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No | Question Instructions and Guidance Yes / No/NI/IA
1 Do assumptions have All Assumptions should be stated in clear terms with enough LZI O g
sufficient documented justification to confirm that the assumption is conservative. y
rationale?
For example, 1) the exact value of a particular parameter may
not be known or that parameter may be known to vary over
the range of conditions covered by the Calculation. It is
‘| appropriate to represent or bound the parameter with an
assumed value. 2) The predicted performance of a specific
piece of equipment in lieu of actual test data. It is appropriate
to use the documented opinion/position of a recognized
expert on that equipment to represent predicted equipment
performance.
Consideration should also be given as to any qualification
testing that may be needed to validate the Assumptions. Ask
yourself, would you provide more justification if you were
performing this analysis? If yes, the rationale is likely
incomplete. .
Are assumptions Ensure the documentation for source and rationale for the JZ]' O O
2 compatible with the way | assumption supports the way the plant is currently or will be d
the plant is operated and | operated post change and they are not in conflict with any
with the licensing basis? | design parameters. If the Analysis purpose is to establish a
new licensing basis, this question can be answered yes, if the
] assumption supports that new basis. .
3 Do all unverified If there are unverified assumptions without a tracking O O /@'
assumptions have a mechanism indicated, then create the tracking item either
tracking and closure through an ATI or a work order attached to the implementing
mechanism in place? WO. Due dates for these actions need to support verification
prior to the analysis becoming operational or the resuitant
plant change being op authorized. .
4 | Do the design inputs The origin of the input, or the source should be identified and /U OO
have sufficient rationale? | be readily retrievable within Exelon’s documentation system.
if not, then the source should be attached to the analysis. Ask
yourself, woulid you provide more justification if you were
. performing this analysis? If yes, the rationale is likely
incomplete. . .
: 5 Are design inputs correct | The expectation is that an Exelon Engineer should be able to /[Z O O
and reasonable with clearly understand which input parameters are critical to the
critical parameters outcome of the analysis. That is, what is the impact of a
identified, if appropriate? | change in the parameter to the results of the analysis? If the
: impact is large, then that parameter is critical. ,
] 6 Are design inputs Ensure the documentation for source and rationale for the- jZI g
compatible with the way | inputs supports the way the plant is currently or will be .
the plant is operated and | operated post change and they are not in conflict with any
with the licensing basis? | design parameters. -
: 7 Are Engineering See Section 2.13 in CC-AA-309 for the attributes that are . A O O
Judgments clearly sufficient to justify Engineering Judgment. Ask yourself,
documented and would you provide more justification if you were performing
justified? this analysis? If yes, the rationale is likely incomplete.




DESIGN ANALYSIS NO. L-002457

CC-AA-103-1003

ATTACHMENT 2

Revision 7
Page 8 of 8

Owner’'s Acceptance Review Checklist for External Design Analyses

Page 2 of 2
REV. 7

PAGE: 1B

No | Question Instructions and Guidance Yes / No / N/A
8 Are Engineering Ensure the justification for the engineering judgment ;Z O O
Judgments compatible supports the way the plant is currently or will be operated
with the way the plant is post change and is not in conflict with any design
operated and with the parameters. If the Analysis purpose is to establish a new
licensing basis? licensing basis, then this question can be answered yes, if
the judgment supports that new basis.
9 Do the resuits and Why was the analysis being performed? Does the stated JZ O o
conclusions satisfy the purpose match the expectation from Exelon on the proposed
purpose and objective of | application of the resuits? If yes, then the analysis meets
the Design Analysis? the needs of the contract.
10 | Are the results and Make sure that the results support the UFSAR defined ﬂr O U
conclusions compatible system design and operating conditions, or they support a
with the way the plant is proposed change to those conditions. If the analysis
operated and with the supports a change, are all of the other changing documents
licensing basis? included on the cover sheet as impacted documents? 3
1 Have any limitations on Does the analysis support a temporary condition or JZ O O
the use of the resuits procedure change? Make sure that any other documents
been identified and needing to be updated are included and clearly delineated in
transmitted to the the design analysis. Make sure that the cover sheet
| appropriate includes the other documents where the results of this
organizations? analysis provide the input. .
12 | Have margin impacts Make sure that the impacts to margin are clearly shown /M O O
been identified and within the body of the analysis. If the analysis results in
documented reduced margins ensure that this has been appropriateily
appropriately for any dispositioned in the EC being used to issue the analysis.
negative impacts
(Reference ER-AA-
2007)?
13 | Does the Design Analysis | Are there sufficient documents included to support the FI O O
include the applicable sources of input, and other reference material that is not
design basis readily retrievable in Exelon controlled Documents?
documentation?
14 | Have all affected design Determine if sufficient searches have been performed to Q’ O d
analyses been identify any related analyses that need to be revised along
documented on the with the base analysis. It may be necessary to perform
Affected Documents List | some basic searches to validate this.
(ADL) for the associated
Configuration Change? .
15 - Compare any referenced codes and standards to the current |
aD:‘; haen::';ltgts:es of inputs desigp basis and ensure that any differences are reconciled. y
methodology used meet If the input sources or analysis methodolp_gy are basecj_on
committed technical and | &" o%—of—da(e rgc_eft:\:dol_?g% or c_ode, addItIOtl:aé reconciliation
. may be required if the site has since committed to a more-
regulatory requirements? recent code
16 | Have vendor supporting Based on the risk assessment performed during the pre-job Z I:l |
technical documents and | brief for the analysis (per HU-AA-1212), ensure that
references (including GE | sufficient reviews of any supporting documents not provided
DRFs) been reviewed with the final analysis are performed.
when necessary?
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1.0 PURPOSE/OBJECTIVE

