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I. INTRODUCTION AND PURPOSE

The Low Temperature Overpressure Protection (LTOP) System at Fort Calhoun provides
peak pressure protection for transients that may occur while the Reactor Coolant System
(RCS) temperature is at the LTOP enable temperature of 350°F, indicated. These
transients are bounded by mass injection events such as a spurious Safety Injection (SI)
signal, and by heat addition events such as the startup of a Reactor Coolant Pump (RCP)
while the Steam Generators (SGs) contain hot secondary fluid. In the first case, the added
water pressurizes the RCS. In the second case, cool RCS fluid is introduced into the SGs
causing the RCS fluid to expand, also pressurizing the RCS. '

LTOP protection is provided by one of two means depending on the transient. For mass
injection cases, the Pressurizer Power Operated Relief Valves (PORVs) open relieving
sufficient water flow to offset the injected fluid. The PORV control system compares the
Pressurizer pressure to a function of pressure versus cold leg temperature. If the
Pressurizer pressure exceeds this pressure vs. temperature curve (termed the LTOP
curve), the PORVs open. (Note: the mass addition cases conservatively also include a
loss of shutdown cooling, so that heat is also added from the RCPs, the core decay heat,
and the Pressurizer heaters. Thus the mass addition case also bounds all anticipated
spurious heat addition sources.)

The limiting heat injection case involves the startup of a RCP, which is not considered a
credible spurious event. Hence the mitigation of the heat addition transient is by a
Technical Specification (TS) requirement for a minimum steam void in the Pressurizer
prior to RCP start. The steam void maintains pressure as it collapses, since the steam is at
saturated conditions and sees only a modest temperature rise as it is condensed. The time
required for the void collapse allows the RCS to heat up and equilibrate with the
secondary fluid temperature. Once this occurs, the transient has been effectively
mitigated, although there is still a small net heat input due to the methodology’s
conservative assumptions. Specifically, it is assumed that letdown cooling is not available
while heat is added from the RCP, a high assumed decay heat, and a failed Pressurizer
heater control system.

This report analyzes the transient scenarios just described using the RELAPS Mod 3.2
(RELAP) personal computer code. RELAP is a code that is familiar to the Nuclear
Regulatory Committee (NRC) who is ultimately responsible for reviewing the LTOP
system adequacy. The report describes how the Fort Calhoun RCS is modeled, how the
RCS flow model is benchmarked to other sources, how the transients are modeled, what
conservatisms are applied, what peak pressures result when the transients are simulated
and the development and justification of a new LTOP curve. The purpose of this report is
to demonstrate that with the proposed LTOP curve, the TS Pressure/Temperature limits
(termed the P/T curve) is not exceeded by any of these bounding transients. This report
will then be used to justify the control logic setpoints for the LTOP system and the T'S
requirements for Pressurizer voids at the time of the first RCP start, High Pressure Safety
Injection pump and Coolant Charging Pump (HPSI and CCP) limitations, shutdown
cooling, and RCP operation requirements.
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1I. OVERVIEW

A conservative RELAP model is developed for LTOP system adequacy demonstration.
The conservatisms in this model are significant and provide comfortable assurance of the
quality of the conclusions.

Several mass addition transients are evaluated and the pressure overshoot is calculated for
each. Based on trial runs, an LTOP curve was designed that prevents these overshoots

' from exceeding the P/T curve. The final transients are modeled using this proposed
LTOP curve and reasonable margins are generated.

Several heat addition transients are evaluated with an assumed Pressurizer steam void of
40% actual (at least 50% indicated). In each case, it is shown that a sizable steam void
remains in the Pressurizer after ten minutes, and that the event at this time is limited to
normal heat sources (decay heat, Pressurizer heaters, and RCP heat). Steady state is not
quite achieved because the conservative methodology specifies a net heat input due to a
hypothesized loss of shutdown cooling. In all heat addition cases, it is expected that no
PORYV will open; however, one case is also provided that intentionally opens a PORV to
demonstrate that the PORV capacity is sufficient to offset the transient. This case is
necessary since the control system uncertainties are such that a PORV opening may occur
under some circumstances (such as an initial pressure that is near the PORV setpoint and
the control system uncertainties slanted such to open the PORV at a lower than nominal
pressure).

A final LTOP setpoint curve is generated using conservative estimates of uncertainty.
The LTOP setpoint curve is offset (lower pressures and higher temperatures) in such a
manner that the analysis LTOP curve is protected with greater than 95% confidence.
This, together with the large conservatisms applied in the model, provide assurance that
the Fort Calhoun LTOP system will successfully mitigate all low temperature
overpressure transients.

The final LTOP setpoint curve, to be entered into the PORV control circuitry, is given in
Table 1. Figure 1 presents the P/T limits and LTOP setpoint curve. Table 2 contains other
operational restrictions assumed in the analysis that must be assured by Fort Calhoun
through Technical Specifications or other means.
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* Table 1: LTOP Setpoint Curve
RCS Indicated Temperature | LTOP Setpoint Curve

CF) (psia)

. 64 392.1
170 392.1
180 421.7
190 460.8
200 506.9
210 556.9
220 599.8
230 646.9
240 697.0
250 765.7
260 849.6
270 939.6
280 1029.6
290 1123.3
300 1223.3
310 13233
320 1423.3
330 1526.2
340 1634.2
350 ' 1742.2

Table 2. Operational Restrictions
Components Restrictions

RCPs Only 3 or fewer RCPs are allowed to be operating

- once LTOP is enabled; only 2 are allowed below
224°F indicated RCS temperature (based on factors
used to develop the P/T curve) '
HPSIs Only the equivalent of 2 HPSIs and 3 CCPs can be
operational once LTOP is enabled; only the
equivalent of 1 HPSI and 3 CCPs are enabled
below 320°F indicated RCS temperature; and only
the equivalent of 3 CCPs are enabled below 270°F
indicated RCS temperature ‘
Shutdown Cooling | The unit cannot be put on Shutdown Cooling until
the RCS has cooled to 300°F indicated RCS

temperature
Pressurizer Steam | When starting the first RCP, there must be an
Void indicated steam void of 50% in the Pressurizer

RCS pressure When starting the first RCP, the RCS pressure
should be at least 61 psi below the LTOP setpoint
pressure at the given RCS temperature, in order to .
prevent a PORV lift
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Figure 1: P/T Limit and LTOP setpoint curve.
Data for the P/T limit curve are in Table 7, and data for the LTOP curves are in Table 1
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III. ANALYSIS CRITERIA

The purpose of the LTOP system is to limit pressure transients to below the pressure-
temperature limits (P/T curve). The P/T curves show the maximum pressure in the
Pressurizer based on the temperature at the cold legs. Figure 1 above shows the P/T curve
and Table 7 contains the data that was used to draw this figure. The source of this data is
EA-FC-01-022, Rev. 0, Pressure and Temperature Limits for 40 EFPY.

The horizontal axis of Figure 1 is labeled “Indicated T”. This means that the curve has

been shifted 14 degrees to the right to account for uncertainty errors in indicated RCS

temperature. The analysis is based on the true RCS temperature, therefore the analysis
criteria is based on a curve that is shifted 14°F to the left.

The pressure axis in Figure 1 is the Pressurizer pressure. The curve has been shifted
downward from the calculated Reactor Vessel beltline limiting pressure to account for the
fact that the beltline pressure will be higher than the Pressurizer pressure due to elevation
and flow effects. The Pressure Correction Factor (PCF) shift in the LTOP enable
temperature range is 61 psi below 210°F, and 67 psi above 210°F (these temperatures are
the real values and not the indicated temperature; the values change at 210° because
below this value only 2 RCPs are assumed to be running, and above this value 3 RCPs
are assumed). The PCFs are conservative because:

e The PCFs include the pressure drop from the inlet nozzle and downcomer, yet

these do not contribute to the pressure difference from the beltline to the

Pressurizer.

e They are conservative for heat addition events, since only one RCP is running at
that time.

o They are based on cold water density, but many transients involve warmer
temperatures. :

The PCFs were developed by Combustion Engineering, which has since become part of
Westinghouse Electric Company (WEC).

The RELAP program produces the actual Reactor Vessel peak pressures; however, to be
conservative and to be consistent with the TSs, the RELAP peak Pressurizer pressure is
compared to the P/T curve. (Subsequent results show that if the RELAP peak Reactor
Vessel pressure is compared to the P/T limit for beltline pressure, an additional margin
of about 30 psi results for most transients.) Uncertainties in measured pressure and
temperature are accounted for in the LTOP setpoint curve. This is discussed in detail
below in Section IX.
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IV.  DATA INPUT

Analysis input data are provided in a series of tables below.

Table 3: Inputs Assumed for the LTOP Analysis

Name Value

Direction of
conservatism

Source

Energy Sources

Plant Thermal Power | 1530 MWt

Use maximum

1500 MWt is the Operating
License!! definition of
Rated Power’, which is
also given in CESEC!, p.
878. Consistent with
industry standards, an
additional 2% is added per
Reg. Guide 1.49, Rev. 1

CESEC’, p. 28, shows that
decay heat can be
conservatively bounded by

Use 20% a constant factor of 0.014
Decay Heat 21.4MWt | conservatismto | after 7,848 seconds (time
make it 25.7 MW | to cool to 314°F from
532°F at 100°F/hr. 314°F
bounds max analysis T-
initial)
RCP Heat Tnput | 1 ;ﬁm PeT | Usemaximum | CESEC!, pp. 328-331
Per CESEC', p. 1007,
SGA: Use maximum vgctor A(3201) is 47,660
SG Heat Transfer | 46,070 £ (a‘jfil.ly;éf) z‘;” use ﬁl based on zero tube
Surface Area SGB: 0001 as | plugging; current
46.165 f2 addmoI}al max1mu3ms are per
’ conservatism) | CESEC’, p. 28, vectors
A(3003) and A(3153).
Per CESEC’, p. 28, vectors
A: 4838 Use maximum for ?c()fe?lol?S%%% Ag lssé)l;u t
SG number of tubes B: 4848 heat addition, min P i
min: 4004 for mass addition | Sorie 8¢ permanenty

plugged. Min is 80% of
5005.

OPP1-REPT-001, Rev. 1
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Direction of

Name Value . Source
conservatism
Use maximum for | Per CESEC’, p. 28.
A: 5462 ft° heat addition | Vectors A(3005) and
SG tube volumes B: 547.3 ft’ (547.3 %), min | A(3155), based on current
min: 452 f* | (452 ft®) for mass | plugging, min also N
addition described on that page.
SG tube ID 0.6532” NA CESEC!, p. 1003
SG tube OD 0.75” NA CESEC/, p. 1003
SG Material Inconel 600 NA CESEClr,p. 1001
SG tube.heat 11,508 Btw/F Use maximum CESEC’, p- 1001, for 0%
capacity tube plugging
1998 ASME Boiler &
;1:) Btuéhgpﬁ Pressure Vessel Code,
100 8.7 Section II, Part D --
150 8.9 Properties, 2000 Addenda,
SG tube conductivity | 200 9.1 NA The American Society of
250 9.3 Mechanical Engineers,
300 9.6 New York, 2000 and
350 9.8
400 10.1 compared to CE Report T-
601.
900 kWt (this
is the sum of Per CESEC!, pp. 698 &
Pressurizer Heaters 150 kwt Use maximum 701, vectors A(4012) &
proportional A(4017), respectively;
and 750 kWt USAR Table 4.3-7, Rev 10
backup htrs)
Mass Addition Sources
Per CESEC', p. 732,
vectors A(4051), A(4052),
& A(4053) and USAR
A Section 9.2, Rev 10, design
Charging Flow . flow is 40 gpm per pump
(3 Pumps) 132 gpm Use maximum | oy 4'onm RCP seal
bleed-off. The 132 gpm
value is (40+3) + 10% per
the CEOG Report’
- guidelines.
HPSI (1 Pump) Data Table 5 Use maximum | See Table 5
HPSI (2 Pumps) Data Table 6 Use maximum | See Table 6
Success Criteria
P/T Curve | Table 7 Use minimum | See Section IV
OPP1-REPT-001, Rev. 1 9 03/15/02




Direction of

Name Value . Source
conservatism
Current values to be
justified by analysis and
i margins identified. Values
LTOP Setpoint Table 8 NA used in the final run are
verified by acceptable
results.
Volumes, Lengths, Areas, Flow Resistances, and Elevations
All Piping and
VesselpSeftions See Table 4
PORYV Data
' Dresser 2.5”
31533VX-30:
0.94 in? orifice,
110,220 #/hr Att. 18, p. 3 of 9, SDBD-
PORV capacity, 2385 NA RC-128°, and Drawing
psia Set 3CP-4208.
Pressure,
0.95 flow
coefficient
PORYH%; enng 1.5 seconds Use maximum | EA-FC-01-011, Rev. 0,
Uncertainty in S
Temperatl}llre 14 F* indicated Use maximum | EA-FC-01-011, Rev. 0,
Measurement
PORYV actuation 16.245 F . FC06863, “LTOP Setpoint
system uncertainty 66.896 psi Use maximum Instrum?,nt I;,OOP
Uncertainty,” 12/7/01
Location of corﬁﬁg};i;ffg;lilse F(}Iﬁ6’118-5, gtt' ﬁr& B’ EM
Measured Cold Legs warmer Cold Leg ?713081118 1 :?1 d gl\“/;l_rig?’ i
Temperature to determine PORV Sh ’1 ) ?
lift setpoint .
Uncertainty in ,
Pressure 50 psi indicated | * Use maximum | EA-FC-01-011, Rev. 0
Measurement

OPP1-REPT-001, Rev. 1
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Direction of

Name Value . Source
_ conservatism
Miscellaneous Data
This value is specified in
the scenario definition and
is varied to determine the
SG Temperature U . sensitivity.OP-3 A, Rev.
during RCS 314 °F s¢ maxmcllum 37 states that the unit can
cooldown by SDC expecte be placed on shutdown
cooling at 300°F indicated,.
14°F added to address
indicated T uncertainty.
CESEC', p. 1814, and
U . USARSsection 4.3.8 state
se maximum of . .
90 psia based on max is 50 psia, bu.t use of
Quench Tank fety relief val ultimate safety relief
Maximum . safety refiel vaive pressure + pipe losses is
90 psia at 70 psig plus an . .
Backpressure for additional 5 psi to conservative. The 5 psi
PORV address pipe value is assumed; actual
losses | pipe losses will vary with
flow conditions. (see
assumptions)
Data letter” gives pressure
SI injection 250°F Use maximum T, | and temperatures;
Temperature, 90 psia maximum P, Minimum density
Pressure and Density | 62.42 Ibm/f® | minimum density | enveloped by density at
32.02°F, 90 psia.
RCP performance See Tables 9 See Tables 9 and | See Tables 9 and 10
and 10 10
Use maximum
RCP rated head and 47,500 gpm (ana1y§1s 1 SDBD-RC-128, Rev. 9,
flow 225 ft . conservatively | aachment 15, pg. 3 of 24
increases head to
290 ft)
RCP anti-rotation SDBD-RC-128, Rev. 8,
device Modeled NA Section 2.2.3, pg. 3 of 10
Pressurizer Level
Indication 10% Use maximum | Data Letter”
Uncertainty

OPP1-REPT-001, Rev. 1
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Table 4: Piping Data Sources.

Specific information elaborating on modeling choices is provided in Attachment 2.
MVCDL* sources are data from the identified subsections (listing several subsections
implies summation). CESEC' values are identified by nodes, but the data can mostly be
found in the vectors on page 125 of that reference. Loss coefficients are in units of psi-
s/Ibm (parenthetical fractions imply the source resistance is apportioned among several
RELAP components). When the referenced data is used to calculate an input value, the

formula is given with an equal sign giving the final value used.

Comp# Variable Value Source
100 Volume (Inlet 10.996*4 nozzles=43.98 ft° MVCDL' 1a
Nozzles)
100 Length 3.5 ft MVCDL' 1a
100 Kf (nozzles) 7.56E-7 (80% of 1/3) CESEC' Node 3
100 Kr (nozzles) 6.45E-7 (80% of 1/3) CESEC' Node 3
100 Kf (to 7.56E-7 (20% of 1/3) CESEC' Node 3
downcomer)
100 Kr (to 6.45E-7 (20% of 1/3) CESEC' Node 3
downcomer)
110 Volume 34.03+77.26+208.01 MVCDL? 1b,1c,1d, e,
(Downcomer) +115.15+156.68 = 591.13 ft° 1f
110 Hydraulic 0.3775 ft CESEC' Node 3
Diameter
110 Elevation change | 26.341 top of cold leg, MVCDL* 5a

1 ft cold leg radius MVCDL* 5a

0 ft bottom of vessel, gives datum for MVCDL*

0-(26.341-1)=-25.341 ft elevations
110 Kf 7.56E-7 (1/3) CESEC’ Node 3
110 Kr 6.45E-7 (1/3) CESEC' Node 3
111 Kf 7.56E-7 (1/3) CESEC' Node 3
111 Kr 6.45E-7 (1/3) CESEC' Node 3
120 Volume (Lower | 563.7 ft’ MVCDL® 1g, 1h
Plenum)
120 Elevation change | 9.14 ft top of lower plenum MVCDL’ 1h

0 ft bottom of vessel, gives datum for MVCDL*

9.14-0 = 9.14 ft. (This value is also elevations.

used for length, rather than the

MVCDL" transition value of 3.575

ft, to conservatively increase dP

between vessel bottom and

Pressurizer.)
121 Kf 499E-7 . CESEC' Node 4
121 Kr 1.33E-6 CESEC' Node 4
130 Volume (Core) 504.295 ft’ MVCDL* 1i,1p,1q

OPP1-REPT-001, Rev. 1
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Comp# Variable Value Source
130 Hydraulic 0.0414 ft Minimum of CESEC'
Diameter Nodes 5 and 6
130 Elevation change | 19.807 ft top of core MVCDL"® 1i
9.14 ft top of lower plenum MVCDL! 1h
19.807-9.14 = 10.667 ft |
130 Kf (4.0+1.11)E-07 CESEC' nodes 5 and 6
130 Kr (4.0+2.05)E-07 CESEC nodes 5 and 6
150 Volume (Outlet | 43.22+157.2+152.2+17.58+21.47*2 | MVCDL" 1j,1k,1,
Nozzles) =413.14 ft 1r,1s*2
150 Elevation change | 26.674 top of hot leg MVCDL’ 2a
24.008 bottom of hot leg MVCDL* 2a
19.807 ft top of core MVCDL* 1i
(26.674+24.008)/2-19.807 = 5.534 ft
150 Kf (from 130) 6.64E-07 (1/2) CESEC! node 7
150 Kr (from 130) 9.52E-07 (1/2) CESEC node 7
150 Kf (nozzles) 6.64E-07 (1/2) CESEC' node 7
150 Kr (nozzles) 9.52E-07 (1/2) CESEC' node 7
160 Volume (upper 230.4+368.5+242.0 = 840.9 ft’ MVCDL’ 1m,1n,10
head)
160 Hydraulic 0.0 ft RELAP to calculate
Diameter
160 Elevation change | 37.418 top of vessel MVCDL' 1n
26.674 top of hot leg MVCDL* 2a
24.008 bottom of hot leg MVCDL* 2a
| 37.418-(26.674+24.008)/2 = 12.08 ft
200 Volume (lefthot | 84.14 ft’ ' MVCDL" 2a
leg)
200 Area 5.585 ft° MVCDL’ 2a
200 Kf 3.313E-07 CESEC! node 8
200 Kr 3.313E-07 CESEC! node 8
201 Kf 2.19E-06 (1/2) CESEC! node 9
201 Kr 1.08E-06 (1/2) CESEC node 9
210 Volume (left SG | 124.155 ft° MVCDL? 3a,3b
| inlet plenum) .
210 Hydraulic 100.0 ft large because friction
Diameter losses are negligible per
CESEC! node 9
210 Elevation change | 31.428 ft top of plenum MVCDL" 3b
26.674 ft top of hot leg MVCDL* 2a
24.008 ft bottom of hot leg MVCDL* 2a
31.428-(26.674+24.008)/2=6.087 ft
211 Kf 2.19E-06 (1/2) CESEC' node 9
211 Kr 1.08E-06 (1/2) CESEC' node 9
OPP1-REPT-001, Rev. 1 13 03/15/02




Comp# Variable Value Source :
220 Volume (left SG | 547.3 ft® maximum current SG CESEC’, p. 28. Vectors
tubes) volume A(3005) and A(3155),
452 ft* minimum volume at based on current
maximum tube plugging plugging, min also
, described on that page

220 Length 52.25 ft | MVCDL" 3¢

220 Hydraulic 0.65327/12=0.0544 ft Based on I.D. in Table 3

Diameter .

220 Elevation change | tubes are 24.84 ft top of U-shape by | CESEC' Node 11,
reference, however simplified model | vector A(6062), p. 125
makes elevation half the length up
(26.13 ft) and half the length down,
for net change 0.0

220 Kf 2.39E-07+2.39E-07 CESEC' Nodes 10 and

' 11
220 Kr 2.39E-07+2.39E-07 CESEC' Nodes 10 and
11

221 Kf 2.20E-06 CESEC! node 12

221 Kr 1.62E-06 CESEC! node 12

230 Volume (left SG | 121.745 f° MVCDL? 3d,3e

outlet plenum)

230 Elevation change | 31.428 ft top of plenum MVCDL? 3b
26.674 ft top of hot leg MVCDL* 2a
24.008 ft bottom of hot leg MVCDL* 2a
(26.674+24.008)/2 —31.428=-6.087
ft

230 Hydraulic 100 ft large because friction

Diameter losses are negligible per

CESEC! node 12

231 Kf 4.48E-06 CESEC! node 13

231 Kr 4.48E-06 CESEC! node 13

240 Volume (left 76.51 fi * 2 cold legs =153.02 f* | MVCDL* 4a,4b,4c

"double" cold leg, SG

to RCP)

240 Area 3.142*2 cold legs = 6.284 ft* MVCDL" 4a

Pump 1 Volume (two | 69 * 2 RCPs = 138 i’ (62.84 ft’ MVDCL" 8a

RCPs) assigned to this component, 75.16 ft’
to component 250)

Pump 1 Kf 1.39965*%A% = 1,39965%3.142" = MVDCL® 8a when
13.82 (1/2) pump is not running

Pump 1 Kr 1.39965*A% = 1.39965*3.142° = MVDCL" 8a when
13.82 (1/2) pump is not running

250 Volume (left 69 * 2 RCPs = 138 ft’ (62.84 ft’ MVCDL’ 8a

"double" cold leg SI assigned to component 1, 75.16 % to

branch ) this component)

OPP1-REPT-001, Rev. 1 - 14 03/15/02




452 f* minimum volume at
maximum tube plugging

Comp# Variable Value Source
250 Area 3.142*2 cold legs = 6.284 ft* MVCDL' 5a
250 Kf 1.39965*A% = 1.39965%3.142° = MVDCL"* 8a when
13.82 (1/2) pump is not running
250 Kr 1.39965%A% = 1.39965%3.142” = MVDCL’ 8a when
13.82 (1/2) pump is not running
260 Volume (left CL, | 54.062 ft® * 2 cold legs =108.124 ft* | MVCDL* 5a
RCPtoRV)
260 Area 3.142*2 cold legs = 6.284 ft° MVCDL’ 5a
260 Kf 7.84E-07 CESEC' Node 14
260 Kr 7.84E-07 CESEC' Node 14
| 300 Volume (1/3 right | 84.14 ft’ (spread out evenly over MVCDL? 2a
hot leg) components 300, 301 and 302)
300 Area 5.585 ft* MVCDL’ 2a
301 Volume (1/3 right | 84.14 ft’ (spread out evenly over MVCDL' 2a
hot leg) components 300, 301 and 302)
301 Area 5.585 ft° MVCDL’ 2a
301 Kf 3.313E-07 CESEC' node 8
301 Kr 3.313E-07 CESEC' node 8
301 Kfto Pressurizer | 3.34 unitless (2.34 apportioned to MVCDL 2b
surge line component 301, 1.00 apportioned to
component 401 by modeler's choice)
301 Kr to Pressurizer | 2.45 unitless (1.95 apportioned to MVCDL 2b
surge line component 301, 0.50 apportioned to
component 401 by modeler's choice)
302 Volume (1/3 right | 84.14 ft° (spread out evenly over MVCDL 2a
hot leg) components 300, 301 and 302)
302 Area 5.585 ft° MVCDL* 2a
303 Kf 2.19E-06 (1/2) CESEC' node 9
303 Kr 1.08E-06 (1/2) CESEC! node 9
310 Volume (right SG | 124.155 ft° MVCDL"® 3a,3b
inlet plenum)
310 Hydraulic 100.0 ft large because friction
Diameter losses are negligible per
CESEC!' node 9
310 Elevation change | 31.428 ft top of plenum MVCDL* 3b
26.674 ft top of hot leg MVCDL* 2a
24.008 ft bottom of hot leg MVCDL? 2a
31.428-(26.674+24.008)/2=6.087 ft
311 Kf 2.19E-06 (1/2) CESEC' node 9
311 Kr 1.08E-06 (1/2) CESEC! node 9
320 Volume (right SG | 547.3 ft® maximum current SG CESEC’, p. 28. Vectors
tubes) volume A(3005) and A(3155),

min also described on
that page

OPP1-REPT-001, Rev. 1
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Comp# Variable Value Source
320 Length 52.25 ft MVCDL? 3¢
320 Hydraulic 0.65327/12 =0.0544 ft Based on L.D. in Table 3
Diameter
320 Elevation change | tubes are 24.84 ft top of U-shape by | CESEC Node 11,
reference, however simplified model | vector A(6062), p. 125
makes elevation half the length up '
(26.13 ft) and half the length down,
for net change 0.0
320 Kf 2.39E-07+2.39E-07 CESEC! Nodes 10 and
11
| 320Kr 2.39E-07+2.39E-07 CESEC' Nodes 10 and
11
330 Volume (right SG | 121.745 ft’ MVCDL® 3d,3e
outlet plenum)
330 Hydraulic 100 ft large because friction
Diameter losses are negligible per
CESEC! node 12
330 Elevation change | 31.428 ft top of plenum MVCDL’ 3b
26.674 ft top of hot leg MVCDL? 2a
24.008 ft bottom of hot leg MVCDL* 2a
(26.674+24.008)/2-31.428=-6.087 ft
330 Kf 2.20E-06 CESEC' node 12
330 Kr 1.62E-06 CESEC' node 12
330 Kf to 340,370 4.48E-06 CESEC! node 13
330 Kr to 340,370 4.48E-06 CESEC! node 13
340 Volume (right 76.51 ft° MVCDL® 4a,4b,4c
cold leg, SG to RCP)
340 Area 3.142 ft* MVCDL' 4a
Pump 2 Volume (RCP) | 69 ft* (31.42 ft’ assigned to this MVDCL' 8a
: component, 37.58 £t to component
350)
Pump 2 Kf 1.39965*A% = 1.39965*3.142° = MVDCL* 8a when
13.82 (1/2) pump is not running
Pump 2 Kr 1.39965*A% = 1.39965*3.142° = MVDCL® 8a when
13.82 (1/2) pump is not running
350 Volume (right 69 ft’ (31.42 ft’ assigned to MVCDL’ 8a
cold leg SI branch ) component 2, 37.58 ft° to this
component)
350 Area 3.142 ft° MVCDL® 5a
350 Kf 1.39965*A% = 1.39965%3.142" = MVDCL? 8a when
13.82 (1/2) ' pump is not running
350 Kr 1.39965*A% = 1.39965*3.142" = MVDCL? 8a when
: 13.82 (1/2) pump is not running
360 Volume (right 54.062 ft’ MVCDL" 5a
coldleg, RCPto RV )
‘OPP1-REPT-001, Rev. 1 16 03/15/02




Comp# Variable Value Source
360 Area 3.142 ft* MVCDL'® 5a
360 Kf 7.84E-07 CESEC' Node 14
360 Kr 7.84E-07 CESEC! Node 14
370 Volume (right 76.51 ft MVCDL* 4a,4b,4c
cold leg, SG to RCP )
370 Area 3.142 ft* MVCDL' 4a
Pump 3 Volume (RCP) | 69 ft’ (31.42 ft’ assi§ned to this MVDCL' 8a
component, 37.58 ft” to component
380)

Pump 3 Kf 1.39965*A% = 1.39965*3.142° = MVDCL* 8a when
_ 13.82 (1/2) ump is not running
Pump 3 Kr 1.39965*A% = 1.39965*3.142% = MVDCL' 8a when

' 13.82 (1/2) pump is not running

380 Volume (right 69 ft* (31.42 ft° assigned to MVCDL* 8a

cold leg SI branch ) component 3, 37.58 f® to this
component)

380 Area 3.142 f¢ MVCDL' 5a

380 Kf 1.39965*A% = 1.39965%3.142" = MVDCL® 8a when
13.82 (1/2) pump is not running

380 Kr 1.39965*A% = 1.39965*3.142° = MVDCL® 8a when
13.82 (1/2) pump is not running

390 Volume (right 54,062 ft’ MVCDL' 5a

cold leg, RCP to RV )

390 Area 3.142 ft* MVCDL’ 5a

390 Kf 7.84E-07 CESEC' Node 14

390 Kr 7.84E-07 CESEC! Node 14

400 Volume 27.37 £ CESEC' Node 29

(Pressurizer Surge

Line)

400 Length 69.467 ft =Volume/area

400 Area 0.394 ft* MVCDL’ 2b

400 Elevation change | 41.383 ft bottom of Pressurizer MVCDL® 2b
26.674 top of hot leg MVCDL* 2a
24.008 bottom of hot leg MVCDL* 2a
41.383-(26.674+24.008)/2=16.042 fi

401 Kf 3.34 unitless (2.34 apportioned to MVCDL 2b
component 301, 1.00 apportioned to
component 401 by modeler's choice)

401 Kr 2.45 unitless (1.95 apportioned to MVCDL 2b
component 301, 0.50 apportioned to
component 401 by modeler's choice)

410 Volume 900 ft’ MVCDL" 6a

(Pressurizer Surge

Line)
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Comp# Variable Value Source

410 Elevation change | 65.747 ft top of Pressurizer MVCDL' 6a
41.383 ft bottom of Pressurizer MVCDL* 2b

: 65.747-41.383=24 364 ft

510 Volume (Left SG | 4549.96 f° MVCDL' 3f3¢g

secondary side)

520 Volume (Right SG | 4549.96 ft’ MVCDL* 3f,3g

secondary side)
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Table 5: Maximum HPSI Injection Flow Rate, 1 Pump.

CESEC!, pp. 831 provides single pump flow data. Points in the CESEC column are read
off the most conservative of the curves shown. The RELAP model will use 10% greater
than the design curve per the CEOG Report’ guidance.(Note: the code input assigns the
flow value shown for 0 psia to an RCS pressure of 10 psia, and enters 0 gpm at 0 psia to
address initialization iterations. This has no impact on the analysis results, since the RCS
pressure never falls below 100 psia in any HPSI pump flow scenario.)

RCS Pressure CESEC!, Minimum 1 HPSI RELAP Model Maximum 1 HPSI
(psia) Pump (gpm) Pump (gpm)
0 400 440
100 386 425
200 375 413
300 360 396
400 348 383
500 330 363
600 316 348
700 299 330
800 275 303
900 250 275
1000 223 245
1100 186 205
1200 151 166
1300 100 110
1385 0 0

It is conservative to double the sin;

Table 6: Maximum HPSI Injection Flow Rate, 2 Pumps

ole pump maximum flow rate from Table 5.
RCS Pressure (psia) RELAP Model Maximum 1 HPSI
Pump (gpm)

0 880
100 850
200 826
300 792
400 766
500 726
600 696
700 660
800 606
900 550
1000 490
1100 410
1200 332
1300 220
1385 0

OPP1-REPT-001, Rev. 1 19

03/15/02




Table 7: P/T Curve. These values are to be compared to the Pressurizer pressure. The
indicated RCS temperature is 14°F greater than true to account for instrument error.
Source is EA-FC-01-022, Rev. 0, Pressure and Temperature Limit Curve for 40 EFPY

RCS Indicated Temperature | - RCS Actual Temperature Composite P/T Limit
(°F) F) (psia)
64 50 498
74 60 502
84 70 505
94 80 510
104 90 515
114 100 522
118 104 525
124 110 525
134 120 525
144 130 525
154 140 525
164 150 525
174 160 525
178 164 525
184 170 548
194 180 : 593
204 190 649
214 : 200 717
224 210 794
234 220 895
244 230 990
254 240 1072
264 250 1172
274 260 1259
284 270 1355
294 280 1471
304 290 1613
314 300 1786
324 310 1998
334 320 2258
344 330 2575
354 340 2918
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Table 8: LTOP Analysis Curve.
This is an analytical curve that does not represent the LTOP setpoints to be put into
service at Fort Calhoun. These do not account for measurement uncertainty. The LTOP
setpoint curve to be used in the PORV control logic is developed in Section IX. This
curve represents a high confidence pressure at which PORVs can be expected to open;
hence these are the opening pressures assumed in the analysis. The LTOP curve was set
to 1700 psia at 328.5°F RCS temperature to assure a value of 1700 psia at 350°F
indicated (the LTOP enable temperature). It was based on a previous value of control
system temperature uncertainty of 21.5°F contained in Reference 12. This conservatively
bounds the current documented value of 16.245°F in Table 3. The value at 320°F is a
linear interpolation between the values at 310°F and 328.5°F. The actual LTOP system is
only enabled up to 1700 psia, but the tabular values continue to increase for the purpose
of developing a setpoint curve in Section IX. The analyzed scenarios do not exceed either
328.5°F RCS temperature or 1700 psia Pressurizer pressure, so values above 1700 psia
are not used in the RELAP program. The input (shown in Attachment 3, page 104)
extends the curve to RCS temperatures of 0°F and 1700°F, but no scenario RCS
temperatures ever go outside the range of 50° to 328.5°F, so the extension does not
impact the final results.

