procedure (NAP, SAP or DAP) governing the
conduct of station operations? Examples:

¢ Organization changes/position titles

¢  Work control/ modification processes

if Yes, process In accordance with
NC.NA-AP.ZZ-0001(Q) and
NC.DM-AP.ZZ-0001(Q)

13.

Does the proposed activity involve a change to a regulatory
commitment?

If Yes, contact Licensing.

14.

Does the activity impact other programs controlled by
regulations, operating license or Tech Spec? Examples:
¢ Chemical Controls Program

NJ “Right-to-know” regulations

OSHA regulations

NJPDES Permit conditions

State and/or local bullding, electrical, plumbing, storm
water management or "other” codes and standards

¢« 10CFR20 occupational exposure

If Yes, process In accordance with
applicable procedures such as:
NC.NA-AP.ZZ-0038(Q)
NC.LR-AP.ZZ-0037(Q)

Nuclear Common

Rev. 11



NC.NA-AS.ZZ-0059(Q)
FORM-1
REGULATORY CHANGE PROCESS DETERMINATION

Document LD.: S$-C-SF-MEE-1679 Revislon: 1
Calculation Title: SFP Cooling Capabllity with Core Off-Load Starting 85-Hrs after SD

Page 4 of 4
Activities Affected Yes | No Action
15. Does the proposed activity affect the independent Spent If Yes, contact Licensing and initiate the
Fue! Storage Installation (ISFSI) or the Dry Cask Storage 10CFR72.48 screening process per
System (DCSS) or their analyses? Examples: NC.NA-AS.ZZ-0041 (NAS-41).
« Affect the spent fuel canisters or casks 0Ol =

¢ Affect the method of lifting, rigging or transporting DCSS

e Challenge Spent Fue! Pool leve! limits or reactivity limits

s Affect fire hazard analyses for the Heavy Haul Path

e Affect procedures for DCSS operation or ISFSI activities
16. Has the activily already received & 10CFR50.59 Screen or Take credit for 10CFR50.59 Screen or

Evaluation under another process? Examples: Evaluation already performed.

o Caloulation
Deslgn Change Package or OWD change Ol x
Procedure for & Test or Experiment
DR/Nonconformance
Incorporation of previously approved UFSAR change

17. Is the proposed change a change o a Chemistry procedure if YES, no 50.52 Screen Is required
as described in paragraph 4.1.7? O X

if any other program or regulation may be affected by the proposed activity, contact the department indicated for further

review in accordance with the governing procedure. If responsible department determines their program is not affected,

attach a written explanation.

If ALL of the answers on the previous pages are “No,” then check A below:

A. [ 1 None of the activity is controlled by any of the processes above, therefore'a 10CFR50.58 review IS
required. Complete a 10CFR50.59 screen.

if one or more of the answers on the previous pages are “Yes,” then check elther B or C below as appropriate and

explain the regulatory processes which govern the change:

B. [X] Alaspects of the activity are controlled by cne or more of the processes above, therefore a 10CFR50.59
review |S NOT required.

C. [ 1 Onlypartof the activity is controlied by the processes above, therefore a 10CFR50.58 review |S required.
Complete & 50.59 screen.

Explanation: _A 10 CFR 50.569 screen Is not required. A licensing change request will be prepared In order to change the
Jechnical Spacifications.

S o 5/18/2006 T.J.DelGalzo, MLEA ___ __7/16/2006

PREPARER (SIGN) DATE NAME (PRINT) QUAL EXPIRES
L8l 05/2212006 Barry L. Baridley, MLEA 12/06/2007

REVIEWER (SIGN) DATE ~ NAME (PRINT) GUAL EXPIRES
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