The purpose of this calculation is to determine the impact of 120% plus 2% measurement uncertainty
power uprate on the maximum plant inlet temperature and evaporative drawdown of the LaSalle County
Station Ultimate Heat Sink (UHS). The calculation determines the design basis UHS performance for 30
days following an accident. The lake dike is assumed to have failed, Unit 1 is postulated to undergo a
loss of coolant accident (LOCA) with loss of off-site power (LOOP), while Unit 2 undergoes normal
shutdown. Worst-case weather conditions apply and no makeup water is credited.

The S&L LAKET-PC computer program was utilized to determine the combined impact of power uprate
and allowable sediment accumulation in the UHS. It was also used to perform analysis of maximum
allowable initial UHS temperature to meet required UHS outlet temperatures.

1.1 Historical Analyses

This calculation has undergone a number of revisions to address various issues as they have arisen.
Certain information from previous revisions has been retained for information or convenience. Some of
this information is historical but no longer represents design information.

The assembly of the calculation writeup is as follows:

o Main Body — The main body of the calculation was essentially re-written and formatted in Rev. 5
issue. The main body of Rev. 5 is revised in Rev. 6 to add new cases for 12” sediment level. For
Rev. 7, the main body is revised to include new cases for extended power uprate (EPU) at a
maximum plant intake temperature of 104°F and 107°F and the latest weather data.

« Attachment A — This attachment provides results of computer analysis of the approximately 50 years
of weather data used in the analysis. The -computer program UHS-AVG is used to select limiting
weather periods for peak lake temperature and maximum evaporation. The method of selecting the
limiting data and actual data is common to all revisions of the calculation up to Rev. 6. Selection of
weather data for Rev. 7 is documented in Attachment M.

o Attachment B — This attachment provides LAKET analysis results for the Rev. 3 issue of the
calculation. This analysis supports limiting UHS temperatures of 100°F.

« Attachment C — This attachment provides Excel spreadsheets and formulas used in computing (a)
UHS area and volumes, and (b) CSCS temperature rise across the plant for the Rev. 3 calculation.
The CSCS temperature rise across the plant is revised in Rev. 7 and documented in Attachment L.

» Attachment D — This attachment provides attached references.

« Attachment E — This attachment provides an operability evaluation performed as a part of the Rev. 2
calculation. :

o Attachment F — This attachment provides LAKET plot data used in Rev. 3.

o Attachment G — This attachment provides LAKET analysis of Rev. 4. This analysis supports limiting
UHS temperature of 102 °F.

o Attachment H — This attachment provides the LAKET analysis of Rev. 5. This analysis supports
limiting UHS temperatures of 104 °F. Attachment H is revised in Rev. 6 to support 3 additional cases
for 12” sediment level.

PROJECT NO. 11333-246
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o Attachment I — This attachment provides the LAKET analysis of Rev. 7. This analysis supports
limiting UHS temperatures of 107°F at Measurement Uncertainty Recapture Power Uprate (MUR
PU) (3546 MW,) and EPU (3988 MW,).

« Attachment J — This attachment is added in Rev. 7 to document the determination of the effective area
and effective volume of the UHS.

» Attachment K — This attachment is added in Rev. 7 to document the preparation of a new set of
weather data using data from LaSalle Station and Peoria, IL from 1/1/1995 to 9/30/2010.

« Attachment L — This attachment is added in Rev. 7 to document calculation of the plant temperature
rise at MUR PU and EPU power levels.

« Attachment M — This attachment is added in Rev. 7 to document creation of the worst weather and
worst net evaporation LAKET weather files.

o Attachment N — This attachment is added in Rev. 7 to document validation of the LAKET computer
program through comparison to NUREG-0693.

Most of the information in these appendices represents historical analysis and no longer serves as the
design basis. However, some information, such as the geometry for the UHS (area and volume versus
siltation) is still retained as design input for the current analysis.

1.2 Design Analysis for 102°F Inlet Temperature Limit

In the Rev. 4 calculation, two issues were addressed:

« The allowable maximum plant inlet temperature was raised to 102°F and maximum initial UHS
temperatures were determined based on the new limit.

» Core decay heat was increased to include contributions for additional actinides and activation
products as documented in a separate calculation [Ref. 5.8].

The supporting analysis for these changes is documented in Appendix G.
1.3 Design Analysis for 104°F Inlet Temperature Limit

The Rev. 5 calculation addresses:

« An increase in the allowable maximum plant inlet temperature to 104°F

o Attachment H documents this analysis and determines the maximum initial UHS temperature for a
plant inlet temperature limit of 104°F. Several different test case scenarios were evaluated and the
maximum initial UHS temperature allowed was determined for each. In addition, Appendix H also
documents the following:

¢ The Attachment H analyses use a new version of the LAKET software, although the underlying
algorithms are unchanged. Test cases were run with the new code to confirm matching results
from the previous version.