RCS Actual | New LTOP
Temperature | curve actual

°F) pressure
(psia)
50 459
160 459
170 470
180 500
180 550
200 600
210 640
220 690
230 750
240 830
250 920
260 1010
270 1100
280 1200
290 1300
300 1400
310 1500
320 1608
328.5 1700
330 1816
340 1924
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Table 9: RCP Homologous Curves, from CESEC! pp. 544 & 545
oy or y/a

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
HAN 1.826 | 1.644 | 1.524 | 1.417 | 1.321 1.374 | 1.323 | 1.259 | 1.187 | 1.085 1.0
HVN 142 | -1.25 | -1.09 | -0.92 | -0.73 -0.51 0.00 0.30 0.541 1 06887 | 1.0
BAN 1417 | 1.262 | 1.156 | 1.041 1 1.0 0.961 | 0.965 | 0.980 { 1.00 1.002 1.0
BVN -1.45 | -1.1 -0.85 | -0.64 | -0.43 -0.113 | 0.241 0.406 | 0.610 | 0.797 1.0
HAD 1.826 | 1.984 1 2.228 | 2.44 2.60 2.87 3.078 | 3.37 3.69 4.0 4.34
HVD 1.42 1.56 1.64 1.777 | 1.93 2.16 2.52 2.973 | 3.31 3.69 4.34
BAD 1.417 | 1.56 1.73 1.93 2.16 2.37 2.69 2.92 3.19 3.56 4.0
BVD 1.49 1.64 1.777 | 1.93 2.1 2.37 2.60 2.92 3.19 3.56 4.0
HAT 0.20 0.26 0.30 0.31 0.35 0.38 0.40 0.430 | 0.496 | 0.610 0.769
HVT 1.42 1.23 1.04 0.907 | 0.842 | 0.826 | 0.812 | 0.812 | 0.797 | 0.769 0.769
BAT -1.32 | -0.89 | -0.61 | -0.40 | -0.24 -0.118 | 0.0 0.12 0.251] 0.391 0.503
BVT 1.49 1.42 1.35 1.23 1.13 1.02 0.916 | 0.826 | 0.718 | 0.620 0.503
HAR 0.20 0.12 0.0 -0.246| -0.513 | -0.83 -1.0351-1.60 | -2.05 | -2.55 -3.10
HVR -1.42 | -1.715} -1.96 | -2.15 | -2.34 -2.52 -2.69 -2.81 | -2.93 | -3.01 -3.10
BAR -1.32 | -166 | -1.91 | -2.19 | -2.49 -2.83 -3.24 -3.60 | -4.05 | -4.54 -5.03
BVR -1.45 | -1.85 | -220 | -252 { -2.85 -3.15 -3.49 -3.84 | -4.23 | -4.61 -5.03

Table 10: Interpretation of Homologous Curves. By examining the relative magnitude of

o and v, the user can select the correct independent variable and apply it to Table 9. This
table is from the RELAP manual NUREG/CR-5535-V2 p. 2-38)

Regime | Regime o« |y |y |Independent | Head Torque
Number | Mode ID Variable (Dependent | (Dependent

Name Variable) Variable)

1 HAN &BAN | >0 | >0 | <1 ylo H/o? /o
Normal

2 HVN&BVN | >0 | >0 | >1 oy HiY? B
Normal

3 HAD & BAD | >0 | <0 | >-1 Yo H/a? /o
Dissipation

4 HVD &BVD | >0 | <0 | <-1 aly HiY? BA
Dissipation

5 | HAT&BAT | <0 | <0 | <1 Yot Hlo? B/’
Turbine

6 HVT&BVT | <0 [ <0 | >1 aly HiY? B/Y
Turbine

7 HAR &BAR | <0 | >0 | >-1 Yo Hlo? Bla?
Reverse

8 HVR & BVR [ <0 | >0 | <-1 oy Hi? B
Reverse
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V.

NRC LTOP ANALYSIS REQUIREMENTS

The Combustion Engineering Owners Group (CEOG) produced Report CE NPSD-683-
A, Rev. 6', which defined the methodology to be used in LTOP analyses such as this. The
NRC’s review and approval of this document is a letter dated 3/16/2001 entitled “Safety
Evaluation of Topical Report CE NPSD-683-A, Rev. 6, Development of a RCS Pressure
and Temperature Limits Report for the Removal of P/T Limits and LTOP Requirements
from the Technical Specifications” (TAC No. MA9561). The NRC document stipulates
the following requirements for LTOP analyses performed in accordance with the CEOG
Report:

1.
2.
3.

4.

(9]

10.

11.

12.

Initial conditions are the most limiting allowed by Technical Specifications.
Only one (1) PORYV is credited with opening.

No credit is taken for letdown, RCS volume expansion, or RCS metal thermal
inertia.

Water-solid conditions in the PZR are assumed unless TSs exist to require a steam
or other gas volume.

Full PZR heater capacity must be assumed.

Decay heat must be accounted for, with the maximum specified cooldown rate
used to determine the time after shutdown. (Note: this analysis uses a
conservatively minimal time to calculate decay heat, and then increases the value
by 20%).

PORV setpoint uncertainty must be treated consistent with RG 1.105 and ISA
Standard S67.04-1994. (Note: in this case, the LTOP analysis is performed
without uncertainty. The resulting LTOP curve is protected by biasing the field
setpoints to account for. measurement uncertainty as described in Section IX.)

. The heat addition methodology to evaluate one (1) RCP starting with a hot Steam

Generator must be evaluated on a submittal-specific basis.

The mass-addition event is based on the maximum combined flow rate from HPSI
pumps and charging pumps, where the flow rates are either the design flows plus
10% or flows based on IST with uncertainty or Safety Analysis limits.

The peak pressure for these transients is described as being based on the larger of
either the maximum pressurization rate times the time to open the PORY, or the
pressure when the mass addition flow rate equals the PORYV flow rate. (This is not
a necessary statement with the use of RELAP, since RELAP will simulate the
transient completely and provide the maximum pressure directly.)

PORYV discharge curves must be provided using appropriate correlations, applying
a conservative back pressure, considering flow reduction due to flashing, relating
the valve flow rate with either valve inlet pressure or Pressurizer pressure,
covering the full range of expected pressures, accounting for the inlet piping
pressure drop, and cover pressures regardless of setpoint. (ENERCON utilizes the
RELAPS code to calculate the PORYV flow rates based on orifice area, upstream
conditions, and a conservative backpressure based on the Quench Tank Safety
Valve setpoint plus 5 psi to account for line losses. See Section VI for discussion.)
There is also a reference made to the Safety Injection Tank (SIT), but this is not
applicable to Fort Calhoun since SITs are pressurized to less than the lowest
PORY setpoint.
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ANALYSIS DISCUSSIONS

This section will present all assumptions and conservatisms. In addition, discussion is
provided for various aspects of the transients and how they have been conservatively
addressed.

ASSUMPTIONS/CONSERVATISMS

L.

The P/T limit curve is based on conservative PCFs that protect the maximum
beltline pressure. This analysis compares the resulting Pressurizer pressure to the
P/T limit. This is a conservatism, because the RELAP delta-P between the
Pressurizer and Reactor Vessel is much less than the PCF. The difference is
typically around 30 psi.

The RELAP-based LTOP model uses, for Pressurizer pressure, the pressure at the
midpoint of the top element in the pressurizer (typically the pressure at 2.03 ft
below the top of the Pressurizer), which is generally within 1 psi of the lowest
pressure existing in the Pressurizer.

The RELAP-based LTOP model uses, for RCS temperature, the cold leg segment
directly downstream of the steam generator, to select an analytical PORV opening
pressure from Table 8. This is the warmest location in the cold leg. The use of
minimum Pressurizer pressure and maximum RCS temperature maximizes the
PORY setpoint as read off the pressure vs. temperature LTOP curve.

The Fort Calhoun PORYV is fully opened after 1.5 seconds after an open signal is
generated. The RELAP code models the PORVs as starting to open after 1.5
seconds, and ramping to full open in an additional 0.5s. This avoids the need to
model accurate flow characteristics while the valve is stroking open (expected to
occur between 0.9s and 1.5s after signal generation). The ramp rate is used to avoid
pressure oscillations that result when the PORV is modeled as opening
instantaneously.

. All the identified conservative assumptions from the NRC Safety Evaluation® were

applied. These are:
a. Initial conditions are the most 11m1t1ng allowed by TSs.
b. Only one (1) PORYV is credited for relief.
¢. No credit is taken for letdown RCS volume expansion, or RCS metal thermal
inertia.
d. Water-solid conditions in the PZR are assumed for mass injection events (the
‘heat injection events, a RCP start, have an associated TS requiring a minimum
steam volume). '
Full PZR heater capacity is assumed (backup and proportlonal)
Decay heat is accounted for.
PORY setpoint uncertainty is addressed.
Mass injection flow rates are conservatively bounded based on the combined
flow from all available CCPs and HPSIs. The 1 HPSI cases use a 10% greater
than design pump curve. The 2 HPSI cases use twice this flow rate.

Bqe o 0
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7. The decay heat was particularly conservative, since a bounding value was used
based on 20% greater than the value that would exist at the fastest possible
cooldown to 314°F RCS temperature. This value was applied to all tran31ents even
those initiated at 50°F.

8. The model requires certain operational restrictions identified in Table 2. Only 3
RCPs are assumed to operate while the LTOP system is enabled. Only 2 RCPs are
assumed to be operating below 210°F actual temperature based on the WEC PCFs.
Only 2 HPSI pumps are modeled as capable of operating once the LTOP system is
enabled, and only 1 HPSI pump modeled below 320°F indicated RCS temperature,
and no HPSI pumps are modeled below 270°F indicated. Shutdown cooling is not
initiated until 300°F indicated. A minimum actual Pressurizer steam void of 40% is
required prior to the start of the first RCP (indicated void must be 40% plus level
uncertainty). The RCPs should only be started at pressures at least 61 psi below the
LTOP setpoint in order to assure that the subsequent pressure rise will not cause a
PORYV lift.

9. The PORYV flow rate was based on default RELAP flow equations. This is a best
estimate flow, rather than a conservative flow, but it is not important to the final
conclusions. The reason is that in all scenarios, at the moment that the PORV opens
the flow rate is well above that required to reduce the peak pressure (the pressure
trace shows an immediate fall in pressure). Hence even large errors in the PORV
flow rate would not change the peak pressure.

10. The PORV flow rate was based on a reduced area. Instead of the 0.94 inch? listed in
Table 3, 0.77 inch? was used. This was done based on sensitivity runs that showed
this area generated the rated flow of 110,220 Ibm/hr at the rated pressure of 2385
psia. In addition, the PORV flow rates were made more conservative for non-
choking cases by assuming a conservatively high backpressure equal to the quench
tank relief valve setpoint plus 5 psi. This is especially conservative given that the
initial PORYV flow rate is the one that determines the peak pressure, and during the
initial PORYV operation the quench tank is not pressurized.

11. The RCS pressure drop loss coefficients were developed using design basis
documents, and then a larger pressure drop across the Reactor Vessel outlet nozzles
was added for additional conservat1sm This increased pressure drop is greater than
the CESEC ! and MVCDL* models, but is consistent with a paralle]l RELAP model
discussed in Reference 2. The RCPs’ head was conservatively increased to generate
the same design flow rate with this additional head loss.

12. For the start of a RCP, the conservative assumption was that the speed of the pump
goes from 0 to full in 1 second (instead of the typical 30 seconds or so0). The flow
rate than increases according to pump homologous curves.

13. The volumes used in the RCS model were conservatively applied. Notably, a
minimum volume primary side for the SGs was applied when conservative for mass
injection cases, and a maximum volume primary side was applied when
conservative for heat injection. The minimum volume was based on the design limit
of 20% SG tube plugging, and the maximum volume was based on the current
maximum volume in the SG with fewest tubes plugged as of this date.

>
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14. The surface area of SGs was conservatively modeled as the area associated with
zero tube plugging for the heat addition case. For the mass addition case, heat loss
to the secondary side was conservatively neglected.

15. Mass addition cases include no credit for a steam volume that may exist in the
Pressurizer. This is more realistic than conservative in that sensitivity runs show
that the steam volume did not provide a benefit. The transient was delayed as the
steam volume decreased to zero, and then continued as if the steam bubble had not
been there.

16. Heat addition cases were run with extreme primary to secondary temperature -
differences that are not considered credible (the limiting case was a 264°F
difference). This was done to avoid any operational restrictions based on primary to
secondary temperature differences.

17. Heat addition cases were run with the conservative assumption of isothermal
conditions in the SG secondary side. In reality, stratification on the SG shell side
would cause only a portion of the SG water heat to be transmitted to the RCS.

18. Heat addition cases were run with conservative SG water masses. Whereas the
MVCDL! item 3h identifies the SG water volume as 1610 ft* and steam volume as
2940 ft, the sum of these (4549.96 ft*) is assumed to be filled with hot water. Since
such a large SG water mass is assumed, the heat energy stored in the SG metal mass
other than the tube metal, that is, the exterior surface of the SG and non-modeled
SG internals, is neglected for simplicity.

19. The injected water was conservatively treated. The density assumed is based on
water that is just above freezing at 90 psia, but the enthalpy is based on 250°F water
at 90 psia per Reference 2. This maximizes the energy and mass added to the RCS
bounding all possible SI water conditions.

MODELING DISCUSSIONS

The Shutdown Cooling System, Decay Heat and Pressurizer Heaters

The NRC identified that the decay heat should be added to the analysis as an additional
conservatism. The decay heat for all but the highest temperature scenarios is
conservatively bounded by 25.7 MWt (for both cooldown and heat up) as described in
Table 3. This is conservatively 20% greater than the 1.4% value shown in CESEC', p. 28,
for the most conservative model at 7,848 seconds after shutdown (.014*1530=21.4 MW,
21.4*1.2=25.7 MW). The cooldown time is based on a cooldown from 532 °F at
100°F/ht, e.g., (532-314)/100 = 1.66 hours = 7848 seconds. The maximum assumed
initial temperature is 314°F so this is bounding. For example, a cooldown to 200°F would
take 11,952 seconds.

The Pressurizer heat of 0.9 MW is added to the Pressurizer continuously after the event
initiates to conservatively model the Pressurizer heaters as failed on full power.

PORYV Flow Rate

The flow rate through the PORYV is conservatively assumed to be zero until the time at
which the PORY is fully opened per plant data (1.5 seconds after signal generation).
Then the valve is modeled as though linearly ramped open from zero flow area to full
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flow area in 0.5 seconds. This additional time to ramp open the valve avoids a sudden
pressure wave that results when the valve opening is modeled as instantaneous. Since the
flow predicted during the ramping period is less than the full flow rate, this approach is
conservative.

RELAP contains its own flow equations for flashing flow through a valve based on the
flow data of Table 3. The flow equations are explained in the RELAP manual’®, Volume
IV, Section 7.2. In general, the RELAP flow rates are more accurate but less conservative
than typical relief valve sizing equations. A sensitivity analysis was run (mporv.txt) to
discover that a flow area of 0.77 inch? (0.00535 ft?) provides the flow rate of 110,220
lbm/hr at 2385 psia. This is slightly smaller than the Table 3 value of 0.94 inch?. This
area of 0.00535 ft* is used in the analysis.

The exact flow rate through the PORYV is not critical to the analysis if the flow is
sufficient to halt the pressure rise. That is, if as soon as the PORYV is full open, the flow
out of the PORYV is greater than the RCS volumetric increase (due either to mass addition
or heat expansion), then the pressure will fall. Small errors in the PORYV flow rate will
affect the rate of depressurization, but not the peak pressure. This analysis is only
concerned with peak pressure.

For transients where the pressure is not immediately relieved at PORYV lift, the RCS
pressure will continue to rise until an equilibrium condition exists. Should this scenario
occur, the accuracy of the PORV equation is important to the peak pressure.
Conservatism is assured in this analysis by the use of a high backpressure of 90 psia as
described in Table 3. As demonstrated in the Results section, all PORV lifts immediately
reduced the transient pressure, hence modest changes in the PORV flow rates would not
affect the peak pressures.

Reactor Coolant Pumps

Having RCPs running is conservative for the mass addition cases because they increase
the pressure difference from the base of the Reactor Vessel to the top of the Pressurizer
where the LTOP system gets its pressure input.

The RCP homologous curves are taken from CESEC’, pp. 544 through 546. Homologous
data is dimensionless pump data developed through the normalization of pump head,
flow, torque and speed data by the pump rated head, flow, torque and speed. The
normalized variables are flow ratio y = Q/Qg, speed ratio oo = N/Np, head ratio 1 = H/Hg,
and torque ratio B =T/Tr. These are mapped over four quadrants, where the normal
quadrant is when the pump drives the flow (y & a. >0 ); dissipation is when the flow is
going backwards against the spinning pump (y<0; o >0 ); turbine is when a reverse flow
spins a pump backwards (y & o <0 ); and reverse is reverse spinning of the pump against
a forward flow rate (y>0; o <0 ). In point of fact, Fort Calhoun has an anti-reverse
rotation lock [Reference: SDBD-RC-128, Section 2.2.3, pg. 3 of 10] and, in these
scenarios, the flow never opposes a running pump, so only the normal quadrant applies to

this analysis. Nevertheless, all four quadrants were entered into RELAP. The data is
presented in Tables 9 and 10. Note: here the four quadrants are further divided into 8
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regimes depending on whether the flow ratio or speed ratio is numerically larger. HAN is
head H over speed o ratio in the Normal quadrant; BVR is torque ratio § over flow ratio y
in the Reverse quadrant; and so on. A negative HAN value indicates that the pump is
spinning so slowly relative to flow that there is actually a head loss through the pump.

Pump rated head and rated flow were taken as the design values for the RCPs, which _
corresponds to the maximum efficiency of the RCP. An additional 10% was added to the
rated flow (and head) values in order to provide an additional conservative margin to the
modeling of RCS flow. The addition of this margin would tend to increase the
pressurization rate during the heat addition transient. However, it was determined through
sensitivity studies that minor changes in RCS flow rate have negligible effect upon the
results of the heat addition analysis.

For pump start up, the pump speed ramp rate is conservatively bounded by a zero-to-full
speed acceleration in just 1 second (typical times are on the order of 30 seconds). This
manual acceleration means that the pump inertia entered in the RELAP deck is arbitrary.
Although the pump reaches full rpm speed in 1 second, the system's inertia will make the
RCS flow rate take an additional time period. This is conservative due to the 10% higher
head and fast rpm acceleration. Since the pump model imposes a linear acceleration from
zero to full rpm in 1 second, all the model inputs for pump rpm, rotational inertia, and
torque are not used, and the data supplied to the model is arbitrary. That is, the model
requires inputs for pump rpm, torque and moment of inertia, but the values are not used
and are not based on Fort Calhoun RCPs. . :

As noted above, Fort Calhoun RCPs have anti-reverse-rotation devices, so all the secured
RCPs (which will all have reverse flow) are modeled with a loss coefficient as described
in Attachment 2.

The heat input from each pump is modeled with a 1.4 MWt heat slab that is on whenever
the pump is running.

Flow Resistances and further RCP Conservatism

Attachment 2 presents the development of flow resistances based primarily on CESEC!
and MVCDL* pressure drops. Benchmarking indicated good agreement between the
RELAP model and these sources; however, an additional independent RELAP model
described in Reference 2 predicted a larger pressure drop across the hot leg nozzle. It is
conservative to model this larger pressure drop, because it increases the beltline pressure
in the reactor vessel relative to the Pressurizer pressure. Therefore the reactor vessel hot
leg nozzle resistance was made greater to match the referenced pressure drop.

When the higher flow losses were included in this LTOP model, the calculated flow rate
was less than the 198,000 gpm flow desired. It was necessary to increase the rated RCP
head again (from 273.02 to 290.0 ft) to generate a benchmark full flow case
MFULFLO.TXT at 198, OOO gpm. (Note: the value of 198,000 gpm is based on
enveloping the MVCDL* item 11g flow rate of 196,000 gpm, and is slightly different
from the model of reference 2 which used 198,584 gpm.)
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The benchmark cases are discussed in Attachment 2. Table A2-3 gives the benchmark
results.

Mass Addition Cases — Initial Pressure

Exploratory runs demonstrate that the initial pressure does not have a significant impact
on the peak pressure of a mass addition transient so long as the Pressurizer is water-solid
at the time of PORYV lift. This is because the mass addition inlet flow rate is a function of
RCS pressure (or a constant if just the CCPs) and is not a function of time. Whether the
system is initially just below the PORV setpoint pressure, or whether the system ramps
up to the PORYV setpoint from some lower initial value, does not affect the pressure rise
rate during the period between reaching the PORV setpoint and the 1.5 second delay time
- of the PORV opening.

Mass Addition Cases — Initial Pressurizer Bubble

Exploratory runs demonstrate that it is difficult to credit a steam bubble in the Pressurizer
with assisting mass addition event mitigation. The RELAP model shows that when a
bubble is present, the pressure starts to rise immediately following the start of mass
injection. However, when the pressure rises sufficiently, the Pressurizer bubble collapses
at a rate that offsets the mass addition, and pressure is constant. Pressure does not
continue to rise until after the bubble is completely gone. Hence if the initial pressure is
sufficiently below the PORYV lift pressure, the bubble vanishes and the peak pressure is
the same as if the initial condition was water solid.

This phenomenon is particularly true for LTOP events because of the low density of the
steam in the Pressurizer (relative to the steam density at 2100 psia). This low mass bubble
is easier to condense than when the plant is operating at power. The condition of a water-
solid lift is also specified in the NRC SER®.

Mass Addition Events — SI Injection Temperature

It is difficult to identify the worst case temperature for SI injection. The volumetric flow
rate is constant, which means the mass flow rate is greater for colder temperatures.
However, the injection water enthalpy is greater for higher temperatures. In order to
assure a conservative choice, the model uses a mass flow rate appropriate to water that is
just a few degrees above freezing (62.42 1bm/ft® based on 32.02°F, 90 psia water), and an
enthalpy associated with 250°F, 90 psia water (Ref. 2). This is done by using the greater
density when calculating the mass injection flow rate in Ibm/s (see Attachment 2, Table
A2-1), but specifying 250°F, 90 psia water in the RELAP components for SI injection.

Heat Addition Events -- Effect of Temperature Rise on PORV Opening Setpoint

The effect of temperature rise during heat addition events can have a critical impact on
the LTOP curve requirements if the PORYV is relied upon for transient mitigation. The
effect can best be explained by reviewing a typical analysis scenario, Case hp509s30. In
this scenario, the initial conditions are a Reactor Vessel at 50°F, a Steam Generator at
314°F, and no RCS flow. The P/T limit at 50°F is 498 psia. A RCP is suddenly started,
causing an extreme reverse heat transfer. The RCS rapidly heats up to about 270°F before
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the Pressurizer bubble can collapse and RCS pressure starts to rise (this equilibrium
temperature is based on conservative relative volumes of the 314°F water and the 50°F
water). Since the LTOP system sets the PORYV lift setpoint as a function of RCS
temperature, the PORV will not lift until the setpoint associated with 270°F. Meanwhile,
the Reactor Vessel temperature at 1/4™ thickness (the depth of a hypothesized crack) will
still be close to 50°F. This means, in effect, if pressure rises to the LTOP setpoint for this
scenario, the LTOP curve at 270°F (where the P/T limit is 1355 psia) must protect against
the 50°F limit of 498 psia.

The situation can be made even worse by selection of a "worst size bubble." A larger
bubble will slow down the transient. Due to very conservative assumptions about decay
heat, the RCS warms up rapidly while the bubble is collapsing. It is possible to postulate
a bubble size for the above scenario that does not collapse until the RCS reaches 300°F.

In order to avoid a significant restriction on the LTOP curve, the heat addition transients
must be mitigated before the Pressurizer steam void is lost. This is done by requiring a
large void prior to the first RCP start via a TS requirement, and determining that the void
will not entirely collapse by the time that the Steam Generator and RCS temperatures
equilibrate. After equilibration, the transient is effectively mitigated.

Heat Addition Cases — Initial Conditions

Heat addition cases are primarily associated with cooldown transients. A conservative
bounding assumption is that once the plant is placed on shutdown cooling, the Steam
Generators maintain the previous temperature (314°F) while the Reactor Vessel, Hot Leg,
and Cold Leg are cooled. Should a RCP suddenly start up, the hot Steam Generator
serves as a heat source and rapidly expands the RCS water as specific volume increases.
In accordance with NRC guidance, the pump heat, Pressurizer heaters, and decay heat are
all additional heat sources. In this model, the secondary side is conservatively modeled as
isothermal water filling the full volume of the Steam Generator to maximize the latent
heat delivered to the RCS.

Setpoint Curve Shape

There are distinct temperatures where the mass addition case can suddenly become more
limiting due to additional mass injection. Specifically, at 255°F actual RCS T, the
injected flow rate increases from that associated with 3 CCPs to that associated with 3
CCPs and 1 HPSI. At 305°F, the flow rate again increases, this time to that associated
with 3 CCPs and 2 HPSIs. A jagged LTOP curve could have been used in response to
these sudden jumps in mass addition, but it would have made the circuitry function more
complicated. Instead, the LTOP setpoint curve was developed as a conservatively lower
smooth curve. The curve at right shows

conceptually the “tightest” LTOP setpoint curve

allowed by analysis compared to the lower max

smooth curve used. Since the margin is smallest
between the curves at 166°F, 255°F, and 305°F,
these will be critical temperatures at which to ' '
simulate mass addition events. 166 255 305

! ]
T
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VII. CASE RUN MATRIX

For all cases

A bounding decay heat of 25.7 MWt is used per Table 3 (no credit is taken for the SDC
system). This is especially conservative for heat up cases, but it allows the below
scenarios to bound both heat up and cooldown. The Pressurizer heaters are assumed on
(0.9 MWt to Pressurizer water). Each running RCP contributes a heat input of 1.4 MWH.

The initial pressure is assigned to all components. During the first 2 seconds of analysis,
the Pressurizer pressure decreases and the Reactor Vessel pressure increases to a new
steady state based on elevation changes and RCP flow. Hence the transients typically
start with a Pressurizer pressure that is a few psi below the tabular value.

Table 11: Case Run Matrix

Case, File Tinitial | Pinitial | SI Flow | RCPs SGT Pressur- | SG
actual | actual (°F) izer Volume
°F) (psia) Bubble

MFULFLO 570 2100 |0 4 40% Min

1 MSOBAS 80 200 132 gpm | 3 0 Min

2 M50P2 50 200 132 gpm | 3 0 Min

3 M50P4 50 400 132 gpm | 3 0 Min

4 M50B 50 200 132 gpm | 3 6% Min

5 M166P2 166 200 132 gpm | 3 0 Min

6 M210P2 210 200 132 gpm | 3 0 Min

7 M255P2 255 200 1HPSI |3 0 Min

8§ M305P2 305 200 [2HPSI |3 0 Min

9 M314P2 314 200 2HPSI |3 0 Min

10 HP509S30 {50 95 0 1starts | 314 40% Max

11 HP503S30 | 50 390 0 1starts | 314 40% Max

12 HP504S830 | 50 400 0 1starts | 314 30% Max

13 HP166S30. | 166 100 0 1starts | 314 40% Max

14 HP290S34 | 290 390 0 1 starts | 340 40% Max

MFULFLO is the benchmark run described in Attachment 2. It is not further discussed
here, other than to note that it replicates hot zero power operation. The purpose was to
show agreement with the expected flow rate (198,000 gpm) and pressure drops. The
successful generation of the MFULFLO benchmark provides assurance that the piping
description and RCP model are correct.

For all Mass Addition Cases (1 through 9

SI flow and charging flow are conservatively assumed to be at 250°F, yet the mass flow
rate in Ibm/s is that associated with 32.02°F water. This conservatively bounds any
injection temperature and avoids the need to run repeated cases at different injection
temperatures to find a worst case combination of energy and density. Three RCPs are
assumed to be running to maximize the pressure differential from the Reactor Vessel
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bottom and the Pressurizer (where the LTOP pressure input is located). Since 3 RCPs are
running and the unit is at zero power, the Steam Generators would be at the same
temperature as the RCS. Modeling the SG secondary side would tend to reduce any
temperature increase associated with decay heat or warm SI injection, therefore the SG
tubes are conservatively modeled as insulated, i.e., there is no model of the secondary
side water. The minimum SG volume is used to maximize the mass addition rate as a
percentage of total RCS volume. No credit is taken for Pressurizer bubbles, because
sensitivity analyses show that the bubbles collapse before the pressure rises to the PORV
setpoint. Other assumptions are as in Section VI, including no credit for RCS expansion,
letdown, or heat absorption in metal.

Input file names are given in parentheses.

Case 1 (M80BAS.TXT)

Case 1 is provided as a base case. It was run prior to MFULFLO.TXT, hence it has the
RCP pressure losses based on CESEC' and MVCDL* but not the additional added hot leg
nozzle loss. The RCP head is just 270.03 ft, consistent with 10% greater than design. All
other cases are represented by input changes from this case. All other cases have a more
conservative pressure loss at the hot leg nozzles, and a higher pump head 0£290.0 ft.

Case 2 (MSOP2.TXT)

Cases 2 through 5 investigate the regime where the only injected flow is from the three
CCPs (132 gpm independent of RCS pressure). The temperature of 50°F is chosen as a
lower limit to match the P/T curve. The initial pressure is an arbitrary 200 psia (see case 3

for pressure sensitivity). The P/T curve at 50°F is 498 psia, the minimum of all points on
the P/T curve.

Case 3 (M50P4.TXT)

Case 3 is identical to Case 2, except that the initial pressure is 400 psia. This case is run
to demonstrate that, for mass addition cases, the peak pressure is insensitive to initial
pressure.

Case 4 (M50B.TXT)

Case 3 is identical to Case 2, except that there is an initial Pressurizer steam void of 6%.
This case is run to demonstrate that, for mass addition cases, Pressurizer bubbles collapse
prior to pressurization, and therefore Pressurizer steam volume has no impact on peak
pressure. '

Case 5 (M166P2.TXT)

Case 5 is identical to Case 2, except that the initial temperature is 166°F. This case is run
to demonstrate that, for mass addition cases, higher temperatures are slightly more
limiting (due to greater thermal expansion of the injected fluid). However, the P/T limit is
525 psia. 166°F is selected since it is at the high temperature end of the flat portion of the
P/T curve (where the P/T limit is 525 psia).
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Case 6 (M210P2.TXT)

Since the LTOP curve is designed to fall away from the P/T curve above 166°F, Case 5 is
limiting for mass addition above S0°F and below 255°F. The margin between the LTOP
curve and the P/T curve is increased as RCS temperature increases because additional
margin is needed at 255°F to account for the possibility of a HPSI start. To assure that the
increasing margin makes Case 5 limiting, this additional Case 6 is run halfway between
166°F and 255°F.

Case 7 (M255P2.TXT)

This case assumes a RCS temperature of 255°F, which bounds the lowest possible
temperature for which a HPSI pump could be spuriously started (Technical Specifications
- give the value as 270°F, but we subtract 15°F to bound the temperature measurement
uncertainty of 14°F). Since the LTOP curve is falling away from the P/T curve, and
higher pressures will mean less HPSI flow, this is the limiting case for 1 HPSI plus 3
CCP injection.

Case § (M305P2.TXT)

The temperature of 305°F is selected because this is the lowest temperature at which two
HPSI pumps can be enabled (Technical Specifications give the value as 320°F, but we
subtract 15°F to bound the temperature measurement uncertainty of 14°F ). The SI
injection flow rate is now that associated with 2 HPSIs and 3 CCPs.

Case 9 (M314P2.TXT)

Since the LTOP curve is falling away from the P/T curve, and higher pressures will mean
less HPSI flow, Case 8 is the limiting case for 2 HPSI plus 3 CCP injection. This trend is
verified by one additional case run at 314°F. 314°F was selected because above this value
the margin between the LTOP pressure (from Table 8) and P/T curve (in Table 7) grows
very fast. Specifically, the margins are as follows:

Table 12: Margin between LTOP Pressure and P/T Limit

Actual RCS P/T Limit Pressure LTOP Setpoint Margin
Temperature (F) (psia) Analysis Curve (psi)
(psia)
305* 1892 1450 442
310 1998 1500 498
314* : 2102 - 1543.24 558.757
320 2258 1608.108 649.892
330 2575 1700 875
340 2918 1700 1218

* Data at these temperatures are interpolated from Tables 7 and 8

For all Heat addition Cases (10 through 14)

SI flow and charging flow are zero. No RCPs are initially running (so that there can be a
large temperature difference between the SG and RCS). The event initiates with a RCP
start, conservatively modeled as a zero to full speed linear acceleration over 1 second.
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The SG tubes are filled with hot water, so their maximum volume is postulated to
maximize system energy. Credit must be taken for a 40% Pressurizer bubble, because
sensitivity analyses show that the initial energy input is immense due to conservative
assumptions about the temperature difference between primary and secondary sides. The
bubble collapse holds pressure temporarily constant while the RCS temperature rises. The
secondary sides of the Steam Generators are modeled as though full of water at the initial
SG temperature, and the water is cooled as heat is transferred to the RCS. This is
conservative in that SGs are never entirely filled nor are they isothermal (the hot water
above the SG tubes would stratify and thus not contribute to the heat transferred to the
RCS). The scenarios are run for 600 seconds after pump start, after which time it is
demonstrated that only a modest pressure rise has occurred, the steam void remains, the
RCS and SG have equilibrated, and the transient is effectively mitigated. Due to the
conservative methodology, there is still a slow warming trend indicated at this time. This
is due to conservative assumptions about decay heat and loss of shutdown cooling that
result in a net heat addition.

Case 10 (HP509S30.TXT)

Cases 10 through 12 are run assuming an initial RCS temperature at the minimum bolt up
temperature of 50°F and secondary side temperature at the maximum for which a
transition to shutdown cooling can be made (314°F). This temperature difference of
264°F is extreme and clearly bounds any real temperature difference that may exist. Case
10 assumes an initial pressure of 95 psia. A minimum pressure is expected to be limiting
in terms of faster bubble disappearance because, at this low pressure, there is very little
mass in the steam void and the bubble will decrease at its fastest rate. 95 psia is the
limiting low pressure because, at a lower value, the RCS would have localized boiling at
either the 314°F steam generator tubes or core, and create a second steam bubble. The
second steam bubble would actually be an aid to mitigating the pressure transient. It
should be noted that 95 psia is well below the RCP NPSH curve and therefore is a
bounding pressure for any real RCP start.

Case 11 (HP503S30.TXT)

Case 11 is identical to Case 10 except with a high initial pressure of 390 psia. The
purpose of this is to validate the assumption that higher pressures mean less condensation
prior to RCS-SG equilibration. This case is also the heat addition scenario that comes
closest to lifting a PORYV, and therefore is the case that sets up the limiting conditions for
the first RCP start. The initial pressure is well above the pre-trip alarm at this initial
temperature. :

Case 12 (HP504S30.TXT)

This case is similar to Case 10, but with a smaller bubble (30%) and higher initial
pressure of 400 psia. The purpose of this run is to force enough of an initial pressure rise
to open the PORV. A PORV opening may occur (according to this conservative model) if
the plant is operating above the pre-trip alarm. This case evaluates what will happen
should a PORV open, whether this is an advantage to the peak pressure, or whether the
PORYV will cause a bubble loss and subsequent water solid pressurization.
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Case 13 (HP166S30.TXT) .

This case is similar to Case 10, but with a higher initial temperature. The initial pressure
is now 100 psia to avoid boiling during the transient. This run is to verify that the lower
initial temperature difference makes the transient easier to mitigate, that is, it leaves a
larger steam void after RCS-SG equilibration.

Case 14 (HP290S34.TXT)

The final case is run with a temperature difference at a higher RCS temperature. This is
not a limiting case because the temperature difference is just 50°F as opposed to the
264°F temperature difference in the other cases. The initial pressure is 390 psia to avoid
boiling.
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VIII. RESULTS

Use of a detailed thermal-hydraulic code like RELAP provides an excellent
understanding of an engineering system. This section gives the peak pressure results, but
it also presents a detailed discussion of the system behavior while LTOP is in operation.

Case 1: Mass addition, T; = 80°F, P; = 200 psia (see Figure 2)

The analysis starts at t=0 seconds with all the RCS at the same P and T. During the first 2
seconds a steady state is achieved with pressures appropriate to the elevations. Initially
the Pressurizer pressure is about 190 psia and the Reactor Vessel plenum is about 210
psia. At t=2, the RCPs are modeled as starting and a new steady state is achieved with
Pressurizer pressure at about 195 psia and Reactor Vessel lower plenum pressure of 230

. psia.

At =20 seconds, the 132 gpm 250°F mass injection begins, as well as “switching on” the
decay heat, the RCP heat, and the Pressurizer heaters. All of these inputs are independent
of RCS pressure, so the pressure rise is linear (verifying that the assumption of initial
transient pressure is not critical). At 1.5 seconds after the Pressurizer pressure hits 459
psia, the PORV is modeled as starting to ramp open linearly to a full open position 0.5
seconds later. At this injection flow rate, the PORV quickly turns the transient around.

