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1.0 Objective
To demonstrate that with shutdown cooling initiated at 350°F primary coolant temperature, cool
down to 130°F pnmary coolant temperature can be achreved in 24 hours—and—that—the—eutfau
2.0 Methodology

Reactor coolant cooling system consist of two cooling circuits namely primary and secondary
cooling circuits.

Primary circuits consist of the two shutdown cooling heat exchangers (SDC HXs) in which prlmary
coolant is cooléd by closed loop cooling water (CCW). The secondary circuit consist of three' CCW .
heat exchangers in which CCW water is cooled by the river water. Heat load into the primary
coolant consists of core fission product decay heat load, primary coolant pump work and LPSI

pump work. The CCW heat load consists of heat rejected from the primary coolant through the -
SDC heat exchanger(s) plus other miscelianeous loads. Normally one SDC HX and 3 CCW HXs
are in service._When the cool down took longer than 24 hours? with one SDC HX, the 2" SDC HX
was placed in service.

The CCW cold water temperature is uncontrolled and is a function of the river water temperature,
heat load on the CCW system, ard-number of CCW heat exchangers in service, and the CCW HX
cleanliness. The heat removed by the SDC HX depends, in turn on the CCW cold water
temperature, CCW flow to the SDC HX and the SDC HX cleanliness. The CCW cold water
temperature is calculated iteratively as part of the calculation. The overall process (cool down of
the primary system) is judged slow enough the thermal dynamics of the CCW system is ignored,; it
assumed to operate continuously at the equilibrium (steady state) temperatures for the
instantaneous heat loads and temperatures. The heat exchangers were modeled in an Excel
spread-sheet based on the temperature of the reactor coolant and river water (CCW HX inlet)
temperature by using number of transfer units method (NTU). Capacity ratio and effectiveness are
calculated using the calculated primary, CCW, and river water temperatures.

Orrgmal Equipment Manufacturer (OEM) data sheets were used to develop equatlons for the
‘variations in the shell side heat transfer coefficients for both the SDC and CCW heat exchangers
CCW flow to SDC heat exchanger is calculated by accounting for degraded pump performance
curve From Calc PM-44 (Ref. 1), page 18

The cool down rate of the primary coolant was calculated using the heat inputs mto the pnmary
loop, the heat removed by the SDC HX and the thermal mass of the primary coolant loop. The cool
down rate was then applied to the primary loop initial temperature over a suitably short time span
and a new primary loop temperature was obtained. The cooling system performance (SDC and
CCW HX performances, CCW temperature and CCW river water outlet temperature) was then
recalculated

Four CCW heat exchangers installed, three in service for this evaluation._(Three avarlable is a
Technical Specification limit.)
This occurred in the cases with maximum fouling on the SDC. Intermediate cases were not

evaluated, but, by interpolation of the cases evaluated, the slow cool down is expected to occur
with slightly greater than design fouling on the SDC exchanger and is slightly exacerbated by

CCW exchanger fouling.
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" Total time required to cool reactor coolant system from 350°F to 130°F were-was estimated by
considering the river water inlet temperature of 90°F and maintaining the rivereutetCCW cold
water temperature toof less than 120°F_(Ref. 20). The CCW flow to the SDC HX may bewas
initially throttled to hold the fivereutiet-CCW temperature within the limit. The CCW flow rate was
increase to the full rate as soon as could be done without exceeding the riveroutietCCW
temperature limit._In Revision 3, the worst case evaluated required a throttled flow of 1,850 gpm.
This case was used in all cases. “Un-throttling” occurred at 275°F RCS temperature.

3.0 Assumptions

1. ltis assumed that the reactor coolant is cooled from normal operating temperature to 350°F
at the maximum permissible cool down rate of 100°F/hr. Decay heat load decreases with
“time after trip” and initiation of SD cooling as early as possible is conservative for both cool
down time and outfall temperature.

N

It is assumed that shutdown follows a reactor trip from full licensed power (1500 MWt) This
. maximizes decay heat and is thus conservative for both.cool down time and outfall
temperature.

3. All calculations requiring steam table lookups are done using the ASME Steam Tables, 5"
edition, via Excel spreadsheet function using an S&W proprietary add-in ME-367 VO1L00
(Ref. 2). These are all implementations of the 1967 IFC Formation for Industrial Use.

4. When shut down heat exchanger load on the CCW system decreases due to decreasing RC
temperature, the CCW inlet temperature will drop. As RC temperature drop, CCW flow to the
shut down coolers can also be increased by opening the throttle valve fully, From Calc
PM-44-1 (Ref. 1), page 17, last paragraph.

5. The thermal dynamics of CCW system have been ignored. Steady state equilibrium
. temperatures are assumed throughout the system.

The thermal inertia and heat transfer within the reactor coolant system have been ignored; it
is assumed that the system instantaneously assumes the steady state temperature- ‘
appropriate for the initial temperature, net heat input or output and thermal mass. .

o

7. CCW temperature will be based on the performance of the CCW heat exchanger reéé'iving
the minimum raw water flow. Raw water outlet temperature will be based on the total raw
water flow and total CCW heat load. .

8. For the calculation of.thermodynamic and transport properties, Qressureé of 300 ésig, 75 psig
and 15 psig were assumed for the reactor coolant, CCW and raw water respectively.

9. Maximum river water temperature is 90°F. (From Revision 1 of this calculation, but no source
cited. Confirmed in Ref. 20. i

10. Minimum river water temperature is 33°F. Based on an ice bound river and limitations in the
steam table software of 32.016°F. ’ '
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4.0 References/Design Inputs

Ref. No. Source Identification

Application/Referenced Information

1. Calculation 17321.01-PM-44, Rev 1,
“Calculation of minimum reactor
coolant cool down time using shut
down cooling system”, 06/27/94

Used entirely in the new calculation

2. S&W Computer Program SWSteam
(ME-367 V01L00), 1967 IFC Steam
Tables

Thermodynamic properties of steam.

3. S&W Computer Program FlowUtils
' (ME377 VOOLO1) '

Interpolates effectiveness value based on NTU
and capacity ratio from the table

4. WM. Kays and A.L. London, Compact
.. Heat Exchangers, McGraw-Hill , 2"
Edition (Excerpts in Attachment 1)

Tables 2-7a & b. Capacity-NTU- Effectlveness
table for spI|t~ﬂow exchanger

5. Alan J. Chapman , Heat Transfer,
Second Edition, Macmillan Company,
2" Edition, 1967

Capacity-NTU-Effectiveness equation for
counterflow exchanger, Page 505 ff

Heat transfer film coefficients (Nusselt Numbers)
for flow parallel to and across tube banks, pages
339, 344

6. S.C. Stultz and J.B. Kitto, Steam Its
Generation and Use, Babcock &
Wilcox Company, 40" Edition, 1992

Nusselt No. for flow inside of tubes, Page 4-12
through Page 4-14

7. OPPD Procedure PED-SEI-16 R9,
_“Evaluation of Heat Exchanger
Performance”, Issued 5-15-07

Limiting fouling coefficients:

CCW Hx — 0.004 hr-ft>-°F/Btu (para 5.2. 1K)
SDC Hx - 0.00418 hr-ft>-°F/Btu (para 5.2.4M)
CCW Hx — Tube dimensions (Attachment A-1)

8. Component Cooling Heat Exchanger
" Data Sheets, Fort Calhoun Station #1,
Whitlock Manufacturing Co., identified
by “Reference No. EL-6817, sheets 1
to 6”, undated (Copies in
Attachment 1)

Heat transfer rates for CCW HX. See Section -
5.1.2 for specific values.

26-1999

Cramer and Lindell, File FC-AC1B, 07-

9. Drawing “CCW HX Internal Support Flow path
and Flow Paths”, Cramer and Lindell,
File FC-AC1B1, 07-26-1999

10. Drawing “CCW HX Inlet Tube Sheet”, | Flow path
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Ref. No. Application/Referenced Information

Source Identification

11. Shutdown Heat Exchanger Data
Sheets, Fort Calhoun Station #1,
Whitlock Manufacturing Co., identified
by “Job No. 20-69-4333 sheets 1 to 4",
all March 9, 1970 (Copies in
Attachment 1)

Heat transfer rates for SDC HX. See Section
5.1.2 for specific values.

12. Shutdown Heat Exchanger Data
Sheet, Fort Calhoun Station #1,
Whitlock Manufacturing Co., identified
by “Reference Number EI-6817”, dated
12/27/68

Tube construction details. U-tubes, %" OD, 18
BWG, 304 stainless steel.

Water Flows to CCW Heat
Exchangers”, 6/2/94 (OPPD
Identification FC-05888)

13. Whitlock Drawing H-26133-D Rev. 2, Tube count per row. 514 total tubes per unit
“SDC HX Tubesheet ltem AC-4A, 4B * '
<. 8/26/82
_ 14. Whitlock Drawing A-26133-E Rev. -, Total tubes per row (determined to be total count
“Tube Surface for U Bend Units”, for two exchangers)
undated .
15. Whitlock Drawing B-26133-L Rev. 1, | Confirmation of shell side flow pattern
“Baffles AC-4A & 4B”, undated (OPPD ‘
File No. 18621) .
16. Whitlock Drawing L-26133 Rev. 6, General configuration of flow paths (shell center
“Shutdown Heat Exchangers” (Setting | entry with outlets at each end.
Elan)aundated, (OPPD File No. 18676 Tube data 514 tubes, %°OD 18 BWG, TP-304,
ev. 1) §tainless steel SA-249.
17. Calculation 17321.01-PM-41-1, “Raw. | Raw water flow to min flow CCW Hx in mode 23,

2056 gpm. Total raw water flow = 7159 gpm
(page 49).

18. Shutdown Cooling Design Basis
- Document SDBD-SI-130, R18 (Excerpt
in Attachment 1)

Flow through two SDC exchangers 5000 gpm
(p 94)

to Peter Queenan (Shaw)

19. Calculation FC05669, Rev. 3, “CCW CCW flow to two SDC Hx 3254 gpm, page 64
System Flow Rates”, 5/10/06 (Mode 4)
(Excerpts in Attachment 1) , o o

20. Email 3-28-08, Doug Molzer (OPPD) Scope for Revision 3. Deletion of outfall

temperature limit, imposition of 120°F CCW
temperature limit. -
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5.0 Calculation

5.1 Calculation Basis

5.1.1 Primary Coolant Cool Down

Reactor coolant system cool down rate is accurately modeled by the following equation From Calc
PM-44 (Ref. 1), page 4

dTrc 1
------ = -~----- (Qd + Ppp + Plp — Qhx)
dt RMCp
Where Qhx = Heat removed by the shut down cooling heat exchangers, Btu/hr
dTrc

------ = The rate of temperature change of the reactor coolant system, °F /hr

RMCp = The thermal capécitance of the primary system, the steam generator's.‘ and the
shut down cooling system, including ali water and steel = 1.1E06 Btu/°F

Qd = Core fission product decay heat, Btu/hr From Calc PM-44-1 (Ref. 1), page 19.
Assuming a trip from full power, PM-44-1 give the equation

Qd = (68.762*10E6)(t**?**), where t is the time in hours after trip*.

Ppp = Primary pump work in to system when Rc >= 200°F, Ppp = 9E06 Btu/hr-per pump
with a maximum of two RC pumps operating with 200°F <= Rc¢ <= 300°F, no RC
pumps when Rc < 200°F.

Plp = LPSI pump work in to system = 1.5E06 Btu/hr for two pumps

dTrc/dt from the equation above is used to approximate ATrc / AT for small increments of time AT.
At the end of the time increment, Qd is recalculated, as is a new heat removal rate for the shut
~down heat exchangers. Unknown temperatures and duties at the reduced reactor coolant
- temperature are recalculated using the effectiveness — NTU method, From Calc PM-44 (Ref. 1),
page 4, last paragraph.

5.1.2 Heat Exchanger Performance

Since flow and temperatures of both the CCW and the reactor coolant differ greatly from the design
specifications, shut down cooling heat exchanger performance at system initiation must be
determined by calculating film coefficients at the each operating conditions.

3 PM-44-1 cites “Technical Data Book IlI-27-1, Rev.2" as the source the underlying data. That

source was not checked in the preparation of Revision 2 of this calculation.
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In general the heat transfer performance of a shell and tube heat exchanger is given by (Calc
PM-44-1 (Ref. 1), page 7 or Chapman (Ref. 5, page 64).

: 1

U =

overall OD 4 OD *In(OD/ ID) + 1

*
ID*(h, + f,) 2k h, + £, (Equation 1)
Where OD= tube OD, inches

ID=  tubelD, inches
k = tube material thermal conductivity, Btu/hr-ft-°F
h; = tube inside heat transfer film coefficient, Btu/hr-ft’-°F
ho = tube outside heat transfer film coefficient, Btu/hr-ft>-°F
fi = tube inside fouling coefficient, Btu/hr-ft>-°F
fo = tube outside fouling coefficient, Btu/hr-ft2-°F

(When only a total fouling is provided, by convention it is applied as an outside film coefficient.)

The tube material (TP-304 SS (Refs 10 & 16)) properties (conductivity) are available in any number
of references. Values used are from Chapman (Ref. 5) and are shown in Attachment 2, Sheet
“SDCHx”, Cells T84:U117.

The tube inside heat transfer coefficient is a well established formula:

Nu =0.023*Re®® Pr™*
or (Ref. 6, paged4-13 (Equation 49) ) (Equation 2)

h, = 0.023*Re"® Pr® G‘-)

Where Nu= Nusselt Number for the inside film coefficient
Re = The Reynolds Number for the tube side flow
Pr= Prandtl Number for the tube side fluid
k= fluid thermal conductivity, Btu/hr-ft-°F
= tube id, feet
Note that the Reynolds and Prandtl Numbers are defined as
Re=pvd/p
Pr=Cpu/k
p is density, Ib/ft3
v is velocity, ft/hr
M is Dynamic viscosity is Ibm/ft-hr

Cp is specific heat at constant pressure, Btu/lom-°F
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The relevant dimension (d) for the Reynolds Number is the tube ID or OD.

However the tube outside heat transfer coefficient is very application specific, varying with the flow
pattern on the shell side of the exchanger. In well baffled exchangers, the shell side flow pass over
most of the tube surface nearly perpendicular to the tube centerline (cross flow), while in other
configurations the flow is nearly parallel to the tubes. Heat transfer references provide equations of
a form similar to that for the inside film coefficient:

Nu=C*Re" Pr" (Equation 3)
It is assumed that the OEM’s heat transfer coefficient has values which follow this form.

Where C, m, and n are constants related to the particular flow pattern. See Chapman (Ref. 5)
Sections 8.3 and 8.5 and Steam (Ref. 6) pages 4-13, and 4-14. Text book values for flow normal

to tubes are C=0.33, n=0.6, and m=0.33 (Chapman, page 344); values for flow parallel to the tubes
are C=0.023, n=0.8 and m=0.4 (heating) or 0.3 (cooling) (Chapman, page 339). :

Sufficient OEM data sheets (Refs 8 & 11) are available for both the SDC and CCW exchangers to
. develop values for C, n, and m.

Each OEM case provided a shell velocity along with the gpm flow. These were used to develop an
equivalent “flow area” for the shell. The average flow area (2.5904 ft2) was then used in the
performance calculation. (This was an attempt to compensate for the minimal precision in the
velocity values.) '

Velocity(fps) = Flow(gpm) / (area(ft?) * 7.480519(gal/ft®) * 60(sec/min))
Tube side velocities were calculated from the number of tubes in the exchanger, tube size and wall.

Properties of water (density, viscosity, specific heat, etc) were calculated at the average of the shell
or tube inlet and outlet temperatures, in lieu of the average film temperature. This is a slight
approximation, but is judged acceptable for the application.

For each OEM performance case provided, the tube side film coefficient was calculated using
Equation 2. Equation 1 was then solved for the outside film coefficient, h,, (Fouling coefficients
were provided in each OEM case.) The result outside film coefficient was then divided by k*Pr™,
and the result plotted on a log-log grid to determine a value for n (the slope of the line on a log-log
graph). The Prandtl Number exponent, m, was varied to see what value gave the “best’ line on the
log-log graph of h, / k*Pr™. The value of C was then adjusted to match the design point (Mode B),
dirty heat transfer coefficient.

SDC Heat Exchanger

The SDC heat exchanger is a mixed flow configuration with primary coolant on the tube side in
U-tubes and CCW water on the shell side. The shell flow enters at the mid-point of the shell and
exits at each end (Refs 13, 15, & 16).

Four OEM data sheet cases were available for the SDC HXs (Ref. 11), identified as Mode A, B, C,
and D. Critical values were:
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Tube Side Shell Side
] Q, . Fouling, . Duty
Q,gpm | Tin | Tout gpm Tin | Tout Overall Udirty | Uclean (Dirty) -
gom | F | °F |gom | oF | °F Btu/hr-ft2-°F vl
Mode B (Design)
3000 [ 140 [ 1152 ] 4500 | 93 [109.5[0.0005° | 320 | 487 | 37.1
‘Mode A .
1500 [ 125 [ 100.3 [ 2250 | 78 | 94.5 [ 0.00316 | 158.7 | 3189 | 18.526
Mode C .
2250 [ 212]159.8 [ 2937 | 95 [1352]0.00342 | 178.1 | 455.2 | 58.931
Mode D
3400 [ 255 ] 200 | 4728 | 95 | 135 [0.00418 | 170.7 | 594.3 | 94.391*

2 Shell and tube side, each (hr-ft2-°F/Bta) -

The SDC HX evaluation is shown on sheet “SDCHx” of the spreadsheet in Attachment 2. The
OEM case data and specific calculation are shown in Cells A18 to R50. The heat transfer
coefficient analysis is in rows 50 to 67. The U calculations are in Column Q (Udirty) and Column R

- (Uclean). Note that the calculation of 1/h, is in Cell Q25 (for the Mode B case, dirty) and h 1 k*Pr™
is in Cell Q26.

The SDC Hx shell side fiim coefﬂment was faurly insensitive to the value of m, and the text book
valve of 0.333 was used. The value of n, based on the trend line through all 4 cases was 0.61689.
This is close to the text book value for pure cross flow, which is reasonable given the physical
design of the exchanger (Refs 15 & 16). The value of C which reproduced the OEM’s de3|gn point
coefficient was 0.09751.

The final equation for the SDC HX shell side film coefficient is thus:
: h, = 0.09751 Re®®""% Pr®3% (12k/0.75)

This equation was then applied in all the OEM cases and the OEM'’s and calculated heat transfer
rates are tabulated below. The difference between the OEM's and calculated heat transfer rates
were expressed as fouling errors, (i.e. 1/UCALC-1/UOEM)

Mode OEM Udirty | Calc'd Udirty Ermor :fL C',f.%ﬂf;i |
Mode B (Design) 320 320. 0.0 ~0.001

Mode A 158.7 157.28 0.00006 | 0.003 16
Mode C 178.1 175.88 0.00007 | 0.00342
Mode D 170.7 169.13 0.00005 | 0.004 18

The errors in reproducing the OEM'’s heat transfer rate are on the order of the last significant digit
on the foulmg factor and are believed to be at the level of the precision (number of d|g|ts) in the

Data sheet contains typographic error in that the final zero of the duty value was omitted. Value is
shown as “94,391,00 “ rather than “94,391,000".
temperature changes confirm 94+ million Btu/hr duty.

Check of tube and shell mass flows and
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CCW Heat Exchanger

The CCW heat exchangers are tube and shell exchangers with three tube side passes and three
shell side passes. The baffling is arranged to give a virtually pure counterflow configuration (Refs 9
& 10). The tubes are 3/4", 18 BWG®, TP 304 stainless steel (Refs 9).

Six OEM data sheet cases were available for the CCW HXs (Ref. 11), identified as Mode A, B, C,
D, E and F. Critical values were:

Tube Side Shell Side
) ) Fouling, | |, . Duty
Q Tin | Tout Q Tin Tout Overall Udirty | Uclean (Dirty)
0 hr-ft°-°F 2, Btu/hr
gpm F °F gpm °F °F /Btu Btu/hr-ft*-°F “10°

Mode E (Design)
| 2673 | 85.] 185 [ 2283 [239.8] 120 | 0.0015 | 244 | 408 [ 134
‘| Mode A

1575 | 85 [100.3 | 1550 [1055] 90 [ 0.0015 | 1901 | 266 [ 12
Mode B . :

3270 | 70 | 100 | 2885 [118.4] 85 [ 0.0015 | 2336 | 359.6 | 48.18
| Mode C v E ~ : C o
[ 2518 T 70 | 85 [2200] 952 | 78 | 0.0015 | 203.7 | 293.3 | 18.92

Mode D '

2518 | 85 [ 100 | 2200 [1102] 93 | 0.0015 | 2155 | 3184 | 18.92
Mode F

3333 | 85 [ 1087 [ 2025 ] 134 | 95 | 0.0015 | 228.3 | 3472 | 39.49

The CCW HX evaluation is shown on sheet “CCWHX” of the spreadsheet in Attachment 2. The
OEM case data and specific calculation are shown in Cells A12 to Y55. The heat transfer
coefficient analysis is in rows 58 t0 69. The U calculations are in columns Q (dirty) and R (clean).
Note that the calculation of 1/h, is in Cell Q26 (for the Mode E case, dirty) and h, / k*Pr" is in Cell
Q27.

Case A gave a shell side film coefficient which was clearly out-of-trend with the-others. The case A
coefF cient was not used in the development of the shell side film equation.

The CCW Hx shell side film coefficient was sensitive to the value of m, and the best fit was
obtained with a valve of 0.333. The value of n, based on the trend line through all 5 cases was
0.75551. This is close to the text book value for flow parallel to the tube, which is reasonable given
the physical design of the exchanger (Refs 15 & 16). The value of C which reproduced the OEM’s
design point coefficient was 0.023*1.0213°.

The final equation for the CCW HX shell side film coefficient is thus:

Ref. 9 clearly contains a typo, in stating “78 BWG”, since the BWG (Birmingham Wire Gage) is
only defined up to 36 gage (0.004"). Reference 7, page 21 gives an OD of 0.750" and an ID of
0.652", which corresponds to 18 BWG.

The textbook form of the equation for parallel flow is 0.023 Re" Pr™. Since the final correction
(1.0326) was fairly close to unity, both multipliers were carried. The final correction can also be
conceptualized as a correction on the “average” velocity for local departures around the baffles.
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h = 0.023*1.0213 Re®"*%° Pr®3% (12K/0.75)

This equation was then used in all the OEM cases and the difference between the calculated heat
transfer rates and the OEM's values were expressed as fouling errors, (i.e. 1/Ucalc-1/Uoem). The
results (below) are in the range of the last significant figure in the fouling and are attributed to the
limits of precision of the values on the OEM data sheets.

Mode OEM Udirty | Calc'd Udirty Eggﬂ:gs C',E—%?,th °gt:'_
Mode E (Design) 244 244 0 0.001 6
Mode A 190.1 174.97 0.00046 | 0.00150
Mode B 2336 237.20 2000006 | 0.001 50
Mode C 203.7 204.06 000001 | 0.00150
Mode D 2155 215.01 0.00001 | 0.00150
Mode F 228.3 231.63 20.000 06 | 0.001.50

With the exception of Mode A, the errors in reproducing the OEM'’s heat transfer rate are on the
order of the last significant digit on the fouling factor and are believed to be at the level of the
precision (number of digits) in the inputs. Mode A was an outlier in the analysis and is not
understood. There may be errors on the data sheet, or it may be evaluating a condition, the details
of which are not clearly/fully described on the data sheet.

5.1.3 Evaluation of CCW Heat Exchanger Capability

The overall thermal performance of the SDC and CCW heat exchangers were calculated using the
NTU-Capacity Ratio-Effectiveness method (Chapman (Ref. 5), page 505).

Number of transfer units (NTU) for and exchanger is defined as:

NTU = Y4
(ch)MlN

Where UA is the heat transfer rate (Btu/lb-ftz-°F) - heat transfer area (ftz) product, and (nic.;)mm is
_ the mass flow (Ib/hr) — specific heat (Btu/lb-°F) product for the side with the lower value.

Capacity ratio (Cg) is defined as:

C — (ch )MIN
R .
(mctP)MAX

Where (MCp)max and (Mcp)min are the mass flow (Ib/hr) — specific heat (Btu/Ib-°F) products for the
two sides of the exchanger.

The effectiveness (¢) is given by

Data sheet states “Total fouling = 0.0015", but the difference in the inverses of the clean and
service heat transfer rate is 0.00165. (In all other data sheets, the clean and service rates
properly reflect the stated fouling.) :
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Where the t's are the inlet and outlet temperatures of the hot and cold sides.

Graphs and/or tables of effectiveness vs capacnty ratio and NTU are available for various heat
exchanger configurations.

For a pure counterflow exchanger, the relationship is given by:

] — g~ NTUO=Co)

= [ C o-"0i<n (Ref. 5, page 509 (Eq. 12.32)) .
-C, A

This applies to the CCW Hx.

" For the mixed flow configuration the relationship is given by the graph and table in Compact Heat
Exchangers (Ref. 4) and excerpted in Attachment 1. This applies to the SDC Hx.

These equations (table) were used to regenerate the OEM performance in the OEM cases on
sheets SDCHx and CCWHXx in the spreadsheet in Attachment 2. The analysis appears in Columns
S through Y. The final duty matches (Column Y, with OEM values in bold, blue text below the rows
labeled “shell”) are not exact, but are judged to be in sufficiently reasonable agreement to validate
the calculation. The Cr-NTU-effectiveness table for the mixed flow SDC exchanger is entered in
B85:Q109 of sheet “SDCHx".

Process Conditions

The process scenario being evaluated consists of flow being established from the reactor coolant
loop (primary coolant system) to one of the two installed shutdown cooling (SDC) heat exchangers.
The SDC HX is in turn cooled by the closed cooling water system (CCW). CCW rejects the heat
from the SDC HX(s), along with other heat to the river through three operating (out of four mstalled)
CCW heat exchangers.

The maximum inlet river water to the CCW heat exchangers is defined for this evaluation as being
90°F (Assumpti (Assumption 9). This is presumed to be the design basis temperature._A minimum river

water temperature of 33°F was assumed (Assumption 10).

River water flow is taken from Revision 1 of this calculation as 7159 gpm total (Ref. 1, page 13)
with 2056 gpm (Ref. 1, page 15) going to the minimum flow CCW HX. Values come from
Calculation FC-05888 (Ref 17).8

CCW flow to the CCW Hx's is taken from Revision 1 of this calculation as 8100 gpm total (Ref. 1
page 14), 2664 gpm to the minimum CCW Hx (Ref. 1, page 14)._The average flow (2700 gpm)
was used in calculating the performance of the heat exchangers.

CCW flow to the SDC Hx:s is taken from Revision 1 of this calculation as 4862-gpm-throttied

{Ref—1-page-8)-and-4246 gpm un-throttied (Ref. 1, page 18)(one SDC Hx in_service) .
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5.3

Reactor coolant flow to the SDC Hx is taken from Revision 1 of this calculation as 3000 gpm
(Ref. 1, page 10)_ with one SDC Hx in service.

For the calculation of thermodynamic and transport properties, pressures of 300 psig, 75 psig and
15 psig were assumed for the reactor coolant, CCW and raw water respectively._(Assumption 8)

The mass flow through all exchangers is calculated from the above volumetric flows at the specific
volume corresponding to the average of the inlet and outlet temperatures.

From Revision 1 of this calculation (Ref. 1, page 10), it is assumed that the CCW flow to the SDC
Hx is throttled at the start of the cool down to limit the-outfalltemperature-and-the rate of
temperature drop of the primary loop (limit of 100°F/hr). Revision 3 of this calculation imposed an
additional limit of 120°F CCW temperature.

Additionally it is assumed that only one SDC Hx is in service_initially. Discussion with station
personnel indicated that the degree of throttling (i.e. the throttled flow) may be considered
adjustable, as may the primary coolant temperature used as a indicator as to when the CCW flow -

may be “un-throttled”. —(Ihis-tempecatupe—was%@—F—m—Rews&en—i—)

The CCW provides cooling to additional services during this the reactor cool down period. From
Revision 1 of this calculation (Ref. 1, page 25), this additional heat load is 7.358*10° Btu/hr.

Heat Exchanger Fouling

The heat exchanger performances, and thus the cool down time and CCW eutfall-temperatures are
functions of the fouling rates used. The cleaner the heat exchangers, the faster the cool down, but
also the higher the CCW eutfal-temperature.

The OEM data sheets provide “clean” and “service” heat transfer rates and the accompanying
fouling film coefficients. In addition Station document PED-SEI-16 (Ref. 7) provides limiting fouling
coefficients. The various fouling coefficients values are:

"SDC Hx CCW Hx

hr-ft>-°F/Btu hr-ft®>-°F/Btu
Clean 0.000 0.000
Service 0.001 ' 0.0015
Operability Limit 0.00418 0.004

The primary analysis will be done using the service fouling, but additional checks WI|| be made at
clean and maximum fouling.

Within this calculation “Clean’” is aliso referred to as minimum or no fouling; “Service” as design,
normal or nominal fouling; and the "Operability Limit" as maximum fouling.

Spreadsheet Description

The entire heat exchanger and cool down analysis is performed in ar-a set of Excel spreadsheets.
EachFhe spreadsheet contains the following sheets: SDCHx, CCWHx, CCW, multiple copies of
Cooldown$ and Chart$ (where $ is a number indicating the case within the spreadsheetfrom-4-to-8)
and a sheet Summary. _(Separate spreadsheets were needed for different river water
temperatures and for repeat analyses with different operating bases.)

All sheets use thermodynamic and transport properties calculated using function calls into S&W
computer Program SWSteam (Ref. 2). Viscosity calls use the liquid viscosity call (SWSVISL) in
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S&W Computer Program FlowUtils (Ref. 3). Curve interpolations are done using functions SPLINE
and SPLINE3D in FlowUtils.

Sheet SDCHx contains the shutdown cooling heat exchanger analysis discussed in Section 5.1.2

above. It contains clean heat transfer coefficient, dirty heat transfer coefficient, heat transfer area,
number of tubes, effectiveness — capacity ratio — NTU values table, and thermal conductivity table
for TP304 stainless steel.

Similarly, Sheet CCWHXx contains CCW heat exchanger analysis discussed in Section 5.1.2. The
sheet is very similar to Sheet SDCHx, but uses the counterflow Cr-NTU-effectiveness equation
instead of tabulated values. The TP304 steel conductivity table from sheet SDCHXx is used.

Sheet CCW contains a series of single performance calculations for the CCW heat exchangers.
These calculate the Hx performance at raw water and CCW flows given in Section 5.2, at fouling
coefficients of 0, 0.0015, 0.0030, and 0.004 hr-ft’>~°F/Btu, 90°F raw water temperature, and various
CCW inlet water temperatures. Each calculation (spreadsheet row) give a heat exchanger duty.
The temperature-duty values were then interpolated to give CCW outlet temperatures at duties of
1, 20, 40, 60 and 80 million Btu/hr. These were used in the SDC cooling time sheets.

" Heat exchanger duty calculation is contained in number of columns. In general the column labels

are self explanatory. Cells with blue text are user input values, either manual or ad hoc links; black
text is either fixed or calculated values which are part of the base template. The heat transfer tube
and shell side film coefficients are calculated using the equations developed above, and the overall
heat transfer rate (U) using Equation 1 in Section 5.1.2.

Sheet “Cooldown$” consist of reactor coolant system cool down time calculation. Multiple cases of
the sheet, and it accompanying graph “Chart$” exist, each dealing with a different combination of
foullng factors The dlfferent cases run wull be d|scussed in Sectlon 54. As—md&sated—abeve—t-he

Column A and B consist of time in hours and the time step in hours. It was assumed that shut down
cooling would be initiated 2 hours after reactor trip, at the Trc = 350°F (Implying a cool down rate of
100-°F/hr up to that time). For an initial period, time steps of 0.1 hour were used. There after the
time steps were allowed to vary using a variety of expedient logics, to give temperature changes on
the order of 5°F maximum, but small enough that the calculation converged. The specific value of
the time step is not critical, provided the increments are small enough to provide a smooth curve.
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Column C contains core fission product decay heat, column D contains primary pump work in to
system and column E contains LPSI pump work in to system. Column F contains heat removed by
the shut down cooling heat exchangers for each time step, linked from Column AY. Column G
contains summation of the above heat loads. Column H contains ratio of summation heat loads to
the thermal capacitance of the primary system, which is the cooling rate for the primary system.

Column | to L contains SDC heat exchanger tube side RC coolant flow, pressure, inlet temperature .
and estimated outlet temperature information. The initial RC temperature is as assumed for the
case. The RC temperature in each succeeding line is the previous temperature less the duration of
the previous time step (Column B) times the cooling rate (Column H).

Column M to P contains SDC heat exchanger shell side CCW water flow, pressure, inlet
temperature and estimated outlet temperature information. The initial CCW flow (Cell J6) is varied
to hold the outfall temperature at just below 120°F. The flow then increases to the un-throttle flow
when the temperature of the primary coolant entering the exchanger drops below the switch point
(Cell J7)._Column O contains the CCW temperature used to check the 120°F limits.

Column Q to Y contains SDC heat exchanger tube side RC coolant thermal properties calculated at
the time step average temperature - density, specific heat at constant pressure, dynamic viscosity,
thermal conductivity, velocity, Reynolds number, Prandtl number. and inside heat transfer
coefficient.

Similarly Column Z to AH contains SDC heat exchanger shell side CCW water thermal properties -
density, specific heat at constant pressure, dynamic viscosity, thermal conductivity, velocity,
Reynolds number, Prandtl number and outside heat transfer coefficient. Column Al contains metal
thermal conductivity at the average of tube and shell side temperatures.

Column AJ contains overall heat transfer calculation using the tube and shell side coefficients from
Columns Y and AH, the metal conductivity (Col Al) and the total fouling coefficient for the Sheet.

Column AK to AQ contains SDC heat exchanger tube side RC coolant mass flow, multiplication of
mass flow and specific heat, capacity ratio, NTU, effectiveness, inside and outside temperature
difference, estimated RC outlet temperature.

Column AR to AX contains SDC heat exchanger shell side CCW coolant mass flow, multiplication
of mass flow and specific heat, capacity ratio, NTU, effectiveness, inside and outside temperature
difference, estimated CCW outlet temperature. Column AY contains heat transferred in the SDC
heat exchanger.

Column AZ and BA contains SDC heat exchanger tube side outlet temperature and shell side
outlet temperature that has been iterated with an estimated value until variation of both the
temperature is less than 0.01.
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Column BD contains miscellaneous heat load, and column BE contains summation of '
miscellaneous heat load and heat transferred in the SDC heat exchanger.

Column BF contains total river water flow and Column BG contains number of CCW heat
 exchangers_both by reference to the values on Sheet “CCW’". Column BH contains the duty on a
single CCW heat exchanger. Column BJ contains shell side CCW outlet temperature, though a
lookup into the CCW Hx duty-fouling-outlet temperature table on Sheet “CCW".

Each Cooldown$ sheet is accompanied by a graph of the primary coolant temperatures entering
and leaving the SDC Hx and the outfall temperature. These are printed in Attachment 2
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As indicated above, the analysis will be performed with clean, service, and maximum fouling
conditions, in various combinations from cleanest to most fouled.
The analyses with high heat exchanger fouling took more than 24 hours to cool to 130°F when only
one SDC exchanger was used. Additional cases were added with the second SDC heat exchanger
added when the RCS cooled to 225°F. See Section 5.5 for discussion of the spreadsheet
modification for the 2 SDC heat exchanger.
The analyses done are:
RC Iinitial SDHX Fouling CCWHXx Fouling
Temperature, °F . Coefficient Coefficient
Cooldown1 350 0.001 0.0015
Cooldown2 350 0 0
Cooldown3 350 0.00418 0.0015 N
Cooldown9 350 0.00418 0.0015 2 SC Hx
Cooldown6 350 .0 0.004
Cooldown4 350 0.001 0.004
Cooldown5 350 0.00418 0.004 ,
Cooldown8 350 0.00418 0.004 2 SC Hx
(The case order was rearranged in Revision 3 to clarify the successful and unsuccessful cases.)
The analyses was initially run with full, unthrottied CCW flow (4,246 gpm) to the SDC heat
exchanger in all 8 cases. The results are tabulated below. The high initial CCW flow resulted in
too rapid a RCS cool down (> 100°F/hour) and, when the CCW exchanger was highly fouled, too
hot an_initial CCW temperature (> 120°F).
RC Ini Initial | Initial RCS Time from
initigl | SBHX | CCWHx | =ew | cow | cooldown | SDC initiation
Fouling | Fouling _— ——
Temp, Factor | Factor E Temp rate to 130F RCS
E —_ —_— apm degF degF/hr hours
350 0 0 4, 109.64 -141 12.89
350 0.001 0.0015 | 4, 114.93 -113 20.00
350 0.00418 | 0.0015 | 4, 108.41 -58 71.21
350 0.00418 | 0.0015 | 4, 108.41 -53 12.95 with 2™ SDC HX
350 0 0.004 4, 129.46 -123 16.55
350 0.001 0.004 4, 126.11 -104 24.42
350 0.00418 | 0.004 4, 116.79 -54 > 60
350 0.00418 | 0.004 4, 116.79 -49 16.19 with 2™ SDC HX

This analysis was done in spreadsheet “Calc-PM-44-3 Att2-1 SDC CooldownTime4246Q.xIs”
which is printed on pages 1 to 61 of Attachment 2. .

By trial and error, it was found that the throttling the initial CCW flow to 1,850 gpm would reduce

the CCW temperature to below 120°F. This extended the cooling time too much and the flow was
“un-throttled” at 275°F RCS temperature. The unthrottling point was determined by trial and error
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as the RCS temperature at which full CCW roW would not raise the CCW temperature above the

limit.

These parameters were then used in all cases. This was done to provide a common basis

of operation, and address the too high RCS cool down rate. With these parameters the analysis
results were; '

RC Initial Initial Initial RCS Time from
Initial FSOEl).I'|-I|r:( |C=gl\1,|\iI:x EéT/—V ccw cooldown SDC initiation
Temp, —gF ctor ————QFa oor | Elow | Temp rate to 130F RCS -
E — | =7/ | gpm degf degF/hr hours
350 0 0 1,850 | 104.24 -74 11.75
350 0.001 | 0.0015 | 1.850 | 108.95 63 19.99
350 |0.00418 | 0.0015 | 1.850 | 105.29 -33 64.02
350 |0.00418 | 0.0015 | 1.850 | 105.29 -30 12.99 with 2™ SDC HX
350 0 0.004 | 1,850 | 118.91 -65 16.55
350 0.001 0.004 | 1.850 | 117.54 -58 24.42
350 - | 0.00418 | 0.004 | 1850 | 112.29 -30 > 60
350 | 0.00418 | 0.004 | 1850 | 112.29 -27 16.30 with 2™ SDC HX

This analysis was done in spreadsheet “Calc-PM-44-3 Att2-2 SDC CooldownTime1850Q.xIs"

which is printed on pages 62 to 122 of Attachment 2.

CCW temperature and the RCS cool down rate are acceptable in ali cases. When the heat

exchanger fouling is high, the second SDC exchanger is needed to give a 24 hour cooled when the
river is at 90°F.

An additional check was made to verify that the 1,850 gpm / 275°F parameters would work
acceptably at the minimum river water temperature. |t was expected that the colder heat sink
would increase the RCS cool down rate. The river was assumed to be at 33°F (Assumption 10).

This approximated a river with ice. (The steam table programming used does not support 32 00°F.)
To give the highest cool down rate, zero fouling was used. The results are:

RC Initial Initial Initial RCS Time from
Initial fgj;’: %% CCW | CCW | cooldown | SDC initiation
Temp, mfl ?cto-rq Flow | Temp rate to 130F RCS
E —_—— | = apm degF degF/hr hours
350 0 0 4246 | 54.86 -169 2.68
350 0 0 1,850 | 49.60 97 3.07

This analysis was done in spreadsheet “Calc-PM-44-3 Att2-3 SDC_CooldownTime33F.xls” which
is printed on pages 123 to 141 of Attachment 2. (The metal conductivity table on sheet SDCHx
had to be extended from 70°F to 32°F for this analysis. The 32°F conductivity value was an
extrapolation of the Reference 5 values.)

As expected the cool down is more rapid, but the 1,850 gpm flow is low enough to meet the
100 F/hr limit.

L [

- | By-time-increment

[ -

[ -

9

[ Outfa"—'FempM

A CCW temperature of 119° rather than 120° was used to provide slightly more margin. From
review of the results, this was judged to have negligible consequence on the cool down time,
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5.5 Additional Analysis with 2 SDC Heat Exchangers

In response to Client comments after the base calculation was completed, ar-additional analysis

fouling-case.

The analysis spreadsheet described above was modified by:

« Adding an additional instance of the Cooldown$ and Chart$ pages ($£8 & 9)

analyses was-were performed with the second SDC HX being brought into service-in-the-maximum

»  Combining the pump heat loads in columns D and E into a single column and moving the

F, G,

and Hinto E, F and G.

» A new parameter “Number of SDC HX's Inservice” was added in Column H, with a value
toggling from 1 for when the RC temperature (Col K) was above the value in Cell J8, and 2
when the value was less. Cell J8 thus services as the control temperature for starting the
2" SDC Hx.

»  The primary coolant flow (SDC tube flow) was modified to be 3000-gpm when 1 SDC HX
was in service and 2000 gpm (per HX) when 2 SDC HXs were in service. The 2000 gpm
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value is a conservative value based on language in the Shutdown Cooling Design Basis
Document SDBD-SI-130 (Ref. 18, page 94).

+  The CCW flow (SDC shell flow) was modified to allow a maximum of 4246 gpm when 1
SDC HX was in service and 3254 gpm (per HX) when 2 SDC HXs were in service. The
3254 gpm value is from Calculation FC05669 (Ref. 19, page 64, lesser of the 2 HX flows).

~ With these changes the heat load calculated in columns | to BA is for one SDC HX.

« The SDC heat load used in columns F and BE was then multiplied by the number of SDC
HX in service (Col H) so as to reflect the total heat transferred from the primary to the CCW
system and thus to the river water.

The case fouling coefficients were set to the maximum values (0.00418 and 0.004 above) and
the control temperature and throttled flow were adjusted to provide the fastest cooling
consistent with a 420°F-120°F maximum-CCWoeutfall temperature. (The time increments were
- adjusted as needed.)

(The results are discussed in Section 5.4.) Fheresulis-were-that with-thelimiting-fouling
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6.0 Conclusion

With shut down cooling initiated 2 hours after a trip from full power, with the a reactor coolant
temperature of 350°F and river water at 90°F, the shut down cooling system can reduce the reactor
coolant system temperature to 130°F within 24 hours, under aII combination of heat exchange

fouling permitted by station procedures.

CCW flow to a single SDC heat exchanger should be initially throttled to 1,850 gpm, and then

unthrottled when the RCS temperature reaches 275°F. This is necessary to maintain the CCW
system at less than 120°F when the river is at 90°F. This flow also limits the RCS cool down rate

to less than 100°F/hour at all river temperatures.

When both the SDC and CCW heat exchangers are at their nominal service fouling levels or
cleaner, only one SDC heat exchanger is needed to reach 130°F in less than 24 hours.

With higher levels of fouling in either set of heat exchangers, cooling times increase and the

second SDC heat exchanger may be needed to achieve the 24 hour cool down. The criteria for
starting the second SDC exchanger was not established analytically, but a RCS temperature above
180°F, 6 hours after SDC initiation would work for the cases analyzed. - .

These calculations use raw water and closed loop cooling flows based on calculations with
degraded pump flows. If the actual system flows are higher, the CCW flow to the SDC heat
exchanger may need to be throttled further and the “un-throttling” temperature_adjusted-raised.

With a single SDC heat exchanger in service and that heat exchanger at its maximum fouling per
PED-SEI-16 R9, cool down will take well in excess of 24 hours, estimated at over 60 hours,
depending on the CCW heat exchanger fouling. If a second SDC heat exchanger is brought into
service, the cool down to 130°F can be achieved in less than 24 hours.

(AfterwordAfter word: Review of the portions of Reference 19 provided near the end of this task’s
execution, suggest that the CCW flow estimates used herein were not correct. However the flow
values used were lower than those in Reference 19, thus making the conclusion, above, valid.
This calculation should be considered a validation of the capability of the shutdown cooling system
to cool the primary coolant system from 350°F to 130°F in less than 24 hours from initiation, and
not a definitive prediction of the actual time, throttled flow rate, un-throttling control point, or CCW
and river water temperatures.)
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1 THE WHITLOC'K MANUFACTURING CO.

- EXCHANGER SPECIFICATION SHEEY

> B N -

10
1
\14
13
14
13-]
18
17
10
19
20
2

23
t 23
%
2¢
27

29

31
2

Design & Mode B

CUSTOMER __Peter Kiewitt Sons! Co.

ADDRESS

4

~

JOB N
REFERENCE No.

INQUIRY No.

PLANT LOCATION

DATE March 9, 1970

SERVICE OF UNIT_ ghytdown ot Exchanger

iTEM No. A('d&-!ﬂ

33

t X4

R 2 2

<3

44
a8

47

L 2
82

SIZE  35«B=300 _ TYPE JeRw2 ~~~~  _ ~ CONNECTED IN
SURFACE PER UNIT SHELLS PER UNIT SURFACE PER SHELL 5020 Bq.f
PERFORMANCE OF ONE UN!T eff,
* SHELL SIDE TUBE SIDE
FLUID‘;RCULA'I!D ) - - N ”" nuid‘.. ‘:—:" M-..' N -“;'_A—.*nuid
TOTAL rttuuo z~.uu~c e ___9_299_ G_m_ — BOOQ_GHK
vAROR TR B SN JE
—— o rewe i 459Q_GI_’M_ e e s ) .. 3000 _GPM
STEAM
T NeN-conpe »Jsu;;"c" AR T T ’
TFLUID VAPORIZED OR “ui rwsEn | T T oTTTTmmTmmm T T
TSTEAM conoENSEG - T A T
LHRAVITY ~LIQUID
_yiscosy-Liouio_ N e S
MOLECULAR wiIGHT—\APORE R
SPECIFIC HEAr-Lmuxos T 8 ‘;.1).}' T - .T.U.[*
LATENT HEAT=VAPORS o - T T2 - FRATNL
TEMPERATURE 1N j R T T op
R TR O T e e i mg.a_ e e e O 31542 L
OPERATING PRESSURE : 1150 1IN #Isa. IN.
R O PSS i .= -1 « Divided Flow . .. __ 2 —_
| vesoery b n.o0. (m)__. _orrlsee | 5.5 _ rrisec.
_rRessuar pror N 7 TR Jdsa et 8.0 . LU
Fouldneg . | .QQOi i +0005
_NEAT EXCHANGED-STU.NR 370 100,000 . . . . %o wonmversor >z 9%
YTRANGSFER AT -SERVICE 320 cLEANM 81
CONSTRUCT!ON
DESIGN PRESSURE : -Iso N risQ. INn.
TEST PRESSURE T T Tt T 'l 3Q fN - - .’.Q. M.
TDESIGN TCMPERATURE oo o o " e ow
‘TuBES ~n o.n BwWG LENGTH PITCH
m-m- T . - __u—o _Ob o ) 'IHICKN£S$ ’
BSHELL CO\E’Q Tt T T ) -_F—L_O-.ATING NE:;_CO\!W
mEL' T o T s ' WC_';ANN!L -.DVGR
TUBE guens:_snﬂoy_hnj - —“_:_:__ -:—.._,'._  FLOATING
BAFFLES -CROSS N TYPE THIUKNESS
mAFFLE-LONG I T vwcxuzsg L '
Tuee supeoats . L menss BDEOEIVED]
GASKETS R . R, - a%
CONNE_C_?IONS—SHE’LL_—IN . QouY _ ~_5:E.ﬁlts -.—MAR.IE_EL__...-
CHANNEL ~IN ouTr - SERCEI-_ )
CORROBION ALLOWANCE - SHELL SIDE _— T TUBE SIDE G[BAS X }’_'LLI th )
CODE REQUIREMENTS ) o i e—
WEIGHTS --EACH SHELL - - _ BUNDLE £ FULL OF WATER
NOTE: INDICATE AFTER EACH PART WMETHER STRESS neLgveo (.09 AND WHETHER NADIOGNAPMID 1X-my
_REMARKS:—

- Ttna
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Mode A

s om

o THE WHITLOCK MANUFACTURlNG CO

.