+ In addition, a new evaporation case was run with the new limiting initial temperature to confirm
there is adequate inventory.

+ Finally, it was confirmed and documented that the previous design basis for CSCS heat load
includes a conservative modeling of pump heat and single failure assumptions.
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1.4

|

The Rev. 6 calculation addresses:

. Incorporatibn of minor Rev. 5A into the main body of the report. In Rev 5A, the UHS requirement
for use of fire water during accident and transient conditions was revised from 132,000 gals to
440,400 gals. This was incorporated into Assumption 3.7, UHS Inventory for Fire-Fighting.

o The addition of three (3) new cases to evaluate the maximum initial lake temperature and
evaporation based on 12 inches of sedimentation to the cases presented in Rev. 5 based on existing
maximum plant inlet temperature of 104°F. The main body and Attachment H are revised to support
the analyses of these new cases.

Design Analysis for 104°F and 107°F Inlet Temperature Limit Using Latest Weather Data up to
September 2010

The Rev. 7 calculation addresses:

s An allowable maximum plant inlet temperature of 104°F and an increase in the allowable maximum
plant inlet temperature to 107°F for both MUR PU and EPU.

e Addition of new weather data from LaSalle Station from January 1, 1995 to September 30, 2010.

« New determination of effective area and effective volume as a percentage of the total UHS area and
total UHS volume.

» Incorporation of the UHS requirement for use of fire water during accident and transient conditions
of 440,400 gallons. In previous revisions, this had been deemed insignificant in an assumption. For
-this revision the assumption has been removed, and the 440,400 gallons is removed immediately
following the postulated accident. '

o Increased core decay heat as a result of EPU.

» Incorporation of spent fuel pool makeup flow from the UHS (600 gpm).
Classification, etc.

This calculation is safety related.

This mechanical calculation provides an unsteady thermal model that is used to determine the capacity of
the LaSalle Station ultimate heat sink (UHS), a safety related structure.

Description Code: MO03 (mechanical system capacity calculation)
System Code: 77

This calculation supports the 120% power uprate project and 2% for measurement uncertainty.
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2.0 METHODOLOGY AND ACCEPTANCE CRITERIA

This calculation determines the maximum allowable initial lake temperature that would support the
104°F and 107°F CSCS maximum intake temperature limit for response to a postulated LOCA concurrent
with the failure of the lake dike. The maximum allowable lake temperature is determined for average
sediment accumulations of 0, 6, 12, and 18 inches.

(Other analyses supporting lower CSCS maximum intake temperatures are also documented as described in
Section 1).

2.1 Methodology

The method of analysis used in this calculation conforms to the position described in U.S. Atomic Energy
Commission Regulatory Guide 1.27, “Ultimate Heat Sink for Nuclear Power Plants”, Revision | [Ref. 5.2].
The LaSalle Station is licensed to this version of the Reg. Guide. The USNRC has also issued a draft
revision to this Reg. Guide (Rev. 2) to address Ultimate Heat Sinks with different configurations than the
base configuration inherently assumed in the approach to modeling weather data per the Rev. 1 guide. In
particular, the Rev. 2 guide addresses UHS designs with larger inventories with a transit time on the order
of five days. The LaSalle UHS has a transit time of approximately one to two days. Analysis to Rev. 2 of
the Reg. Guide [Ref. 5.2] was added in Rev. 5 and Rev. 6 of this calculation to conservatively supplement
the design analysis per Rev. 1. Rev. 7 analysis only considers the methodology given in Rev. 1 of the Reg.
Guide [Ref. 5.2].

Using this guidance, the worst synthetic weather period is assembled and used to analyze the transient
temperature performance of the UHS using the LAKET computer program. For the selected time periods.
the weather data is comprised of dry bulb temperature, humidity, wind speed, cloud cover, rainfall, and
solar radiation variables that give rise to maximum water temperatures. Similarly, the consecutive 30-day
maximum evaporation weather period is also evaluated to determine the impact of water inventory loss on
UHS performance.

2.1.1. Selection of Weather Data following R.G. 1.27. Rev. 1 (Peak Temperature)

Up to Revision 6 - R.G. 1.27, Rev. 1 guidance requires synthesis of the worst 31 day (worst 1-day + worst
30 consecutive days) weather period. The UHSAVG program [Ref. 5.7] is used to determine the worst |
day and 30 day temperature periods. The weather data file contains weather station data from Peoria, IL
and Springfield, IL for the dates between July 4, 1948 through June 30, 1996. The binary weather data file
(pslsw-2.bin) for this historical worst weather period is documented in Appendix A of calculation L-
001581, Rev. 0 [Ref. 5.4]. From the new, expanded weather data set, the worst single day is now July 15 to
16, 1995 while the worst thirty day period is from July 10, 1983 to August 9, 1983.