The peak Pressurizer pressure is 490.25 psia, which is below the P/T limit of 510 psia at
the Pressurizer. This represents a 31.25 psi overshoot from the LTOP setpoint of 459
psia.

Figure 2: Case 1 MBOBAS Results

(lower P is pressurizer, higher is reactor vessel peak)
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The peak Reactor Vessel pressure is 529.75 psia, which is a difference of just 39.5 psi
from the Pressurizer peak (529.75-490.25=39.5) and well below the WEC pressure
correction factor of 61 4psi. This pressure difference is believed to be consistent with the
CESEC' and MVCDL* models. However, for all below cases, an additional pressure drop
was applied that increases the Reactor Vessel peak pressure to Pressurizer pressure
difference. This demonstrates that the WEC pressure correction factors are conservative.

Case 2: Mass addition, T; = 50°F, P; = 200 psia (see Figure 3)
This case differs from Case 1 in the use of the new proposed LTOP curve, a larger
pressure drop across the hotleg nozzle, and stronger RCPs to overcome the larger

pressure drop. It also uses a lower temperature, which has a lower associated P/T limit of
498 psia.

At t=20 seconds, the 132 gpm 250°F mass injection begins, as well as “switching on” the
decay heat, the RCP heat, and the Pressurizer heaters. All of these inputs are independent
of RCS pressure, so the pressure rise is linear (verifying that the assumption of initial
transient pressure is not critical). At 1.5 seconds after the Pressurizer pressure hits 459
psia, the PORYV is modeled as staring its 0.5s ramp to full open. At this injection flow
rate, the PORV quickly turns the transient around.

The peak Pressurizer pressure is 483.63 psia, which is below the P/T limit of 498 psia at
the Pressurizer.

The peak mass flow rate out of the PORYV is shown in the output file to be 49.5 lbm/s. At
50°F, the density of water is about 62.4 1bm/ft*. Therefore the flow rate is:

49.5 Ibm/s*1/62.4 1bm/ft**7.481g/ft>*60 s/min = 356 gpm
This is well above the injection flow rate of 132 gpm. As expected, modest errors in

PORY flow rate may affect the depressurization rate, but they have no impact on the peak
pressure.
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Figure 3: Case 2 M50P2 Results

(lower P is pressurizer, higher is reactor vessel peak)
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Case 3: Mass addition, T; = 50°F, P; = 400 psia (see Figure 4)

This case differs from Case 2 in the initial pressure only. It was run to demonstrate that
the peak pressure is independent of initial pressure. The results verify this expectation.
The peak Pressurizer pressure is 483.46 psia (compared to Case 2 result of 483.63 psia).

The difference in the peak pressure is insignificant.

D
(=]
o

Figure 4: Case 3 M50P4 Results
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‘Case 4: Mass addition, T; = 50°F, P; = 200 psia, 6% Steam Void (see Figures 5 and 6)
This case differs from Case 2 in that a bubble exists at the start time. It was run to
demonstrate that the pressure is near constant while any existing bubble collapses, and
thereafter the pressure rise and peak pressure are nearly the same as the water solid case.
A small bubble of 6% was specified simply to speed up the run. A larger bubble would
have taken longer to collapse without changing the peak pressure significantly.

Figure 5: Case 4 M50B Results
(lower P is pressurizer, higher is reactor vessel peak)
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Figure 5 shows the pressure history. The pressure rises about 17 psi before the bubble
collapse offsets the mass injection. For the next few minutes, the pressure is constant
while, as seen in Figure 6, the bubble collapses. When the bubble vanishes and the RCS
goes water solid, the pressure rises at nearly the same linear rate as in Cases 2 and 3. The
PORY opens at just about the identical pressure. The peak pressure is 486.34 psia, which
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is not notably different from the Case 2 value of 483.63 or the Case 3 value 0f 483.46
psia. Hence the presence of a Pressurizer steam void does not provide a benefit for mass
addition cases using this model.

Case 5: Mass addition, T; = 166°F, P; = 200 psia (see Figure 7)

This case differs from Case 2 in having a higher initial temperature. The value of 166°F is
slightly more conservative than using the value of 164°F where the P/T limit starts to
increase. The peak Pressurizer pressure is compared to the P/T criteria of 525 psia, which
is the high end of the flat portion of the P/T curve at 164°F.

Figure 7: Case 5 M166P2 Results
(lower P is pressurizer, higher is reactor vessel peak)
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The results show a peak Pressurizer Showing Greater Volume Change per .
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Case 2 (peak pressure of 483.63 psia),
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range. Thus the decay heat addition has a bigger impact for Case 5.
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The second is that as the transient continues, the RCS warms up just a little due to the
assumed high decay heat. At the time of PORYV lift, the RCS is at 167°F. The LTOP
curve at this temperature is 467 psia, rather than the 459 psia for Case 2. Therefore 8 psi
of the 24 psi greater overshoot is due to the LTOP curve, and 16 psi of the increased
overshoot is due to the dv/dT increase for warmer water.

Case 6: Mass addition, T; = 210°F, P; = 200 psia (see Figure 8)

Cases 2 and 5 bound the temperature range of up to 255°F, the lowest temperature for
which a HPST pump may be enabled. At initial temperatures over 166°F, the gap between
the LTOP curve and the P-T curve increases monotonically. The overshoot will be nearly
identical because the heat and injection flow are independent of RCS pressure. The small
16 psi increase in overshoot due to Case 5 being 116°F warmer than Case 2 is

' insignificant compared to the growing margin between LTOP curve and P/T limit (at
160°F, the margin is 525-459 = 66 psi; at 250°F the margin is 1172-920 = 252 psi).

This Case 6 is run in the midpoint of the range 166 to 255°F to verify this reasoning. The

result is seen in Figure 8. The peak Pressurizer pressure is 691.17 psia while the P/T limit
is 794 psia, so the margin is over 100 psi.

Figure 8: Case 6 M210P2 Results

(lower P is pressurizer, higher is reactor vessel peak)
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Case 7: Mass addition, T; = 255°F, P; = 200 psia (see Figure 9)

This case differs from Cases 2 through 5 in that, at this higher initial temperature, a HPSI
pump may be enabled. At t=20 seconds, the 250°F mass injection, decay heat, RCP heat,
and Pressurizer heater heat begins. The injection flow rate is given by Table 5 and is

initially about 413 gpm. The injection flow rate decreases as pressure rises to about 215
gpm at the PORYV lift point.
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The peak pressure is 1071.0 psia, which is comfortably below the P/T limit for 255°F of
1216 psia.

This is the first case since Case 2 that the PORV flow rate is significantly different
because this is the first case with a different driving pressure. The computer output shows

the peak PORV flow rate is 76.4 Ibm/s. At 255°F, the density of water is 58.7 b/,
The volumetric flow rate is therefore:

76.4 1om/s*1/58.7 Ibm/ft**7.481g/f**60 s/min = 584 gpm

This is well above the injection flow rate of 215 gpm at this pressure. As expected,

modest errors in PORV flow rate may affect the depressurization rate, but they have no
impact on the peak pressure.

Higher temperature, 1 HPSI transients will be bounded by this transient. At higher
temperatures, the PORV setpoint might be higher, but so is the P/T limit. The margin
between the LTOP curve and the P-T limit grows monotonically. The overshoot will be

less at higher temperatures because the associated higher pressures will result in less
injection flow.

Figure 9: Case 7 M255P2 Results

(lower P is pressurizer, higher is reactor vessel peak)
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Case 8: Mass addition, T; = 305°F, P; = 200 psia (see Figure 10)
This case differs from Cases 2 through 6 in that, at this higher initial temperature, two

HPSI pumps may be enabled. At t=20 seconds, the 250°F mass injection, decay heat,
RCP heat, and Pressurizer heater heat begins.

The peak pressure is 1522.4 psia, which is comfortably below the P/T limit for 305°F of
1892 psia. The margin is 1892-1522.4 = 359.6 psi.
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The PORYV flow rate is larger than in Case 6 due to a greater driving pressure. The
computer output shows the peak PORV flow rate is 90.4 lbm/s. At 305°F, the density of
water is 57.1 Ibm/ft’. The volumetric flow rate is therefore:

90.4 Ibm/s*1/57.1 1bm/ft**7.481g/f>*60 s/min = 710 gpm
This is well above that needed to offset the injection and decay heat. As noted, the

injection flow rate is limited to the 132 gpm CCPs since the pressure is greater than the
HPSI pump shutoff.

Figure 10: Case 8 M305P2 Results

(lower P is pressurizer, higher is reactor vessel peak)
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Case 9: Mass addition, T; = 314°F. P; = 200 psia (see Figure 11)

Higher temperature, 2 HPSI transients will be bounded by Case 8. The gap between the
LTOP curve and the P-T limit grows monotonically. The overshoot will be less at higher
temperatures because the associated higher pressures will result in less injection flow. To
demonstrate this, Case 9 was run at 314°F. The peak pressure is 1623.9 psia compared to
a P/T limit of 2102 psia, so the pressure margin is 378 psi. This is a larger margin than
Case 8.
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Figure 11: Case 9 M314P2 Results

(lower P is pressurizer, higher is reactor vessel peak)
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Case 10: Heat addition. T; = 50°F, T-SG = 314°F, P; = 95 psia (see Figs 12, 13 & 14)
In the heat addition cases, there is initially no RCP running. A brief initial period is

allowed to reach a steady state as the elevation differences cause pressures to adjust. At
10 seconds, the single RCP is started.

In most heat addition cases, the goal is not a peak pressure limit, but rather the
demonstration of minor pressure rise and a remaining steam void after the SG and RCS

temperatures have equilibrated. The transients are run out to 610 seconds, or ten minutes
after the RCP is started.

Case 10 is the most limiting heat addition case in terms of assuring a remaining steam
bubble. This is the lowest credible temperature and pressure for a RCP start, coupled with
the highest SG temperature and decay heat. With this high initial delta-T of 264°F, there
is an initial energy input of over 800 MWs a few seconds after cold water starts to flow
into the hot Steam Generator (see Figure 12). The RCS rapidly heats up until at near 225
seconds the RCS and SG water have equilibrated. The heat source now is 28 MWts from
the decay heat (25.7) plus RCP heat (1.4) and Pressurizer heat (0.9), but the secondary
side soon acts as a heat sink as the RCS temperature rises above the SG temperature.

Eventually the cooler SG absorbs about 16 MW, so that after 275 seconds the net heat
input is a continuous 12 MWt.
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Figure 12: Case 10 HP509S30 Results
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During the RCS temperature rise, the steam bubble is collapsing (see Figure 13). The
bubble is initially 40% of 900 £, or 360 ft. After 610 seconds, the bubble has collapsed
to 139 ft’. The transient has been mitigated, but there is still an imbalance in the heat

Figure 13: Case 10 H509S30 Results
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input due to the conservative methodology. Therefore the bubble size is still slowly
shrinking after the RCS and the SGs have equilibrated.

The pressure plot, as seen in Figure 14, is very stable for this transient. When the RCP is

started at 10 seconds, there is an initial Pressurizer pressure decrease due to a Bernoulli
effect at the surgeline branch, i.e., the velocity causes the hotleg pressure to decrease
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sucking in water from the surgeline. Pressure quickly rises as the heat from the SG causes
the RCS to expand and flow into the Pressurizer. After just a small pressure rise, the low-
density bubble starts to collapse and maintains the pressure at a nearly constant value.
The peak pressure is 100.3 psia.

Figure 14: Case 10 HP509S530
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Case 11: Heat addition, T; = 50°F, T-SG = 314°F, P; = 390 psia (see Figs 15, 16 & 17)
This case differs from Case 10 only in the initial pressure. Once again, with the high
initial delta-T of 264°F, there is an initial energy input of over 800 MWs as cold water
flows into the hot Steam Generator (see Figure 15). The RCS rapidly heats up and the
energy input falls quickly.

During the RCS temperature rise, the steam bubble is collapsing (see Figure 16), but it
collapses slightly more slowly due to the increased mass of steam resulting from higher
initial density. The bubble is now 142 ft* after ten minutes. This case demonstrates that
lower initial pressures are limiting, because they imply less mass in the steam phase, and
therefore bubbles that are easier to collapse.

In this event, the higher density bubble pressurizes more before condensation matches the
RCS expansion. In point of fact, the Pressurizer pressure rises from 390 psia initially to
451.6 psia (Figure 17). This is the most limiting case for pressure rise due to the
maximum primary to secondary system temperature difference. The pressure rise is 61.6
psi, but this scenario is extremely conservative. It is not actually expected that the SGs
will be 314°F when the RCS is only 50°F with a decay heat associated with less than 1.5
hours after shutdown.
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Figure 15: Case 11 HP503S30 Results
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Figure 16: Case 11 H503S30 Results
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Figure 17: Case 11 HP503S30
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Case 12: Heat addition, T; = 50°F, T-SG = 314°F. P; = 400 psia (see Figs 18. 19 & 20)
Case 12 demonstrates that some pressure rise can occur prior to the bubble collapse
offsetting the RCS expansion. This means there is a possibility of lifting the PORV. This
Case 12 scenario is run to demonstrate that if the PORV lifts, the transient is still
successfully mitigated. As an added conservation, only a 30% steam void is
hypothesized. : '

Figure 18 shows that the PORV lift does not impact the heat addition significantly. The
slight changes in RCS pressure do not impact any of the heat sources. Figure 18 shows
that the pressure does exceed the setpoint of 459 psia but that pressurization rate is
relatively low, such that the peak pressure is only 476.3 psia when the PORV opens. At
that point, the PORYV is relieving steam, which is a large volumetric advantage relative to
water. The pressure drops suddenly from the peak to a stable pressure where Pressurizer
fluid can now flash to steam. Figure 19 shows that the bubble does not bleed off after the
PORYV opens, but rather slowly decreases in size. Even though this transient was run with
a 30% bubble initially, there is still a sizable bubble of 52.3 fi® at 610 seconds when the
unusual heat addition has been mitigated.
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Figure 18: Case 12 HP504S30 Results
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Figure 19: Case 12 H504S30 Results
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Figure 20: Case 12 HP504S30 |
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Case 13: Heat addition, T; = 166°F, T-SG = 314°F. P; =100 psia (see Figs 21, 22 & 23)
This case differs from the previous heat addition transients in that a higher RCS
temperature is assumed. This is an easier transient to mitigate, because the energy inflow
is less. Figure 21 shows the peak energy in is just 500 MWt. This results in a bubble of
148 f? remaining after ten minutes (as opposed to 139 fi® for Case 10). The pressure rise
is negligible with a peak of 105.3 psia, as seen in Figure 23,

This transient shows that Case 10 will limit all cases with the Steam Generator at 314°F.
Any higher RCS temperature cases will involve less energy flowing into the RCS and
subsequently less bubble collapse.

OPP1-REPT-001, Rev. 1 50 03/15/02



600
500
400
300
200
100

Heat (MWs)

Figure 21: Case 13 HP166S30 Results
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Figure 22: Case 13 H1665S30 Results
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Figure 23: Case 13 HP166S30
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Case 14: Heat addition, T; = 290°F, T-SG = 340°F, P; = 390 psia (see Figs 24. 25 & 26)
This case was run simply because the plant may need to start a RCP when the RCS
temperature is close to 300°F. A SG temperature of 340°F was postulated to cover cases
where the SG could be warmer than the RCS. Since the delta-T is only 50°F, this case is
less limiting than Cases 10 through 12. The heat input is limited to just 170 MWt (Figure
24), and most of the steam void remains as of ten minutes (Figure 25). The pressure rise
is modest and Pressurizer pressure does not exceed 432 psia.

Figure 24: Case 14 HP290S34 Results
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Figure 25: Case 14 H290S34 Results
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Figure 26: Case 14 HP290S34
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IX. UNCERTAINTY AND THE LTOP SETPOINT CURVE

Measurement uncertainty must be addressed because of possible process instrumentation
measurement errors associated with the measured pressure and temperature that
determine when the PORV open signal is generated. The measured pressure and
temperature uncertainties are bounded by 66.9 psia and 16.3°F, respectively (the exact
values from Table 3 are 66.896 psia and 16.245°F » respectively). This section applies the
uncertainties as though the total uncertainty were composed of independent random
errors of —66.9 to +66.9 psi in the pressure input and —16.3 to +16.3°F in the temperature
input (any value in these ranges are considered equally likely).

For the RELAP code runs, the PORV setpoints and P/T limit curve are assumed to be

' correct with no adjustment for uncertainty. For example, if the PORV setpoint at 164°F is

459 psia and the P/T limit is 525 psia, the RELAP code will start to generate a PORV
open signal following a mass injection event as soon as the top volume in the Pressurizer
reaches 459 psia. The LTOP system is judged to be adequate if the peak Pressurizer
pressure during the transient is below 525 psia.

This approach is acceptable so long as it can be assured that when the actual RCS
temperature is 164 °F, a PORV open signal will be generated at or below a Pressurizer
pressure of 459 psia. A conservative approach is to draw a setpoint curve through the
point (T+ 8T) and (P — 5P), where 8T = 16.3°F and SP = 66.9 psi. In this case, the point
would be 180.3°F and 392.1 psia to protect the assumed analysis point 164°F and 459
psia. However, this is overly restrictive since it is highly unlikely that measurements will
be at the extreme of both uncertainties. As discussed above, the temperature and pressure
errors are independent random errors.

It is common to use statistical analysis to bound instrument uncertainties with a specific
confidence limit, such as a 95% confidence limit (Ref. 5). Latitude is provided for
reasonable statistical approaches based on “scientific judgment using all the relevant
information available” (Ref. 5, subsection 4. 1). In this case, we use an approach that is
similar in concept to the square root of the sum of the squares (SRSS) reasoning.

SRSS would develop a net uncertainty based on 8T/T and SP/P as

SQRT((8T/T )2+(8P/P)2) assuming that the errors have equal weight in affecting the final
result. That is not the case here. In the horizontal portion of the curve, the temperature
error has no impact. As the curve approaches vertical, the pressure impact approaches
zero. Instead a function is needed that approaches the pressure error only for the -
horizontal portion, the temperature error only as the curve approaches vertical, and
SQRT((ST/T )2+(8P/P)2) when the curve has a 45 degree slope.

The solution is to offset the curve by 8T*sin(slope) and -6P*cos(slope). Here the sine of

the slope will be AP/SQRT(AT*+AP?), and the cosine AT/SQRT(AT*+AP?), Figure 27
shows conceptually how the LTOP setpoint curve is generated.
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Figure 27: Conceptual Representation of the LTOP Setpoint Curve Development
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For example, the two analysis pressure setpoints at RCS temperatures of 250°F and 251°F
are 920 psia and 929 psia, respectively. That is, AT = 1°Fand AP =9 psi. The
corresponding point on the LTOP setpoint curve consists of a temperature of:

Thoffset =T + ST*AP/SQRT(AT*AP?) = 250 + 16.3*9/SQRT(1+81) = 266.2°F
The pressure is:
P —offset=P - 8P*AT/SQRT(AT2+AP2) =920-66.3*1/SQRT(1+81) =912.7 psia

A check is made using a simple Monte Carlo simulation to verify that this approach will
give acceptable results more than 95% of the time. The approach is as follows:

1. The LTOP analysis curve and the proposed LTOP setpoint curve are drawn on a
Pressure versus Temperature graph (Figure 28). The setpoint curve is generated
by offsetting each point as shown in the example above.

2. Random number generators are used to simulate actual pressure and temperature
when the sensed P & T lie on the LTOP setpoint curve. For example, the actual
pressure = sensed pressure +(0.5- rand())*2*66.9 where rand() is a number
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between 0 and 1. The result of the term (0.5- rand())*2 is therefore a number
between —1 and +1. A similar equation is used to find actual temperature.

3. These measured point pairs are plotted as a cloud of scatter points. Some 100,000
such points are generated.

4. The result is verified to be within the analysis curve better than 95% of the time.

In 100,000 trials, 96.8% of the points were within the LTOP curve when the setpoint
curve is as shown in Table 1. Figure 28 shows just 1000 of the 100,000 trials.

Figure 28: LTOP Analysis, Setpoint,
and Pre-Trip Curves
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It is noted that Case 11 demonstrates that when a RCP is started under extremely
conservative assumptions (SG temperature of 314°F, RCS temperature of 50°F, decay
heat associated with 1.5 hours after shutdown), the pressure rise is 61 psia. Therefore, if
the RCS pressure is 61 psi or more below the LTOP setpoint curve and an indicated 50%
pressurizer steam bubble exists, a RCP can be started at any temperature without causing
a PORV lift. In point of fact, the overshoot will be less than the conservative Case 11
result, and will decrease as RCS temperature rises. This is because the actual RCS-SG
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temperature differential will be below the assumed 264°F. Nevertheless, use of 61 psi is
conservative and not overly burdensome. '

The indicated pressure and LTOP PORYV setpoint circuitry share much of the same
instrumentation. The uncertainty error in the shared instrumentation would impact both
equally. Because of this, and because of the conservatism in the analysis that results in
the 61 psi overshoot, there is no need to increase the pressure offset to account for
instrument uncertainty.

Adherence to the maximum pressure to start a RCP avoids PORV lifts and reduces the
number of activations of a safety system. :
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X. CONCLUSIONS

This report describes a conservative simulation of bostulated limiting LTOP transients at
the Fort Calhoun Nuclear Power Plant. The analysis is consistent with NRC® guidelines
and contains extensive conservatisms to assure adequate performance.

The LTOP setpoint curve is presented in Table 1. The necessary operational restrictions
are given in Table 2. So long as the operational restrictions are satisfied and the PORV

circuitry has setpoints equal to or more conservative than the values in Table 1, the LTOP
system is adequate to protect against all postulated low temperature overpressure events.
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ATTACHMENT 1
Piping and RCS Volumes, Lengths, Areas, Resistances, and Elevations

Fort Calhoun has two sources for RCS modeling data: the USAR Chapter 14 Accident
Analysis CESEC deck'”, and the Mixed Vendor Core Data List* (MVCDL). |

The CESEC', p. 122, contains the schematic shown as Figure A1-1 (some changes have

been made for clarity; the CESEC schematic includes additional components not shown

here and does not include the pressurizer and PORYV). The CESEC data are identified
with this nodal scheme.

The flow resistance data are given in Table Al-1, based on the MVCDL and the CESEC
deck.. It should be noted that the CESEC core data flow areas are interpreted as total
flow area even though the schematic seems to indicate that they cover just half the vessel
area. This is explained to be correct in the note on the bottom of page 200 of CESEC!.

It should also be noted that the CESEC loss coefficients are only for what is termed
geometric losses, and not piping friction losses (those are modeled with hydraulic
diameter values). The values shown on this table are calculated as K*density*flow?.
Hence, the CESEC dP values shown in this table are expected to be less than the
MVCDL. This is especially true for the Steam Generator tubes where the pressure drop
is mostly due to friction.

Table A1-2 contains the data from the CESEC deck references (specific page numbers
from EA-FC-97-017 are provided) that are used for most of the RELAP RCS resistance
model. In this table, both the CESEC friction losses and geometric losses are summed
together to generate a total pressure drop. The final RELAP model was exercised with a
reference flow of 190,000 gpm or 71.56 mlbm/hr to generate pressure drops for
comparison to these values.

Only non-dimensional loss coefficients are provided for the RCP and surge line in Table
Al-1. Furthermore, RELAP inputs require that all loss coefficients be converted to non-
dimensional form. Therefore it is necessary to develop an equation to convert between

dimensioned and non-dimensioned loss terms. The unit-less loss coefficient comes from
the equation:

Ah = head change in feet =K * v2/2g = AP*144/p [Al-1]

where v is velocity in ft/sec, g is 32 fi/sec?, AP is the pressure drop in psi, and p is the
specific weight in Ibf/f’. The dimensioned form of the equation is:

AP = pressure drop in psi = Kg*p*Q? [A1-2]
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where Q is in units of ft*/sec and equals velocity v times area A. Multiplying and
dividing X in Equation [A1-1] by A? converts it to: -

Ah=K/(2gA>*Q* = AP*144/p or AP = K/(2gA144)* p*QQ? [A1-3]
This is equivalent to Equation [A1-2] so long as:
K =Kqg* 2gA%*144 = K 4*64.4% | 44% A2 [A1-4]

Equation [A1-4] is used to convert the CESEC dimensional loss coefficient in psi/(éfsz-
Ibm/f) to the non-dimensional loss coefficient used in RELAP. -
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Figure A1-1: CESEC Model Noding Scheme
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Table A1-1: Flow Data

Hy dP dP
MVCDL Area dia. Flow Velocity MVCDL Density forward reverse K-forward K-reverse Length Elev Max Elev Min Elev

Source Flow Path volume  (ft2) (ft) (ft3/s) (fts) delta-P  (Ibm/ft3) (psi) (psi) (psi/cfs2-bm#it3)  (psilcfs2-Ibmift3) change (ft) (ft) (ft)
MVCDL 3(77) 1labcDef 18.074 0.527 423.2946 23.42008 10a,b 47.08215 7.15 4.94 8.47548E-07 5.85579E-07 31.785 25.341 26.341 2578
CESEC 3(17) 18.41 0.378 422.1935 22.93283 47.08215 6.341198 5.413852 7.56E-07 6.45E-07 25.09 21.27

UFSAR downcomer  17.243 417.2864 24.2 47.72901 6.4 7.70068E-07
MVCDL 4 (18) 1G,h 31.72 0.186 423.2946 13.34472 10c,d,ef 47.08215 6.49 14.47 7.69313E-07 1.71525E-06 10.065 -6.562 9.14 0
CESEC 4 (18) 65.97 NA 4221935 6.39978 47.08215 4.188581 11.18689 4.99E-07 1.33E-06 872 . -5153

UFSAR lower plenum  35.363 417.2864 11.8 47.72901 4.4 5.20422E-07
MVCDL  5(19) 1z 32.61 0.045 423.2946 12.98051 10g 47.08215 7.98 9.1 9.45935E-07 1.0787E-06 1067 -10.667 19.807 9.14
CESEC  5(19) Note 2 32,59 0.041 4221935 12.95469 47.08215 3.356068 3.356068 4,00E-07 4.00E-07 10.67 -10.67

UFSAR core 32.857 . 417.2864 12.7 47.72901 7 8.42262E-07
MVCDL 6 (20) 1J 3261 0.045 423.2946 12.98051 10h 47.08215 3.22 3.78 3.81693E-07 4.48074E-07 1.26 -1.26 21,067 19.807
CESEC 6 (20) 30.38 0.881 4221935 13.89709 47.08215 0.934059 1.718737 1.11E-07 2.05E-07 1.35 -1.22
MVCDL 7 (21) 1k,Lm 5.585 2.667 4232946 75.79133 10im 47.08215 3.32 556 3.93547E-07 6.59072E-07 14.743 -5.274 31.477 21.067
CESEC 7(21) 30.42 NA 4221935 13.87881 47.08215 5.574984 7.991118 6.64E-07 9.52E-07 14.25 -4.234

UFSAR core to nozzle  11.07 450.553 40.7 44.20493 5.6 6.24059E-07
MVCDL  8(22) 2A 5.585 2.667 211.6473 37.89566 10n 47.08215 0.697 3.30484E-07 Note 1 14.753 0 26.674 24,008
CESEC 8 (22) 5.58 1.641 211.0968 37.83096 47.08215 0.69509 0.69509 3.31E-07 3.31E-07 15,06 -1.172
MVCDL 9 (23) 3a,B 25952 2.667 211.6473 8.155336 100,p 46.95424 6.2 2.94776E-06 7.033 -6.087 31.428 25.57
CESEC  9(23) 14.46 NA 211.0968 14.59867 47.08215 4.504767 2.274305 2.19E-06 1.08E-06 8.57 -4.915
MVCDL  10(24) 3c 11647 0.054 211.6473 18.17183 10q/2 46.95424 12.545 5.96445E-06 26.125  -27.566 58.994 31.428
CESEC 10 (24) 11.65 0.045 211.0968 18.11989 47.08215 0.500389 0.500389 2.39E-07 2.39E-07 26.19 -24.84
MVCDL 11 (25) 3C 11.647 0.054 211.6473 18.17183 10q/2 46.95424 12.545 5.96445E-06 26.125 27.566 58.994 31.428
CESEC 11 (25) 11.65 0.045 211.0968 18.11989 47.08215 0.500389 0.500389 2.39E-07 2.39E-07 26,19 24.84
MVCDL 12 (26) 3D,e 25.012 2 211.6473 8.46183 10r,s 46.95424 477 2.26787E-06 6.34 5.0755 31.428 25.71
CESEC 12 (26) 11.79 NA 211.0968 17.90473 47.08215 4.622042 3.407261 2.20E-06 1.62E-06 9.76 5.074
MVCDL 1(13,15,27) 4a,b,c 3.142 2 105.8236 33.68034 10t 46.95424 2.36 4.4882E-06 24.351 5.7405 26.995 19.612
CESEC  1(13,15,27) 3.14 1.285 1055484 33.61413 47.08215 2.349835 2.349835 4.48E-06 4.48E-06 24.62 1.013
MVCDL RCP 8A 3.1416 2 105.8236 33.68463 8a NA NA 1.39965 1.39965 21.96 0 26.341 23.068

RCP 46.95424 1.53E-05 1.53E-05
MVCDL  2(14,16,28) 5A 3.142 2 105.8236 33.68034 10v 46.95424 0.412 7.83532E-07 17.208 0 26.341 24.341
CESEC  2(14,16,28) 3.14 1.265 1055484 33.61413 47.08215  0.411274 0.411274 7.84E-07 7.84E-07 17.26 0
MVCDL 29 2B 0.394 0.708 NA NA 2b NA .NA NA 3.34 2.45 76.285 -14.709 41.383 26.674

46.95424 2.32E-03 1.70E-03

MVCDL PZR 6A 43.75 7.5 NA NA 25.859  -25.859 65.747 41.383

Note 1: this is the only section in the MVCDL with a flow coefficient in the
Note 2: Core flow area was changed from 32.84 to 32.59 for cycle 20 per
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The second column gives the CESEC page number where the data are found. The one
active core area, which was updated in Cycle 20 per EA-
CESEC model were based on matching the pressure dro

diameter is 2 ft, but CESEC uses just 1.2647 to increas

here because we are interested in the pressure drop under normal full power operation
K-f
CESECdP [EA-97-017 |Hydraulic ((psi/cfs2-
Description (psi) Page # Dia (ft) bm/ft3) |Area (ft2) [Length (ft)
Cold Leg 0.55 176 1.26847| 7.84E-07 3.14 17.26
0.504 176
Total Cold Leg 1.054
Inlet/downcomer 1.43 201 18.4109] 25.0941
6.36 202] 0.37745] 7.56E-07
Total Inlet/Downcomer 7.79
lower plenum 3.85 206] 9.0E+98] 4.99E-07] 65.97537| 8.72186
Active Core 2.91 207} 0.04143 4E-07 32.59; 10.6667|
3.21 207
Fuel Alignment Plate 0.17 210 30.3765 1.3462
0.4 211} 0.088082 1.11E-07
Total Active Core/FAP 6.69
FAP/Nozzle 6.16 212,213 9.00E+98| 6.64E-07 30.422 14,246
Total Reactor Vessel 25.544
Hot Leg 0.462 179]  1.64084 5.58 15.06
0.924 180 3.31E-07
SG Inlet nozzle 6.108 182,183| 9.00E+98] 2.19E-06] 14.459] 8.5743
7.494
SG tubes (half total) 16.587 184,185| 0.04467{ 2.38E-07 11.647 26.19,
0.636 185
Total SG Tubes 32.446
SG Qutlet Nozzle 1.416 189] 9.00E+98| 2.20E-06 11.79 9.76)
SG to RCP outlet 0.77 173 1.2846
2.88 174 4.48E-06 3.14 24.62
Total SG Outlet 5.066
Total Steam Gen Loop 45,006
TOTAL RCS 70.55
64 03/15/02

OPP1-REPT-001, Rev. 1

Table Al1-2: CESEC Model Flow Data.
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Table A1-3: RCS Volumes in Cubic Feet

Volumes are based on the MVCDL? rather than CESEC because CESEC volumes are
increased for higher temperature and distributed for greater numeric stability. The
MVCDL volumes are smaller and, therefore, more conservative.

Location RELAP Model MVCDL MVCDL Reference
Inlet nozzles and annulus 43.98 43.98 4*ltem 1a
Downcomer 591.13 591.13  |ltems 1b+1ctid+1e+1f
Plenum 563.7 563.7 ltems 1g+1h
Core pipe 504.295 504.295 |ltems 1i+1p+1q
Items 1j+1k+1+1m+1o+1r+2*1s
Above Core to Outlet nozzles 885.54 885.54  [=(43.22+157.2+152.2+230.4+242+
21.47*2+17.58)
Upper head 368.5 368.5 item 1n
hot leg 84.14 84.14 2a
left steam gen hot plenum 124.155 124.155 |[3a+3b
left steam gen tubes 51223 rr::iix’ 610.062 227'536;§rc?§égg3m: dzeé uses
left steam gen cold plenum 121.745 121.745 |[3d+2*3e
left 2 crossovers (double area,
hence double volume, in RELAP 163.02 163.02  |2*(4a+4b+4c)
model)
left 2 RCPs 138 138 2*8a
left 2 cold legs 108.124 108.124 |2*5a
right hot leg to surge line 84.14/3
right branch component 84.14/3
right hot leg to SG inlet 84.14/3
Total Right HotLeg 84.14 84.14 2a
right steam gen hot plenum 124.155 124.165 (3a+3b
right steam gen tubes 522'22$;X' 610.062 227.5363 gr'(?é:sg‘g{”gdg uses
right steam gen cold plenum- 121.745 121.745 |3d+2*3e
right single crossover * 2 163.02 163.02  |2*(4a+4b+4c)
right single RCP * 2 138 138 2*8a
right single cold leg * 2 108.124 108.124 |2*5a
2b (The smaller, more
Pressurizer surge line 27.37 30.06 conservative, value used in
RELAP is from CESEC', p. 90)
Pressurizer 900 900 Ba
The difference is due to SG
TOTAL RCS %‘119051108?1?:: 6565.56 [tubes and Pressurizer Line
- volumes.
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ATTACHMENT 2
Detailed Input for Fort Calhoun LTOP RELAP Model

The RELAP model schematic is shown in Figures A2-2 and A2-3. This section gives
precise information and references for the RELAP model inputs by component number.
Figure A2-1 represents the noding of the Reactor Vessel in a format that better
demonstrates the relative elevations and is more consistent with physical drawings of the
vessel.

Figure A2-1: Noding of Reactor Vessel

160 Upper Head
260, 360 and 380 100 150 From Active Core to 200,300
Cold Legs Inlet Outlet Nozzles v Hot Legs

Nozzle /

110 130 Active Core | 110

Down- Down-

comer comer

Annulus T Annulus

v | v
120 Lower Plenum

Care is taken that the model that is develczfped here is consistent with both the CESEC'
and MVCDL* information. The MVCDL? volume sizes and flow path lengths are easier
to extract than those in the CESEC1 where volume averaging and temperature corrections
are used. Thus the MVCDL? is the primary source of volume, length, flow area
(=volume/length), and elevation changes. CESEC contains information on the flow
resistance, therefore it is used to generate loss coefficients and to compare the steady-
state results of the RELAP model to the CESEC documentation.