EXCHANGER SPECIFICATION SHEET

OB No._20=69=0333 of. / . |

e -
. a | cusTomer Zﬁ_;' Kiarltt SOL co REFERENCE No.
o s | ADDRESS " INQUIRY No.
o] PLANT LOCATION  Fort Cal:ll_xgnn Unit #1 DATE March 9, 1970
§ s SERVICE OF UNIT 1TEM No. AEAAB
= o | SIZE  35=B=300 TYPE feRm2 - CONNECTED IN _
' SURFACE PER UNIT SHELLS PER UNIT SURFACE PER SHELL 5020 SI !{,.
. PERFORMANCE OF ONE UNIT - off, e
. _ N §HELL SIDE i __TUBE SIDE
10 | _FLUID CincuLATED . . _*,____n"_m:.d__ —— OA® Fludd 0
" TYOTAL FLUID INTERIN_G___ o U _m_ _ A Jsm_m_.___‘
'z VAPOR, . .. . N .
13 LIQUID . B} ‘500 ml
- 14 STEAM i
. Now-COmPENSABLYS , S
18 PLUID YAPORIZED OR CC v t Ngi_bﬂ - T T
v | Srinm concenseo ~ T S R —
18 GRAVITY —LIQUID -
se | Viscosity—vioud o ' F """
20 | MOLECULAR WIIGHT- VAPCRY __~ T - _ ]
21 | 3PECHFIC MEAT~LIQUIDS D [ S ATRL 4 0T arUle
23 | LATENT HEAT-vAPORS T R sT.U ¢ h srule
. 23 | TEMPERATURE W C I op L 125 op
i 24 TEMPERATURE OUTY _ o 91“5_ N . _or - 1mv} oy :
28 | OPERATING PRESSURE tisq. N, i +isQ. .
28 | NUMBER OF PASSES . ‘_»_”____m Flow— .. 2 ce e
2y | vELOCQITY SRR NI U1 R, 4.4 “rrissc. 2.8 rrisec. .
28 | PRESSURE DROP o . 2.9 5 Twina. i, o 1,8 - Pio .
»» | Tot al Fouldng O 00316 . _|__ N S PR
20 ’ o
31 |_HEAT EXCHANGEC-B T.uive. 48 5264000, ... . _MT.0 oancreo _ai‘as"
22 | TRANSFER RATE -SERVICE ié.] : CLEAMN : ng_
a3 CONSTRUCTION
) 34 | DESIGN PRESSURE ‘ r risea. in.
‘ 8 TYE$T PRESSURK T _—”_. R _MOIHG IN. .
26 | OESIGN TEMPERATORE {0 T T e T
37 } Tuezs No 0.0’ © Aawa LENGY PITCH
s ] swern 7T TR e THICKKESS o
20 | smELL covan o T FLOATING HREAD COVER .
o0 | cranneL T T CHWANNEL COVER
&9 |_TUBE SHEETS -STATIONARY _: T R PLOATING e
ag | _®aFFLES-CROSS . T THICKNESS
43 |_SAFFLE-LONG TYee THICKNESS: oo ".‘. .' :
s TUBE SUPPORTS TRICKNESS g
o | SasxETS . oo
a8 | CONNECTIONS SHELL-IN Bur . SERIES .
S o7 CHANNIL:;N ouy _: SERIZES i}
\% ea | _conmosion ALLOWANCE - SHELL SIDE . TUNE SIOE. - -
Y . ‘49 | CODE REQUIREMENTS S
i _. 80| wEiGHTE—EACH SHELL - S BUNDLE' SR OF WATER oy
81 | NOTE: INDICATE AFTER SACH PART WHETHER STRESS um.mvcn
se | REMARKS— N .

T RRe € _9inaA
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Mode C

THE WHITLOCK MANUFACTURING CO.

EXCHANGER SPECIFICATION SHEET

)
a )} CUSTOMER Eﬁtﬂr_mt _m_cg‘_' R REFERENCE No.
a3 | ADDRESS o e INQUIRY No
+ ] PLANT LOCATION DATE Harc; g9, 197Q
» | SERVICE OF UNIT_gpubdown Heat. Exchanger . . ... . 'TEM No AC-44,4B
of SZE_35-B-300  _ TYPE  Jemp _ ____ __ CONNECTED N
P SURFACE PER UNIT SHELLS PER UNIT SuRFAJE PER S;-GELL. 5020 8q,.ft
\ PERFORMANCE OF ONE UN!'T , off,
. e _ SHELL SIDE_ " YUBE SIDE
10 | FLUID ciRCuLATED . "D" 0!‘ nsu Fluid TWAH op DY Fladk -
" TOT:’L—;L;;bn-énfgk.h':‘ ' V.-: : : ;— - . :T:aaio GP}; enabusvety
e YAPOR . I
QIR
o e i - ..2250 GPM_
1B T ——N—(; -cou-éz_Nsar ) "‘:“ T ot Tt T - - - ) —_."'—‘—._—f——_
e are e e s
- TSTEAM CONDENSED B - T o R R T
18 | GRAVIIY~-LIGLID h
vo | viscosiry-wewio T T T T T o
21 ' srule T o arule
22 T;;—E.NT MEAT - VAPORS R T T ._-——;T.uiﬁ TomrTm sT.Ul®
23 [_TEMPERATLRE IN_ e 95 .. SN S 212 . op
24 | TEMPERATLPE QU' | — e .32 ek f_ . 359,8  _. or
28 | OPERATING PRESSUSE ) MELRL 4lsa. N
28 | NUMBER OF PSS . e DAve Row | 2. _
27 | _veiocwy ot 2a5 } e B3 r1.iszc.
ze |. PRESSURE DRO™ - a7 L .36 fisw e
00342 ... R - - e e
[ o
amR_ 58, mooo S ST 25T i
178, 1 SLEAN 455.2
s ’ CONSTRUCTION
34 | DESIGN ¥RESSURE - I < #iso. N, tisa. N
a8 | TEST prESSURE Horm T T esew | RALXCE
se | DESIGR TEMPERATORE ‘ o | P o
a7 | TuREs ~o 50 swa LENGTH PITCH
se | sHELL T T T T” e oo Tywickwess
30 TemElL covgn T TommemmmoTT FLOATING HEAD COVER
40 CHANNEL __‘_' """""" R -:‘ o _;____—-_ ) CHANNEL 20:;«
TUBE SHEETS — BTATIONARY FLOATING R
ol earries-cross R T T LI = : ===y
« | PAFFLE-LONG T T v THICKNESS -_R_m
«a | _TUBE SUPPORTS L o o THICKNESS .
s | casxers _ o T L
45 | CONNECTIONS_SHELL N ouT ’ SENIES
7 1 CHANNEL—IN ouT * T ekmies
o8 | CORROSION ALLOWANCK -SHELL SIDE T TuBE SIDE
a9 | CODE REQUIREMENTS
oo | welGHTS —EACH BHELL FULL OF WATER
1Y) NOTE: INDICATE AFTER EACH PART wun-n:n smass RELIFVED 's;—;:nn WHETHER IABIOGRA!H(D (XY,
ez | REMARKS:— ¢ T
e S 01922
&
2NN )
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*  THE WHITLOCK MANUFACTURING CoO.
Mode. D EXCHANGER SPECIFICATION SHEET | WS
: 408 No. 20=69=4333 A |
- CUSTOMER E.t AT mm cn REFERENCE ND. S .
ADDRESS INQUIRY No.

PLANT LOCATION

~

. DATE He:gh 9 lgm

SERVICE OF UNIT _ Shutdown Heat Exchanger
e TYPE taBe2

ITEM No _pc.ds AR ’

CONNECTED IN

SIZE_35.E-300

SURFACE PER UNIT

SHELLS PER UNIT |

SURFACE PER SHELL 5020 sq, f{

FaeTTe

"PERFORMANCE OF ONE UNIT off,
e SHELL SIDE N . :I'UBE 3108

FLUID CIRCULATED o ,_________'.D_'_"_Md . "A_'! mld
TOTAL FLUID znr:a:»:g__ 4728 GPM _ ] 3400 GPM._

VAFOR

Liauio S BT W) _ 3400 GPM.

STEAM .

NON-CONDENSAGLES . o ) R T
FLUID VAPORILED 7 rl—'-mu's:o R - Bl e
STEAM CONI;—;‘N ST N - -
SRAVITY ~LIQUID
VISCOSITY ~L1QID T - T

conn TR S I — e —
MOLECULAR WEAGHT—VAPOI. N
SPECIFIC HEAT~ ueums T stule T aTule
CATENT HEAT—VAFORS T B.r.uf® - sT.Uf®
TEMPERATURE N T I - or 1§ 255 _ _ _ e
TEMPERATURE OuT 4 -} 135 . ee i 200 _ o
OPERATING PRESSURE N ¢/s@. IN. +/8Q. 1n.
NUMBER OF PASSE? — . Dj! m' > S
ysoewy e BeOB o FUisEe 1 66— rrisec

PRESBURE DROP A7 o MsEN —— 7.8 tisw. .

HEAT EXCHANGED — B.T.U.  HR.

?%3?1',00_;,____ o

M.T.0D ICORRECTREO}

BEY - :
N 05-9.8_1___.._..3

TRANSFER RATE- SERVIGE CLEAN LT
CONSTRUCTION N
DESIGN FPRESSURE . 1 © . 4isQ. N,
TEST PRESSURE . ‘_“Msa. [ "
DESIGN TEMPERATURE o T op
TUBES ’ ~o 0.0 awG LENGTH PITCH
anELL e T o o THICKNESS
SHELL CoveR . FLOATING HEAD COVER
CHANNEL - T CHANNEL cOvER
TUBE SHEETS —STATIONARY - ) FLOATING
SAFFLES —~CROSS \ S TYPE THICKNESS N
‘BAFPLE~L.ONG v ’ ~ee . _ THICKNESS 5
TUBE SUPPOATS R THICKNESS
GASKETS -
CONNECTIONS —~SHELL ~IN our | SERIKS
CHANNEL ~ 1N ’ ouT SENIES T
TusE SIDK

CORROSION ALLOWANCE ~SHELL SIDE
COUE REQUIRKEMENTS '

WRIGHTS~E£ACH SHELMLL

mu. or wmgu ]

NOTE! INDICATE AFTER LACH PART WHETNKR

_REWARKS:~

L 129
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M /":q - - [V
/{%gw& o THE WHITLOCK MANUFACTURING CO.
o |
= : Excumc‘sir SPECIFICATION SHEET
E __MODE E (DESIGN) )
ot . " JOB No..__
2 | CUSTOMER Gibbe, ng,mmmmﬂ% Inc, REFERENCE No. p1.6817 SHL |
s | ADDRESS o INQUIRY No. A
o] PLANT LOCATION  Font Calhoun Statdon #1. : DATE Mareh 30, 1970.
s _SE_R‘L'EE_.F{"L"E_f}gment.,_leins_ﬂnmmer ITEM No- 3%, TT=AC
e| S1ZE 58.Ba33¢  _TYPE _ 3.y1.3% CONNECTED IN g 1D
;| SURFACE PER UNIT 12,500 ft< SHELLS PER UNIT SURFACE PER SHELL 12 500 “2
. to'PERFORMANCE OF ONE UNIT eff,
ol SHELL SIDE _ TUBE SIDE
ig) Frvle.cine “’“”"’ .. e DM PLE U :
| ToTALmuw ewtesne ' T 72383 Gpy N zszs_aeu__,_
va as om . . .
| vewe L 2283 6PN . . . 2673 GRM___
T4 . STEAM
'8 - N'O’:J \,(anF q.:AaLf B R T T T o T o
ve | FLUID vaPORIZED O ¢ rzewsgn | T T T o i ]
17 -;;;M CONDENSED a T o o ) - ) 1 T
18 GRAVITY —~LIGUID .
1o | ViscosiTy— -L:ouu;. T _ o Ty
20 7;:5_‘- DLA-k WLIJHY ::P(:;;- T
21 SPECIFIC NEAT’LIQ!IIbs R A - B.".U.I'
22 LATENT HEAT -VAPOKS o : ' aT.ulh e.T.Ul?
as | TemeematuRe w o -} o398 e | gg or
Ba | TEMPERATURE OLT e Y20} . ._185 or
e | oPERATING PRESSURE ’ “isq In. i #lsa. IN.
2e | NUMBER OF pAssEs I __3_ e E '
| vecocny T 2,92 (meap) frisec | 3ok Frisec. !
as | PRESSURE DROP X I T P T E A S 90 #isw. N
20 |Total Fouling = ,0015 . . | .
30
3) | MEAT EXCHANGED-BTUINR 134,000,000 .. o ... .. ®UPeesreered 3 @0
32 YTFANSFER RATE SERVICE ZLLLL . CLEAN LOS »
. CONSTRUCTION
sa B - tisQ. IN. 9
3 o ""IQ ™. T > SN
se oF i or
< 8y ao. BWG _ _LENGTH PITCH {’ o
'8 10. OO THICKNESS -
ap | SHELL cover T FLOATING HEAD C : o
40 —-C:‘ANN*E-I—.—A—!-‘_“- ot o T
FY TUBE SH rS — ary i
a2 BAFFLES"C“OSS
ey BAFFLE —LONG [
. TUBE SUCPORTS ~ —
an GASKETs’_— _—.
«6 | CONNECTIONS ~SHELL~IN : : D
47 T T enanneL- - ’ o < ’ .
48 ?O_RF?OSIO—;; ALLOWANCE—SHELL STE-E > : ) u -
40 | CODE REQUIREMENTS P - ¢ — \
—— Bo wsncwrs:sAcn_sm»:LL ] BUNDLE- " : © FULL OF WATER
: 51 | NOTE: INDICATE AFT! Acn PART WHETHER STRESS WELIEVED (8.0} AND WHETHER RADloalm\x-m - .
82 |_REMARKS:— . - : \\
é . i < - .
' ' HILO

FQRM E -710A
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"THE WHITLOCK MANUFACTURING CO.

EXCHANGER SPECIFICATION SHEET

Mode A
MEML LR TEMaA

1 JOB No.

2 | CUSTOMER _Gibbs, Hil}, Dyurham & Richardson, Inc. REFERENCE No. El 6817 SHP |
s | ADDRESS ’ - e INQUIRY No.

4 [_PLANT LOCATION  pPart Calhoun Station #1 DATE

s | SERVICE OF UNIT  Component Cooling Heat Exchanger ' ITEM NoAlt,.11-AC-14,1B,1C,1D

- | SIZE 58<B-336 TYPE 3oV]le3 CONNECTED IN
, | SURFACE PER UNIT |2, 500. SqFt SHELLS PER UNIT SURFACE PER SHELLE2 400 SqFt
. (Total)  pERFORMANCE OF ONE UNIT (EEf.)
SHELL SIDE ) TUBE SiDE
o | Fre cecioaree Tapn T T hge ST
“voTaL FLUID En TERING ) i

:: aron ___m —15%0 s e EEEIREPESEE
| wewe _ GPM 1530 : U N 8 14 R,
‘e STEAM - :

15 e NON-CONDENSABLES R T

16 | FLUID VAPORIZED OR CONDENSED B T T
.7 "STEAM CONDENSED -

18 | GRAVITY—LIQUID

™ VISCOSITY —LIQUID ) ) T T
20 | MOLECULAR WEIGHT~VAPORS T i
21 | SPECIFIC HEAT-LIQUIDS B T 8.T.ul¥# ’ T at.ule

. 22 | LATENT HEAT—VAPORS T 8.T.ul# B.T.U.l*

23 | TEMPERATURE IN s |2 105,55 °r 85 - °F
e [_TEMeERATURE OUY 0 |..90° _ . er | 10Q.3. . ... °er
28 | OPERATING PRESSURE #lsQ. In. : ) */sQ. IN,
26 | NUMBER OF PASSES IR A 1

z7 | VELoGCITY FT./SEC. 2 Fr.)sEc
20 | PRESSURE DROP Y __5_‘1___:— - ‘_"__ - #isQ. iN. 1.6 } ’ ‘ ’M‘rlsu. IN,
20 |_Total Fouling = 0015 . | . . ... — e
30
s HEAT EXCHANGED~B.T.UJHR. .Z..-lZgQQQ.QQQ___W.- - ] M.T.D. icormrgcYEDr § | . |
92 | TRANSFER RATE—~SERVICE 199.1 CLEAN 266

CONSTRUCTION

‘ “i5Q IN
T #l1sc N
. or
TUBES No. c.D. BWG LENGTH PITEH
SHELL—_— - T T LD. D-D- THICKNESS

SHELL COVER FLOATING HEAD C

CHANNEL g

TUBE SHEETS—STATIONARY N

BAFFLES —CROSS TYPE
r ——ime
BAFFLE~LONG T

TUBE SUPPORTS

THICKNESS

GASKETS

46

47

SERIES

CONNECTIONS —SHELL—~IN

CHANNEL ~IN
CORROSION ALLOWANGE ~SHELL snos/

a9

‘!

80
81
82

FQORM E-7'04

CODE REQUIREMENTS ) /

WEIGHTS~EACH SHELL / BUNDLE - - FULL OF WATER
NOTE: INDICATE AFTM:M PART WHETHER STRESS RELIEVED (5.R.) AND WHETHER RADIOGRAP (X-R}

REMARKS:— ;
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THE WHITLOCK MANUFACTURING CO.

=4 * )
Mode B EXCHANGER SPECIFICATION SHEET
Mo A TEMa
1 JOB No
2 | CUSTOMER Gibbs, Hill, Durham & Richardson; Inc, REFERENCE No. EL«6817 Su 3R
s | ADDRESS . ' INQUIRY No.
4] PLANT LOCATION Fort inhgun §tﬂt1@ #1 DATE
s |_SERVICE OF UNIT Component Cooling Heat Exchanger ITEM NoAle 11-AC-1A,18,1C, 1D}
SIZE _ S8-B-336 . . TYPE 3eVie3 : CONNECTED IN :
» | SURFACE PER UNIT |5 €00 SqFt SHELLS PER UNIT SURFACE PER SHELL 12 400 SqFf
. (Total)  PERFORMANCE OF ONE UNIT - (Eff,)
ol | SMELL SIOE . TUBE SIoE
o | TLwo mevaTes ML P NI, S OO
TOTAL FLUID ENTERING . , - : : ) :
; oo = GPM.. | 2885 ——e
‘s wieujo . oPM. ;2888 _ _ . _ _3.2.7,.@..._‘_._.“ . ”:..‘,..H.:.u_:-*
ve STEAM .
18 - NON-CONDENSABLES - A -
16 | FLUID VAPORIZED OR CONDENSED i T
17 | sTEAM conDENSED ) - T
18 | SRAVITY—LiQuiD
19 | viscosity—Liouio T
20 | MOLECULAR WEIGHT—VAPORS . T
" 41 | sPEciFICc HEAT-LIGQUIDS - . : a.T.ul® : : : B.T.LI#
22 | LATENT HEAT~VAPORS ST B.T.U./# . 8.T.U.l*
23 | TEMPERATURE IN . J)_118.4 - op 70 ow
34 | TEMPERATURE OULT . ‘1 8s_. ) ) ox 100 op
20 | oPERATING PRESSURE " #1sq. In. *¥/5Q. IN.
26 | NnuUmMBER OF PASSES 3 . 3 i
27 | veLociTY ) _ FT.Isec. 4.16 FT.i8EC.

- 28 | PRESSURE DRoOP _1.17.5 . #/so. In. 5.9 ¥ige. IN.
30 : : -
31 | HEAT EXCHANGED —-B.T.U. HR. 48,180,000 _ M.T.D. (CORRECTED) 16.64F° g
32 | TRANSFER RATE-SERVICE — ) 233.6 ) CLEAN FTIW Y
.- ' CONSTRUCTION '
34| Dugrgn PresouRc _ ?i8Q .

s | TEST 560 WE ) AT ST =
7 | ruses N Na. 0.0 BwWG. LENGTH
ss | SHELL W 1D, 0.D. . THICKNESS
89 | SHMELL COVER \ o . FLOATING HEAD C
0 | cHANNEL N . CHANNEL €O ,
a1 |_TUBE SHEETS—§TATIONARY TN : }
«z | BAFFLES—CROSS TN YPE _
« | BAFFLE-LONG e HICKNESS . ' o
44 | TueE SUPPORTS : THICKNESS ’ .
a5 | GABKETS .- o
o6 | CONNECTIONS _BHELL—IN . \szmsa ' A
a7 CHANNEL —IN £5 . .
48 | CORROSION ALLOWANCE ~SHELL SIDE TUBE . L
40 | cooE rEQUIREMENTS ] S N A
— 90 | WEIGHTS~EACH SHELL o . o BUNDLE-- -~ - ' FULL OF WATER o .
' 51 NOTE: INDICATE AFTE CH PART WHETHER STRESS RELIEVED (S.R.} AND WHETHER suovm»m

g - . . : - \, '

s2 { REMARKS:—

FORM E-MOoA



L ~Cale 17321.01-PM-44-2 Attachment 1, Page 8
THE. WHITLOCK MANUFACTURING co.

Mode C ' . EXCHANGER sr:cmcxnou SHEET

~ noTEMA K ;
. 1 . JOB No
a2 | cusToMER .Gibbs, Hill, Durham & Rlchardson, Inc REFERENCE No. EL-6817 Sy 4 |
s | ADDRESS - . ) INQUIRY No.
4| PLANT LOCATION _ Forr Calhonn Statfon #1 DATE
s | SERVICE oF UNIT . : : ITEM No Al
e | s1ZE. 58-B=336 ° TYPE 3<V1e3 CONNECTED IN
» | SURFACE PER UNIT 15 500 gqFt SHELLS PER UNIT SURFACE PER SHELL]2.400 SqFt}
(Total) ‘ (Eff.)
PERFORMANCE OF ONE UNIT l]‘l Fxtr v .

o . . R SHELL SIDE . TUBE SIDE
10§ TLUID CIRCULATED e B L ) e ot . .
" TOTAL iLUID EINTERING a !im‘ . . zz‘f" - ’ . - “_‘"‘ - D‘L”“ .'_h o
Wl YARem e e e YT L A
13 Lo — GPM [ 2200. .. .. . o o 2808 e
4 STEAM e i B
IT.) NON-CONDENSABLES - R 0

FLUWID VAPORIZED OR CONDENSED

STEAM CONDENSED

18 | SRAVITY—LIQUID
1o | VIscosiTY—LiQUID
MOLECULAR WEIGHT—VAPORE

' . ) T BT BT.Ul¥

21 | SPECIFIC HEAT~LIQUIDS

22 | LATENT HEAT—VAPORS T B.T.L. ¢ s.T.ul?

23 | TEMPERATURE IN . 95.2 op 70 i N

R 24 | TEMPERATURE ouT ) 1 18 o op 8% -~ op

28 | OPERATING PRESSURE .o~ - */sq. In. */sq. IN.

26 | NUMBER OF PASSES . . 3 ' kY ”

z7 | verociy ‘ Fr.isEC. 3.2 FY.I8EC.

2a | PRESSURE DROP - ' 10-1-“ #*lsa. N, 1.9 ] tisc. tN.

= |_Total Fouling - .001% : : 2 i e,

30 » < . ‘ ;

31 | MEAT EXCHANGED—B.T.U/HR. 18,920,000 M.T.D. iconrscTeo) ¢ Q. OKF® . -},

s2 | TRANGFER RATE—-SERVICE = 201.9 CLEAN 293.13 -

. CONSTRUCTION : o : SR
. 34 N PRESSUNE : —iu m oy .

" se g ssune i R ““‘:::':-"‘"r'f e i — g

P DEBIGN 7T natuar B - ) ’ op '

37 | TuBEs No - oo BWG. LENGTH PITCH i

38 } SHELL L0 0.0 " THICKNESS .

se | SMELL COVER . ] FLOATING HEAD C

a0 | CHANNEL Ny ’ ' ~

41 |_TUBE SHEETS—STATIONARY N _

ag' ] BAFFLES-CROSS TypE -t .

<3 | PAFFLE—LONG . R . : ] o

«4 | _TUBE suPPORTS X THICKNESS

o8 | GASKETS .

46 | CONNECTIONS — SHELL—IN X ) SERIES - o ’

47 CHANNEL —IN . uT B P = T

48 | commrosion Au.ow‘nc:—anzu.y Tuse o ; R .

49 | CODE REQUIREMENTS : ’ . K . t [ N

8o | WEIGHTE—EACH SHELL
81 | NOTE: INDICATE AF
s2 |_REMARKS:—

au~m.:_ 2 L FULL OF WATER ™ o
CH PART wuzmzn STRESS nxuzv:p 8., AND wnrmzn RADIOGRA P (X-RY .

FORM E-T10A ™




g;f“:’%

VEMBLHE YL Mma

u

L
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<

THE WHITLOCK MANUFACTURING CO.

EXCHANGER SPECIFICATION SHEET

Mode D - .
. JOB No
CUSTOMER Gibbs, Hill, Durham & Richardson, Inc, REFERENCE No. E[.68]7 SHE1
ADDRESS . INQUIRY No.
PLANT LOCATION Fort Calhoun Station #l DATE
SERVICE OF UNIT Component _Cooling Heat Exchanger ITEM NoAle 11-AC=-14,1B,1C, 1D
SIZE 58-B«336 TYPE 3-Vle3 CONNECTED IN
SURFACE PER UNIT ::,sog)sqyt SHELLS PER UNIT SURFACE PER SRHELL 12 Loo SqF!
ota
’ PERFORMANCE OF ONE UNIT . o, h‘wﬁ‘(‘ﬂff o)
T . . SHELL SIDE TUBE_SIDE
. . X L . . \‘Dll ";.—w T o o
_1:0_'!"\. FLUID !NTERI?}‘G cm zzm'— N 25)& N
RS &= ]
. wowe __ GPM 2200 . __a518
] BTEAM
NON-CONGENSASLES e
FLUID VAPOQRIZED Q‘;CQNDENSED I T T
STEAM CONDENSED I S T T T T -
GRAVITY ~LIQUID
VISCOSITY ~L1QUID Tt - ) -
MOLECULAR WEIGHY—-VAPORS T i -
SPECIFIC HEAT—LIQUIDS ) ’ R XTHL B.T.LU)Y «
LATENT HEAT—VAPORS BT.UI# - arul»
TEMPERATURE IN V1w o ]S oF
TEMPERATURE O0OUT o _ __“9'3 R e op 100 I :' .
OPERATING PRESSURE . #fsqQ. 1N ' /sa. In
NUMBER OF PASSES . 3 e 3 :
VELOCITY T I o FT.ISEC 3.2 Fr.isec
PRESSBURE DROP e ud_' . #/sa. IN 1.7 *lag. IN
_Total Fouling = 0015 __  _ _{ . . . .. . ... . e e i
HEAY EXCHANGED ~B.T.U.IHR. N 18,920,000 M.T.D. (CORRECTEO! 9.05F° - o
TRANSFER RATE—~SERVICE 21% § CLEAN 318.4 ’
CONSTRUCTION
. EIG N PRESSUNE L 189 ™
[ - T " wT4e i
DEDIGH TR ) o; .
TUBES NO Q.0. BPWG - LENGTH
SHELL \ - 1o ©D. THICKNES S
SHELL COVER ‘ B FLOATING ;1-€A-£)_C—- w
CHANNEL \ CHANNEL C i
TUBE SHEETS ~ STATIONARY N - _:;A}p/ T -
BAFFLE'S ~CROSS \ TYPE NESS
BAFFLE —LONG TR " THICKNESS
TUBE SUPPORTS \ THICKNESS T
GASKETS . . . i T
CONNECTIONS « SHELL—IN ou samzs
CHANNEL—IN _”But
CORROBION ALLOWANCE —SHELL SIDE / k
CODE REQUIREMENTS .
WEIGHTS~EACH SHEet. @ BUNOLE . FULL OF wnrzn 4
NOTE: INDICATE AFTERMRCH PART WNETHER STRESS RELIEVED (5.R.1 AND WHETHER RADIOGRAP
REMARKS™— o
Pt
Z i :




LR T Ma

& ¥ -

FORM E-T10.
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THE WHITLOCK MANUFACTURING CO

"+ EXCHANGER SPECIFICATION SHEET

Mode F_ _
. o JOB No
CUSTOMER Gibbs, Hill, Durhasm & Richardson, Inc, REFERENCE No. E].68)7 S o
ADDRESS ) . INQUIRY No.
PLANT LOCATION  Fort Calhoun Station #1 DATE
SERVICE OF UNIY Component Cooling Heat Exchanger. -ITEM N°A1 II-AC-IA IB.IC.KD
SIZE 58-B=336 , TYPE ~ 3.Vi-3 - CONNECTED IN

SURFACE PER UNIT 12 SO0 SqFt SHELLS PER UNIT

SURFACE PER SHEL.L 12L’000 Sq?i

(Total)  PERFORMANCE OF ONE UNIT 15,63 Extra subBEL.

e b E',HELL SIDE TUBE SIDE
Jiule omcuLaee SO S |V VSISO RN ey M e
TOTAL FLUID :nvuund \ GPM R 20;5) e 3313 o
VAPOR . ) ’
J wewo | G |_2028 . _ . |_a3a " -
STEAM ‘ . -

NON-CONDENSABLES

FLUID VAPORIZED OR CONDENSED

STEAM CONDENSED

GRAVITY--LIQUID
VISCOSITY ~LIQUID - T
MOLECULAR WEIGHT —VAPORS T ; .
SPECIFIC HEAT—-LIQUIDS : ) T sT.ul¢ CRXTPL]
LATENT HEAT ~VAPORS I s.r.ult BT.Ul®
TEMPERATURE IN N : ] . ‘_m._ . op 85 . . oy
TEMPERATURE OUT N L 1. Y _or 108 .7 op .
OPERATING PRESSURE * #lsq. IN. tisaQ. In.
NUMBER OF PASSES N _3 i kY
VELOCITY | : e e Fr./sec. 4. 24 rr.iaee.
PRESSURE DROP 9.3 #/5Q. IN. 6 1 *isq. IN.
| __Total Fouling - 0019 =
. N,
HEAT EXCHANGED—B.T.U.I HR. 394‘(&&;0011 . M.T.D. {(CORRECTED) 1 o
TRANSFER RATE -SERVICE 228.3 ’ CLEAN ‘347.2 i .
CONSTRUCTION
Wil PRESSURK . ' ‘ 7/8Q. IN.
T S qE N S T = . T .._-14‘ !’.,1 T ’l* "~ S ..’__:Tf.»
. e e e . _:; e P
No. 0.D. BWG. LENGTH PIYSH

FLOATING HEAD C

SHELL Ty : D, o0 THICKNESS P
S

BHELL COVER
CHANNEL - \ - CHANNEL €O,

TUBE SHEETSE—STATIONARY

* DAFFLES—~CROSS . . TYPE - r NESS -
BAFFLE—LONG T /_ :HICKNISS

TUBE SUPPORTS - R THICKNESS
GASKETS

CONNECTIONS — SHELL~IN s:mzs
CHANNEL —IN RIES

| CORROBION ALLOWANCE —SHELL SIDE TUBE -
CODE REQUIREMENTS - ] ) Bl

WEIGHTE—EACH SHELL - BUNDLE". " . FULL OF WATER '
NOTE: INDICATE AFTEGMKCH PART WHETHER STRESS RELIEVED (S.R.) AND WHETHER RADIOGRAPIQ (X-R)

2 U L S

REMARKS:-//' - I




McGRAW-HILL SERIES IN
MECHANICAL ENGINEERING

ROBERT M. DRAKE, JR. / STEPHEN J. KLINE
Consulting Editors

Beggs Mechanism

Cambel and Jennings Gas Dynamics

Csanady Theory of Turbomachines

Durelli, Phillips, and Tsao Introduction to the Theoretical
and Experimental Analysis of Stress and Strain

Eckert Introduction to Heat and Mass Transfer

Eckert and Drake Heat and Mass Transfer

Gruber, Erk, and Grigull Fundamentals of Heat Transfer

Ham, Crane, and Rogers Mechanics of Machinery

Hartenberg and Denavit Kinematic Synthesis of Linkages

Heartman Dynamics of Machinery

Hinze Turbulence

Jacobsen and Ayre Engineering Vibrations

Kays and London Compact Heat Exchangers

Phelan Fundamentals of Mechanical Design

Raven Automatic Control Engineering

Sabersky Elements of Engineering Thermodynamics

Schenck 'Theories of Engineering Experimentation

Schiichting Boundary Layer Theory

Shigley Dynamic Analysis of Machines

Shigley Kinematic Analysis of Mechanisms

Shigley Mechanical Engineering Design

Shigley Theory of Machines

Spalding and Cole Engineering Thermodynamics

Stoecker Refrigeration and Air Conditioning

Wilcock and Booser Bearing Design and Application
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COMPACT HEAT
EXCHANGERS

SECOND EDITION

W. M. KAYS

Professor of Mechanical Engineering
Stanford University

A. L. LONDON

Professor of Mechanical Engineering
Stanford University

McGRAW-HILL BOOK COMPANY

NEW YORK SAN FRANCISCO TORONTO LONDON
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Exchanger Heat Transfer and Flow-friction Design Theory 43

42 Compact Heat Exchangers

Table 2-7a. Split-flow Exchanger, Ceue = Cunin Table 2-7b. Split-flow Exchanger, Cspen = Crta

Split-flow exchanger (shell fluid mixed) cffectiveness (£} as a function of capacity rate (Crtn/ Conax)
and number of heat transfer units (Ne) for Csnen = Crain

Split-flow exchanger with shell fuid mixed. Exchanger effectiveness (¢) as a function of capacity-rate
ratio (Cmin/Cmax) and number of transfer units (M) for Ceupe = Crin

N ¢ for indicated capacit_y-ratc ratios ¢ for indicated capacity-rate ratios
tu -
0 02 04 06 0.8 1.0 Nes 0 0.2 04 06 08 10
0 0 0 0 0 0 0 0 0 0 0 0 0 0
05 0.393 0.378 0.36¢ 0.350 0.337 0.324 0.5 0393 0378 0364 | 0350 0.337 0.324
1.0 0.632 0.593 0.557 0.523 0491 0.462 10 0.632 0593 0.557 0.523 0.492 0.462
15 0.777 0.718 0.663 0613 0.566 0524 15 0777 0718 0.664 0.613 0.567 0.524
20 0.865 0.791 0.722 0.660 0.603 0.552 2.0 0.865 - 0792 0.723 0.661 0.603 0.552
2.5 0918 0.833 0.755 0.683 0.619 0.562 25 0.918 0.835 0.757 0.685 0.620 0.562
30 0.950 0.857 0.771 0.693 0.624 0.564 30 0.950 0861 0.775 0.697 0.626 0.564
3.5 0.970 0.870 0.778 . 0.695 0.623 0.561 3'.5 0970 0.876 0.785 0.701 0.627 0.561
40 0.982 0.876 0779 | 0.6 0.619 0.556 40 0982 0.884 0.789 0.702 0.624 0.556
45 0.989 0878 | 0777 0.689 0.614 0.5 45 0.989 0.889 0.791 0.700 0.620 0551
- 50 0993 0.877 0.773 0.683 0.607 0.545 50 0.993 0.892 0.790 0.697 0615 0.544
5.5 0.99% 0.87% 0.768 0.676 0.601 0538 55 099 0.893 0.789 0.693 0.609 0538
6.0 0.998 0.872 0.762 0.670 0.594 0.532 60 0.998 0.893 0.787 0.689 0.604 . 0532
65 0.999 0.868 0.756 0.663 0.588 0.526 6.5 0.99 0.893 0.785 0.685 0.599 0.526
7.0 0.99 0.864 " 0.750 0.656 0.581 0.520 70 0.999 0.892 0.782 0.630 0593 0520
7.5 0.999 0.860 0.744 0.650 0.575 0515 15 0.999 0.892 0.780 0.676 0.588 0515
80 1.000 0.856 0738 0.644 0.569 0510 8.0 1.000 0.891 0.777 0.672 0.583 0.510
85 1.000 0.852 0.732 0.638 0.564 0.505 8.5 1.800 0.890 0.774 0.668 0.578 0505
2.0 1.000 0.849 0.727 0.632 0.559 - 0.500 9.0 1.000 0.889 0771 | 0664 0573 0.500
9.5 1.000 0.846 0722 0.627 0.554 0.496 9.5 1.000 0.888 0.769 0.660 0.569 0.496
10.0 1.000 0.843 0718 0.622 0549 492 N '
: o 10.0 1.000 0.887 0.766 0.656 0.564 0492
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Fig. 2-24. Heot transfer effectiveness ds a function of
number of transfer-units and capacity rate
ratio; split-flow exchanger, shell fluid

mixed.
SHELL FLUID
m MIXED
JAE N I T R
T
'[ N A C =7 JVJ TUBE
L J FLUID
I#f
100 T
cmln/cmax= 0 I’0—_'20
Yy T ~d = dw _
80 AT L o4o .
3 o = = N
% /T [ oes ]~ T~E=T
- [ —t——
o I/ 080  ~F~C o=t
i 60 1.00 =]
= S ——l ] -
oo}
> ]/
[
Q 4OI/
o
« 20” Cnen=Crmin |
c uba"cmin ===
1
0
0 2 4 6 8 10
NO. OF TRANSFER UNITS, Nty =AU/Cmin

ST

RO

Fig. 2-25. Heat transfer effectiveness as a function of
number of transfer units; effect of flow
arrangement for C,, /C ., = 1.

T T T [ [ 1]

CROSS-FLOW :
ONE FLUID MXED CROSS FLOW, FLUIDS
1

UNMIXED —— 1
*® 80 — COUNTER

FLOW =\ DT L""""
1

60 >

TraraLLEL FLow

40 / PARALLEL ~ COUNTER-
4 FLOW | SHELL PASS

EFFECTIVENESS -

20

o] l 2 3 4 5
NO. OF TRANSFER UNITS, Nty = AU/Cmin

56




Page 1 of 1

Calc 17321.01-PM-44-2 Attachment 1, Page 14

Queenan, Peter

From: Manning, John

Sent: Friday, August 31, 2007 11:03 AM
To: Queenan, Peter

Subject: FW: CCW Flow Rates and SDC FI

Attachments: CCW Flows SDC Flow.pdf
Pete
FYI

John Manning
(617) 589-1168

From: MOLZER, DOUGLAS S [mailto:dmolzer@oppd.com]
Sent: Thursday, August 30, 2007 4:35 PM

To: Manning, John

Subject: CCW Flow Rates and SDC Fl

John,
Please forward this<to Peter Quenin (sp?).
The attachment contains:
1. Pages 64-67 of Calc. FC05669 showing CCW ﬂéw rates through AC-4A/B for 1 and 2 pump cases
2. Shutdown Cooling Design Basis Document SDBD-SI-130 indicating that RC flow through 2 SDC ht ex.

Is approximately 5000 gpm. We could conservatively assume 2000 gpm flow through each heat
exchanger for use with the maximum fouling factor.

Thanks,

Doug Molzer

This e-mail contains Omaha Public Power District's confidential and proprietary information and is for u
mail is not a contract offer, amendment, nor acceptance. If you are not the intended recipient you are no

9/6/2007



Design Basis Document
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Fort Calhoun Station
R18

Shutdown Cooling

SDBD-SI-130
Page 94 of 114

Attachment 10 - Requirements and Design of Low Pressure Safety Injection Pumps (SI-2A, SI-2B

Reaquirements
Functional Requirements
¢ Safety Related Functional Requirements

The Low Pressure Safety Injection Pumps shall be capable of delivering
159 gpm through the shutdown cooling suction line to provide an

alternate hot leg injection-flow path following a Large Break-LOCA R

coincident with loss of instrument air and a single failure that would
prevent the use of the pressurizer spray line (Ref. 4.20, 8.9, 9.9).

Non-Safety Related Functional Requirements
The Low Pressure Safety Injection pumps shall be capable of

delivering 3000 GPM through the two shutdown cooling heat
exchangers (Ref. 7.2, page 61; Ref. 7.3 Sec [-D-2).

(Refer to SDBD-S!-L.P-133 for additional information., )

Desian
Functional Design
's Safety Related Performance

The LPS!I pumps are capable of delivering flows in excess of 200 gpm.

A caution statement incorporated in EOP-3 warns the operator of o
--- --.—possible-pump-damage-if-the-pump-is-eperated-at flows-below-200 gpm—— AL—(‘ . “.
and RCS pressure above 140 psig (Ref. 4.20)
& K%
W/ NS
$ Non-Safety Related Performance o\

A calculation of available Shutdown cooling flow shows that two Low
Pressure Safety Injection pumps are capable of delivering almost 5000
GPM through the two shutdown cooling heat exchangers (Ref. 8.1)<®

The LPS! pump delivery curves show that a considerable margin exists -
over the required flow rates (Attachment 6).

There are no specific requirements imposed on the design of the Low Pressure Safety Injection pumps for the following design basis attributes:

Layout

Chemistry

Access Control
Environmental

Fire Protection
Alternate Shutdown
Safety Evaluation
Radiological
Seismic
Thermal/Hydraulic

Suitability of Materials, Processes, Parts and Equipment

Testing

Electrical Separation .

Protection Against Dynamic Effects of Pipe Rupture, Jet Impingement and Missiles
Handling, Storage and Shipping

Personnel

Containment Isolation

Redundancy and Diversity

Material
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1732001 PI7-42

L}

Cale. No. FCOSSBQ, Rev.
l, Page
EODE 1 m 3 4 7A 7B 8 BA
No. Pumps 1 Ll / : 2 2 2 3 3
_TDH (psi) 978 | 343 | 794 | 762 320 | 739 | 822 | 8.1 | 884 | ssa | 1000
Total Flow 5607 | Se01 | 8038 | 9412 | seoe | oess | 8399. | so27 | 7897 | s3so | asas
AC-1A 1863 | 1861 | 3002 | 3128 | 1863 | 3219 | 2791 | 2887 | 2528 | 3107 | 2940
AC-1B 1849 | 1847 | 2979 | 3104 | 1849 | 3195 | 2770 { 2647 | 2505 | 3083 | 2018
Ac-1C 1895 | 1893 | 3083 | 3181 | 1834 | 3274 | 2838 | 2713 | 2587 | 3160 | 2990
AC-1D 0 0 0 o ° 0 0 ° 0 0 0
AC-4A - 32 1937 51 @ 2152 28 81 67 73 | e8 74
AC-4B a2 Nasss | 51 [\sasy/| 16 | arsa | e 67 73 | ea | 74
VA-1A s | o 1802 o 708 | 1215 | 2285 | 2688 | 2m2 | 2542 | 2881
VA-1B 1148 0 1850 0 723 | 1247 | 2344 | 2655 | o 2609 | 2027
VA-BA 620 0 999 ) 380 673 1265 | 1437 | 1537 | 1408 | 1885
VA-8B 635 o 1023 0 400 ess | 1296 ) 1835 | 1442 0
AC-8 760 650 1225 1082 489 791 [v] o) o] [+} (o]
CH-7 630 580 | 1112 | 991 418 718 0 0 0 o | o
SHIAB 12 1 20 18 8 13 | 29 a2 35 a2 35
SL-2ABIC 48 a1 | 78 89 29 4o | 110 123 137 123 | 136
S3ABIC 19 18 30 26 12 19 42 47 53 47 | s2
VA-45A 80 57 96 96 s 85 165 176 196 173 | 194
VA-468 80 58 07 97 | a8 65 0 0 0 0 o
CH-1A/B/C 15 15 24 21 9 15 33 39 42 ag 42
RCP Lubs . a8 a9 73 85 27 47 95 108 17 -] 105 | 117
RCP Seal 89 76 144 128 54 93 185. | 207 229 208 | 229
CEDMs 59 50 95 84 | 35 81 122 137 | 151 136 | 151
WD-28A/8 as 26 77 as | 26 44 93 101 109 103 10
SL-3 24 17 | 39 | 29 14 25 47 61 66 | S2 57
SL-8A/B 22 16 36 26 12 22 42 46 50 46 50
gw-:e', 7 50 114 84 42 72 136 149 162 152 | 164
L5

[.98ed ‘| JUOWYIENY T-ppHd- 10" 1TELI O[BD
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_ e 17324017 P42

2 %
Calc. No. FCO5689, Rav. N\

; . . Page
|
MODE 88 9 I 8A e 10 10A 108 10¢ 1 12 13
No. Pumps 3 3 : 3 3 2 2 2 2 1, 1 1
TOH {psi) 103.2 | 985 ! 98.1 | 101.8 | 71.8 72.4 729 739 | 400 399 | 438
Total Flow B328 | 9895 | 9318 | 8673 | 9608 | 8554 | 9497 | san 6588 | 5606 | 5602
AC-1A 2767 | 2827 { 2a79 | 2215 | 3192 | 3175 | 3158 | 3127 | 1860 | 1863 | 1881
AC-1B 2746 | 2507 | 2381 2198 3188 | 3150 | 3132 | 3103 | 1845 | 1849 | 1847
AC-1C | 2814 | 2422 | 2281 | 2123 | 3248 | 32290 | 3210 | 3180 | 1892 | 1894 | 1893
AC-1D 0 2438 | 2298 | 2137 0 0 0 o o 0 0
_AC-4A 80 72 | 78 83 2573 | 2723 | 2870 | 3094 as 35 4
AC-4B . 80 72 | 78 | as 2599 | 2750 | 2893 | 3124 36 35 4
VA-1A 3160 | 2889 | 3002 | 3290 | 1235 | 13s: 1460 | 1614 | 1285 | 1270 | 1508
VA-1B o | 2781 | 3082 o 1268 | 1388 0 0 1320 | 1304 | 1848
VA-8A 1761 1490 | 1888 | 1823 684 761 809 888 713 704 835
VA-88 1793 16528 o 1867 700 o 828 0 730 721 856
AcC-8 , 0 0 0 0 o 0 0 ] 0 884 o
CH-7 0 o () o 0. 0 o o 813 0 0
S-1AB - 39 - 33 37 41 15 16 17 19 18 15 19
Sk2A/B/C 149 130 144 165 68 62 67 73 61 55 73
Sk3A/B/C 66 50 66 59 22 24 25 28 24 22 28
VA-48A 215 183 204 224 84 82 99 110 69 L] 80
VA-46B 0 o | o "o ) 0 0 o és | es 81
CH-1A/B/C 48 39 | 45 .48 18 18 21 23 18 18 23
RCP Lube 128 m . 123 134 49 83 57 62 53 |- B2 62
RCP Seal 251 218 241 262 96 104 m 122 104 103 122
CEDMs 185 144 | 189 172 ' 63 68 73 81 68 68 81
WD-28A/B 121 109 117 126 35 37 as 42 54 53 | e
SL-3 61 { 88 60 64 23 24 28 28 27 27 31
SL-8A/B 54 g0 | &2 66 20 22 22 24 24 | 24 28
gtv;e, 178 160 | 173 185 ea 70 74 80 79 78 80
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173240)-F17-42

Calc. No. FCO5669, Rev. A2
Page__ 66 -
MODE 14 | 18 !16 17 18 ! 18 20 21 22 23 24 28
= - ———— — . |
No. Pumps 1 1 !1 2 S I B | 2 2 2 2 2 2

TOH (pal) 357 358 37.8 63.8 239 274 68.5 69.3 83.85 73.9 684.2 88.4

Total Flow 6588 | 65608 5&05 10153 | 6304 | 5298 9989 9788 | 9787 | 9429 | 10110 9987

AC-1A 1860 | 1863 | 1863 | 2592 | 1354 | 1353 | 2851 | 2499 | 2499 | 2408 | 2582 | 2850
AC-1B 1848 | 1849 | 1845 | 2573 | 1344 | 1343 | 2531 | 2480 | 2480 | 2389 | 2882 | 2831 |
AC-1C 1892 | 1885 | 1894 | 2488 | 1298 | 1297 | 2446 | 2396 | 2396 | 2308 | 2475 | 2445
AC-1D 0 0 ‘0 2502 | 1307 | 1308 | 2461 { 2412 | 2412 | 2323 | 2491 | 2461
AC-4A 2178 2158 2480 2403 - 1254 1885. 2901 3387 - 36 43 2533 31
AC-4B 2197 | 2177 | 2805 | 2427 | 1267 | 1904 | ‘2930 | 3420 | 4784 | 5708 | 2558 | 4108
VA-1A 0 ° 0 106 | 577 o 0 0 0 0 11as | 1374
VA-18 0 0 0 1134 | s92 0 0 o 0 0 1221 | 1an
VA-8A o o o 13 | 3200 o 839 0 984 o | ese 761
VA-8B o ° 0 627 | 328 o 859 o j1wo7| o 875 780
AC-8 o 747 o 634 | 384 | 636 | e31 | 1132 | 1128 | 1398 0 0
CH-7 685 0 o ‘632 | 331 | s77 | 847 | 1030 | 1021 | 1286 | 708 840
SI-1A/B 14 | 12 18 12 ) 10 15 19 19 23 14 17
S1-2A/8/C 52 47 -61 ‘a4 23 40 59 72 71 | a8 54 84
Sil-3A/B/C 19 -18 22 18 9 18 22 28 . 28 34 - 21 25
VA-486A €4 84 73 59 31 56 82 100 ‘88 120 63 | 73
VA-468 65 84 73 60 31 56 83 101 97 | 12 64 74
CH-1ABIC | 15 16 18 15 e 12 18 21 | =2 27 17 21
RCP Luba as a4 51 a2 22 o 56 88 67 | aa 48 s
RCP Seal 88 | 87 101 82 43 ) 110 | 133 | 132 | 164 | s0 107
CEDMs 58 67 8 sa | 28 0 72 88 87 | 108 80 71
wD-28AB | 30 | 29 34 32 17 26 38 46 | 57 | s 34 | a9
SL-3 19 19 | 22 21 11 17 26 | 30 | a2 as 22 27
SL-8A/B 18 |.18 | 20 13 10 14 22 26 | 28 | aa 20 24
ng;e, 56 56 84 62 3z | 49 75 87 83 | 11 | 65 80 |.
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Cale. No. FC0S669, Revr &
Page

MODE 26 k% 28 29 J
No. ﬁma 3 2 2 2
TDH (psi) 24 | 758 | 806 68.3
Towl Flow | 10795 | 9525 | ssss | 10326
AC-1A 2156 | 2431 | 2261 2637
AC-1B s | 2416 | 2244 | 2617
AC-1C 2643 | 202 | 2168 | 2528
AC-ID 2660 | 2347 | 2182 | 2545
AC-4A 6l 54 65 2766
AC4B 61 54 65 2794
‘)A-IA 2153 1899 2407 1327
VA-1B 2n | 1so | 24m 1362
VA3A 1193 | 1053 | 1334 735
VA-8B 1222 | 1078 | 1386 753
AC-S 464 | 1291 0 0
CH-7 B8 | um | o )
SI-1A/B 24 | 21 30 16
SIZA/R/C 9 82 16 61
SHIA/BIC 3s | 4w Px)
VA-46A 115 101 164 90
VA-46B ne | ° 0
CH-IABIC | 29 25 36 1
RCPLube | 88 | 7 100 52
RCP Seal i | 2 | es 103 -
CEDMs 113 100 129 68
wp2saB | » | = | w | =
SL3 4 a2 49 25
SL-3A/B @ 7 | 2
DW-46, 137 | 120 | 14 7
SL-S}




Page 1 of 2

Calc 17321.01-PM-44-3 Attachment 1, Page 21

Queenan, Peter

From: MOLZER, DOUGLAS S [dmolzer@oppd.com]

Sent: - Friday, March 28, 2008 2:04 PM

To: Queenan, Peter

Cc: LIPPY, DONNA L; MATTHEWS, THOMAS C; GASPER, JAMES R
Subject: RE: OPPD SDC - 4 CCW Hx

Peter,

This is a follow-up to our earlier conversation. FlowServe has provided us verbal confirmation that the CCW
limitation of 100 F based on LPSI pump seal temperatures may be overly conservative based on an inaccuracy in
their assumed seal configuration. They have a high confidence level the previous limit of 120 F on CCW
temperature should not be a problem. They agreed to send out a letter on Monday to confirm our conversation.