Revision 7 - The methodology used to determine the worst | day and 30 day temperature periods is
documented in Attachment M. The worst weather is determined from two different weather files. The first
weather data file considered is the one used in previous revisions of this calculation including weather
station data from Peoria, IL and Springfield, 1L for the dates between July 4, 1948 through June 30, 1996.
The second weather data file contains weather station data from LaSalle Station and Peoria, IL from
January 1, 1995 to September 30, 2010. The worst single day is determined to be July 24, 2001 7:00AM to
July 25, 2001 6:00AM while the worst thirty day period is from July 21, 1995 4:00PM to August 20, 1995
3:00PM.
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2.1.2 Selection of Weather Data following R.G. 1.27. Rev. 2 (Peak Temperature)

Selection of weather data following Reg. Guide (R.G.) 1.27, Rev. 2 is used for Rev. 5 and Rev. 6 of this
calc. New selection of weather data for this Reg. Guide was not done for Rev. 7, but this section is retained
for historical purposes. R.G. 1.27, Rev. 2 requires synthesis of the worst 36 day (worst 5 days + worst |
day + worst 30 days) weather period. The UHSAVG program [Ref. 5.7] is used to determine the worst 5
consecutive days, worst 1 day, and worst 30 consecutive days temperature period. The weather data file
contains weather station data from Peoria, IL and Springfield, IL for the dates between July 4, 1948 through
June 30, 1996. The worst 36-day period is documented in Attachment A of this calculation. The worst five
day period is from July 12, 1995 to July 17, 1995. The worst one day and thirty day periods are the same as
identified in Section 2.1.1.

(3]

1.3 Selection of Weather Data following R.G. 1.27. Rev. 1 (Peak Evaporation)

Guidance for selecting weather data for use in computing peak UHS evaporation over a thirty day period is
based on R.G. 1.27, Rev. 1, although requirements from Rev. 2 are virtually the same. The limiting
evaporation period is from June 18, 1954 to July 18, 1954. Additional information is provided in
Attachment A of this calculation.

Following the addition of the new weather data (LaSalle Station and Peoria, IL weather data from 1/1/1995
to 9/30/2010) it was confirmed that the limiting evaporation period from June 18, 1954 to July 18, 1954
remains the limiting evaporation period. See Attachment M for documentation of this analysis.

2.1.4 Plant Heat Load to the UHS

The heat load to the UHS is documented in a separate calculation [Ref. 5.8]. This data is interpolated to fit
the one-hour (three-hour up to Rev. 6) time increments required by LAKET. The CSCS temperature rise
data for each one-hour (three-hour up to Rev. 6) increment is based on this heat load and computed and
listed in Attachment L of this calculation.

2.1.5 UHS Surface and Volume Data

The approximate surface area and volume of the UHS for different postulated sediment accumulations is
determined using the methodology documented in Appendix B of calculation L.-001581, Rev. 0 [Ref. 5.4].
The UHS surface area and volume are provided in Table 7.1. The effective area and effective volume of the
UHS are determined in Attachment J.

9

.1.6 CSCS Temperature Rise

The temperature rise through the plant is used in LAKET-PC to compute the rise in water temperature
caused by the heat rejected to the UHS during the postulated accident. It is determined by the following:

AT=Q/(c, xm)
where:
AT = plant temperature rise, [°F]
Q heat rejection to the UHS, [Btu/hr]
¢p, = specific heat of water, [Btu/(1b-°F)]
m = mass flow rate of water, [Ib/hr]
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The mass flow rate is determined from the CSCS volumetric flow rate in cfs:
m = 86.0 ft*/sec x 3600 sec/hr x 62.02 Ib/ft’ = 19,201,392 Ib,/hr (Up to Rev. 6)
m = 86.0 ft’/sec x 3600 sec/hr x 62.00 Ib/f> = 19,195,200 Ib./hr (Rev. 7)
The time increment for much of the weather data is three hours (one hour for Rev. 7). Since the

temperature of the UHS does not change significantly over a three hour (or one hour) time period, it is
sufficiently accurate to apply this time increment to calculate the average temperature rise for each time
step. : :

UHS Analysis for a 102°F Plant Inlet Temperature Limit

Attachment G evaluates the ability of the UHS to maintain the plant inlet temperature below 102°F for the
worst 31-day transient and worst 36-day transient analyses. The following cases are run as part of
Attachment G:

Revision 4 (see Attachment G)

. Start | Weather | Sediment . .
Case Time Data Level (in.) Methodology Design Criteria
. . ‘ Assume Initial UHS Temp = 100°F;
1 09:00 1/30 0 Reg. Guide 1.27, Rev. 1 ; Verify Plant Inlet Temp < 102.0°F
. . Assume Initial UHS Temp = 100°F;
2 : 09:00 5/1/30 6 Reg. Guide 1.27. Rev. 2 | Verify Plant Inlet Temp-< 102.0°F
. . .~ Assume Initial UHS Temp = 100°F;
% 3 09:00 1/30 18 Reg. Guide 1.27, Rev. 1 Verify Plant Inlet Temp < 102.0°F
. Assume Initial UHS Temp = 100°F;
i . i [
4 1 06:00 1/30 18 Reg. Guide 1.27, Rev. 1 | Verify Plant Inlet Temp < 102.0°F