The model is conservative if it predicts a greater pressure drop through the Reactor
Vessel and a lower pressure drop through the Steam Generator. This will maximize the
pressure difference from the Reactor Vessel plenum (where high pressure is conservative
in assessing the risk of brittle failure) to the Pressurizer (where lower pressure delays
PORYV opening). For all components (except the Steam Generator tubmg) a wall
roughness of 0.00015 is used as recommended for commercial steel pipes in Crane'®, The
Steam Generator tubing is conservatively modeled as smooth. This helps create the
desired conservatism.
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510 SG
secondary side
water; heat
addition only

PIPE 220 (6N) (Steam Gen Tubes)

OPP1-REPT-001, Rev. 1

Figure A2-2: RELAP Model Schematic, Left Loop

A: 104750 L:6*8.71
De: 0.0544
Kf 5%0.097 Kr: 5%0.097
AE = 3*8.71, then 3*-8.71 SNGLVOL 160 (Upper Head)
SNGLJUN 221 SNGLJUN 211
A: 10475 A:10.475!
Kf:2.24° Kr: 165 Kf 0.11% Xr: 0.55
SNGLVOL 230 SNGLVOL 210 SNGLJUN 201 PIPE 200 (2N) BRANCH 150
A:20.0 A:204 A:5.585 A:5.585 L:2%7.54
L:6.087 L: 6.087 Kf: 0.317 De: 0.0
De: 100.0 De: 100.0 Xr: 0.156 Kf: 0.096 Kr: 0.096
AE =-6,087 AE =6.087 AE=0.0
SNGLJUN 231 PIPE 130 (3N) Core
A: 6284
Kf: 0.41
Kr: 0.41
SNGLJUN 121
PIPE 240
A 6284
L:2*%12.175
De: 2.0 SNGLVOL 120 (Plenum)
Kf: 0.0
Kr: 0.0
AE=0.0
TMDPVOL 251 SNGLJUN 111
90 psia
250°F
ANNULUS 110 (Downcomer)
SNGLJUN 252
Double Pump Curve
PUMP 1 BRANCH 250 PIPE 260 BRANCH 100
A 6284 L:10 A:6284 L:1196 A:6284 L:2*%8.60
Kf:0.0 De:100 De: 2.0
Kr: 0.0 Kf: 0.0 Kf: 0.0717 Kr: 0.0717
AE=0.0 Kr:0.0° AE=0.0 AE=0.0
Notes:
A-Area(f) 1 Area is 8.651 for mass addition cases
L —# of nodes*Length (ft) 2 Kf=0.76 & Kr = 0.38 for mass addition cases
De — Hydraulic Diameter (ft) 3 Kf=1.53 & Kr=1.12 for mass addition cases
Kf - Forward Loss Coefficient (unit-less) 4 Kf=Kr=2%6.91 when RCPs are not running
Kr — Reverse Loss Coefficient (unit-less)
E — Elevation Change (ft)
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TMDPVOL 430 VALVE 420 (PORV) PIPE 410 6N (Pressurizer) Figure A2-3: RELAP Model Partial Schematic, Right
(PORV backpressure) A: 0.00653 A:36.946 L:6*4.06
90 psia Kf=0.0 Kr=00 De:0.0 K£00 Kr00 Loop
0.0 quality AE: 6*4.06
SNGLIJUN 401 520 SG PIPE 320 (6N) (Steam Gen Tubes)
A:0394 Kfi1.0 Kr:05 secondary side A: 10475 L:6*8.71
water; heat De: 0.0544
PIPE 400 addition only Kf: 5%0.097 Kir: 5*%0.097
SNGLVOL 160 (Upper Head) A:0394 De: 0.0 AE = 3%8.71, then 3*.8.71%0.0964
A:69.61 L:1208 De:0.0 L: 8.021,8*%6.678,8.021
AE =12.08 AE=8.021,8*0,8.021 SNGLJUN 311 BRANCH 330
KE 9%0.0 A: 10475 A: 10475
Kr: 9%0.0 Kf: 0.11 Kr: 0.55° L:6.087 AE=-6.087
De:10 0.0
BRANCH 150 SNGLVOL 300 BRANCH 301 SNGLVOL 302 SNGLIUN 303 SINGLVOL 310 Xf 2.24° Kr: 1.65°
A: 7465 L:5534 De: 0.0 A:5.585 A:5585 L:5.02 A:5.585 A:5.585 A:204 two exit legs:
Kf: 6.88 Kr:9.86 L:5.02 De: 0.0 Kf: 2%0.048 L:5.02 Kf: 0.317 L: 6.087 A:3.14
AE=5.534 De: 0.0 Kr: 2*0.048 De: 0.0 Kr: 0.156 De: 100.0 Kf 0.41
To hot legs: A=5.585 Kf: 1.484 Kr: 1.551 AE=0.0 Ab: 0394 Kfb:2.34 AE=0.0 AE=6.087 Kr: 0.41
To upper head: A=69.61 Kf:1.0 Kr: 1.0 Krb: 195 AE<0.0
PIPE 130 (3N) Core
A: 4726 L:3*3.556 De:0.0414
Kf:2*529 Kr:2*6.27
AE=3%3.556 TMDPVOL 351
90 psia
250°F
SNGLJUN 121
A: 4726
Kf: 1035 Kr:27.55
SNGLJUN 352
Single Pump Curve
SNGLVOL 120 (Plenum)
A:61.67 L1:9.14 De:0.0
AE=9.14 BRANCH 350 PUMP2 PIPE 340
A:3.142 L:1196 | A:3.142 L:10.0 A:3.142  L:2*12.175
SNGLJUN 111 De: 2.0 Kf: 0.0 De:2.0 Kf:00
A:2333 Kf:0.0* Kr:0.0¢ Kr: 0.0 Kr: 0.0
Kf: 1.27 Kr: 1.09
ANNULUS 110 (Downcomer) _
A:2333 L:2*12671 De: 03775
Kf: 127 Kr: 1.09
AE=2*.12.671 TMDPVOL 381
90 psia
250°F
BRANCH 100 PIPE 360
A: 12566 L:35 De: 0.0 A:3.142 L:2*8.60 De:2.0
Kf: 0.074 Kr: 0.063 Kf:0.0717 Kr: 0.0717 SNGLJUN 382
AE=0.0 Single Pump Curve
Left: Right (two):
A: 6284 A:3.142
Kf: 0.295 Kf 0.295 PIPE 390 BRANCH 380 PUMP 3 PIPE 370
Kr 0252 Kr: 0252 A:3.142 L:2*8.60 De:2.0 A:3.142 L1196 A:3.142 L:10.0 A:3.142 L:2*12.175
Kf: 00717 Kr:0.0717 De:2.0  Kf 0.0 Kf: 0.0 De: 2.0 Kf: 0.0
Kr: 0.0* Kr: 0.0 Kr: 0.0
PPT-KEFPT-UUT, KeV. I 0% U37T370Z




Since loss coefficients or K-factors are taken from the CESEC deck, control flags are usually set
to 0000 (implying, for example, no additional loss term for sudden area changes). In a few
components where CESEC identifies no friction losses (CESEC uses a hydraulic diameter of
.9E99), RELAP uses a hydraulic diameter of 100 and the flag 0010 to eliminate calculation of
friction.

100 BRANCH (Inlet Nozzles; MVCDL* subregion 1a and CESEC' Node 3)

The total volume is the MVCDL inlet volume times four, or 10.996*4 = 43.98 ft>. The transit
length given in the MVCDL? is 3.5 feet. The flow area is therefore 43.98/3.5 = 12.566 ft*. A
hydraulic diameter of 0.0 is entered to allow RELAP to calculate the hydraulic diameter based
on sqrt(area*4/n). The nozzles are horizontal so there is no elevation change associated with
this component.

The CESEC! Node 3 geometric flow resistance is associated with junction resistances for
RELAP components 100, 110, and 111. The forward resistance of 7.56E-7 and reverse
resistance of 6.45E-7 is arbitrarily spilt into thirds and assigned to each of these components. In
this branch, the loss coefficient is further divided by arbitrarily assigned 80% to the nozzles
and 20% to the junction to subvolume 110. Therefore the branch resistances in non-
dimensional values are calculated using Equation A1-4 as follows:

Kf nozzles = 0.295 = 7.56E-07 * 12.568" * 144 * 64.4 * 1/3 * 0.8, where 7.56E-7 is from
CESEC node 3, 12.560 is the total nozzle areas of 6.284+3.142+3.142 (see components 260,
360, and 390 for their area discussions), 144*64.4 are from Eqtn A1-4 (Attachment 1), the 1/3
value is because this pressure drop is spread over components 100, 110 and 111, and the 0.8
reflects that 80% of the loss is at the nozzle inlets.

Kr nozzles = 0.252 = 6.45E-07 * 12.568% * 144 * 64.4 * 1/3 * 0.8, where 6.45E-07 is from
CESEC node 3

Kf to downcomer = 0.074 = 7.56E-07 * 12.566% * 144 * 64.4 * 1/3 * 0.2, where the 7.56E-07 is
from CESEC node 3, 12.566 is the area of 100 as described above, the 1/3 value is because this
pressure drop is twice more in components 110 and 111, and the 0.2 reflects that 80% of the
loss is at the nozzle inlets and only 20% on the transition to component 110.

Kr to downcomer = 0.063 = 6.45E-07 * 12.566% * 144 * 64.4 * 1/3 * 0.2, where the 6.45E-07 is
from CESEC node 3.

110 ANNULUS (Downcomer; MVCDL? subregions 1b.lc.1d.le.1f. CESEC' Node 3)

The total volume is the sum of MVCDL volumes =34.03+77.26+208.01+115.15+156.68 =
591.13 ft>. The transit length is chosen to match the elevation change from the center of the
cold leg region at elevation 26.341 feet (top) - 1 foot (cold leg radius) = 25.341 ft, to the
bottom of the Reactor Vessel at 0 feet (represented as two subvolumes of length 12.671 ft
each). Therefore both the length and elevation change are 25.341 feet, with the elevation
change being negative to represent down flow. The flow area is 591.13/25.341 =23.33 fi2. A
hydraulic diameter based on sqrt(area*4/r) is not appropriate for this component because of the
complex geometry. For this component, we use the CESEC Node 3 hydraulic diameter of
0.3775 feet to generate a friction loss consistent with the CESEC value.

Kf=127=7.56E-07 *23.332 * 144 * 64.4*1/3, where the 7.56E-07 is from CESEC node 3,
23.33 is the component area, 144*64.4 is from Eqtn A1-4, and the 1/3 value is because this
pressure drop is shared equally with components 100 and 111.

Kr=1.08 = 6.45E-07 * 23.332 * 144 * 64.4*1/3, where the 6.45E-07 is from CESEC node 3.




111 JUNCTION BETWEEN 110 and 120

RELAP junction areas are based on the smaller of the adjacent volume component areas, which

in this case is 23.33 ft®. There is no volume, length, hydraulic diameter or elevation associated

with a junction.

Kf=1.27 =7.56E-07 *23.33% * 144 * 64.4*1/3, where the 7.56E-07 is from CESEC node 3,
22.25 is the component area, 144*64.4 is from Eqtn A1-4, and the 1/3 value is because this
pressure drop is shared equally with components 100 and 110.

Kr = 1.09 = 6.45E-07 * 23.332 * 144 * 64.4*1/3, where the 6.45E-07 is from CESEC node 3.

120 SNGLVOL (Lower Plenum: MVCDL* subregions 1g and 1h: CESEC' Node 4)

The total volume is the sum of MVCDL volumes or 563.7 ft’. The transit length is 9.14 ft based
on the elevation change in the MVDCL model. Therefore, both the length and elevation change

“are 9.14 feet, with the elevation change being positive to represent up flow. The flow area is

563.7/9.14 = 61.67 f*. CESEC Node 4 did not include friction losses (hydraulic diameter =
9.9E99), but we make hydraulic diameter = 0.0 here to conservatively allow RELAP to
calculate a hydraulic diameter as sqrt(area*4/r) and generate a larger pressure drop in the core.

The geometric flow resistance for CESEC! Node 4 is included in junction 121, so Kf and Kr are
zero for this component.

121 JUNCTION BETWEEN 120 and 130

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is 47.26 fi2. There is no volume, length, hydraulic diameter or elevation associated
with a junction.

Kf=10.35 = 4.99E-07 * 47.26* * 144 * 64.4, where 4.99E-07 is from CESEC node 4.

Kr=27.55 = 1.33E-06 * 47.26> * 144 * 64.4, where 1.33E-06 is from CESEC node 4.

130 PIPE (Reactor Active Core: MVCDL? subregions 1i.1p.1g; CESEC' Nodes 5. 6)

The total volume is the sum of MVCDL volumes or 504.295 ft’ per Table 4. The subregions 1i,
1p and 1q in the MVCDL?* cover the region from 9.14 feet elevation to the top of the fuel
region at 19.807 ft. The flow length and elevation change for this component is therefore
19.807-9.14 = 10.667 feet. Divided among 3 subvolumes gives each volume length and
elevation change as 10.667/3 = 3.556 ft. The flow area is 504.295/10.667 = 47.26 f*. CESEC
Node 5 has a smaller hydraulic diameter (.0414 ft) than Node 6 (.0881 ft). Since it is
conservative to use a smaller hydraulic diameter, and since Node 5 ap?lies to a much longer
flow path length (10.67 ft Node 5 versus 1.35 feet Node 6 per CESEC" p. 125), this model uses
a hydraulic diameter of 0.0414 ft. .

Kf=2*%5.29 where 5.29 = (4+1.11)E-07 * 47.26> * 144 * 64.4/2, where the (4+1.11)E-07 is from
the sum of CESEC nodes 5 and 6 pressure drops, and the ¥ factor is because there are two
internal junctions.

Kr =2%6.27 where 6.27 = (4+2.05)E-07 * 47.26% * 144 * 64.4/2, where the (4+2.05)E-07 is from
the sum of CESEC nodes 5 and 6 pressure drops, and the ¥ factor is because there are two
internal junctions. '

150 BRANCH (RV Outlet Nozzles: MVCDL* 1j.1k.1L1r1s: CESEC! Node 7)

The total volume is the sum of MVCDL volumes or 413.14 ft* per Table 4. These subregions in
the MVCDL? cover the region from the top of the fuel at 19.807 feet elevation to the top of the
hot leg at 26.674 ft, where the bottom of the hot leg is at 24.008 ft. The flow length and
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elevation change for this component is based on the elevation change from the midpoint of the
hot leg to the top of the fuel, or (26.674+24.008)/2 - 19.807 = 5.534 feet. The flow area is
413.14/5.534 = 74.65 ft*. CESEC Node 7 ignores the friction loss (hydraulic diameter =
9E99). Since it is conservative to include more core friction loss, this model sets the hydraulic
diameter to 0.0 ft and allows RELAP to calculate a value. :
The geometric flow resistance from CESEC! node 7 is evenly split between the junction with
130 and the outlet nozzles. Their K terms are calculated as follows:
Branch in From 130
Area = 47.26 ft* to match the smaller area of component 130
Kf = 6.88 = 6.64E-07 * 47.26> * 144 * 64.4/2, where the 6.64E-07 is from CESEC node 7 and
the factor of % is because half the resistance is assigned to the nozzles.
Kr = 9.86 = 9.52E-07 * 47.26> * 144 * 64.4/2, where the 9.52E-07 is from CESEC node 7 and
the factor of ¥ is because half the resistance is assigned to the nozzles.
Branch to Hot Legs 200 & 300
Area = 5.585, to match smaller area of the Hot Legs, but total flow area is 2*5.585=11.17 ft?
(area is multiplied by 2 to represent both cold legs in a single component)
Kf=0.384 = 6.64E-07 * 11.17* * 144 * 64.4/2, where the 6.64E-07 is from CESEC node 7 and
the factor of ¥ is because half the resistance is assigned to the junction to 130. :
Kr=0.551 = 9.52E-07 * 11.17% * 144 * 64.4/2, where the 9.52E-07 is from CESEC node 7 and
the factor of ¥ is because half the resistance is assigned to the junction to 130.
Branch to 160
Area = 69.61, to match smaller area of component 160.
Kf=1.0 and Kr=1.0. These are arbitrary values without much impact, because flow into and
out of the upper head will be very small.

Discussion Regarding Xf and Kr for the outlet nozzles in component 150

The above values for Kf and Kr across the Reactor Vessel exit nozzles (calculated as 0.384 and
0.551, respectively) were increased by 1.1 each to 1.484 and 1.551, respectively. This was done
to increase the dP between the Reactor Vessel and the Pressurizer, which conservatively predicts
a greater peak vessel pressure for a given Pressurizer pressure. The reasoning is that two other
data sources were estimating higher pressure drops than the CESEC! and MVCDL* sources.
Specifically, WEC uses a very high 67 psi drop for just 3 RCPs in developing their P/T curve
limit, and an independent RELAP model of Fort Calhoun created by Framatone and using a
conservative geometry model predicts higher delta-P (Ref. 2). Increasing the pressure drop
across the outlet nozzle to match the Framatone model is acceptable because it is in the
conservative direction. As a consequence of this extra flow resistance, it is necessary-to again
increase the pump head (from 273.02 to 290.0 ft on cards 10302 and 20302) to develop the same
reference flow rate of 198,000 gpm in the Framatone RELAP model. Comparison of the pressure
drops between this RELAP model and other sources are shown in Tables A2-2 and A2-3 below.

160 SNGLVOL (Upper Head: MVCDL subregions 1m.1n.10)

The total volume is the sum of MVCDL volumes or 840.9 fi® per Table 4. These subregions in
the MVCDL* cover the region from the top of hot leg at 26.674 ft to the top of the vessel at
37.418 ft. The flow length and elevation change for this component is based on the elevation
change from the midpoint of the hot leg to the top of the vessel, or 37.418 - (26.674+24.008)/2
= 12.08 feet. The flow area is 840.9/12.08 = 69.61 ft*. The flow in and out of this component is
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very small, since this is a dead-end. The hydraulic diameter is set to 0.0 to allow RELAP to
calculate a value, but the friction losses are not expected to impact the analysis results.

Kf and Kr are set to 0.0 (the resistance is insignificant since this is a dead end volume and there
is no notable flow in or out)

200 PIPE (Left Hot Leg: MVCDL' 2a; CESEC' Node 8)

In the case of the RCS piping, the area and volume are known, so the length of the segments is
calculated. The volume from the MVCDL? subregion is 84.14 ft> as described in Table 4. The
area is 5.585 £t from the same source. Therefore the length is 84.14/5.585 = 15.07 feet. This is
represented by two subvolumes of 7.54 ft each. There is no elevation change since the pipe is
horizontal. Since this is a round cross section, the hydraulic diameter can be set to 0.0 and
RELAP will calculate an appropriate value.

The geometric flow resistance is calculated as follows:

Kf=0.096 = 3.31E-07 * 5.585% * 144 * 64.4, where the 3.31E-07 is from CESEC node 8.

Kr = 0.096 = 3.31E-07 * 5.585% * 144 * 64.4, where the 3.31E-07 is from CESEC node 8.

201 JUNCTION BETWEEN 200 and 210

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is 5.585 ft>. There is no volume, length, hydraulic diameter or elevation associated
with a junction.

The flow resistance is based on CESEC Node 9 but is shared evenly with component 211. The
values are calculated as follows:

Kf=0317 =2.19E-06 * 5.585% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 211.

Kr=0.156 = 1.08E-06 * 5.585% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 211.

210 SNGLVOL (Left SG Inlet or SG Hot Plenum: MVCDL? 3a.3b: CESEC Node 9)

The total volume is the sum of MVCDL volumes or 124.155 ft’ per Table 4. These subregions in
the MVCDL? cover the region from the midpoint of the hot leg at elevation (26.674+24.008)/2
to the SG inlet plenum top at 31.428 ft. The flow length and elevation change for this
component is based on the elevation change from the midpoint of the hot leg to the top of the
plenum, or 31.428 - (26.674+24.008)/2 = 6.087 feet. The flow area is 124.155/6.087 = 20.4 f*.
CESEC Node 9 neglects friction losses (hydraulic diameter = .9E99) so this model does
likewise. The hydraulic diameter is set to 100 ft and the control flag is set to 0010 to ignore
friction losses. ‘

The geometric flow losses associated with CESEC Node 9 are assigned to junctions 201 and 211
in this model. Therefore the Kf and Kr terms = 0.0 for component 210.

211 JUNCTION BETWEEN 210 and 220

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is the area associated with component 220. This area can have one of two possible
values depending on the transient. For mass addition transients, it is conservative to assume up
to maximum tube plugging, so the area is 8.651 2. For the heat transfer scenarios, the current
tube plugging is limiting and the area is 10.475 ft? (these areas are calculated in component

© 220). There is no volume, length, hydraulic diameter or elevation associated with a junction.
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The flow resistance is based on CESEC Node 9 but is shared evenly with component 201. The
values are calculated as follows for the mass addition cases with minimum tube area:

Kf=0.76 = 2.19E-06 * 8.651% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 201.

Kr=0.38 = 1.08E-06 * 8.651% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 201.

The values are calculated as follows for the energy addition cases with maximum tube area:

Kf=1.11=2.19E-06 * 10.475% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of ¥ is because half the resistance appears in component 201.

Kr=0.55= 1.08E-06 * 10.475% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and
the value of ¥ is because half the resistance appears in component 201.

220 PIPE (Left Steam Generator Tubes: MVCDL* subregion 3c; CESEC Nodes 10 & 11)

The path length associated with the MVDCL subregion is 52.25 ft. The current cycle 20 volumes
are 546.2 ft for the right SG, and 547.3 ft’ for the left per Table 3. These are assumed to be the
maximum possible volumes for all future operation (unplugging tubes is not expected to
occur), so it is correct to apply these for heat addition events. The differences in volumes are
slight, so we conservatively apply the maximum of these two to both Steam Generators. This
gives a flow area of 547.3/52.25=10.475 ft>. The minimum volume at 20% tube plugging is
452 ft? ger Table 3. That gives a minimum area for use in mass addition cases of 452/52.25 =
8.651 ft'.

The hydraulic diameter is that of the actual tubes, or 0.6532”/12 = 0.0544 ft per Table 3.

The tubes are divided into 6 subvolumes of 52.25/6 = 8.71 ft. These are modeled as vertical
elevation changes of 3 segments upward 8.71 feet each, and 3 segments downward 8.71 feet
each. This results in a greater than actual elevation change (26.13” versus 24.84’per Table 4)
but this is acceptable. The head loss due to elevation rise is cancelled out due to head gain
when the elevation decreases. Since the rise and fall cancel out, they have no impact on flow
resistance. ;

The geometric flow resistances of Nodes 10 and 11 are evenly distributed among the 5 internal
junctions. They are calculated as follows for the minimum area of 8.651 fi* (mass addition
events): '

Kf=Kr = 5%0.066 and 0.066 = (2.39E-07+2.39E-07) * 8.651% * 144 * 64.4/5, where 2.39E-07
comes from CESEC nodes 10 and 11, and the factor of 1/5 is due to 5 junctions within the
component (similarly, Kr=5*0.066 represents that there are 5 internal junctions each with a

‘resistance of 0.066)

They are calculated as follows for the maximum area of 10.475 ft* (heat addition events):

Kf=Kr=5%0.097 and 0.097 = (2.39E-07+2.39E-07) * 10.475% * 144 * 64.4/5, where 2.39E-07
comes from CESEC nodes 10 and 11, and the factor of 1/5 is due to 5 junctions within the
component.

221 JUNCTION BETWEEN 220 and 230

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is the area associated with component 220. This area can have one of two possible
values depending on the transient. For mass addition transients, it is conservative to assume up
to maximum tube plugging, so the area is 8.651 fi?, For the heat transfer scenarios, the current -
tube plugging is limiting and the area is 10.475 fi? (these areas are calculated in component
220). There is no volume, length, hydraulic diameter or elevation associated with a junction.
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The flow resistance is based on CESEC Node 12 The values are calculated as follows for the
mass addition cases with minimum tube area: : '
KE=1.53 = 2.20E-06 * 8.651% * 144 * 64.4, where the 2.20E-06 is from CESEC node 12.
Kr=1.12 = 1.62E-06 * 8.651% * 144 * 64.4, where the 1.62E-06 is from CESEC node 12.
The values are calculated as follows for the heat addition cases with maximum tube area:
Kf=224=72.20E-06 ¥10.475% *144 * 64.4, where the 2.20E-06 is from CESEC node 12.
Kr=1.65 = 1.62E-06 *10.475% *144 * 64.4, where the 1.62E-06 is from CESEC node 12.

230 SNGLVOL (Left SG Outlet or Cold Plenum: MVCDL* 3d,3e; CESEC Node 12)

The total volume is the sum of MVCDL volumes or 121.745 ft* per Table 4. These subregions in
the MVCDL* cover the region from the SG inlet plenum top at 31.428 ft to the midpoint of the
crossover legs at elevation 25.341 ft (identical to midpoint elevation of the hot leg). The flow

 length and elevation change for this component is based on the elevation change, or 31.428 -
(26.674+24.008)/2 = 6.087 feet (elevation change is negative to reflect down flow). The flow
area is 121.745/6.087 = 20.0 ft*. CESEC Node 12 neglects friction losses (hydraulic diameter =
.9E99) so this model does likewise. The hydraulic diameter is set to 100 ft and the contro] flag
is set to 0010 to ignore friction losses.

The geometric flow losses associated with CESEC Node 12 are assigned to junctions 221.
Therefore the Kf and Kr terms = 0.0 for component 210.

231 JUNCTION BETWEEN 230 and 240

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is the area associated with component 240, which is 6.284 ft%. There is no volume,
length, hydraulic diameter or elevation associated with a junction. )

The geometric flow resistance for the Steam Generator outlet is modeled in CESEC Node 13 for
one crossover pipe. This junction 231 is used to mode] the combination of two outlets. To do
this, we double the area but keep the K-factor based on one pipe area. This is the correct thing
to do since we are interested in the pressure drop. The pressure drop is proportional to K times
the velocity squared. By doubling the area and flow rate, we keep the velocity the same as for a
single pipe. Therefore the K-factor should also be the same as for a single pipe. The calculation
is as follows:

Kf=0.41 = 4.48E-06 * 3.142% * 144 * 64.4, where 4.48E-06 is from CESEC node 13 and the
area is that of a single pipe, since the velocity will be equal to that of a single pipe.

Kr=0.41 = 4.48E-06 * 3.142% * 144 * 64.4/2, where 4.48E-06 is from CESEC node 13.

240 PIPE (Left crossover “double” pipe: MVCDL 4a.4b.4c; CESEC node 13) _

The total volume is the sum of MVCDL volumes or 153.02 f° per Table 4. This is a horizontal
pipe so there is no elevation change (the elevation change involved with lowering to the RCP
and rising to the cold leg is ignored because these changes cancel out and have no impact on
total resistance). The area of this double leg is twice that of a single leg as described in
MVCDL? 4a, or 2*3.142 = 6.284 fi%. The flow length is 153.02/6.284 = 24.35 £’ divided into
two subvolumes of length 12.175 ft each. Because of the double area approach, it is not
possible to just enter 0.0 to let RELAP calculate the hydraulic diameter. As in the K-factor
calculation for component 231, it is correct to use the hydraulic diameter for a single pipe.
Therefore, the hydraulic diameter is manually entered as SQRT(3.142*4/) = 2.0 feet.

CESEC Node 13 geometric losses were accounted for in component 231, so Kf and Kr for this
component are 0.0.
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PUMP 1 (“Double” RCP modeled in left loop: MVCDL 8a)

The volume of this “double” pump is twice that of MVCDL item 8a, or 2*69 = 138 ft*. The flow
area, consistent with component 240, is 6.284 ft. An arbitrary length of 10 feet is assigned to
the pump with the additional length to generate the same total volume being assigned to the
branch component 250. The elevation change involved with lowering to the RCP and rising to
the cold leg is ignored because these changes cancel out and have no impact on total resistance.
Friction losses are not modeled.

When RCP 1 is running, this component is modeled as a pump volume and there is no geometry
flow resistance. The homologous pump curves are described in Table 9 (word 1 on card 10301
identifies that the homologous data associated with pump 2 should also be used for pump 1).
When RCP 1 is secured (heat addition cases), it is modeled as a branch. The geometry losses in

" both directions of flow are given in the MVCDL? as 1.39965*A2 = 1.39965%*3.142° = 13.82.
These are modeled by adding them as inlet and outlet losses of 6.91 each to components 240
and 250.

250 BRANCH (SI and Charging inlet: MVCDL 8a)

The area of this section is 6.284 ft* consistent with the pump 1 component. The length is
determined such that the total volumes of components pump 1 and 250 add to 138 %, i.e., the
length is (138 — 6.284*10)/6.284 = 11.96 ft. Friction losses are not modeled (hydraulic
diameter is set to 100 with flag 0010).

The main branch path is modeled with no geometry flow resistance (Kf=Kr=0.0).

The branch to the mass addition inlet flow path (component 252) is addressed in component 252.

260 PIPE (Left cold leg “double” pipe: MVCDL 5a; CESEC node 14)

The total volume is 108.124 ft* per Table 4. This is a horizontal pipe so there is no elevation
change (the elevation change involved with lowering to the RCP and rising to the cold leg is
ignored because these changes cancel out and have no impact on total resistance). The area of
this double leg is twice that of a single leg as described in MVCDL* 5a, or 2*3.142 = 6.284 2.
The flow length is 108.124/6.284 = 17.20 ft divided into two subvolumes of length 8.6 ft each.
Because of the double area approach, it is not possible to just enter 0.0 to let RELAP calculate
the hydraulic diameter. As in the K-factor calculation for component 231, it is correct to use
the hydraulic diameter for a single pipe. Therefore, the hydraulic diameter is manually entered
as SQRT(3.142*4/w) = 2.0 feet.

CESEC Node 14 geometric losses are accounted for as follows:

Kf=0.0717 = 7.84E-07 * 3.142% * 144 * 64.4, where 7.84E-07 is from CESEC node 14 and the
area is that of a single pipe, since the velocity will be equal to that of a single pipe.

Kr=0.0717 = 7.84E-07 * 3.14% * 144 * 64.4, where 7.84E-07 is from CESEC node 14 and the
area is that of a single pipe, since the velocity will be equal to that of a single pipe.

251 TIME DEPENDENT VOLUME
This volume is only used to set the thermodynamic properties of injected water. The assumed
conditions are 90 psia and 250°F to maximize fluid enthalpy.

252 TIME DEPENDENT JUNCTION _
This junction is used to set the SI and Charging flow rates based on the pressure in component
250. The flows versus pressure relations are given in Tables 2 and 3 in the main body. They are
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converted into Ibm/s as shown in Table A2-1 below assuming a conservative density of 62.42
1bm/ft® (based on 32.02°F and 90 psia). Although the code requires that a flow area be provided,
it has no impact (1.0 ft* is specified).

300 SNGLVOL (Right Hot Leg to Pzr Branch: MVCDL* 2a: CESEC' Node 8)

The volume from the MvCcDL? subregion is 84.14 ft® as described in Table 4. The area is 5.585
£2 from the same source. Therefore the length is 84.14/5.585 = 15.07 feet. This is represented
by three components (300, 301, & 302) of length 5.02 ft each. There is no elevation change
since the pipe is horizontal. Since this is a round cross section, the hydraulic diameter can be
set to 0.0 and RELAP will calculate an appropriate value.

The geometric flow resistance associated with CESEC Node 8 is accounted for in component
301. Therefore the Kf and Kr values for 300 are 0.0.

301 BRANCH (Right Hot Leg surge line entrance: MVCDL? 2a; CESEC' Node 8))

The volume from the MVCDL* subregion is 84.14 ft> as described in Table 4. The area is 5.585
£ from the same source. Therefore the length is 84.14/5.585 = 15.07 feet. This is represented
by three components (300, 301, & 302) of length 5.02 ft each. There is no elevation change
since the pipe is horizontal. Since this is a round cross section, the hydraulic diameter can be
set to 0.0 and RELAP will calculate an appropriate value.

The geometric flow resistance associated with CESEC Node 8 is accounted for in component
301 in the two junctions to components 300 and 302:

Kf = 2%0.048 where 0.048 = 3.31E-07 * 5.585% * 144 * 64.4/2, where the 3.31E-07 is from
CESEC node 8 and the ¥ reflects the fact that the resistance is applied to both sides of 301.

Kr = 2%0.048 where 0.048 = 3.31E-07 * 5.585% * 144 * 64.4/2, where the 3.31E-07 is from
CESEC node 8 and the ¥ reflects the fact that the resistance is applied to both sides of 301.

The branch to Component 400 (surgeline) is the same area as component 400 (0.394 ft* per
MVCDL item 2b). The loss for insurge is given in the MVCDL item 2b as 3.34. For outsurge,
it is 2.45. These loss coefficients are divided between components 301 and 401 by modeler’s
choice such that, for 301, the values are:

Kf=2.34 (hence a value of 3.34-2.34=1.0 is given to component 401)

Kr = 1.95 (hence a value of 2.45-1.95=0.5 is given to component 401)

302 SNGLVOL (Right Hot Leg to SG plenum: MVCDL' 2a; CESEC' Node 8)

The volume from the MVCDL? subregion is 84.14 ft* as described in Table 4. The area is 5.585
&2 from the same source. Therefore the length is 84.14/5.585 = 15.07 feet. This is represented
by three components (300, 301, & 302) of length 5.02 ft each. There is no elevation change
since the pipe is horizontal. Since this is a round cross section, the hydraulic diameter can be
set to 0.0 and RELAP will calculate an appropriate value.

The geometric flow resistance associated with CESEC Node 8 is accounted for in component
301. Therefore the Kf and Kr values for 302 are 0.0.

303 JUNCTION BETWEEN 302 and 310

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is 5.585 ft%. There is no volume, length, hydraulic diameter or elevation associated
with a junction. ._

The flow resistance is based on CESEC Node 9 but is shared evenly with component 311. The
values are calculated as follows: ’
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Kf=0.317 =2.19E-06 * 5.585% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 311.

Kr=0.156 = 1.08E-06 * 5.585% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and

the value of ¥ is because half the resistance appears in component 311.

310 SNGLVOL (Right SG Inlet or Hot Plenum: MVCDL? 3a,3b; CESEC Node 9)

The total volume is the sum of MVCDL volumes or 124.155 ft> per Table 4. These subregions in
the MVCDL? cover the region from the midpoint of the hot leg at elevation (26.674+24.008)/2
to the SG inlet plenum top at 31.428 ft. The flow length and elevation change for this
component is based on the elevation change from the midpoint of the hot leg to the top of the
plenum, or 31.428 - (26.674+24.008)/2 = 6.087 feet. The flow area is 124.155/6.087 = 20.4 f*.
The friction losses are small here due to the large diameter, especially compared to the longer,

~ smaller hot leg. CESEC Node 9 neglects friction losses (hydraulic diameter = .9E99) and this
model does likewise. The hydraulic diameter is set to 100 ft and the control flag is set to 0010
to ignore friction losses.

The geometric flow losses associated with CESEC Node 9 are assigned to junctions 303 and 311
in this model. Therefore the Kf and Kr terms = 0.0 for component 310.

311 JUNCTION BETWEEN 310 and 320

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is the area associated with component 220. This area can have one of two possible
values depending on the transient. For mass addition transients, it is conservative to assume up
to maximum tube plugging, so the area is 8.651 £t%. For the heat transfer scenarios, the current
tube plugging is limiting and the area is 10.475 ft? (these areas are calculated in component
320). There is no volume, length, hydraulic diameter or elevation associated with a junction.

The flow resistance is based on CESEC Node 9 but is shared evenly with component 303. The
values are calculated as follows for the mass addition cases with minimum tube area:

Kf=0.76 = 2.19E-06 * 8.651% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 303.

Kr=0.38 = 1.08E-06 * 8.651% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 303.