In the interim, our Design Manager requests the calculation you are working on (FC05694) be completed based
on verbal confirmation. Please proceed with the completion of the Calculation based on a CCW limit of 120 F.
I've provided an attached Excel spread sheet that lists the important input based on revision. Proceed on
Revision 3 based on the attached inputs I've listed under the “Rev. 3” column.  Please call if you have any
questions. If the calculation cannot be completed by Monday please let us know, as we will need to inform the
NRC we will not meet our commit date.

Thanks,

Doug Moilzer

Nuclear Design Engineer
Fort Calhoun Nuclear Station
Ft. Calhoun, NE 68023
402-533-6678
dmolzer@oppd com

From: Queenan, Peter [mallto peter.queenan@shawgrp. com]
Sent: Thursday, March 27, 2008 4:18 PM

To: MOLZER, DOUGLAS S

Cc: Jacobs, Wesley

Subject: OPPD SDC - 4 CCW Hx

Doug — Using all 4 CCW heat exchangers doesn’t help enough to getus there. And a higher CCW flow through
the shells, doesn’t help, it hurts.

Counter intuitive as all get out, but increasing the CCW flow though the bank of 4 exchangers at a given
duty actually raises the CCW cold temperature ! The higher flow does improve the heat transfer
coefficient, and the average tube to shell temperature different does drop a hair. But since the
temperature change is less with the higher flow, the inlet (CCW hot) temp drops and the outlet (CCW
cold) rises.

Another path that might work would be if the 100°F temperature could be raised by 1°F, to 101°F, the
calculation works. Are the pump seals at issue somewhere where the ambient is low enough that un-
insulated pipe or a passive fin cooler would buy 1°F ?

Peter Queenan, PE

Senior Engineering Specialist
Thermal Engineering Group
Shaw Power Group

3 Executive Campus

3/28/2008
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Cherry Hill, NJ 08002
856.482.3095 direct
856.482.3155 fax

Shaw™ a world of Solutions™ .
www.shawgrp.com

This e-mail contains Omaha Public Power District's confidential and proprietary information and is for u
mail is not a contract offer, amendment, nor acceptance. If you are not the intended recipient you are no

“****Internet Email Confidentiality Footer**** Privileged/Confidential Information may be contained in
this message. If you are not the addressee indicated in this message (or responsible for delivery of the
message to such person), you may not copy or deliver this message to anyone. In such case, you should
destroy this message and notify the sender by reply email. Please advise immediately if you or your
employer do not consent to Internet email for messages of this kind. Opinions, conclusions and other
information in this message that do not relate to the official business of The Shaw Group Inc. or its
subsidiaries shall be understood as neither given nor endorsed by it.

- The Shaw Group Inc. http://www. shawgrp com

3/28/2008
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Inputs to Calculation FC 5694 - Calculation of Minimum Reactor Coolant Time Usaing Shutdown Cooling System

REV 0 " REV1 REV 2 REV 3 (IN PROGRESS)
LPSI| Pumps # 2 2 2
LPSI Pumps Flow Total (RCS Flow) - gpm 3000 3000 3000
SDCHTEX # 1 1 1
SDC HT EX - Fouling .0.001072 * 0.001 * 0.001
CCWHTEX # 3 ) 3 3
CCW HT EX - Fouling * 0.0015 0.0015
CCW Temp - Maximum (F) 120 120 120 120
CCW Pump # -2 2 2 2
CCW Pump Flow Total 8100 8100 8100 8100
CCW Heat Load (BTU/HR) 131.6 E6 Based on 2 hrs after shutdown
CCW Flow to SDC HT EX -throttled 1962 1962 As needed ’ As needed
CCW Flow to SDC HT EX -Unthrottled. 4246 4246 4246 4246
RW Pumps 2 2 2
RW Pump Flow Total 7159 7159 7159 7159
RW Inlet Temp 90 90 90 90
RW Outlet Temp Limit ‘ None None None None
RCS Inlet Temp - Initial 300 300 350 : 350

Time to SDC - HRS 25 2.5 . 2 2
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Shutdown Cooling Heat Exchanger

Heat transfer rate, clean 487

Heat transfer rate, dirty 320

Heat Transfer Area (ft2) 5020

Number of U-tubes 514

tube od, inch 0.75

tube gage (BWG, inch) 18 0.049

tube id, inch 0.652

Tube flow area, fi*2 119175

Shell Flow Area, ft'2 2.5904

Shell film correction factor 0.09751
Hx Design Point (Mode B)

Q, gpm w PLi T Tto

tube 3000 1,476,852 3.88918 140 11403
metal
shell 4500 2,237,087 100 93 109.57
Mode A
tube 1500 741518 29424 125 100.16
metal
shell 2250 1,121,755 95 78 9443
Mode C
tube 2250 1,079,449 15696 212 158.65
metal
shell 2937 1,455,601 95 95 13477
Mode D
tube 3400 1,599,745 33.5275 255 198.02
metal
shell 4728 2343356 85 95 134.34

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q.xs; SDCHx

Btu/hr-F-sqft
Btu/hr-F-sqft

(from tube number and id)
(adjusted to give bet fit to data sheet velocities)

h (Btu/hr-
Ttave rho Cp mu k Vel Re Pr ft2-F)
Ib/*3 Btulb-F  Ib/ft-sec Btu/hr-fi-F

127.47 61.38 0.9989  3.50E-04 0.372 5609 53,484 3.3809 1554

114.38 3.95E-04 8.775 2005

101.28 61.98 0.9977  4.52E-04 0.362 3.870 114,657 44774 1233
-1.53E-08 -3.6E-06

112.58 6163 0.9983  4.02E-04 0.367 2.804 23,342 3.9442 839

99.40 4.61E-04 8.697 1988

86.21 62.16 0.9976  5.35E-04 0.356 1.935 48,566 5.3902 759
5.7E-05 5.7E-05

185.33 59.81 1.0033  2.24E-04 0.387 4.206 61,051 2.0890 1483

150.11 2.89E-04 9.001 2057

114.88 61.79 0.9980  3.93E-04 0.368 2526 85,650 3.8445 994
7.1E-05 7.1E-05

226.51 58.66 1.0093  1.75E-04 0.393 6.356 116,024 16138 2270

170.59 2.4BE-04 9.124 2085

11467 61.79 0.9980  3.94E-04 0.368 4.067 137,599 3.8534 1332
5.4E-05 54E-05

Fouling, hr-
ft*2-F/Btu

0.0005

0.0005

0.00316542

0

0.00341756

0.0041756

Udirty

320.002

320
0.000810743
2,066.65

157.280

158.7
0.001261508
127119

175.878

178.1
0.000935297
1,857.22

169.130

170.7
0.000696222
2,493.60

Uclean
0

487.85

487
0.000814
2,057.66

313.22

318.9
0.001262
1.271.19

440.88

455.2
0.000935
1,858.06

575.70

594.3
0.000696
2,493.52

WCp
1,475,215

2,231,873

740,278

1,119,112

1,083,007

1,452,745

1,614,677

2,338,741

Cr

0.66

1.5129

0.0010718

0.66

1.5117

0.003165

0.75

1.3414

0.003418

0.69

1.4484

0.004176

NTU  effectiveness
1.089 0.53330358

1.089  #N/A

1.067 0.52842214

1.067  #N/A

0.815 0.45595948

0.815  #N/A

0.526 0.35611814

0.526  #N/A

DT

25.07

16.57

2484

16.43

53.35

39.77

56.98

39.34

to

114,83

109.57

100.16

94.43

158.65

134.77

198.02

134.34

Attachment 2, Page 1

Duty
mmBtu/hr

36.98

374

18.39

18.526

57.78

58.931

92.00

94.391

3/20/2008, 12:49 PM
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tube od, inch 075
tube gage (BWG, inch) 18 0.049
tube id, inch 0.652
Re
dirty
48,566
85,650
114,657
137,599
1/{ho * k* Prim)
——dity
~®- clean
Fit
40000 60000 80,000 100000 120000 140000 160,000
Re
Effectiveness-Capacity Ratio-NTU for mix flow Hx
Capacity Ratio - WCp(tube) < WCp(shell)
0 0.2 04 06 08
NTU 0 0 0 0 0 0
0.5 0.393 0.378 0.364 0350 0.337
1 0.632 0.593 0.557 0.523 0.492
1.5 0.777 0.718 0664 0613 0.567
2 0.865 0792 0723 0661 0.603
2.5 0.918 0.835 0.757 0.685 0.620
3 0.950 0.861 0.775 0697 0626
35 0.970 0876 0.785 0.701 0627
4 0.982 0884 0789 0.702 0.624
45 0.989 08898 0791 0700 0620
5 0.993 0.892 0790 0.697 0.615
55 0.996 0.893 0.789 0.693 0.609
6 0.998 0893 0.787 0689 0.604
6.5 0.999 0.893 0785 0685 0.599
7 0.999 0.892 0782 0680 0.593
7.5 0.999 0892 0780 08676 0.588
8 1.000 0.891 0777 0672 0.583
8.5 1.000 0890 0774 0668 0.578
9 1.000 0.889 0771 0664 0.573
9.5 1.000 0888 0769 0660 0.569
10 1.000 0.887 0766 0656 0.564

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q.xs; SDCHx

1271
1,857
2,067
2,494

0.324
0.462
0.524
0.552
0.562
0.564
0.561
0.556
0.551
0.544
0.538
0.532
0.526
0.520
0.515
0.510
0.505
0.500
0.496
0.482

1271
1,858
2,058
2,494

Ln(Re) Ln(clean)

10.79088 7.14770788
11.35803 7.52720078 1/(ho * k* Prim)
11.6497 7.62032323
11.8321 7.82145074
0.61709 0.49192
1.63545328
0.333
18/8 Cr/Ni Steel (e.g. A249 TP304)
Capacity Ratio - WCp(shell) < WCp(tube) * Thermal Conductivity, Btu/hr/sqft/F
o 0 04 06 08 1

0 0 o 0 0 0 70 86

0.393 0.378 0.364 0.350 0.337 0.324 100 87

0.632 0.593 0.557 0.523 0.492 0.462 150 9

0.777 0.718 0.664 0613 0.567 0.524 200 93

0.865 0.791 0.723 0.661 0.603 0.552 250 96

0.918 0.833 0.757 0.685 0.620 0.562 300 9.8

0.950 0.857 0.775 0.697 0.626 0.564 350 10.1

0.870 0.870 0.785 0.701 0.827 0.561 400 104

0.982 0.876 0.789 0.702 0.624 0.556 450 106

0.989 0.878 0.791 0.700 0.620 0.551 500 10.9

550 11

600 1.3

650 1.6

700 11.8

750 12

800 122

850 125

900 127

950 129

1000 13.2

1050 134

1100 136

1150 138

1200 14

1250 143

1300 145

1350 14.7

1400 14.9

1450 15.1

1500 15.3

Attachment 2, Page 2
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Component Cooling Water Heat Exchanger

Heat Transfer Area (fi2) 12400 effective Tubes: 3/4", 18 BWG w. min wall, ST/STL - SA-249-TP-304 (OPPD Drawing File No. 18674,
Number of tubes 2280 Whitlock Mfg Co. N o. L-26132-1
No. of Passes 3 Flow arrangement, pure counterflow per draining Cramer and Lindell drawing FC-AC1B1, dated 7/26/99
tube od 075
tube gage (BWG) 18 0.049
tube id 0.652
Tube flow area, ft*2 1.76212 tube 0.333333
Shell Flow Area, ft*2 1.74197 shell 0.333333
Shell film correction factor 1.02130
h (Btuhr- Fouling, hr-
Q, gpm w PLi Tt Tto Ttave rho Cp mu k Vel Re Pr fi2-F)  f"2-F/Btu  Udirty Uclean WCp Cr NTU  :ffectivenes: oT to Duty
Ib/n*3  Btulb-F  Ib/ft-sec Btuhr-ft-F mmBtu/hr
Hx Design Point (Mode E)
tube 2673 1332918 100 85 185.12 13506 6217 09989  3.27E-04 0.375 3.380 34,892 3.1407 1000 0 1331462 1.20 27121 -100.12 185.12
metal 157.46 9.045 2067 244.003 40845 -133.30
shell 2283 1,109,178 100 2398 11991 179.85 60.57 1.0024  2.32E-04 0.386 2920 110479 21712 1228 0.00165 1,111,834 0.8350 2721 0775 -119.89 119.91
244 408 134.00
-5.1E-08 -2.7E-06 0.0008146 0.0008172 0.00165
245450 244664
Mode A
tube 1575 785,390 100 85 9996 9248 6217 0.9976  4.97E-04 0.359 1.991 13526  4.9820 523 0 783,494 1.02 2820 -14.96 99.96
metal 95.18 8678 1983 174.966 237.22 -11.72
shell 1550 771,090 75 1055 90.27 97.88 62.02 0.9977  4.68E-04 0361 1982 38,103 46634 661 0.0015 769,338 0.9819 23820 0.743 -15.23 90.27
190.1 266 12.00
46E-04 46E-04 0.001057 0.001056 0.00150
1569.46 1,570.93
Mode B
tube 3270 1,634,163 100 70 99.75 8487 6231 0.9976  5.43E-04 0355 4.135 25765 5.4952 896 0 1,630,306 1.14 2.056 -29.75 99.75
metal 93.16 4.94E-04 8670 1981 237.195 368.20 -48.50
shell 2885 1434171 95 1184 8450 101.45 61.98 0.9977  451E-04 0.362 3.690 73,637  4.4688 1078 0.0015 1,430,862 08777 2.056 0.700 -33.90 84.50
2336 3596 48.18
-6.5E-05 -6.5E-05 0.0009926 0.0009927 0.00150
1687.93 1687.85
Mode C
tube 2518 1,258,356 100 70 86.01 78.01 6231 0.9978  5.91E-04 0.352 3.184 18,239 6.0346 695 0 1,255,608 1.15 2312 -16.01 86.01
metal 82.01 5.62E-04 8.629 1972 204.055 294.06 -20.11
shell 2200 1,096,865 95 852 76.82 86.01 62.16 09976  5.36E-04 0.356 2814 47,375 54135 808 0.0015 1,094,283 0.8715 2312 0.729 -18.38 76.82
203.7 2933 1892
-86E-06 -8.8E-06 0.0012467 0.001247 0.00150
128479 128448
Mode D
tube 2518 1255626 100 85 101.28 93.14 6217 09976  4.94E-04 0.359 3.184 21,786 49410 764 0 1,252,598 1.15 2443 -16.28 101.28
metal 97.00 4.73E-04 8.686 1985 215.009 317.36 -20.40
shell 2200 1,093,785 95 1102 9151 100.85 61.99 0.9977  4.54E-04 0.362 2814 55804  4.5003 875 0.0015 1,091,251 08712 2443 0.742 -18.69 91.51
2165 3184 18.92
1.1E-05 1.0E-05 0.0011318 0.0011321 0.00150
147797 147753
Mode F
tube 3333 1,662,034 100 85 109.93 97.47 6217 09976  4.71E-04 0361 4214 30250 46857 982 0 1,658,073 1.65 2.867 -24.93 109.93
metal 105.42 4.33E-04 8.727 1994 231626 354.95 -41.34
shell 2025 1,003,970 5 134 9274 113.37 6181 0.9980  3.99E-04 0367 2590 58,209 3.9076 874 0.0015 1,001,950 0.6043 2.867 0.842 4126 92.74
2283 M72 39.488
-6.3E-05 -6.3E-05 0.001207  0.001207 0.00150
Aho * k* Prim) 143297 143299
Re Ao * k* Prim)
dirty clean
38,103 1,569.46 1,570.93
—— ditty 47375 1,284.79 1,284.48 10.7658 7.158348
~- clean 55,804 1,477.97 147753 10.9296 7.298424
i 58,209 143297 143299 10.9718 7.267505
73,637 1,687.93 1687.85 11.2069 7.431255
110479 2,454.50 244664 116126  7.80568
0 20000 40000 60000 80000 100000 120000 OT5BAS: <0.56288
Lrdha) 0.37059

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q xis; CCWHx 3/29/2008, 12:49 PM
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CCW Heat Exchanger Performance at Various Fouling Coefficients and CCW Inlet Temperatures with 90F River Water
Shell Film Multiplier 1.0213
River Water Temp 90 RW Flow, Total, gpm 7159 Shell Film Re power 0.75645
NoCCWHx 3 CCW Flow, total, gpm 8100 Shell Fitm Pr power 0.333333333
Fouling (total = tube side) 0.004
CCW - Based on Average Raw Water Flow
Case Tube (River) Shell (CCW) Tube Shell F"’:“bg gm’ CCW HX tube side COW HX shell side
Qgm P T  To Qgm Pi Tsi Tso M g‘_‘:)"' h W kmetal Udirty w wep cr NTU fectivenes: DT Tto w Wep cr NTU ffectivenes  DTs
1A 23863 30 90 9040 2700 90 9050 90.15 719 966 8658 0.0000 31835 1,188,935 1,186,437 0.88 3327 0802 040 9040 1,345134 1041950 14311 3% 07 03
18 23863 30 90 11464 2700 90 12025 98.39 m 1066 8729 0.0000 34138 1,188,935 1,186,529 0.89 3568 0814 2464 11464 1339892 1337062 11269 3568 0742 2186
1c 23863 30 90 13948 2700 90 15000 10591 826 1159 8.816 0.0000 36346 1,188,935 1,186,901 0.89 3797 0825 4948 13948 1333683 1331798  1.1221 3797 0752 44090
1D 23863 30 %0 16071 2700 %0 17500 111.74 872 1233 8.897 0.0000 381.30 1,188,935 1,187,386 0.89 3982 0832 7071 16071 1,327,839 1327076 14176 3982 0761 6326
1E 23863 30 %0 18219 2700 90 20000 117.17 917 1302 8.982 0.0000 39850 1,188,935 1,188,014 090 4159 0838 9219  182.19 1,321,501 1322146 11120 4159 0768 8283
2A 23863 30 90 9072 2700 90 9100 9036 719 968 8659 0.0015 21563 1188935 1186436 088 2254 0720 072 9072 1,345046 1341861  1.4310 2254 0661 064
28 23863 30 90 11225 2700 90 12050 100.75 767 1073 8728 0.0015 22555 1188935 1,186,507 0.89 2357 0730 2225 11225 1339480 12336709 11266 2357 0671 1975
2 23863 30 90 13424 2700 90 15000 110.55 815 1170 8.815 0.0015 23461 1188935 1,186,804 089 2451 0737 4424 13424 1,332,841 1331907 19216 2451 0879 3945
20 23863 30 %0 15315 2700 90 17500 11846 856 1248 8.896 0.0015 24170 1188935 1,187,198 090 2524 0743 6315 15315 1,326,485 1326007 1.1169 2524 0686 5654
2 23863 30 %0 17224 2700 90 20000 126.04 896 1322 8.981 0.0015 24830 1188935 1,187,707 0.90 2592 0748 8224 17224 1319552 1320670  1.1119 2592 0692 7396
3A 23863 30 90 9065 2700 90 9100 90.42 719 968 8659 0.0030 162.93 1188935 1,186,436 088 1703 0653 065 9065 1,345039 1341853 11310 1703 0604 0.58
38 23863 30 90 11015 2700 90 12050 10261 762 1077 8.729 0.0030 168.39 1,188,935 1,186,489 0.89 1760 0661 2045 11015 1,339,199 1336456 11264 1760 0612 1789
3c 23863 30 90 13000 2700 90 150.00 11433 806 1180 8.814 0.0030 173.25 1,188,935 1,186,732 0.89 1810 0667 4000 13000 17332148 1330540 1.1212 1810 0619 3567
3D 23863 30 90 14703 2700 90 17500 12391 843 1261 8.895 0.0030 176.98 1,188,935 1,187,058 0.90 1849 0671 5703  147.03 1,325,368 1325131 11163 1849 0625 5100
3E 23863 30 90 16420 2700 90 20000 13322 879 1337 8.979 0.0030 18040 1,188,935 1,187,479 0.90 1884 0675 7420 16420 1317945 1319465 14111 1884 0630 6678
4A 23863 30 0 9061 2700 S0 91.00 9046 719 968 8659 0.0040 140.10 1,188,935  1,186.436 0.88 1464 0615 061 9061 1,345035 1,241,849 14310 1484 0571 0.54
48 23863 30 90 10895 2700 90 12050 10368 760 1080 8729 0.0040 14406 1,188935 1,186,480 0.89 1506 0621 1895 10895 1339033 1336311 14263 1506 0578 1682
4 23863 30 90 12759 2700 90 15000 116.47 800 1185 8814 0.0040 147.54 1,188,935 1,186,694 0.89 1542 0626 3759 12759 1,331,750 1330218 11200 1542 0586 338
40 23863 30 90 14357 2700 90 17500 127.00 835 1268 8.894 0.0040 150.19 1,188,935 1,186,984 0.90 1569 0630 5357 14357 1324728 1324632  1.1160 1569 0589  48.00
4E 23863 30 %0 16290 2700 90 20500 139.30 876 1361 8.995 0.0040 15306 1,188,935 1,187,444 0.90 1598 0634 7290 16290 12315408 1317591 11096 1508 0595 6570
CCW HX Duty at 90F Raw Water
120
100
§ 80
g
E 60
1 E 40
20
0 e
75 95 115 135 155 175
ccw Inlet Temperature, F
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 5
RW Flow, Total, gpm 7159
CCW Flow, total, gpm 8100
Case DUY.PEC Tohein  Tshelowt  TD
Tso

1A 90.15 048 90.50 90.15 0.15

18 98.39 29.23 12025 98.39 8.39

1ic 105.91 58.72 150.00 105.91 15.91 CCWHX Ts0

10 111.74 83.95 175.00 111.74 21.74 fouling Duty. mmBtu/hr

1E 1747 10952 200.00 177 2717 1 20 40 60 86

0.0000 91.05 110.79 131.19 151.27 177.01
0.0015 91.17 11347 13593 158.37 187.18

2A 90.36 0385 91.00 90.36 0.36 0.0030 9129 115.56 140.70 165.52 197.42
2B 100.75 26.40 120.50 100.75 10.75 0.0040 9137 117.16 14389 17030  204.27
20 11055 52.51 150.00 110.55 20.55
20 11846 74.97 175.00 11846 28.46 CCW HX shell outlet temperature
2E 126.04 97.67 200.00 126.04 36.04 fouling Duty. mmBtu/hr
1 20 40 60 86

0.0000 90.30 95.85 10123 106.21 11219
3A 90.42 0.77 91.00 90.42 0.42 0.0015 90.42 98.22 105.95 11324 122.19
3B 102.61 23.90 120.50 10261 1261 0.0030 90.55 100.61 11069 12031 13227
3c 11433 47.47 150.00 11433 2433 0.0040 90.63 102.20 113.85 125.04 139.01
3D 12381 67.70 175.00 123.81 3391
3E 13322 88.11 200.00 13322 4322 Average CCW

90.68 103.32 116.21 12874 14460
90.80 10570  120.94 13581 154.69

4A 90.46 0.73 91.00 90.46 0.46 90.92 108.09 125.69 142.92 164.85
4B 10368 2248 120.50 103.68 1368 91.00 109.68 128.87 147.67 171.64
4C 11647 44 61 150.00 116.47 26.47
4D 127.00 63.58 175.00 127.00 37.00
4E 139.30 86.56 205.00 139.30 49.30

CCW Temperature vs Duty

at various CCW HX Fouling Level

135 /

// e ,
?’ | 125 // hr-F-leBtu

/. ~——0.0040
M/ s

Degrees F
8 &

~—5-0.0000
9
&
| 7
195 215 ° 10 20 £ 40 50 60 70 80 %0 100
Duty Per Hx, mmBtu/hr

1
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 6

Shutdown Cooling Temperature Transient with 90F River Water sDC
Hx Fouling = 0.001 hr-F-sqft/Btu, CCW Hx Fouling = 0.0015 hr-F-sqft/Btu
Initial RC Temperature, F 350 SDCHX _ CCWHX
Initial Time 2 2754 Shell Film Multiplier 0.09751
'RCS Temp after 8 hours . 15235 O | § 1 _Shell Film Re power . 061708
Time after trip to 130F Primary Coolant Temp 22.00 Initial CCW to SDCHx 4246 Shell Film Pr power 0333
"Time after SDC inibation to 130F PC Temp 200 'CCW Flow Step Temp 275, "Fouling (total = tube side) 70001 0.0015
Decary heat im at 90F river tes 20.48 0.00418 0.004,
| i t SDCHx | |
Time Step Q@) P(pp) P(ip) Psdc | TotalQ dTre Tube Shell
degF/hr Q. gpm Pi Tt Tto Q, gpm Pi
11251 -102.28 3000 315 35000 21345 248 95
-106.06 7 3000 315 33977 20887 4246 o5
-99.94 X 3000 315 33013 20479 4246 95
94.16 3000 315 32104 20091 4248 95
8870 3000 315 31248 19723 4246 95
8355 7595 3000 315 30442 19373 4246 95
7869 7154 3000 315 20682 19041 4246 95
7411 6737 3000 315 28967 18726 4248 95
6980 6345 3000 315 28293 18428 4246 95
65.74)  -59.76 3000 315 27659 18146 4248 95
6192 5629 3000 315 27061 17878 4248 95
5832 5302 3000 315 26498 17625 4246 95
5494 4995 3000 315 25068  173.86 4248 95
5176 4706 3000 315 25469 17159 4248 95
4878 4434 3000 35 24998 16944 4248 95
4597 4179 3000 315 24554 16741 4248 95
4316 -39.24 3000 315 24110 16537 4248 95
4038 -36.71 3000 315 23668 16332 4248 95
3763 3421 3000 35 23229 16129 4246 95
34 31.74 3000 315 22793 15026 4246 95
3223 2930 3000 315 22360  157.24 4246 95
X 2059 -26.90 3000 315 21932 15523 4246 95
89.09]  -27.00 2454 3000 315 21508 15324 4246 95
2448 2224 3000 315 21089 15126 4246 95
3 2198 -19.98 3000 315 20676  149.30 4246 95
] 1961, -17.83 3000 315 20277 14739 4248 95
0 E 3553 -3230 3000 35 19920 14569 4248 95
0 5 31.31, 2846 3000 35 19274 14259 4248 95
0 1.5 2763 2512 3000 315 18705  139.84 4246 95
0 15 2515 2286 3000 315 18316 13795 4246 95
0 1.5 2261 2055 3000 315 17914 136.00 4248 95
0 15 2005 -18.23 3000 315 17505 134.00 4246 95
0 15 -17.80 -16.18 3000 315 17141 13221 4246 95
020  31.575 0 15 1583 1439 3000 315 168.47 13062 4246 95
. 020  37.208 0 15 1401 1283 3000 315 16529 12020 4246 95
020 36.856 [ 15 -12.61] 46 3000 315 16273 12793 4246 95
020] 36517 0 15/ 1129 3000 315 16043 12679 4246 95
020 36.190 0 15 -10.13 3000 35 15838 12877 4248 95
049 35875 0 15 9.1, 3000 315 15654 12485 4246 95
054 35153 0 15 £.92) 3000 315 15250 12283 4246 95
060 34413 0 1.5 5.20 3000 315 14909 12112 4248 95
079,  33.661 0 15 390, 3000 315 14623 11968 4245 95
106 32765 0 1.5 2.77 3000 35 14342 11826 4248 95
141 31710 | 15 -1.91 3000 315 14075 11691 4246 95
99 30495 X -1.37 3000 N5 1NN 11587 4246 95
.00 29.065 -1.03 3000 315 13583 11441 4246 95
00| 27.867 0.89 3000 315 13396 11346 4248 95
.00, 26,849 ! 0.75 3000 318 13238 11284 4246 95
.00]  25.968 0 5 0.66 3000 315 13098 11194 4246 95
200 25.194 [ 1.5 058 3000 315 12979 11132 4246 95
200 24507 0 15 052 3000 315 12873 11079 4246 95
200 23.890) [ 15 -0.46 3000 315 12100 15030 4248 95
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 7
Time Tube Shell
hrs TLavel tho ‘ cp l mu K ‘ Vel I Re Pr "(ms‘“‘ﬂ"" Ttave | rho l my ’ K I Vel ‘ Re [ Pr [

00| 28158 5550  1.0215 1.34E-04 0396 5609 126,869 12391 2211 15991 6100 268E-04 0382
10| 27432 5595 10194 1.38E-04 0396 5609 123654 12770 2192 15726 6105 2.73E-04 0381
20] 26746 5629  1.0175 142E-04 0396 5609 120558 13155 2173 15478 6110 279604 0380
30| 26098 5660 1.0158 1.47E-04 0396 5609 117,589  1.3544 2155 15239 6114 284E04 0380
40] 25485 5689  1.0143 1.51E-04 0.396 5609 114,749 13937 2136 150.14 6119 289E04 0378
50| 24907 5745 10129 1.55E-04 0396 5609 112,038 14331 2118 14802 6123 294E-04 0379
260| 24362 5740  1.0117 160E-04 0395 5609 109456 14726 2100 14602 6127 299E-04 0378
70| 23847 5762  1.0106 1.64E-04 0395 5809 107,001 15121 2082 14413 6130 303E04 0377
80| 23361 5783 10096 1.68E-04 0394 5609 104670 15514 2064 14235 6133 3.08E-04 0377
.90  229.02 58.03  1.0087 1.73E-04 0.394 5609 102459  1.5905 2048 14067 6136 3.12E-04 0.376
00| 22470 5821  1.0079 1.77E-04 0394 5609 100365 16202 2031 13908 6139 3.16E-04
: 22062 5837 10072 1.81E-04 0393 5609 98,382 16675 2016 13758 6142 320604 0375
21677 5853 10066 1.85E-04 0393 5608 96,507  1.7052 2000 13617 6144 I24E04 0375
21314 5867  1.0060 1.89E-04 0392 5609 94734 1.7424 1986 13484 6147 328E-04 0375
209.71 5880  1.0054 1.93E-04 0392 58609 93,059  1.7789 1972 13358 6149 3MMED4 0374
20647 5893 10050 1.96E-04 0391 5609 91475 18148 1958 13239 6151 335E-04 0374
20323 5905  1.0045 2.00E-04 0391 5609 89,887  1.8521 1944 13120 6153 338E-04 0373
20000 5917  1.0040 2.04E-04 0390 5609 88302  1.8908 1930 13002 6155 342604 0373
19679 5929 10036 208E-04 0390 5609 86,726 1.9307 1916 12884 6157 346E04 0373
19359 5040 10032 213E-04 0389 5609 85,160  1.9720 1902 12767 6159 349E-04 0372
19042 5952  1.0028 2.17E-04 0389 5609 83605 20146 1887 12651 6161 353E-04 0372

187.28 5963  1.0024 221E-04 0388 5609 82,064 20585 1873 12536 6163
184.16 59.74 10021 2.26E-04 0388 5609 80,538  2.1038 1858 12422 6165
181.08 59.84 10018 2.31E-04 0.387 5609 79,030 2.1504 1843 123.09 6166
178.03 5994 10014 2.36E-04 0386 5609 77542 2.1982 1820 12198 6168
17508 6004  1.0011 240E-04 0386 5609 76,104 22464 1814 12090  61.70
17245  60.13  1.0009 245E-04 0385 5609 74822 22010 1801 119.94 6171
16767 6028  1.0004 2.53E-04 0384 5609 72501 23760 1777 11820  61.74
16344 6041  1.0001 261E-04 0383 5609 70458 24558 1755 11667  61.76
16056 6050 0.9998 267E-04 0382 5609 69,066  2.5131 1740 11562 6178
15757 6059  0.9996 2.73E-04 0382 5609 67630 25747 1724 11454 6180
15453 6068 09994 279E-04 0381 5609 66,170  2.6404 1708 11344 6181
151.81 60.76 09992 285E-04 0.380 5609 64872 27013 1693 11246  61.83
149.39 6082 09990 291E-04 0379 5609 63721 27576 1680 11159  61.84
14724 6088  0.9989 2.96E-04 0379 5609 62,700  2.8094 1668 11081  61.85
14533 6094  0.9987 3.01E-04 0378 5609 61,792  2.8569 1658 11012  61.86
14361 6098  0.9986 3.05E-04 0378 5609 60,981  2.9006 1648 10950  61.87
14208 6103 09985 3.09E-04 0377 5609 60257  2.9408 1639 10895  61.88
14070 6106  0.9984 3.12E-04 0377 5609 59608 29776 1632 10846  61.88
13767 6114 09983 3.20E-04 0376 5609 58,189  3.0611 1614 10737  61.80
13510 6121  0.9981 3.27E-04 0375 5609 56,992  3.1351 1599 10645 6191
13296 6126 09980 3.33E-04 0374 5609 55996  3.1991 1587 10569  61.92
13084 6131 09979 3.40E-04 0374 5609 55015 32646 1574 10493 6193
12883 6136 09978 346E-04 0373 5609 54,09  3.3286 1563 10422 6194

115107 44748 1216 8823  329.94]
114056 42184 1212 8.812  328.87
113,181 42552 1209 8804 32797
112318 42021 1206 8.795  327.07]
111,507 43274 1208 8787 32620

]
EEEEEEEERREERRRERERERIINE
FHH R R T

HHH RPN
i

12699 6141 09977 3.51E-04 0372 5609 53241 33895 1552 10356  61.95 441E-04 110,761 43603 1200 8.7 325.39
12512 6145 09976 3.57E-04 0372 5609 52388 34528 1540 10290  61.96 444E-04 110,013 43938 1187 8773 32457
12371 6148 09975 362604 0371 5609 51743 35020 1532 10240 6197 446E-04 109447 44195 1195 8768 32394
12249 6151 09975 3.66E-04 0371 5609 51,188 35455 1524 101.87 6197 4.48E-04 108959 44418 1193 8763 323.39|
12146 6153 09974 3.70E-04 0371 5609 50719 35831 1518 10160  61.98 450E-04 062 108547 44608 1191 8759 32293
12056 6155 09974 3.73E-04 0370 5609 50310 36164 1513 10120  61.98 452604 0362 108,188 44775 1190 8.756 32252
11976 6157 09974 3.76E-04 0370 5609 49950 36461 1508  101.01 6198 453E04 0362 107872 44923 1189 8753 32216
119.05 6159 09973 3.78E-04 0370 5609 49630 36730 1503 1 454E-04 107,591 45056 1188 8750  321.83
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 8

! | ! [CCWHXFouling | ]
) Tto Ts.o Qeew, Total CCW Duty cew
Time SDC HX tube side SDC HX shell side SDCDuty| ot | herate other |CCWDUY| o us ol # COW Hx per HX Temp
hrs w l WCp Cr NTU  iffectivenest DT Tto w [ WCp I Cr I NTU IMM\OS{ DTs Ts.0 Btu/hr mmBtuhr | mmBtu/hr gpm mmBtu/hr Ts,0
.00 1,337,560 1,366,308 0657 1366 0582 13685  213.15 2077274 #NA #NA #NIA 204.89 204.89 7.358 | 19433 | 8,100 3 64.78 11493
10| 1,346,390 1,372,463  0.660 1.354 0580 13091  208.87 2,079,081 2079847 #NA A #NA 8638 20045 X 200.45 7.358 | 187.02 | 8100 3 62.34 114.07
20 1,354,515 1,378,173 0662 1344 0578 12534  204.79 20080769 2081143 #NA  #NA #NA 8300 19626 172.74] 20479 196.26 7.358 | 180.10 | 8,100 3 60.03 113.25
.30 1,361,998 1,383,476 0664 1.333 0576 12014 20091 20082345 2082361 #NA #NA #NA 7982 19229 166.20] 200.91] 19229 7.358 | 17356 | 8,100 3 57.85 112.48
240[1,368,897 1388408 0666 1324 0574 11526  197.23 2083817 2083505 #NA  #NA #N/A 7681 18855 16003 197.23] 18855 7.358 | 167.38 | 8,100 3 §5.79 | T4
250/1375264 1,392,998 0668 1315 0572 11069 19373 2,085,190 2084579 #NA  #NA #NA 7387 18501 154.19] 19373 185.01 7.358 | 16155 | 8,100 3 53.85 111.04
260 1,381,145 1397274 0670 1.306 0571 10641 190.41 2086472 2085586 #NA #NA #NA 7120 18167 14869 190.41] 18167 7.358 | 156.05 | 8100 3 5202 110.38
| 270/ 1386582 1401260 0672 1298 0569 10241  187.26 2087669 2086531 #NA  #NA #NA 6877 17852 14350 187.26] 17852 7.358 | 150.86 | 8,100 3 50.29 109.75
2.80| 1,391,612 1404978 0673 1290 0.568 9865 18428 2,088,785 2087417 #NA #NA #NA 6640 17555 13860 184.28] 17555 7.358 | 14596 | 8,100 3 4865 10915
290]1,396270 1408448 0674 1283 0566 9513 18146 2089828 2088248 #NA  #NA #NA 8416 17275  13399] 18146 17275 7.358 | 14134 | 8,100 3 4741 108.59
3.00| 1,400,586 1411689 0676 1276 0.565 91.83 17878 2090802 2,089,026 #NA #NA #NA 6205  170.11 12063] 178.78] 170.11 7358 | 13699 | 8100 3 108.05
310/ 1404589 1414716 0677 1269 0564 8873 17625 2,091,711 2089756 #NA  #NA #NA 16762 ~ 12553] 17625 167.62 7.358 | 13289 | 8,100 3 107.55
3.20/ 1,408,304 1417545 0678 1.263 0.562 85.83 173.86 2002561 2090441 #NA #NA #NA 5820 16527 12166 17386 16527 7.358 | 12002 | 8,100 3 107.07
3.30| 1,411,755 1420190 0679 1257  0.561 83.10 17159 2003355 2091083 #NA  #NA  #NA 5644 16305  118.02] 171.59] 163.05 7358 | 12538 | 8,100 3 106.62
3.40| 1,414,962 1422664 0680 1252 0.560 80.54 169.44 2,004,098 2091685 #NA #NA #NIA 54.78 16097 11458 169.44| 160.97 7.358 | 121.94 100 3 106.19
3.50| 1,417,948 1,424,981 0681 1246 0559  78.14 16741 2,004,793 #NA WNA #NA 5322 15000  111.34] 167.41] 159.00 7.358 | 118.70 100 3 105.78
3.61| 1420897 1427282 0682 1241 0888 754 18537 20095483 2092813 #VA  #NA  #NA 5165 15703  108.10] 16537| 157.03 7.358 | 115.46 100 3 105.38
372/ 1423797 1420558 0683 1236 0557 7335 16332 2006166 2003372 #NA  #NA  #NA 5009 15506 10487 163.32] 155.06 7358 | 112.22 100 3 104.97
384] 1426639 1431801 0684 1230 0.556 71.00 16129 2096838 2093924 #NA #NA #NA 4855 15311 10166 16129 153.11 7.358 | 109.01 | 8100 3 ] 104.57
3.97| 1429421 1434009 0685 1225 055§ 68.67 15926 2097500 2094469 #NA #NA #NA 4701 15118 9847 159.26| 151.18 7.358 | 10583 | 8,100 3 104.16
4.10] 1,432,143 1,436,182 0686 1220 0.554 66.36 157.24 2,098,151 2,095006 #N/A ENA #NIA 4549 14926 9531 157.24] 14926 7.358 | 10267 | 8,100 3 103.76
4251434803 1438316 0686 1214 0553  64.09 15523 2,098,791 2085537 #NA  #NA  BNA 4399 14735 92.18| 15523] 14735 7.358 | 9954 ,100 3 103.36
441]1437,399 1440410 0687 1209 0.552 61.85 15324 2099420 2096058 #N/A #NA #NA 4250 14547 8909 15324] 14547 7.358 96.44 100 3 102.97
4.58| 1439929 1442461 0688 1204 0551 5964 15126 2,100,035 2096572 #NA  #NA  #NA 4103 14361 86.03| 15126 14361 7.358 | 9338 100 3 102,58
476| 1442390 1444466 0689 1199 0550 5747 14930 2100637 2097075 #NA  #NA  #NA 3958 14177 8301 14930 141.77 7358 | 90.37 100 3 102.19
4.96| 1444736 1446386 0690  1.194 0549 5537  147.39 2101215 2097560 #NA  #NA  BNA 3848 140,00 7358 | 8745 | 8100 3 101.81
5.16) 1446801 1448083 0690  1.189 0548 5351 14569 2,101,726 2097990 #NA  #NA  #NA 3693 7.358 | 8485 | 8,100 3 101.48
5.36| 1450473 1451,118 0691 1.181 0.546 50.15 14259 2,102642 2098765 #NA #NA #NA 3468 7.358 80.14 8,100 3 100.87
5.56| 1,453,634 1453748 0692 1.174 0544 47.21 139.84 2,103,438 2099441  #NA #NIA #NA 3269 7.358 75.99 100 3 100.33
572| 1455753 1455519 0693  1.169 0543 4521  137.95 2103976 2099901 #NA  WNA  #NA 3133 7.358 | 73.16 1100 3 ] 99.96
5.89 1457905 1457325 0.694 1163 0542 4315 13800 2104526 2100372 #NA @ #NA  #NA 2994 7358 | 7023 ,100 3 99.57
6.09| 1,460,060 1459141 0695 1.158 0.541 4105  134.00 2,105081 2100850 #NA #NA NA 2851 7.358 67.26 100 3 99.18
6.29 1,461,947 1460736 0695 1.153 0.540 39.20 13221 2105570 2101273 #NA #NA #NA 27125 7.358 64.61 8,100 3 98.83
6.49) 1463596 1462136 0696 1.149 0539 3755 13062 2,108,001 2,101,646 #NA #NA #NA 26.13 7358 | 6227 8,100 3 98.52
6.69| 1465042 1463366 0696  1.145 0538 3610 12920 2106381 2101977 #NA  #NA  #NA 2513 7358 | 6018 | 8,100 3 98.25
6.89| 1466315 1464451 0697 1.142 0538 3480  127.93 2,106,717 2102271 #NA #NA #NA 2424 7.358 58.32 8,100 3 98.00
7.08| 1467437 1465410 0697 1139 0537 3365 12679 2107015 2102532 #NA  #NA  #NA 2345 . 7358 | 5666 | 8,100 3 7 97.78
7.29| 1,468,431 1466261 0697 1136 0538 3281 12577 2107281 2102765 #NA 2 #NA @ SNA 2 274 7358 | 5518 | 8,100 3 97.58
7.49| 1469315 1467019 0698 1133 0.536 31.69 124.85 2,107,518 2102974 #NA #NA #NA 21 7.358 53.85 8,100 3 97.40
7.98| 1471221 1468658 0698 1128 0535 2967 12283 2108033 2103420 #NA  #NA  SNA 2072 11773 4358 12283 117.73 7358 | 5093 | 8100 3 97.01
852| 1472,801 1470021 0699 1123 0534  27.97 12112 2108464 2103813 #NA  #NA  #NA 1954 11623 a111]  121.42] 11623 7.358 | 4847 | 8,100 3 16.16 | 9668
9.13] 1,474,097 1471141 0699 1.119 0.533 2655 11968 2,108,820 2,104,131  #NA #NA #NA 1856  114.97 39.06| 119.68| 114.97 7.358 46.42 8,100 3 1547 | 96.41
9.92| 1475355 1472232 0700 1115 0532 2516 11826 2,109,169 2104444 #NA  #NA  #NA 1760 11373 37.03] 118.26] 11373 7358 | 4439 | 8100 3 14.80 | 9613
10.98| 1,476,524 1473249  0.700 1.112 0.531 2384 11691 2109497 2,104,738 #NA #NIA #NA 1669 11256 35.12]  116.91] 11256 7.358 4248 8,100 3 14.16 1 9588
2.39| 1477585 1474,173 0700  1.108 0530 2263 11567 2100796 2105009 #NA  #NA  #NA 1585 11149 3336  11567) 11149 7.358 | 4072 | 8100 3 1357 95.64
4.37| 1478635 1475001 0701 1.105 0530 21.42 114.41 2,110,094 2,105279 #NA A #NA 1501 11041 3158 11441 11041 7.358 38.95 8,100 3 12.98 95.40
6.37| 1479419 1475777 0701 1102 0529 2050 11348 2110319  2,105484 #NA  #NA #NA 1437 109.59 3026] 113.46] 109.59 7.358 76 8,100 3 1254 95.22
8.37| 1,480,088 1476364  0.701 1100 0529 1971 11264 2110512 2105860 #NA  #NA #NA 1382 10888 29.10| 112.64| 108.88 7.358 36.46 8,100 3 1215 95.06
20.37| 1,480,649 1476857  0.701 1098 0528 19.04  111.94 2110674 2105809 #NA  #NA #VUA 1336 10828 2812] 11194 10828 7.358 35.48 8,100 3 1183 94.93
2237|1481,134 1477283  0.701 1096 0528 1846 11132 2110815 2105939 #NA  #NA #NA 1295 10776 2727]  111.32] 107.76 7.358 | 3463 | 8100 3 1154 | 9481
24.37| 1481557 1477657 0702 1.094 0.528 1795 11079 2110930 2106052 #NA #NA #NA 1259  107.30 2652 110.79] 107.30, 7.358 3388 8,100 3 | Thad ] 94.71
26.37| 1481932 1477987  0.702 1.093 0527 1749 11030 2111049 2106154 #NA  #NA #NA 1228 2 106.89 2585 110.30] 106.89 7.358 | 3321 8,100 3 11.07 %462
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Calc-PM-44-3 Att2-1_SDC_C

.