.1.8  UHS Analysis for a 104°F Plant Inlet Temperature Limit

Y

Attachment H evaluates the ability of the UHS to maintain the plant inlet temperature below 104°F for the

worst 31-day transient, worst. 36-day transient, and also documents the worst 30-day evaporation period

analyses. There are total 9 cases in Rev. 5 and 3 cases in Rev. 6. All 12 cases are included as part of
. Attachment H and summarized below:
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Revision 5 (see Attachment H)

; Case ?::1: Weather Data i E:g;ﬂ?:t) Methodology : Design Criteria

: 1a 09:00 | 1130 ; 0 Reg. Guide 1.27, Rev. 1 | g:;:::z:",?::i'"%:tsT:n’:p; (04 0F |

] 2a 0900 | 10 § 6 | Reg. Guide 1.27, Rev. 1 | g:;ﬁ::;?::“:l:f T:nrgps;1o4.0°F

§ 3a 09:00 1/30 18 Reg. Guide 1.27, Rev. 1 é';"::L’::Z:g,?:ﬁ',:l:tséingp;104_00F

g 1b 09:00 5/1/30 0 Reg. Guide 1.27. Rev. 2 | g:;Lr;Z:;T:L?IIgIEtST:nn;p; 104.0°F
2b 09:00 |  5M/30 |6 |Reg.Gudel27.Rev.2 g:;LTZ:éT:ﬁ'ﬁ:ts TZ::‘);104_0°F |

P 09:00 sis0 | 18 Reg. Guide 1.27. Rev. 2 | 'g”:;ﬁg:é’::ﬁ'lggtséfn";ps 104 0°F
1c 09:00 Vé’g{:;;g;%f‘y 0 | Reg. Guide127.Rev.1 ! aoo Tiing iiial temperature from

§ 2 09:00 Vgs;s;;g;gfny s | Reg Guide 1.27. Rev. 1 ;:ﬂ‘;;";gigfzigi‘ia' temperature from

| s 0g:00 | ‘o 32 ey 18 | Reg. Guide 1.27. Rev. 1 ; Jse limiting Inital temperature from

LAKET-PC [Ref. 5.1d] and UHSAVG [Ref. 5.7] are filed and documented in the Sargent & Lundy
Computer Software Library. UHS model runs were performed on PC Nos. 5121 and 5407 via network

server SNL1 for Rev. 5.

Revision 6 — Revision 6 of this calculation utilizes the same methodology Rev. 5 and is presented in

Attachment H. Additional cases 4a, 4b and 4c were run to find the maximum initial UHS temperature for a

sediment level of 12 inches.

Revision 6 (see Attachment H)

| Start § Sediment . o
Case . Time Weather Data | Level (in.) Methodology s Design Criteria
L ; . | Maximize Initial UHS Temp: :
4a 09:00 1/30 :; 12 Reg. Guide 1.27, Rev. 1 Requires Plant Inlet Temp < 104.0°F
C . . Maximize Initial UHS Temp;
{ 4b 09:00 5/1130 o 12 Reg. Guide 1.27. Rev. 2 Requires Plant Inlet Temp < 104.0°F
4c 09:00 Worst 30-gay 12 Reg. Guide 1.27. Rev. 1 Use limiting initial temperature from
Evaporation Case 4a or 4b.

LAKET-PC [Ref. 5.1d] is filed and documented in the Sargent & Lundy Computer Software Library. UHS

-model runs were performed on PC No. ZL4578 for Rev. 6.
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2.1.9 UHS Analysis for a 104°F and 107°F Plant Inlet Temperature Limit at MUR PU and EPU

Attachment I evaluates the ability of the UHS to maintain the plant inlet temperature below 104°F or 107°F
for the worst 31-day transient and also documents the worst 30-day evaporation period analyses. The cases
are run for both MUR PU and EPU power levels, and all cases use the Reg. Guide 1.27, Rev. 1
methodology. All cases are included as part of Attachment I and summarized below:

Revision 7 (see Attachment I)

Case ?::: Weather Data POV(G:NL:W' E:\:n?:t) | Design Criteria
e | w wew | o i
Cor em | a0 | pememescies
% 1aMUR | s00 | 130 2-3559 MURPU) | 0 g:;ﬂf:::,',’l’:ﬁ',ﬂ;séfn";ps1070F
:1a_MUR_104FE 6:00 130 53559 (MUR PU): 0 L”:;L?Z:;T:;?'Ixzf%mp;104.0°F
Com lew e | e ST
e | sw | w0 ewmew | s RS o |
wn | | w0 MR,
2a_MUR_104F | 6:00 1730 23559 MURPU) | 6 | Meximize il UHS Temp:
wmm oo e emew | e | WIS o
wom || e w S
Casn ew e wmey | EREIROST o
mn e w0 weE o AmmmesSTew
% 3a_3pm 1500 | 1/30 4067 (EPU) 18 &”Zél,'ﬂ';e ;T:rl:'lrlj:ts T;n;;ps:m?.w 4
T [ww | | ewew | e | mmemeosew T
3a_104F ; 6:00 1130 4067 (EPU) 18 gg:;‘:j’:g:,',?;tﬁ'"ﬂzf}z;':p;104_00F i
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2.2