The values are calculated as follows for the heat addition cases with maximum tube area:

Kf=1.11=2.19E-06 * 10.475% * 144 * 64.4/2, where the 2.19E-06 is from CESEC node 9 and
the value of % is because half the resistance appears in component 303.

Kr=0.55 = 1.08E-06 * 10.475% * 144 * 64.4/2, where the 1.08E-06 is from CESEC node 9 and
the value of ¥ is because half the resistance appears in component 303. '

320 PIPE (Right SG Tubes: MVCDL? subregion 3¢; CESEC Nodes 10 & 11)

The path length associated with the MVDCL subregion is 52.25 ft. The current cycle 20 volumes
are 546.2 ft* for the right SG, and 547.3 ft® for the left per Table 3. These are assumed to be the
maximum possible volumes for all future operation (unplugging tubes is not expected to
occur), so it is correct to apply these for heat addition events. The differences in volumes are
slight, so we conservatively apply the maximum of these two to both Steam Generators. This
gives a flow area of 547.3/52.25=10.475 f2. The minimum volume at 20% tube plugging is
452 £ per Table 3. That gives a minimum area for use in mass addition cases of 452/52.25 =
8.651 ft'.

The hydraulic diameter is that of the actual tubes, or 0.6532"/12 = 0.0544 ft per Table 3.
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The tubes are divided into 6 subvolumes of 52.25/6 = 8.71 ft. These are modeled as vertical
elevation changes of 3 segments upward 8.71 feet each, and 3 segments downward 8.71 feet
each. This results in a greater than actual elevation change (26.13’ versus 24.84), but since the
rise and fall cancels out, this has no impact on flow resistance.

The geometric flow resistances of Nodes 10 and 11 are evenly distributed among the 5 internal
junctions. They are calculated as follows for the minimum area of 8.651 ft* (mass addition
events):

Kf = Kr = 5%0.066 where 0.066 = (2.39E-07+2.39E-07) * 8.651% * 144 * 64.4/5, where 2.39E-07
comes from CESEC nodes 10 and 11, and the factor of 1/5 is due to 5 junctions within the
component.

They are calculated as follows for the maximum area of 10.475 ft? (heat addition events):

Kf = Kr = 5*0.097 where 0.097 = (2.39E-07+2.39E-07) * 10.475> * 144 * 64.4/5, where 2.39E-
'07 comes from CESEC nodes 10 and 11, and the factor of 1/5 is due to 5 junctions within the
component.

330 BRANCH (Right SG Outlet or Cold Plenum: MVCDL? 3d.3e; CESEC Node 12, 13)

The total volume is the sum of MVCDL volumes or 121.745 ft® per Table 4. These subregions in
the MVCDL? cover the region from the SG inlet plenum top at 31.428 ft to the midpoint of the
crossover legs at elevation 25.341 ft (identical to midpoint elevation of the hot leg). The flow
length and elevation change for this component is based on the elevation change, or 31.428 -
(26.674+24.008)/2 = 6.087 feet (elevation change is negative to reflect down flow). The flow
area is 121.745/6.087 = 20.0 fi*. CESEC Node 12 neglects friction losses (hydraulic diameter =
.9E99) so this model does likewise. The hydraulic diameter is set to 100 ft and the control flag
is set to 0010 to ignore friction losses.

The flow resistance from 320 is based on CESEC Node 12 The values are calculated as follows
for the mass addition cases with minimum tube area:

Kf=1.53 =2.20E-06 * 8.651% * 144 * 64.4, where the 2.20E-06 is from CESEC node 12.

Kr=1.12 = 1.62E-06 * 8.651% * 144 * 64.4, where the 1.62E-06 is from CESEC node 12.

The values are calculated as follows for the heat addition cases with maximum tube area:

Kf=2.24=2.20E-06 *10.475> *144 * 64.4, where the 2.20E-06 is from CESEC node 12.

Kr=1.65 = 1.62E-06 *10.475> *144 * 64.4, where the 1.62E-06 is from CESEC node 12.

The flow resistance to pipes 340 and 370 is based on CESEC Node 13. The calculation is as
follows:

Area = 3.142 i based on area of components 340 and 370.

Kf=0.41 = 4.48E-06 * 3.142% * 144 * 64.4, where 4.48E-06 is from CESEC node 13 and the
area is that of a single pipe, since the velocity will be equal to that of a single pipe.

Kr=0.41 = 4.48E-06 * 3.142% * 144 * 64.4/2, where 4.48E-06 is from CESEC node 13.

Note: there are two identical crossover/cold leg loops, so components 340 to 360 are identical to
components 370 to 390. ’

340 & 370 PIPE (Right crossover pipe: MVCDL 4a.4b.4c

The total volume of both components is 153.02 ft* per Table 4, or 76.51 £t each. This is a
horizontal pipe so there is no elevation change (the elevation change involved with lowering to
the RCP and rising to the cold leg is ignored because these changes cancel out and have no
impact on total resistance). The area is 3.142 ft* per the MVCDL. The flow length is
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76.51/3.142 = 24.35 ft* divided into two subvolumes of length 12.175 ft each. The hydraulic
diameter is manually entered as SQRT(3.142*4/xn) = 2.0 feet.

CESEC Node 13 geometric losses were accounted for in component 330, so Kf and Kr for this
component are 0.0.

PUMP 2 and PUMP 3 (RCP modeled in right loops: MVCDL 8a)

The volume of this pump is that of MVCDL item 8a, or 69 ft’. The flow area, consistent with
components 340 & 370, is 3.142 f2. An arbitrary length of 10 feet is assigned to the pump with
the additional length to generate the same total volume being assigned to the branch
components 350 or 380. The elevation change involved with lowering to the RCP and rising to
the cold leg is ignored because these changes cancel out and have no impact on total resistance.
Friction losses are not modeled.

Pump 2 is run in all scenarios, so it is modeled as a pump volume and there is no geometry flow
resistance. The homologous pump curves are described in Table 9 (word 1 on card 20301
identifies that the tables are entered with this component). Pump 3 is not run in any scenario, so
it is modeled as a branch component. Its geometry losses in both directions of flow are given in
the MVCDL? as 1.39965*A% = 1.39965%3.142% = 13.82. These are modeled by adding them as
inlet and outlet losses of 6.91 each in the branch junctions with components 370 and 380.

Two inadvertent typos were made in the homologous curve data on cards 21201 and 21202.
Values which should have been —1.25 and —1.09 were entered as —1.254 and —1.094,
respectively. This error does not change the analysis results both because the error does not
affect the significant digits, and because all scenarios stay within the normal quadrant (the
pump contributing to a positive flow).

350 & 380 BRANCH (SI and Charging inlet: MVCDL 8a)

The areas of these sections are 3.142 ft* consistent with the pump 2 or 3 component. The length
is determined such that the total volumes of pump 2 and component 350 add to 69 fi®, and
pump 3 and component 380 add to 69 ft>. That is, the length is (69 — 3.142*10)/3.142 = 11.96
ft. The hydraulic diameter is manually entered as SQRT(3.142*4/m) = 2.0 feet.

When the RCPs are running, the main branch path is modeled with no geometry flow resistance
(Kf = Kr = 0.0). When the RCPs are secured, the geometry loss factors Kf and Kr = 6.91 on
both sides of the branch. This large resistance is consistent with the MVCDL? item 8a as
described above in components pump 2 and 3.

The branch to the mass addition inlet flow path (components 352 or 382) is addressed in
components 352 & 382, below.

360 & 390 PIPE (Right cold leg pipes: MVCDL 5a; CESEC node 14)

The total volume is half of 108.124 ft* per Table 4, or 54.062 ft°. This is a horizontal pipe so
there is no elevation change (the elevation change involved with lowering to the RCP and
rising to the cold leg is ignored because these changes cancel out and have no impact on total
resistance). The area of each is 3.142 ft? per the MVCDL?. The flow length is 54.062/3.142 =
17.20 fidivided into two subvolumes of length 8.6 ft each. The hydraulic diameter is manually
entered as SQRT(3.142*4/x) = 2.0 feet.

CESEC Node 14 geometric losses are accounted for as follows:

Kf=0.0717 = 7.84E-07 * 3.142% * 144 * 64.4, where 7.84E-07 is from CESEC node 14.

Kr=10.0717 = 7.84E-07 * 3.14% * 144 * 64.4, where 7.84E-07 is from CESEC node 14.
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351 & 381 TIME DEPENDENT VOLUMES
This volume is only used to set the thermodynamic properties of injected water. The assumed
conditions are 90 psia and 250°F to maximize fluid enthalpy.

352 & 382 TIME DEPENDENT JUNCTIONS

This junction is used to set the SI and Charging flow rates based on the pressure in component
250. The flows versus pressure relations are given in Tables 2 and 3 in the main body. They are
converted into Ibm/s as shown in Table A2-1 below using a conservative density of 62.42 lbm/ft®
based on 32.02°F and 90 psia. Although the code requires that a flow area be provided, it has no
impact (1.0 fi* is specified).

400 PIPE (Surge Line: MVCDL! item 2b; CESEC' Node 29)

The MVCDL? gives a volume of 30.06 ft* for this pipe, but the CESEC volume is a more
conservative 27.37 ft3, so it is used. The flow area from MVCDL? is 0.394 ft2. Therefore the
total length is 27.37/3.94 = 69.467 ft. The elevation change is from the midpoint of the hot leg
at 25.341 to the bottom of the Pressurizer at 41.383 ft (per MVCDL? item 2b), or 41.383 —
25.341 = 16.042 ft. To get this elevation change and total length, the first and last segment of
the surge line are modeled as 8.021 feet in length and vertical rise, and the intermediate piping
is modeled as 8 horizontal segments of length (69.467-2*8.021)8 = 6.678 fi each. The total
length is therefore preserved, and the total elevation change is correct. Since this is a round
pipe, we can set the hydraulic diameter to 0.0 and allow RELAP to calculate a value.

The geometric flow resistances are addressed in components 301 and 401, so Kf and Kr are zero
here for all 9 internal junctions.

401 JUNCTION BETWEEN 400 and 410

RELAP junction areas are based on the smaller of the adjacent volume component areas, which
in this case is the area associated with component 400, which is 0.394 ft?. There is no volume,
Jength, hydraulic diameter or elevation associated with a junction.

The geometric flow resistance for the surgeline in MVCDL item 2b is 3.34 for inflow, and 2.45
for outflow. As described in component 301, these values are partly addressed in 301 and
partly in 401. The values remaining for 401 after assigning 301 Kf=2.34 and Kr=1.95 by
modeler’s choice, are as follows:

Kf=1.0

Kr=0.5

410 PIPE (Pressurizer: MVCDL* item 6a)

The volume from the MVCDL? is 900 ft> as shown in Table 4. The MVCDL* also gives a top
and bottom elevation of 65.747 ft and 41.383 ft per Table 4. The total length and elevation
change is therefore 65.747-41.383 = 24.364 ft, which is divided into 6 lengths of 4.06 each.
The flow area is 900/24.364 = 36.94 fi*.

The CESEC loss terms are accounted for in adjacent components, and very little resistance exists
inside the Pressurizer. Therefore all 5 internal junctions have Kf = Kr = 0.0.

420 VALVE (PORV)

The valve throat area is 0.00535 f&, which is 0.77 inch® and smaller that the 0.94 inch” per Table
3. As discussed in the main body of the report, the smaller area provides the desired rated flow
at rate pressure. RELAP contains flow equations that produce an accurate flow rate accounting
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for flashing based on subcooled conditions. The junction flag 0100 is used to model the
PORV's abrupt flow area change. No additional geometric flow resistance is added, so Kf = Kr
=0.0. ' ’

PORYV Control

The trip open is on trip 503 based on the pressure setpoint provided and the pressure at the top of
the Pressurizer (410060000). Trip 504 adds a 1.5 second delay. There is no reset pressure
(PORV latches open), since the only interest is in the initial and steady-state peaks.
Conservatism is introduced because no flow is credited during the time period that the PORV
is opening. A MTRVLV model is used to create a ramping open of the valve at a rate of 257,
i.e., it takes 0.5 seconds to ramp to full open.

430 TIME DEPENDENT VOLUME (PORYV Backpressure)

Whereas back pressure is a constant 50 psia per CESEC, p. 1814, and USAR section 4.3:8, this
model conservatively assumes the Quench Tank relief valve pressure plus 5 psi, or 90 psia as
discussed in Table 3. An arbitrary 50°F was assigned to the volume that does not impact the
flow equation.

510 PIPE (Left Steam Generator Shell Side)

The total volume of the S.G. secondary side is given in MVCDL as 4549.96 f2. The total length
of this component is set as the total height of the SG tubes. As given in Component 220, the
height of the SG tube is 26.13 ft. The flow area equals to 4549.96/26.16= 174.13 ft*. Three
subvolumes are used for this pipe. The flow length of each subvolume is 26.13/3=8.71 ft. The
elevation change for each subvolume is also 8.71 ft. Since there is no flow in this component,
the hydraulic diameter of the pipe and flow resistance coefficients for the internal junctions are
set to 0.0. Since the pressure of this volume does not effects the transient analysis, the pressure
of the pipe is arbitrarily set as 100 psia initially for most cases analyzed in this calculation. For
the case with a Steam Generator temperature of 340°F, the pressure had to be set to 118 psi to
assure subcooled water. This component is used for heat addition cases only.

520 PIPE (Right Steam Generator Shell Side)

Since there is no significant difference between the two Steam Generators, the input data for
component 510 is also used for this component. This component is used for heat addition cases
only.

HEAT INPUTS

Heat Slab 100: Pressurizer heaters

This heat slab is used to inject heat into the Pressurizer to represent both proportional and backup
heaters on full power. The net heat energy is 0.9 MW (seen in General Table 111, cards
20210100 to 20210104). Heat is injected into component 410. The heat slab length is 4.06 ft to
match the Pressurizer volume lengths.

Heat Slabs 110 '

This heat slab is used to inject decay heat into the Reactor core, Volumes 130010000, ‘
130020000 and 130030000. The decay heat (25.7 MW) is evenly distributed into these three
volumes. The left boundary of the heat slab is volumes 130010000, 130020000 and 130030000.
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Since there is no heat loss from the Reactor core, the right boundary is assumed insolated. Since
the heat is directed added to the water, the geometry of the heat slab does not affect the head
addition. An arbitrary thin wall thickness (0.12 in) is used. The actual metal volume in the
Reactor is much greater than the volume of the heat slab but its thermal inertia would act to slow
heat up, and is therefore conservatively ignored. The material properties of the heat slab do not
affect the results. The properties of C-steel are arbitrarily used for the heat slab. The heat rate
generated by this heat slab is controlled by General Table 112.

Heat Slabs 120

This heat slab is used to inject pump heat from two RCPs into the left loop coldleg, Volumes
250010000. The pump heat for each running RCP is 1.4 MW. The total heat added into Volume
150010000 is 2.8 MW, when the RCPs are running. The left boundary of the heat slab is
volumes 250010000. Since there is no heat loss from the coldleg pipe, the left boundary is
assumed insolated. Since the heat is directed added to the water, the geometry of the heat slab
does not affect the head addition. An arbitrary thin wall thickness (0.12 in) is used. The metal
volume of the heat slab is very small, the properties of the heat slab do not affect the results. The
properties of C-steel are arbitrarily used for the heat slab. The heat rate generated by this heat
slab is controlled by General Table 113.

Heat Slabs 130

This heat slab is used to inject pump heat from one RCPs into the right loop coldleg, Volume
350010000. The pump heat for each running RCP is 1.4 MW. The total heat adds into Volume
150010000 is 1.4 MW, when the RCP is running. The left boundary of the heat slab is volumes
350010000. Since there is no heat loss from the coldleg pipe, the left boundary is assumed
insolated. Since the heat is directed added to the water, the geometry of the heat slab does not
affect the head addition. An arbitrary thin wall thickness (0.12 in) is used. The metal volume of
the heat slab is very small, the properties of the heat slab do not affect the results. The properties
of C-steel are arbitrarily used for the heat slab. The heat rate generated by this heat slab is
controlled by General Table 114.

Heat Slab 200

This heat slab simulates the Steam Generator tube wall. The SG primary side is modeled at the
left boundary of the heat slab and the SG secondary side is modeled at the ring boundary of the
heat slab. The heat slab has 12 axial structures. The structures 1 to 6 model the SG tube wall for
the SG and the structures 7 to 12 model the SG tube wall for the right SG. Since the geometry
and properties of the heat slab may have slight effect on the heat transfer calculation between the
primary and secondary sides of the SG, accurate geometry and properties of the SG tube wall are
modeled. As given in Table 3, the ID and OD of the SG tube are 0.6532in and 0.75in. The left
coordinate of the left boundary is (.6532/12)/2 = 0.027217ft. The heat slab ahs 9 radial nodes.
The distance between each node is (((0.75-0.6532)/2)/12)/8 = 0.0005041 ft. As given in Table 3,
the total tube area of 47660 ft is used. Then, the surface area at the right boundary for each
structure should be 47660/6 = 7943.3 ft. The make this surface area, the structure length can
calculated as 7943.3/(3.14159*0.75/12) = 40454.97 ft. The initial temperature of the heat slab is
same as the water temperature. The volumes at the left boundary of the heat structure 1 to 6 are
220010000 to 220060000. . The volumes at the left boundary of the heat structure 7 to 12 are
320010000 to 320060000. The volumes of the right boundary of the heat structures 1 to 3 are
volumes are 510010000, 510020000 and 510030000. The volumes of the right boundary of the
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heat structures 4 to 6 are volumes are 510030000, 510020000 and 510010000. The volumes of
the right boundary of the heat structures 7 to 9 are volumes are 520010000, 520020000 and
520030000. The volumes of the right boundary of the heat structures 10 to 12 are volumes are
520030000, 520020000 and 520010000. This heat slab is used only for heat addition cases.

201002 Heat structure properties

Stainless steel with temperature (F) versus thermal conductivity (Btw/hrftF) are defined in cards
01 through 49, and temperature (F) versus volumetric heat capacity (Btw/ft’F) in cards 51
through 99. Here the volumetric heat capacity is the density multiplied by the heat capacity.

TRIP CARDS

Trip cards 501 and 600 specify the run stop time.

Trip card 502 initiates the mass injection at the specified time.

Trip cards 503 and 504 trips open the PORV. Trip card 503 compares the pressure at the top of
the Pressurizer to the PORYV setpoint, and Trip card 504 provides a delay of 1.5 seconds after the
pressure at the top of the Pressurizer reaches the PORV setpoint.

Trip card 505 stops the RCP on the lumped left loop coldlegs at time equal 0.0.

Trip card 506 stops the RCP on the single right loop coldleg at time equal 0.0.

Trip. card 508 initiates the RCP on the lumped left loop coldlegs at a specified time.

Trip card 509 initiates the RCP on the single right loop coldleg at a specified time.

Trip card 601 is a logic trip card to determine thé status of the RCP on the lumped left loop
coldlegs using Trips cards 505 and 508.

Trip card 602 is a logic trip card to determine the status of the RCP on the single right loop
coldleg using Trips cards 506 and 509.

GENERAL TABLES

General tables are used in RELAPS analysis to provided user specified values for the dependent
variables as a function of independent variables. The following general tables are used in this
analysis.

General Table 101 is a power vs. time table, which specifies the heat addition from the
Pressurizer heaters. -

General Table 102 is a power vs. time table, which specifies the heat addition from the decay
heat of the fuel in the Reactor core.
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General Table 103 is a power vs. time table, which specifies the heat addition from the pump
heat of the RCP on left lumped loop.

General Table 104 is a power vs. time table, which specifies the heat addition from the pump
heat of the RCP on right single loop.

General Table 201 is a reactivity vs. temperature table, which determines the PORV set point vs.
RCS temperature. The temperature in the volume 360010000 is used as the independent variable
and the dependent variable is the PORV set points. The reactivity vs. temperature table is used
because this table does not need unit conversion between the British unit and SIunit. The
temperature in volume 360010000 is used because this volume should have the highest
temperature among all the coldlegs.

CONTROL CARDS

Control Card 101 is used to sum up the heat added to the Volumes 410010000 and 410020000
and covert it to MWSs. This control card indicates the heat added from the Pressurizer heaters in
units of MW.

Control Card 102 is used to sum up the heat added to the Volumes 130010000, 130020000 and
130030000 and covert it to MWs. This control card indicates the heat added from the decay heat
in unit of MW.

‘Control Card 103 is used to covert the heat added to the Volumes 250010000 to the unit of
MWs. This control card indicates the heat added from the RCP on the lumped left loop.

Control Card 104 is used to covert the heat added to the Volumes 350010000 to the unit of
MWs. This control card indicates the heat added from the RCP on the single right loop.

Control Card 105 is used to convert the temperature of volume 360010000 from °K to °F. The
value of this control card then be used in General Table 501 to determine the PORV setpoint in
the unit of psia.

Control Card 106 is used to convert the pressure at the top of Pressurizer, Volume 410060000,
from SI unit to psia. This value then be compared with the value generated by General Table
501 in Trip Card 503 to determine whether the PORYV setpoint is reached.

Control Card 107 is used to sum up the heat added to the Volumes 220010000, 220020000,
220030000, 220040000, 220050000 and 220060000 and covert it to MWs. This control card
‘indicates the heat added to the volume in the left Steam Generator tubes from the hot water in

the secondary side. This control card is used for heat addition cases only.

Control Card 108 is used to sum up the heat added to the Volumes 320010000, 320020000,
320030000, 320040000, 320050000 and 320060000 and covert it to MWs. This control card
indicates the heat added to the volume in the left Steam Generator tubes from the hot water in
the secondary side. This control card is used for heat addition cases only.
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Note: The total heat to the RCS which is plotted in Figures 13, 16, 19, 22 and 25 is the sum of
control variables 101, 102, 104, 107, and 108. That summation is performed in the Excel
spreadsheet that generates the plots. '

Control cards 301, 302 and 306 capture the maximum Pressurizer pressure, even if the peak
should occur between printed outputs in the output file. 301 captures the previous time step’s
maximum Pressurizer pressure using a DELAY function. 302 chooses the maximum of the
current Pressurizer pressure and 301 using a standard function MAX. 306 converts the pressure
into psia. It is the value of 306 that is printed in the output and used to determine the run’s peak
pressurizer pressure.

OPP1-REPT-001, Rev. 1 85 03/15/02



Table A2-1: Conversion of the Data of Main Body Tables 2 and 3 to lbm/s flows

The process is first to convert the gpm flow rate into 1bm/s by the following formula: lbm/s =
(gpm-+132)/(7.481%60) * 62.42. Here the 132 refers to the charging flow of 132 gpm regardless
of RCS pressure. The 7.481*60 converts gpm to

f3/s. The 62.42 is the density in Ibm/ft’ for

32.02°F water at 90 psia using the ASME.EXE result for liquid specific volume under these

conditions (62.42 = 1/.01602). The “double” Cold Leg gets half this flow, while the single Cold
Legs get 1/4™ each. For cases involving just the PDP flow (no HPSI pumps), the flow rates seen
in the table row for 1400 psia apply to all RCS pressures. No cases are run for 3 HPSI pumps

since three are not enabled when LTOP is in operation.

Pressure (psia) |1 HPSI Pump (gpm) | Single Leg (lbm/s) Double Leg (Ibm/s)
0 440 19.886 39.772
100 425 19.365 38.729
200 413 18.947 37.895
300 396 18.356 36.713
400 383 17.904 35.809
500 363 17.209 34.418
600 348 16.688 33.375
700 330 16.062 32.124
800 303 15.123 30.246
900 275 14.150 28.299
1000 245 13.107 26.213
1100 205 11.716 23.432
1200 166 10.360 20.720
1300 110 8.413 16.827
1400 0 4.589 9.178
Pressure (psia) | 2 HPSI Pump (gpm)|  Single Leg (lbm/s) Double Leg (lbm/s)
0 880 35.183 70.366
100 850 34.140 68.280
200 826 33.306 66.611
300 792 32.124 64.247
400 766 31.220 62.439
500 726 29.829 59.658
600 696 - 28.786 57.572
700 660 27.535 55.069
800 606 25.657 51.314
900 550 23.710 47.421
1000 490 21.624 43.249
1100 410 18.843 37.686
1200 332 16.131 32.263
1300 220 12.238 24475
1400 0 4.589 9.178
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Table A2-2: Comparison of Pressure Drops through the RCS at a Reference Flow Rate of
71,560,000 1bmy/s (190,000 gpm)

The CESEC! pressure drops are the same as in Table A1-2. RELAP pressures are adjusted by
elevation and velocity to give the pressure equivalent of total head. Individual pressure drops
may differ due to the modeler’s choice in assigning K-factors, but total dP should be close. A
slightly higher dP through the Reactor Vessel will tend to increase the pressure difference
between the Reactor Vessel bottom and the PORV, and so is conservative. A slightly lower dP
through the Steam Generator increases RCS flow and thus increases the pressure drop through
the vessel. Both of these conservatisms were assured due to assumptions described in the
individual components. Note, however, an additional dP conservatism was added to the model
after this test run (see Table A2-3)

- CESECdP | RELAP Case OPPDSS.i | RELAP Component
Description (psi) (psi) Number
Total Cold Leg 1.054 3.098166593 260-100
Total Inlet/Downcomer 7.79 5.218579721 100-120
Lower Plenum (g-losses only) 3.85 5.5669230369 120-130
Total Active Core 6.69 9.309970864 130-150
FAP/Nozzle 6.16 3.972237212 150-200
Total Reactor Vessel 25.544 27.16818476
Total Hot Leg/SG inlet 7.494 2.234512506 200-210
Total SG Tubes 32.446 32.39773258 210-230
Total SG Outlet 5.066 3.899570158 230-240
Total Steam Gen Loop 45,006 38.53181524
TOTAL RCS 70.55 65.7
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Table A2-3: Comparison of Pressure Drops through the RCS to Various other Fort Calhoun
Models

The first three columns are for a flow rate of 190,000 gpm. [1]All dPs are from MvVCDL*
Section 10, items c through i, m and n (these are the sections between the vessel bottom and the
hot leg outlet). The additional Elevation dP is based on a water-solid elevation difference of 65
feet from the top of the Pressurizer to the bottom of the Reactor Vessel. [2]The CESEC! pressure
drops are the same as in Table A1-2. [3]RELAP pressures are adjusted by elevation and velocity
to give the pressure equivalents as in Table A2-2. [4] The dPs are for 198,584 gpm and include
elevation effects within the core, hence some of the dP for the lower plenum, active core, and
core outlet are due to the total elevation rise of about 25 feet. The elevation dP here is for the 40
feet difference between the hotleg centerline and the Pressurizer full. [5]Data from run
MFULFLO.TXT is presented to best match the Framatone model described in Reference 2, i.e.,
198,584 gpm, elevation effects included. (The difference between RELAP corrected and RELAP
uncorrected data is partly the different flow rates and elevation effects, and also the greater loss
coefficient across the Reactor Vessel outlet nozzles.) [6] From WEC P/T curve development
documents, flow is for 3 RCPs only. Information by letter? is that the large WEC pressure
correction factor is based on a maximum density (at 50°F) and a large flow dP that
conservatively includes flow losses from the inlet nozzle and downcomer (34.19 psi with 3
RCPs) plus 5 psi uncertainty.

MVCDL | CESEC RELAP, no | Framatrone | RELAP, with | WEC
correction RELAP correction PCF
[1] [2] [31 (4] (5] [6]
Density p at 2100 psia, 45,3880 | 45.3880 45.3880 45.38797 45.38797 62.42
570F (Ibm/ft’) per (50°F)
ASME.EXE _
Elevation H diff (ft) 65.744 65.744 65.744 40.402 40.402 63.54
Elev. dP = pH (psi) 20.722 20.722 20.722 12.734 12.734 27.54
WEC used 62.42 Ibm/
lower plenum {psi) 1.57 3.85 5.57 6.9 71
lower support plate (psi) 2.34
lower core plate (psi) 2.58
active core (psi) 7.98 6.69 9.31 10.8 13.5
fuel align plate (psi) 3.22
upper plenum loss (psi) 0.07
vessel outlet loss (psi) 3.25 6.16 3.97 23.5 19.7 | 34.19*
hot leg loss (psi) 0.697 1.386 1 1.9 1 5+
TOTAL 42.429 38.808 40.572 55.834 54.034 67

* Total pressure drop from Reactor Vessel inlet to surgline branch
** Added for conservatism to envelope uncertainty
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ATTACHMENT 3
Listing of RELAP INPUT DECKS

Deck M80BAS.TXT is presented in its entirety. The other decks are all modifications of this.
RELAP allows the user to add cards at the end of the deck to override cards with the same
designation. Hence all input decks contain M8OBAS.TXT, then use additional cards to override
and specify new directions.

CASE 1, MBOBAS.TXT

=Fort Calhoun LTOP Model
L3

*

100 new transnt
102 british british
105

* k %k Kk

* time step control

*

201 2.0 1.0-6 0.010 5 10 250 1000

202 20.0 1.0-6 0.001 5 100 5000 10000

203 1000.0 1.0-6 0.0005 5 40 20000 100000

*

* Qutput control

N X

301 p 120010000

302 p 410060000

303 p 301010000

304 p 200020000

305 voidg 410060000
306 tempf 410060000
307 tempf 360010000
311 mflowj 401000000
312 mflowj 311000000
313 mflowj 330020000
314 mflowj 330030000
315 mflowj 252000000
316 mflowj 352000000
317 mflowj 382000000
318 mflowj 420000000
319 mflowj 211000000
321 cntrlvar 1

322 cntrlvar 2

323 cntrlvar 3

324 cntrlvar 4

325 cntrlvar 201
326 cntrlvar 106
327 cntrlvar 101
328 cntrlvar 102
329 cntrlvar 103
330 cntrlvar 104
331 pmphead 1

332 pmphead 2

333 cntrlvar 306
hkhkhkhkdhkhkhhkhkirhkhhkhbhhdtkhhik
* trip cards

* 501 run stop time
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502 si and charging start time
503 porv set point

504 porv delay time

505 rcp 1 stop time

506 rcp 2 stop time

507 rcp 3 stop time

508 rcp 1 start time

509 rcp 2 start time

510 porv close trip (intentionally gt end time)
520 heat to pressurizer

521 decay heat control

522 sg secondary side temp control

600 run stop

601 rcp 1 run control

602 rcp 2 run control

* ' 603 rcp 3 run control
hhkkFhkkhkkkdhhkkhkhkkkhhkhkk

_********X—ﬁ-**ﬂ-**

501 time 0 ge null 0 50.0 1
502 time 0 ge null 0 20.0 1
503 cntrlvar 106 ge cntrlvar 201 0.0 1
504 time 0 ge timeof 503 1.5 1
505 time 0 ge null 0 0.0 1
506 time 0 ge null 0 0.0 1
508 time 0] ge null 0 2.0 1
509 time 0 ge null 0 2.0 1
510 time 0 ge timeof 503 5000.0 1
600 501

601 505 and =508 n

602 506 and =509 n

* Non-Pressurizer Loop

*

* LEFT HOT LEG

* first pipe has explanatory notes

2000000 hlegl pipe

* number of nodes

2000001 2

* area of nodes, then interior junctions

2000101 5.585,2

2000201 5.585,1

* node lengths

2000301 7.54,2

* yertical angle

2000601 0.0,2

* Elevation change = either length*angle or use a card 701
* Pipe friction, hydraulic dia, node# s
2000801 0.00015 0.0 2

* forward K, reverse K, junc#

2000901 .096 .09%6 1

* required volume flags, in 1101 use 0100 if an abrupt area change
2001001 © 2

2001101 © 1 ,

* with 3, init-P, init-T, init-T, three 0, node#
2001201 3 200. 80.0 0 0 O 2~

* 1iq vel ft/s, vapor vel, interface=0 junc#
2001301 0.0 0.0 0.0,1

*

* LEFT HOT LEG TO SG JUNCTION
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2010000 Lhl-Lsg sngljun

* from, to, minimum area, forwrd-K, reverse-K,0100=abrupt area change(0000'
else) :

2010101 200010000 210000000 5.585 0.317 0.156 0000
* O=velocities, liqg vel ft/s, vapor vel, interface=0

2010201 0] 0.0 0.0 0.0

*

* LEFT SG HOT PLENUM

2100000 Lsgip snglvol

* area,length,vol (=0 to calc),az angle=0, vert angle,elev
change, rough, HD, flags

2100101 20.4 6.087 0.0 0.0 90.0 6.087 0.00015 100.0 0010
2100200 3 200. 80.0

*

* LEFT SG HOT PLENUM TO SG TUBES

2110000 Lhp-tub sngljun

2110101 210010000 220000000 8.651 0.76 0.38 0000
2110201 0] 0.0 0.0 0.0

*

* LEFT STEAM GENERATOR TUBES

2200000 1sg pipe

2200001 6

2200101 8.651,6

2200201 8.651,5

2200301 8.71,6

2200601 90.0,3

2200602 -90.0,6

2200701 8.71 3

2200702 -8.71 6

2200801 0.0 0.0544 6
2200901 0.066 0.066 5
2201001 0,6

2201101 0,5

2201201 3 200. 80.0 0 0 0,6
2201301 0.0 0.0 0.0,5

*

* LEFT STEAM GEN TUBES TO COLD PLENUM

2210000 tub-Lcp  sngljun

2210101 220010000 230000000 8.561 1.53 1.12 0000
2210201 0 0.0 0.0 0.0

*

* LEFT SG COLD PLENUM

2300000 Lsgcp snglvol

2300101 20.0 6.087 0.0 0.0 -90.0 =-6.087 0.00015 100.0 -0010
2300200 3 200. 80.0

*

* LEFT SG COLD PLENUM TO CROSSOVER LE

2310000 Lep-Lxo sngljun ‘

2310101 230010000 240000000 6.284 .41 .41 0000
2310201 0 0.0 0.0 0.0

*

* LEFT CROSSOVER

2400000 Lxover pipe

2400001 2

2400101 6.284,2

2400201 6.284,1

2400301 12.175,2

2400601 0.0,2
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2400801 0.00015,2.0,2
2400901 0.0 0.0 1

2401001 0,2

2401101 0,1

2401201 3 200. 80.0 0 0 0,2
2401301 0.0 0.0 0.0,1

*

~* LEFT SI/CHARGING BRANCH

2500000 Lsi branch

2500001 1 0

2500101 6.284 11.96 0.0 0.0 0.0 0.0 0.0 100.0 0010
2500200 3 200. 80.0

2501101 250010000 260000000 6.284 0.0 0.0 0000

2501201 0.0 0.0 0.0

*
* DOUBLE COLD LEG SI TIME DEPENDENT VOLUME

2510000 siz tmdpvol

* flow area, length, volume, horiz angle, vert angle
2510101 50.0 10.0 0.0 0.0 0.0
* glev change, roughness, hydraulic diameter, flags
2510102 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

2510200 3

2510201 0.0 90.0 250.0

2510202 1000.0 90.0 250.0

*

* DOUBLE COLD LEG SI TIME DEPENDENT JUNCTION

2520000 si2flow tmdpjun

* from, to, area

2520101 251000000 250000000 1.0

* 1 means mass flows/O=velocity, trip number, table var & location
2520200 1 502 P 250010000

* pressure, lig lbm/s, vapor velocity, interface (=0) 1 Pump Curve
2520201 0.0 0.0 0.0 0.0

2520202 10.0 9.178 0.0 0.0

2520203 2000.0 9.178 0.0 0.0

*

* LEFT COLD LEG
2600000 clegl pipe

2600001 2

2600101 ©6.284,2
2600201 6.284,1
2600301 8.60,2
2600601 0.0,2

2600801 0.00015,2.0,2
2600901 .0717 .0717,1
2601001 0,2

2601101 0,1

2601201 3 200. 80.0 0 0 Q,2
2601301 0.0 0.0 0.0,1

*

* Pressurizer Loop

*

* RIGHT HOT LEG TO PRESSURIZER BRANCH

3000000 - Rhl1l snglvol

3000101 5.%85 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 00
3000200 3 200. 80.0
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*

* RIGHT HOT LEG-PRESSURIZER BRANCH

3010000 hlegprz branch .