T SDCHXx
Time Step QD) P(pp) P(ip) Psdc Total @ dTre Tube Shell
hrs hrs mmBtu/hr degF/hr  Q, gpm Pi T Tto Q, gpm Pi Tsi
| 2837 0 15  -25.25 042 038 3000 315 12695  109.87 4246 95 94.54
30.37 [) 1.5 247 038 035 3000 315 12619 10948 4246 95 94.46
3137 0 15 2446 037 034 3000 315 12584  109.30 4246 95
31.87 [ 15 -24.34 037 033 3000 3156 12567  109.21 4246 95 %44
3237 0 15 2422 036 033 3000 35 12550 10913 a6 95
32.87 0 1.5 035 0.32 3000 315 12534 109.04 4246 95 94.38
3337 0 15 035 032 3000 315 12518 108.96 4246 95 94.36
3387 0 15 034 031 3000 315 12502 108.88 4246 95 94.35
3437 0 15 034 030 3000 315 12486  108.80 4246 95 9433
3487 0 1.5 033 030 3000 35 12471 10872 4246 95 9432
34.87 [ 15 033 030 3000 315 12471 108.72 4248 95 94.32
34.87 [ 15 033 -0.30 3000 315 12471 10872 4246 95 94.32
34.87 0 1.5 033 0.3 3000 35 12471 108.72 4248 95 %432
34.87 [ 15 2033 030 3000 35 12471 108.72 4248 95 9432
34.87 0 15 033 0.30 3000 35 12471 108.72 4246 95 43
34.87 0 15 033 0.30 3000 35 12471 108.72 4246 95 9432
3487 0 15 033 -0.30 3000 315 12471 108.72 4248 95 9432
3487 0 15 033 030 3000 35 12471 10872 4248 5 M2
3487 0 15 236 033 £0.30 3000 35 12471 10872 4246 85 94.32
4 0 15 2366 033 030 3000 35 12471 108.72 4248 95 uR
0 15 2366 2033 030 3000 35 12471 108.72 4248 95 MR
0 15 2366 033] 0.30 3000 35 12471 10872 4246 95 9432
0 1.5 -0.33 -0.30 3000 315 12471 10872 4246 95 MR
0 1.5 033 -0.30 3000 315 12471 10872 4246 95 94.32
0 15 033 0.30 3000 35 12471 10872 4248 95 MR
0 15 033 030 3000 315 12471 108.72 4246 85 94.32
[} 1.5 033 0.30 3000 315 12471 108.72 4246 95 94.32
0 1.5 033 0.3 3000 315 12471 10872 4246 95 9432
0 15 033 030 3000 N5 12471 10872 4246 95 4R
0 1.5 033 0.30 3000 35 12471 10872 4246 85 9432
0 15 033 030 3000 35 12471 10872 4246 95 43
0 1.5 0.3 0.30 3000 35 12471 108.72 4246 85 %432
0 15 033 030 3000 315 12471 10872 4246 85 94.32
0 1. B -0.30 3000 35 12471 10872 4246 95 94.32
0 1. 0. -0.30 3000 315 12471 10872 4246 85 94.32
0 1. 0. 030 3000 35 12471 108.72 4248 95 9432
0 1. < 0.30 3000 35 12471 108.72 4248 95 4

4246Q .x1s; Cq
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 10

] ] ] ] [ I I I I ] I | I ] |
Time Tube Shell
hrs T!.ave’ tho I cp | mu K [ Vel ‘ Re Pr "(Ef‘”n”' Tt.ml tho | cp [ mu ' K ] Vel l Re I Pr |"m)"‘" kmetal  Udirty
2837) 11841 6160 09973 3.80E-04 0.369 5609 49342 36975 1499 10053 6199 09977 455E04 0362 23652 107338 45176 1187 8.748] 32154
3037| 117.83 6161  0.9973 3.83E-04 0369  5.609 49,082 37200 1496 10033 6199 09977 456E04 0362 3652 107,109 45285 1186 8.746] 32127
3137| 11757 6162 09973 3.B84E-04 0369 5609 48963  3.7303 1494 10023 6199 09977 4S7EO4 0362 3652 107,005 45335 1185 8745  321.15]
31.87| 11744 6162 09973 3.84E-04 0369 5609 48905  3.7353 1493 100.19 6199 09977 4.57E-04 0.362 3652 106,954  4.5359 1185 8.744  321.09
3237] 11731 6162 09973 3.84E-04 0.369 5609 48,848 37403 1493 10014 6199 09077 457604 0362 3652 106904 45383 1185 8744  321.03
32.87| 11719 6163 09973 3.85E-04 0.369 5609 48792  3.7452 1452 10010 6200 08977 4S7E04 0362 3652 106855 4.5406 1185 8743 32097
3337  117.07 6163 09973 3.85E-04 0369 5609 48,737  3.7500 1491 10006 6200 09977 4.58E-04 0362 3652 106,807  4.5429 1185 8743 32091
33.87| 11695 6163 09973 3.86E-04 0369 5609 48684  3.7547 1490 100.01 6200 08977 4.58E-04 0362 3652 106,759  4.5452 1184 8743
3437| 11683 6163 08972 3.86E-04 0369 5609 48631  3.7504 1490 9997 6200 08977 4S58E04 0362 23652 106,713 45474 184 8742
3487 118671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 09977 458ED4 0362 3652 106667 4.54% 1184 8742
14.87| 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 08977 4S8E04 0362 3652 106667 4.54% 1184 8742
34.87|  116.71 6164 09972 3.87E-04 0.369 58609 48579  3.7639 1489 99.93 6200 09977 458E-04 0362 3652 106,667  4.5496 1184 8742
3487 11671 6164 09972 3.87E-04 0.369 5609 48579 37639 1489 9993 6200 08977 458E04 0362 3652 106667 4549 1184 8742
34.87|  116.71 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9093 6200 00977 4S8E04 0362 3652 106667 4.549 1184 8.742
3487| 11671 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9993 6200 08977 4S8E04 0362 3652 106667 4.5496 1184 8742
3487 11671 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9983 6200 09977 458E04 0362 3652 106,667  4.5496 1184 8.742
3487 11671 6164 09972 3.87E-04 0.369 5609 48579 37639 1489 9993 6200 09977 4S58E04 0362 3652 106667  4.54% 1184 8742
4.87| 11671 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9993 6200 0.9977 4S8E-04 0362 3652 106667 45496 1184 8742
3487| 11671 6164 09972 3B7E-04 0369 5609 48579 37639 1489 9993 6200 09977 458E-04 0362 3652 106667  4.5496 1184 8742
3487 11671 6184 09972 3.87E-04 0369 5609 48579  3.7639 1489 9993 6200 089977 4S58E04 0362 3652 106667 4549 1184 8.742
3487 11671 6164 09972 387E-04 0369 5609 48579 37639 1489 9983 6200 09977 4S8E04 0362 3652 106667 4.54% 1184 8.742
3487 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 09977 458E-04 0362 3652 106667 4549 1184 8742
3487 11671 6164 09972 3.87E-04 0.369 5609 48579  3.7639 1489 9993 6200 09977 458E-04 0362 3652 106,667  4.5496 1184 742
3487 11671 6164 09972 3.87E-04 0.369 5609 48579 37639 1489 99.93 6200 09977 458E04 0362 3652 106667  4.5496 1184 8742
3487 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1480 9993 6200 09077 458E04 0362 3652 106667 45496 184 8.742
3487 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 09977 45S8E04 0362 3652 106667  4.5496 1184 8742
3487 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 09977 458E-04 0362 3652 106667 45496 1184 8742
3487 11671 6164 09972 3.87E-04 0.369 5.609 48579 37639 1489 9993 6200 09977 458E04 0362 3652 106667  4.5496 184 8742
3487 11671 6164 09972 3.87E-04 0.369 5609 48579  3.7639 1489 99.93 6200 09977 4.58E-04 0362 3652 106,667  4.5496 1184 8742
34.87| 11671 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 99.93 6200 09977 4.58E-04 0362 3652 106,667  4.5496 1184 8.742
3487| 11671 6164 09972 3.87E-04 0369 5.609 48579  3.7639 1489 9993 6200 09977 458E-04 0362 3652 106667  4.5496 1184 8742
3487 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9093 6200 08977 458E04 0362 3652 106667 45496 1184 8742
3487 11671 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9993 6200 09977 458E-04 0362 3652 106667  4.549 1184 8742
34.87) 11871 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 99.93 6200 09977 458E-04 0362 3652 106667  4.5496 1184 74
4.87| 11671 6164 09972 3.87E-04 0369 5809 48579 37639 1489 9993 6200 09977 4S58E-04 0362 3652 106667  4.5496 1184 74
4.87| 11671 6164 09972 3.87E-04 0369 5609 48579 37639 1489 9993 6200 08977 458E-04 0362 3652 106667 4549 1184 74
3487 116.71 6164 09972 3.87E-04 0369 5609 48579  3.7639 1489 9993 6200 0.9977 4.58E-04 0362 3652 106,667  4.5496 1184 74
|
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Calc 17321-01-PM-44-3, Shutdown Cooling Time
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] | | i i
. Tto Ts.0 Qeew, Total CCW Duty cew
Time SDC HX tube side SDC HX shell side SDCDuUty| ot | perate other | COWDUY| coiny ol # COWHX = oy Tornp
hrs w wep cr NTU ffectivenest DT Tto w ] WCp l cr ] NTU }nmam{ DTs Ts,0 Btu/hr mmBtu/hr | mmBtuhr | gpm mmBtu/hr Ts.o
| 2837 1,482,267 1478283 0702 1092 0527 17.08  109.87 2,111,148 2106245  #NA #NA #NA 1199 10653 2525 109.87) 10653 7.358 | 3261 | 8,100 3 10.87 94.54
30.37| 1,482,569 1,478,550  0.702 1.091 0.527 16.71 109.48 2111237 2,106,328 #NA #NA #NA 1173 106.19 2471 10948 106.19 7.358 32.07 8,100 3 10.69 94.46
31.37| 1482,706 1478671  0.702 1090 0527 16.54  109.30 2,111,278 2,106,365 #N/A #NA #NA 1161 106.04 2446] 10930 106.04 7.358 | 31.82 | 8,100 3 1061 )
31.87| 1482773 1478730  0.702 1090 0527 1646 10921 2,111,207 2,106383  #NA #NA #NIA 1156 10597 2434 109.21] 10597 7358 | 3170 | 8,100 3 10.57 94.41
32.37| 1482838 1478788  0.702 1090 0526 1638 109.13 2,111,317 2106401 #NA  #NA #NA 1150 10589 2422] 109.13] 10589 7358 | 3158 | 8,100 3 1053 94.39
32.87| 1482903 1478845 0702 1090 0526 1630 109.04 2111336 2106419  #NA #NA #NA 1144 10582 24.10] 109.04| 10582 7358 | 3146 | 8.100 3 10.49 94.38
3337 1,482,966 1478901 0702 1.089 0526 1622  108.96 2,111,355 2106436 #NA #NA #NA 138 10575 2399 108.96] 10575 7.358 31.35 8,100 3 10.45 94.36
33871483028 1478956 0.702 1089 0526 1614  108.88 2,111,373 2106454  #N/A #NIA #A 1133 10588 2388 106.88] 10568 7.358 | 3123 | 8,100 3 1041 94.35
34.37| 1483088 1479009  0.702 1089 052 16.07  108.80 2,111,391 2106470  #N/A #NIA #NA 1128 10561 23.77) 108.80| 10561 7358 | 3112 | 8,100 3 10.37 94.33
34.87| 1,483,148 1479062 0702 1.089 0526 1599  108.72 2,111,409 2106487 #NA #NA #NA 1123 10555 108.72] 105.55 7358 | 31.02 8,100 31034 94.32
34.87| 1483,148 1479062 0702 1.089 0526 1599 10872 2111409 2106487 #NA #NA #NA 1123 10555 . 105.55 7.358 3 10.34 94.32
34.87| 1483,148 1479062  0.702 1.089 0.526 1599  108.72 2,111,409 2106487 #NA #NA #NA 1123 10555 ; 10555’ 7.358 3 10.34 | %32
34.87| 1,483,148 1479062  0.702 1089 0526 1599  108.72 2,111409 2106487 #NA #NA #NA 1123 10555 ] 105.55 7.358 3 10.34 94.32
34.87| 1,483,148 1479062  0.702 1.089 0526 1599  108.72 2,111,409  2,106487 #NA #NA #NA 1123 10555 B 105.55 7.358 3 10.34 94.32
34.87| 1,483,148 1,479,062  0.702 1089 0526 1599 10872 2,111,409 2,106, #NA #NA #NA 1123 10555 10555 7.358 3 10.34 9432
34.87| 1483148 1479,062 0.702 1089 0526 1599  108.72 2111409 2106487  #NA #NA #NA 1123 10555 ! 105.55 7.358 3 10.34 94.32
34.87| 1,483,148 1479062 0702 1.089 0.526 15.99 108.72 2111409 2106487 #NA #NIA #NA 123 105.55 B 105.55 7.358 3 10.34 94.32
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2,106487  #N/A #NA #NA 1123 10555 108.72| 10555 7.358 310 94.32
34.87| 1,483,148 1479062 0.702 1.089 0526 1599  108.72 2,111409 2106487 #NA #NIA #NA 1123 10555 108.72] 10555 7.358 3 10.34 9432
34.87| 1,483,148 1479062  0.702 1.089 0526 1599  108.72 2111409 2106487 #NA #NA A 1Ay 10886 2 - 108.72|  105.55 7.358 3 10.34 94.32
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2106487  #NA #NA #NA 1123 10555 ¢ 72| 10555 7.358 3 10.34 94.32
34.87| 1,483,148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2106487  #NA #NIA #NA 1123 10555 .7 10555 7.358 3 10.34 94.32
34.87| 1,483,148 1479062 0702 1.089 0526 1599  108.72 2,111, 2,106 487  #N/A #NA #NA 1123 10555  : B 10555 7.358 3 10.34 | 9432
34.87| 1,483,148 1479062 0702 1089 0526 1599  108.72 2,111409 2106487 #NA #NIA #NA 1123 10555 i 10555 7.358 3 10.34 9432
34.87| 1483,148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2106487  #NA #NA #NA 1123 10555 108.72|  105.55 7.358 3 10.34 94.32
34.87| 1483,148 1479062  0.702 1089 0526 1599  108.72 2111409 2,106,487 #N/A #NA #NA 1123 10555 108.72| 10555 7.358 3 10.34 94.32
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2106487 #NA #NA #NA 1123 10555 4 108.72| 10555 7.358 3 10.34 94.32
34.87| 1,483,148 1479062 0702 1.089 0.526 15.99 108.72 2,111,409 #NA #NA #NA 1123 105.55 . 72| 105.55 7.358 3 10.34 94.3
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,409  2,106487  #N/A #NIA #NA 1123 10556 I 10555 7.358 3| 1034 94.3
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,400 2106487  #NA #NA #NIA 1123 10555 X 105.55 7.358 3 1034 94.32
34.87| 1483,148 1479062  0.702 1089 0526 1599  108.72 2,111409 2106487 #NA #NIA #NA 1123 10555 3.66 | 7.358 3 1034 94.32
34.87| 1483,148 1479,062  0.702 1.089 0526 1599  108.72 2,111,409 2106487  #N/A #NIA #NA 1123 10555 2366 7.358 3 10.34 94.3
34.87| 1483148 1479062  0.702 1089 0526 1599  108.72 2,111,409 2106487  #NA #NA #NA 1123 10555 2366 ] 7.358 3 10.34 94.32
34.87| 1,483,148 1,479,062  0.702 1.089 0526 1599 10872 2,111,409 2106487 #NA #NA #NA 1123 10555 2366 7.358 3 .34 94.3
34.87| 1483,148 1,479,062  0.702 1089 052 1599  108.72 2,111,409 2106487 #NA #NA WA 1123 10555 2366 } ¥ 7.358 3 34 94.32
34.87| 1,483,148 1479062  0.702 1089 0526 1599 10872 2111409 2106487  #NA #NA #NA 1123 10555 2366 ; f 7.358 3 .34 94.32
34.87| 1,483,148 1479062 0702 1.089 0.526 15.98 108.72 2111409 2,106487 #NA #NA #NA 1123 10555 2366] 108.72] 105.55 7.358 3 .34 34.32
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Calc-PM44-3 At2-1_SDC_C

Time4246Q.xls; C:

Shutd Cooling T Transient with 90F River Water sDC
Hx Fouling = 0. hr-F-sqft/Btu, CCW Hx Fouling = 0. hr-F-sqft/Btu
Initial RC Temperature. F 350 SDCHX__|CCWHX
Initial Time 2 2754 Shell Film Multiphi 0.09751
 RCS Temperature after 8 hours | . 14093 | i i /Shell Film Re power 061709
Time after trip to 130F Primary Coolant Temp 13.73 {Initial CCW to SDCHx 4246 Shell Film Pr power 0.333
[Time after SDC initiation to 130F PC Temp 1.7 CCW Flow Step Temp | 275 |Fouling (total = tube side) I 0 0|
Decary heat equilibrium at 90F river temp 12.28 | [ 0.00418 0.004,
SDCHx
Time Step Qo) P(pp) P(ip) Psdc | TotalQ dTre Tube Shell
hrs hrs [__ degFhr  Q, gpm Pi Tt Tto Q, gpm Pi Tsi
00, 0. 54.966 18 15] 21420 -139.73  -127.03 3000 315 35000 19277 4248 95 10946
10 54.107 18 15 -20401] -13040 -11855 3000 315 33730 18843 4246 95 10868
20 3.300 18 15 -19443] -12163 -110.58 3000 315 32544 18432 4246 95 10784
.30 52.540 18 1.5  -18545] -11341  -103.10 3000 315 31438 18044 4246 95 10723
40 3 51822 18 15 -177.03] 10571  -96.10 3000 315 30407 17678 4248 95  106.56
250 010 51.143 18 1.5 -169.15 9850  -8955 3000 315 29447 17333 4248 85 10503
260 010 50.500 18 1.5 -161.78]  -91.78, 8343 3000 315 28551  170.08 4246 95 1054
2.70 005  49.888 18 15 -154.89 8550  -77.73 3000 315 27717 167.03 4248 95 10478
275 010, 49593 18] 15 15168 8258  -75.08 3000 315 27328 16559 4246 95 10451
2.85 010 49.024 18 1.5 -14546 -76.94  69.94 3000 315  265.77  162.80 4246 95  104.00
295 010 48.481 18 15 13966 7168  65.16 3000 315 25878 160.19 4246 5 10352
305 010  47.961 18 15 -13424 £6.78)  60.71 3000 315 25226  157.73 4246 85 10307
3145 010,  47.464 1 15 -129.19 6223 5657 3000 315 246.19 15543 4246 95 10284
325 010  46.987 1€ 15 -124.47 5799 5272 3000 315 24053 15327 4246 95 10224
3.35 0.10 46529 1 15 -120.08 5405 4913 3000 315 23526 15125 4246 95 10187
345 010,  46.089 15 11597 50.38] 4580 3000 315 23035  149.35 4246 95 10182
355 0.10]  45.666 15 -112.14| 4698 4271 3000 315 22577 14758 4246 95 10119
365 011 45251 1.5 -108.51 4376 -39.78 3000 35 2142 14588 4246 95  100.87
376 012 44822 8 15 -104.87 4055  -36.86 3000 315 21708 14418 4246 95 10056
3.88 0.13) 44381 18 15 -101.26 37.38  -33.98 3000 315 21276 14249 4246 85 10024
4.00, 0.14 43926 18, 15 -97.68 23425 3114 3000 315 20849  140.80 4246 95 9993
414 015 43.455 18 15  -94.14| 3118 -28.35 3000 315 20427 13943 4246 95 0962
429 016/  42.968 18] 15 9064 2817 2561 3000 315 20010 13746 4246 85 6931
445 0.18]  42.460 0 15 -87.19] 4323 -39.30 3000 315 19599 13582 4246 95 9900
462 0.20] 41,930 0 15 -81.38]  -37.95 3450 3000 315  189.05  133.02 4246 95 9848
482 013] 41.373] 0 15 -75.73 3286 2987 3000 315 18232 13029 4246 95 9797
495 0.14]  41.027 [) 15 7254 3002 2729 3000 315 17852  128.74 4246 95 9768
5.09' 017 40.645 ) 15 69.23 2708, 2462 3000 35 156 121 4246 85 97.38
526 0.18]  40.223 0 15 6578 2406  -21.87 3000 315 17044 12541 4248 95 9708
5.44 020 39780 0 15 6242 2114, 1922 3000 315 16644 12375 4246 85 96.75
564 20 39.319 0 15 -59.21 -18.39)  -1672 3000 315 1m25 @ 12215 4248 95 9648
584 20 38.879 0 15 5641 1604 -14.58 3000 35 15028 120 4246 9 9620
6.04 20 38.458 0 15 -53.98 -1402]  -1275 3000 315 15633 11953 4248 L
6.24 .20, 38.056 0 15 5185  -1230 -11.18 3000 315 15378 11846 4248 95 8T
644 20 37.670 0 15 -49.99 -10.82 983 3000 35 15188 1115 4246 95 9560
664 200 37.300 0 15 4835 -9.55 868 3000 315 14958 11668 4246 95 9544
684 20 36944 0 15 4690 846 769 3000 315 14784 11595 4246 95 9y
7.04 20, 36.602 0 15 4562 152 683 3000 315 14631 11529 4246 85 9519
724 20 36.272 0 15 4448 671 £.10 3000 35 14494 11471 4248 95 9508
744 20]  35.954 0 15 4347 .01 547 3000 35 M e 4246 95 9498
7.64 020 35647 0 15 4256 541 492 3000 35 14283 11372 4246 95 8490
7.84 020 35351 0 15 4174 -4.89 444 3000 315 14164 11330 4248 95 M8
8.04 0.20 5.065 0 15 -41.00 444 4.03 3000 M5 14075 11282 4246 95 8475
824 20] 34788 0 15 4033 4.04 -368 3000 315 13995 11258 4246 95 9469
44 20 34519 0] 1. -39.72 -3.70 -3.36 3000 35 13921 11226 4248 95  M483
64 20]  34.259 0 15 -39.16 -340 3.09 3000 315 13854 11197 4248 95 s
84 20 34.007 0 7 -38.65 344 286 3000 M5 Wwwe N 4246 95 M5
04] .20 762 0 1. -38.17 291 265 3000 315 13735 11146 4246 95 9448
.24 0.20 524 0 1 -37.73 271 246 3000 M5 . 13682 M2 4246 95 9444
9.44 020, 33293 0 5 -37.33 253 230 3000 5 w3 1102 4248 95 9440
9.64 020  33.068 0 5] -36.94 238 216 3000 315 13587  110.82 4246 85 9436
9.84 020 32.850 0 5 -36.59 224 203 3000 315 13544 110.63 4248 95 3
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Time Tube Shell
hrs n,m’ tho } cp | mu K ] Vel | Re Pr "m’;‘" Ttave | tho ] cp }
00| 27139 5559  1.0185 1.40E-04 0.396 5609 121220 12931 2168 16100 6097  1.0007 3652 2.5068
10|  262.86 5604  1.0163 145E-04 0396 5609 117469 13428 2146 15273 6104  1.0004 3652 25743
20| 254.88 5645 10143 151E-04 0396 5609 113,883 13935 2123 15465  61.10  1.0002 3652 26407
30 247.41 5683 10125 1.57E-04 0.395 5609 110470 14449 2100 15175 6116  1.0000 3652 2.7059
40| 24043 5717 10110 1.62E-04 0.395 5.609 107,235  1.4968 2078 149.04 6121  0.9988 3652 2.7695
50| 23390 5747  1.0097 1.68E-04 0.394 5609 104,177 15490 2056 14649 6126 09096 3852 28315
60| 22780  57.75  1.0085 1.74E-04 0394 5609 101,296 16013 2034 14410 6130 09995 3652 28917 3
270 22210 5801 10075 1.79E-04 0393 5609 98586 16534 2013 14187 6134 09993 309E04 0377 3652 156542 29500 1353 9.192 55966
275 21944 5813 10070 1.82E-04 0393 5609 97,315 16789 2003 14083 6136 09993 312E04 0376 3652 155244 29779 1349 181
285 21429 5835 10062 1.87E-04 0392 5609 94,849  1.7304 1983 13882 6140 09991 3.47E-04 0376 3652 152736  3.0332 1341
295 20948 5855 10054 1.93E-04 0392 5609 92537 17814 1964 13693 6143 09990 322E04 0375 3652 150401 3.0864 1334
3.05| 205.00 5874  1.0047 1.98E-04 0391 5609 90375  1.8316 1945 13547 6146 09989 JI27E-04 0375 3652 148228  3.1376 1328
3.15| 20081 58.91  1.0042 2.03E-04 0390 5609 88352  1.8809 1928 13352 6149 09988 332604 0374 23652 148,205  3.1866 1321
325 196.90 59.07  1.0036 2.08E-04 0.390 5609 86462  1.9292 1911 13199 6152 09988 3.36E-04 0374 3652 144322 32337 1316
335/ 19326 5921  1.0032 2.13E-04 0389 5609 84697  1.9764 1895 13055 6154 09987 340E04 0373 3652 142569 32786 1310
345 189.85 5034 10028 2.18E-04 0389 5609 83049  2.0224 1879 12021 6156 09986 344E-04 0373 3652 140938 33215 1305
3.55| 18667 5946  1.0024 2.22E-04 0388 5609 81511 20671 1865 12796 6158 09986 348E04 0372 3652 130418 33624 1300
365 18365 5957  1.0020 2.27E-04 0387 5600 80,050 21113 1851 12677 6160 09985 352E04 0372 3652 137979 34021 1205
376] 18063 5969  1.0017 2.31E-04 0387 5609 78,589  2.1572 1837 12558 6162 09985 O3.56E-04 0371 3652 136543 34425 1291
3.88 17763 59.79 1.0014 2.36E-04 0386 5609 77136 22047 1823 12440 6164 09984 360E-D4 0371 3652 135117 34836 1286
400] 17465  59.90  1.0011 241E-04 0.386 5609 75699 22536 1808 12322 6166 09984 364ED4 0371 23652 133,709 35251 1281
4.14| 17170 60.00  1.0008 2.46E-04 0385 5609 TA2TT 23040 1794 12206 6168 09983 367E04 0370 3652 132318  3.5669 1217
429) 16878  60.11 10005 251E-04 0384 5609 72873 23557 1779 12081 6170 09983 371E04 0370 3652 130948 36092 12712
445 16590 6020  1.0003 257E-04 0384 5609 71490 24088 1765 11878 6172 09982 375604 0369 3652 599 36516 1268
462 16104 6036 09999 266E-04 0382 5609 69,161 25033 1740 117.86 6175 09981 382E-04 0369 3652 127331 37252 1260
4.82| 15630 6052 09995 2.76E-04 0381 5609 66,902 26017 1715 11600  61.77 09981 389E04 0368 3652 125136 3.7990 1252
495| 15363 6060 09993 2.81E-04 0381 5609 65630 26603 1701 11495 6179 09980 393E04 0368 3652 123901 38418 1248
509 15084 6069 09991 2.88E-04 0380 5609 64,308 27237 1686 11386 6181 09980 3.97E-04 0367 3652 122620 38872 1243
526/ 14793  60.78 09989 2.94E-04 0379 5609 62932 27927 1670 11271 6182 09980 402E04 0367 3652 121287 39385 1239
544| 14510  60.86  0.9987 3.01E-04 0378 5609 61,598  2.8628 1655 11161 6184 00070 406ED4 0366 3652 119996 39834 1234
564| 14237 6094 09985 3.08E-04 0377 5609 60321 29329 1639 11054 6185 09979 411E04 0366 3652 118760 40302 1230
5.84| 14000  61.01 09984 3.14E-04 0377 5609 59213 2.9964 1626 10961 6187 09979 414E04 0366 3652 117688 40717 1226
6.04| 13793 6107 09983 3.19E-04 0376 5609 58248  3.0537 1614 10881 6188 09979 4.18E04 0365 23652 116756 4.1084 1222
624) 13612  61.12 09982 3.24E-04 0375 5609 57407 31053 1604 10810 6189 09978 421E04 0365 3652 115943  4.1409 1219
6.44| 13453  61.16 09981 3.29E-04 0375 5609 56,670  3.1519 1595 10748 6190 09978 423E04 0365 3652 115231  4.1698 1217
664] 13313 6120 09980 3.33E-04 0374 5609 56,023  3.1939 1587 10693 6190 08978 426E04 0365 3652 114606 4.1955 1214
6.84) 13190 6123 09979 3.36E-04 0374 5609 55452 32317 1579 10645 6191 09978 428E04 0364 3652 114055 42184 1212
7.04) 13080 6126  0.9979 3.40E-04 0374 5609 54,948 32658 1573 10603 6192 09978 4.30E-04 0364 3652 113568  4.2388 1210
724 12983 6129 09978 343E-04 0373 5609 54500 32067 1567 10565 6192 00978 431E04 0364 23652 113135 42571 1200
744| 128396 61.31 09978 3.45E-04 0373 5609 54,101 33247 1562 10531 6193 09978 4.33E-04 0.364 3652 112,750 42736 1207
764 12818 6133 09977 348E-04 0373 5609 53743 33502 1558 10501 6193 00078 434E04 0364 3652 112405 42884 1206
784 12747 6135 09977 3.50E-04 0373 5609 53422 33733 1553 104.74 61.93 09978 4.36E-04 0.364 3652 112095 43018 1205
04] 12684 6136 09977 3.52E-04 0372 5609 53132 33945 1550 104489 6194 09977 437ED4 0364 3652 111,815 43139 1204
24] 12626 6138 09977 3.54E-04 0372 5609 52,869 34139 1546 10427 6194 09977 438E04 0364 3652 111561 43250 1203 %
44| 12574 6139 09976 3.55E-04 0372 5609 52629 34318 1543 10406 6194 09977 4.39E04 0363 3652 111329 43352 1202 .
64| 12526 6140 09976 3.57E-04 0372 5609 52410 34482 1540 10388 6195 09977 439E04 0363 3652 111,118 43M5 1201 ;
84 124.81 6141 09976 3.58E-04 0372 5609 52209 34635 1538 10371 6195 09977 4A40E04 0363 3652 110824 43531 1200 .
04| 12441 6142 09976 3.60E-04 0372 5609 52,023 34777 1535 10355 6195 08977 441E04 0363 3652 110744 43610 1200 :
24| 12403 6143 09976 3.61E-04 0371 5609 51,851 34910 1533 10340 6195 09977 442E-04 0363 3652 110578 43684 1199 X
944| 12367 6144 09975 362E-04 0371 5609 51,601 35034 1531 10327 6185 08077 442E04 0363 3652 110424 43753 1199 X
964 12334 6145 09975 3.63E-04 0371 5609 51,541  3.5150 1529 10344 6196 08077 4A3ED4 0363 3652 110279 43818 1198 8769 47934
984] 12304 6146 09975 364E-04 0371 5609 51,401 3.5260 1527 10302 6196 09977 4A43E-04 0363 3652 110,144  4.3879 1198 8767 47903
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i I 'CCW HX Fouling 0|
| !

Tto Tso Qcew, Total CCW Duty ccw

Time SDC HX tube side SOC HX shell side SDC DYl yortte | terate other | COWDUY| oo o # COWHK “ 0y Terrg
hrs WCp Cr NTU  iMfectivenes: DT Tto w ’ WCp I Cr I NTU }w:ammes{ DTs Ts,0 Btumhr mmBtu/hr | mmBtu/hr gpm mmBtu/hr Ts.0
00 1362359 0656 2167 0654 15723 19277 2076521 2077857 #NA VA EN/A 10308 21254  21420] 19277 21254 7.358 | 22156 100 3 | e 10948
.10 1370412 0659 2138 0651 14887 18843 2079605 #NA  SNA  BNA 9810 20678 20401 188.43] 20678 7.358 | 21137 100 3 70.46 108.68
20 1377766 0662 2111 0649 14112 18432 2080842 2081199 #NA  SNA  #NA 9342 20136 19443[ 184.32] 20136 7.358 | 201.79 100 3 67.26 107.94

.30 1384494 0665 2085 0647 13395 18044 2082685 #NA #NA #NA 8904 19627 18545] 180.44] 19627 7.358 | 19281 ,100 3 6427 10723
40] 1, 1390658 0667 2061 0645 12730 17678 2084537 2084067 #N/A  SNA  ENA 8494 19151 177.03| 176.78] 19151 7.358 | 184.39 | 8,100 3 61.46 106.56
250 1396311 0670 2039 0643 12114 17333 2086175 2085352 #NA  #NA  EN/A  BL11 18705 16915 173.33] 187.05 7358 | 17651 | 8,100 3 58.84 105,93
2560 1401501 0672 2018 0641 11543 17008 2087667 2086546 #NA  #NA  ENA 7753 18287  161.78] 170.08] 18287 7.358 | 169.13 | 8,100 3 56.38 105.34
2.70 1406270 0674 1998 0639  110.14  167.03 2087653 #NA @ #NA  NA 7419 17897 15489 167.03] 17897 7.358 | 16224 | 8,100 3 54.08 104.78
275 1408469 0675 1989 0638 10769 16550 2089727 2088,167 #NA  #NA  #NA 7264 17745 15168 16550 177.15 7.358 | 15903 | 8,100 3 53.01 10451
2.85 1412678 0676 1970 0637 10297 16280 2090963 2089155 #N/A  #NA  #NA 6963 17383 14546 16280 17363 7.358 | 15282 | 8,100 3 50.94 104.00
295 1416552 0678 1.954 0.635 98.59  160.19 2,092,103 #NA #NA #NA 6682 17034 13966 160.19] 170.34 7.358 | 147.02 | 8,100 3 49.01 10352
3.05 1420119 0679 1938 0634 9453  157.73 2,003157 #NA  SNA WA 6420 16727  13424| 15773 16727 7.358 | 14160 | 8,100 3 4720 | 103,07
315 1423406 0680 1923 0632 9076 15543 2004120 2001711 #NA #NA  #NVA 6176 16441 129.19) 155.43] 16441 7.358 | 13655 | 8,100 3 4552 10264
325 1426436 0682 1.909 0.631 8726 15327 2,005,028 2, #NA  BNA #NA 5049  161.73 12447 15327 16173 7.358 | 13183 | 8,100 3 439 102.24
335 1429230 0683 1896 0630 8401 15125 2095858 2093120 #NA  #NA  #NWA 5737 15923  12008] 151.25 15923 7.358 | 12743 100 3 4248 101.87
345 1431808 0684 1883 0629  81.00  149.35 2,096,626 #NA  #NA  #NA 5539 15691 115.97| 149.35] 156.91 7.358 | 12333 100 3 4111 10152
355 1434188 0685 1.872 0.628 7819 14758 2,097,336 2| #NA #NA #NA 5355 15473 11214 147.58] 15473 7.358 | 119.50 ,100 3 39.83 101.19
365 1436424 0686 1861 0627 7554 14588 2008005 2004885 #NA  #N/A  #N/A 5180 15267  10851] 14588 15267 7.358 | 115.86 100 3 3862 100.87
376 1438637 0687  1.850 0626 7290  144.18 2008668 2095434 #NA  #NA  #NA 5005 15060  104.87| 144.18] 15060 7.358 | 11223 | 8,100 3 s 100.56
3.88 1,440,815 0687 1.839 0.625 7028 14249 2099322 2095977 #NA #NA #N/A 4831 14855 101.26] 142.49) 14855 7.358 | 10861 | 8,100 3 36.20 100.24
4.00 1442948 0688 1828 0624 6769 14080 2099964 2096513 #NA  #NA  #NA 4659 14652 9768 140.80] 14652 7.358 | 105.04 | 8,100 3 35.01 99.93
4.14 1445034 0689 1817 0622 6514  139.13 2100504 2007039 #NA  #NA  #NA 4489 14451 94.14| 13913 1 7.358 | 10148 | 8,10 3 3383 99.62
429 1447072 0690 1806 0621 6264 13746 2101211 2097557 #NA @ #NA  INA 4321 142852 9064 137.46 7.358 | 9800 | 8100 | 3 3267 99.31
4.45 1449058 0691 1795 0620 6017 13582 2101815 2098065 #NA #VA  #NA 4156 14056 87.19] 13582 7358 | 9455 | 8,10( 3 31.52 99.00
462 1452352 0682 1777 0619 5603 13302 2102820 2098915 SNA  #NA  WNA 3877 13725 81.38] 133.02 7.358 | 88.73 | 8,10C 3 2958 98.48
482 1455485 0693 1759 0617 5203 13029 21037862 2099735 #NA #NA  #NA 3607 13404 7573 13029 7358 | 8309 | 8,100 3 27.70 97.97
4.95 1457222 0694 1.749 0616 4978 12874 2104318 2,100,194  #NA #NA #NA 3454 1222 72.54] 12874 7.358 79.90 8,100 3 26.63 97.68
5.09 1459005 0695 1739 0615 4745 12711 2104871 2. #NA  SNA O SNA 3296 13033 6923 127.11 7358 | 7659 | 8,100 3 2553 97.38
5.26 1,460,835  0.695 1.727 0614 4503 12541 2105442 2,101,162 #NA #NA #NA 3131 12837 65.78] 12541 7.358 73.14 8,100 3 24.38 97.06
5.44 1462587 0696 1717 0613 4268 12375 2105991 2101638 #NA  #NA  #NA 2970 12646 6242 12375 12646 7358 | 6978 | 8,100 3 2326 %675
5.64 1464241 0697 1706 0611 4044 12215 2106513 2102093 #NA  #NA  #NA 2817 12482 59.21| 12215 7.358 | 6657 | 8,100 3 2219 96.46
5.84 1465658 0697 1697 0610 3849 12076 2106962 2102486 #NA WA 2 NA 2683 12303 5641] 120.76 7.358 | 6377 | 8100 3 21.26 96.20
6.04 1466877 0698 1689 0610 3680 11953 2,107,351 2102827 #NA  SNA  #NA 2567 12164 53.98] 119.53] 7358 | 6134 | 8100 | 3 2045 95.97
6.24 1467920 0698 1682 0609 3532 11846 2,107,688 2103125 #NA @ #NA  #NA 2465 12043 51.85| 118.46 7358 | 5921 8,100 3 19.74 95.77
6.44 1468841 0698 1676 0608 3403 11752 2,107,982 2,103,384 #NA  #NA #NA 2376 11936 49.99]  117.52 7.358 | 57.34 | 8,100 3 1911 9560
6.64 1460636 0699 1670 0608 3290 11668 2108239 2103612 #NA  #NA  #NA 2298 11843 48.35] 11668 7.358 | 5570 | 8,100 3 1857 95.44
6.84 1470330 0699 1665 0607  31.90 11595 2108464 2103813 #NA  #NA 2 INA 2229 11760 46.90] 115.95] 7358 | 5426 | 8,100 3 18.09 [ 9531
7.04 1470941 0699 1661 0607  31.01 11529 2108663 2103990 #NA  #NA  #NA 2188 11687 4562 115.29 7.358 | 5298 | 8,100 3 17.66 95.19
7.24 1471479 0699 1657 0606 3023 11471 2108830 2104147 #NA  #NA  #NA 2114 11622 4448 11471 7.358 | 51.84 | 8,100 3 17.28 95.08
7.44 1471957 0700 1654 0606 2953 11419 2108995 2104287 #NA  #NA 2 SNA 2066 11554 4347) 11419 7.358 | 5082 | 8,100 3 ] 1694 94.98
7.64 1472382 0700 1651 0606 2890 11372 2109135 2104413 #NA  #NA  SNA 2022 11542 4256]  113.72] 7.358 | 4992 | 8,100 3 16.64 94.90
7.84 1472763 0700 1648 0605 2834 11330 2108260 2104525 #NA #NA  INA 1983 11465 4174 113.30] 7.358 | 4910 | 8,100 3 1637 | 94.82
.04 1473105 0700 1645 0605 2783 11292 2109373 2104627 #NA  #NA  #ENA 1948 11423 41.00  112.92] 7.358 | 48.36 | 8,100 3 16.12 | 94.75
.24 1473414 0700 1643 0605  27.37 11258 2109475 2104719 #NA WA #NA 1916 11385 4033 11258 7358 | 4769 | 8,00 3 15.90 94.69
44 1473694 0700 1641 0605 2695 11226 109568 2104803 #NA  #NA  #NA 1887 11350 39.72]  112.26] 7.358 | 4708 ,100 3 15.69 94.63
.64 1473950 0700 1639 0604 2657 11187 2108653 2104879 #NA 2 #NA WA 1860 11318 39.16]  111.97 7.358 | 4652 ,100 1551 94.57
.84 1474184  0.700 1637 0604 2622 1L 2109731 2104950 #NA @ #NA #NA 1836 11289 38.65 1.71 7.358 46.01 ,100 15.34 94.53
.04 1474400 0700 1636 0604 2589 11146 2100802 2105015 #NA  #NVA  #NA 1813 11262 38.17)  111.46 7.358 | 4553 ,100 15.18 94.48
.24 1474599 0700 1634 0604 2559 11123 2109869 2105075 #NA  SNA  #NA 1793 11236 37.73]  111.23] 112 7.358 | 4509 ,100 15.03 94.44
9.44 1474784 0701 1633 0.604 2531 11102 2,109,930 2105131  #NA #NA #NA 1773 11213 37.33]  111.02 7358 | 4468 8,100 3 14.89 94.40
9.64 1474956 0701 1.631 0.603 2505 11082 2,109988 2,105,183  #NA #NA #NA 1755 11191 36.94] 11082 7358 | 4430 | 8100 3 1477 94.36
9.84 1475117 0.701 1630 0603 2480 11063 2110042 2105232 #NA = #NA  ENA 1738 11171 36.59] 11063 7358 | 4384 | 8100 3 14.65 94.33
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Ti

SDCHx
Time Step Q(D) P(pp) P(ip) Psdc | TotalQ dTre Tube Shell
hrs hrs mmBtu/hr degF/hr | Q, gpm Tti Tto Q, gpm Pi Tsi
10.04 020 32637 0 15  -36.25 211 -1.92 3000 315 13503 11046 4246 95 94.30
1024, 020 32430 0 15 -3593 200 182 3000 315 13465 11029 4248 95 9427
1044 020 32228 0 15 -3563 -1.80 -1.73 3000 315 13428 110.14 4246 95 9424
1064 020] 32031, 0] 15  -35.34 1817 165 3000 315 13394 10999 4246 95 M2
10.84) 0.20 1.839 0 15 -35.07 -1.73 -1.57 3000 315 13361  109.84 4246 95 9418
11.04 020 31651 0 15 3481 166  -151 3000 315 13329 109.71 4246 95 9416
11.24 0.20 1.468 0 15 -3456 -1.59 -1.45 3000 35 13299 10958 4246 95 9414
1144 020 1.289 0 15 -4.32 -1.53 -1.39 3000 315 13270  109.45 4246 95 841
1164 020 31115 0 15 -34.09 147 -1.34 3000 315 13242 10933 4246 95 9409
11.84] 020 30944 0 15 -33.87 -1.42 -1.29 3000 315 13216 109.22 4248 95 9407
12.04 0200 30.777 0 15 ~33.6?1 -1.38] 125 3000 315 13190  109.10 4246 95 94.05
1224 20 30613 ) 15 . -1.33 -1.21 3000 315 13165  109.00 4248 95 9403
1244 20 30.454 0 15 129 147 3000 315 13140 10889 4248 95 94.01
12.64 20 30.297 0 1.5 -1.25 -1.14 3000 315 13117 108.79 4246 9% 93.99
12.84 20 30.144 0 15 -1.22 111 3000 315 13094 10869 4246 9% 83.97
13.04 020, 29.994 0 15 118 -1.08 3000 315 13072 108.59 4248 05 9396
1324 020 29.847 0 15 -1.15 -1.05 3000 315 13050  108.50 4248 95 9394
1344 020 29.702 0 15 142 -1.02 3000 315 13030 10841 4246 9 9392
1364 020 29.561 0 15 -1.10 -1.00 3000 315 13009 10832 4248 95 9391
13.84 020, 20422 ) 15 -1.07 097 3000 315 12989 10823 4246 95 9389
14.04 020 29.286 [ 15 -1.05 0.95 3000 35 12970 108.15 4248 95 9387
14.24 020 29.153 0 15 -1.02 0.93 3000 315 12051 108.07 4246 95 9388
1444 020  29.022 0 15 -1.00 0.91 3000 315 12932 107.98 4248 95 9384
14.64 020  28.893 0 15 098 0.89 3000 315 129.14  107.91 4248 95 9383
1484 020 28.767 0 15 2 096 087 3000 315 12896  107.83 4248 95 9382
15.04 020 28643 [ 15 -31.08 0.94 0.85 3000 315 12879 107.75 4246 95 9380
1524 020 28521 0 15 -30.94 092 083 3000 315 12862 10768 4246 95 9379
1544 020 28.401 ) 15 -30.80 -0.90 0.82 3000 315 12845 10761 4245 95 9377
1564 020 28283 0 15 -3067 088 0.80 3000 315 12829 10753 4246 05 9376
15.84 020 28167, 0 15 -3053 087 079 3000 315 12813 10746 4246 95 9375
16.04. 020 28.053 0 15 -30.40 -0.85 077 3000 315 12797 10740 4246 95 93.74
1624 020 27.941 0 15 -30.28 083 0.76 3000 35 w2E 1 4246 s R
16.44 020 27.831 0 15 -30.15 082 0.74 3000 315 12766  107.26 4248 9 an
16,64 020 27722 0 15 -30.03 0.80 0.73 3000 315 12751 107.20 4248 95  9am
16.84 200 27618 1.5 2091 0.79 0.72 3000 315 12737 107.13 4248 95 9369
17.04 .20 7.510 15 2079 0.78 071 3000 35 12722 107.07 4246 95 9368
17.24 20 7.407 15 -2967 0.76 069 3000 315 127.08  107.01 4248 95 9367
17.44 20 7.305 15 -29.56 075 068 3000 315 12694  106.95 4248 95 9365
17.64] 20 7205, 0 -29.44 074 067 3000 315 12681  106.89 4248 95 9364
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