‘ Case %t:‘: f Weather Data Pov:';u';;eve-i f:\(’tﬂ?:t) Design Criteria
j aMUR | 600 | 180 | 3559 (MUR Pu)é 8| Requites PlantIlet Temp & 107.0°F *
§3a—MUR—1°4F§ 6:00 ‘ o= 3559 (OR PO 18 I\F:I::LTZ: FI’T:L?II:IZtSTanr:ps; 104.0°F |
4 to4F | 600 | 130 , 4067 (EPU) 12 'E"Z;L'ﬁlff;':T:i,f'uﬁu';tséfn?p;1o4.o°F
42 MUR 6:00 1130 3559 (MUR PU) n | “é'Zé'u".?Z: IIDT:IL?II:\JI:tSTZi?;pS;.107.0°F
| 42_MUR_104F | 6:00 x 1/30 3559 (MUR PU) 12 ';{":;‘L”i’:z:F',’l‘::‘t"lglgs;:n';p; 108.0°F
to o0 | WorstIUey | g7 (gpy) | 0 | Useimiing LAKET pu it
I R e G
% 000 | Evoraton | A06TEPU |18 | e e Ca sa
4 000 | Eomporaton | 4BTEPU |12 | fom Caseda
tt0F | 000 | WSS | oergpy) | o Uselmiing LAKET ot il
MR | oo | W30y | goourpy) | 0 | Pseiming ST ipuintal
g to MUR_104F | 000 | O304 | sesouurpy) | o | Uselmiing LAET inputintal

Acceptance Criteria

This calculation assumes an initial UHS temperature and demonstrates that peak temperature acceptance
criteria 2.2.1 and 2.2.2 are met. The maximum initial UHS temperature is the maximum allowable lake
temperature during normal operation.

Acceptance Criterion #1 - Peak Temperature - For the worst Reg. Guide 1.27, Rev. 1 composite 31-day and
Rev. 2 composite 36-day weather periods (up to Rev. 6), the maximum allowable plant water intake
temperature from the UHS is variously 100°F (Rev. 3), 102°F (Rev. 4), 104°F (Rev. 5 through Rev. 7), or
107°F (Rev. 7, 31-day weather period only).

Acceptance Criterion #2 - UHS Inventory - There are no specific acceptance criteria for maximum UHS
lake drawdown. However, for the worst 30-day evaporation period, the maximum lake drawdown is
determined for input to calculation L-001355 [Ref. 5.13].
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2.3 Limitations

The results of this calculation are limited by the accuracy of the LAKET-PC program and models inherent
in the code (see Ref. 5.14, for a comparison of the predictions of the LAKET program against lake intake
temperatures observed in August 1989 at the LaSalle Station). In addition, see Attachment N for additional
validation of LAKET.

2.4 Identification of Computer Programs

An updated version of LAKET-PC [Ref. 5.1c] was used when performing calculations for Revision 4 (see
Attachment G). Unlike its previous version, the weather files are in text format instead of binary. It was
therefore necessary to use the Bin to Txt application included in LAKET-PC program number 03.7.292-2.0
[Ref. 5.1] to convert previously used binary weather files into text files.

After the Rev. 4 issue of this calculation, LAKET-PC [Ref. 5.1d] was updated further to improve flexibility
in modeling. This update did not change the basic modeling algorithms as demonstrated by re-running the
Attachment G analyses. This latest version was used in the Rev. 5, Rev. 6, and Rev. 7 of this calculation.

With each update that was made, verification calculations with previous calculations were made to ensure
the newer, updated version of the software obtained results that matched its predecessor. For verification
purposes, Case 0009 from the main body was recalculated prior to beginning Revision 4 calculations.
Results were within 0.03°F of each other. Several previous cases were recalculated prior to conducting
tests for Revision 5 for verification of results for the additional update. Since Revisions 6 and 7 utilize the
same version of LAKET as Revision 5, no formal verification was necessary.
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3.0

3.1

3.2

33

ASSUMPTIONS / ENGINEERING JUDGEMENTS

Makeup. Blowdown, Runoff, etc. - Consistent with previous calculations [Ref. 5.4], it is assumed that there
is no makeup, blowdown, runoff, or dam spill in the UHS.

Initial Natural Lake Temperature - Up to Revision 6, the initial natural UHS temperature is assumed to be
4.5°F lower than the initial forced UHS temperature. Higher initial natural temperatures produce higher
peak UHS temperatures, if the peak temperature occurs in the first few days of the UHS transient. A
previous calculation, L-002456 [Ref. 5.6a], analyzed the cooling lake for two units in full power operation
(post-power uprate configuration) during the worst day and the worst five days in the weather history (July
15, 1995 and July 12 - 17, 1995). It found that the minimum difference between forced and natural lake
temperatures during this peak lake temperature period is 4.5°F. The LOCA transient begins with a cooling
lake dike failure and both units operating at full power. Although 1.-002456 [Ref. 5.6b] was revised for
MUR PU and found an increase in maximum lake temperature by approximately 0.1°F, the minimum
difference between forced and natural lake temperatures during the peak lake period of 4.5°F remains
bounding. Therefore, this assumption remains conservative.

Revision 7 - The initial natural UHS temperature is conservatively assumed to be equal to the initial forced
UHS temperature.