* Number paths described, 0 means velocities are input on 201 cards
3010001 3 0 _

* Area, length, volume, horz angle, inclination, elev change, rough, HD, flags
3010101 5.585 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 00

* Initial P and T '

3010200 3 200. 80.0

* from, to, area, K-forward, K-reverse, flags (=100 for sudden area change)
3011101 300010000 301000000 5.585 0.048 0.048 0000

3012101 301010000 302000000 5.585 0.048 0.048 0000

3013101 301010000 400000000 0.394 2.34 1.95 0000

* lig vel, steam vel, interface (=0)

3011201 0.0 0.0 0.0
3012201 0.0 0.0 0.0
3013201 0.0 0.0 0.0

*

* SURGELINE

4000000 surgline pipe
4000001 10

4000101 0.394,10
4000201 0.394,9
4000301 8.021,1
4000302 6.678,9
4000303 8.021,10
4000601 90.0,1

4000602 0.0,9

4000603 90.0,10
4000701 8.021,1
4000702 0.0,9

4000703 8.021,10
4000801 0.00015,0.0,10
4000901 0.0 0.0 9
4001001 0,10

4001101 0,9

4001201 3 200. 80.0 0 0 0,10
4001301 0.0,0.0,0.0,9

*

0
8
6
8

* SURGELINE JUNCTION TO PRESSURIZER

4010000 sl-p sngljun

4010101 400010000 410000000 0.394 1.0 0.5 0000
4010201 0 0.0 0.0 0.0

*

* PRESSURIZER

4100000 pres pipe

4100001 6.

4100101 36.94,6

4100201 36.94,5

4100301 4.06,6

4100601 90. 6

4100801 0.00015 0.0 6

4100901 0.0 0.0 5

4101001 0,6

4101101 0,5

*Manually set Przr pressure and water level
4101201 3 200. 80.00 0. 00,5
4101202 3 200. 80.00 0. 00,6
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4101300 1

4101301 0.0 0.0 0.0,5

*

* PORV

4200000 porv valve o

4200101 410010000 430000000 0.00535 0.0 0.0 0100

4200201 0 0.0 0.0 0.0

4200300 mtrvlv

4200302 504 510 2.0 0.0

*

* PORV BACKPRESSURE

4300000 cont tmdpvol

4300101 50. 10.0 0.0 0.0 0.0 0.0 0.0 0.0 00

4300200 3

4300201 0.0 90.0 50.0

4300202 1000.0 90.0 50.0

*

* RIGHT HOT LEG, PRZR TO STEAM GEN

3020000 Rhl1l2 snglvol

3020101 5.585 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 o0
3020200 3 200. 80.0

*

* RIGHT HOT LEG TO SG JUNCTION

3030000 Rhl-Rsg sngljun

3030101 302010000 310000000 5.585 0.317 0.156 0000
3030201 0 0.0 0.0 0.0

*

* RIGHT SG HOT PLENUM

3100000 Rsgip snglvol

3100101 20.4 6.087 0.0 0.0 90.0 6.087 0.00015 100.0 0010
3100200 3 200. 80.0

*

* RIGHT SG HOT PLENUM TO SG TUBES

3110000 Rhp-tub snglijun

3110101 310010000 320000000 8.651 0.76 0.38 0000

3110201 0 0.0 0.0 0.0

*

* RIGHT STEAM GENERATOR TUBES

3200000 Rsg pipe

3200001 6

3200101 8.651,6

3200201 8.651,5

3200301 8.71,6

3200601 90.0,3

3200602 -90.0,6

3200701 8.71 3

3200702 -8.71 6

3200801 0.0 0.0544 6

3200901 0.066 0.066 5

3201001 0,6
3201101 @,5
3201201 3 200.
3201301 0.0 0.
*

* RIGHT COLD PLENUM BRANCH

3300000 Rsgcp  branch

3300001 3 0

3300101 20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015 100.0 0010
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3300200 3 200. 80.0

3301101 320010000 330000000 8.651 1.53 1.12 0000
3302101 330010000 340000000 3.142 0.41 0.41 0000
3303101 330010000 370000000 3.142 0.41 0.41 0000
3301201 0.0 0.0 0.0

3302201 0.0 0.0 0.0

3303201 0.0 0.0 0.0

*

* RIGHT CROSSOVER, RCP LINE

3400000 Rxoverl pipe

3400001 2

3400101 3.142,2

3400201 3.142,1

3400301 12.175,2

3400601 0.0,2

3400801 0.00015,2.0,2

3400901 0.0 0.0 1

3401001 O,
3401101 O,
3401201 3
3401301 0.

*

00. 8

0 0
0.0 O.

ONKHN

*

* RIGHT SI/CHARGING BRANCH

3500000 Rsil branch

3500001 1 0

3500101 3.142 11.86 0.0 0.0 0.0 0.0 0.00015 2.0 00
3500200 3 200. 80.0 ‘

3501101 350010000 360000000 3.142 0.0 0.0 0000

* 1iq vel, steam vel, interface(=0) '

3501201 0.0 0.0 0.0

*
*

* SINGLE COLD LEG SI TIME DEPENDENT VOLUME

3510000 sila tmdpvol

* flow area, length, volume, horiz angle, vert angle
3510101 50.0 10.0 0.0 0.0 0.0

* elev change, roughness, hydraulic diameter, flags
3510102 © 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

3510200 3

3510201 0.0 90.0 250.0

3510202 1000.0 90.0 250.0

*

* SINGLE COLD LEG SI TIME DEPENDENT JUNCTION

3520000 silaflow tmdpjun :

* from, to, area

3520101 © 351000000 350000000 1.0

* 1 means mass flows/O=velocity, trip number, table var & location
3520200 1 502 o) 350010000

* pressure, lig velocity, vapor velocity, interface (=0) 1 Pump

3520201 0.0 0.0 0.0 0.0
3520202 10.0 4.589 0.0 0.0
3520203 2000.0 4.589 0.0 0.0

*
*

* RIGHT COLD LEG, RCP LINE
3600000 clegl pipe
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3600001 2

3600101 3.142,2
3600201 3.142,1
3600301 8.60,2
3600601 0.0,2

3600801 0.00015,2.0,2
3600901 .0717 .0717,1

3601001 0,2

3601101 0,1

3601201 3 200. 80.0 0 0 0,2
3601301 0.0 0.0 0.0,1

*
*

* RIGHT CROSSOVER, NO RCP LINE
3700000 Rxover2 pipe

3700001 2

3700101 3.142,2

3700201 3.142,1

3700301 12.175,2

3700601 0.0,2

3700801 0.00015,2.0,2

3700801 0.0 0.0 1
3701001 0,2

3701101 0,1

3701201 3 200. 80.0 0 0 0,2
3701301 0.0 0.0 0.0,1

*

* comment out 380, 381, 382 to use pump3

* RIGHT SI/CHARGING BRANCH

3800000 Rsi2 branch

3800001 1 0

3800101 3.142 11.96 0.0 0.0 0.0 0.0 0.00015 2.0 00
3800200 3 200. 80.0

3801101 380010000 390000000 3.142 0.0 0.0 0000

* 1lig vel, steam vel, interface (=0)

3801201 0.0 0.0 0.0

*
*

* SINGLE COLD LEG SI TIME DEPENDENT VOLUME

3810000 silb tmdpvol

* flow area, length, volume, horiz angle, vert angle
3810101 50.0 10.0 0.0 0.0 0.0
* elev change, roughness, hydraulic diameter, flags
3810102 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

3810200 3

3810201 . 0.0 90.0 250.0

3810202 1000.0 80.0 250.0

*

* DOUBLE COLD LEG SI TIME DEPENDENT JUNCTION ?
3820000 silbflow tmdpjun

* from, to, area

3820101 381000000 380000000 1.0

* 1 means mass flows/O=velocity, trip number, table var & location

! Note: this line is reproduced as in the input deck, but it is actually a typographical error. It should read “SINGLE
COLD LEG SI TIME DEPENDENT JUNCTION”.
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3820200

* pressure,

3820201
3820202
3820203
*

* RIGHT
3900000
3900001
3900101
3900201
3900301
3900601
3900801
3900901
3901001
3901101
3901201
3901301

4

1

0.0
10.0
2000.0

liqg velocity,

502

0.0
4.589
4,589

COLD LEG, NO RCP LINE

clegl pipe

.142,2
.142,1
.60,2
.0,2

OO OWWwWh

.0717
0,2
0,1
3 200.

* Reactor Core

*

* CORE INLET BRANCH

1000000
1000001
1000101
1000200
1001101
1002101
1003101
1004101
1001201
1002201
1003201
1004201

*

inlet branch

4 0

12.566 3.5 0.0 0.
3 200. 80.0
260010000 100000000
360010000 100000000
3390010000 100000000
100010000 110000000
0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

* DOWNCOMER
downcmr annulus

1100000
1100001
1100101
1100201
1100301
1100601
1100701
1100801
1100901
1101001
1101101
1101201
1101301

*

2

23.33,2
23.33,1
12.671,2
-90.0,2
-12.671,2

.00015,2.0,2
.0717,1

80.0 0 0 0,2
0.0 0.0 0.0,1

0.00015,0.3775,2

1.27
0,2
0,1

1.08

3 200. 8
0.0 0.0

0.0 0
0.0,1

0 0,2

* DOWNCOMER TO LOWER CORE PLENUM

1110000
1110101
1110201
*

* LOWER
1200000

OPP1-REPT-001, Rev. 1

dwn-plen
1106010000
0 0.0

CORE PLENUM
plenum

0.0

sngljun
120000000
0.0

snglvol

P
vapor velocity,

6.284
3.142
3.142
12.566

23.33

97

380010000

interface (=0) 1 Pump
6.0 0.0
0.0 0.0

0.0 0.0

0.0 0.00015 6.0
0.295 0.252 0000
0.295 0.252 0000
0.295 0.252 0000
0.074 0.063 0000
1.27 1.08 0000

0¢
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1200101 61.67 .- 9.14 0.0 6.0 90.0 9.14 0.00015 0.0 00
1200200 3 200. 80.0

*

* LOWER CORE PLENUM TO CORE

1210000 pln-core sngljun

1210101 120010000 130000000 47.26 10.35 27.55 0000
1210201 0 0.0 0.0 0.0

*

* REACTOR CORE

1300000 core pipe

1300001 3

1300101 47.26,3

1300201 47.26,2

1300301 3.556,3

1300601 90.0,3

1300701 3.556,3

1300801 0.00015,0.0414,3

1300901 5.29 6.27 2

1301001
1301101
1301201
1301301
*

* REACTOR OUTLET BRANCH

1500000 outlet branch

1500001 4 0

1500101 74.65 5.534 0.0 0.0 90.0 5.534 0.00015 0.0 00
1500200 3 200. 80.0

14
r

o Wwoo
oNN W

00. 80.0 0 0 0,3
0.0 0.0,2

1501101 130010000 150000000 '47.26 6.88 9.86 0000
1502101 150010000 200000000 5.585 0.384 0.551 0000
1503101 150010000 300000000 5.585 0.384 0.551 0000
1504101 150010000 160000000 69.61 1.0 1.0 0000

1501201 0.0 0.0 0.0

1502201 0.0 0.0 0.0
1503201 0.0 0.0 0.0
1504201 0.0 0.0 0.0

£

* REACTOR UPPER HEAD

1600000 upperhd snglvol

1600101 69.61 12.08 0.0 0.0 90.0 12.08 0.00015 0.0 00
1600200 3 200. 80.0

*

* pump# 1

10000 loopl pump

10101 6.284 10.0 0 0 C 0 O
10108 240010000 6.284 0.0 0.0 O
10109 250000000 6.284 0.0 0.0 O
10200 3 200. 80.0 0 O

10201 0 0.0 0 O

10202 0 0 0 O

10301 2 -1 -3 -1 0 601 1

* pump vel, init vel ratio, flow gpm, head ft, torq 1bft, I,

* dens,init torg O=calc, frict: CHANGE init vel rat to 0 for no pump
* add 10% pump head and higher rate pump flow

10302 3560.0 0.0 95000.0 273.02 3400.8 380.3 62.3 3240.0 6.7 0 0 0

*

* pump#2

*
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20000
20101
20108
20109
20200
20201
20202
20301

loop2 pump
3.142 10.0

00000

350000000 3.142

340010000 3.142 0.0 0.0 0
0.0 0.0 0

3 200. 80.0 0 O

0000
0000
0 -1 -3 -1

* pump vel, init
* dens,init torq O=calc, frict

* add
20302
21100
21101
21102
21103
21104
21105
21106
21107
21108
21109
21110
21200
21201
21202
21203
21204
21205
21206
21207
21208
21209
21210
21300
21301
21302
21303
21304
21305
21306
21307
21308
21309
21310
21400
21401
21402
21403
21404
21405
21406
21407
21408
21409
21410
21500
21501

10% pump head and rated pump flow

0 602 1

vel ratio, flow gpm, head ft,

torg lbft, I,

3560.0 0.0 47500.0 273.02 3400.8 380.3 62.3 3240.0 6.7 0 0 O

1 1 0.0
0.1 1.644
0.2 1.524
0.3 1.417
0.4 1.321
0.5 1.374
0.6 1.323
0.7 1.259
0.8 1.187
0.9 1.085
1.0 1.0

1 2 0.0
0.1 -1.254
0.2 -1.094
0.3 -0.927
0.4 -0.73
0.5 -0.51
0.6 0.0
0.7 0.3
0.8 0.54
0.9 0.6887
1.0 1.0

1 3 0.0
-0.1 1.984
-0.2 2.228
-0.3 2.44
-0.4 2.60
~0.5 2.87
-0.6 3.078
-0.7 3.37
-0.8 3.69
-0.9 4.0
-1.0 4.34
1 4 0.0
-0.1 1.56
-0.2 1.64
-0.3 1.777
-0.4 1.93
-0.5 2.16
-0.6 2.52
-0.7 2.973
-0.8 3.31
-0.9 3.69
-1.0 4.34
1 5 0.0
0.1 0.26

1.826

-1.42

1.826

1.42

0.2
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21502 0.2 0.30
21503 0.3 0.31
21504 0.4 0.35
21505 0.5 0.38
21506 0.6 0.4
21507 0.7 0.43
21508 0.8 0.496
21509 0.9 0.610
21510 1.0 0.769
21600 1 6 0.0 1.42
21601 0.1 1.23
21602 0.2 1.04
21603 0.3 0.907
21604 0.4 0.842
21605 0.5 0.826
21606 0.6 0.812
21607 0.7 0.812
21608 0.8 0.797
21609 0.9 0.769
21610 1.0 0.769
21700 1 7 0.0 0.20
21701 -0.1 0.12
21702 -0.2 0.0
21703 -0.3 -0.246

21704 -0.4 -0.513
21705 -0.5 -0.83
21706 ~-0.6 —-1.035
21707 -0.7 -1.60
21708--0.8 -2.05
21709 -0.9 -2.55
21710 -1.0 -3.10
21800 1 8 0.0 -1.42
21801 -0.1 -1.715
21802 ~-0.2 ~1.96
21803 -0.3 -2.15
21804 -0.4 -2.34
21805 ~0.5 -2.52
21806 ~0.6 ~-2.69
21807 -0.7 -2.81
21808 -0.8 -2.93
21809 -0.9 -3.01
21810 -1.0 -3.10

21900 2 1 0.0 1.417
21901 0.1 1.262
21902 0.2 1.156
21903 0.3 1.041

21904 0.4 1.0

21905 0.5 0.961

21906 0.6 0.965

21907 0.7 0.980

21908 0.8 1.0

21909 0.9 1.002

21910 1.0 1.0

22000 2 2 0.0 -1.45
22001 0.1 -1.1

22002 0.2 -0.85

22003 0.3 -0.64

22004 0.4 -0.43
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22005
22006
22007
22008
22009
22010
22100
22101
22102
22103
22104
22105
22106
22107
22108
22109
22110
22200
22201
22202
22203
22204
22205
22206
22207
22208
22209
22210
22300
22301
22302
22303
22304
22205
22306
22307
22308
22309
22310
22400
22401
22402
22403
22404
22405

22406

22407
22408
22409
22410
22500
22501
22502
22503
22504
22505
22506
22507

CQWVWW~NoO & WN

.

N OOOOOOOOONEHFOOOOOOOOON
QUOUWO~IO WU W

SN o WPk

[e)}

[eNeoNoNe

.113
.241
.406
.610
L7977

= OO0 O0oOOo

0.0 1.417
1.56
1.73
1.93
2.16
2.37
2.69
2.92
3.19

> W
[@ 28, ]
W ~3 [2)}
~J
'—l
S
[Xe)

B WWRONNNDRERFEPEO
YO NO

o
OO U WHWRFWNONO

-1.32.
-0.89
-0.61
-0.40
-0.24
-0.118
0.0
6.12
0.251
0.391
0.503
0.0 1.49
1.42
1.35
1.23
1.13
01.02
0.916
.826
.718
. 620
.503
6.0 -1.32
-1.66
-1.91
-2.19
-2.49
-2.83
-3.42
-3.60
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22508 -0.8 -4.05
22509 -0.9 -4.54
22510 -1.0 -5.03
22600 2 8 0.0 -1.45
22601 -0.1 -1.85

22602 -0.2 -2.20
22603 -0.3 -2.52
22604 -0.4 -2.85
22605 -0.5 -3.15
22606 ~0.6 -3.49
22607 -0.7 -3.84
22608 -0.8 -4.23
22609 -0.9 -4.61

22610 -1.0 -5.03

*

* pump#3 modeled as a volume

30000 pump3 branch

30001 2 1

30101 3.142 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0QO10
30200 3 200. 80.0

31101 370010000 3000000 3.142 6.91 6.91 O
31201 0.0 0.0 0.0

32101 3010000 380000000 3.142 6.91 6.91 O
32201 0.0 0.0 0.0

*
*

20500100 tr503 tripdlay 1.0 -1.0 O
20500101 503
20500200 tr504 tripdlay 1.0 -1.0 O
20500201 504
20500300 tr60l1 tripdlay 1.0 -1.0 O
20500301 601
20500400 tr602 tripdlay 1.0 -1.0 O
20500401 602

*

16100 508

16101 0.0 0.0
16102 1.0 3560.0
26100 509

26101 0.0 0.0
26102 1.0 3560.0

*
*

* heat slab for pressurizer
*

11000000 2 3 2 1 3.5

11000100 .0 2

11000101 0.005 2

11000201 1 2

11000301 0.0 2

11000401 80.0 3

11000501 410010000 10000 1 1 4.06 2

11000601 0 0 0 1 4.06 2

11000701 101 0.0 0.5 0.0 2

11000801 0.0 3.0 3.0 0.0 0.0 0.0 0.0 1.0 2

*

* heat slab for reactor vessel
*
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11100000 3 3 2 1 3.5

11100100 0 2

11100101 0.005 2

11100201 1 2

11100301 0.0 2

11100401 80.0 3

11100501 130010000 10000 1 1 3.556
11100601 0 0 0 1 3.556 3

11100701 102 0.0 0.33333 0.0 3
11100801 0.0 3.0 3.0 0.0 0.0 0.0

*

* heat slab for pumpl

*

11200000 1 3 2 1 1.0

11200100 0 2

11200101 0.005 2

11200201 1 2

11200301 0.0 2

11200401 80.0 3

11200501 250010000 0 1 1 11.%9% 1
11200601 0 0 0 1 11.96 1
11200701 103 0.0 1.0 0.0 1
11200801 0.0 3.0 3.0 0.0 0.0 0.0
*

*

* heat slab for pump2

*

11300000 1 3 2 1 1.0

11300100 0 2

11300101 0.005 2

11300201 1 2

11300301 0.0 2

11300401 80.0 3

11300501 350010000 O 1 1 11.96 1
11300601 0 0 0 1 11.96 1
11300701 104 0.0 1.0 0.0

11300801 0.0 3.0 3.0 0.0

*

* heat structure property
k]

20100100 c-steel

*

* general table

*

20210100 power
20210101 0.0 0.0
20210102 19.999 0.0
20210103 20.0 0.8
20210104 1000.0 0.9
20210200 power
20210201 0.0 0.0
20210202 19.999 0.0
20210203 20.0 25.7
‘20210204 | 1000.0 25.7
20210300 power
20210301 0.0 0.0
20210302 19.99% 0.0
20210303 20.0 2.8
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20210304
20210400
20210401
20210402
20210403
20210404
*
20510100
20510101
20510200
20510201
20510202
20510300
20510301
20510400
20510401
* ke ok ok ok k ok ok ok
20510500
20510501
20510600
20510601

1000.0 2

power
0.0 0.0
19.999 0
20.0 1.4
1000.0 1

gpzre sum

0.0 1.9
gcore sum
0.0 1.0
1.0 g 13
gpmpl sum
0.0 1.0
gpmp2 sum
0.0 1.0

.8

.0
.4

1.0e-6 0.0 1
g 410010000 1.0 g 410020000
1.0e-6 0.0 1
g 130010000 1.0 g 130020000
0030000
1.0e-6 0.0 1
q 250010000
1.0e-6 0.0 1
g 350010000

tcleg sum .1.0 0.0 1

~-459.67

1.8 tempf 360010000

ppzr sum 1.0 0.0 1

6.0 1.45

0de-4 p 410060000

* LTOP Analysis Curve

20220100
20220101
20220102
20220103
20220104
20220105
20220106
20220107
20220108
20220109
20220110
20220111
20220112
20220113
20220114
20220115
20220116
20220117
20220118
20220119
20220120
*

20520100
20520101

*

reac-t
0.0

160.0
170.0
180.0
190.0
200.0
210.0
220.0
230.0
240.0
250.0
260.0
270.0
280.0
290.0 -
300.0
310.0
320.0
328.5
400.0

porvst
cntrlvar

45%9.0
459.0
470.0
500.0
540.0
590.0
640.0
690.0
750.0
830.0
920.0
1010.0
1100.0
1200.0
1300.0
1400.0
1500.0
1608.0
1700.0
1700.0

function 1.0 0.0 1
105 201

* Capture peak pressure

20530100
20530101
20530200
20530201
20530600
20530601

oldp dela
cntrlvar

maxp stdf
max p 410

y 1.0 0.0 0

302 1.0e-6 1

nctn 1.0 0.0 O :
060000 cntrlvar 301

pmax sum 1.0 0.0 1

0.0 1.45

*end of cases

CASE 2

OPP1-REPT-001, Rev. 1

Od4e~4 cntrlvar 302
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* input change for m50p2

* Changes for Initial P and T (P=200, T=50)
2001201 3 200. 50.00 0 0 0 2
2100200 3 200. 50.00
2201201 3 200. 50.00 0 0 0,6
2300200 3 200. 50.00
2401201 3 200. 50.00 0 0 0,2
2500200 3 200. 50.00 _
2601201 3 200. 50.00 0 0 0,2
3000200 3 200. 50.00
3010200 3 200. 50.00
4001201 3 200. 50.00 0 O 0,10
4101201 3 200. 50.000 0.
4101202 3 200. 50.000 0.
3020200 3 200. 50.00
3100200 3 200. 50.00
3201201 3 200. 50.00 0 0 0,6
3300200 3 200. 50.00
3401201 3 200. 50.00 0 0 0,2
3500200 3 200. 50.00
3601201 3 200. 50.00 0 O
3701201 3 200. 50.00 0 O
3800200 3 200. 50.00
3901201 3 200. 50.00 0 0 0,2

1000200 3 200. 50.00

1101201 3 200. 50.00 0 0 0,2

1200200 3 200. 50.00

1301201 3 200. 50.00 0 0 0,3

1500200 3 200. 50.00

1600200 3 200. 50.00

10200 3 200. 50.00 0 O

20200 3 200. 50.00 0 O

30200 3 200. 50.00

11000401 50.00 3

11100401 50.00 3

11200401 50.00 3

11300401 50.00 3

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
* Add stronger pump to offset extra dP

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.
*end of cases

~ =
S

OO

0 00
0 00

6.7 0
6.7 0

CASE 3

* input change for m50p4

* Changes for Initial T and P (P=400, T=50)
2001201 3 400.0 50.00 0 0 0 2
2100200 3 400.0 50.00
2201201 3 400.0 50.00 0 0 0,6
2300200 3 400.0 50.00
2401201 3 400.0 50.00 0 0 0,2
2500200 3 400.0 50.00
2601201 3 400.0 50.00 0 0 0,2
3000200 3 400.0 50.00
3010200 3 400.0 50.00
4001201 3 400.0 50.00 0 0 0,10
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4101201 3 400.0 50.0
4101202 3  400.0 50.0
3020200 3 400.0 50.00
3100200 3 400.0 50.00
3201201 3 400.0 50.00 0 O
3300200 3 400.0 50.00

3401201 3 400.0 50.00 0 O
3500200 3 400.0 50.00
3601201 3 400.0 50.00 0 O
3701201 3 400.0 50.00 0 O
3800200 3 '400.0 50.00
3901201 3 400.0 50.00 0 O
1000200 3 400.0 50.00
1101201 3 400.0 50.00 0 O
1200200 3 400.0 50.00
1301201 3 400.0 50.00 0 O
1500200 3 400.0 50.00
1600200 3 400.0 50.00
10200 3 400.0 50.00 0 O
20200 3 400.0 50.00 0 O
30200 3 400.0 50.00
11000401 50.00 3
11100401 50.00 3
11200401 50.00 3
11300401 50.00 3

* Add extra dP to nozzles
1502101 150010000 2000
1503101 150010000 3000
* pdd stronger pump to of

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.

*end of cases

CASE 4
* input change for m50b

00 0. O
00 0. ©

o o
~ 0~
o \n

00000 5.585 1.484
00000 5.585 1.484

fset extra dP-

* Changes to initial P and T (P=200, T=50)

2001201 3 200. 50.00 0 O
2100200 3  200. 50.00
2201201 3 200. 50.00 0 0
2300200 3 200. 50.00
2401201 3 200. 50.00 0 O
2500200 3  200. 50.00
2601201 3 200. 50.00 0 O
3000200 3  200. 50.00
3010200 3 200. 50.00
4001201 3 200. 50.00 0 0
4101201 3. 200. 50.00
4101202 3 200. 50.00
3020200 3 200. 50.00
3100200 3 200. 50.00
3201201 3 200. 50.00 0 O
3300200 3 200. 50.00
3401201 3 200. 50.00 0 O
3500200 3 200. 50.00
3601201 3 200. 50.00 0 O
3701201 3 200. 50.00 0 O
3800200 3  200. 50.00
3901201 3 200. 50.00 0 0

OPP1-REPT-001, Rev. 1
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0,6
0,2
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0 0.

0 0,5
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1000200 3 200. 50.00

1101201 3 200. 50.00 0 0 0,2

1200200 3 200. 50.00

1301201 3 200. 50.00 0 0 0,3

1500200 3 200. 50.00

1600200 3 200. 50.00

10200 3 200. 50.00 0 O

20200 3 200. 50.00 0 O

30200 3 200. 50.00

11000401 50.00 3

11100401 50.00 3

11200401 50.00 3

11300401 50.00 3

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484
1503101 150010000 300000000 5.585 1.484
* Add stronger pump to offset extra dP

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.

* Change end time and printout frequency

501 time 0 ge null 0 300.

203 1000.0 1.0-6 0.0005 5 200 20000 100000

1.651
1.651

0000
0000

*Manually set Przr pressure and water level for 6% bubble

4100301 4,.5797, 5
4100302 1.4616, 6
4101201 2 200. 0.0 0.
4101202 2 200. 1.0

*end of cases

[ )
o O

-~ 0~

o O

CASE 5

* input change for mlé66p2

* Changes for Initial T and P (P=200, T=166)
‘2001201 3 200. 166.00 0 0 0 2
2100200 3 200. 166.00
2201201 3 200. 166.00 0 0 0,6
2300200 3 200. 166.00
2401201 3 200. 166.00 0 0 0,2
2500200 3  200. 166.00
2601201 3 200. 166.00 0 0 0,2
3000200 3 200. 166.00
3010200 3 200. 166.00
4001201 3 200. 166.00 0 0 0,10
4101201 3 200. 166.000 0. 0 0,
4101202 3 200. 166.000 0. 00
3020200 3 200. 166.00

3100200 3 200. 166.00

3201201 3 200. 166.00 0 0 0,6

© 3300200 3 200. 166.00

3401201 3 200. 166.00 0 0 0,2
3500200 3 200. 166.00

3601201-3 200. 166.00 0 0 0,2

3701201 3 200. 166.00 0 0 0,2

3800200 3 200. 166.00

3901201 3 200. 166.00 0 0 0,2

1000200 3 200. 166.00

1101201 3 200. 166.00 0 0 0,2

1200200 3 200. 166.00

1301201 3 200. 166.00 0 0 0,3
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1500200 3 200. 166.00

1600200 3 200. 166.00

-10200 3 200. 166.00 0 O

20200 3 200. 166.00 0 O

30200 3 200. 166.00

11000401 166.00 3

11100401 166.00 3

11200401 166.00 3

11300401 166.00 3

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
* Add stronger pump to offset extra dP '
10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
*and of cases

CASE b6

* input change for m210p2

* Changes for Initial T and P (P=200, T=210)

2001201 3 200. 210.00 0 0 0 2 :

2100200 3 200. 210.00

2201201 3 200. 210.00 0 0 0,6

2300200 3 200. 210.00

2401201 3 200. 210.00 0 0 0,2

2500200 3 200. 210.00

2601201 3 200. 210.00 0 0 0,2

3000200 3 200. 210.00

3010200 3 200. 210.00

4001201 3 200. 210.00 0 0 0,10

4101201 3 200. 210.000 6. 00,5

4101202 3 200, 210.000 0. 00,6

3020200 3 200. 210.00

3100200 3 200. 210.00

3201201 3 200. 210.00 0 O 0,6

3300200 3 200. 210.00

3401201 3 200. 210.00 0 0 0,2

3500200 3 200. 210.00

3601201 3 200. 210.00 0 0 0,2

3701201 3 200. 210.00 0 0 0,2

3800200 3 200. 210.00

3901201 3 200. 210.00 0 0 0,2

1000200 3 200. 210.00

1101201 3 200. 210.00 0 0 0,2

1200200 3 200. 210.00

1301201 3 200. 210.00 0 0 0,3

1500200 3 200, 210.00

1600200 3 200. 210.00

10200 3 200. 210.00 0 O

20200 3 200. 210.00 0 O

30200 3 200. 210.00

11000401 210.00 3

11100401 210.00 3

11200401 210.00 3

11300401 210.00 3

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
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* Add stronger pump to offset extra dP

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3.62.3 3240.0 6.7 0 O
*end of cases

0
0

CASE 7

* input change for m255p2

* Change initial P and T (P=200, T=255)
2001201 3 200. 255.0 0 0 0 2

2100200 3 200. 255.0
2201201 3 200. 255.0 0 0 0,6
2300200 3 200. 255.0
2401201 3 200. 255.0 0 0 0,2
2500200 3 200. 255.0
2601201 3 200. 255.0 0 0 0,2
3000200 3 200. 255.0
3010200 3 200. 255.0
4001201 3 200. 255.0 0 0 0,10

4101201 3 200. 255.00 0. 00,5
4101202 3 200. 255.00 0. 00,6
3020200 3 200. 255.0

3100200 3 200. 255.0

3201201 3 200. 255.0 0 0 0,8

3300200 3 200. 255.0

3401201 3 200. 255.0 0 0 0,2

3500200 3 200. 255.0

3601201 3 200. 255.0 0 0 0,2

3701201 3 200. 255.0 0 0 0,2

3800200 - 3 200. 255.0

3901201 3 200. 255.0 0 0 0,2

1000200 3 200. 255.90

1101201 3 200. 255.0 0 0 0,2

1200200 3 200. 255.0

1301201 3 200. 255.0 0 0 0,3

1500200 3 200. 255.0

1600200 3 200. 255.0

10200 3 200. 255.0 0 0

20200 3 200. 255.0 0 O

30200 3 200. 255.0

11000401 255.0 3

11100401 255.0 3

11200401 255.0 3

11300401 255.0 3

* Change SI flows to match 1 HPSI case

2520201 0.0 0.0 0.0 0.0
2520202 10.0 39,772 0.0 - 0.0
2520203 . 100.0 38.729 0.0 0.0
2520204 200.0 37.895 0.0 0.0
2520205 300.0 36.713 0.0 0.0
2520206 400.0 35.809 0.0 0.0
2520207 500.0 34,418 0.0 0.0
2520208 600.0 33.375 0.0 0.0
2520209 700.0 - 32.124 0.0 0.0
2520210 800.0 30.246 0.0 0.0
2520211 900.0 28.299 0.0 0.0
2520212 1000.0 26.213 0.0 0.0
2520213 1100.0 23.432 0.0 0.0
2520214 1200.0 20.720 0.0 0.0
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2520215 1300.0 16.827 0.0 0.0
2520216 1400.0 9.178 0.0 0.0
3520201 0.0 0.0 0.0 ‘0.0
3520202 10.0 19.886 0.0 0.0
3520203 100.0 19.365 0.0 0:0
3520204 200.0 18.947 0.0 0.0
3520205 300.0 18.356 0.0 0.0
3520206 400.0 17.904 0.0 0.0
3520207 500.0 17.209 0.0 0.0
3520208 600.0 16.688 0.0 0.0
3520209 700.0 16.062 0.0 0.0
3520210 800.0 15.123 0.0 0.0
3520211 900.0 14.150 0.0 0.0
3520212 1000.0 13.107 0.0 0.0
3520213 1100.0 11.716 0.0 0.0
3520214 1200.0 10.360 0.0 0.0
3520215 1300.0 8.413 0.0 0.0
3520216 1400.0 4.589 0.0 0.0
3820201 0.0 0.0 0.0 0.0
3820202 10.0 19.886 0.0 0.0
3820203 100.0 19.365 0.0 0.0
3820204 200.0 18.947 0.0 0.0
3820205 300.0 18.356 0.0 0.0
3820206 400.0 17.904 0.0 0.0
3820207 500.0 17.209 0.0 0.0
3820208 600.0 16.688 0.0 0.0
3820209 700.0 16.062 0.0 0.0
3820210 800.0 15.123 0.0 0.0
3820211 900.0 14.150 0.0 0.0
3820212 1000.0 13.107 0.0 0.0
3820213 1100.0 11.716 0.0 0.0
3820214 1200.0 10.360 0.0 0.0
3820215 1300.0 8.413 0.0 0.0
3820216 1400.0 4.589 0.0 0.0

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
* Add stronger pump to offset extra dP

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7
* change end time

501 time 0 ge null 0 100.0 1
*end of cases

000
000

CASE 8

* input change for m305p2 :

* Changes in initial P and T (P = 200, T = 305)
2001201 3 200. 305.0 0 0 0 2

2100200 3 200. 305.0
2201201 3 200. 305.0 0 0 0,6
2300200 3 200. 305.0
2401201 3 200. 305.0 0 O
2500200 3 200. 305.0
2601201 3 200. 305.0 06 0 0,2