I ! l I ] I I | I | I
Time Tube Shell
hrs Tt,avei tho ' cp ‘ mu K Vel I Re Pr "g“_‘é"" Tl,ml tho ’ cp [ mu [ K ‘ Vel l Re Pr "‘3_“,")"' kmetal  Udity
10.04] 12274 6146 09975 3.65E-04 0371 5609 51,269 35364 1525 10291 6196 09977 444E-04 0363 3652 110017 43936 1197 8766 478.74
1024] 12247 6147 09975 3.66E-04 0371 5609 51,145 35463 1523 10280 6196 09977 444ED4 0363 3652 109897  4.3990 1197 8765 47847
1044] 12221 6148 09975 3.67E-04 0371 5609 51027 35557 1522 10270 6196 09977 445E-04 0363 3652 109,783  4.4042 1196 8764 47820
1064| 12196 6148 09975 3.68E-04 0371 5609 50915  3.5647 1520 10260 6196 09977 445E-04 0363 3652 109675 44091 1196 8763
10.84) 12173 6149  0.9975 3.69E-04 0371 5609 50,808 35733 1519 10251 6196 09977 446E-04 0363 3652 1 44138 1195 8762
11.04] 12150 6149 09974 3.70E-04 0371 5609 50,706  3.5815 1518 10243 6196 09977 446E04 0363 3652 109473 44182 1195
11.24| 12128  61.50  0.9974 3.70E-04 0370 5609 50609  3.5894 1516 10234 6197 09977 447E04 0363 3652 109379 44225 1195
1144 12108 6150 09974 3.71E-04 0370 5609 50515 35970 1515 10226 6197 09977 447E-04 0363 3652 4.4267 1194
1164| 12088 6151 09974 3.72E-04 0370 5609 50,425  3.6044 1514 10219 6197 09977 44TE04 0363 3652 109202 4.4306 1194
11.84) 12069 61.51 09974 3.72E-04 0370 5609 50339 36115 1513 10241 61.97 08977 4.48E-04 0.363 3.652 109,118 4.4345 1104
12.04] 12050 6152 09974 3.73E-04 0370 5609 50,255 36184 1511 10204 6197 09977 448E-04 0363 3652 109038 44382 1193
1224| 12032 6152 09974 3.74E-04 0370 5609 50,174  3.6251 1510 10197 6197 08977 4A48E-04 0363 3652 108950  4.4418 1193
1244] 12015 6153 09974 3.74E-04 0370 5609 50,096 36316 1509 10190 6197 09977 449E-04 0363 3652 108,884  4.4452 1193
1264 11998 6153 09974 3.75E-04 0370 5609 50,020  3.6379 1508 101,84 6197 09977 449E-04 0363 3652 108811  4.4436 192
12.84| 11982 6153 09974 3.75E-04 0370 5609 49946 36441 1507  101.78 6197 09977 449E-04 0362 3.652 108,740  4.4518 1192
13.04] 11966 6154 09974 3.76E-04 0370 5809 49875 36500 1506 10171 6197 09977 4.50E-04 0362 3652 108671 44551 1192
1324| 11950 6154 09974 3.77E-04 0370 5609 49805 36559 1505 10165  61.98 09977 4.50E-04 0362 3652 108604 44582 1192
13.44] 11935 6155 09974 3.77E-04 0370 5609 49738 36616 1504 10160 6198 09977 4.50E-04 0362 3652 108538 44612 1191
1364 11921 6155 09973 3.78E-04 0370 5609 49672 36672 1504  101.54 6198 09977 4.50E-04 0362 3652 108474  4.4642 1191
1384] 11906 6155 09973 3.78E-04 0370 5609 49607 36726 1503 10149 6198 09977 451E04 0362 3652 108412 44671 1191
14.04] 11892 6156 09973 3.79E-04 0370 5609 49544 36779 1502 10143 6198 09977 451E-04 0362 3652 108,352  4.4699 191
1424] 11879 6156 09973 3.79E-04 0370 5609 49483 36832 1501 10138 6198 09977 451E04 0362 3652 108293 44726 1190
1444 11865 6156  0.9973 3.80E-04 0.369 5609 49423 36883 1500  101.33 6198 09977 451E04 0362 3652 108235 44753 1190
1464| 11852 6156 09973 3.80E-04 0369 5609 49365 36933 1499 10128 6198 09977 452604 0362 3652 108178 44780 1190
1484| 11840 6157 09973 3.B1E-04 0.369 5609 49307 36982 1499 10123 6198 09977 452604 0362 3652 108123 44806 1190 8750 474.34
15.04| 11827 6157 09973 3.81E-04 0369 5609 49251 37030 1498 10118  61.98 09977 452604 0362 3652 44831 190 8749 47421
1524] 11815 6157 09973 3.B1E-04 0369 5609 49197 37077 1497 10113 6198 09977 452604 0362 3652 108016 44856 1189 8749 474.09|
544| 11803 6158 09973 3.82E-04 0369 5609 49143 37124 1496 101.09 6198 09977 453E04 0362 3652 107964 44880 1189 8.748
564 11791 61.58 09973 3.82E-04 0369 5609 49,090 37170 1496 101.04 6198 09977 453E-04 0362 3652 107913 44904 1189 8.748
584| 117.80 6158  0.9973 3.83E-04 0.369 5609 49038 37214 1495 10100 6198 09977 453E04 0362 3652 107863 44928 1189 8748
16.04| 11768 6158 09973 3.83E-04 0369 5609 48,988  3.7259 1494 10095 6198 09977 453E04 0362 3652 107814 44951 1189 8.747
16.24| 11757 6159 09973 3.83E-04 0369 5609 48938  3.7302 1494 10091 6198 09977 453E-04 0362 3652 107,766 44973 188 8.747
1644 11746 6159 09973 3.84E-04 0369 5609 48889 37345 1493 10087 = 6199 08977 454E04 0362 3652 107,719  4.4995 1188 8.746
1664| 11736 6159 09973 3.84E-04 0369 5609 48841 37386 1492 10083 6199 09977 454E04 0362 3652 107673 45017 1188 8.746
84] 11725 6159 09973 3.85E-04 0369 5609 48794 37428 1492 10079 6199 09977 454E-04 0362 3652 107628  4.5039 1188 8.745
04| 117145 6160 09973 3.85E-04 0369 5609 48748  3.7468 1491 10075 6199 09977 454E04 0362 3652 107583  4.5060 1188 8745
24] 117.05 6160 09973 3.856-04 0.369 5609 48703 37508 1490 10071 6199 09977 454E-04 0362 3652 107539  4.5080 1188 8.745
744| 11695 6160 09973 3.86E-04 0369 5609 48658  3.7548 1490 10067 6199 09077 455E-04 0362 3652 107496  4.5101 1187 8.744
764| 11685 6160 09973 3.86E-04 0369 5609 48614  3.7587 1489 10063 6199 09977 455604 0362 3652 107454 45121 187 8744
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] I ]
Tto Tso Qeew, Total CCW Duty cew
Time SDC HX tube side SDC HX shell side SDCDuUty| e | perate other | COWDUtY| (o i ¥ COW Hx Temp
hrs w Wep Cr NTU iffectivenest DT Tto w wep Cr [ NTU }ﬁediveneo{ DTs Ts,0 Btuhr mmBtwhr | mmBtuhr | gpm mmBtu/hr Ts,0
10.04| 1478,973 1475268  0.701 1620 0603 2457 11046 2110093 2105278 #NA #NA #NA R un 36.25] 11046 11151 7.358 | 4361 8,100 3 14.54 94.30
10.24| 1479,134 1475411 0.701 1628 0603 2435 11029 110,140 2105321 #NA #NA #NA 1707 11133 3593 11029 111.33 7358 | 4329 | 8,100 3 1443 94.27
10.44| 1,479,286 1475545  0.701 1627 0603 2415 11014 2,110,186  2,105363 #NA #NA #NA 1692 11118 3563 11014 111.16 7358 | 4299 | 8100 3 1433 94.24
10.64| 1479430 1475673  0.701 1626 0603 2395  109.99 2110228 2105402 #NA WA WNA 1679  111.00 3534]  109.99] 111.00, 7358 | 4270 | 8,100 3 1423 94.21
10.84| 1479,567 1475795  0.701 1625 0603 2376  109.84 2110269 2105439 #NA #NA #NA 1666  110.84 35.07| 109.84] 110.84, 7.358 | 4243 | 8100 3 14.14 94.18
11.04] 1479698 1475911  0.701 1624 0603 2358  109.71 2,110,308  2,105474  #NA #NA #NA 1653 11069 3481 109.71] 11069 7358 | 4217 | 8,100 3 14.06 94.16
11.24] 1479822 1476,021  0.701 1623 0603 2341 10958 2110346 2105508 #N/A #NA #NA 1641 11056 3456 109.58| 110.55 7358 | 4192 | 8100 3 13.97 94.14
11.44] 1,479,942 1,476,127  0.701 1622 0602 2325 10945 2110381  2,105541  #N/A #NA #NA 1630 11041 34.32] 10945] 11041 7358 | 4168 8,100 3 13.89 94.11 |
11.64| 1480057 1476229  0.701 1622 0602 2309  109.33 2110416 2105573 #NA #NA #NA 16.19 11028 3409 10933 110.28] 7358 | 4145 | 8100 | 3 13.82 94.09
11.84| 1480,167 1476327  0.701 1621 0602 2294 10922 2110449  2,105603  #N/A #NA #NA 1608 110.15 3387| 109.22] 110.15 7358 | 4122 | 8,100 3 13.74 94.07
12.04 1480273 1476422 0.701 1620 0602 2279  109.10 2110481 2105632 #NA #NA #NA 1598 11003 3365 109.10] 110.03 7358 | 41.01 8,100 3 1367 | 9405
1224/ 1,480,376 1476513  0.701 1619 0.602 2265  109.00 2,110,511 2105660 #NA #NA #NIA 1588  109.91 3345 109.00/ 109.91 7.358 40.80 8,100 3 13.60 94.03
12.44| 1480475 1476601  0.701 1619 0602 2251 10889 2,110,541  2,105687 #N/A #NA  #NA 1579  109.80 3324| 10889 109.80 7358 | 4060 | 8,100 3 1353 94.01
12.64| 1480571 1476686  0.701 1618 0602 2238 10879 2110570 2105714 #NA #NA #NA 1570 10969 33.05| 108.79] 109.69 7.358 | 4041 8,100 3 1347 93.99
12.84] 1480664 1476769  0.701 1617 0602 2225 10869 2110598 2105739  #N/A #NA #NA 1561 10958 32.86] 10869 109.58 7358 | 4022 | 8,100 3 1341 93.97
13.04] 1480,754 1476849  0.701 1617 0602 2213 10859 2,110,625 2105764 #NA #NA #NA 1552 109.47 3268 10859 10947 7358 | 4004 | 8,100 3 13.35 93.96
13.24] 1,480,842 1476927 0.701 1616 0602 2201 10850 2110652 2105789 #NA #NA #NA 1543 10937 3250/ 108.50] 109.37 7358 | 39.86 | 8,100 3 1329 93.94
13.44| 1480927 1477,003 0.701 1615 0602 2189 10841 2110678 2105812 #NA #NA  BNA 1535 10927 3233] 108.41] 10927 7358 | 3968 | 8,100 3 1323 93.92
13.64| 1,481,010 1,477,077  0.701 1615 0602 2177 10832 2110703 2105835 #N/A #NA  #NA 1527 10918 32.16| 108.32] 109.18 7358 | 3952 | 8,100 3 1347 93.91
13.84| 1,481,091 1,477,149 0.701 1614 0602 2166 10823 2,110,727 2105858 #N/A #NA #NIA 1519  109.08 31.99 7.358 39.35 8,100 3 13.12 . 9389
14.04| 1481170 1477219  0.701 1614 0602 2155  108.15 2,110,751 2105879  #NA #NA #NA 1512 10899 31.83 X 7358 | 39.1 8,100 13.06 93.87
14.24| 1481246 1477287  0.701 1613 0601 2144 10807 2,110,774  2,105801  #N/A #NA #NA 1504  108.90 3167 108.07] 108.90 7358 | 390 8,100 13.01 93.86
14.44| 1481321 1477354 0702 1613 0.601 2134 107.98 2,110,797 2105922 #N/A #NA  #NA 1497  108.81 3152] 107.98] 108.81 7358 | 3888 8,100 12.96 93.84
14.64| 1,481,395 1477419 0702 1612 0.601 21.23 107.91 2110819 2105942 #NA #NA #NIA 14.90 108.73 31.37( 107.91] 108.73 7.358 38.73 8,100 12.91 93.83
14.84| 1481466 1477483  0.702 1612 0.601 2113 10783 2,110,841 2105962 #NA #NA #NA 1483 10864 31.22] 107.83] 10864 7.358 38.58 8,100 3 12.86 93.82
15.04] 1,481,536 1,477,545 0.702 1611 0.601 2103 10775 2,110,862 2105982 #N/A #NA #NA 1476 10856 31.08] 107.75| 108.56 7.358 | 3844 | 8,100 3 12.81 93.80
15.24| 1481604 1477606 0.702 1611 0.601 2094 10768 2,110,883 2,106001 #NA #NA  #NA 1469 10848 30.94 10753} 108.48 7358 | 3830 | 8,100 3 1277 | 9379
15.44| 1481671 1477666  0.702 1610 0601 2084 10761 2,110,803  2,106019  #N/A #NA #NA 1463 10840 30.80| 107.61] 108.40 7358 | 38.16 | 8,100 3 12.72 93.77
15.64| 1,481,737 1477,724 0702 1610 0601 2075 10753 2,110,923 2,106,038  #NA #NIA #NA 1456 10832 3067| 107.53] 108.32] 7.358 | 3802 | 8,100 3 1267 | 9376
15.84] 1481801 1477,782 0.702 1609 0601 2066 10746 2110943 2,106,056 #NA #NIA #NA 1450 3053| 107.46] 10825 7358 | 37.89 | 8,100 3 1263 93.75
16.04| 1481,864 1477838  0.702 1609 0601 2057  107.40 2110962 2, #NA #NA O BNA 1444 10817 3040/ 107.40 108.17 7358 | 37.76 | 8100 3 1259 93.74
16.24| 1,481,925 1477893 0702 1.608 0601 2049 10733 2110980 2, #NIA #NA #NA 1438  108.10 3028 107.33] 108.10 7.358 37.63 8,100 3 1254 9372
16.44| 1481,986 1477947 0702 1608 0601 2040 10726 2110999 2106108 #NA #NA  #NA 1432 10803 3015 107.26] 108.03 7.358 | 3751 8,100 3 12.50 93.71
16.64| 1,482,045 1478000 0702 1.607 0.601 2032 10720 2111017 2,106,124 #NA #A #NA 1426  107.96 3003 107.20] 107.96 7.358 37.38 8,100 3 12.46 93.70
16.84| 1,482,103 1478051  0.702 1607 0601 2023 10713 2111035 2,106,141 #NA #NA #NA 1420  107.89 29.91| 107.13|  107.89 7358 | 37.26 | 8,100 3 1242 93.69
17.04] 1482,160 1,478,102 0.702 1.607 0.601 2045 107.07 2,111,052 2,106,157 #NA #NA #NIA 1414 10782 29.79| 107.07| 107.82 7.358 37.15 8,100 3 1238 93.68
17.24) 1482216 1478152 0702 1606 0601 2007 10701 2,111,069 2106173 #NA #NA #NA 1408 10775 2967| 107.01] 107.75 7.358 | 3703 | 8100 3 12.34 93.67
17.44] 1482271 1478202 0.702 1606 0601 19.99  106.95 2,111,086 2,106,188  #N/A A ENA 1403 10769 2956] 106.95| 107.69 7.358 | 36.91 8,100 3 12.30 93.65
17.64| 1482325 1478250 0.702 1605 0601 19.92  106.89 2,111,103 2106203 #NA #NA  #NA 1398 10762 2944 106.89] 10762 7358 | 3680 | 8,100 3 1227 9364
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 20
Shutd. Cooling Temp: T lent with 90F River Water sDC
Hx Fouling = 0.00418 hr-F-sqft/Btu, CCW Hx Fouling = 0.0015 hr-F-sqft/Btu
Initial RC Temperature, F 350 | SDC HX CCWHX
Initial Time | 2 2754 Shell Film Multiplier 0.09751
|RCS Temperature after 8 hours - 213.20 I Shell Film Re power | | 061709
Time after trip to 130F Primary Coolant Temp 73.21 Initial CCW to SDCHx 4246 Shell Film Pr power 0.333
"Time after SDC initiation to 130F PC Temp 7121 CCW Flow Step Temp 275, [Fouling (total = tube side) T 000418 0.0015]
Decary heat equilibrium at 90F river temp 64.37 0.00418  0.004
SDCHx
Time Step Qo) Plpp) P(ip) Psdc  TotalQ dTrc Tube Shell
hrs hrs L_ mmBtu/hr Pi Tt Tto Q, gpm Pi
2.00 0.1 54.966 1 1.5] -13255 -58.08' 315 350.00 25361 4248 9%
2.10 0.10 54.107 1 1.5 -129.83 -56.22 315 34472 250.50 42468 95
2.20 0.10 .300, 1 1.5 -127.20 -54 .40 315 33961 24747 4246 95
2.30 0.10 52.540 1 1.5] -12465 -52.61 315 334,66 24454 4246 95
240 0.10] 51.822] 18| 15 -122.18,  -50.86 315 32088 241.70 4246 95
250 0.10 51.143 18 1.5 -119.80 -49.15 315 32526 238.95 4246 95
260 010 50500, 18 15] 11749, -47.49 315 32079 23628 4246 95
2.70 0.10 49,888 18 15| -11526 -45.87 315 316.47 23369 4246 95
280 010  48.305 18 15 -113.11) -44.30 315 312.30 23119 4246 95
290 0.10 48.74 1 1.5] -111.03 -42.71 315 308.27 228.78 4246 95
3.00 0.10 4821 1 1.5] -109.02 -41.30 315 304.38 22643 4246 95
310, 010 47.710 18| 15] 10708  -39.8 35 30063 22417 4246 95
3.20 0.10 47.223 1 1.5/ -105.20 -38.48 315 297.01 22198 4246 95
330 0.10  46.756 -37.14 315 29351 219.86 4246 95
340 0.10 46.307 -35.84 315 290.13 217.82 4246 95
3.50 015 45876 -34.59) 315 286.87 215.84 4245 95
365 0.15 45.266 -32.79] 315 28222 213.01 4246 95
3.80 0.16 44.667 -31.03 315 27764 210.22 4246 95
396 017  44.080 2929 315 27316 20748 4246 95
413 018  43.493 -27.57 315 26869 20475 4248 95
431, 019 42906 25.86 315 26425 20202 4248 95
449 020 42319 -24.16 315 259.83 199.31 4248 95
469 021 41729 -22 49 315 25545 196.61 4245 5
491 0.23 41.138 -20.83 315 251.10 193.93 4246 95
5.13 0.24 40.537 -19.20 315 246.79 19126 4246 95
5.38 0.26 39.932 -17.60 315 24252 188.61 4246 %
5.64 0.29 39.319 -16.03] 315 238.30 185.99 4248 95
593 031 38695 -14.50] 315 23442 18339 426 o5
6.24 0.34 38.058 -13.01 315 230.00 180.82 4246 95
658 0.38]  37.406 1157 315 22595 17829 4246 95
6.96 0.42 36.735 -10.18 315 221.96 175.79 4246 95
7.39 048 36.042 -8.86 315 218.04 173.34 4246 95
7.86 0.54 35.323 -7.60 315 21422 170.93 4246 85
. 34573 -£6.43 315 21048 168.58 4246 95
33.786 -5.35 315 206.85 166.30 4246 95
32.954 -4.37) 315 203.34 164.08 4248 95
32071 0 2150 315 19994 16193 4246 95
31.126 0 -12.18 315 17994 14920 424 95
30.108 0 6.07 315 166.00 140.26 4248 5
29.917 0 -5.53] 315 164.58 139.34 4248 95
29.593 0 -4.70 315 162.31 137.88 4248 o5
28.982) o] 334 315 15844 13538 4246 95
28.368 0 -2.42 315 155.42 13343 4246 95
27.709) 0] 77 181 3000 315 15285  131.76 4246 95
26.877 0 -1.25 -1.14 3000 315 150.20 130.05 4246 95
25.879 0 -0.93] -0.85 3000 315 147 61 128.36 4245 95
24.729 0 -0.74 -0.68 3000 315 144.97 126.64 4246 95
23.408 0 -0.56 -0.51 3000 315 142.00 12471 4246 B
22.201 o] -0.48 04 3000 315 13945 12305 4246 95
21.215 0 -0.37, -0.3: 3000 315 137.28 121.63 4246 95
20236, o] 034 20.30 3000 35 13528 12032 4246 95
19.348 0 021 -0.1 3000 315 133.28 119.01
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Time Tube Shell
mu K I Vel ] Re e [N g“‘;)"' Ttave | rho ] cp } mu [ K ’ Vel | Re ] m P ‘;”_‘F’;"' kmetal  Udity
1.23E-04 0.396 5609 138,149 1.1470 2291 14014 6137 06992 3.13E-04 0376 3652 154386  2.9966 1346 9432 169.81
1.256-04 0396 5609 136,269  1.1647 2281 13915 6139 09992 316604 0376 3652 153,153 30238 1343 0416 169.67
1.27E-04 0396 5609 134,429 1.1824 2271 13818 6141 09991 3.19E04 0376 3652 151,961  3.0507 1339 9400 169.53
1.29E-04 0396 5609 132620  1.2003 2261 13726 6142 09990 321E-04 0375 3652 150,808  3.0770 1336 9385 169.38|
1.31E-04 0.396 5609 130871 12184 2251 13636 6144 09990 324E04 0375 3652 149604 31020 1332 9370 16924
1.33E-04 0396 5609 129,157 12365 2241 13549 6146 09980 326E04 0375 3652 148618  3.1283 1320 935 169.10
1.35E-04 0396 5609 127486 12547 2231 13484 6147 09989 328ED4 0374 3652 147519 34512 1326 9342 16896
1.37E-04 0.396 5609 125859 12729 221 13383 6148 09989 J.3I1E-04 0374 23652 146576 34775 1323 9328  168.83
1.40E-04 0.396 5609 124277 12911 2211 133.04 6150 09988 3.33E-04 0374 38652 145609  3.2014 1320 9315 168.69]
1.42E-04 0396 5609 122739  1.3093 2201 13228 6151 09988 335604 0374 3652 144675 32247 1317 9303 168.56
1.44E-04 0396 5609 121,245 13275 2191 13154 6152 09987 337EOD4 0373 3652 43775 32476 1314 9201 16843
1.46E-04 0396 5609 119,795  1.3456 2182 13083 6154 09987 339E-04 0373 3652 142906  3.2609 1311 9280 168.31
1.48E-04 0396 5609 118388  1.3637 2172 13044 6155 08987 342604 0373 3652 142060 32916 1308 9269  168.18
1.50E-04 0.396 5609 117,025 13817 2163 12048 6156 09986 344E-04 0373 3652 141262 33120 1306 9258 X
1.52E-04 0.396 5609 115703  1.3995 2154 12884 6157 09986 346E-04 0373 3852 140483 33337 1303 9.248
1.54E-04 0396 5609 114422 14172 2145 12822 6158 09986 347E04 0372 3652 139,732 33539 1301 9239
1.57E-04 0395 5609 112,584 1.4435 2132 12733 6159 09985 O3S0ED4 0372 3652 138661 33832 1208 9225
1.60E-04 0395 5609 110771 14703 2118 12646 6161 09985 353E-04 0372 3852 137610 34124 1204 9211
1.63E-04 0395 5609 108985 14977 2105 12561 6162 09985 O356E04 0372 3652 136561 34414 1201 9198
1.66E-04 0395 5609 107,198 15260 2002 12476 6164 009984 3S8ED4 0371 3652 135558 34708 1287 o.i84
1.69E-04 0394 5809 105417  1.5554 2078 12392 6165 09984 361ED4 0371 3652 134542 35004 1284 9171
1.72E-04 0394 5609 103642  1.5857 2064 12308 6166 09984 364E-04 0371 3652 133534 35303 1281 9.158
1.756-04 0.394 5609 101874 16171 2050 12224 6168 09983 367ED4 0370 3652 132535 35604 1217 9145
1.79E-04 0.393 5609 100,116 1.6495 2036 12141 6169 09983 3.70E-04 0370 3652 131,546  3.5906 1274 9.13
1.82E-04 0393  5.609 98,369  1.6829 2022 12059 61.70 09982 3.73E-04 0370 3652 130,566  3.6211 1271 9.11
1.86E-04 0393 5609 96,636 17174 2007 11978 6172 09982 375604 0369 3652 120508 36516 1268 9.106
1.90E-04 0392 5609 94919 17528 1993 11887 6173 09982 378E-04 0369 3652 128642 36823 1264  9.093
1.94E-04 0392 5609 93221 17893 1978 11847 6174 08982 3.81E-04 0369 3652 127698 37130 1261
1.98E-04 0.391 5609 91,544  1.8268 1964  117.39 61.75 09981 3.84E-04 0369 3852 126,769  3.7438 1258
2.02E-04 0391 5609 89,891  1.8653 1949 11661 6176 09981 387E-04 0368 3652 125856 37745 1255~
2.06E-04 0390 5609 88265  1.9046 1934 11585  61.78 09981 390E-04 0368 3652 124960  3.8051 1252 !
2.10E-04 0390 5609 86671  1.9447 1920 11541 6179 09980 393E04 0368 3652 124082 38355 1249 9.032 !
2.14E-04 0389 5609 85112 1.9855 1905 11437 6180 09980 395604 0367 3652 123226  3.8656 1245  9.021 :
2.18E-04 0389 5609 83502  2.0268 1891 11366 6181 09980 398E04 0367 3652 122302 38954 1243 9010 16450
.02 222604 0.388 5609 82,116  2.0686 1877 11297 6182 09980 4.01E-04 0.367 3652 121,583  3.9247 1240 8998  164.31
X 227E-04 0387 5609 80,686  2.1105 1863 11230 6183 09980 4.03E04 0367 3652 120800 3.95 1237 8987  164.12
231E-04 0387 5609 79307 21526 1849 11165 6184 09979 AO06ED4 0366 3652 120045 39815 1234 8975 16394
K 2.59E-04 0383 5608 71231 24341 1766 107.83 6189 09978 422E-04 0365 3652 115633 415 1218 8909 16277
] 2.82E-04 0380 5609 65665 26714 1704 10547 6193 09978 4.34E-04 0364 3652 112502  4.2803 1207 8864  161.88|
3. 2.85E-04 0380 5609 65103 26978 1698 10490 6193 09078 435604 0364 3652 112284 42036 1206 63859  161.79
J 2.89E-04 0.380 5609 64203 27411 1687 10447 6194 09977 4.37E-04 0364 3652 111,792  4.3149 1204 8852 161.63
] 2.97E-04 0379 5609 62674 28176 1669 10373 6195 09977 440E04 0363 3652 110954 43517 1201 8840 16137
) 3.03E-04 0378 5609 61489 28798 1655 10316 6196 08977 443E04 0363 3652 110304 4.3807 11898 8831 161.16
[ 3.08E-04 0377 5609 X 4 3 08977  4.45E-04 0363 3.652 109,761  4.4056 1196 i 4
£ 3.14E-04 0377 5609 0.9977 0.363 3652 109,182 4.4315 1194
! 3.19E-04 0376  5.609 0.9977 0362 3652 108,627 44571 1192
3 3.25E-04 0375 5609 0.9977 0362 3.652 108,062  4.4834 1190
. 3.32E-04 0375 5609 0.9977 0362 3652 107429 45133 1187
3.0 X 3.38E-04 0374 5609 0.9977 0362 3652 106886  4.5391 1185 8782
X ! JM4E-04 0373 5609 0.8977 0362 3652 106426 45613 183 8776 .
4409 12780 6146 09977 349E-04 0373 5609 0.9977 0361 3652 1182 8770 15965
5065 12615 6149 09977 3.54E-04 0372 5609 0 180 8765  159.49)
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 22
i I CCWHXFouling 0|

5 Tto Tso Qcow, Total CCW Duty ccw
Time SDC HX tube side SDC HX shell side SDCOUY| ot | Herate other | CCWDUY| o inr Ejowl ¥ COW Hx per HX Temp
hrs w WeCp cr NTU ifectivenest DT Tto w ] Wep ‘ Cr I NTU }M«\u{ DTs Ts,0 Btuhr mmBtuhr | mmBtuhr | gpm mmBtu/hr Tso0
1337560 1375146 0658 0620  0.399 9639 25361 2,090,150 #NIA #NA #A 6347 17188 255| 25361 171.88 7.358 | 139.91 ,100 3 4664 | 1084
1,342,146 1377907 0660 0618  0.398 9422 25050 2,090,758 2,088,991  #NA #NA #NA 6215 17023 983  250.50| 17023 7.358 | 137.19 ,100 3 45.73 108.08
1346529 17380565 0661 0616 0397 9213 24747 2001343 2089450 #NA #NA #N/A 6088 16883  127.20| 247.47) 16863 7.358 | 134.56 ,100 3 4485 107.7
1,350,719 1,383,126 0662 0615  0.397 90.12 24454 2,091,906 2,089,913 #NA #NA #NA 5964  167.08 465] 24454 167.08 7.358 | 132.01 ,100 3 44,00 107 .44
1,354,723 1,385,591  0.663 0613 0.396 88.18  241.70 2,092,447 #NIA #NA #NIA 5845 16558 122.18] 241.70] 16558 7.358 | 12954 | 8,100 3 4 | 107.13
1358549 1387963 0664 0612 0395 8631 23895 2,092,968 #NA #NA #NA 5730 16413 119.80| 238.95| 164.13 7.358 | 12716 | 8,100 3 4239 106.84
0] 1,362,206 1390248 0665 0610 0394 8451 23628 2,093470 2091175 #NA #NA #NA 5648 16273 11749 23628 16273 7.358 | 124.85 | 8,100 3 4162 10655
1365702 1392447 0666 0609  0.394 8278 23369 2003951 2001566 #NA #NA #NA 5511 16138 115.26] 23369 161.38 7.358 | 12262 | 8100 3 40.87 106.27
1369044 1394563 0667 0607 0393 8111 23119 2094415 2091942 #NA  #NA #NA 5407 16007 11311 231.19] 16007 7.358 | 12047 | 8,100 3 4016 1 7106.00
1372238 1396601 0667 0606  0.393 7950  228.78 2,094,860 #NA #NA #NA 5306 158.81 111.03] 22878 158.81 7.358 | 118.38 | 8,100 3 39.46 105.74
1375292 1398562 0668 0605  0.392 7795 22643 2095288 2,092654  #NA #NIA #NA 5210 15759 109.02| 226.43| 15759 7.358 | 116.38 | 8,100 3 38.79 105.49
1378213 1400450 0669 0603  0.391 7646 22417 ! 2092990 #NA  #NA #NA 5116 15641 107.08]  224.17| 15641, 7358 | 11444 | 8,100 3 3815 | 10525
1,381,007 1402267 0670 0602  0.391 7502 22198 2,096,004 2003313 #NA  #NA #NA 5026 15527 10520 221.98] 15527 7.358 | 11256 | 8,100 3 s | 105.01
1383679 1404016 0671 0.601 0390 7364  219.86 2096474 2093625 #NIA  #NA MNA 4939 15407 103.40] 219.86] 15417 7358 | 110.75 | 8,100 3 3692 | 104.78
1,386,235 1405700 0.671 0600 0390 7231  217.82 2,096,839 #NA #NIA #NA 4855 15311 101.65] 217.82] 153.11 7.358 | 109.01 | 8100 3 36.34 104.56
1388682 1407322 0672 0599 0389 7103 21584 2,097,190 2084213 #NA  #NA  #NIA 4773 15200 99.97| 215.84] 15209 7.358 | 107.32 | 8,100 3 3877 104.35
1392,143 1409632 0673 0597 0388  69.21  213.01 2097689 2094624 #NA  #NA  #NA 4658 15062 97.56 3.01] 15062 7.358 | 10492 | 8,100 3 97 104.05
1395502 1411894 0674 0595 0388 6742 21022 2,098,176 #NA #NA WA 4544 14918 95.19 0.22]  149.18 7.358 | 102.55 | 8,100 3 34.18 103.75
1,398,757 1414104 0675 0.594 0.387 6568 20748 9 #NIA #NA #NA 432 92.87 7.48]  147.77 7.358 | 10023 | 8,100 3 | Ba . 10345
1401,960 1416298 0676 0592 0386 6394 20475 2,009,120 2095810 #N/A  #NA  #NA 4321 14637 9056] 204.75] 146.37 7.358 | 97.92 ,100 3 3264 103.16
1405109 1418474 0677 0.591 0.386 6223 20202 2099585 2096196 #NA #NA WA 421 144.97 8827| 202.02] 14497 | 7358 9562 | 8100 3 31.87 102.86
1408,199 1420627 0678 0589 0385 6052  199.31 2100044 2096579 #NA #NA #NA 4101 14358 85.98] 199.31] 143.58 7358 | 9334 ,100 3 3 102.57
1411230 1422758 0678 0.588 0.384 5884 19661 2,100,496 #N/A #NIA #NA 3992 14220 8372] 19661 14220 7358 91.08 100 3 30.36 102.28
1414202 1424864 0679 0586 0383 5718 193.93 2100943 2097331  #NA #NA  PNA 3884 14084 8147| 193.93| 140.84 7.358 | 88.83 | 8,100 3 2961 101.99
1417112 1426944 0680 0585 0383 5553 19126 2,101,382 #NA  ENA #NA 3778 13948 79.24] 191.26] 139.48 7.358 | 8660 | 8,100 3 28.87 101.70
1419958 142899 0681 0583 0382 5391 18861 2,101,815 2098065 #NA #NIA #NA 3672 13814 77.04| 18861 138.14 7358 | 8439 | 8,100 3 28.13 10142
4| 1422740 1431019 0682 0582 0381 5231 18599 2102240 2098424 #NA #NA #NA 3567 13681 74.85| 185.99| 136.81 7358 | 8221 8,100 3 27.40 101.14
1425455 1433008 0683 0580  0.381 50.73  183.39 2,102,658 #NA  #NA #NA 3464 13549 183.39] 13549 B 7.358 | 8005 | 8,100 3 26.68 100.86
1428100 1434963 0684 0579 0380  49.18  180.82 2103067 2,099,125 #NA  #NA #NA 3362 13420 180.82| 134.20 7358 | 7793 | 8100 3 | 2588 100.58
1430673 1436878 0684 0577 0379 4766 17829 2,103467 2099466  #NA #NA #NA 3262 13292 8 178.29 i 7.358 | 7583 | 8,100 3 2528 100.31
1433171 1438752 0685 0576 0379  46.16  175.79 2,103,858 WA #NA #NA 3163 13167 66.42| 17579 7358 | 73.78 | 8100 3| 2459 100.04
1435590 1440581 0686 0575 0.378 4470 17334 2104240 2,100,126 #NA #NA A 3066 13044 6440, 173.34 7.358 71.76 8,100 3 2392 99.77
1442360 0687 0573 0377 4328 17093 2,104610 2100444 #NA  #NA A 2972 12923 6243 170.93 7.358 | 69.78 | 8,100 3 2. 99.51
1444085 0687 0572 0377 4190 16858 2,104969 2, #NA #NA #NA 2880 12806 6050 168.58 | 7.358 | 67.86 8,100 3 2262 | 99.26
1445751 0688 0.571 0.376 4056  166.30 2105316 2,101,053 #NA #NA #NIA 2781 12692 5863] 166.30] 126 7.358 65.99 8,100 3 2200 99.01
1447356 0689 0569 0375  39.26  164.08 2105650 2,101,342 #NA  #NA  #NA 2704 12582 56.82| 164.08 7.358 | 64.1 8,100 3 2139 98.78
1448897 0689 0568 0375 3801 16193 2101620 #NA  #NA #NA 7358 | 6243 | 8,100 3 | 2081 98.54
1457735 0693 0561 0.371 3074 14920 2103237 #NA  #NA #NA 7358 | 521 8,100 ] 17.39 97.18
1463616 0696 0555 0369 2574 14026 2104345 #NA  SNA #NA 7.358 | 450; 8,100 3 15.01 96.22
1464200 069 0555 0369 2524  139.34 2104457 #NA  #NA #NA 3695 139.34 - 7358 | 4431 | 8100 3 14.77 96.12
1465128 0696 0554  0.368 2443 13788 #NA  #NA #NA 3579) 137.88 7358 | 4315 | 8100 3 14.38 | 9597
1466692 0697 0552 0368 2306 13538 #NA  #NA #NA 3382 135.38 7358 | 41.18 | 8,100 3 1373 9570
1,467,893 0697 0551 0.367 2199 13343 C#NA #NA #NIA 228] 13343 7.358 | 3964 ,100 3 1321 95.49
1468905 0698 0550 0367 2109  131.76 #NA  #NA #NA 3098 131.76 7.358 | 38.33 ,100 3 12.78 9531
1469936 0698 0549 0366  20.16  130.05 #NA  #NA #NA 2963]  130.05 7358 | 36.99 ,100 3 1233 95.13
1470935 0699 0548  0.366 1925 12836 #NA ENA INA 2831] 128.36 7.358 | 3567 ,100 3 11.89 94.95
1471940 0699 0547 0365 1832 12664 BNA  #NA #NA 26.97| 126.64 7358 | 3433 | 8,100 3 11.44 94.77
1473053 0699 0546 0364 1720 12471 #NA A #NA 2547 124, 7358 | 3283 | 8,100 3 10.84 94.56
1473996  0.700 0.545 0.364 1640  123.05 #NIA #NA #NA 24.18] 123.05 7.358 31.54 8,100 3 [ 108 | 94.39
38.09] 1478021 1474789 0700 0544 0364 1565 12163 #NA  BNA #NIA 2308 121.63 7358 | 3044 | 8,100 3 1015 | 94.24
4409] 1,478,867 1475512 0700 0543  0.363 1496 12032 #NA  BNA #NIA 2207| 12032 7358 | 2943 | 8,100 3 9.81 94.10
50.65| 1479.702 1476227  0.701 0542 0363 1427 11901 #NA  #NA ENA 21.06] 119.01 7.358 | 2842 | 8100 3 9.47 93.96
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| | | | SDCHx |
Time Step Q() P(pp) P(lp) Psdc | Total Q@ dTre Tube Shell

hrs hrs mmBtu/hr degF/mr | Q, gpm Pi Tt Tto Q, gem Pi Ts,i
61.00 664 18.221 0 15[ -20.05] -0.33 -0.30 3000 M5 13128 1770 4246 9% 9382
67.64] 332 17623 0 15]  -19.05 0.08) 0.07 3000 M5 12928 11639 4246 95 9368
70.95 684 17353 0 15| -19.16 -0.31 028 3000 315 12952 11655 4246 95 970
7759 332]  16.859 15 .22 14 0.13 3000 35 12764 11531 4246 95 9357
80.91 664 16632 15 .43 -0.30 027 3000 315 12806 11559 4246 95 9360
87.54 332 18214 1.5 52 19 0417 3000 315 12626 11441 4246 95 9348
90.86 664 16.020 1.5 -17.81 -0.29 027 3000 316 < 12683 11478 4246 95 9352
97.50 0.00]  15.660 15 -16.93] 0.23] 021 3000 315 12507 11363 4246 95 9339
97.50 0.00 15660 0 15  -16.93 0.23 021 3000 315 12507 11363 4246 85 933
97.50 000 15660 0 15 1693 0.23] 021 3000 35 12507 11363 4246 5 933
97.50 0.00 15660 5| -16.93 23 ¥ 3000 35 12507 11363 4248 95 933
97.50 000 15660 5] -16.93 23 ¥ 3000 315 12507 11383 4246 95 93.39
97.50 0.00_ 15,660 5{ -1 23 2 3000 35 12507 11363 4248 %5 9
97.50 000 15660 5[ -1 23 .2 3000 35 12507 11363 4246 95 9339
97.50 000 15.660 150 -6 23 02 3000 315 12507 11383 4248 95 8339
97.50, 000 15660 1.4 -16.9 023 0.21 3000 35 12507 11383 4246 95 9%
97.50 000 15660 15|  -16.93 023 021 3000 315 12507 11363 4246 95 9339
9750 .00 15.660 15 -16.93 023 21 3000 N5 12507 11363 4246 % B9
97.50 )00 15,660, 15 1693 023 21 3000 35 12507 11383 4246 95 9339
97.50 00 15.660 15 1693 023 .21 3000 35 12507 11363 4246 s un
97.50 00 15.660 15| -16.93 0.23 21 3000 315 12507 11363 4248 95 9339
97.50 0.00  15.660 of 15| -16.93 023 .21 3000 315 12507 138 4246 95 9339
97.50 0.00  15.660 0 15 -16.93 .23 21 3000 35 12sm 13e 4246 95 9339
97.50 000 15,660 0 15 -16.93 23 21 3000 35 125070 11383 4248 9 933
97.50 0.00] 15660 0 15 -16.93 .23 .21 3000 35 12507 11363 4246 95 93
97.50 0.00] 15660, 0 15 -16.93 23 0.21 3000 35 12507 11363 4246 95 933
97.50 0.00] 15660 0 15| -16.93 23 0.21 3000 315 12800 11383 4246 5 91
97.50 0.00  15.660 0] 1.5  -16.93 23 021 3000 M5 12607 11383 4248 95 9339
~97.50 0.00] 15660, 0 15 -16.93 023 021 3000 35 12507 11363 4248 95 9338
97.50 0.00] 15660 0 15 -16.93 0.23) 0.21 3000 35 12507 11363 4248 5 9N
97.50 D00 15660 0 1.5 -16.93 023 o021 3000 315 12507 11363 4246 95 9339
97.50 000 15660, 0 15]  -16.93] 0.23) 0.21 3000 M5 12507 11363 4246 95 9339
'97.50 000 15660 0 15 1693 0.23] 021 3000 315 12507 11363 4246 85 9339
97.50 0.00  15.660 [) 1.5 -16.93 023 021 3000 315 12507 11363 4246 95 9338
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I ] I I I I [ I I | I l

Time Tube Shell

hrs TLwe[ tho 1 cp I mu x ’ Vel ’ Re Pr "(‘g"f’" Ttave ] tho [ cp | mu . K ] Vel ‘ Re [" oy | kmetal
| 61.00] 12449 6153 09976 3.60E-04 0372 5609 52,154 34747 1538 9858 6201 0.9977 465E-04 0361 3652 105156  4.6235 178 8759
| 67.64| 12284 6156 09975 3.65E-04 0371 5609 51,305 35331 1528 9820 6202 09976 467E-04 0361 3652 104,735 46445 177 8754

7095 123.03 6156 09975 3.64E-04 0371 5609 51484 35262 1529 9825 6202 09976 467E-04 0361 3652 104,784  4.6420 177 8754

7.59| 12148 6159 09974 3.70E-04 0371 5609 50,774  3.5824 1519 97.89 6202 09976 468E-04 0361 3652 104,389 46618 175

80.91| 12183 6158 09975 3.68E-04 0371 5609 50934  3.569 1521 9797 6202 09976 468E-04 0361 3652 104478 46574 1176

754 12033 6161 09974 3.74E-04 0370 5609 50253  3.6247 1512 9763 6203 09976 470E-04 0361 3652 104,099 174

50.86| 12081 6160 09974 3.72E-04 0370 5609 50469  3.6070 1515 9774 6202 09976 469E-04 0361 3652 104,220 46704 174

97.50| 119.35 6163 09974 3.77E-04 0370  5.609 49806  3.6617 1506 9741 6203 09976 4.71E-04 0361 3652 103850  4.6892 173

97.50|  119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506  97.41 6203 08976 A471E-04 0361 3652 103850  4.6892 1173

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49,806  3.6617 1506 97.41 6203 09976 471E-04 0361 3652 103,850  4.6892 un

97.50|  119.35 6163 09974 3.77E-04 0370 5609 49,806  3.6617 1506 97.41 6203 09976 471E-04 0361 3652 103850  4.6892 "7

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103850  4.6892 173

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850  4.6892 173

97.50] 119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506 97.41 6203 09976 A71E04 0361 3652 103850  4.6892 173

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506 9741 6203 09976 471E-04 0361 3652 103850  4.6892 173

9750 11935 6163 09974 3.77E-04 0370 5609 49806 36617 1506 97.41 6203 09976 4TIE04 0361 3652 103,850  4.6892 "7

9750, 11935 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103850  4.6892 "7

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850 4.6892 un

9750 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 4. 0361 3652 103850  4.6892 "7

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806  3.6617 1506  97.41 6203 09976 471E-04 0361 3652 103,850  4.6892 "7

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103850  4.6892 "y

97.50| 119.35 6163 09974 3.77E-04 0370 5.609 49,806 36617 1506 9741 6203 09976 471E-04 0361 3652 103850 4.6892 un

97.50| 1198.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 97.41 6203 09976 4.71E-04 0361 3.652 103,850  4.6892 173

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 4.71E-04 0361 3652 103,850 4.6892 un

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850  4.6892 umn

97.50) 119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506  97.41 6203 09976 471E-04 0361 3652 103,850 4.6892 173

97.50|  119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506  97.41 6203 09976 471E-04 0361 3652 103850  4.6892 "

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49,806 36617 1506 0741 6203 09976 471E-04 0361 3652 103,850  4.6892 173 ;

97.50| 119.35 6163 09974 3.77E-04 0370 5.609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850  4.6892 173 8742

97.50| 119.35 6163 09974 377E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E04 0361 3652 103850 4.6892 173 8742

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506  97.41 6203 09976 471E-04 0361 3652 103,850 4.6892 173 8742

97.50| 119.35 6163 09974 3.77E-04 0370 5.609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850 4.6892 173 8.742]

97.50| 119.35 6163 09974 3.77E-04 0370 5609 49806 36617 1506 9741 6203 09976 471E-04 0361 3652 103,850  4.6892 173 8742 15

97.50| 119.35 6163 09974 3.77E-04 0370 5.609 49,806  3.6617 1506 97.41 6203 09976 4.71E-04 0361 3652 103,850 46892 173 8.742  158.81
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| ] ] ] i i | |

: Tto Ts.0 Qoew, Total CCW Duty cew
Time SDC HX tube side SDC HX shell side SDCDuty| e | pterate other | COWDUY oy o # COWHK =0 Torg
WCp Cr NTU  iffectivenest DT Tto w WCp ‘ Cr ’ NTU i'focﬂvann{ DTs Ts,0 Btumhr mmBtu/hr | mmBtu/hr gpm mmBtu/hr Ts.o
1476934 0701 0.542 0.362 1358  117.70 2,111,992 2,107,030 #NA #NIA #NIA 952  103.34 2005 117.70] 10334 7.358 2741 8,100 3 9.14 9382
1477633 0.701 0.541 0.362 1289 11639 2,112,153 2,107,182 #NA #NIA #NA 9.04 10272 19.05| 116.38] 102.72 7.358 | 2640 8,100 3 8.80 93.68
1477551 0.701 0.541 0.362 1297 11655 2,112,134 2,107,164 #NA #NA #NA 9.09 10280 19.16]  116.55] 102.80] 7.358 2652 8,100 3 8.84 93.70
1478201  0.701 0.540 0.362 1233 115.31 2112285 2107306 #NA #NIA #NA 8.65 10222 18.22) 11531 0222 7.358 25.58 ,100 3 8.53 93.57
1,478,055  0.701 0.540 0.362 1247 11559 2112251 2107274 #NA #NA #NA 875 10235 1843] 11550 10235 7.358 | 25.79 ,100 3 8.60 93.60
1478674 0702 0539 0.362 11.85 11441 2,112,396 2107410 #NA  #NA #NA 832  101.79 17.52|  114.41] 101.79 7.358 | 24.88 ,100 3 8.29 93.48
1478478 0702  0.540 0.362 1205 11478 2,112,350 2107367 #NA  #NA #NA 845 10197 1781 114.78] 1.97 7.358 2517 ,100 3 8.39 93.52
1479078 0702  0.539 0.361 1144 11363 2,112491 2,107,500 #N/A #NIA #NIA 803 10143 16.93]  113.63] 1.42 7.358 | 2429 100 F) 8.10 93.39
1479078 0702 0539 0.361 11.44 11363 2112491 2107500 #NA #NIA #NA 8.03 101.43 16.93] 11363 101.42 7.358 4.2 8,10 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2,112491 2,107,500 #NA #NA #NA 803 10143 1693 11363 101.42 7.358 | 24.2¢ 8,10 3 8.10 93.39
1479078 0.702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 8.03 101.43 16.93] 11363] 10142 7.358 4.2 10 3 .10 93.39
1479078 0702 0539 0.361 144 11383 2112491 2107500 #NA #NA #NA 803 10143 16.93] 113.63] 101.42 358 10€ 10 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 803 10143 16.93]  113.63] 101.42 358 100 10 93.39
1479078 0702 0539 0.361 1144 11363 2,112,491 2107500 #NA #NA #NA 803 10143 16.93] 11363 10142 358 100 10 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2107500 #NA #NIA #NA 803 10143 1693 11363 10142 358 8,100 3 8.10 79339
1470078 0702 0539 0.361 1144 11363 2,112491 2,107,500 #NA #NA #NA 8.03 10143 16.93] 113.63) 10142 7.358 8,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2,112491 2107500 #NA #NA #NA 803 10143 16.93] 113.63] 10142 7.358 8,100 3 8.10 | 9339
1479078 0702 0539 0.361 1144 11363 2,112,491 2,107,500 #NA #NA #NA 803 10143 16.93] 113.63| 101.42 7.358 8,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 803 10143 16.93]  113.63] 101.42 7.358 8,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 8.03 101.43 16.93] 11363 101.42 7.35! ,100 3 8.10 93.39
1479078  0.702 0539 0.361 11.44 11363 2112491 2107500 #N/A #NIA #NA 8.03 101.43 16.93] 11363 101.42 7.358 ,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11383 2,112,491 2,107,500 #NA #NA #NA 8.03 101.43 16.93] 113.63] 101.42 7.358 100 3 8.10 93.39
1479,078  0.702 0.539 0.361 1144 11363 2,112491 2,107,500 #NA #NIA A 8.03 101.43 16.93) 113.63] 10142 7.358 ,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2,112491 2107500 #NA #NA #NA 8.03 10143 16.93] 11363 10142 7.358 100 3 8.10 9339
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 8.03 101.43 16.93] 11363 10142 7.358 8,100 3 8.1 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2107500 #NA #NA #NA 8.03 101.43 16.93] 11363 10142 7.358 8,100 3 8.1 93.39
1479078 0702 0.539 0.361 1144 11363 2,112491 2107500 #NA #NIA #NA 803 10143 16.93] 11363 101.42] 7.358 8,100 3 8.1 93.39
1479078 0702 0539 0.361 1144 11363 2,112491 2107500 #NA #NA #NA 803 10143 16.93] 113.63] 10142 7.358 8,100 3 8.1 9339
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 803 10143 16.93] 11363 10142 7.358 8,100 3 8.10 93.39
1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 8.03 10143 16.93] 11363 10142 7.358 8,100 3 8.10 | 9339

1479078 0702 0539 0.361 1144 11383 2,112491 2,107,500 #NA #NA #NA 803 10143 16.93] 11363 101.42] 7.358 8,100 3 8.10

1479078 0702 0539 0.361 1144 11363 2112491 2,107,500 #NA #NA #NA 8.03 101.43 16.93] 11363 101.42) 7.358 8,100 3 8.10
1479078 0702 0539 0.361 1144 11363 2112491 2107500 #NA #NA #NA 803 10143 16.93] 11363 10142 7.358 8,100 3 8.10 9339
97.50| 1,483,008 1479078 0702 0539 0.361 1144 11363 2112481 2107500 #NA #NA #NA 8.03 10143 16.93|  113.63] 10142 7.358 8.100 3 8.10 93.39

I i
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Calc-PM-44-3 Att2-1_SDC_C

Time4246Q xls; C

Sh Cooling Temperature T ient with 90F River Water SDC Hx
Fouling = 0.001 hr-F-sqft/Btu, CCW Hx Fouling = 0.004 hr-F-sqft/Btu
I I
Initial RC Te F 350 | [SDCHX  [CCWHX
Initial Time [ 2 2754 Shell Film Multiplier 0.09751
'RCS Temperature after 8 hours 157.97 | ) Shell Film Re power 0.61709
Time after trip to 130F Primary Coolant Temp | 2641764 Initial CCW to SDCHx 4246 Shell Film Pr power 0333
Time after SDC initiation to 130F PC Temp 244 CCW Flow Step Temp 275 "Fouling (total = tube side) 0.001 0.004]
Decary heat equilibrium at 90F river temp 24.75 CCW Flow Step flow 4246 1 0.00418 0.004
SDCHx |
Time Step a) P(pp) P(p) Psdc Total Q dTre Tube Shell
hrs hrs mmBtu/hr degFhr  Q,gpm 1 Pi l Tti Tto Q. gpm [ Pi I Tsi Tso
.00 0.1 4 18 5] -178.49]  -104.02|  -94.57 3000 315 35000  219.49 4248 95
10 0.10 18! 5] 17202 -98.41 8946 3000 315 34054 21528 428 95
20 020 k 18 5] -165.87 -93.07| 8461 3000 315 33160 21126 4246 95
40 020] 51 18 5| -154.20 82388 -75.34 3000 315 31468 20359 4246 95
60 020 I 18 5| -14376]  -73.76]  67.06 3000 315 29961 19666 4246 95
2.80] 0.20 18] 15] 13445 £564) 5968 3000 315 28619 19042 4246 95
300 0.20 18 15 -126.14 5842 5311 3000 35 27426 184.82 4248 95
320 0.20 18 15] -118.74 -52.01 47.29 3000 315 26384  179.78 4248 95
340 020 18 15 -112.14 4633 4212 3000 35 25418 17526 448 25
3.60 0.20 18 15  -10625 41.29| 3754 3000 315 24576 17121 4248 95
380 0.20) 18 15 -101.01 -36.84] 3349 3000 35 23825 16757 4248 95
4.00 0.2( 18 g ¥ 3000 315 23155  164.30 4246 95
420 0.2( 18 3000 315 2557 16138 4248 95
440 0.20 18 3000 3M5 22023 158.75 4245 95
4.60 0.2( 18 3000 35 21544 15638 4248 o5
4.80 0.20 1 3000 35 21116 15426 4246 95
5.00 0.20 1 3000 35 201 1M 4246 95
520 0.20 1 3000 315 20385 15062 4246 95
540 0.20] 1 3000 315 20074  149.06 4246 95
5.60 0.20 0 3000 315 19793 14765 4246 95
580 020 0 3000 315 19213 14473 4246 95
6.00 0.20] 0 3000 35 18697 14212 4246 95
620 0.20 0 3000 315 18240  139.79 4246 95
6.40 0.20 0 3000 315 17833 13172 4246 95
6.60 0.20 0 3000 35 17470 13586 4246 95
680 0.20| 0 3000 315 17146 13420 4246 95
7.00 0.20 0 3000 315 98857 13271 4248 95
720 0.20 0 3000 N5 185w a7 4246 95
7.40 0.20 ] 3000 315 16365  130.47 4246 95
760 0.20 1 3000 315 16156  129.08 4246 95
7.80 021 ] 3000 315 15967 12811 4248 95
8.01 0.24 3000 315 15786  127.16 4246 95
825 027 i 3000 315 15604 12621 4248 95
852 0.30 0 3000 M5 15422 12527 4246 95
882 0.35] 0 3000 315 15240 12432 4246 95
9.17 0.41 0 3000 315 15058 12336 4248 95
958 0.49 0 3000 315 14876 12241 4246 95
10.07 0.50 0 3000 315 14695 12146 4248 95
10.57 0.50 0 3000 315 14541 120.65 4246 95
11.07] 0.50 0 3000 35 14492 11997 4246 95
1157 .50 ! 3000 315 14302 11939 4246 95
12.07 .50 i 3000 315 14206 118.88 4248 95
1257 .50 | 3000 35 14120 11843 4246 95
13.07 .50 | 3000 315 14043 118.02 4246 95
13.57 .50 3000 315 13973 11765 4246 95
14.07 .50 I 3000 M5 13908 117.31 4246 95
14.57 50 3000 315 13848 116.99 4246 95
15.07 .50 3000 315 13791 116.69 4246 85
1557 0.50 0 3000 35 13738 11641 4246 95
16.07 0.50 0 3000 315 13688 116.14 4246 95
1657, 0.50 0 3000 315 13640 11589 4246 95
17.07 0.50 0 3000 315 13595 11565 _ 95
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 28