Sensible Heat L.oad from RCS - Up to Revision 6, it is conservatively assumed that all of the sensible heat
from the reactor and the primary system is dissipated to the UHS within six hours. One-half of the heat is
assumed to be rejected in the first 3-hour time step and the other half is rejected in the second 3-hour time
step. This is based on the assumption that the temperature within the reactor will be at 100°F within 6
hours. Peak calculated temperatures are not sensitive to the timing of the introduction of sensible heat
within the first two time steps of the analysis. Note that the minimum time step for LAKET is three hours
which is short relative to the transit time of the lake given by the UHS volume divided by the volumetric
flow rate of CSCS flows or:

transit = V/ Q= (341.4 acre-ft)( 43,560 ﬁz/acre) / (86.0 cfs)
tiransit = 172,923 sec =~ 48 hours

Where the UHS volume is taken from Table 7.3 and Q is taken from Assumption 3.5. Thus the time step
(3 hours) is small relative to the transit time (48 hours).

Revision 7 - It is still assumed that all of the sensible heat from the reactor and the primary system is
dissipated to the UHS within six hours. However, since LAKET is run using one hour time steps, one-sixth
of the heat is assumed to be rejected in each of the first six hours. Also, with the new effective volume
factor calculated in Attachment J and lake volume following removal of water for fire-fighting in
Attachment I, the transit time of the UHS is changed. The new UHS transit time is:
tiransit = Viotat ¥ (Effective Vol. Factor) / Q = (340.0 acre-ft)*(0.634)*(43,560 ﬂllacre) / (86.0 cfs)
transit = 109,184 sec =~ 30.3 hours (for 18-in of sedimentation)

The time step (one hour) is small relative to the transit time (30.3 hours).
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3.4 UHS Surface and Volume - The effective surface area and volume are assumed to be 90% of the total
surface area and volume. This is in accordance with Reference 5.14, which compares the predictions of the
LAKET program against lake intake temperatures observed in August 1989 at the LaSalle Station.

Revision 7 - An effective area percentage of 57.9% of the total UHS area and an effective volume
percentage of 63.4% of the total UHS volume are determined in Attachment J. This was determined for the
18-in of sedimentation case. The use of maximum silting reduces the UHS volume, and therefore the
residence time. This reduces the effectiveness of the UHS and is thus conservative.

3.5 CSCS Flow - The total plant flow during the UHS analysis is assumed to be 38,600 gpm (86.0 cfs). The
total flow is based upon the cumulative flow contribution from thirteen CSCS pumps operating at design
flow conditions (eight RHR-SW pumps, 4,000 gpm each; three DG pumps, two at 1300 gpm and one at
2,000 gpm; and two HPCS DG pumps, 1000 gpm each) [Ref.’s 5.11, 5.12].

Revision 7 - It is noted that the fuel pool emergency makeup flow rate is not included, as this flow does not
return to the UHS (See Assumption [3.1).

3.6 Water Properties - Up to Revision 6, the density and specific heat of water in the UHS is assumed to be
62.02 Ib/ft’ and 1 Btu/lb-°F, respectively [Ref. 5.10]. This corresponds to an assumed average temperature
of 98.5°F.

Revision 7 - The density and specific heat of water in the UHS is assumed to be 62.00 Ib/ft® and 0.998
Btu/lb-°F, respectively [Ref. 5.10]. This corresponds to an assumed average temperature of 100°F.

3.7 UHS Inventory used for Fire Fighting — As stated in minor Revision 5A, the UHS requirement for use of
fire water during accident and transient conditions was revised from 132,000 gals to 440,400 gals (See
UFSAR Change Package LUCR #96. UFSAR section 9.2.6.3.a was updated by UFSAR Change Package
LUCR #96). Assumption 3.7 is adjusted to account for the new UHS requirement for fire fighting in 3.7B.

A. Up to Revision 5 - The use of UHS inventory for fire fighting is insignificant. UFSAR Section 9.2.6.3
[Ref. 5.3] states that 132,000 gallons of water from the UHS must be available for fire fighting
following an accident. Fire fighting could consume up to 0.41 acre-ft (132,000 gal x 0.1337 ft'/gal /
43,560 ft’/acre). The volume and surface area of the UHS at its maximum drawdown of 1.5 ft (EL
688.5 ft) are 341 acre-ft and 81.3 acres, respectively. Thus, fire water consumption would decrease the
UHS heat capacitance by only 0.1% (0.41 acre-ft/341 acre-ft) and increase the maximum UHS
drawdown by only 0.005 ft (0.41 acre-ft/81.3 acres).

B. Revisions 5 and 6 - The use of UHS inventory for fire fighting is insignificant. UFSAR Section 9.2.6.3
[Ref. 5.3] states that 440,400 gallons of water from the UHS must be available for fire fighting
following an accident. Fire fighting could consume up to 1.352 acre-ft (440,400 gal x 0.1337 ft'/gal /
43,560 ft’/acre). The volume and surface area of the UHS at its maximum drawdown of 1.5 ft (EL.
688.5 ft) are 341 acre-ft and 81.3 acres, respectively. Thus, fire water consumption would decrease the
UHS heat capacitance by only 0.396% (1.352 acre-ft/341 acre-ft) and increase the maximum UHS
drawdown by only 0.0166 ft (1.352 acre-ft/81.3 acres). This is less than 0.2 inches of drawdown.