3000200 3 200. 305.0

3010200 3 200. 305.0

4001201 3 200. 305.0 0 0 0,10

4101201 3 200. 305.00 0. 00,5
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200. 305.00 0. 00,6

4101202 3

3020200 3 200. 305.0

3100200 3 200. 305.0

3201201 3 200. 305.0 0 0 0,6

3300200 3 200. 305.0

3401201 3 200. 305.0 0 0 0,2

3500200 3 200. 305.0

3601201 3 200. 305.0 0 0 0,2

3701201 3 200. 305.0 0 0 0,2

3800200 3 200. 305.0

3901201 3 200. 305.0 0 O 0,2

1000200 3 200. 305.0

1101201 3 200. 305.0 0 0 0,2

1200200 3 200. 305.0

1301201 3 200. 305.0 0 0 G, 3

1500200 3 200. 305.0

1600200 3 200. 305.0

10200 3 200. 305.0 0 O

20200 3 200. 305.0 0 O

30200 3 200. 305.0

11000401 305.0 3

11100401 305.0 3

11200401 305.0 3

11300401 305.0 3

2520201 0.0 0.0 0.0 0.0
2520202 10.0 70.366 0.0 6.0
2520203 100.0 68.280 6.0 0.0
2520204 200.0 66.611 0.0 0.0
2520205 300.0 - 64.247 0.0 0.0
2520206 400.0 62.439 0.0 0.0
2520207 500.0 59.658 0.0 6.0
2520208 600.0 57.572 0.0 0.0
2520209 700.0 55.069 0.0 0.0
2520210 800.0 51.314 0.0 0.0
2520211 900.0 47.421 0.0 0.0
2520212 1000.0 43.249 0.0 0.0
2520213 1100.0 37.686 0.0 0.0
2520214 1200.0 32.263 0.0 0.0
2520215 1300.0 24.475 0.0 0.0
2520216 1400.0 9.178 0.0 0.0
3520201 0.0 0.0 0.0 0.0
3520202 10.0 35.183 0.0 0.0
3520203 100.0 34.140 6.0 0.0
3520204 200.0 33.3086 0.0 0.0
3520205 300.0 32.124 0.0 0.0
3520206 400.0 31.220 0.0 0.0
3520207 500.0 .29.829 0.0 0.0
3520208 600.0 28.786 0.0 0.0
3520209 700.0 27.535 0.0 0.0
3520210 - 800.0 25.657 0.0 0.0
3520211 900.0 23.710 0.0 0.0
3520212 1000.0 21.624 0.0 0.0
3520213 1100.0 18.843 0.0 0.0
3520214 1200.0 16.131 0.0 0.0
3520215 1300.0 12.238 0.0 0.0
3520216 1400.0 4,589 0.0 0.0
3820201 6.0 0.0 0.0 0.0
3820202 . 10.0 35.183 0.0 0.0
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3820203 100.0 34.140 0.0 0.0
3820204 200.0 33.306 0.0 0.0
3820205 300.0 32.124 0.0 0.0
3820206 400.0 31.220 0.0 0.0
3820207 500.0 29.829 0.0 0.0
3820208 600.0 28.786 0.0 0.0
3820209 700,0 27.535 0.0 0.0
3820210 800.0 25.657 0.0 0.0
3820211 900.0 23.710 0.0 0.0
3820212 1000.0 21.624 0.0 0.0
3820213 1100.0 18.843 0.0 0.0
3820214 1200.0 16.131 0.0 0.0
3820215 1300.0 12.238 0.0 0.0
3820216 1400.0 4.589 0.0 0.0
* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000

1503101 150010000 300000000 5.585
* Add stronger pump to offset extra dP
10302 3560.0 0.0 95000.0 290.0 3400.8 380.3°'62.3 3240.
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.
* Change in end time

501 time 0 ge null 0 100.0 1
*end of cases

=

.484 1.651 0000

[eNe]
(oA W o]
R
o o
oo
o O

CASE 9

* input change for m314p2

* Change initial P and T (P = 200, T = 314)
2001201 3 200. 314.0 0 0 0 2
2100200 3 200. 314.0

2201201 3 200. 314.0 0 0 0,6
2300200 3 200. 314.0

2401201 3 200. 314.0 0 0 0,2
2500200 3 200. 314.0

2601201 3 200, 314.0 0 0 0,2
3000200 3 200. 314.0

3010200 3 200, 314.0

4001201 3 200. 314.0 0 0 0,10
4101201 3 200. 314.00 0. ©
4101202 3 200. 314.00 0. O
3020200 3 200. 314.0

3100200 3 200. 314.0

3201201 3 200. 314.0 0 0 0,6
3300200 3 200. 314.0

3401201 3 200. 314.0 0 0 0,2
3500200 3 200. 314.0
3601201 3 200. .314:0 0 O
3701201 3 200. 314.0 0 O
3800200 3 200. 314.0
3901201 3 200. 314.0 ¢ 0 0,2
1000200 3 200. 314.0
1101201 3 200. 314.0 0 0 0,2
1200200 3 200. 314.0
1301201 3 200. 314.0 00 0,3
1500200 3 200. 314.0
1600200 3 200. 314.0
10200 3 200. 314.0 0 O

20200 3 200. 314.0 0 ©

30200 3 200. 314.0
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11000401 314.0 3

11100401 314.0 3

11200401 314.0 3

11300401 314.0 3

2520201 0.0 0.0 0.0 0.0
2520202 10.0 70.366 0.0 6.0
2520203 100.0 68.280 0.0 0.0
2520204 200.0 66.611 0.0 0.0
2520205 300.0 64.247 0.0 0.0
2520206 400.0 62.439 0.0 0.0
2520207 500.0 58.658 0.0 0.0
2520208 600.0 57.572 0.0 0.0
2520208 700.0 55.069 0.0 0.0
2520210 800.0 51.314 0.0 0.0
2520211 900.0 47.421 0.0 0.0
2520212 1000.0 43.249 0.0 0.0
2520213 1100.0 37.686 0.0 0.0
2520214 1200.0 32.263 0.0 0.0
2520215 1300.0 24.475 0.0 0.0
2520216 1400.0 9.178 0.0 0.0
3520201 0.0 0.0 0.0 0.0
3520202 10.0 35.183 0.0 0.0
3520203 100.0 34.140 6.0 0.0
3520204 200.0 33.306 0.0 0.0
3520205 300.0 32.124 0.0 0.0
3520206 400.0 31.220 0.0 0.0
3520207 500.0 29.829 0.0 0.0
3520208 600.0 28.786 0.0 0.0
3520209 700.0 27.535 0.0 0.0
3520210 800.0 25.657 0.0 0.0
3520211 900.0 23.710 6.0 0.0
3520212 1000.0 21.624 0.0 0.0
3520213 1100.0 18.843 0.0 0.0
3520214 1200.0 16.131 0.0 0.0
3520215 1300.0 12.238 0.0 0.0
3520216 1400.0 4.589 6.0 0.0
3820201 0.0 0.0 0.0 0.0
3820202 10.0 35.183 0.0 0.0
3820203 100.0 34.140 0.0 0.0
3820204 200.0 33.306 0.0 0.0
3820205 300.0 32.124 0.0 0.0
3820206 400.0 31.220 0.0 0.0
3820207 500.0 29.829 0.0 0.0
3820208 600.0 28.786 0.0 0.0
3820209 700.0 27.535 0.0 0.0
3820210 - 800.0 25.657 0.0 0.0
3820211 _ 900.0 23.710 0.0 0.0
3820212 1000.0 21.624 0.0 0.0
3820213 1100.0 18.843 0.0 0.0
3820214 1200.0 16.131 0.0 0.0
3820215 1300.0 12.238 0.0 0.0
3820216 1400.0 4.589 0.0 0.0

* Add extra dP to nozzles

1502101 150010000 200000000 5.585
1503101 150010000 300000000 5.585
* Add stronger pump to offset extra dP
10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 00 0
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* Change end time
501 time 0 ge

null 0 100.0 1

*end of cases

CASE 10 , o
*input change for heat addition case
*

331

335 cntrlvar 107

336 cntrlvar 108

501 time 0 ge null 0 300.0 1
502 time 0 ge null 0 1000.0 1
509 time 0 ge null 0 10.0 1

* pump#l modeled as a volume

10000 pumpl branch

10001 2 1

10101 6.284 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0010
10200 3 100. 135.0

11101 240010000 1000000 6.284 6.91 6.91 O

11201 0.0 0.0 0.0

12101 1010000 250000000 6.284 6.91 6.91 O

12201 0.0 0.0 0.0

10108

10109

10201

10202

10301

10302

16100

16101

16102

*

* LEFT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
2110000  Lhp-tub sngljun

2110101 210010000 220000000 10.475 1.11 0.55 0000
2110201 0 0.0 0.0 0.0

*
*

* LEFT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
2200000 1sg pipe

2200001 6

2200101 10.475 6

2200201 10.475 5

2200301 8.71,6

2200601 920.0,3

2200602 ~90.0,6

2200701 8.71 3

2200702 -8.71 6

2200801 0.0 0.0544 6

2200901 0.097 0.097 5

2201001 0,6

2201101 0,5

2201201 3 100. 314.0 0 0 0,6

2201301 0.0 0.0 0.0,5

*

* LEFT STEAM GEN TUBES TO COLD PLENUM FOR MAX SG TUBE VOLUME
2210000 tub-Lcp sngljun

2210101 220010000 230000000 10.475 2.24 1.65 0000
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2210201

*
*
* RIGHT
3110000
3110101
3110201

*
*

* RIGHT
3200000
3200001
3200101
3200201
3200301
3200601
3200602
3200701
3200702
3200801
3200901
3201001
3201101
3201201
3201301
*

* RIGHT
3300000
3300001
3300101
3300200
3301101
3302101
3303101
3301201
3302201
3303201

*
*

SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME

Rhp-tub sngljun

310010000 320000000 10.475 1.11 0.55 0000

0 0.0 0.0 0.0
STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
Rsg pipe
6
10.475 6
10.475 5
8.71,6
90.0,3
-90.0,6

8.71 3

-8.71 6
0.0 0.0544 6
0.097 0.097 5
0,6
0,5
3 100. 314.0 0 0 0,6
0.0 0.0 0.0,5
COLD PLENUM BRANCH FOR MAX SG TUBE VOLUME

Rsgcp branch

3 0

20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015

3 200. 80.0

320010000 330000000 10.475 2.24 1.65 0000

330010000 340000000 3.142 0.41 0.41 0000

330010000 370000000 3.142 0.41 0.41 0000

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

* LEFT STEAM GENERATOR SHELIL SIDE

5100000
5100001
5100101
5100201
5100301
5100601
5100701
5100801
5100901
5101001
5101101
5101201
5101301
*

* RIGHT
5200000
5200001
5200101

lsgsh pipe
3 .
174.13 3
174.13 2
8.71 3
90.0,3
8.71 3
0.0 0.0 3
0.0 0.0 2
0 3
0 2
3 100. 314.0 00 0 3
0.0 0.0 0.0 2
STEAM GENERATOR SHELL SIDE
rsgsh pipe
3
174.13 3
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5200201 174.13 2

5200301 8.

71 3

5200601 90.0,3

5200701
5200801
5200901
5201001
5201101
5201201
5201301

*
*

O WwWwo o oo

.1

OO
oo
o o
[\

0

[l
SO MM W

* PRESSURIZER STEAM BUBBLE FOR 15% PZR
pres pipe

4100000
4100001
4100101
4100201
4100301
4100302
4100601
4100801
4100901
4101001
4101101
*Manually
4101201
4101202
4101300
4101301

*

6

36.946,6
36.946,5
4.1412 5
3.654,6
90. 6
0.00015 O
0.0 0.0
0,6

0,5

.0 6
5

set Przr pressure and water level

2 100.
2 100.
1

0.0 0.0

0.0 0.
1.0 0.

0 0,5
0 0,6

0.0,5

* heat slab for sg tubes

*

12001000
12001100
12001101
12001201
12001301
12001401
12001501
12001502
12001601
12001602
12001603
12001604
12001701
12001801
12001901
*

20100200
20100201
20100202
20100251
20100252
20100253
20100254
20100255

12 9 2
0 2
0.0005041
2 8

0.0 8
314.0 9
220010000
320010000
510010000
510030000
520010000
520030000
0 0.0 O
0.0 3.0
0.0 3.0

tbl/fctn

1 0.027217

10000 1
10000 1
10000 1
-10000 1 40454
1 40454
1
1

40454

10000
-10000
.0 0.0

0
0

I

2
3. 0.0 0.0 0.0
3. 0.0 0.0 0.0

11

32.0 2.1167e-03

1050.0 4

.039%4e-03

32.0 57.18

200.0 57
300.0 59
400.0 61
500.0 63

* REB change 11/9 to

20210100

power

OPP1-REPT-001, Rev. 1
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20210101 0.0 0.0
20210102 9.999 0.0
20210103 10.0 0.9
20210104 1000.0 0.9
20210200 power
20210201 0.0 0.0
20210202 9.999 0.
20210203 10.0 25.
20210204 1000.0 2
20210300 power
20210301 0.0 0.0
20210302 19.999 0.0
20210303 20.0 0.0
20210304 1000.0 O.
20210400  power
20210401 0.0 O
20210402 9.999
20210403 10.0 1.4

20210404 1000.0 1.4

*initial conditions

* REB change 11/9 for HP509S830: change Ti to 50, Pi to 95
2001201 3 95. 50.0 0 0 0 2

2100200 3 95. 50.0

2300200 3 95. 50.0

2401201 3 95. 50.0 0 0 G, 2

2500200 3 95. 50.0

2601201 3 85. 50.0 0 0 0,2

3000200 3 95. 50.0

3010200 3 95. 50.0

4001201 3 95. 50.0 0 0 0,10

3020200 3 95. 50.0

3100200 3 95. 50.0

3300200 3 95. 50.0

0
7
5.7

0

.0
0.0

3401201 3 95. 50.0 0 0 0,2
3500200 3 95. 50.0
3601201 3 85. 50.0 0 0 0,2
3701201 3 85. 50.0 0 0 O, 2
3800200 3 95. 50.0
3901201 3 95. 50.0 0 0 0,2
1000200 3 95. 50.0
1101201 3 95. 50.0 0 0 0,2
1200200 3 95. 50.0
1301201 3 95. 50.0 0 0 0,3
1500200 3 95. 50.0
1600200 3 95. 50.0
20200 3 85. 50.0 0 ©

30200 3 95. 50.0
11000401 50.0 3
11100401  50.0 3
11200401 50.0 3
11300401 50.0 3
20510700 gsgl sum 1.0e-6 0.0
20510701 0.0 1.0 g 220010000
20510702 1.0 g 220030000 1.0
20510703 1.0 g 220050000 1.0
20510800 gsg2 sum 1.0e-6 0.0
20510801 0.0 1.0 q 320010000
20510802 1.0 g 320030000 1.0

OPP1-REPT-001, Rev. 1

.0 g 220020000
220040000
220060000

.0 g 320020000
320040000
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20510803 1.0 g 320050000 1.0 g 320060000

*

*Speed up time to calc

202 80.0 1.0-6 0.001 5 500 5000 10000

203 5000.0 1.0-6 0.002 5 500. 20000 100000

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
* Add stronger pump to offset extra dP

*10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O

*

* PRESSURIZER STEAM BUBBLE CHANGE TO 40% PZR
*Manually set Przr pressure and water level

4100301 2.9232, 5
4100302 9.744, 6

4101201 2 95. 0.0 0. 00,5
4101202 2 95. 1.0 0 0,6
* Change end time

501 time 0 ge null 0 610.0 1
*end of cases

CASE 11

*input change for heat addition case
*

331

335 cntrlvar 107

336 cntrlvar 108

501 time 0 ge null 0 300.0 1
502 time 0 ge null 0 1000.0 1
509 time 0 ge null 0 10.0 1

* pump#l modeled as a volume

10000 pumpl branch

10001 2 1

10101 6.284 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0010
10200 3 100. 135.0

11101 240010000 1000000 6.284 6.91 6.91 O

11201 0.0 0.0 0.0

12101 1010000 250000000 6.284 6.91 6.91 O

12201 0.0 0.0 O.0

10108

10109

10201

10202

10301

10302

16100

16101

16102

*

* LEFT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
2110000 Lhp-tub sngljun

2110101 210010000 220000000 10.475 1.11 0.55 0000
2110201 0 0.0 0.0 0.0

*
*

* LEFT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
2200000 lsg pipe
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2200001 6

2200101 10.475 6

2200201 10.475 5

2200301 8.71,6

2200601 90.0,3

2200602 -90.0,6

2200701 8.71 3

2200702 -8.71 6 _

2200801 0.0 0.0544 6

2200901 0.097 0.087 5

2201001 0,6

2201101 0,5

2201201 3 100. 314.0 0 0 0,6

2201301 0.0 0.0 0.0,5

%

* LEFT STEAM GEN TUBES TO COLD PLENUM FOR MAX SG TUBE VOLUME
2210000 tub~Lcp sngljun

2210101 220010000 230000000 10.475 2.24 1.65 0000
2210201 O 0.0 0.0 0.0

*
*

* RIGHT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
3110000 Rhp-tub sngljun

3110101 310010000 320000000 10.475 1.11 0.55 0000
3110201 0 0.0 0.0 0.0

*
*

* RIGHT STEAM GENERATOR TUBES FOR MAX S$G TUBE VOLUME
3200000 Rsg pipe ' S
3200001 6

3200101 10.475 6

3200201 10.475 5

3200301 8.71,6

3200601 90.0,3

3200602 -90.0,6

3200701 8.71 3

3200702 -8.71 6

3200801 0.0 0.0544 6

3200901 0.097 0.097 5

3201001 0,6

3201101 0,5

3201201 3 100. 314.0 0 0.0,6
3201301 0.0 0.0 0.0,5

*

* RIGHT COLD PLENUM BRANCH FOR MAX SG TUBE VOLUME

3300000 Rsgcp branch

3300001 3 0

3300101 20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015 100.0 0010
3300200 3 200. 80.0

3301101 ° 320010000 330000000 10.475 2.24 1.65 0000
3302101 330010000 340000000 3.142 0.41 0.41 0000
3303101 330010000 370000000 3.142 0.41 0.41 000CO
3301201 0.0 0.0 0.0

3302201 0.0, 0.0 0.0

3303201 0.0 0.0 0.0

*
*

* LEFT STEAM GENERATOR SHELL SIDE
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5100000 lsgsh pipe

5100001 3

5100101 174.13 3
5100201 174.13 2

5100301 8.71 3

5100601 90.0,3

5100701 8.71 3

5100801 0.0 0.0 3

5100901 0.0 0.0 2

5101001 0O 3

5101101 O 2

5101201 3 100. 314.0 0 0 O 3
5101301 0.0 0.0 0.0 2

*

* RIGHT STEAM GENERATOR SHELL SIDE
5200000 rsgsh pipe :

5200001 3

5200101 174.13 3
5200201 174.13 2
3

5200301 8

.71

5200601 90.0,3

5200701
5200801
5200901
5201001
5201101
5201201
5201301

*

OWoOoOOOOo

*

8.71 3
.0 0.0 3
.0 0.0 2
3
2

100. 314.0 0 0 0 3
.0 0.0 0.0 2

* PRESSURIZER STEAM BUBBLE FOR 15% PZR

4100000
4100001
4100101
4100201
4100301
4100302
4100601
4100801
4100901
4101001
4101101
*Manually
4101201
4101202
4101300
4101301

Tk

pres pipe

6

36.946,6

36.946,5

4,1412 5

3.654,6

90. 6

0.00015 0.0 6

0.0 0.0 5

0,6 :

0,5

set Przr pressure and water level
2 100. 0.0 6. 00,5

2 100. 1.0 0. 00,6
1

0.0 0.0 0.0,5

* heat slab for sg tubes

*

12001000
12001100
12001101
12001201
12001301
12001401
12001501
12001502

12 9 2 1 0.027217

0 2

0.0005041 8

2 8

0.0 8

314.0 9 -

220010000 10000 1 1 40454.97
320010000 10000 1 1 40454.97

OPP1-REPT-001,Rev.1 - 120

03/15/02



12001601

12001602
12001603
12001604
12001701
12001801
12001901
*

20100200
20100201
20100202
20100251
20100252
20100253
20100254
20100255

*

* REB change 11/9 to delay pump start until 10 seconds

20210100
20210101
20210102
20210103
20210104
20210200
20210201
20210202
20210203
20210204
20210300
20210301
20210302
20210303
20210304
20210400
20210401
20210402
20210403
20210404

510010000 10000 1 1 40454.97 3
510030000 -10000 1 1 40454.97 6
520010000 10000 1 1 40454.97 .9
520030000 -10000 1 1 40454.97 12

0 0.0 0.0 0.0 12

0.0 3.0 3.0 0.0 0.0 0.0 0.0 1.0 12
0.0 3.0 3.0 0.0 0.0 0.0 0.0 1.0 12

tbl/fctn 1 1
32.0 2.1167e-03
1050.0 4.03%4e-03
32.0 57.18

200.0 57.114
300.0 59.118
400.0 61.122
500.0 63.126

power
0.0 0.0
9.999 0.
10.0 0.9
1000.0 0.9
power

0.0 0.0
9.993 0.0
10.0 25.7
1000.0 25.7
power

0.0 0.0
19.9%99 0.0
20.0 0.0
1000.0 O.
power
0.0 0.0
9.999 0.
10.0 1.4
1000.0 1.4

0

0

0

*initial conditions

* REB change 11/9 for HP503S30: change Ti to 50, Pi to 390

2001201 3 390.0 50.0 0 0 0 2

2100200
2300200
2401201
2500200
2601201
3000200
3010200
4001201
3020200
3100200
3300200
3401201
3500200
3601201
3701201
3800200
3901201

3

3

3

3 390.0 50.0
3 390.0 50.0
390.0 50.0 0 0 0,2
3 390.0 50.0
390.0 50.0 0 0 0,2
3 . 390.0 50.0
3 390.0 50.0
390.0 50.0 0 0 0,10
3 3%0.0 50.0
3 3%90.0 50.0
3 390.0 50.0
390.0 50.0 0 0 0,2
3 390.0 50.0
3%0:0 50.0 0 O
390.0 50.0 0 0
3 390.0 50.0
390.0 50.0 0 0 0,2
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1000200 3 390.0 50.

0
1101201 3 390.0 50.0 0 0 0,2
1200200 3 3%0.0 50.0 .
1301201 3 390.0 50.0 0 0 0,3
0

1500200 3 390.0 50.
1600200 3 390.0 50.0
20200 3 390.0 50.0 0 O
30200 3 390.0 50.0
11000401 50.0 3

11100401 50.0 3

11200401 50.0 3

11300401 50.0 3

20510700 gsgl sum 1.0e-6 0.0 1

20510701 0.0 1.0 g 220010000 1.0 g 220020000
20510702 1.0 q 220030000 1.0 g 220040000
20510703 1.0 g 220050000 1.0 g 220060000
20510800 gsg2 sum 1.0e-6 0.0 1

20510801 0.0 1.0 g 320010000 1.0 g 320020000
20510802 1.0 g 320030000 1.0 g 320040000
20510803 1.0 g 320050000 1.0 q 320060000

*

*Speed up time to calc

202 80.0 1.0-6 0.001 5 500 5000 10000

203 5000.0 1.0-6 0.002 5 500 20000 100000

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000

* Add stronger pump to offset extra dP

*10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 0
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
*

* PRESSURIZER STEAM BUBBLE CHANGE TO 40% PZR

*Manually set Przr pressure and water level

4100301 2.9232, 5
4100302 9.744, 6
4101201 2 390.
4101202 2 390.
* Change end time
501 time 0 ge null 0 610.0 1
*end of cases

= o

CASE 12

*input change for heat addition case
. .

331

335 cntrlvar 107

336 cntrlvar 108

501 time 0 ge null 0 300.0 1
502 time 0 ge null 0 1000.0 1
509 time 0 ge null 0 10.0 1l

* pump#l modeled as a volume

10000 pumpl branch

10001 2 1

10101 6.284 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0010
10200 3 100. 135.0 '

11101 240010000 1000000 6.284 6.91 6.91 O

11201 0.0 0.0 0.0

12101 1010000 250000000 6.284 6.91 6.91 O
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12201 0.0 0.0 0.0

10108

10108

10201

10202

10301

10302

16100

16101

16102

*

* LEFT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
2110000 Lhp-tub sngljun

2110101 210010000 220000000 10.475 1.11 0.55 0000
2110201 0 0.0 0.0 0.0 '

*
*

* LEFT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
2200000 1lsg pipe ‘
2200001 6

2200101 10.475 6

2200201 10.475 5

2200301 8.71,6

2200601 90.0,3

2200602 -90.0,6

2200701 8.71 3

2200702 -8.71 6

2200801 0.0 0.0544 6
2200901 0.097 0.097 5
2201001 0,6

2201101 0,5

2201201 3 100. 314.0 0 0 0,6
2201301 0.0 0.0 0.0,5

*

* LEFT STEAM GEN TUBES TO COLD PLENUM FOR MAX SG TUBE VOLUME
2210000 tub-Lcp sngljun
2210101 220010000 230000000 10.475 2.24 1.65 0000

2210201 0 0.0 0.0 0.0
%*

*

* RIGHT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
3110000 Rhp-tub sngljun

3110101 310010000 320000000 10.475 1.11 0.55 0000
3110201 0 0.0 0.0 0.0

*
*

* RIGHT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
3200000 Rsg pipe
3200001 6

3200101 10.475 6
3200201 10.475 5
3200301 8.71,6

3200601 90.0,3

3200602 -90.0,6

3200701 8.71 3
3200702 -8.71 6
3200801 0.0 0.0544 6
3200901 0.097 0.097 5
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3201001
3201101
3201201
3201301
*

* RIGHT
3300000
3300001
3300101
3300200
3301101
3302101
3303101
3301201
3302201
3303201

*
*

314.0 0 0 0,6

0,
0,
3
0. 0 0.0,5

6
5
100.
0 0.

COLD PLENUM BRANCH FOR MAX SG TUBE VOLUME

Rsgcp branch

3 0

20.0 6.087 0.0 0.0 -90.0 -6.087
3 200. 80.0

320010000 330000000 - 10.475 2.24
330010000 340000000 3.142 0.41
330010000 370000000 3.142 0.41
0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

* LEFT STEAM GENERATOR SHELL SIDE

5100000
5100001
5100101
5100201
5100301
5100601
5100701
5100801
5100901
5101001
5101101
5101201
5101301
*

* RIGHT
5200000
5200001
5200101
5200201
5200301
5200601
5200701
5200801
5200901
5201001
5201101
5201201
5201301

*
*

lsgsh pipe
3
174.13 3
174.13 2
8.71 3
90.0,3
8.71 3
0.0 0.0 3
0.0 0.0 2
0 3
0 2
3 100. 314.0 000 3
0.0 0.0 0.0 2
STEAM GENERATOR SHELL SIDE
rsgsh pipe
3
174.13 3
174.13 2
8.71 3
90.0,3
8.71 3
0.0 0.0 3
0.0 0.0 2
0 3
0 2
3 100. 314.0 00 0 3
0.0.0.0 0.0 2

* PRESSURIZER STEAM BUBBLE FOR 15% PZR

4100000
4100001
4100101
4100201
4100301
4100302
4100601
4100801

pres pipe

6

36.946,6
36.946,5

4,1412 5
3.654,6

90. 6

0.00015 0.0 6
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4100901
4101001
4101101
*Manually
4101201
4101202
4101300
4101301

*

0.0 0.0 5
0,6

0,5

set

2 100. 0.0
2 100. 1.0
1

0.0 0.0 0.

0.
0.

0,5

* heat slab for sg tubes

*

12001000
12001100
12001101
12001201
12001301
12001401
12001501
12001502
12001601
12001602
12001603
12001604
12001701
12001801
12001901
*

20100200
20100201
20100202
20100251
20100252
20100253
20100254
20100255

*

* REB change 11/9 to delay pump start until 10 seconds

20210100
20210101
20210102
20210103
20210104
20210200
20210201
20210202
20210203
20210204
20210300
20210301
20210302
20210303
20210304
20210400
20210401
20210402
20210403
20210404

12 9 2 1
0 2
0.0005041 8
2 8

0.0 8
314.0 S
220010000
320010000
510010000
510030000
520010000
520030000

0 0.0 O.
0.
0.

o O

3.0
3.0

tbl/fctn 1

32.0 2.1l67e
1050.0 4.039
32.0 57.18

200.0 57.114
300.0 59.118
400.0 61.122
500.0 63.126

power

0.0 0.0
9.999 0.0
10.0 0.9
1000.0 0.9
power
0.0
9.999
10.0
1000.0
power
0.0 0.0
19.9%9 0.0
20.0 0.0
1000.0 0.0
power

0.0 0.0
9.999 0.0
10.0 1.4
1000.0 1.4

0.0
0.0
25.7
25.7

*initial conditions

OPP1-REPT-001, Rev. 1

0.027217

1
-03
4e-03

Przr pressure and water level

00,5
00,6

e

40454.97
40454.97
40454.
40454.
40454.
40454.
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* REB change 11/9 for HP504S30: change Ti to 50, Pi to 400
2001201 3 400. 50.0 0 0 0 2
2100200 3 400. 50.0
2300200 3 400. 50.0
2401201 3 400. 50.0 0 0 O,2
2500200 3 400. 50.0
2601201 3 400. 50.0 0 0 0,2
3000200 3 400. 50.0
3010200 3 400. 50.0
4001201 3 400. 50.0 0 0 0,10
3020200 3 400. 50.0
3100200 3 400. 50.0
3300200 3 400. 50.0
3401201 3 400. 50.0 0 0 0,2

3500200 3 400. 50.0
3601201 3 400. 50.0 0 0 0,2
3701201 3 400. 50.0 0 0 0,2
3800200 3 400. 50.0
3901201 3 400. 50.0 0 0 0,2
1000200 3 400. 50.0
1101201 3 400. 50.0 0 0 0,2
1200200 3 400. 50.0
1301201 3 400. 50.0 0 0 Q0,3
1500200 3 400. 50.0
1600200 3 400. 50.0
20200 3 400. 50.0 0 O

30200 3 400. 50.0

11000401 50.0 3
11100401 50.0 3
11200401 50.0 3
11300401 50.0 3

20510700 gsgl sum 1.0e-6 0.0 1

20510701 0.0 1.0 g 220010000 1.0 g 220020000
20510702 1.0 g 220030000 1.0 g 220040000
20510703 1.0 g 220050000 1.0 g 220060000
20510800 gsg2 sum 1.0e-6 0.0 1

20510801 0.0 1.0 g 320010000 1.0 g 320020000
20510802 1.0 g 320030000 1.0 g 320040000
20510803 1.0 g 320050000 1.0 g 320060000

*

*Speed up time to calc

202 80.0 1.0-6 0.001 5 500 5000 10000

203 5000.0 1.0-6 0.002 5 500 20000 100000

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000

* Add stronger pump to offset extra dP

*10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
*

* PRESSURIZER STEAM BUBBLE CHANGE TO 30% PZR

*Manually set Przr pressure and water level

4100301 3.4104, S
4100302 7.308, 6
4101201 2 400. 0.
4101202 2 400. 1
* Change end time

501 time 0 ge null 0 610.0 1
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*end of cases

CASE 13

*input change for heat addition case
* .