Time Tube Shell
Ttave I tho cp mu ’ K ] Vel ‘ Re pr "‘;‘_‘F’;"’ Ttave I tho l cp mu | K ] Vel ’ Re l Pr I"‘;“_#'")" kmetal  Udirty
284.74 5559  1.0225 1.32E-04 0.396 5609 128630 12234 2224 16915 6080  1.0014 250E-D4 0384 3652 191412 23514 1447 9468 74.47)
277.91 5593  1.0204 1.36E-04 0.396 5609 125596  1.2579 2206 16637 6086 10011 255E-04 0383 3.652 187,797 24024 1438 9439 37309
271.43 5624  1.0186 1.40E-04 0.396 55609 122669  1.2929 2189  163.74 6092 1.0009 260E-04 0383 3652 184,378 24527 1429 94ii 71.73,
259.13 56.82  1.0153 1.48E-04 0.396 5609 116,997  1.3660 2153 15673 6102 10005 270E04 0381 365 177912 25534 1412 935  369.01
248.13 57.31  1.0127 1.56E-04 0.395 5609 111814 1.4398 2118 15424 6111 10001 280E-04 0380 3652 172,164 26497 1397 9308 36642
23831 5773 10106 1.64E-04 0.395 5609 107,113 15134 2084 15023 61.19 09999 289E-04 0379 3652 167,063 27412 1383 9.266  363.99
22954 58.10  1.0088 1.72E-04 0394 5609 102870  1.5860 2052 14665 6125 09996 297E-04 0378 3652 28275 1370 9228 36172
221.71 58.41 1.0074  1.80E-04 0393 5609 99,054 16571 2022 14346 6131 09994 3.05E-04 0377 3652 158522 29084 1358 9.195 35
21472 5868  1.0062 1.87E-04 0392 5609 95632  1.7260 1994 14060 6136 09992 3.12E-04 0376 3652 2.9840 1348  9.166. 35
208.48 58.92  1.0053 1.94E-04 0392 5609 92568  1.7924 1968 138.06 6141 09991 3.19E-04 0376 3652 151,800  3.0543 1339 9.140  355.84
20291 59.13  1.0044 2.01E-04 0391 5609 89,827  1.8559 1944 13570 6145 09990 0375 3652 148,993  3.1194 1330 9116
197.93 59.31  1.0038 2.07E-04 0.390 5,609 87376  1.9164 1923 13376 6149 09989 3IMED4 0374 3652 146,497 3.1795 1322 9095 ;§z.ssl
193.47 5047  1.0032 2.13E-04 0.389  5.609 85,183  1.9736 1902 13195 6152 08088 336E04 0374 3652 144277 32348 1315 9076 35125
189.49 5960  1.0027 2.18E-04 0.389 5609 83222 20275 1884 13033 6154 09987 341E04 0373 3652 142,208 32857 1309 9059 34997
185.91 59.73  1.0023 2.23E-04 0.388 55609 81466  2.0781 1867 12888 6157 09986 345E-04 0373 3652 140532 33323 1304  9.044 34881
182.71 59.83  1.0019 2.28E-04 0.387 5609 79892  2.1255 1852 127.58 6159 09986 349ED4 0372 3652 138,954 33751 1209 9.031  347.74
179.82 59.93  1.0016 2.33E-04 0.387 5609 78480  2.1698 1838 12641 6161 09985 353E-04 0372 3652 137542 34143 1294 9019 346.77
177.23 6001 10014 237E-04 0386 5609 na2 221 1826 12536 6163 00984 357E04 0371 3652 136276 34501 1200 9.008
174.90 60.09  1.0011 241E-04 0.386 55609 76070 22494 1814 12441 6164 09984 360E-04 0371 3652 135139  3.4830 1286 8.998  345.07]
172.79 60.16  1.0009 244E-04 0.385 5609 75042 22851 1804 12356 6166 09984 362604 0371 3652 134,115 35130 1283 8.988
168.43 6029  1.0005 2.52E-04 0.384 5609 72916 23621 1762 12180 6168 09983 36BE04 0370 3652 132004 35765
164.55 6041  1.0002 2.59E-04 0.383 5609 71,033 24345 1762 12023 6171 08982 3.74E-04 0370 3652 130,138 3.6345
161.09 60.52 09999 266E-04 0382 5609 69,363  2.5022 1744 11884 6173 09982 3.79E-04 0369 3652 36873
158.02 6061 09996 2.72E-04 0.382  5.609 67881 25653 1727 11760  61.75 09981 383E-04 0369 3652 127,025  3.7353
155.28 60.69  0.9994 2.78E-04 0.381 5609 66,563 26239 1713 11650 6177 09981 387E-04 0368 3652 125725  3.7789
152.83 6076  0.9992 2.83E-04 0.380 5609 65389 26782 1700 11552 6178 09981 391E04 0368 3.652 124570  3.8186
150.64 6082 09991 2.88E-04 0.380 5609 64341 27284 1688 11464 6179 09980 394E-04 0368 3652 123539  3.8546
148.67 60.87  0.9990 2.93E-04 0379 5609 63405 27748 1677 11386 6181 09980 397E-04 0367 3652 122619  3.8872
146.91 6092 09988 297E-04 0.379 5609 62566 28176 1667 11315 6182 09980 4.00E-04 0367 3652 121,795 39170
145.32 6096  0.9987 3.01E-04 0378 5609 61813 28571 1658 11252 6182 09980 4.03E-04 0367 3652 121,05  3.9440
143.89 6100  0.9986 3.04E-04 0378 5609 61,136 2.8935 1650 11195 6183 09979 405604 0367 3652 120,391  3.9686
142.51 61.04 0.9985 3.08E-04 0377 5609 60483  2.9294 1642 11139 6184 09979 4.07E-04 0366 3.652 119,751  3.9926
141.13 6107 09985 3.11E-04 0377 5609 59,831  2.9660 1634 11084 6185 09979 4.09E-04 0366 3652 119,112 40167
130.74 61.11 09984 3.15E-04 0377 5609 59,181  3.0035 1627 11029 6186 09979 4.12E-04 0366 3652 118474 40412
138.36 61.14 09983 3.1BE-04 0376 5609 58531  3.0417 1619 109.74 6186 09979 4.14E04 0366 3652 117837 4.0658
136.97 61.18 09982 3.22E-04 0376 5609 57,883  3.0809 1611 109.19 6187 09979 4.16E-04 0385 3652 117,202 4,0007
135,59 6121 09981 3.26E-04 0375 5609 57235  3.1209 1603 10864 6188 09978 418E04 0365 3652 116568  4.1159
134.20 6125 09981 3.30E-04 0375 5.609 56,589  3.1617 1595 10809 6189 09978 421E-04 0365 3652 115936  4.1412
133.03 6128 09980 3.33E-04 0374 5609 56,043  3.1971 1588 10763 6189 09978 423E04 0365 3652 115401  4.f€
132.04 61.30 09979 3.36E-04 0374 5609 55587  3.2271 1562 10724 6190 09978 4.25E-04 0365 3652 114955  4.1811
131.20 6132 09979 3.39E-04 0374 5609 55197 32533 1577 10691 6180 09978 4.26E04 0365 3652 114573  4.1969
130.47 6134 09979 341E-04 0374 5609 54,857 32763 1573 10662 6191 09978 427E04 0364 3652
120.82 6135 09978 343E-04 0373 5609 54556 32071 1569 10636 6191 09978 4.28E-04 0364 3652
129.23 6137 09978 344E-04 0373 5609 54284  3.3160 1565 10613 0.9978 0364 3652
128.69 6138 09978 346E-04 0373 5609 54,037 33334 1562 105.91 0.9978 0.364 3652
128.19 6139 09978 348E-04 0373 5609 53809  3.3496 1559 105.72 09978 0364 3652
127.73 6140  0.9977 3.49E-04 0373 5609 53597  3.3647 1556 105.54 0.9978 0364 3652
127.30 6141 09977 3.50E-04 0373 5609 53398 33790 1554 105.37 09978 0.364 3652
126.90 6142 09977 3.52E-04 0372 5609 53212 3.3926 1551 10521 0364 3652
126.51 6143 09977 353E-04 0372 5609 53,035 34055 1549 105.06 0364 3652
126.15 6144 09977 3.54E-04 0372 5609 52,868 34178 1547 10491 0.364 3652
125.80 6145 09976 3.55E-04 0372 5609 52,708 34296 1545 10477

Calc-PM-44-3 Att2-1_SDC_Cool Time4246Q xis; Cooldown4 3/29/2008, 12:49 PM




Calc 17321-01-PM-44-3, Shutdown Cooling Time

Attachment 2, Page 29

T 'CCW HX Fouling 0

; i Tto Ts.o Qeew, Total CCW CCW Duty ccw
Time SDC HX tube side SDC HX shell side SDCDUY oo | erate other | CCW Duty #CCWHK "y Tomp
WCp Cr NTU ffectivenest DT Tto w WcCp Cr NTU }ﬂemams{ DTs } Ts,0 mmBtu/hr mthulhr gpm mm&ulhr Ts0

1367602  0.660 1.375 0583 13051 21949 2070777 2073598  #NA #NA #NA 8608 21219 19.49| 7.358 | 18585 8,100 3 61.95 126.11

1,373,188 0.662 1.364 0581 12527 21528 2072759 2075070  #NA #NA #NA 8290  207.82 15.28 7.358 | 179.37 ,100 3 59.79 124.92

1378397 0664 1.354 0579 12034 21126 2074817 2076461 #NA #NA #NA 7988 20368 11.26 7.358 | 173.23 100 3 57.74 123.80

1,388,068 0668 1335 0576 11109 20359 2078084 2079085 #NA #NA #NA 7447 19581 203.59 7358 | 16156 100 3 53.85 12164

1,396,491 0671 1317 0572 10295  196.66 2081113 2081408 #NA #NA #NA 6907 18878 96.66 7.358 | 151.12 | 8,100 3 50.37 19.71

1403848 0674 1.302 0.569 95.77  190.42 2,083,759 2,083460 #NA #NA #N/A 6453 18250 190.42 7.358 | 14181 8,100 3 47.27 117.97

1410289 0676 1288 0.567 89.44  184.82 2,086,071 2085271  #NA #NA #NVA 6049 17690 184.82 7.358 | 13350 = 8,100 3 4450 G

1415937 0678 1275 0.564 8386  179.78 2088094 2086868 #NA VA #NA 5690  171.90 179.78 7.358 | 12609 8,100 3 42.03 115.01

1420897 0680 1.264 0.562 7892 17526 2089867 2088278  #NA #NA #NA 5370 16745 17526 7.358 | 11950 = 8,100 3 39.83 113.76

1425259 0682 1253 0.560 7455 11121 2091421 2089523 #NA #NA #NA 5085 16349 17121 7.358 | 11361 8,100 3 37.87 11264

1429100 0684 1244 0.558 7068  167.57 2002787 2,090623 #NA #NA #A 4832 15995 167.57 7358 | 10837 8,100 3 36.12 111.63

1432489 0685 1236 0.557 6725 16430 2093989 2091597 #NA #NA #NA 4606 15679 164.30 7.358 | 10369 = 8,100 3 3456 T 11073

1435481 0686 1.228 0.555 64.20 161.38 2085049 2002459 #NA #NA #A 44.04 153.87 161.38 7.358 99.51 8,100 3 33.17 109.93

1438129 0687 1222 0.554 6148  158.75 2095986 2093225 #NA #NA #NA 4224 15145 158.75 7.358 | 9577 8,100 3 31.92 109.21

1440475 0688 1218 0.553 59.06  156.38 2096816 2093906  #NA #NA #VA 4083 149.19 156.38 7.358 | 92.43 8,100 3 30.81 108.56

1442558 0689 1210 0.551 5690  154.26 20097552 2094512 #NA #NA #NA 3019 14747 15426 7.358 8,100 3 2981 | T 107.98

1444411 0689 1.205 0.551 5497 15234 2,095,053  #N/A #NA #NA 37.90 14536 152.34 7.358 8,100 3 28.92 107.46

1446062  0.690 1.201 0.550 5324 15062 2,098,791 2085536  #NA #NA #NA 3674 1473 15062 1 7.358 8,100 3 28.11 106.99

1447538 0691 1.197 0.549 5168  149.06 2099312 2095969  #NA #NA #NA 3569 14226 149.06 7.358 8,100 3 27.39 106.57

1448859 0691 1.183 0.548 5028 14765 20099779 2,096,358  #NA #NA #NA 3475 14094 147.65 7.358 8,100 3 26.74 106.18

X 1451562 0692 1.185 0.547 4740 14473 2,100,736 2097158 #NA #NA #NA 3281 13820 144.73 7.358 8,100 3 25.39 10539
6.00| 1453675 1453925 0693 1.179 0.545 486 14212 2101574 2,097,862 #NA #NA #NA 3109 13578 142.12 7.358 8,100 3 24.19 104.69
6.20] 1,456,164 1455994  0.694 1172 0.544 4260 139.79 2,102,308 #NA #NA #NA 2956 13362 139.79] 7.358 8,100 3 2313 104.06
6.40| 1458339 1457810 0695 1.167 0.543 4081 137.72 2102955 #NA #NA #NA 2820 13171 137.72 7.358 8,100 3 22.19 103.50
6.60| 1460245 1459408 0695 1.162 0.542 3884 13586 2103524 2099515 #NA #NA #NA 2700 13000 135.86 7.358 8,100 3 21.35 103.00
6.80| 1461920 1460817 069 1.158 0.541 3726 134.20 2,104,028 #NA #NA #NA 2592 12848 134.20] 7.358 8,100 3 20.60 102.56
00| 1463,396 1462063 069 1.154 0.540 35.86 132.71 2104475 2,100328  #NA #NA #NA 22496 12712 13271 7.358 8,100 3 19.93 102.16
7.20] 1,464,702 1463,167 0697 1.150 0.539 34.60 131.37 2104871 2,100669 #NA #NA #NA 2410 125,91 13137 1. 7.358 8,100 3 19.33 101.80
7.40| 1465850 1464149 0697 1.147 0.539 3348 13047 2105225 2,100974 #NA #NA #NA 2333 12482 130.17 7.358 8,100 3 18.79 101.48
7.60] 1,466,889 1465024 0697 1.144 0.538 3247 129.08 2105541 2101247 #NA #NA #NA 2264 12384 129.08 7.358 8,100 3 18.31 101.20
7.80| 1,467,807 1465805 0698 1.141 0537 3157 128.11 2105823 2,101492 #NA #NA #NA 202 12295 128.11 7.358 8,100 3 17.88 100.94
8.01] 1468685 1466554 0698 1.139 0.537 3069  127.16 2,106,095 2,101,728  #NA #NA #NA 2142 12210 7.358 8,100 3 17.46 100.69
825| 1,469,555 1467297 0.698 1.136 0.536 2082 12621 2106365 2,101,963 #NA #NA #NA 2082 12125 7.358 8,100 3 17.04 100.43
8.52| 1470416 1,468,034 0698 1.134 0.536 28.95 125.27 2106633 2,102,198 #NA #NA WA 2022 12040 7.358 8,100 3 16.62 100.18
8.82| 1471269 1468764 0.699 1131 0.535 2809 12432 2106900 2102431  #NA #NIA #NA 1962 11955 7.358 8,100 3 1620 | . 99.93
9.17| 1,472,113 1469489 0699 1.129 0535 2722 123.36 2107165 2,102664  #NA #NA #NA 1902 11870 7.358 8,100 3 15.79 | 9968
958 1,472,948 1470208 0699 1.126 0534 2635 12241 2107429 2102896 #NA WA #NA 1842 11786 241] 117 7.358 8,100 3 1537 99.43
10.07| 1473775 1470920 0699 1123 0534 2549 12146 2,107691 2,103,127 #NA #NA A 17.83  117.01 121.46 7.358 8,100 3 14.95 99.18
1057| 1,474,468 1471517  0.700 1.121 0533 2476 120.65 2107912 2103322 #NA A #NA 1732 11629 120.65! nsg_e_[ 7.358 8,100 3 14.60 98.97
11.07| 1475043 1472014 0700 1.119 0533 24.15 119.97 2108095 2103485 #NA ENA #NA 1690 11569 119.97] 11569 7.358 . 8,100 3 14.30 98.79
11.57| 1475532 1472437  0.700 1.118 0.532 2363 11939 2108252 2103624 #NA #NA #NA 1654 11518 119.39]  115.18 7.358 8,100 3 14.05 | 9864
12.07| 1475955 1472803 0.700 1.116 0532 23.18 118.88 2,108,388 2,103,745 #NA #NA #NA 1623 11473 118.88] 11473 7.358 | 8,100 3 13.83 9850
1257| 1476329 1473127  0.700 1.115 0532 2277 11843 2108509 2,103,853 #NA #A  MVA 1595 11433 11843[ 11433 7.358 8,100 3 13.64 98.39
13.07| 1476665 1473418  0.700 1.114 0.532 241 118.02 2108617 2103949 #NA A #NA 1569 11397 118.02] 113.97 7.358 _ 8100 3 13.46 98.28
57| 1476970 1473683  0.700 1113 0.531 2208 11765 2108716 2. #NA #NA #NA 1546 11365 11765  113.65 7.358 8,100 3 13.30 38.18
4.07| 1477250 1473926  0.700 1.112 0.531 2 U 2,108,807 2,104,119  #NA #NA #A 1525 11335 17.31] 11335 7.358 8,100 3 13.15 98.09
4.57| 1477509 1474151  0.701 11 0531 2149 11699 2108891 2104194 #NA  #NA #MNA 1506 113.07 116.99]  113.07 7.358 8,100 3 13.01 .01
07| 1,477,750 1474361  0.701 1.110 0.531 2123 11669 2,108,970  2,104,2 #NA #NA #NA 1487 11280 11669 112.80 7.358 8,100 3 12.88 93
15.57| 1,477,977 1474558  0.701 1.110 0.531 2098 11641 2,109,044 2104331  #NA #NA #NA 1470 11256 11641 11256 7.358 8,100 3 12.76 97.86
16.07| 1478,191 1474744  0.701 1.109 0.531 2074  116.14 z.m,m 2, #NA #NA #NA «,u 11232 116.14]  112.32 7.358 8,100 3 12.65 97.79
16.57| 1,478,393 1474921  0.701 1.108 0.530 2052 11589 2104453  #NA #NA #NA 112.10 115.89]  112.10 7.358 8,100 3 1254 | 97.72
17.07| 1478585 1475088  0.701 1.107 0.530 2030 11565 z. !& 2104509  #NA #NA #NA ua 111.89 2995 11565] 111.89 7.358 8,100 3 1244 97.66
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

SDCHx_| ] I | ]

Time Step QD) P(pp) P(ip) Psdc Total @ dTre Tube Shell
hrs hrs degF/hr  Q, gpm [ Pi ’ Tt Tto Q, gpm I { Tsi l
17.57. 0.50]  27.242] 091 -0.83 3000 M5 s 11542 4248 95 97.60
-0.87 0.80 3000 35 13510 11520 4245 95 97.54
-0.84 20.76 3000 315 1471 11498 4248 95 9749
0.81 2073 3000 315 13432 11478 4246 95 9743
-0.78] 071 3000 315 13396 11459 4246 95 97.38
0 0.75 068 3000 315 13360  114.40 4246 95 97.33
0 0.72 066 3000 315 13326 11422 4246 95 97.29
0 .70 064 3000 315 13293 114.04 4248 95 97.24
0 068 061 3000 315 13262 11387 4246 5 9720
0 -0.65 -0.59 3000 35 1323 13.71 4246 95 97.16
0 -0.63 058 3000 315 13201 11355 4246 95 9711
0 -0.61 0.56 3000 35 13172 11340 4246 95 9107
0 -0.60/ 054 3000 315 13144 11325 4246 85 97.04
0 -0.58 053 3000 M5 1347 11300 4246 95 97.00
0 -0.56/ 051 3000 35 13091 112.96 4246 95 96.96
0 -0.55 -0.50 3000 315 13066 11283 4246 95 96.93
0 -0.53 048 3000 315 13041 11269 4248 95 96.89
0 . 047 3000 A5 13047 11257 4246 95 96.86
0 046 3000 315 12993 11244 4246 95 96.83
0 045 3000 315 12070 11232 4246 95 96.79
0 043 3000 315 12948 11220 4248 95 sy
0 042 3000 315 12926 11208 4246 95 96.73
0 041 3000 315 12005 11197 4246 95 96.70
0 0.40 3000 M5 12884 11188 4248 95 9668
X 0 039 3000 M5 2es B 4246 95 9665
z 0 039 3000 315 12844 11165 4246 95 9662
. 2. 0 -0.38 3000 315 12825 11154 4246 95 96.59
07 X 2 0 037 3000 35 12806 11144 4245 95 9657
57 0.00] 22543 [ 036 3000 35 12788 1.4 4246 95 96.54
1.57 0.00] 2254 0 036 3000 315 12788 111.34 4245 95 96.54
31.57 0.00] 2254 [) 0.36 3000 315 12788 111.34 4248 95 96.54
31.57 000 2254 0 0.36 3000 35 12788 1114 4246 95 9654
31.57 0.00] 2254 0 -0.36 3000 35 12788 11134 4246 85 96.54
31.57 0.00] 2254 0 0.36 3000 M5 s 1M 4246 95 96.54
3157 0.00] 2254 0 036 3000 315 12788 111.34 4248 95 9654
31.57 0.00] 2254 0 036 3000 315 12788 111.34 4246 95 9654
31.57 0.00] 2254 0 036 3000 M5 12788 MM 4246 95 96.54
31.57 00| 2254 0 0.3€ 3000 35 12788 11134 4248 95 9654
31.57 00| 2254 0 20.3¢ 3000 315 12788 11134 4246 95 96.54
31.57 .00 2254 0 0.3€ 3000 315 12788 11134 4246 95 96.54
3157 00| 2254 0 0.3€ 3000 315 12788 11134 4246 9% 96.54
3157 00| 2254 0 036 3000 M5 127188 11LM 4248 95 96.54
31.57 0.00] 22543 0 036 3000 35 12788 11134 4248 95 9654
3157 0.00] 22543 [ 0.36 3000 315 12788 111.34 4246 95 96.54
31.57 0.00] 22543 ) 0.36 3000 35 12788 11134 4248 95 96.54
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

| ] ] ] | I | ] I
Time Tube Shell
s Tave tho | o mu ] K l Vel I Re Pr "‘;‘;’;"" Ttave | tho ] cp | mu ‘ K I Vel ! Re ! Pr

17.57 12547 6146 09976 3.56E-04 0372 5609 52556  3.4410 1543 10464 6194 09978 436E-04 0364 3652 111,990
18.07  125.15 6146 09976 3.57E-04 0372 5609 52411 34519 1541 10452 6194 09978 4.37E-04 0.364 3652 111,848
1857  124.84 6147 09976 3.58E-04 0372 5609 52272 34624 1539 10440 6194 09977 437E-04 0364 3652 111,712
19.07 124.55 6148 0.9976  3.59E-04 0372 5609 52,138 34726 1537 104.28 6194 09977 4.38E-04 0.364 3652 111,581
1957 12427 6148 09976 3.60E-04 0371 5609 52010  3.4824 1535 10447 6194 08977 4.38E-04 0363 3652 111,455
2007 124.00 6149 09976 3.61E-04 0371 5609 51886  3.4919 1534 10407 6194 09977 439E04 0363 3652 111334
2057 123.74 6149 09975 3.62E-04 0371 5609 51767  3.5010 1532 103.97 61.94 09977 4.39E-04 0363 3652 111,218
2107 12349 6150  0.9975 3.63E-04 0371 5609 51652  3.5099 1531 10387 6195 09977 440E-04 0363 3652 111,105
2157 12324 6151 09975 364E-04 0371 5609 51541 35186 1520 10377 6195 09977 440E04 0363 3652 110,997
2207, 12301 6151  0.9975 3.64E-04 0371 5609 51434 35270 1528 10368 6195 09977 440E-04 0363 3652 110,892
2257 12278 61.52 09975 3.65E-04 0371 5609 51,330 35351 1526 10359 6195 09977 441E04 0363 3652 110,791
2307 1225 61.52 09975 3.66E-04 0371 5609 51230  3.5430 1525 10350 6195 09977 441E04 0363 3652 110,692
2357 12238 61.53  0.9975 3.67E-04 0371 5609 51,132 3.5508 1524 10342 6195 09977 442E04 0363 3652 110597
2407, 12214 6153 09975 3.67E-04 0371 5609 51,038 3.5583 1522 10334 6195 0.9977 442E-04 0363 3652 110,505
2457 121.94 61.53  0.9975 3.68E-04 0371 5609 50946  3.5656 1521 10326 6195 09977 442E-04 0363 3652 110415
2507 12174 6154  0.9975 3.69E-04 0371 5609 50,857  3.5727 1520 10318 6196 09977 443E-D4 0363 3652 110328
2557 12155 61.54  0.9974 3.69E-04 0371 5609 50,771 3.5797 1519 10311 6196 09977 443E-04 0363 3652 110243
2607 12137 6155  0.9974 3.70E-04 0370 5609 50687  3.5864 1518 10303 6196 09977 443E-04 0363 3652 110,161
2657 12119 6155 09974 3.71E-04 0370 5609 50,605  3.5931 1517 10296 6196 09977 444E-04 0363 3652 110,081
2707, 121.0 6156  0.9974 3.71E-04 0370 5609 50525  3.5995 1516 10289 6196 09977 444E-04 0363 3652 110,003
2757, 12084 6156  0.9974 3.72E-04 0370 5609 50448  3.6059 1515 10283 6196 09977 444E04 0363 3652 109,927
2807 12067 61.56  0.9974 3.72E-04 0370 5609 50372 36120 1513 10276 6196 09977 445604 0363 3652 109854
2857 12051 6157 09974 3.73E-04 0370 5609 50298 36181 1512 10270 6196 09977 445E-04 0363 3652 109,781
2907 12035 6157 09974 3.74E-04 0370 5.609 50226  3.6240 1512 10264 6196 09977 445E-04 0363 3652 109711
2957 12020 6157 09974 3.74E-04 0370 5609 50,156  3.6298 1511 10258 6196 09977 446E-04 0363 3652 109,643
3007 12004 61.58  0.9974 3.75E-04 0370 5609 50088  3.6355 1510 10252 6196 09977 446E-04 0363 3652 109,576
3057 119.90 6158  0.9974 3.75E-04 0370 5609 50021 36410 1509 10246 6196 09977 446E04 0363 3652 109,510
3107 11975 6158  0.9974 3.76E-04 0370 5.609 49956 36465 1508 10240 6197 09977 446ED4 0363 3652 109,446
3157, 11961 61.59 09974 3.76E-04 0370 5609 49892 36518 1507 10235 6197 09977 4ATE04 0363 3652 109384
3157 11961 61.59 09974 3.76E-04 0370 5.609 49892 36518 1507 10235 6197 09977 447ED4 0363 3652 109,384
3157 11961 6159  0.9974 3.76E-04 0370 5.609 49892 36518 1507 10235 6197 06977 447E-04 0363 3652 109,384
3157 11961 6159 09974 3.76E-04 0370 5609 49892 36518 1507 10235 6197 09977 4A7E-04 0363 3652 109,384
3157 11961 6159  0.9974 3.76E-04 0370 5609 49,892 36518 1507 10235 6197 08977 447ED4 0363 3652 109,384
3157, 11961 6159  0.9974 3.76E-04 0370 5609 49892 36518 1507 10235 6197 09977 447E04 0363 3652 109,384
3157, 11961 6159  0.9974 3.76E-04 0370 5.609 49892 36518 1507 10235 6197 09977 447E-04 0363 3652 109,384
3157, 11981 61.59  0.9974 3.76E-04 0370 5.609 49,892 36518 1507 10235 6197 09977 4A47E-04 0363 3652 109,384
3157 11961 6159 09974 3.76E-04 0370 5609 49,892 36518 1507 10235 6197 09977 447E-04 0363 3652 109,384
57 11961 61.59  0.9974 3.76E-04 0370 5609 49,892 36518 1507 10235 6197 09977 447E-04 0363 3652 109,384
57 11961 6159  0.9974 3.76E-04 0370 5.609 49892 36518 1507 10235 6197 09977 447E-04 0363 23652 109,384
57 11961 61.59  0.9974 3.76E-04 0370 5609 49892 36518 1507 10235 6197 09977 447E-04 0363 3652 109,384
57 11961 6159  0.9974 3.76E-04 0.370  5.609 49,892 36518 1507 10235 6197 09977 4ATE-04 0363 3652 109,384
57 11961 61.59  0.9974 3.76E-04 0370 5609 49,802 36518 1507 10235 6197  0.9977 4A47E-04 0363 3652 109,384
3157, 11961 6159  0.9974 3.76E-04 0370 5609 49,892 36518 1507 10235 6197 09977 4A47E-04 0363 3652 109,384
3157 11961 61.59  0.9974 3.76E-04 0370 5609 49,892 36518 1507 10235 6197 08977 447ED4 0363 3652 109384
3157, 11961 61.59  0.9974 3.76E-04 0370 5609 49892 36518 1507 10235 6197 09977 4A7E-D4 0363 3652 109,384

8.756 322
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Calc 17321-01-PM-44-3, Shutdown Cooling Time
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]
: Tto Ts,0 Qeew, Total CCW CCW Duty cew
Time SDC HX tube side SDC HX shell side SDCDuy o ve | tterate gt CCW Duty #CCWHx per HX Tomp
hrs w WCp Cr NTU ffectivenes: DT Tto w WCp Cr NTU }ﬂedwamﬂi DTs l Ts.o Btu/hr mmBtuhr | mmBtuhr . gpm mmBtu/hr Ts.0
17.57| 1478768 1475247  0.701 1107 0530 2010 11542 2109302 2,104563  #NA #NA #NA 1409 11169 2965 11542 111.69 7.358 37.01 | 8100 1234 | 97.60
18.07| 1478942 1475399  0.701 1106 0530 1991 11520 2,109,360 2104615 #NA #NA #NA 1396 11150 2937 11520[ 11150 7.358 36.73 100 1224 97.54
18.57| 1479.109 1475544 0701 1106 0530 1972 11498 2109415 2,104664 #NA #NA #NA 38 1M 2910, 114.98] 111.31 7.358 36.46 100 1215 97.49
19.07| 1479269 1475684  0.701 1105 0530 1954 11478 2100467 2104712 #NA #NA #NA 13.70 11114 2884 114.78] 111.14 7.358 36.20 ,100 12.07 97.43
19.57| 1479422 1475817  0.701 1105 0530 1937 11459 2,109518 2,104,757 #NA #NVA #NA 1358 11097 2859  11459) 110.97 7358 | 3594 100 11.98 97.38
20,07 1,479,569 1475946  0.701 1.104 0.530 1920  114.40 2109566 2,104801 #NA #NA #NA 1347 11080 .34 114.40[  110.80 7.358 35.70 8,100 3 11.80 97.33
20.57| 1,479,710 1476069  0.701 1.104 0.529 1905 11422 2,109613 2104843 #NA #NA #NA 1336 11064 A1) 11422] 11064 7.358 3547 8100 3 1182 97.29
21.07| 1479846 1476188  0.701 1103 0529 1889  114.04 2109658 2104884 #NA #NA #NA 1325 11049 89 114.04]  110.49 7.358 35.25 8,100 3 11.75 97.24
21.57| 1479977 1476303  0.701 1103 0529 1874  113.87 2109701 2104923 #NA #NA #NA 1345 11034 67, 113.87] 110.34 7.358 3503 | 8,100 3 1168 97.20
22.07| 1480104 1476414  0.701 1102 0529 1860 11371 2,109,743 2104961 #NA #NA #NA 1305 11020 2746 113.71] 11020 7.358 34.82 100 3 1.61 | 9718
22.57| 1,480,226 1476521  0.701 1.102 0.529 18.46 11355 2,109,784 2,104908  #N/A #NA #NA 12.85 110.06 2726 11355] 110.06 7.358 34.62 100 3 1.54 97.11
23.07| 1,480,345 1476624 0.701 1.101 0.529 1833 11340 2109823 2105034 #NA #VA #NA 1286 109.93 27.06 11340[ 109.93 7.358 3442 100 3 N4 97.07
23.57| 1480459 1476725  0.702 1.101 0.529 1820 11325 2,109,861 2105068  #NA #NA #NA 1276  109.80 2687 11325] 109.80 7.358 3423 | 8,100 3 1.41 97.04
24.07| 1480570 1476822 0.702 1100 0529 1807  113.10 2109898 2105101 #NA #NA #NA 1268  109.68 I l 7.358 3404 100 31135 97.00
24.57| 1480677 1476916  0.702 1100 0529 17.95 11296 2109934 2105134 #NA #NA #NA 1259  109.55 7.358 33.86 8,100 3 11.29 96.96
25.07| 1480,781 1477,007 0.702 1100 0529 1783 11283 2109969 2,105,165 #NA #NA #NA 1251 10944 7.358 3369 | 8,100 3 1123 96.93
25.57| 1480882 1477095 0.702 1099 0528 n. 128 2,110002 2105196 #NA #NA #NA 1243 10932 7.358 3352 | 8100 3 1117 96.89
26.07| 1,480,980 1477181  0.702 1.099 0528 1760 11257 2110035 2105226 #NA #NA #NA 1235 10921 7.358 3336 8,100 3 1112 96.86
26.57| 1,481,075 1477265 0.702 1099 0528 1749 11244 2110067 2105255 #NA #NA #NA 1227 109.10 7.358 3320 8100 3 11.07 96.83
27.07| 1,481,168 1477346  0.702 1.008 0528 1738 11232 2,110,098 2105283 #NA #NA #NA 1220 10899 7.358 33.04 8,100 3 11.01 96.79
2757 1481258 1477425 0.702 1008 0528 1728 11220 2,110,128 2105310 #NA #NA #NA 1213 108.89 7.358 32.89 8100 3 10.96 96.76
28.07| 1481346 1477502 0702 1.098 0528 17.18 112.08 2,110,157 105337 #NA #NA #NA 1206 10879 7.358 32.74 8,100 3 10.91 96.73
2857| 1481431 1477577  0.702 1097 0528 o i 2110186 2105363 #NA #NA #NA 1199 10869 7.358 3259 8,100 3 1086 96.70
29.07| 1481514 1477650 0.702 1.097 0528 1698  111.86 2110214 2105388 #NA #NA #NA 1192 10860 7.358 3245 8,100 3 10.82 96.68
29.57| 1481595 1477721 0702 1.097 0.528 16.89 1. 2110241 2105413 #NA #NA #NA 11.85 108.50 7.358 32.32 8,100 3 10.77 96.65
30.07| 1,481,674 1477791  0.702 109 0528 1680 11165 2,110268 2105437 #NA #NA #NA 1179 10841 7.358 32.18 8100 & 3 10.73 96.62
30.57| 1,481,751 1477858  0.702 1096 0528 1671 11184 2,110294 2105461  #NA #NA #NA 1173 10832 7.358 | 3205 8,100 1068 | 96.59
31.07| 1,481,826 1477925 0.702 1096 0528 1662 111.44 2110319 2105484 #NA #NA #NA 1167 10823 ¥ 7.358 31.92 8,100 . 1064 96.57
31.57| 1,481,900 1477,989  0.702 1.096 0528 1654 11134 2,110344 2105507 #NA #NA #NA 1161 10815 X 7.358 31.80 8,100 10.60 96.54
31.57| 1,481,900 1477989  0.702 109 0528 1654 11134 2110344 2105507 #NA #NA #NA 1161 10815 7.358 31.80 8,100 1060 96.54
31.57( 1,481,900 1477989  0.702 1.09% 0528 1654 11134 2,110344  2,105507  #NA #NA #NA 1161 10815 y 7.358 31.80 8100 | 3 10.60 96.54
31.57| 1,481,900 1477,989 0702 1.096 0.528 16.54 111.34 2110344 2105507 #NA #NA #NA 1161 108.15 X 7.358 31.80 8100 | 3 | 1060 96.54
31.57| 1,481,900 1477989  0.702 1.09% 0528 1654  111.34 2110344 2105507 #NA #NA #NA 1161 10815 7.358 | 31.80 8,100 3 | 1060 96.54
31.57| 1,481,900 1477989 0702 1.096 0.528 16.54 111.34 2110344 2105507 #NA #NA #NA 1161 108.15 4 7.358 1.80 8,100 | 10.60 96.54
31.57| 1,481,900 1477,989  0.702 1.09%6 0528 1654 11134 110,344 2105507 #NA #NA #NA 161 10815 4. 7.358 1.80 8,100 | | 1060 96.54
31.57| 1,481,900 1477989  0.702 1.096 0528 1654 11134 2,110,344 2105507 #NA #NA #NA 1161 10815 g X 7.358 1.80 8,100 10.60 96.
31.57| 1,481,900 1477989  0.702 1096 0528 1654 11134 2110344 2105507 #NA #NA #NA 1161 10815 ! K 7.358 1.80 8100 | 10.60 96.
57| 1.481,900 1477989  0.702 1096 0528 1654 11134 2110344 2105507 #NA #NVA #NA 1161 108.15 44/ . 7.358 | 31.80 8100 | . 1060 | 96.54
57| 1,481,900 1477989  0.702 1.096 0.528 16.54 111.34 2,110,344 2105507 #NA WA #NA 1161 108.15 44 . 7.358 31.80 8,100 10.60 96.54
57| 1481900 1477989  0.702 1.09% 0528 1654 11134 2110344 2105507 #NA #NA #NA 1161 10815 2444 111.34] 108.15 7358 | 31.80 8,100 3 10.60 96.54
57| 1481,900 1477989  0.702 109 0528 1654 11134 2110344 2105507 #NA #NA #NA 1161 10815 2444 111.34] 108.15 7.358 | 31.80 8,100 3 10.60 96.54 |
1.57| 1,481,900 1477989  0.702 1.09% 0528 1654 11134 2110344 2105507 #NA #NA #NA 161 10815 2444 111.34] 10815 7.358 | 31.80 8,100 3 1060 96.54
31.57| 1,481,900 1477989  0.702 1.096 0.528 1654 111.34 2110344 2105507 #NA #NA #NA 1161 10815 2444 11134] 108.15 7.358 31.80 8,100 3 10.60 96.54
31.57| 1,481,900 1477,989  0.702 1.096 0528 16.54 111.34 2,110,344 2105507 #NA #NA #NA 1161 108.15 2444 111.34] 10815 7.358 31.80 8,100 3 1060 96.54
31.57| 1,481,900 1477989  0.702 1.096 0.528 1654 11134 2,110,344 2105507 #NA #NA #WA 11681 10815 2444 111.34]  108.15 7.358 31.80 8,100 3 10.60 96.54
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Shutdown Cooling Temperature Transient with 90F River Water

SDC Hx Fouling = 0.001 hr-F-sqft/Btu, CCW Hx Fouling = 0.004 hr-F-sqft/Btu
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Sh Cooling Temp T ient with 90F River Water sDC
Hx Fouling = 0.00418 hr-F-sqft/Btu, CCW Hx Fouling = 0.004 hr-F-sqft/Btu
i i T I j
Initial RC Temperature, F 350 ! i SDC HX | CCWHX
Initial Time [ 2] 2754 Shell Film Multiplier 0.09751,
'RCS Temperature after 8 hours_ 21728 I 1 Shell Film Re power 061709
Time after trip to 130F Primary Coolant Temp | #NUM! Initial CCW to SDCHx 4246 Shell Film Pr power 0333
"Time after SDC initiation to 130F PC Temp #NUM! CCW Flow Step Temp | 275{ Fouling (total = tube side) 0.00418]  0.004
Decary heat equilibrium at 90F river temp 74.85 0.00418 0.004)
SDCHx |
Time Step Qo) P(pp) P(ip) Psdc  TotalQ dTre Tube Shell
hrs hrs mmBtu/hr degF/hr | Q, gpm Pi ‘ Tti I Tto Q, gpm Pi Tsi Ts.o
.00 0.1 15:1[ 15] -128.171 53.70|  -48.82 3000 315 35000 25685 4248 95 11679 178.27]
10 0.10 18 1. ; 3000 N5 4512 25390 4246 95
.20 0.10 18 1. 3000 35 34038 251.04 4246 95
30 0.10 18 1. 3000 315 33578 24825 4246 95
240, 0.10, 1 1. 3000 35 33132 24555 4246 95
2.50 0.10 18 3000 M5 32700 24292 4248 95
260 0.10 18] 3000 315 32282 24037 4246 95
2.70 0.10 18 3000 N5 31877 237.89 4248 95
280 0.10 18| 3000 315 31484 23549 4248 95
2.90 0.10 8 3000 315 304 23398 4248 95
3.00 0.20, 8 3000 315 30736 23091 4246 95
320 0.40] 8 3000 315 30025 22653 4246 95
360 0.50] 8 3000 315 28695 21831 4248 95
410 050 18 3000 N5 27256 20936 4246 95
460 0.50 18 3000 315 26059  201.87 4245 95
510 0.50 18 3000 315 25063 19561 4248 95
560 0.50] 18 3000 35 24231 19035 4248 95
6.10 0.50 18 3000 315 23533 18583 4246 95
6.60 0.50' 18 3000 315 22945 18220 4246 95
7.10 0.50 1 3000 35 22448 179.03 4246 95
760, 050, 1 3000 315 22023 17632 4246 95
8.10 050 18 3000 35 21659 17399 4246 95
8.60 0.50] X 18 3000 315 21345 17198 4246 b
9.10 050/ { 18 3000 M8 21099 1020 4248 95
9.60 0.50 i 18 3000 315 20831  168.68 4248 95
10.10 050,  32.576| 18] 3000 35 20620  167.32 4246 95
10.60 054 7 18 3000 315 20431 166.11 4246 95
11.14 0.60 18 3000 315 20250  164.94 426 9
11.74 0.68 18 3000 315 20068  163.77 4248 95
12.42 0.50 X 0 3000 315 198.86 16260 4246 95
12.92 0.50 X 3000 315 18950 15655 4248 95
13.42 0.50 . 3000 35 18208 151.73 4248 95
1392, 050 9.36 3000 35 17617 147.89 4246 95
14.42 0.50 X 3000 35 17144 14480 4248 95
14.92 050, 28.715 3000 35 16762 14230 4248 95
1542 0.50 3000 315 16451 140.26 4246 95
1592 0.50 0 3000 M5 16197 13859 4248 9
16.42 0.52] 0 3000 315 15986 13721 4248 95
16.94 061 0 3000 315 15804 13601 4246 95
1756 0.75 0] 3000 315 15623 13482 4246 95
18.30, 0.93 0 3000 315 15441 13362 4246 95
1924 119 0 3000 35 15259 13242 4246 95
2043 1.55 0 3000 M5 s M2 4248 95
2198 .00, 0 J 3000 315 14895  130.02 4246 95
23.98 .00 0 -0. 3000 N5 W3 12am 4246 95
25.98 .00 0. 3000 315 14566  127.84 4248 95
27.98 00 0. 3000 35 14436 12698 4248 95
29.98 .00 . 0. ; 3000 35 14319 12621 4246 95
31.98 00 0 15 -24.485 054 049 3000 315 14212 12550 4246 95
33.98 2,00 0 15|  -24.006 -0.49 045 3000 M 4195 1A8S 4246 9
35.98] 2.00 ) 15 23566 046] 042 3000 315 14025 12426 4246 95
37.98 2.00 0 15] -23.159 042 0.39 3000 315 1842 123N 246 95
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Time4246Q xls; Coold

Calc-PM-44-3 Att2-1_SDC_C

Time Tube Shell
hs | Ttave | rho [ cp mu K Vel l Re o |? g‘;’;"' Ttave | rho cp ‘ mu K Vel Re
00| 303.42 5559  1.0287 1.22E-04 0.396  5.609 139,053 1.1405 2297 14753 6124 09997 295E-04 0378 3652 163640
10| 29951 5576 10273 1.24E-04 0.396 5609 137,300  1.1566 2288 14648 6126 09996 298E-04 0378 3652 162315
20|  295.71 5593  1.0260 1.26E-04 0.396  5.609 135580  1.1729 2279 14546 6128 09995 3.00E-04 0378 3652 161,030
30| 202,02 56.09  1.0248 1.28E-04 0396 5609 133895  1.1893 2269 14446 6129 09995 3.02E-04 0377 3652 159,785
240 28844 5625  1.0236 1.30E-04 0.396 5609 132,246  1.2058 2260 14350 6131 09994 3.05E-04 0377 3.652 158,579
250] 284.96 5640  1.0225 1.32E-04 0396 5609 130,634 12224 2251 14257 6133 09904 307E04 0377 3652 157412
260| 281.59 5654 10215 1.34E-04 0396 5.609 129,060  1.2390 2241 14166 6135 09993 300E-04 0377 3652 1
70| 278.33 5668  1.0205 1.35E-04 0.396  5.609 127,524 12567 2232 14079 6136 09993 3.12E-04 0376 3652 155,188
80| 27547 5681 10196 1.37E-04 0396 5609 126,028 12724 2223 13994 6138 09992 3.14E04 0376 3652 154,131 §
90| 272.10 5694  1.0187 1.39E-04 0396 5609 124569 1.2891 2213 13942 6139 00992 3.16E04 03768 23652 153,109 L
00| 269.14 5706 1.0179 141E-04 0396 5609 123,150  1.3058 2204 13832 6141 09991 318E04 0376 3652 152,121 ¥
320] 26339 5729  1.0164 145E-04 0396 5609 120382 1.3396 2186 13678 6143 09990 322E-04 0375 3652 150211 | .30 7
360| 25263 5771 1.0137 153E-04 0396 5609 115,140 1.4086 2150 13389 6148 09989 331E04 0374 3652 146656  3.1756 1323 9260 16!.251
410| 24096 58.15  1.0111 1.62E-04 0395 5609 109,380  1.4927 2109  130.76 6154 09987 340E-04 0373 3652 32719 1311 9215  167.70
460 23123 5850  1.0091 1.71E-04 0.394 5609 104,537 15714 2072 12846 6158 09986 348E04 0372 3652 139659 33559 1301 9.178]  167.20
510] 223.12 58.79  1.0076 1.78E-04 0393 5609 100477 16438 2040 12599 6162 009985 3S54E04 0372 3652 137,034 34286 1292 9.147| 166.77,
560/ 21633 59.02  1.0085 1.85E-04 0393 5609 97,071 1.7096 2011 12417 6165 09984 360E-04 0371 3652 134851 34914 1285  9.122| 16640,
6.10] 21063 5921 10056 1.92E-04 0392 5609 94209  1.7689 1987 12265 6167 09983 365E-04 0370 3652 133028  3.5455 1279 9.100]  166.07,
X 205.83 59.36  1.0049 1.97E-04 0.391  5.609 91,794  1.8221 1966 12137 6169 09983 3.70E-04 0370 3.652 131,496 35021 1274 9082 165.79)
201.75 5949 10043 2.02E-04 0391 5609 89,747  1.8696 1948 12028 6171 09982 3.74E04 0370 3652 130203 36325 X
198.28 5960  1.0038 2.06E-04 0390 5609 88,003 19120 1932 11936 6172 09962 377E04 0369 3652 120103  3.6674
195.29 59.70  1.0034 2.10E-04 0390 5609 86,506  1.9498 1918 11857 6173 08982 380E-04 0369 23652 128162 36979
192.71 59.78  1.0031 2.14E-04 0389 5609 85214  1.9837 1906  117.88 6174 09981 382E04 0369 3852 127350 37245
190.47 5985  1.0028 2.17E-04 0389 5609 84,090  2.0140 1896 11728 6175 09981 384E04 0369 3652 126645 37479
188.50 5991 10026 220E-04 0.388 5609 83,106 20413 1886  116.76 61.76 09981 3.86E-04 0368 3.652 126028  3.7687
186.76 5996  1.0024 222E-04 0388 5609 82238  2.0659 1878 11630 6177 09981 38BE04 0368 3652 125485 37871
18521 60.00 1.0022 224E-04 0.388 5.609 81466 20883 1870 11589 61.78 09981 3.90E-04 0368 3.652 125003  3.8036
183.72 60.05  1.0020 227E-04 0387 5609 80,721 21103 1863 11549 6178 09981 391E-04 0368 3652 124537 38197
182.22 6009  1.0019 229E-04 0387 5609 79,977 21328 1856 11540 6179 09980 393E-04 0368 3652 124071 38350
180.73 6013 10017 231E-04 0387 5609 79232 21557 1848 11470 6179 09980 394E04 0368 3652 123606  3.8522
173.02 6035  1.0009 244E-04 0385 5609 75411 22811 1810 11266 6182 09980 4.02E-04 0367 3852 121222 39379
166.91 6052 1.0004 255E-04 0.384 5609 72396  2.3900 1778 111.04 6185 08979 4.09E04 0366 3652 119343 4.0080
16203 6065  1.0000 264E-04 0383 5609 70005  2.4836 1752 109.76 6186 08979 4.14E04 0366 3652 117854  4.0852
158.12 6076 09996 2.72E-D4 0382 5609 68,097 25633 1731 10873 6188 09979 4.18E-04 0365 3652 116665  4.1120
154.96 6084 09994 2.79E-04 0381 5609 66,563  2.6309 1714 6189 09978 422E04 0365 3652 115709  4.1504 8.878
15239 6090 09992 284E-04 0.380 5609 65321 26882 1700 10722 6180 09978 425E-04 0365 3652 114934  4.1820 8.868
15028 6095 09991 289E-04 0380 5609 64,305 27367 1688 10667 6191 09978 427E04 0364 3652 114300 42082 8.860
148.54 6100 09989 293E-04 0379 5609 63466 27781 1679 10621 6191 09978 420E-04 0364 3852 113777 42300 8.853
147.03 6103 09988 2.96E-04 0379 5609 62,743 2.8146 1670 10582 6192 09978 431E-04 0364 3652 113326 42491 8.847
14552 6107 09987 3.00E-04 0378 5609 62022  2.8520 1662 10542 6192 09978 432604 0364 23652 112876 42682 8.841
144.01 61.10  0.9986 3.04E-04 0378 5609 61,302  2.8903 1653 10503 6193 00978 434E04 0364 23652 112426 42875 835
14250 6114 09985 3.0BE-04 0377 5609 60,584 29294 1645 10463 6194 09978 4.36E-04 0364 3652 111977  4.3069
14100 6118 09985 3.11E-04 0377 5609 59,868 29695 1636 10424 6194 09977 438E-04 0363 3652 111520  4.3264
139.49 61.21 0.9984 3.15E-04 0.376  5.609 59,153  3.0105 1627 10384 61.95 08977 440E-04 0363 3652 111,081 43461
137.98 6124 09983 3.19E-04 0376 5609 58439  3.0524 1618 10345 6195 09977 441E04 0363 3652 110634  4.3659
136.75 6127 09982 3.23E-04 0376 5609 57,863  3.0871 1611 10313 6196 009977 443E04 0363 3652 110273 43821
13567 6130 09981 326E-04 0375 5609 57,354 3.1184 1605 10285 6196 08977 444E-04 0363 3652 109954  4.3964
13470 6132 09981 3.28E-04 0375 5609 56,897  3.1470 1598 10260 6196 09977 445604 0363 3652 109667  4.4094
133.81 6134 09980 3.31E-04 0375 5609 56,481  3.1734 1594 10237 6197 44TE04 0363 3652 109407 44213
13300 6135 09980 3.33E-04 0374 5609 56,102  3.1979 1589 10216 6197 09977 447E04 0363 3652 109,168 44322
598 13225 6137 09980 3.35E-04 0374 5609 55,753 32207 1585  101.96 6197 09977 44BED4 0363 3652 108940 44422 ]
37.98] 13156 6139 09979 337E-04 0.374 5609 55431 32421 1581 10178 6197 09977 449E-04 0362 3652 108747 44516
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Calc 17321-01-PM-44-3, Shutdown Cooling Time
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Calc-PM44-3 Att2-1_SDC_C