C. Revision 7 — The use of UHS inventory for fire fighting is accounted for in the LAKET evaluations. It
is assumed that all UHS inventory for fire fighting (440,400 gallons [Ref. 5.3}) is used immediately
following an accident (See Assumption [3.2 in Attachment I). This is conservative as it decreases the
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volume of water in the UHS. : |

3.8 Modeling of Precipitation - Up to Revision 6, in the UHS analysis for power uprate no credit is taken for |
precipitation. The worst UHS temperature and evaporation periods for the updated weather history were
selected assuming there is no precipitation. The UHS maximum temperature and maximum evaporation
cases were analyzed assuming there is no precipitation.

Revision 7 - The worst UHS temperature and evaporation periods for the updated weather history were
selected with precipitation included. Following selection of the worst periods, precipitation is
conservatively removed, and analysis of the UHS maximum temperature and maximum evaporation cases
were analyzed assuming there is no precipitation.
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40  DESIGN INPUTS |

4.1 UHS Geometry - According to calculation L-001584 [Ref. 5.5, the surface area and volume profile for the
UHS with no sediment accumulation can be represented as a series of fifteen, one-foot thick frustums, as
follows (volume adjustments account for segments that are not frustums):

2 Segment § Bottom Top Volume
No Elevation | Surface Area Surface Area g Adjustment
s B - o R
- ssom T ooom o T
14 676677 | 2786 0064 | 8091 0.186 i
13 677678 | 8091 0186 | 14215 0.326 -
12 678679 | 14,215 0.326 224,302 |
: o T R | .
10 680681 | 275605 633 | 353588 812 | - !
9 681-682 | 353,588 8.12 423844 973 | - 7
8 682683 | 423,844 9.73 526454 | 1209 | -
B e e e St T B
6 684-685 | 642,512 14.75 1203664 | 2070 |  -0.84*
5 685-686 | 1293664 29.70 1,293 664" 2070 | +21.67+19.54*
4 686687 | 3,368,632 7733 | 3439517 7896 | -
. ey | asmess | w0 ] S
2 688-689 | 3,508,668 80.55 | 3,578,525 8215 | -
P 689600 | 3,578,525 82.15 3651620 | 8383 | -

* Adjustments to the frustum volumes account for the UHS bottom contour, localized hills and pockets
**Segment S is modeled as a cylinder with major adjustments to account for the UHS bottom contour

According to Reference 5.5, the UHS volume for zero sediment deposition is 465 acre-ft. The surface area
and volume profile data from Reference 5.5 are based on the latest lake survey performed in 1997.
According to UFSAR Section 9.2.6 [Ref. 5.3], the UHS volume for zero sediment deposition is 460 acre-ft.
The volume from 1997 lake survey data is only 1% greater than the volume cited in the UFSAR. Because

- of this and because the lake survey provides the best available volume and lake contour data, the lake
survey data will be used in the UHS analysis.

4.2 Weather Periods

31 Day Synthetic Weather Period (R.G. 1.27, Rev. 1) - The worst combined 31-day historical weather
period is based on weather data from July 4, 1948 through June 30, 1996 and is synthetically assembled in a
data file (File Name: worstday-9am.txt) and is documented in Attachment H [see Attachment A and Ref.
5.4].
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Revision 7 - The worst combined 31-day historical weather periods is based on weather data from July 4,
1948 through June 30, 1996 used in the previous revisions and weather data from January 1, 1995 through
September 30, 2010 from LaSalle Station (with unavailable data from Peoria, IL). Selection of the worst
weather day and worst weather 30 days and a synthetically assembled data file of these days are
documented in Attachment M.

36_Day_Synthetic Weather Period (R.G. 1.27, Rev. 2 — Draft) - The worst combined 36-day historical
weather period is based on weather data from July 4, 1948 through June 30, 1996 and is synthetically
assembled in a data file (File Name: 5-1- 30days9am txt) and is documented in Attachment H [see
Attachment A and Ref. 5.4].

Revision 7 - The worst combined 36-day historical weather period is not used in this revision.

30 Day Weather Period (R.G. 1.27. Rev. 1) - The worst 30-day historical weather period for evaporative
losses is based on weather data from the summer of 1954 as contained in a data file (File Name:
30dayevap.txt) and documented in Attachment H.

Revision 7 - The worst 30-day historical weather period for evaporative losses based on weather data from
the summer of 1954 was determined to remain limiting when compared to worst 30-day weather period for
evaporative losses from the LaSalle Station weather data from January 1, 1995 to September 30, 2010. This
is documented in Attachment M.

4.3 Seepage Rate 0.2 cfé [Ref. 5.4]
44  CSCS Pond Length ' 5500 ft [Ref. 5.4]
4.5 UHS Heat Load - Appendices L9.1 and L9.3 in Attachment L [Ref. 5.8]

" 4.6 Current.T.S. Allowable Sediment Accumulation in the UHS 1.5 feet (average) [Ref. 5.9]
4.7 Maximum Allowable CSCS Intake Temperature Case Specific

4