1 i i [CCWHX F9uin9 0.004
Tto Ts.0 Qeew, Total CCW CCW Duty ccw
Time SDC HX tube side SDC HX shell side SDCDuty oo | pterate other | COWDUty T LT #CCWHK Ty Tor
w WCep Cr NTU ffectivenest DT Tto w Wep cr NTU lﬂemeneo{' DTs 1 Ts.0 Btwhr mmBtuhr  mmBtuwhr  gpm mmBtu/hr Ts.0
1337560 1375913 0660 0621 0399 9315 25685 2085510 2084830 #NA #NA #UA 6148 17827  128.17  256.85 178.27 7.358 3553 | 8,100 3 4518 11879
1,341,802 1378432  0.661 0.620 0399 9122 25390 2,086,183 2085359  #NA #NA #NA 6029 17662 2573 253.90 176.62 7.358 33.06 ,100 3 4436 116.33
1345872 1380865 0.662 0618 0398  89.34  251.04 2085871  #NA #NA #MA 5914  175.03 337 251.04] 17503 7.358 30. 100 3 43.58 115.88
1,349,776 1383217  0.663 0617 0397 8753 24825 2087461 2086367 #NA A #NA 5803 17348 1.07 24825 17348 7.358 28. 100 3 42381 11545
1,353,519 1385488 0664 0615 0397 8578 24555 2,088,066 2, #NA #NA #MA 5695 17198 118.84 24555 171.98] 7.358 12620 _ 8,100 3 4207 115.03
1,357,108 17387681  0.665 0614 0.396 84.08 242.92 2,088,649 2,087,309 #NA #NA #NA 5590 17052 116.68  242.92| 170.52 7.358 124.04 8,100 3 41.35 114.62
1,360,549 1,389,798  0.666 0612 0395 8245 24037 2089212 2087756  #N/A #NA #NA 5489 16911 11459 240.37| 169.11 7.358 | 121.95 | 8,100 3 4065 11422
1,363,849 1391843  0.667 0611 0395 8087  237.89 2,089,754 2,088,188  #NA #NA #NA 5390 16774 11256, 237.89] 167.74 7.358 | 11992 | 8.100 3 39.97 113.84
1,367,013 1393816  0.667 0610 0394 7935 23549 ) #NA #NA #NA 5295 16641 11060, 23549] 166.41 7358 | 117.95 8,100 3 39.32 11346
1,370,046 1395720  0.668 0.608 0.393 7788 23316 2,090,780 2089008 #NA #NA #NA 5203  165.13 108.69  233.16| 165.13 7358 11605 8,100 3 38.68 113.10
1,372,954 1,397,558 0,669 0.607 0393 7646 23091 2,001 20089307  #NA #NA #NA 5114 16389 106.85] 23091 163.89 7.358 | 11421 | 8,100 3 38.07 11275
1,378,508 1401,102 0.670 0.605 0392 7372 22653 2,092,196 2,090,146  #NA #NA #NA 4942 16149 10329 226.53[ 161.49 7358 11065 | 8,100 = 3 3688 11207
1,388,622 1407677 0673 0600 0390 6864 21831 2,003913 2081 #NA #NA #NA 4620  156.99 9663 21831 156.99 7.358 10398 @ 8100 | 3 3466 110.79
1,399,188 1414729 0676 0.595 0.387 6320 20936 2095737 2093021 #NA #NA #NA 4272 15242 8941  209.36] 152.12] 7.358 96.77 8,100 3 32.26 10940
1407669 1420539 0678 0.591 0385 5872  201.87 2007224 2094241  #NA #NA #VA 3983 14807 8342 201.87| 148.07 7.358 90.78 8.100 3 30.26 108.24
1414522 1425337  0.680 0.587 0384 5502 19561 98 2095247  #NA #NA #NA 3743 14470 7843 19561 144.70 7.358 8579 8100 | 3 28.60 T 721
1420099 1429315 0682 0.584 0382 5196 19035 2099444 2096079  #NA #NVA  #NA 3543 14189 7426 190.35| 141.89) 7.358 81.62 8,100 3 2721 106.46
1424672 1432627  0.683 0.582 0.381 4940 18593 2100274 2096771  #NA #NA WA 78 70.77, 18593 139.53 7.358 78.13 8,100 3 26.04 105.78
1428450 1435400 0.684 0580 0380 4726 18220 2,100,965 2,097, #NA #NA #NA 137.54 67.83) 18220 13754 7.358 75.19 8,100 3 25.06 7 105.20
1431598 1437734 0685 0.578 0379 4545  179.03 2,101,545 2097838  #NA #NA #VA 3115 13586 6534 179.03| 135.86 7.358 72.70 100 3 24.23 104.71
1434241 1439712 0686 0.576 0379 4391 17632 2102035 2098251 #NA #NA  #NA 3043 13443 6322 176.32] 13443 7.358 7058 | 8100 3 2353 104.29
1436481 1441401  0.687 0.575 0378 4260 17399 102453 2008604 #NA #NA  BNA 2026 13320 6140 17399 133.20 7.358  68.76 100 3 229 103.94 |
1,438,303 1442852  0.687 0.574 0378 4147 17198 2,102,811 #NA #NA  #NVA 2851 13213 5983 17198] 13213 7.358 | 67.19 400 3 2240 103.63
1440041 1444109 0688 0573 0.377 4049 1702 2,103,121 2099172  #NA #NA  #NA 2785 13121 5847 17022| 13121 7.358 65.82 8,100 3 21.94 10336
1441472 1445206 0688 0.572 0377 3963 16868 2,103,392 #NA #NA #NA 2728 13040 57.27, _168.68| 130.40) 7.358 | 6463 8,100 3 2154 10312 |
1442725 1446171  0.689 0.571 0376 3887  167.32 103,629 #NA #NA #NA 2677 12069 5621 167.32] 129.69) 7.358 6357 8,100 3 21.19 102.91
1443832 1447026  0.689 0.571 0376 3820  166.11 2,103,840 2099784  #NA #NA  SNA 2632 12005 5528  166.11] 129.05 7.358 | 6263 8,100 3 20.88 102.73
1444894 1447849  0.689 0570 0376  37.55  164.94 2,104,042 2,099, #NA #NVA  #NA 2589 12844 5437 164.94] 12844 7358 6173 | 8,100 3 2058 7 10255
1445949 1448670  0.690 0569 0375 3691 16377 2,104244 2100131  #NA #NA  #NA 2546 12782 5346 163.77| 127.82 7.358 | 60.82 8,100 3 2027 102.37
1,446,997 1440488 0690 0.569 0375 3626 16260 2104446 2100303  #NA #NA A 2502 12721 5256 162.60] 127.21 7.358 59.92 8100 3 19.97 10219
1452282 1453649  0.692 0565 0373 3295 15655 2105470 2101186  #NA #NA #NA 2280  124.06 47.90_  156.55| 124.06 7.358 5526 | 8,100 3 18.42 101.26
1456334 1456884  0.693 0.562 0372 038 4511 2,106267 2101878 #NA #NA #NA 2104 12156 4421 151.73] 12156 7.358 5157 8,100 3 17.19 100.53
1459474 1459415  0.694 0560 0371 2829  147.89 2,106,893 2102425 #NA #NA #NA 1964 11957 4128 14789 11957 7.358 | 4864 8,100 3 1621 | T 9994
1461931 1461412 0695 0.558 0.370 2664 144.80 2107389 2,102,860 #NA #A  #NA 1852  117.98 38.94  144.80| 117.98 7.358 46.29 8,100 3 | 1543 99.47
1,463,876 1463001  0.696 0.557 0370 2532 14230 2,107,785 2103210  #NA #NA WA 1761 11670 3705 14230 116.70 7358 | 44.40 8,100 3 14.80 99.09
1465430 1464278  0.696 0555 0369 2425 14026 108,104 2,10 #NA #NA  BNA 1688 11566 3551, 14026 11566 7358 | 4287 | 8100 | 3 | 1429 | )
1,466,688 1465314  0.697 0554 0368 2338 13859 b 2,103,724  #NA #NA A 1628 11481 3425 13859 11481 7.358 | 4161 8100 3 1387 79853
1467716 1466164  0.697 0.554 08 288 31N ENA #A #NA 1579 11410 3321 13721]  114.10 7.358 | 4057 8,100 3 13.52 98.32
1468504 1466893  0.697 0.553 0368 2203 13601 #NA #NA  BNA 1536 11350 32.32]  136.01] 113.50 7.358 39.67 8,100 3 1322 98.14
1469465 1467616  0.697 0.552 0367 2141 134.82 #NA #NA #NA 1493 11289 3142 13482 11289 7.358 38.78 8,100 3 12.93 | 97.96
1470327 1468333  0.698 0.551 0367 2079 13362 #NA #NA #NA 1450 11228 3052 13362 112.28 7.358 37.88 8,100 3 1263 | | o177
1,471,181 1469046 0698 0.551 0.367 2017 132.42 #NA #NA #NA 1408 11167 2963 13242 11167 7.358 36.99 8,100 3 1233 | 9159
1,472,026 1469752  0.698 0550  0.366 1955 13122 #NA #NA #VA 1365 11106 2873 13122 111.06 7.358  36.09 ,100 3 12,03 97.41
1472862 1470453  0.699 0549  0.366 1893 13002 #NA A ENA 1323 11046 2784  130.02| 11046 7.358 | 3520 100 3 1.73 A
1473690 1471149  0.699 0.549 0.366 1832 12882 9, #NA #NA  #NA 1280  109.85 2695 128.82) 109.85 7.358 34.30 100 3 1143 97.05
1474354 1471707  0.699 0548 0365 1782  127.84 10 2,105,185  #NA #NA #NA 1246 10936 2622 127.84] 109.36 7.358 3358 ,100 3 11.19 96.90
1474936 1472,198  0.699 0.547 0.365 1738 12698 2110117 210 #NA #NA #NA 1215 108.93 2558 126.98] 108.93 7.358 32.94 8,100 3 10.98 96.77 |
1475456 1472638 0699 0547 0365 1698 12621 2110231 2105404  #NA #NA #NA 1188 10854 2501 12621 108.54 7.358 3237 8,100 3 10.79 96.66 |
1475926 1473035  0.700 0.546 0365 1662 12550 2110335 2105499 #NA #NA #NA 1163 108.18 2448 12550 108.18 7358 | 3184 8,100 3 w61 | 96.55
1476354 1473397  0.700 0.546 0365 1629  124.85 2,110429 2105585  #NA #NA #NA 1140 10786 4.01]  124.85]  107.86 7.358 31.36 8,100 3 1045 96.45
1476745 1473729  0.700 0.546 0.364 1599 12426 2110516 2105664  #NA #NA  #NA 1119 10756 2357 12426] 107.56] 7.358 30.92 8100 3 1031 9637
1477.105 1474034  0.700 0.545 0364 - 18 AT 2110595 2105737 #NA #NA #NA 1100 10728 2316/ 12371 107.28 7.358 30.52 8,100 3 1017 96.28
Time4246Q.xis; Cooldown’ 312912008, 12:49 PM



Calc 17321-01-PM-44-3, Shutdown Cooling Time

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q.xls; Cooldown5

SDCHx | ] [
Time Step QD) P(pp) P(ip) Psdc  TotalQ dTre l Tube Shell
hrs hrs I mmBtuhe degFhr  Q,gpm Pi [ Tt | Tto Q, gpm Pi Tsi
39.98 200 20886 o] 15]  -22.781 40| 036 3000 35 1 13868 12319 4248 95 9621
41.98 0 15| 22429 -o.:g{ 034 3000 315 B¥1I an 4248 95 9613
4398 0 15 -22.100 035 032 3000 N5 13725 12227 4246 95 9607
45.48 0 15 -21.868 033 0.30 3000 35 13678 12195 4246 95 9602
46.98 0 15] 21645 032 029 3000 315 13632 12165 4246 95 9597
| 4848 0 5| -21.432 031 028 3000 315 13589 12136 4248 95 9593
4923 0 5] -21.329 030 027 3000 315 13568 12122 248 9% 9591
49.98 0 21229 -0.30 027 3000 N5 13547 121.09 4246 95 9589
50.73 0 d -21.130 -0.29) 026 3000 315 13527 12095 4246 95 95.87
5148 o 15 21033 029 026 3000 315 13507 12082 4246 9 9585
5223 [ 15| 20938 -0.28 025 3000 315 13488 12069 248 85 58
5298 0 15] -20.845 027 025 3000 315 13469 12056 4248 95 9581
53.73 0 15| -20.753 027 025 3000 35 13450 12044 4246 9% 951
5448 0 15] 20664 026 0.24 3000 M5 13432 12032 248 9% 57
55.23 0 15] 20575 0.26 0.24 3000 N5 13414 12020 4248 9% 9576
55.98 0 15 -20.489 026 023 3000 315 13396 12008 4246 )
56.73 15 20404 025 023 3000 35 13378 119.96 4246 %  wBn
57.48 15| -20321 0.25 0.22 3000 315 13361 11985 4248 85 9571
5823 1 20239 024 022 3000 315 13345 119.74 4246 95 9569
58.98 0 15  -20.159 -0.24 022 3000 315 13328 11983 4246 95 9587
59.73 0 15 -20.080 023 021 3000 315 13312 11982 4248 95 9566
60.23 0 15 -20.029 023 021 3000 315 13301 11945 448 85 9565
60.73 [ 1.5]  -19.978 0.23 -0.21 3000 315 13291 11938 4246 95 9564
61.23 0 15 E 023 021 3000 315 13280 11931 4248 95 9563
61.73 0 15 0.23 021 3000 M5 13270 119.24 4248 95 9562
6223 0 15 023 020 3000 315 13259 11948 4248 95 9581
62.73 0 15 022 020 3000 35 13249 11911 4246 95 9560
6323 0 15 022 020 3000 315 13239 11905 4248 95 955
63.73 0 1. 022 020 3000 315 13229 11898 4248 85 9558
64.23 0 1. 0.22 0.20 3000 N5 13219 11882 4248 95 9587
64.73 0| 1 022 020 3000 315 13209 118.86 4246 95 9556
65.23 0 14 023 020 3000 315 13198 118.80 4246 95 9555
65.73 0 1 023 021 3000 315 13188 11874 4245 95 9554
66.23] 0 15 -0.23 021 3000 M5 13178 11869 4248 95 9553
66.73 0 15 024 022 3000 35 13167 11863 4248 9% 9585
66.93 0 15 -0.24 0.22 3000 315 13163 11881 4248 9% 9585
67.13 0 15 -0.24 022 3000 315 13150 11859 4248 95 95.52
67.33 0 15 025 023 3000 315 13184 11857 4248 9% 9585
67.53 0 15 0.25 023 3000 315 13150 11855 4248 25 9551
67.73 0 15 026 023 3000 35 13145 11853 246 95 9551
67.93 .10] 0 15 026 024 3000 35 13140 11852 4248 95 9551
68.03 .10] 17.590 0 15 ; 027 024 3000 315 13138 11851 4246 95 955
68.13 10| 582 0 5| -19.35 027 025 3000 315 13135 11850 248 95 9551
68.23 1 7.574 0] 348 -0.27 -0.25 3000 315 13133 11849 4246 95 95.51
68.33 X 7.565 o -19.344 028 025 3000 35 13131 11849 4246 95 9551
68.43 Kl 17.557 g{} 5| -18.340 -0.28 0.26 3000 315 13128 11848 4246 95 95.51
68,53 .10, 17.549) 0 5] -19.336 029 026 3000 35 13125 11847 4248 95 955
68.63 010, 17.540| 0 1 -19.333 0.29 027 3000 35 13123 11846 4248 95 9550
68.73 0.0, 17532 0 15| -19.329 0.30 027 3000 35 13120 11846 4248 95 9550
68.83 . 17524 1. -19.326 -0.30 -0.27 3000 315 13147 11345 4246 95 95.50
68.93 7.516 1.5] -19.324 -0.31 -0.28 3000 35 1145 11845 4246 95 95.50
69.03 . 7.508 15 -19.321 031 029 3000 35 13112 11844 4246 95 9550
69.13 . 7.499 1. -19.319 -0.32 029 3000 315 13109 11843 4248 95 95,50
6923 040 17491 15 -19.318 033 0.30 3000 35 13106 11843 4245 95 9550
69.33 0.10 17483 0 1 -19.317 033 030 3000 315l m.oal 11843 4246 u] 9550
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

0.362

Time Tube Shell

brs | Ttave | tho | cp mu K Vel { Re Pr l"‘.g‘”;ﬂ" Tave [ tho [ cp I mu K Vel Re

39.98) 13092 6140 09979 3.39E-04 0374 5609 55132 3.2621 1577 10162 6198 09977 4S50E-04 0362 3652 108,559

4198 13032 6141 09979 341E-04 0374 5609 54853 32810 1573 10146 6198 09977 451E04 0362 3652 108,384

4398) 12976 6142 09978 343E-04 0373 5609 54,503  3.2088 1570 10131 6198 09977 451E-04 0362 3652 108220

4548 12937 6143 09978 344E-04 0373 5609 54410 33115 1567 10121  61.98 09977 452E04 0362 3652 108,105

4698) 12899 6144 09978 345E-04 0373 5609 54234 33237 1565 10111 6198 09977 452E04 0362 3652 107994

4848 12862 6145 09978 346E-04 0373 5809 54,065  3.3355 1563 10102 6198 09977 453E04 0362 3652 107,888

49.23] 12845 6145 09978 347E-04 0373 5609 53,985  3.3412 1562 10097 6198 09977 4S3E04 0362 3652 107837

49.98) 12828 6146 09978 347E-04 0373 5609 53905  3.3468 1561 10093  61.98 09977 453E04 0362 3652 107,787

5073 128.11 6146 09977 348E-04 0373 5609 53828 33523 1560 10089  61.99 09977 454E04 0362 3652 107,738

5148) 12795 6146 09977 348E-04 0373 5609 53,751 33877 1559 10084 6199 09977 454E04 0362 3652 107,690

5223| 127.78 6147 09977 349E-04 0373 5609 63676 33630 1558  100.80 6189 08977 4.54E-04 0362 3652 107,643

5298) 12762 6147 09977 349E-04 0373 5609 53603  3.3683 1557 10076  61.99 09977 454E04 0362 3652 107597  4.5053

53.73| 12747 6147 09977 3.50E-04 0373 5609 53531 33735 1556 10072 6199 09977 4S54E04 0362 3652 107551  4.5075

5448) 12732 6148 09977 350E-04 0373 5609 53460 33786 1555 10068  61.99 09977 455604 0362 3652 107507  4.5006

5523| 12747 6148 09977 351E-04 0372 5609 53391 33836 1554 10064 6199 09977 455604 0362 3652 107463 45116

5598 12702 6148 09977 351E-04 0372 5809 53322 3.3885 1553 10060 6199 00977 4S55E04 0362 3652 107420 45137

56.73) 12687 6149 09977 3.52E-04 0372 5609 53255  3.3933 1552 10057  61.99 09977 455604 0362 3652 107378 45157

5748 12673 6149 09977 3.52E-04 0372 5609 53,190  3.3981 1552 10053 6199 09077 4S55E04 0362 3652 107336 45176

5823] 12659 6149 09977 3.53E-04 0372 5609 53,125  3.4028 1551 10049  61.99 09977 455604 0362 3652 107296  4.519

58.98| 12645 6149 09977 3.53E-04 0372 5609 53,062  3.4074 1550 10046 6199 09977 456E04 0362 3652 107256  4.5215

59.73| 12632 6150 09977 3.54E-04 0372 5609 52999  3.4120 1549 10042 6199 09977 4S56E04 0362 3652 107217 45233

60.23] 12623 6150 09977 3.54E-04 0372 5609 52956  3.4150 1548 10040 6199 09977 456E04 0362 3652 107,191  4.5246

60.73] 126.14 6150 09977 3.54E-04 0372 5609 52,918  3.4180 1548 10038 6199 08977 4.56E-04 0362 3852 107,165  4.5258
12605 6150 09976 3.54E-04 0372 5609 52878 34210 1547 10035 6199 09977 4S56E04 0362 3652 107,140 45270
12597 6150 09976 3.55E-04 0372 5609 52838 34239 1547 10033 6199 09977 AS6EO04 0362 3652 107115 45282
12588 6151 09976 3.55E-04 0372 5609 52,798  3.4268 1546 10031 6199 09977 4S56E04 0362 3652 107,091 45293
12580 6151 09976 3.55E-04 0372 58609 52,761  3.4295 1546 10029  61.99 09977 456E-04 0362 3652 066 4.5305
12572 6151 09976 3.56E-D4 0372 5609 52723 34324 1545 10027 6199 09977 457E-04 0362 3652 107042 45317
12564 6151 09976 3.56E-04 0372 5809 52685 34352 1545 10025 6199 09977 457604 0362 3652 107,018 45328
12555 6151 09976 3.56E-04 0372 5609 52647  3.4380 1544 10022 6199 09977 457E04 0362 3652 106995 45339
12547 6151 09976 3.56E-04 0372 5609 52610  3.4408 1544 10020 6199 09977 457604 0362 3652 106971  4.5351
12539 6152 09976 3.57E-04 0372 5608 52573  3.4436 1543 10018 6199 08977 4S7E-04 0362 3652 106948 45362
12531 6152 09976 3.57E-04 0372 5609 52536  3.4463 1543 10017 6199 09977 457E-04 0362 3652 106932  4.5369
12523 6152 09976 357E-04 0372 5609 52499  3.4491 1542 10015 99 08977 4S57E-04 0362 3652 106,911 45379
12515 6152 09976 3.57E-04 0372 5609 52463 34518 1542 10013 6199 09977 4S57E04 0362 3652 106891  4.5389
12512 6152 09976 357E-04 0372 5609 52448 34529 1542 10012 6199 09977 4S57E04 0362 3652 106883  4.5393
12509 6152 09976 3.58E-04 0372 5609 52434 34540 1542 10012  61.99 09977 4S7E04 0362 3652 106875 45307
125.06 6152 09976 3.58E-04 0372 5609 52419 34551 1541 10011 6200 09977 A4S57E-04 0362 3652 106868  4.5400
12502 6152 09976 3.58E-04 0372 5609 52405  3.4562 1541 10010 6200 09977 A4S7E04 0362 3652 106860  4.5404
12499 6153 09976 3.58E-04 0372 5609 52,390 34573 1541 10010 6200 09977 4S7E04 0362 3652 106853  4.5407
12496 6153 09976 3.58E-04 0372 5609 52375 34584 1541 10009 6200 09977 4S7E04 0362 3652 106846 45410
124.94 6153 09976 3.58E-04 0372 5609 52,368  3.4590 1541 10009 6200 09977 4S57E-04 0362 3652 106843 45412
12493 6153 09976 3.58E-04 0372 5609 52360  3.459 1541 10009 6200 09977 457E04 0362 3652 106840  4.5414
124.91 6153 09976 3.58E-04 0372 5609 52,353  3.4601 1541 10008 6200 09977 4S57E04 0362 3652 106837 45415

68.33] 12490 6153 09976 358E-04 0372 5609 52,346 34607 1540 10008 6200 09977 457E04 0362 3652 106833 45417

6843 12488 6153 09976 358E-04 0372 5609 52338 34612 1540 10008 6200 09977 457E04 0362 3652 106830  4.5418

68.53| 12486 6153 09976 358E-04 0372 5609 52,331 34618 1540 10008 6200 09977 458E04 0362 3652 106,827  4.5420

6863 12485 6153 09976 358E-04 0372 5609 52323 34624 1540 10007 6200 09977 4S8E04 0362 3652 106824  4.5421

68.73) 12483 6153  0.9976 358E-04 0372 5609 52,316 3.4630 1540 10007 6200 09977 458ED4 0362 3652 106822  4.5422

68.83) 124.81 6153 09976 358E-04 0372 5609 52308  3.4635 1540 10007 6200 09977 458E04 0362 3652 106819  4.5424

6893 12480 6153 09976 359E-04 0372 5609 52301  3.4641 1540 10007 6200 09977 4S5BE04 0362 3852 106816  4.5425

69.03) 12478 6153 09976 359E-04 0372 5609 52293 34647 1540 10006 6200 09977 458E-04 0362 3652 106814  4.5426

69.13] 12476 6153 09976 3.59E-04 0372 5609 52285 34653 1540  100.06 62.00 09977 4.58E-04 0362 3652 106811  4.5427

6923| 12475 6153 09976 359E-04 0372 5609 52278  3.4659 1540 10006 6200 09977 458E-04 0362 3652 106809  4.5428

69.33] 12473 6153 09976 3.59E-04 0372 5609 52270  3.4665 1539 100.06 6200 09977 4.58E-04 3652 106,806  4.5430

1188 8774 159:7e|

1es a3 15974
1187 8.773 159.73

1187 8.772  159.71
187 8.77
187 8.7
187 8.77
1187 8.77

1186 8.770]
1186°  8.769
1186 8.769
1186 8.769
1186 8768 159.60
1186 8768  159.59
1186 8.768|
1186 8.768)
1186 8.767
1185 8.767)
185  8.767,
1185 8
1185

1185

1185 7

1185 8.764] 15947
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|
Tto Ts.0 CCW Duty ccw

Time SDC HX tube side SDC HX shell side SDCOUY pote | perate #CCWHx ~ [ X Temp

y y T ¢ ¢ §
hrs w WCp Cr NTU ffectivenest DT Tto w WCp Cr NTU  iffecti DTs l Ts,0 Btu/hr | mmBtu/hr Ts,0
39.98| 1477437 1474316  0.700 0.545 0.364 1545 12319 2,110669 2105805 #NA #NA #NA 1082  107.02 2278 123.19) 107.02 3 10.05 96.21
41.98] 1,477,745 1474579  0.700 0.545 0.364 1521 12272 2,110,738 2,105,868  #NA #NA #NA 1065  106.79 2243 3 9.93 96.13
43.98| 1478,033 1474823  0.700 0.544 0.364 1498 12227 2110803 2105927 #NA #NA #NA 1049 106.56 3 em 96.07
4548| 1478234 1,474,995 0700 0.544 0.364 1483 12185 2,110848 2105969 #NA #NA #NA 1038  106.40 3 9.74 96.02
46.98| 1,478,427 1475159  0.700 0.544 0.364 1467 12165 2,110,891 2106009 #NA #NA #NA 1028 10625 3 967 95.97
4848 1478612 1475316  0.701 0.544 0.364 1453 12138 2,110933 2106047 #NA #NA #NA 10.18  106.11 9.60
49.23| 1478700 1475392  0.701 0.544 0.364 1446 12122 2,110,953 2,106,065 #NA #NA #NA 1043 106.04 9.56
49.98| 1478787 1475466  0.701 0.544 0.363 14.39 121.09 2110972 2106083 #NA #NA #NA 1008 10587 9.53
50.73| 1478872 1475538  0.701 0.544 0.363 1432 12095 2,110,991 2,106,101  #NA #NA #NA 1003 105.80 9.50
51.48| 1478955 1475609  0.701 0544 0363 1425  120.82 2,111,010 2,106,118  #NA #NA #NA 999 10584 3 | 846
52.23| 1,479,036 1475679  0.701 0544 0.363 14.19 120.69 2,111,029 2,106,135 #NA #A #NA 9.94 105.77 3 9.43
52.98| 1479,116 1475747  0.701 0.543 0.363 1412 12056 2,111,047 2,106,152 #NA #NA #NA 9.90 105.71 3 940 |
53.73| 1479195 1475814 0701 0.543 0.363 14.06 120.44 2,111,085 2,106,168 #NA A #NA 9.85 105.65 3 9.37
54.48| 1479271 1475880  0.701 0.543 0.363 1400 12032 2,111,082 2,106,184  #NA #NA #NA 9.81 105.59 3 934 ]
55.23| 1479347 1475944  0.701 0.543 0.363 1394 12020 2,111,099 2106200 #NA #NA #NA 877 10553 3 9.31
55.98| 1479421 1,476,007 0.701 0543 0363 1388 12008 2,111,116 2,106216  #NA #NA #NA 873 10547 3 9.28
56.73| 1479493 1476069  0.701 0.543 0.363 1382 119.96 2111132 2106231  #NA #NA #NA 969 | 10541 2040 3925
57.48| 1479564 1476130 0701 0543 0.363 13.77 119.85 2,111,148 2106246 #NA #NA #NA 965 105.35 3 9.23
58.23| 1479634 1476,190  0.701 0543 0363 1371 119.74 2,111,164 2106260  #NA #NA #NA 961 105.30 3 | 82
58.98| 1479702 1476248  0.701 0.543 0.363 1365  119.63 2,111,180 2106275 #NA #NA #NA 957 10524 3 9.17
59.73| 1479770 1476306 0701 0543 0.363 1360 11952 2,111,195 2106289 #NA #NA #NA 953 105.19 3 9.15 1
60.23| 1479.814 1476344  0.701 0.543 0.363 13.56 119.45 2111205 2106298 #NA #NA #NA 951 105.15 3 9.13
60.73| 1479858 1476381  0.701 0543 0.363 1353 119.38 2111215 106,307  #NA A #NA 948 105.12 3 9.11
61.23| 1479901 1476418  0.701 0.543 0.363 13.49 119.31 2111225 2106316 #NA #A #NA 946 105.08 3 9.09
61.73) 1,479,944 1476455 0701 0.543 0.363 1346 11924 2111235 2106325 #NA  #NA  #NA 943 10505 ! 3 9.08 !
62.23) 1479986 1476491  0.701 0543 0363 1342 11947 2111244 2106334 #NA #NA #NA 9.41 105.02 3 9.06
62.73] 1,480,020 1476528  0.701 0.543 0.363 1339 119.10 2111254 2106343  #NA #NA #NA 839 10498 ; y 3 9.04
6323 1,480,071 1476564 0701 0542 0363 1336 119.03 2111263 2106352 #NA A #NA 936 10495 1972 119.03] 104.95 3 903 |
63.73| 1.480,112 1476600 0.701 0542 0.363 1332 118.97 2111272 2106360 #NA #NA #NA 934 104.92 1967 11897 104.92 .01
64.23| 1,480,154 1476636  0.701 0542 0363 1329  118.80 2,111,282 2106369  #NA #NA #NA 932 10488 1962 118.90| 104.89 .99
64.73| 1,480,196 1476672  0.701 0542 0363 1325  118.83 2,111,291 2106377 #NA #NA #NA 829 10485 1957 118.83| 104.86 .98 i 1
65.23| 1,480,238 1,476,708  0.701 0542 0363 1322 11876 2,111,300 2,106,386  #NA #NA #NA 827  104.82 1952 118.76| 104.83 .96
65.73| 1480280 1476744  0.701 0.542 0.363 1318 118.70 2,111,306 2,106,391  #NA #NA #NA 924 104.78 1947  118.70) 104.78 3 8.94
66.23 1,480,322 1476781  0.701 0542 0.363 13145 11863 2111314 2106399 #NA #NA #NA 922 10475 1942 11863 104.75 3 893 |
66.73 1,480,365 1476819  0.701 0.542 0.363 1311 11856 2,111,322 2,106406  #NA #NA #NA 9.19 104.72 104.72 3 8.91
66.93 1,480,383 1476834  0.701 0542 0363 13.10 11853 2,111,325  2,106409 #NA WA #NA 918 10471 104.71 890 |
67.13| 1,480,401 1476850  0.701 0542 0363 1308 11850 2,111,328  2,106412  #NA #NA #NA 917 104.69 104.69) 8.89
67.33| 1,480,419 1476866  0.701 0542 0363 1307 11847 2,111,331 2106414  #NA #NA #NA 9.16 104.68 1 104.68 889 | 1
67.53| 1,480,438 1476882  0.701 0542 0363 1305 11844 2111334 2106417 #NA #NA #NA 915 10467 104.67 8.88 .
67.73| 1480457 1476899 0,701 0.542 0.363 13.04 118.41 2,111,337 106420  #NA #NA #NA 9.14 104.65 118.41]  104.65 3 8.87
67.93| 1480476 1476916  0.701 0.542 0.363 1302 118.38 2,111,339 2106422 #NA #NA #NA 913 104,64 118.38]  104.64 3 8.86 1
68.03] 1480486 1476925 0.701 0.542 0.363 13.01 118.37 2111341 2106423 #NA #NA #NA 912 104.63 11837 10463 3 8.86
68.13| 1480496 1476933  0.701 0.542 0.363 1300 11835 2,111,342 2,108425 #NA #NA #NA 912 104.62 118.35]  104.62 85 1
68.23| 1,480,506 1476942  0.701 0.542 0.363 1299 11834 2,111,343 2,106,426 #NA #NA #NA 911 104.62 118.34] 10462 .85
68.33| 1480516 1476951  0.701 0542 0363 1298 118.32 2111344 2106427 #NA #NA #NA 910 10461 11832 104.61 85
68.43) 1480526 1476961  0.701 0542 0.363 12.98 118.30 2,111,346 2106428 #NA #NA #NA 9.10 104.60 118.30]  104.60 .84
68.53 1,480,537 1476970  0.701 0542 0363 1297 11829 2111,347 2106429  #NA #NA #NA 909 10460 11829 104.60 3 | 884
68,63 1,480,547 1476980  0.701 0542 0363 1296 11827 2,111,348 2106430 #NA #NA A 9.08 104.59 19.14] 11827 104.59 3 8.83 1
€8.73| 1,480,558 1,476,989  0.701 0.542 0.363 1295 11825 2111349 2106431 #NA  #NA #NA 9.08 104.58 1912, 11825 10458 3 8.83
68.83| 1480,569 1476999  0.701 0542 0363 1294 11824 2,111,350 2106432 #NA #NA #NA 9.07 104.57 19.11] 11824 104.57 ! 3 8.82
68.93| 1,480,580 1,477,009 0.701 0542 0363 1293 11822 2,111,351 2106433  #NA #NA #NA 9.06 104.57 19.09]  118.22] 10457 7.358 26.45 100 3 8.82
69.03] 1480592 1477,019 0701 0542 0363 1292 11820 2,111,352 2106434  #NA #NA #NA 9.08 104.56 19.08]  11820] 104.56 7.358 26.44 10 3 8.81
69.13] 1,480604 1477030 0.701 0.542 0.363 1291 118.18 2,111,353 2106435 #NA #NA #NA 9.05 10455 19.06  118.18] 104.55 7.358 26.42 10 3 8.81
69.23| 1480615 1477,041  0.701 0.542 0.363 12.80 118.16 2,111,354 2106436  #NA #VA #NA 9.04 104.54 19.05  118.16] 104.54 7.358 26.41 3,100 3 8.80
69.33] 1,480,628 1477051  0.701 0.542 0.363 1289 11815 2111355 2106437 #NA #NA #NA 9.04 | 104.54 I 19.03°  118.15] 104.54 7.358 26.39 8,100 3 8.80
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Shutdown Cooling Temperature Transient with 90F River Water
SDC Hx Fouling = 0.00418 hr-F-sqft/Btu, CCW Hx Fouling = 0.004 hr-F-sqft/Btu
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Shutd Cooling p T ient with 30F River Water sDC
Hx Fouling = 0. hr-F-sqft/Btu, CCW Hx Fouling = 0.004 hr-F-sqft/Btu
I I
(Initial RC Temperature, F 350 | [SDCHX _ CCWHX
[Initial Time i 2 I 2754 Shell Film Multiplier 0.09751
RCS Temperature after 8 hours 146.83 | i Shell Film Re power 061709
‘Time after trip to 130F Primary Coolant Temp 18.55 Initial CCW to SDCHx 4246 Shell Film Pr power 0333
"Time after SDC initiation to 130F PC Temp 165 CCW Flow Step Temp | 275[ Fouling (total = tube side) 0 0.004
Decary heat equilibrium at 90F river temp 17.14 0.00418 0.004)
i SDCHx_ |
Time Step QD) P(pp) P(ip) Psdc Total @ dTre Tube Shell
hrs mmBtu/hr degFmhr  Q, gpm Pi ] T ‘ Tto Q, gpm Pi Tsi Ts,0
00, -111.36 3000 315 35000 20568 4246 95 12046 22464
) . -104.63 3000 315 33886 20129 4246 o5 12796  219.07|
20 X -98.27 3000 35 32840  197.12 4246 % 0
A0 . -92.26 3000 315 31857  193.18 4246 95
40 1 -86.59 3000 315 309.35 18944 4246 95
2.50 18 ; -81.26 3000 315 30069  185.90 4246 95
260 18] -76.24 3000 315 29256 18256 4246 95
270 18 1153 3000 315 28494 17941 4248 9%
280 18 73l $7.10 3000 M5 27779 17643 4248 95
2.90 18 £2.95 3000 315 27108 17362 4246 5
3.00 18 64.96]  59.05 3000 315 26478 17097 4246 95
3.10] 18 k 55.40 3000 315 25888 16846 4248 95
320 18 51.99 3000 315 25334 166.10 4246 5
3.30] 18 48.78 3000 35 24814 16387 4246 95
340 18 45.79 3000 315 24326 16177 4246 95
350, 18 42.98 3000 315 23868 159.80 4246 95
360/ 18 -40.35 3000 315 23438 157.94 4246 %
3.70 18 -37.89 3000 318 23038 15048 4248 95
3.80] 18 -35.59 3000 35 22656 15453 4248 5
3.90 18 3343 3000 315 22300 15297 4248 95
4.00 010, 43939 18 3141 3000 M5 21966 15150 4246 95
4.10, 020 18 3000 315 21652 15012 4248 95
430/ 0.40) 18 3000 315 21061 14751 4246 95
470, 0.50] 18 3000 315 20021 14288 4248 95
0 3000 315 19032 13843 4246 95
0 3000 35 17510 13152 4248 )
0 3000 315 16469 12673 4246 95
0] 3000 M 18748 12337 4246 95
0 3000 315 15232 12097 4246 95
0 3000 315 14859 11922 4246 95
0 3000 315 14581 117.91 4246 95
0 3000 35 14367 11690 4248 95
0 271 3000 315 14185 11604 4246 95
[ 213 3000 315 14004 115.48 4246 95
0 165 3000 315 13822 11432 4248 95
0 -1.29 3000 315 13640 11345 4246 85
0 -1.03 3000 315 13458 11259 4246 95
0 0.84 3000 35 13276 11172 4248 95
0 £0.70 3000 35 13108 11091 4245 95
0 0861 3000 315 12067 11024 4245 95
0 053 3000 315 12846 10965 4246 95
0 047 3000 315 127.39  109.14 4246 95
0 047 3000 315 12739 109.14 4246 95
0 047 3000 315 12738 109.14 4146 95
047 3000 315 12739 109.14 4248 95
23.04 047 3000 35 12739 109.14 4248 95
2304 047 3000 315 12739 109.14 4248 95
2304 047 3000 315 12739 109.14 4246 L
2304 0 7 047 3000 M5 12739 109.14 4246 95
23.04 [ I 047 3000 315 12738 109.44 4246 95
2304 0 15 -26.975 052 047 3000 M5 127.39 109.14 4246 95
23.04] 0 15] 26975 052 047 3000 35 127.39  109.14 4248 95
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Time Tube Shell
ts | Ttave | tho cp mu K Vel | Re | Pr | h "Z“_“';"‘ Ttave | tho l cp ’ mu K Vel
200, 277.84 5559  1.0204 1.36E-04 0396 5609 124,795 12583 2195  177.05 6063  1.0021 237604 0386 3.652
2.10] 270.08 5599  1.0182 141E-04 0.396 5609 121,360  1.3005 2175 17352 6071 10018 243E-04 0385 3652
220| 262.76 56.35  1.0162 145E-04 0396 5609 118062  1.3434 2155 17047 60.78 10015 249E-04 0384 3.652
230| 255.87 5669  1.0145 1.50E-04 0396 5609 114,908  1.3869 2135 167.02 6085  1.0012 254E-04 0383 3652
240] 249.39 5699  1.0130 1.55E-04 0396 5609 111,900  1.4309 2114 16404 6091 10009 260E-04 0383 3.652
250 24330 5727  1.0116 160E-04 0305 5609 109,041 1.4750 2094 16123 6097 1.0007 265E-04 0382 3652
260 23756 5753  1.0104 1.65E-04 0395 5609 106,327 15193 2075 15858  61.02  1.0005 271E-04 3.652
70| 23247 §7.77  1.0093 1.70E-04 0394 5609 103,758 15634 2056 15609 6107 10003 276E-04 0381 3652
80|  227.11 5799  1.0084 1.74E-04 0394 5609 101,329  1.6074 2037 15376 6112 10001 281E04 0380 365
.90| 22235 58.19  1.0075 1.79E-04 0393 5609 99,036  1.6510 2019 15154 6116 09999 286E04 0379 3.652
00| 217.87 58.38  1.0067 1.84E-04 0393 5609 96,873  1.6942 2002 14947 6120 09998 290E-04 0379 3.652
3.10] 21387 5855  1.0061 1.88E-04 0392 5609 94,833 17369 1985 14752 6124 09997 295604 0378 3652
320  200.72 5871  1.0054 1.93E-04 0392 5609 92913 1.7789 1969 14560 6127 08996 299E04 0378 3652
330] 206.00 58.86  1.0049 1.97E-04 0391 5609 91,105  1.8201 1954 14397 6130 09994 3.04E-04 0377 3652
3.40| 20252 5899  1.0044 201E-04 0391 5609 89,405  1.8605 1939 14235 6133 09993 3.08E-04 0377 3652
350] 199.24 5912 1.0039 2.05E-04 0390 5609 87,806  1.9001 1925 14083 6136 09993 3.12E04 0376 3652
360/ 196.16 5923  1.0035 2.09E-04 0390 5609 86,303  1.9387 1911 13840 6139 09992 315604 0376 3.652
370 19326 59.34  1.0032 2.13E-04 0389 5609 84,890  1.9763 1898 13805 6141 09991 3.49E04 0376 3652
380] 19054 5944  1.0028 2.17E-04 0389 5609 83562  2.0129 1886 13679 6143 09990 322604 0375 3652
390 187.98 5953  1.0025 2.20E-04 0388 5609 82314  2.0485 1874 13560 6145 08990 326E04 0375 3652
400, 18558 5962  1.0023 224E-04 0388 5609 81,141  2.0830 1863 13448 6147 09989 329E04 0374 3652
4.10] 18332 5970  1.0020 227E-04 0387 5609 80039  2.1163 1852 13343 6149 09988 332E04 0374 3652
4.30| 179.06 59.85  1.0015 2.34E-04 0.387 5609 77,966  2.1819 1832 13146 61.53 09987 3.38E-04 0373 3652
4.70] 17155 60.10  1.0008 246E-04 0385 5609 74319 23066 1795  127.97 6158 09986 348E-04 0372 3652
520| 164.37 60.34  1.0002 2.59E-04 0383 5609 70,853 24378 1759 12464 6164 09984 359E-04 0371 3652
570 15331 6068 09993 2.82E-04 0380 5609 65549  2.6674 1701 11952 6172 08982 3.76E04 0369 3652
.20] 14571 60.90  0.9988 3.00E-04 0378 5609 61,943 28473 1659 11601  61.77 08081 389E-04 0368 3652
.70 14041 61.04 09984 3.13E-04 0377 5609 59450  2.9853 1629 11357 6181 09980 3.98E04 0367 3652
720, 13665 6115 09982 3.23E-04 0376 5609 57,690  3.0902 1608 11185 6183 09979 405E04 0366 3652
770, 13391 6122 09980 3.31E-04 0375 5609 56417  3.1705 1592 11059 6185 09979 4.10EO04 0366 3652
820 131.88 6127 09979 3.37E-04 0374 5609 55470 32328 1580 10965  61.87 09979 4.14E04 0366 3652
8.70] 13029 6131 09979 341E-04 0374 5609 54,744 32820 1571 10893 6188 09979 4.17E-04 3.652
9.24] 12895 61.34 09978 345E-04 0373 5609 54,128  3.3250 1563 10832 6188 09978 420E-04 0365 3652
9.91| 12761 6138 09977 3.50E-04 0373 5609 53512  3.3688 1555  107.71 6189 09978 422E04 0365 3652
10.76) 12627 6141 09977 3.54E-04 0372 5609 52898  3.4137 1547 107.10 6190 09978 425604 0365 3652
11.86]  124.93 6144 09976 3.58E-04 0372 5609 52,286  3.4596 1539 10649 6191 09978 428E04 0364 3652
13.27| 12358 6147 09975 3.63E-04 0371 5609 51,674  3.5065 1531 10588 6192 09978 430E-04 0364 3652
15.04] 12224 6150 09975 3.67E-04 0371 5609 51064 35546 1523 10527 6193 09978 4.33E04 0364 3652
17.04]  121.00 6153 09974 3.71E-04 0370 5609 50,501  3.6000 1515 10470 6193 09078 4.36E-04 0364 3652
19.04| 11996 61.56  0.9974 3.75E-04 0370 5609 50030  3.6388 1509 10423 6194 09977 438E-04 0363 3652
21.04) 119.05 6158 09973 3.78E-04 0370 5609 49623 36729 1503 103.82 6195 09977 4.40E-04 0363 3652
2304] 11827 6159 09973 3.81E-04 0369 5609 49268 37031 1498 10346 6195 09977 441E04 0363 3652
23.04| 11827 6159 09973 381E-04 0.368 5609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652
23.04] 11827 6159 09973 3B1E-04 0369 5609 49268 37031 1498 10346 6195 09977 441E04 0363 3652
04| 11827 61.59 09973 3.81E-04 0369 5609 49268 37031 1498 10346 6195 09977 441E04 0363 3652
.04 11827 6159 09973 381E-04 0369 5.609 49,268  3.7031 1498 10346 6195 08977 441E04 0363 3652
.04 11827 6159 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346  61.95 0363 3.652
04) 11827 6150 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652
04| 11827 6159 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 441E04 0363 3652
23.04| 11827 6159 09973 381E-04 0369 5609 49268 3.7031 1498 10346 6195 09977 441E04 0363 3652
2304| 11827 6159 09973 3B81E-04 0369 5609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652
23.04] 11827 6159 09973 3.81E-04 0.369 5609 49268 3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199
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! ! ; T 1 'CCWHXFouling  0.004

Tto Ts.0 Qcew, Total CCW CCW Duty ccw

Time SDC HX tube side SDC HX shell side SDCOUY| jaate | itorate other  CCWDuty # CCW Hx Toni
w WCp Cr NTU fectivenesy DT Tto w ‘ WCp Cr NTU pﬁedivsn»{ DTs ; Ts,0 Btu/hr mmBtuhr  mmBtuhr | gpm Ts,0
1.337.560 1.364,823  0.660 2209 0654 14432 20568 2064989 2069372 #NA #NA #NA 9518 22484 19697  20568] 224.64 7.358 | 20433 | 8,100 3 129.46
1,347,164 1371652 0662 2183 0652 13757  201.29 2067602 2071266 #NA #NA #NA 9111 21907 188.70, 20129| 219.07 7358 19606 | 8,100 3 127.96
1355952 1377956  0.665 2457 0650 13128  197.12 2,070,036 #NA #NA #NA 8726  213.80 180.89 197.12| 213.80 7.356 18825 | 8.100 3 126,55
1,364,004 1,383,782  0.667 2134 0648 12540  193.18 2074728  #NA #NA #NVA 8364  208.84 17352 193.18] 208.84) 7.358  180.88 8,100 3 125.20
1,371,389 1,389,173  0.669 2411 0.647 119.91  189.44 2,074,405 #NA #NA #NA 8023  204.15 16657  189.44| 204.15 1 7358 17393 | 8,100 3 12393
1,378,168 17394,166  0.671 2090 0645 11478 18590 2,076,363 2,077,778  #NA #NA #NA 7702 19974 160.03 7.358 | 167.39 | 8,100 3 12272
1,384,396 1,398,794 0673 2070 0643 11000 18256 2078182 2,079,160  #NA #NA #NA 7400 19559 153.87 7.358 | 16122 | 8,100 3 121.58
1390124 1403086 0674 2.051 0642 10553  179.41 #NA #NA #NA 7117 19168 148.07| 7.358 | 15543 ,100 3 120.51
1395397 1407,070 0676 2033 0640 10136 17643 2081442 2081662 #NA #NA #NVA 6851  188.00 14262 7.358 | 14997 | 8,100 3 119.49
1400254 1410770 0677 2,016 0639 97.46 17362 2082901 2082792 #NA #NA #NA 66.01 184.55 137.49 7.358 144.85 ,100 3 118.54
1404732 1414207 0679 2000 0638 9381 17097 2084257 2083848  #NA #NA #NVA 6367 18130 13267, 17097 181.30 7.358 _ 140.03 100 3 11763
1408864 1417401  0.680 1.985 0636 90.41 168.46 2085515 2084834 #NA #NA #NA 6147 17825 128.15) 168.46| 17825 i 7.358 13551 400 3 116.79
1412680 1420371 0681 1971 0635 87.24  166.10 2086685 2085754 #NA #NA #NA 5041 17530 123.91) 166.10|  175.39 7.358 | 131.27 ,100 3 115.99
1416207 1423134  0.682 1.957 0634 8426  163.87 2087774 2086614  #NA #NA #NA 5747 17270 11992 16387| 172.70 1 7358 12728 8,100 3 11523
1419470 1425705 0.683 1945 0633 8148 16177 2,088,787 2087418  #NA #NA #NA 5585 17047 116.17]  161.77| 17017 7.358 | 12353 100 3 114.52
1422490 1428099 0.684 1933 0632 7888  159.80 2,089,730 169  #NA #NA #NVA 5395  167.80 11265 159.80] 167.80 i 7.358 12001 8,100 3 113.85
1425287 1430328 0685 1.921 0631 7645  157.94 2,090,608 8871  #NA  #NA #NA 5235 16557 109.34] 157.94| 165.57 7.358 | 116.70 ,100 3 113.22
1427881 1432405 0.686 1.911 0.630 7417 156.18 2001426 2,089,527 #NA #NA #NA 50.84 16347 106.24] 156.18] 163.47 ! 7.358 113.59 100 3 11263
1430287 1434341  0.686 1.901 0629 7203 15453 2092188 2,090,140 #NA #NA #NA 4943 161.50 103.32] 154.53| 16150 ! 7.358 | 11068 | 8,100 3 11207
1432521 1436,146  0.687 1.891 0628 7003 15297 2,092900 2,080,714 #NA #NA #NA 4810 15065 10057 15297 159.65 7.358 | 107.93 | 8,100 3 111.55
1434596 1437830 0.688 1.882 0628 68.15  151.50 2093563 2091251 #NA #NA #NA 4686  157.91 9800 15150 157.91 i 7358 10535 = 8,100 3 111.05
1436526 1439401 0688 1874 0627 6640  150.12 2,094,183 2,001,754 #NA #NA #NA 4569 15628 95.57  150.12| 156.28 7.358 10293 ,100 3 110.59
1,440,100 1442326  0.689 1858 0625 6310 14751 2,095,336 #NA #NA #NA 4349 15320 o101 14751 153200 7356 | 9837 | 8,100 3 109.71
1446217 1447375 0691 1829 0623 5733 142.88 2097331 2094329 #NA #NA #NA 3962 14778 82.98  142.88 147.78 7.358 | 9034 | 8100 3 | _108.16
1451820 1452057 0693 1.801 0620 51.88 13843 2099187 2095865 #N/A @ #NA #NA 35.95 14262 7534 13843 14262 7.358 82.69 .100 3 106.67
1460034 1458984  0.695 1.758 0616 4358 13152 2,101,950 2098179 #NA  #NA #NA 3031 | 13152 13467 T 7.358 7095 8,100 ] 104.37
1465341 1463515  0.697 1728 0613 3796 12673 2103776 2099730 #NA  #NA #NA 2646 12673]  129.24 7.358 | 62.92 8,100 3 102.78
1468877 1,466,557 0.698 1707 0611 3409 12337 2105013 2,100791  #NA #NA #NA 2380 12337| 12547, 7.358 | 57.35 8,100 3 10168
1,471,306 1468656  0.699 1.692 0610 3135 12097 2105873 2101535 #NA  #NA #NA 2181 120.97|  122.80 7.358 | 5340 100 3 | 100.89
1,473,027 1470149 0699 1.681 0.608 2037  119.22 2106489 2102071 #NA  #NA #NA 2054 1 7.358 5054 | 8,100 3 | 100.32
1474287 1471246 0700 1672 0.608 27.90 117.91 2106943 2,102469 #NA #NA #NA 19.52 | 7.358 48.40 100 3 99.89
1475242 1472078 0700 1666 0607 2677  116.90 2,107,289 2102773 #NA #NA #NA 1874 7358 | 4677 ,100 3 99.56
1476,044 1472778  0.700 1.660 0.606 25.81 116.04 2107582 2103031 #NA #NA #NA 18.08 ) 7358 | 4537 | 8,100 3 99.28
1476837 1473471 0701 1655 0606 248 11518 2,107,872 2,103288  #NA #NA #NA 1741 7358 43.98 8,100 A | 99.00
1477620 1474,158  0.701 1649 0605 2390 11432 2,108,161 2,103544  #NA #NA #NA 16.75 1 7358 | 4250 8,100 3 | 9872
1,478,395 1474838  0.701 1644 0.605 2295 11345 2108448 2103799 #NA  #NA #NA 16.09 | 7.358 | 41.20 8,100 3 | 9844
1479,160 1475511  0.701 1638 0.604 2200 11259 2108733 2,104,053 #NA A WA 1542 1 I 7358 | 3981 8100 @ 3 | 98.16
1479916 1476,176 0702 1633 0603 2105 11172 2,109,018 2104306 #NA  #NA #NA 14.76 111.72| 11265 7.358 | 3843 8,100 3 97.88
1480607 1476786  0.702 1628 0603 2047 11091 2109276 2104539 #NA #NA #NA 1415 11091 mJj] 7.358 | 37.14 8,100 3 97.63
1481179 1477291 0702 1623 0.602 1944 11024 2109492 2104734 #NA  #NA #NA 1364 11024 111.05 7.358 3607 | 8100 3 97.41
1481669 1477,725 0702 1620 0602 18.80 10965 2109679 2104903 #NA  #NA #NA 1320 109.65) 110.42 7.358 35.14 8,100 3 97.22
1,482,094 1478101 0702 1516 0.602 1825  109.14 2100840 2105049 #NA  #NA #NA 12.81 109.14]  109.87 7.358 3433 | 8,100 3 97.06
1482004 1478101 0702 1616 0602 1825  109.14 2109840 2,105048 #NA #NA #NA 1281 109.14|  109.87 7.358 34.33 8,100 3 97.06
1482094 1478,101 0702 1616 0602 1825  109.14 2109840 2105049 #NA #NA #NA 1281 T 109.14]  109.87 | 7358 3433 8100 3 T 97.06
1482094 1478,101 0702 1616 0602 1825  109.14 2,109,840 2,105049 #NA #NA #NA 1281 09.14|  109.87 7.358 34. 100 97.06
1482,094 1478101  0.702 1616 0.602 1825 109.14 2,109,840 2105049 #NA WA #NA 1281 09.14]  109.87 7.358 34.33 10 97.06
1482094 1478,101 0702 1616 0602 1825  109.14 2,109,840 2105049 #NA  #NA #NA 12.81 09.14]  109.87 7.358 34. 100 97.06
1482094 1478,101 0702 1616 0602 1825  109.14 2,100,840 2105040  #NA #NA #NA 12,81 09.14]  109.87 7.358 34. 100 97.06
1,482,004 1478101 0702 1616 0.602 1825  109.14 2109840 2105049 #NA  #NA #NA 1281 109.14]  109.87 7.358 34.33 8,100 97.06
1482004 1478,101 0702 1616 0.602 1825  109.14 2,109,840 2,105049 #NA  #NA #NA 12.81 109.14]  109.87 7.358 3433 8,100 3 97.06
1,482,094 1478101 0702 1616 0602 1825  109.14 2,109,840  2,105049  #NA #A #NA 1281 109.14]  109.87, ] 7358 | 3433 | 8,100 3 97.06
1482094 1478101 0702 1616 0.602 18.25 109.14 2109840 2105049 #NA A #NA 12.81 109.87 109.14| 109.87 7.358 @ 3433 8,100 3 97.06

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q xis; C 3/29/2008, 12:49 PM




Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 44

} | i SDCHx [ | [
Time Step QD) Plpp) P(ip) Psdc Total Q dTre ] Tube Shell
hrs degF/r = Q. gpm Pi l Tt I Tto Q, gpm Pi

23.04 0] 0.52 047 3000 315 12739 109.14 4248 95
23.04 g}{ -0.52 047 3000 315 12739 100.14 4248 95
2304 0 -0.52 047 3000 315 12739 109.14 4246 95
23.04 0 052 047 3000 315 12739 108.14 4246 95
2304 0 052 047 3000 315 12739 109.14 4248 95
.04 052 04 3000 315 12739 109.14 4248 95
04 052 0.4 3000 315 12739 109.14 4245 95
04 0.52 0.4 3000 315 12739 109.14 4245 95
04 -0.52] 04 3000 315 12739 109.14 4248 95
04 0 052 047 3000 315 12739 109.14 4246 95
23.04 0 -0.52 047 3000 315 12739 109.14 4246 95
2304 [ 052 047 3000 315 12739 10914 4246 95
23.04 0] -0.52/ -0.47 3000 315 12739 109.14 4246 9
2304 0 052 047 3000 35 12739 109.14 4248 95
23.04 0 -0.52 047 3000 315 12739 109.14 4248 95
2304 0 3000 315 12739 109.14 4246 95
23.04 0 3000 315 12739 109.14 4246 95
23.04 0 3000 315 12739 109.14 4248 85
2304 0 3000 N5 12739 109.14 4246 95
23.04 0 3000 315 12739 109.14 4246 95
3.04 0 3000 315 12739 109.14 4246 95
3.04 0 3000 315 12739 109.14 4248 95
3.04 0 3000 315 12739 10914 4248 95
23.04] o 3000 35 12739 109.14 4246 95
23.04 0 3000 315 12739 109.14 4246 95
2304 0 3000 N5 12739 109.14 4246 95
23.04) 0 3000 35 12739 10914 4246 95
2304 0 3000 35 12739 109.14 4245 95
23.04 0 3000 35 12739 109.14 4245 5
23.04 [) 4 X 3000 315 12739 109.14 4245 95
23.04 0 15 -26975 3000 35 12739 10914 4246 95
04 0 1.5] -26.97! 3000 315 12739 109.14 4248 95
3.04 o/ 15 -26.97 3000 35 12739 10914 4246 95
04 0 15|  -26.97! 3000 315 12739 109.14 4246 95

04 0 15 -26.97 3000 35 12739 10914 4248 9%
.04 0 15| 26975 3000 315 12739 109.14 4246 95
.04 0 15] -26.975 3000 315 12739 109.14 4248 95
23.04 0.00, 0 15[ -26.975 3000 35 12739 109.14 4248 95
23.04 0.00 0 15] -26.975 3000 315 12739 109.14 4248 95
23.04 0.00 4 0 15| -26.975 3000 315 12739 109.14 4245 95
23.04 0.00 ] 0 15| -26.975] X 3000 35 12738 109.14 4246 95
3.04 0.00 4. 0 15] -26.975 : 3000 N5 12739 109.14 4246 95
.04 0.00 4.956 0 | 4 047 3000 315 12739 109.14 4248 95
.04 0.00 4.956 0 047 3000 M5 12739 109.14 4246 95
.04 0.00 4.956 0 047 3000 315 12739 109.14 4246 95
04 0.00 4. 0 047 3000 315 12739 109.14 4246 95
.04/ 000 249 0 047 3000 35 12739 109.14 4246 95
23.04 0.00 4, 0 047 3000 315 12739 109.14 4246 5
23.04 0.00 249 0 047 3000 315 12739 10914 4248 95
23.04 0.00 0 047 3000 315 12739 109.14 4246 95
23.04 0.00 0 047 3000 315 12739 109.14 446 95
04 0.00, 0] 047 3000 35 12739 109.14 4246 @ 9
04 0.00 0 047 3000 315 12739 109.14 4246 95
04 0.00 0 047 3000 35 12739 109.14 4246 95
23.04 0.00 0 047 3000 315 1:7.39[ ws.ul 4246 -l

|

Calc-PM-44-3 Att2-1_SDC_CooldownTime4246Q.xls; Cooldown® 3/29/2008, 12:49 PM



Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 45
] 1 I ] | I I ] |
Time Tube Shell
hs | Ttave [ tho I cp mu K Vel [ Re [ Pr "m";" Tave I tho I cp ‘ mu K vl Re | Pr "g’fg"" kmetal | Uity
11827 6159 09973 3B1E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8.755] 47591
11827 6159 09973 3B1E-04 0369 5.609 49268 3.7031 1498 10346 6195 09977 441E04 0363 3.652 110649  4.3653 1199 8755 47591
118.27 6159 09973 3B1E-04 0369  5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8755 47591
118.27 6159 09973 3B1E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199  8.755| 47591
| 11827 6159 09973 3.B1E-04 0.369  5.609 49,268  3.7031 1498 10346 6195 09977 441E04 0363 3.652 110649  4.3653 1199 8.755] 475.91
.04] 11827 6159 09973 3.B1E-04 0369  5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3.652 110649 43653 1199 8755 47591
04| 11827 6159 09973 3B1E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8755 47591
04 11827 6159 09973 3.81E-04 0369  5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110849  4.3653 199 8755 47591
.04 118.27 6159 09973 3B81E-04 0.369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649 43653 1199 8.755] 47591
.04 11827 6159 09973 3B1E-D4 0.369 5609 49268 37031 1498 10346 6195 08977 441E04 0363 3652 110649  4.3653 1199 8755 47591
. 118.27 6159 09973 381E-04 0369 5.609 49,268  3.7031 1498 10346 6195 08977 441E-04 0363 3.652 110,648  4.3653 1199 8.755| 475.91
118.27 6159 09973 3B1E-04 0369 5.609 49,268  3.7031 1498 10346  61.95 09977 441E-04 0363 3.652 110649  4.3653 1199 8755 475.91
11827 6159 09973 3.81E-04 0.369 5609 49268  3.7031 1498 10346 61.95 09977 441E04 0363 3652 110649  4.3653 1199 8.755| 47591
11827 6159 09973 381E-04 0.369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8.755] 47591
> 11827 6159 09973 3.81E-04 0369 5609 49268 37031 1498 10346  61.95 09977 441E04 0363 3652 110649 43653 1199 8.755| 47591
11827 6159 09973 3B1E-04 0369 5.609 49,268 3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649 43653 1199 8755 47591
118.27 61.59 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8755 47591
11827 6159 09973 3.81E-04 0.369 5609 49268  3.7031 1498 10346 6185 09977 441E-04 0363 3.652 110649  4.3653 1199 755  475.91
118.27 6159 09973 381E-04 0369  5.609 49,268 3.7031 1498 10346  61.95 09977 441E04 0363 3.652 110649  4.3653 1199 .755]  475.91
11827 6159 09973 3.81E-04 0369 5.609 49268 37031 1498 10346 61.95 09977 441E04 0363 3652 110649 43653 1199 .755] 47591
11827 6159 09973 381E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E-04 0363 3652 110649 4.3653 1199 8.755] 47591
11827 6159 09973 3.81E-04 0369 5609 49,268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8755 47591
118.27 6159 09973 381E-04 0.369 5.609 49,268  3.7031 1498 10346 61.95 09977 441E04 0363 3652 110649 43653 1199 8.755] 47591
118.27 6159 09973 3.81E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E-04 0363 3652 110649 43653 1199 8755 47591
11827 6159 09973 3.81E-04 0.369  5.609 49,268 3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 199 8.755] 47591
11827 6159 09973 3B81E-04 0369 5.609 49268 3.7031 1498 10346 6195 09977 441E04 0363 3652 110649 43653 1199 8755 47591
11827 61.59 09973 3.81E-04 0.369  5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8755 47591
11827 6159 09973 3.81E-04 0369 5.609 49,268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8755 47591
11827 6159 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649 43653 1199 8.755| 47591
11827 6159 09973 381E-04 0369 5.609 49,268 3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8755 47591
11827 6159 09973 3.81E-04 0.369 5.609 49,268 3.7031 1498 10346  61.95 09977 441E-04 0363 3.652 110649  4.3653 1199 8.755| 47591
11827 6159 09973 3.81E-04 0369 5609 49268 37031 1498 10346 61.95 09977 441E-04 0363 3652 110649  4.3653 1199 8.755| 47591
11827 61.59 09973 3.81E-04 0.369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 8755 47591
11827 6159 09973 3.81E-04 0369 5609 49,268 3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 755 47591
11827 61.59 09973 3.81E-04 0369 5.609 49,268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649 43653 1199 755 475.91
11827 6159 09973 3.81E-04 0369  5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649 43653 1189 755 475.91
11827 61.59 09973 381E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3.652 110649  4.3653 1199 755 475.91
11827 6159 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8755] 475.91
11827 6159 09973 3.81E-04 0369 5.609 49,268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 8.755| 47591
11827 6159 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1189 8755 47591
11827 6159 09973 3.81E-04 0369 5609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3.652 110648  4.3653 1199 755|  475.91
11827 6159 09973 3.81E-04 0369 5.609 49,268  3.7031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 3.755] 47591
11827 6159 09973 3.81E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 755) 47591
11827 6159 09973 3.81E-04 0369 5.609 49,268 3.7031 1498 10346 6195 09977 441E-04 0363 3.652 110649  4.3653 1199 755] 47591
11827 61.59 09973 3.81E-04 0369 5.609 49268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 755] 47591
11827 6159 09973 3.81E-04 0369 5.609 49,268  3.7031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 755] 47591
11827 6159 09973 381E-04 0.369 5609 49268  3.7031 1498 10346 6195 09977 0363 3.652 110649  4.3653 1199 755] 47591
118.27 6159 09973 381E-04 0369 5.609 49268  3.7031 1498 10346 61.95 08077 441E04 0363 3652 110649 43653 1189 755  475.91
11827 6159 09973 3.81E-04 0369 5.609 49,268 37031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 755 47591
11827 61.59 09973 3.81E-04 0.369  5.609 49268 37031 1498 10346 6195 09977 4 0363 3652 110649 43653 1199 755 47591
118.27 6159 09973 3.81E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E-04 0363 3652 110649  4.3653 1199 755 475.91
118.27 6159 09973 3.81E-04 0.369 5.609 49268  3.7031 1498 10346 6195 09977 441E-04 0363 3.652 110649  4.3653 1198 .755] 47591
11827 6159 09973 3B81E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 1199 755 475.91
11827 6159 09973 3.81E-04 0369 5.609 49268 37031 1498 10346 6195 09977 441E04 0363 3652 110649  4.3653 199 8755 47591
11527] 61.59[ 0.9973 3.315-04[ 0.369 5.609 I 49.268| 3.7031] unsl 'Ml cusl m! 441E-04 0363 3652 110649 43653 1189 8.755] 47591
| I | | I |
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Attachment 2, Page 46

] |
Qcew, Total CCW CCW Duty cew
Time SDC HX tube side SDC HX shell side oher  COWDMY UL R woewW e T Temp
hrs w WCp Cr NTU  pffectivenes: DT Tto w WCp c N pvmmma{ mmBtwhr mmBtuwhr  gpm Ts,0
23.04| 1482094 1478101 0702 1616 0.602 18.25 109.14 2,109840 2,105049  #NA #NA #NA 7.358 3433 8,100 3 97.06
23.04] 1482094 1478101 0702 1616 0602 1825  109.14 2,109,840 2105049 #NA #NA #NA 7.358 3433 8,100 3 97.06
1478101  0.702 1616 0602 1825  109.14 109,840 2,105049  #NA #NA #NA 7.358 3433 8,100 3 97.06
1478101 0.702 1616 0.602 1825 109.14 2109840 2105048 #NA #NA #NA 7.358 3433 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA #NA #NA 7.358 3433 8100 3 97.06
1478,101 0702 1616 0602 1825  109.14 2,109,840 2105049 #NA #NA #NA 7.358 3433 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,100,840 2105049  #NA #NA #NA 7.358 3433 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049  #NA #NA #NA 7.358 34. 8,100 3 7.06
1478101 0702 1616 0.602 1825 109.14 2109840 2105049 #NA #NA #NA 7.358 34.33 8,100 3 7.06
1478101 0702 1616 0602 1825  109.14 2109840 2,105049  #NA A #NA 7358 343 8100 3 7.06
1,478,101 0702 1616 0602 1825 109.14 2,109840 2105048 #NA #NA #NA 7.358 34, .100 3 7.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049  #NA #NA #NA 7.358 | 3433 8100 3 7.06
1478,101 0702 1616 0602 1825  109.14 2109840 2,105049 #NA  #NA #NA 7.358 3433 8,100 3 7.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049  #NA #NA #NA 7.358 3433 | 8,100 3 97.06
1478101 0702 1616 0.602 1825 109.14 2,109,840 2105049 #NA #NA #NA 7.358 34. ,100 3 97.06
1.478,101 0702 1616 0602 1825 109.14 2109840 2105049 #NA #NA #NA 7.358 34. 100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049 #NA  #NA #NA 7.358 3433 | 8100 3 97.06
1,478,101  0.702 1616 0.602 1825 109.14 2109840 2105049 #NA #NA #NA 7.358 34. ,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA  #NA 7.358 | 3433 100 [ 3 97.06
1,478,101 0702 1616 0602 1825  109.14 2,109,840 2105049  #NA #NA #NA 7.358 | 3433 8.100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA #NA 7.356 | 3433 | 8100 3 97.06
1.478,101 0702 1616 0.602 1825 109.14 2,109,840 2105049  #NA A #NA 7.358 34. ,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA #A 7.358 . ,100 3 97.06
1,478,101 0.702 1616 0602 1825  109.14 2,109,840 2105049  #NA #NA #NA 7.358 | 3433 | 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049 #NA #NA #NA 7.358 4. ,100 3 97.06
1,478,101 0702 1616 0602 1825  109.14 2,109,840 2.::% #NA #NA #NA 7.358 | 3433 8,100 3 T 97.06
1,478,101 0702 1616 0.602 1825 109.14 2109840 2 #NA #NA #NA 7.358 3433 8,100 3 | 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NVA  #NA #NA 7358 | 3433 | 8100 3 | 97.06
1478101 0.702 1616 0.602 1825  109.14 2,109.840 2105049  #NA WA #A 7.358 34.33 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105043 #NA  #NA #NA 7.358 | 3433 8,100 3 97.06
1,478,101 0702 1616 0602 1825  109.14 2109840 2,105049 #NA #NA #NA 7358 3433 | 8100 @ 3 97.06
1,478,101 0702 1616 0.602 1825  109.14 2,100,840 2,105049  #NA #NA #NA 7.358 34.33 ,100 3 | 97.08
1478101 0702 1616 0.602 18.25 109.14 2109840 2105040 #NA @ #NA #NA 7358 | 3433 8100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2,105040 #NA  #NA #NA 7.358 34.33 ,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,100,840 2,105049 HNA  SNA #NA 7358 3433 100 3 97.06
1478101 0.702 1616 0602 1825  109.14 2109840 2,105049 #NA  #NA  #NA 7.358 | 3433 8,100 3 97.06
23.04] 1482094 1478101  0.702 1616 0602 1825  109.14 2,109,840 2105049 #NA  #NA #NA 7.358 | 3433 8,100 3 97.06
1482094 1478101 0702 1616 0602 1825  109.14 2109840 2,105049 #NA  #NA #NA 7.358 | 3433 | 8,100 3 97.06
1,482,094 1478101 0702 1616 0602 1825  109.14 2109840 2105048 #NA  #NA #NA 7.358 | 343 400 |3 97.06
1482094 1478101  0.702 1616 0602 1825  109.14 2,109,840 2105049 #NA  #NA #NA 7358 | 3433 | 8100 | 3 97.06
1482004 1478101 0702 1616 0602 1825  109.14 2,109,840 zﬁ #NA #NA #NA 7.358 34, ,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA  #NA 7.358 3433 | 8100 | 3 97.06
1478,101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA #NA 7.358 34. ,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105049  #NA A BNA 7.358 4. ,100 3 97.06
1478101 0702 1616 0.602 1825  109.14 2109840 2,105049 #NA  #NA #NA 7.358 34.33 100 3 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2105048 #NA  #NA  #NA 7.358 34.33 ,100 3 97.06
1,478,101  0.702 1616 0.602 1825  109.14 2,109,840 2,105049 #NA  #NA #NA 7.358 3433 | 8,100 3 97.06
1478101 0702 1616 0602 1825 109.14 2100840 2105049 #NVA @ NA @ ENA 7.358 3433 | 8,100 3 | 97.06
1,478,101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA BNA 7.358 | 3433 8,100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA #NA  #NA 7.358 34.33 100 3 97.06 |
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA  #NA  #NA 7.358 34.33 100 3 97.06
1478101 0702 1616 0602 1825  109.14 2109840 2105049 #NA #NA #NA 7.358 4.33 ,100 3 97.06
1,478,101  0.702 1616 0.602 1825 109.14 2,109,840 2105049  #NA #NA #NA 7358 | 3433 ,100 3 | 97.06
1478101 0702 1616 0602 1825  109.14 2,109,840 2,105049  #NA #NA #NA 7.358 | 3433 | 8,100 3 | 97.08
1478101 0.702 1616 0.602 1825  109.14 2,100,840 2105049 #NA #NA #NA l 7.358 3433 | 8100 3 97.06
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Calc 17321-01-PM-44-3, Shutdown Cooling Time
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Calc 17321-01-PM-44-3, Shutdown Cooling Time Attachment 2, Page 48
Shutd Cooling Temperature T with 90F River Water sDC
Hx Fouling = 0.00418 hr-F-sqft/Btu, CCW Hx Fouling = 0.0015 hr-F-sqft/Btu
initial RC Temperat I|= 350 [ ! ; l SDC HX _|COW HX
(Initial Time I 2 2754 Shell Film Multiplier 0.09751
_RCS Temperature after 8 hours | 18013 | . ! Shell Film Re power 0.61708]
Time after trip to 130F Primary Coolant Temp 14.95 Initial CCW to SDCHx 4246 Shell Film Pr power 0.333
"Time after SDC initiation to 130F PC Temp 13.0 "CCW Flow Step Temp _ 2151 Fouling (total = tube side) 0.00418]  0.0015|
Decary heat equilibrium at 90F river temp 0.00. 2 HX Temp 225 1 0.00418 0.004]
SDCHx (per e: |
Time  Step QD) | Pp) | Psde | TotlQ | dTrc “":xbc Tube Shell
hrs hrs mmBtu/hr Q, gem Pi I Tt l Tto Q, gpm ] Pi !
0.1 54.966 19.5] -132.55 1 3000 35 35000  253.61 4246 95
0.10  54.107, 19.5] -120.83] 1 3000 315 34472 25050 4248 95
0.0 53.300 19.5|  -127.20 1 3000 315 33961 24747 4246 95
010 52.540 19.5] -124.65 1 3000 35 33466 24454 4246 95
0.0 51,822 195 -122.18 1 3000 315 32988 241.70 4248 95
010, 51.143 195 -1 19.&_61 1 3000 315 32526 23895 4246 95
0.10. 50500 19.5] -117.49] 1 3000 315 32079 23628 4246 95
0.10]  49.888 19.5 1 3000 315 31647 23369 4248 95
0.10, 48305 19.5 i 3000 315 31230 23119 4246 95
0.10]  48.749 19.5 1 3000 315 30827 22878 4246 95
0.10 48218 19.5 1 3000 315 30438 22643 4248 95
0.10,  47.710 19.5 1 3000 315 30063 22417 4248 95
010 47223 19.5 1 3000 315 297.01 22198 4246 95
0.10,  46.756 19.5 1 3000 35 29351 219.86 4246 95
0.10] 46307 19.5 1 3000 315 29013 217.82 4248 95
0.10]  45.876 19.5 i 3000 315 28687  215.84 4246 95
0.10]  45.460 19.5 1 3000 315 28373 21393 4246 95
0.10] 45,059 19.5 1 3000 315 28069 212,08 4246 95
0.10] 44673 19.5 1 3000 35 27777 21030 4246 95
010, 44.300 19.5 1 3000 315 27494 20857 446 95
010 43.939] 19.5 1 3000 35 27221 206.90 4246 95
0.10] 43590 19.5 1 3000 315 26958 20529 4246 95
0.10] 43252 19.5 1 3000 315 267.04  203.74 4246 95
10 42924 5 1 3000 315 26459 20223 42486 95
A 42,606 5 1 3000 315 26223 20078 4246 95
X 42298 5] 1 3000 315 25994 19938 4246 95
1 41.999 5 1 3000 315 25774  198.02 4246 5
40 41.708[ 19.5 1 3000 315 25561 19671 4246 95
0.10]  41.425 19.5 1 3000 315 25356 19544 446 95
0.10] 41148 195 1 3000 35 25156 19421 4246 95
11 40.869 19. 1 3000 315 24956 19297 4246 95
£ 40587 19. 1 3000 315 24756 19173 4248 95
.1 40.302] 19. 1 3000 315 24556 190.49 446 95
Xl 40,015 19. 1 3000 315 24356  189.26 4246 95
013 39.725 19. 1 3000 315 24156 188.01 4246 95
043 39.431 19.5 1 3000 35 23956  186.77 & 95
094 39.133 195 1 3000 315 23756 18553 95
0.1 831 19.5 1 3000 315 23556 18429 4248 95
0.1 38,525 19.5 1 3000 315 23356 183.04 4246 95
0.1 21 19.5 1 3000 315 23156 18179 4248 95
0.1 89¢ 19.5 1 3000 315 22956 18055 4246 95
018, 37572 19.5 1 3000 315 22756  179.30 4246 95
0.19]  37.242 19.5 1 3000 315 22556 178.05 4246 95
0.10]  36.905 19.5 2 2000 315 22356 16743 3254 95
0.10]  36.733 19.5 2 2000 315 21891  164.87 3254 95
0.10] 36564, 19.5 2 2000 315 21459 16248 3254 95
0.1 36.398 19.5 2 2000 315 21058 160.26 3254 95
0.10 36236 19.5 2 2000 315 20686  158.18 3254 95
0.0,  36.076] 19.5 ¥ ; X 2 2000 315 20340 15625 3254 95
0.1 919 19.5) 5 ] ¥ 2 2000 315 200.19  154.46 3254 5
0.10 765 15 ] E |2 2000 315 19720 15278 3254 95
0.10] 35614 15 . 2 2000 315 19278 150.30 3254 95
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Calc 17321-01-PM-44-3, Shutdown Cooling Time

Tube Shell
tho [ cp [ mu K ‘ Vel ‘ Re Pr "‘3{;’;"‘ T!.m] tho I cp ’ mu K Vel Re Pr "‘g‘g"
5550  1.0281 1.23E-04 0396 5609 138,149  1.1470 2291 14014 6137 09992 3.13E-04 0376 3652 154386  2.9066 1348
5578  1.0266 1.25E-04 0396 5609 136269  1.1647 2281 13015 6139 09992 3.16E04 0376 3652 153153 3.0238 1343
5596  1.0253 1.27E-04 0396 5609 134429 11824 2271 13819 6141 09991 319E04 0376 3652 151961  3.0507 1339
5613  1.0240 1.29E-04 0396 5609 132620 12003 2261 13726 6142 09990 321E04 0375 3652 150808 3.0770 1336
5630  1.0228 1.31E-04 0396 5609 130871 12184 2251 13636 6144 09990 3.24E-04 0375 3652 149694  3.1029 1332
5646  1.0217 1.33E-04 0396 5608 120157  1.2365 2241 13549 6146 09989 326E04 0375 3652 148618  3.1283 1329
5661  1.0206 1.35E-04 0396 5609 127486  1.2547 2231 13464 6147 09989 328E04 0374 3652 147579 31532 1326
5676  1.0196 1.37E-04 0396 5609 125859 12729 2221 13383 6148 09989 331ED4 0374 3652 146576 34775 1323
56.90  1.0186 1.40E-04 0396 5609 124277 12911 2211 13304 6150 09988 333E04 0374 3652 145609 32014 1320
57.03  1.0178 1.42E-04 0.396 5609 122739 1.3083 2201 13228 6151 09988 335604 0374 3652 144675 32247 1317
§7.16  1.0169 1.44E-04 0396 5609 121245 13275 2191 131.54 6152 09987 337E-04 0373 3652 143775 32476 1314
§7.28  1.0161 1.46E-04 0.396 5609 119,795  1.3456 2182 13083 6154 09987 3.39E-04 0373 3652 142906  3.2699 1311
57.39  1.0154 1.48E-04 0396 5609 118,389 13637 2172 13014 6155 09987 342E04 0373 3652 142060 32016 1308
57.50  1.0147 1.50E-04 0396 5609 117,025  1.3817 2163 12048 6156 09986 3.44E-04 0373 3652 141262 33129 1306
5761  1.0140 1.52E-04 0396 5609 115703  1.3995 2154 12884 6157 09986 346E-04 0373 3652 140483 33337 1303
5771 1.0134 1.54E-04 0396 5609 114422 14172 2145 12822 6158 09986 347E-04 0372 3652 139732 33539 1301
57.81 1.0128 1.56E-04 0.396 5609 113182 1.4348 2136 12762 61.59  0.9986 349E-04 0372 3652 139009 33736 1299
57.90  1.0123 1.58E-04 0395 5609 111082 14523 2127 12704 6160 09985 351E04 0372 3652 138311 33020 1206
5799 10118 1.59E-04 0.395 5609 110,820  1.4696 2119 12649 6161 09985 3.53E-04 0372 3652 137638 34116 1204
5808  1.0113 161E-04 0395 5608 109695 14867 2111 12585 6162 09985 3S5E04 0372 3652 136990 3.4208 1292
58.16  1.0108 1.63E-04 0.395 5609 108,608  1.5036 2102 12543 6163 09985 3.56E-04 0371 38652 136,365 34476 1280
5824  1.0104 1.65E-04 0395 5608 107556 15203 2095 12493 6163 09984 358E04 0371 3652 135762 34649 1288
5831  1.0100 1.67E-04 0.395 5609 106539  1.5368 2087 12445 6164 09984 3.59E-04 0371 3652 135181 34817 1286
58.38  1.0096 1.69E-04 0394 5609 105556  1.5531 2079 12398 6165 09984 361E04 0371 3652 134620 34981 1284
5845  1.0092 1.70E-04 0.394 5609 104,605 15691 2072 12353 6166 09984 363E-D4 0371 3652 134080 35140 1283
5852  1.0088 1.72E-04 0394 5609 103686  1.5850 2065 12310 6166 09984 364E-04 0371 3652 133559  3.5205 1281
5858  1.0085 1.74E-04 0304 5609 102,797  1.6006 2058 12268 6167 09983 365E-04 0370 3652 133056 35446 1279
5864  1.0082 1.75E-04 0394 5609 101939 16159 2051 12227 6168 09983 367E04 0370 3652 132572 3552 1278
58.70  1.0079 1.77E-04 0394 5609 101,109  1.6310 2044 12188 6168 09983 368E04 0370 3652 132,104 35735 1276
5876  1.0076 1.79E-04 0393 5609 100,300  1.6460 2038 12150 6169 09983 369E-D4 0370 3652 131649 35874 1274
58.82  1.0073 1.80E-04 0.393 5609 99490  1.6613 2031 12142 6169 09983 3.71E-04 0370 3652 131,194 36015 1273
5887  1.0070 1.82E-04 0393 5609 98,680  1.6769 2024 12074 6170 09983 3.72E04 0370 3652 130,740 36156 127
5893  1.0068 1.83E-04 0.393 5609 97,868  1.6927 2018 12036  61.71 09982 373E-04 0370 3652 130286  3.6209 1270
5898  1.0065 1.85E-04 0393 5609 97,057  1.7089 2011 11997 6171 09982 3.75E-04 0370 3652 129,833 36442 1268
59.04  1.0062 1.87E-04 0392 5609 96244 17253 2004 11959 6172 09982 3.76E-04 0369 3652 129380  3.6586 1267
5909  1.0060 1.89E-04 0382 5609 95432 17421 1997 11921 6172 09982 3.77E-04 0369 3652 128927 36731 1265
§9.15  1.0057 1.90E-04 0392 5609 94618  1.7592 1990 11883 6173 09982 379E-04 0369 3652 128474 36877 1264
§9.20  1.0055 1.92E-04 0.392 5609 93805  1.7766 1983 11845 6174 09982 3.80E-04 0369 3652 128022 3.7024 1262
5925  1.0052 1.94E-04 0392 5609 92,991  1.7944 1976 11807 6174 09982 382E04 0369 3652 127571 37172 1261
59.31  1.0050 1.96E-04 0391 5609 92176  1.8125 1969 11768 61.76 09981 383E-04 0369 3652 127,120 3732 1259
59.36  1.0048 1.98E-04 0391 5609 91,362  1.8310 1962  117.30 61.75 09981 384E-04 0369 3652 126669 37472 1258
59.41  1.0045 2.00E-04 0391 5609 90547  1.8498 1955 11692 6176 09981 386E04 0368 3652 126219 3.7623 1256
5947  1.0043 2.02E-04 0391 5609 89732 1.8690 1947 11654 6177 09981 387E-04 0368 3652 125769 37775 1254
59.52  1.0035 2.10E-04 0390 3739 57572 1.9472 1384 12204 6168 09983 368E-04 0370 2799 101,382  3.5679 1083
5964  1.0030 2.15E-04 0389 3.739 56,380  1.9947 1372 12095  61.70 09983 371E04 0370 2799 100393 36076 1080
5975  1.0026 2.20E-04 0388 3739 §5273  2.0407 1361 11995 61.71 09982 3.75E-04 0370 2799 99476 36451 1076
59.85  1.0022 224E-04 0.388 3.739 54245  2.0853 1350  119.01 6173 09982 378E04 0369 2799 98626 36806 1073
5094 10019 2.29E-04 0387 3.739 53201 21283 1340 11815 6174 09982 381E-04 0369 2799 97,838 37142 1070
60.03  1.0016 2.33E-04 0387 3.739 52404  2.1698 1331 11734 6175 09981 384E04 0369 2799 97,107 37458 1067
60.10  1.0014 237E-04 0386 3.738 51582 22096 1322 11659 6176 09981 0.368
60.17  1.0011 241E-04 0386 3.739 50817  2.2479 1313 11589 6178  0.9981 0.368
6028  1.0008 246E-04 0385 3.739 49689 2.3067 1301 11486 6179 O 0
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i | ! CCW HX Fouling 0.0015

SDC Duty| Tto Ts.0 Qeew, Total CCW Duty cew

Time SDC HX tube side SDC HX shell side PorHx) | Merate Hterate e CCW Duty ccwnm'ccw"" per HX Terp
hrs w WCp Cr , NTU imwm' est DT Tto w WCp Cr NTU  iffective eoee{ DTs ] Tso Btuhr mmBtwhr mmBtuwhr  gpm mmBtu/hr Tso
2.00] 1,337,560 1375146 0658 0620 0399 9639 25361 #EEEENEF 2088505 #NA #NA #NA 6347 17188 132.55] 25361 171.88 | 7358 | 13991 8,100 3 46.64 12| 108.41
210/ 1,342,146 1,377,907 0660 0618 0398 9422 25050 AR 2088001 #NA #NA A 6215 17023 129.83) 25050 1702 7358 13719 _ 8,100 3 4573 13| 108.08
.20/ 1,346,529 1,380,565  0.661 0616 0397 9213 24747 #ESREENR 2089460 #NA #NA #NA 60.88 16863 127.20] 24747  168.63 7358 13456 8100 3 44.85 14| 107.75
30] 1,350,719 1,383,126  0.662 0615 0.397 90.12  244.54  SENEERRE 2080913 #NA #NA #NA 5964  167.08 12465 24454  167.08 7.358 132,01 8,100 3 44.00 15| 107.44
0663 0613 0396  88.18  241.70 N 2 #NA #NA #NA 5845 16558 12218 24170  165.58 7.358 12954 8,100 3 43.18 16| 107.13

0.664 0.612 0.395 86.31 23895  WEEEEEE 2090770 #NA #NA ENIA 5730 16413 119.80 38.95  164.13 7.358 127.16 | 8,100 42.39 17| 106.84

0665 0610 0394 8451 23628 R 2091175 #NA @ #NA #NA 5618 16273 117.49] 23628 162.73 7358 | 124.85 | 8,100 4162 18] 106.55

0.666 0.609 0.394 8278 23369  #EkREE A #NA BNA 55.11 161.38 115.26 369 161.38 7358 12262  8,10C 40.87 19| 106.27

0667 0607 0393 8111  231.19  ENEE 2001942 #NA #NA #NA 5407 16007 1311 119 160.07 _ 7358 | 12047 | 8,100 40.16 20| 106.00

0.667 0.606 0.393 7950 22878  #MREE 2092305 #NA #NA #NA 53.08  158.81 111.03] 22878  158.81 7.358 118.38 | 8,10 3 39.46 21| 105.74

0668 0605 0392  77.95 22643 S #NA #NA #NVA 5210 15750  109.02| 22643 157.59 7.358 | 116.38 | 8,100 3 38.79 22[ 105.49

0669 0603 0391 7646 22417 SR 2092990  #NA #NA BNA 5116 15641 107.08] 22417 156.41 7358 | 11444 8,100 3 38.15 23] 105.25

0670 0602  0.391 7502 221.98  #EEEEE 2093313  #NA #NA #NA 155.27 105.20) 221.98  155.27 7.358 | 11256 8,100 3 37.52 24| 105.01

0671 0601 0380 7364  219.86  #RMMER 2093625 #NA #NA SNA 4939 15417 103.40] 21986, 15417 7358 | 11075 | 8,100 3 36.92 25| 104.78

0671 0600 0390 7231  217.82  SMMEME 2003924 #NA #NA #NA 4855 15311 101.65) 217.82]  153.11 7358 | 109.01 | 8,100 3 36.34 26| 104.56

0672 0599 0389  71.03 21584 SR 2004213 #NA #NA #NA 4773 15209 99.97| 21584 152,09 7358 | 10732 | 8,100 3 35.77 27| 104.35

0673 0598 0389  69.80  213.93  SHHHS #NA #NA #NA 4695 15110 98.34| 21393 151.10 7.358 | 10570 8,100 3 35.23 28] 104.15

0673 0597 0388 6861 21208 HMHEMNE 2004758 #NA @ #NA #NA 4620  150.14 96.77] 21208 150.14 7.358 | 104.13 8,100 3 3471 29| 103.95

380/ 1,395412 1411833 0674 0596 0388 6747  210.30  #iike #NA  #NA #NA 4547 14922 9526 21030 149.22| [ 7.358 | 10261 8,100 3 3420 30| 103.75
3.90] 1,397,468 1413227 0674 0.595 0.387 6637 20857  #ESSNES #NA #NA #NA 4477 14833 93.79| 20857 14833 7.358 101.15 | 8,100 3 33.72 31| 103.57
4.00] 1,399.437 1414569 0675 0.594 0.387 65.31 206. FREREARE 2095502  #NA #NA #NA 4409 14748 9238] 20690  147.48 7.358 | 9974 ,100 3 3325 32| 103.39
410/ 1,401,324 1415861 0676 0593 0386 6429 20529 #HAEENS 2005732 #NA @ #NA #NA 4343 14685 91.02] 20529 146.65 7358 | 98.38 100 3 3279 33| 103.22
4201403133 1417106 0676 0592 0386 6331 20374 Wb #NA #NA #N/A 4280 14585  8971| 20374  14585) 7358 97.07 ,100 3 323 34] 103.05
4.30| 1,404,866 1418305 0677 0591 0386 6236 20223 SRS 2096166 #NA #NA #NA 4219 14508 88.44| 20223 145.08 7.358 | 9580 | 8,100 3 31.93 02.89
4.40] 1,406,520 1419461 0677 0590 0385 6145 20078 #HEMF 2006372 #NA #NIA #NA 4161 14433 8722 20078  144.33 7358 | 9458 | 8,100 3 3153 36| 102.73
4.50] 1,408,123 1420574 0678 0589 0385 6057  199.38 MRS 2096569 #NA #NA A 4104 19938 14362 7.358 9340 | 8,100 3 3113 02.58
460/ 1409652 1421646 0678 0589 0385 5072  198.02 MEESRMF 2006760 #NA  #NA #NA 4049 19802] 142.92 7358 | 9226 | 8,100 3 30.75 38| 102.43
470] 1,411,120 1422680 0678 0.588 0.384 5890  196.71 m 2096943  #NA #NA #NA 39.96 196.71)  142.25 7.358 91.16 8,100 3 30.39 39| 10229
4.80] 1,412,520 1423676 0679  0.587 0.384 58.12 19544 SEEESE 2007120 #NA A A 3945 19544 14161 7.358 90.10 8,100 3 30.03 40| 102.15
4.90] 1,413,893 1424644 0679 0586 0384  57.35 19421  S#EEEMS 2007202 #NA @ #NA #NA 3896 140.98 7.358 | 89.06 8,100 3 | 2969 41 102.02
01]1,415249 1425610 0680 0586 0383 5659 19297 m 2097464  #NA #NA #NA 3846 140.35) 7.358  88.03 .100 29.34 42| 101.89
11] 1,416,597 1426575 0680 0585 0383 5582  191.73 H#E 2007635 #NA #NA #NA 3797 139.72 7.358 | 87.00 ,100 29.00 43] 101.75
23| 1,417,938 1,427,538 0680 0584 0383 5506 19049 #SEMESS 2007806 #NA  #NA #NA 3747 139.09) 7.358 | 8596 100 28.65 44| 101.62
.34] 1,419271 1428499 0681 0584 0382 5430 18926  #MMEMF 2007977 #NA @ #NA #NA 3697 138.46] 7358 | 84.93 .100 2831 45[ 10149
5.47| 1420597 1429459 0681 0583 0382 5354  188.01 SREENEE 2098147 #NA @ #NA #NA 3648 137.@}1[ 7.358 | 8390 ,100 27.97 46| 101.35
559| 1,421,914 1430416 0682 0582 0382 5278  186.77 UMMM 2008317 #NA  #NA #NA 3508 137.20 7.358 | 8286 | 8,100 3 27.62 47| 101.22
572| 1423224 1431372 0682 0582 0381 5203 18553 MMM 2008487 #NA  #NA WA 3549 136.57| 7358 | 81.83 | 8,100 3 27.28 48] 101.09
. 1432325 0682 0.581 0.381 5127  184.29 mw #NA #A  ENA 3499 135.94 .358 80.80 100 3 26.93 49| 100.95
1433277 0683 0580  0.381 5052  183.04 2008826 #NA  #NA  BNA 3450 13532 358 | 79.76 100 3 26.59 50| 100.82

1434226 0683 0579 0380 4976  181.79 #SHHSSE 2096994 #NA  #NA #NA 3400 134.69) 358 | 78.73 100 ] 26.24 51| 100.68

1435174 0684 0579 0380 4901 18055 #HSREMNE 2099163 #NA 2 #NA  SNA 3351 134.06 358 77.70 ,100 3 25.90 52| 100.55

1436119 0684 0578 0.380 4826  179.30  #MEMEEM 2099331 #NA  #NA #NA 33.01 . 13343 7358 76.67 ,100 3 25.56 53] 100.41

1437,061 0684 0577 0379 4751 17805 #EEMEEE 2000490 #NA 2 #NA  #NA 3252 178.05)  132.80 7358 | 7563 | 8,100 3 25.21 54| 100.28

958,077  0.5% 0.816 0475 5612 16743  #SEEESE 1607113  #NA #NA  BNA 33.46 16743  138.76 7358 | 11490 | 8,100 3 38.30 55 105.31

959,574 0597 0814 0474 5404  164.87 1,607, #NA  #NA #NA 3226 ; 164.87  137.08 7.358 | 111.07 | 8100 3 37.02 56| 104.82

0598 0811 0473 5211 16248 SMENSE 1607832 #NA @ ENA #MA 3145 135852 50.08| 16248 13552 7.358 10751 8,100 ] 35.84 57| 104.38

0598 0.809 0472 5033 16026  #REEESES 10608,1561 #NA #NA #NA 30.41 13407 4843 16026  134.07 7.358 10421 8,100 3 34.74 58] 103.96

0599  0.807 0471 4868 15818  #HERENE 1608447 #NA @ #NA #NA 2046 13272 46.90] 15818 132.72 7.358 | 101.15 | 8,100 3 372 59| 103.57

0600  0.805 0471 4715 15625  ##EEER 1608720 #NA #NA  #NA 2827 13147 4547| 15625 13147 7.358 9830 | 8,100 3 3277 60| 10321

0600 0803 0470 4573 15446 #MMERE 1608973 #NA  #NA A 2744 13031 44.15] 15446 13031 7358 | 9566 | 8,100 3 31.89 61| 102.87

0601 0801 0469 4441 15278  SEEESF 1609208 #NA  #NA #NA 2667 12022 4292] 15278 12922 | 7358 | 9320 | 8,100 3 31.07 62| 102.55

0.601 0798 0468 4248  150.30 #SessE 1 #NA  #NA #NA 2554 27.63 41.11] 150300  127.63] 7.358 8957 | 8100 3 29.86 63] 102.09
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