331

335 cntrlvar 107

336 cntrlvar 108

501 time 0 ge null 0 300.0 1
502 time 0 ge null 0 1000.0 1
509 time 0 ge null 0 10.0 1

* pump#l modeled as a volume

10000 pumpl branch

10001 2 1

10101 6.284 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0010
10200 3-100. 135.0

11101 240010000 1000000 6.284 6.91 6.91 O

11201 0.0 0.0 0.0

12101 1010000 250000000 6.284 6.91 6.91 O

12201 0.0 0.0 0.0

10108

10109

10201

10202

10301

10302

16100

16101

16102

*

* LEFT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
2110000  Lhp-tub snglijun

2110101 210010000 220000000 10.475 1.11 0.55 0000
2110201 0 0.0 0.0 0.0

*
*

* LEFT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
2200000 1lsg pipe

2200001 6

2200101 10.475 6

2200201 10.475 5

2200301 8.71,6

2200601 90.0,3

2200602 -%90.0,6

2200701 8.71 3

2200702 -~8.71° 6

2200801 0.0 0.0544 6
2200901 0.097 0.097 5
2201001 0,6

2201101 0,5

2201201 3 100. 314.0 0 0 O,%
2201301 0.0 0.0 0.0,5

*

* LEFT STEAM GEN TUBES TO COLD PLENUM FOR MAX SG TUBE VOLUME
2210000 tub-Lcp snglijun
2210101 220010000 230000000 10.475 2.24 1.65 0000
2210201 0 0.0 0.0 0.0

*
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*

* RIGHT
3110000
3110101
3110201

*
*

* RIGHT
3200000
3200001
3200101
3200201
3200301
3200601
3200602
3200701
3200702
3200801
3200901
3201001
3201101
3201201
3201301
*

* RIGHT
3300000
3300001
3300101
3300200
3301101
3302101
3303101
3301201
3302201
3303201

*
*

SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME

Rhp-tub sngljun

1.11

310010000 320000000 10.475 0.55 0000
0 0.0 0.0 0.0

STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME

Rsg pipe

6

10.475 6

10.475 5

8.71,6

90.0,3

-90.0,6
8.71 3

-8.71 6

0.0 0.0544 6

0.097 0.097 5

0,6

0,5

3 100. 314.0 0 0 0,6

0.0 0.0 0.0,5

COLD PLENUM BRANCH FOR MAX SG TUBE VOLUME
Rsgcp branch
3 0
20.0 6.087 0.0 0.0 -80.0 -6.087 0.00015
3 200. 80.0
320010000 330000000 10.475 2.24 1.65 0000
330010000 340000000 3.142 0.41 0.41 0000
330010000 370000000 3.142 0.41 0.41 0000

0.0 0.0 0.0
0.0 0.0 0.0
6.0 0.0 0.0

* LEFT STEAM GENERATOR SHELL SIDE

5100000
5100001
5100101
5100201
5100301
5100601
5100701
5100801
5100901
5101001
5101101
5101201
5101301
*

* RIGHT
5200000
5200001
5200101
5200201
5200301

lsgsh pipe
3
174.13 3
174.13 2
8.71 3
90.0,3
8.71 3
0.0 0.0 3
0.0- 0.0 2
0 3
0 2
3 100. 314.0 00 0 3
0.0 0.0 0.0 2
STEAM GENERATOR SHELL SIDE
rsgsh pipe
3
174.13 3
174.13 2
8.71 3
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5200601 90.0,3

5200701 8.71 3

5200801 0.0 0.0 3

5200901 0.0 0.0 2

5201001 0 3

5201101 0O 2

5201201 3 100. 314.0 0 0 0 3
5201301 0.0 0.0 0.0 2

*
*

* PRESSURIZER STEAM BUBBLE FOR 15% PZR
4100000 pres pipe

4100001 6

4100101 36.946,6

4100201 36.946,5

4100301 4.1412 5

4100302 3.654,6

4100601 90. 6

4100801 0.00015 0.0 6

4100801 0.0 0.0 5

4101001 0,6

4101101 0,5

*Manually set Przr pressure and water level
4101201 2 100. 0.0 6. 00,5

4101202 2 100. 1.0 6. 00,86
4101300 1
4101301 0.0 0.0 0.0,5

*

* heat slab for sg tubes

*

12001000 12 9 2 1 0.027217
12001100 o 2

12001101 0.0005041 8

12001201 2 8

12001301 0.0 -8

12001401 314.0 9

12001501 = 220010000 10000 1 1 40454.97 6
12001502 320010000 10000 1 1 40454.97 12
12001601 510010000 10000 1 1 40454.97 3
12001602 510030000 -10000 1 1 40454.97 &6
12001603 520010000 10000 1 1 40454.97 9
12001604 520030000 ~10000 1 1 40454.97 12
12001701 0 0.0 0.0 0.0 12

12001801 0.0 3.0 3.0 0.0 0.0 0.0 0.0 1.0 12
12001901 0.0 3.0 3.0 0.0 0.0 0.0 0.0 1.0 12

*

20100200 tbl/fctn 1 1
20100201 32.0 2.1167e-03
20100202  1050.0 4.0394e-03
20100251 32.0 57.18
20100252  200.0 57.114

. 20100253  300.0 59.118
20100254  400.0 61.122
20100255 500.0 63.126

*

* REB change 11/9 to delay pump start until 10 seconds
20210100 power

20210101 0.0 0.0
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20210102
20210103
20210104
20210200
20210201
20210202
20210203
20210204
20210300
20210301
20210302
20210303
20210304
20210400
20210401
20210402
20210403
20210404

9.99
10.0
1000

9 0.0
6.9
.0 0.9

power

0.0

9.99
10.0
1000

0.0

9 0.0
25.7

.0 25.7

power

0.0

15.9
20.0
1000

0.0
99 0.0
0.0
.0 0.0

power

0.0

0.0

9.999 0.0

10.0

1000

1.4
.0 1.4

*initial conditions

* REB change 11/6 for HP166S30: change Ti to 166 Pi is 100

2001201 3 100. 166.0 0 0 0 2
2100200 3 100. 166.0

2300200 3 100. 166.0

2401201 100. 166.0 0 0 0,2
2500200 3 100. 166.0

2601201 100. 166.0 0 0 0,2
3000200 3 100. 166.0

3010200 3 100. 166.0

4001201 100. 166.0 0 0 0,10
3020200 3 100. 166.0

3100200 3 100. 166.0

3300200 3 100. 166.0

3401201 100. 166.0 0 0 0,2
3500200 3 100. 166.0

3601201 100. 166.0 0 0 0,2
3701201 100. 166.0 0 0 0,2
3800200 3 100. 166.0

3901201 100. 166.0 0 0 0,2
1000200 3 100. 166.0

1101201 100. 166.0 0 0 0,2
1200200 3 100. 166.0

1301201 100. 166.0 0 0 0,3
1500200 3 100. 166.0

1600200 3 100. 166.0

20200 3 100. 166.0 0 O

30200 3 100. 166.0

11000401 166.0 3

11100401 166.0 3

11200401 166.0 3

11300401 166.0 3

20510700 gsgl sum 1.0e-6 0.0
20510701 0.0 1.0 g 220010000
20510702 1.0 g 220030000 1.0
20510703 1.0 g 220050000 1.0
20510800 gsg2 sum 1.0e-6 0.0
20510801 0.0 1.0 g 320010000
20510802 1.0 g 320030000 1.0
20510803 1.0 g 320050000 1.0

OPP1-REPT-001, Rev. 1
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Q4 0,0

.0 g 220020000
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.0 g 320020000
320040000
320060000
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*

*Speed up time to calc

202 80.0 1.0-6 0.001 5 500 5000 10000

203 5000.0 1.0-6 0.002 5 500 20000 100000

* Add extra dP to nozzles _

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000
* Bdd stronger pump to offset extra dP

*10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 0
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O

*

* PRESSURIZER STEAM BUBBLE CHANGE TO 40% PZR
*Manually set Przr pressure and water level

4100301 2.9232, 5
4100302 9.744, 6

4101201 2 100. 0.
4101202 2 100. 1
* Change end time

501 time 0 ge null 0] 610.0 1
*end of cases

oo
oo .
o O
~ =

o n

CASE 14

*input change for heat addition case
*

331

335 entrlvar 107

336 cntrlvar 108

501 time 0 ge null 0 400.0 1
502 time 0 ge null 0 1000.0 1
509 time 0 ge null 0 10.0 1

* pump#l modeled as a volume

10000 pumpl branch

10001 2 1

10101 6.284 10.0 0.0 0.0 0.0 0.0 0.00015 100.0 0010
10200 3 100. 135.0

11101 240010000 1000000 6.284 6.91 6.91 O

11201 0.0 0.0 0.0 '

12101 1010000 250000000 6.284 6.91 6.91 O

12201 0.0 0.0 0.0

10108

10108

10201

10202

10301

10302

16100

16101

16102

*

* LEFT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
2110000 Lhp-tub sngljun

2110101 210010000 220000000 10.475 1.11 0.55 0000
2110201 0 0.0 6.0 0.0

*
*

* LEFT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
2200000 1lsg pipe
2200001 6
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2200101 10.475 6
2200201 10.475 5
2200301 8.71,6
2200601 90.0,3
2200602 -90.0,6
2200701 8.71 3
2200702 -8.71 6

2200801 0.0 0.0544 6
2200901 0.097 0.097 5
2201001 0,6

2201101 0,5

2201201 3 100. 300.0 0 0 0,6
2201301 0.0 0.0 0.0,5

*

* LEFT STEAM GEN TUBES TO COLD PLENUM FOR MAX SG TUBE VOLUME
2210000  tub-Lcp sngljun
2210101 220010000 230000000 10.475 2.24 1.65 0000
2210201 0 0.0 0.0 0.0

*
*

* RIGHT SG HOT PLENUM TO SG TUBES FOR MAX SG TUBE VOLUME
3110000 Rhp-tub sngljun

3110101 310010000 320000000 10.475 1.11 0.55 0000
3110201 0 0.0 0.0 0.0

*
*

* RIGHT STEAM GENERATOR TUBES FOR MAX SG TUBE VOLUME
3200000 Rsg pipe

3200001 6

3200101 10.475 6

3200201 10.475 5

3200301 8.71,6

3200601 90.0,3

3200602 -90.0,6

3200701 8.71 3

3200702 -8.71 6

© 3200801 0.0 0.0544 6
3200901 0.097 0.097 5
3201001 0,6
3201101 0,5
3201201 3 100. 300.0 O 0 0,6
3201301 0.0 0.0 0.0,5

*

* RIGHT COLD PLENUM BRANCH FOR MAX SG TUBE VOLUME

3300000 Rsgcp branch

3300001 3 0

3300101 20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015 100.0 0010
3300200 3 200. 80.0

3301101 320010000 330000000 10.475 2.24 1.65 0000
3302101 330010000 340000000 3.142 0.41 0.41 0000
3303101 330010000 370000000 3.142 0.41 0.41 0000
3301201 0.0 0.0 0.0

3302201 0.0 0.0 0.0

3303201 0.0 0.0 0.0

*
*

* LEFT STEAM GENERATOR SHELL SIDE
5100000 lsgsh pipe
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5100001
5100101
5100201
5100301
5100601
5100701
5100801
5100901
5101001
5101101
5101201
5101301
*

* RIGHT
5200000
5200001
5200101
5200201
5200301
5200601
5200701
5200801
5200901
5201001
5201101
5201201
5201301

*
*

OWoooOo

100. 300.0 0 0 0 3
0 0.0 0.0 .2

STEAM GENERATOR SHELL SIDE
rsgsh pipe

3

174.13 3
174.13 2

.71 3

100. 300.0 0 0 O 3
0 0.0 0.0 2

* PRESSURIZER STEAM BUBBLE FOR 15% PZR

4100000
4100001
4100101
4100201
4100301
4100302
4100601
4100801
4100901
4101001
4101101

pres pipe

6

36.946,6
36.946,5
4.1412 5
3.654,6

90. 6
0.00015 0.0 6
0.0 0.0 5
0,6

0,5

*Manually set Przr pressure and water level

4101201
4101202
4101300
4101301

*

2 100. 0.0 0. 00,5
2 100. 1.0 0. 00,8
1 .

0.0 0.0 0.0,5

* heat slab for sg tubes

*

12001000
12001100
12001101
12001201
12001301
12001401
12001501
12001502
12001601

12 9 2 1 0.027217

0 2 :

0.0005041 8

2 8

0.0 8

300.0 S

220010000 10000 1 1 40454.97
320010000 10000 1 1 40454.97
510010000 10000 1 1 40454.97
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12001602 510030000 -10000 1
12001603 520010000 10000 1
12001604 520030000 -10000 1
12001701 0 0.0 0.0 0.0 1
12001801 0.0 3.0 3.0
12001901 0.0 3.0 3.0
*

20100200 tbl/fctn 1 1
20100201 32.0 2.1167e-03

20100202 1050.0 4.0394e-03

20100251 32.0 57.18

20100252 200.0 57.114

20100253 300.0 59.118

20100254 400.0 61.122

20100255 500.0 63.126

.

* REB change 11/9 to delay pump start until 10 seconds
20210100 power

20210101 0.0 0.0

20210102 9.999 0.0

20210103 10.0 O
20210104 1000.0
20210200 power
20210201 0.0 0.0

20210202 9.999 0.0

20210203 10.0 25.7

20210204 1000.0 25.7

20210300 power

20210301 0.0 0.0

20210302 19.9%9 0.0

20210303 20.0 0.0

20210304 1000.0 0.0

20210400 power

20210401 0.0 0.0

20210402 9.999 0.0

20210403 10.0 1.4

20210404 1000.0 1.4

*initial conditions

* REB change 11/6: change Ti to 290, Pi to 200.
2001201 3 200. 290.0 0 0 0 2

2100200 3 200. 29%90.0

2300200 3 200. 2%0.0

2401201 3 200. 290.0 0 0 0,2

2500200 3 200. 290.0

2601201 3 200. 2%0.0 0 0 0,2

3000200 3 200. 290.0

3010200 3. 200. 290.0

4001201 3 200. 290.0 0 0 0,10

3020200 3 200. 290.0

3100200 3 200. 290.0

3300200 3 200. 290.0

3401201 3 200. 2%0.0 00 0,2

3500200 3 200. 290.0
3601201 3 200. 2%0.0 0 O
3701201 3 200. 280.0 0 O
3800200 3 - 200. 290.0
3901201 3 200. 2%0.0 0 0 0,2
1000200 3 200. 290.0
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1101201 3 200. 290.0 0 0 0,2
1200200 3 200. 290.0
1301201 3 200. 2%0.0 0 0 0,3
1500200 3 200. 290.0
1600200 3 200. 290.0
20200 3 200. 290.0 0 O

30200 3 200. 290.0

11000401 290.
11100401 290.
11200401 290.
11300401 290.
20510700 qgsgl sum 1.0e-6 0.0
20510701 0.0 1.0 g 220010000

[oNeole N

3
3
3
3

.0 g 220020000

1

1
20510702 1.0 g 220030000 1.0 g 220040000
20510703 1.0 g 220050000 1.0 g 220060000
20510800 gsg2 sum 1.0e-6 0.0 1
20510801 0.0 1.0 g 320010000 1.0 g 320020000
20510802 1.0 g 320030000 1.0 g 320040000
20510803 1.0 g 320050000 1.0 q 320060000

*

*Speed up time to calc

202 80.0 1.0-6 0.001 5 500 5000 10000

203 5000.0 1.0-6 0.002 5 500 20000 100000

* Add extra dP to nozzles

1502101 150010000 200000000 5.585 1.484 1.651 0000
1503101 150010000 300000000 5.585 1.484 1.651 0000

* Add stronger pump to offset extra dpP

*310302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0-6.7 0 0 O
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
*

* PRESSURIZER STEAM BUBBLE CHANGE TO 40% PZR

*Manually set Przr pressure and water level

4100301 2.9232, 5
4100302 9.744, 6
4101201 2 390. 0
4101202 2 390. 1.
* Change end time

501 time 0 ge null 0 610.0 1
* STEAM GEN SECONDARY SIDE T CHANGE

2201201 3 118. 340.0 0 0 0,6

3201201 3 118. 340.0 0 0 0,6

5101201 3 118. 340.0 0 0 O

5201201 3 118. 340.0 00 O
12001401 340.0 9

*end of cases

o

00,5
0 6

0
0,

3
3

MPORV (used to calculate the area of the PORV)
*input change for mporv
« v

501 time 0 ge null 0 35.0 1
2001201 3 2000, 255.0 0 0 0 2

2100200 3 2000. 255.0

2201201 3 2000, 255.0 0 0 0,6

2300200 3 2000. 255.0

2401201 3 2000. 255.0 0 0 0,2

2500200 3 2000. 255.0

2601201 3 2000. 255.0 0 0 0,2

3000200 3 2000. 255.0
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3010200 3 2000.

4001201 3 2000. 255.
4101201 3 2000.

4101202 3 2000.

3020200 3 2000.

3100200 3 2000.

3201201 3 2000. 255.
3300200 3 2000.

3401201 3 2000. 255.
3500200 3 2000.

3601201 3 2000. 255
3701201 3 2000. 255,
3800200 3 2000.

3901201 3 2000. 255.
1000200 3 2000.

1101201 3 2000. 255.
1200200 3 2000.

1301201 3 2000. 255.
1500200 3 2000.

1600200 3 2000.

10200 3 2000. 255.0
20200 3 2000. 255.0
30200 3 2000. 255.0
11000401  255.0 3
11100401 255.0 3
11200401  255.0 3
11300401  255.0 3
2520201 -1.0

2520202 0.0

2520203 100.0
2520204 200.0
2520205 300.0
2520206 400.0
2520207 500.0
2520208 600.0
2520209 700.0
2520210 800.0
2520211 900.0
2520212 1000.0
2520213 1100.0
2520214 1200.0
2520215 3300.0
3520201 -1.0

3520202 0.0

3520203 100.0
3520204 200.0
3520205 300.0
3520206 400.0
3520207 500.0
3520208 600.0
3520209 700.0
3520210 800.0
3520211 900.0
3520212 1000.0
3520213 1100.0
3520214 1200.0
3520215 3300.0
3820201 -1.0

.0000
0

255.0
0000,1
255.00
255.00
255.0
255.0
0000,6
255.0
0000,
255.0

[yS)

~ 0~
[N V]

000
255.0
0000,2
255.0
0000,2
255.0
0000O0,3
255.0
255.0

00

00

0

0.

38.
37.
36.
35
34
33.
31
29.
27.
25
23.
20.
16.

0

0.

19,
18.
18.
17.
17.
16.
15.
14.
13.
12.
11
10

0

0
0.
0.

.0
.0
307
481
312

.418
.043

011

.773

916
991

.928

177
495
643
.0

0

153
741
156
709
022
506
887
958
996
964
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.247
.322
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3820202 0.0 0.0
3820203 100.0 19.153
3820204 200.0 18.741
3820205 300.0 18.156
3820206 400.0 17.709
3820207 500.0 17.022
3820208 600.0 16.506
3820209 700.0 15.887
3820210 800.0 14.958
3820211 900.0 13.99%6
3820212 1000.0 12.964
3820213 1100.0 11.589
3820214 1200.0 10.247
3820215 3300.0 8.322
*

*New LTOP curve

20220101 0.0 2385.0
20220102 160.0 2385.0
20220103 170.0 2385.0
20220104 180.0 2385.0
20220105 190.0 2385.0
20220106 200.0 2385.0
20220107 210.0 2385.0
20220108 220.0 2385.0
20220109 230.0 2385.0
20220110 240.0 2385.0
20220111 250.0 2385.0
20220112 260.0 2385.0
20220113 270.0 2385.0
20220114 280.0 2385.0
20220115 290.0 2385.0
20220116 300.0 2385.0
20220117 310.0 2385.0
20220118 320.0 2385.0
20220119 328.5 2385.0
20220120 700.0 2385.0

* pdd extra dP to nozzles
1502101 150010000 200000000
1503101 150010000 300000000

10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.
20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.
* PRESSURIZER STEAM BUBBLE CHANGE TO 40% PZR

*Manually set Przr pressure and water level

4100301
4100302
4101201
4101202

*

2
)

2.

2

.9232, 5
.744, 6
2370.
2370.

*end of cases

MFULFLO

= O

=Fort Calhoun LTOP Model

*
*

100 new transnt
102 british british

105

OPP1-REPT-001, Rev. 1

o

5.585
5.585
* Bdd stronger pump to offset extra dP

o O
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o »n
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1.484
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* %k k Kk

* time step control

*

201 2.0 1.0-6 0.010 5 10 250 1000

202 20.0 1.0~-6 0.001 5 50 5000 10000

203 1000.0 1.0-6 0.0005 5 40 20000 100000

¥

6
0-

* Qutput control

*

301 p 120010000

302 p 410060000

303 p 301010000

304 p 150010000

*304 p 200020000

*305 voidg 410060000

*306 tempf 410060000

311 mflowj 121000000

312 mflowj 311000000

313 mflowj 211000000

*313 mflowj 330020000

*314 mflowj 330030000

*315 mflowj 252000000

*316 mflowj 352000000

*317 mflowj 382000000

*318 mflowj 420000000

*319 mflowj 211000000

*321 cntrlvar 1

*322 cntrlvar 2

*323 cntrlvar 3

*324 cntrlvar 4

*325 cntrlvar 201

*326 cntrlvar 106

*327 cntrlvar 101

*328 cntrlvar 102

*329 cntrlvar 103

*330 cntrlvar 104

331 pmphead 1

332 pmphead 2
kkdkhkkkhkrhkrkhhdhbhhkhkdthkhkik

* trip cards

* 501 run stop time

* 502 si and charging start time
* 503 porv set point

* 504 porv delay time

* 505 rcp stop time

* 506 rcp stop time

* 507 rcp stop time

* 508 rcp start time

* 509 rcp start time

* 510 rcp start time
*
%*
*
*
*
*
*
*

WNE W

520 heat to pressurizer

521 decay heat control

522 sg secondary side temp control
600 run stop

601l rcp 1 run control

602 rcp 2 run control

603 rcp 3 run control
EXEEEEES SRR SRS AL S &
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501 time 0 ge null 0 40.0 1
502 time 0 ge null 0 50.0 1
503 cntrlvar 106 ge cntrlvar 201 - 0.0 1
504 time 0 ge timeof 503 1.5 1
505 time 0 ge null 0 0.0 1
506 time 0 ge null 0 0.0 1
508 time 0 ge null 0 2.0 1
509 time 0 ge null 0 2.0 1
600 501 '

601 505 and =508 n

602 506 and -509 n

* Non~-Pressurizer Loop

*

* LEFT HOT LEG

* first pipe has explanatory notes

2000000 hlegl pipe

* number of nodes

2000001 2

* area of nodes, then interior junctions

2000101 5.585,2

2000201 5.585,1

* node lengths

2000301 7.54,2

* vertical angle

2000601 0.0,2

* Elevation change = either length*angle or use a card 701
* pipe friction, hydraulic dia, node#

2000801 0.00015 0.0 2

* forward K, reverse K, juncé#

2000901 .096 .096 1

* required volume flags, in 1101 use 0100 if an abrupt area change
2001001 O 2

2001101 © 1

* with 3, init-P, init-T, init-T, three 0, node#
2001201 3 2102.3 570.0 0 0 0 2

* 1iq vel ft/s, vapor vel, interface=0 Jjunc#
2001301 0.0 0.0 0.0,1

*

*

* LEFT HOT LEG TO SG JUNCTION

2010000 Lhl-1sg sngljun .

* from, to, minimum area, forwrd-K, reverse-K,0l00=abrupt area change (0000
else)

2010101 200010000 210000000 5.585 0.317 0.156 0000

* O=velocities, liqg vel ft/s, vapor vel, interface=0

2010201 0 0.0 0.0 0.0

* .

* LEFT SG HOT PLENUM

21000600 Lsgip snglvol

* area,length,vol(=0 to calc),az angle=0, vert angle,elev

change, rough, HD, flags

2100101 20.04 6.087 0.0 0.0 90.0 6.087 0.00015 100.0 0010
2100200 3 2102.3 570.0

*

* LEFT SG HOT PLENUM TO SG TUBES

2110000 Lhp-tub sngljun

2110101 210010000 220000000 8.651 0.76 0.38 0000

2110201 0 0.0 0.0 0.0
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*

* LEFT STEAM GENERATOR TUBES
2200000 1lsg pipe

2200001 6

2200101 8.651,6

2200201 8.651,5

2200301 8.71,6

2200601 80.0,3

2200602 -90.0,6

2200701 8.71 3

2200702 -8.71 6

2200801 0.0 0.0544 6
2200901 0.066 0.066 5
2201001 0,6

2201101 0,5

2201201 3 2102.3 570.0 0 0 0,6
2201301 0.0 0.0 0.0,5

L3

* LEFT STEAM GEN TUBES TO COLD PLENUM

2210000 tub-Lcp sngljun

2210101 220010000 230000000 8.561 1.53 1.12 0000
2210201 0 0.0 0.0 0.0

%

* LEFT SG COLD PLENUM

2300000 Lsgcp snglvol

2300101 20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015 100.0 0010
2300200 3 2102.3 570.0

*

* LEFT SG COLD PLENUM TO CROSSOVER LEG

2310000  Lcp-Lxo snglijun '

2310101 230010000 240000000 6.284 .41 .41 0000
2310201 0 0.0 0.0 0.0 ’
*

* LEFT CROSSOVER

2400000 Lxover pipe

2400001 2 Co

2400101 6.284,2

2400201 6.284,1

2400301 12.175,2

2400601 0.0,2

2400801 0.00015,2.0,2

2400901 0.0 0.0 1

2401001 0,2

2401101 0,1

2401201 3 2102.3 570.0 0 0 0,2
2401301 0.0 0.0 0.0,1

*

* LEFT SI/CHARGING BRANCH

2500000 Lsi branch

2500001 1 0

2500101 6.284 11.96 0.0 0.0 0.0 0.0 0.0 100.0 0010
2500200 3 2102.3 570.0 .

2501101 250010000 260000000 6.284 0.0 0.0 0000
2501201 0.0 0.0 0.0

*

* DOUBLE COLD LEG SI TIME DEPENDENT VOLUME

2510000 si2 tmdpvol

* flow area, length, volume, horiz angle, vert angle
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2510101 50.0 10.0 0.0 0.0 0.0
* elev change, roughness, hydraulic diameter, flags

2510102 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

2510200 3 o

2510201 0.0 14.7 120.0

2510202 1000.0 14.7 120.0

*

* DOUBLE COLD LEG SI TIME DEPENDENT JUNCTION

2520000 si2flow tmdpjun

* from, to, area

2520101 251000000 250000000 1.0

* 1 means mass flows/O=velocity, trip number, table var & location
2520200 1 502 P 250010000

* pressure, liqg lbm/s, vapor velocity, interface (=0) 1 Pump Curve
2520201 -1.0 0.0 0.0 0.0

2520202 0.0 0.0 0.0 0.0

2520203 100.0 9.078 0.0 0.0

2520204 1000.0 9.078 0.0 0.0

*

* LEFT COLD LEG
2600000 clegl pipe

2600001 2

2600101 6.284,2
2600201 6.284,1
2600301 8.60,2
2600601 0.0,2

2600801 0.00015,2.0,2
2600901 .0717 .0717,1
2601001 0,2

2601101 0,1

2601201 3 2102.3 570.0 0 0 0,2
2601301 0.0 0.0 0.0,1
*

* Pressurizer Loop

*

* RIGHT HOT LEG TO PRESSURIZER BRANCH

3000000 Rhll snglvol

3000101 5.585 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 00
3000200 3  2102.3 570.0

*

* RIGHT HOT LEG-PRESSURIZER BRANCH

3010000 hlegprz branch

* Number paths described, 0 means velocities are input on 201 cards
3010001 3 0

* Area, length, volume, horz angle, inclination, elev change, rough, HD, flags
3010101 5.585 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 00

* Initial P and T* the 1301 values are 0.394/2.34/1.95

3010200 3 2102.3 570.0

* from, to, area, K-forward, K-reverse, flags (=100 for sudden area change)
3011101 300010000 301000000 5.585 0.048 0.048 0000

3012101 301010000 302000000 5.585 0.048 0.048 0000

3013101 301010000 398000000 0.394 0.01 0.01 0000
* lig vel, steam vel, interface(=0)

3011201 0.0 0.0 0.0

3012201 0.0 0.0 0.0

3013201 0.0 0.0 0.0

Je
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* Surgeline first vol Attempt to fix P disconnect between 301 & 400
3980000 surgel snglvol _

3980101 0.394 1.0 0.0 0.0 0.0 0.0 0.00015 0.0 00
3980200 3 2102.3 570.0

* Surge first junc

3990000 surge?2 sngljun

3990101 398010000 400000000 0.3%94 0.0 0.0 0000
3990201 0 0.0 0.0 0.0

*

* SURGELINE

4000000 surgline pipe

4000001 10

4000101 0.394,10

4000201 0.394,9

4000301 8.021,1

4000302 6.678,9

4000303 8.021,10

4000601 80.0,1

4000602 0.0,9

4000603 90.0,10

4000701 8.021,1

4000702 0.0,9

4000703 8.021,10

4000801 0.00015,0.0,10

4000901 0.0 0.0 9

4001001 0,10

4001101 O, 9

4001201 3 2102.3 570.0 0 0 0,10
4001301 0.0,0.0,0.0,9

*

* SURGELINE JUNCTION TO PRESSURIZER

4010000 sl-p sngljun

4010101 400010000 410000000 0.394 1.0 0.5 0000
4010201 0 0.0 0.0 0.0

*

* PRESSURIZER

4100000 pres pipe

4100001 10

4100101 36.946,10

4100201 36.946,9

4100301 2.436,10

4100601 90. 10

4100801 0.00015 0.0 10

4100901 6.0 0.0 9

4101001 0,10

4101101 0,9

*Manually set Przr pressure and water level
4101201 2 2102.3 0. 0. 00,7

4101202 2 2102.3 1. 0. 00,10
4101300 1

4101301 0.0 0.0 0.0,9

*

* PORV

4200000 porv valve

4200101 410010000 430000000 0.00653 0.0 0.0 0100
4200201 0 0.0 0.0 0.0

4200300 trpvlv

4200302 504
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*

* PORV BACKPRESSURE

4300000 cont tmdpvol

4300101 50. 10.0 0.0 0.0 0.0 0.0 0.0 0.0 00
4300200 3 _

4300201 0.0 90.0 50.0

4300202 1000.0 90.0 50.0

*

* RIGHT HOT LEG, PRZR TO STEAM GEN

3020000 Rhl2 snglvol

3020101 5.585 5.02 0.0 0.0 0.0 0.0 0.00015 0.0 00
3020200 3 2102.3 570.0

*

* RIGHT HOT LEG TO SG JUNCTION

3030000 Rhl-Rsg sngljun

3030101 302010000 310000000 5.585 0.317 0.156 0000
3030201 0 0.0 0.0 0.0

*

* RIGHT SG HOT PLENUM

3100000 Rsgip snglvol

3100101 20.04 6.087 0.0 0.0 90.0 6.087 0.00015 100.0 0010
3100200 3 2102.3 570.0

*

* RIGHT SG HOT PLENUM TO SG TUBES

3110000 Rhp~tub sngljun

3110101 310010000 320000000 8.651 0.76 0.38 0000
3110201 0 0.0 0.0 0.0

*

* RIGHT STEAM GENERATOR TUBES .

3200000 Rsg pipe

3200001 o

3200101 8.651,6

3200201 8.651,5

3200301 8.71,6

3200601 90.0,3

3200602 -90.0,6

3200701 8.71 3

3200702 -8.71 6

3200801 0.0 0.0544 6

3200901 0.066 0.066 5

3201001 0,6
3201101 0,5
3201201 3 2102.3 570.0 0 0 0,6
3201301 0.0 0.0 0.0,5 :

*

* RIGHT COLD PLENUM BRANCH

3300000 Rsgcp- branch

3300001 3 0

3300101 20.0 6.087 0.0 0.0 -90.0 -6.087 0.00015 100.0 0010
3300200 3 2102.3 570.0

3301101 320010000 330000000 8.651 1.53 1.12 0000
3302101 330010000 340000000 3.142 0.41 0.41 0000
3303101 330010000 370000000 3.142 0.41 0.41 0000
3301201 0.0 0.0 0.0

3302201 0.0 0.0 0.0

3303201 0.0 0.0 0.0

*

* RIGHT CROSSOVER, RCP LINE :
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3400000 Rxoverl pipe
3400001 2

3400101 3.142,2
3400201 3.142,1
3400301 12.175,2
3400601 0.0,2
/3400801 0.00015,2.0,2

3400901 0.0 0.0 1

3401001 0,2

3401101 0,1

3401201 3 2102.3 570.0 0 0 0,2
3401301 0.0 0.0 0.0,1

*
*

*_RIGHT SI/CHARGING BRANCH

3500000 Rsil branch

3500001 1 0

3500101 3.142 11.96 0.0 0.0 0.0 0.0 0.00015 2.0 00
3500200 3 2102.3 570.0

3501101 350010000 360000000 3.142 0.0 0.0 0000

* lig vel, steam vel, interface (=0)

3501201 0.0 0.0 0.0

*

* .
* SINGLE COLD LEG SI TIME DEPENDENT VOLUME

3510000 sila tmdpvol

* flow area, length, volume, horiz angle, vert angle
3510101 50.0 10.0 0.0 0.0 0.0

* elev change, roughness, hydraulic diameter, flags
3510102 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

3510200 3

3510201 0.0 14.7 120.0

3510202 1000.0 14.7 120.0

*

* SINGLE COLD LEG SI TIME DEPENDENT JUNCTION

3520000 silaflow tmdpjun

* from, to, area

3520101 351000000 350000000 1.0

* 1 means mass flows/0=velocity, trip number, table var & location
3520200 1 502 P 350010000

* pressure, liq velocity, vapor velocity, interface (=0) 1 Pump

3520201 -1.0 0.0 0.0 0.0
3520202 0.0 - 0.0 0.0 0.0
3520203 100.0 4.589 0.0 0.0

0.0 0.0

3520204 1000.0 4.589

%
*

* RIGHT COLD LEG, RCP LINE
3600000 clegl pipe

3600001 2

3600101 3.142,2

3600201 3.142,1

3600301 8.60,2

3600601 0.0,2

3600801 0.00015,2.0,2
3600901 .0717 .0717,1
3601001 0,2
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3601101 0,1
3601201 3 21
3601301 0.0

*

02.3 570.0 0 0 0,2
0.0 0.0,1

*

* RIGHT CROSSOVER, NO RCP LINE
3700000 Rxover2 pipe

3700001 2

3700101 3.142,2

3700201 3.142,1

3700301 12.175,2

3700601 0.0,2

3700801 0.00015,2.0,2

3700901 0.0 0.0 1
3701001 0,2

3701101 0,1

3701201 3 2102.3 570.0 0 0 0,2
3701301 0.0 0.0 0.0,1

*

* comment out 380, 381, 382 to use pump3

* RIGHT SI/CHARGING BRANCH

3800000 Rsi2 branch

3800001 1 0

3800101 3.142 11.96 0.0 0.0 0.0 0.0 0.00015 2.0 00
3800200 3 2102.3 570.0

3801101 380010000 390000000 3.142 0.0 0.0 0000

* 1ig vel, steam vel, interface(=0)

3801201 0.0 0.0 0.0

*
*

* SINGLE COLD LEG SI TIME DEPENDENT VOLUME

3810000 silb tmdpvol

* flow area, length, volume, horiz angle, vert angle
3810101 50.0 10.0 0.0 0.0 0.0

* elev change, roughness, hydraulic diameter, flags
3810102 0.0 0.0 0.0 00

* 3 makes 201 card P&T, trip number

3810200 3

3810201 0.0 14.7 120.0

3810202 1000.0 14.7 120.0

*

* DOUBLE COLD LEG SI TIME DEPENDENT JUNCTION

3820000 silbflow tmdpjun

* from, to, area

3820101 381000000 380000000 1.0 :
* 1 means mass flows/O=velocity, trip number, table var & location
3820200 -1 502 P 380010000

* pressure, lig velocity, vapor velocity, interface (=0) 1 Pump

3820201 -1.0 0.0 0.0 0.0
3820202 0.0 0.0 0.0 0.0
3820203 100.0 4,589 0.0 0.0
3820204 1000.0 4.589 0.0 0.0

*

* RIGHT COLD LEG, NO RCP LINE
3900000 clegl pipe

3900001 2

3900101 3.142,2

3900201 3.142,1
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3900301 8.60,2
3900601 0.0,2
3900801 0.00015,2.0,2
3900901 .0717 .0717,1

3901001 0,2

3901101 0,1

3901201 3 2102.3 570.0 0 0 0,2
3901301 0.0 0.0 0.0,1

*

* Reactor Core

*

* CORE INLET BRANCH

1000000 inlet branch

1000001 4 0

1000101 12.566 3.5 0.0 0.0 0.0 0.0
1000200 3 2102.3 570.0

1001101 260010000 100000000 6.284 0.295
1002101 360010000 100000000 3.142 0.295
1003101 390010000 100000000 3.142 0.295
1004101 100010000 110000000 12.566 0.074
1001201 0.0 0.0 0.0

1002201 0.0 0.0- 0.0

1003201 0.0 0.0 0.0

1004201 0.0 0.0 0.0

*

* DOWNCOMER

1100000 downcmr annulus

1100001 2

1100101 23.33,2

1100201 23.33,1

1100301 12.671,2

1100601 -90.0,2

1100701 -12.671,2

1100801 0.00015,0.3775,2

1100901 1.27 1.08 1

1101001 0,2

1101101 0,1
1101201 3 2102.3 570.0 0 0 0,2
1101301 0.0 0.0 0.0,1

*

* DOWNCOMER TO LOWER CORE PLENUM

1110000 dwn-plen sngljun

1110101 110010000 120000000 23.33 1.27
1110201 0 0.0 0.0 0.0

*

* LOWER CORE PLENUM

1200000 plenum snglvol

1200101 61.67 9.14 0.0 0.0 90.0 9.14
1200200 3 2102.3 570.0

*

* LOWER CORE PLENUM TO CORE

1210000 pln-core sngljun

1210101 120010000 130000000 47.26 10.35
1210201 0 0.0 0.0 0.0

*

* REACTOR CORE

1300000 core pipe

1300001 3
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1300101 47.26,3

1300201 47.26,2

1300301 3.556,3

1300601 90.0,3

1300701 3.556,3

1300801 0.00015,0.0414,3
1300901 5.29 6.27 2

1301001 O, 3

1301101 0,2

1301201 3 2102.3 570.0 0 0 0,3
1301301 0.0 0.0 0.0,2

*

* REACTOR OUTLET BRANCH

1500000 outlet branch

1500001 4 0

1500101 . 74.65 5.534 0.0 0.0 90.0 5.534 0.00015 0.0 00
1500200 3 2102.3 570.0

1501101 130010000 150000000 47.26 6.88 9.86 0000

1502101 150010000 200000000 5.585 1.484 1.651 0000

1503101 150010000 300000000 5.585 1.484 1.651 0000

1504101 150010000 160000000 69.61 1.0 1.0 0000

1501201 0.0 0.0 0.0

1502201 0.0 0.0 0.0

1503201 0.0 6.0 0.0

1504201 0.0 0.0 0.0

*

* REACTOR UPPER HEAD

1600000 upperhd snglvol

1600101 69.61 12.08 0.0 0.0 90.0 12.08 0.00015 0.0 00
1600200 3 2102.3 570.0

*

* punmp# 1

10000 loopl pump

10101 6.284 10.0 0 0 0 0 O
10108 240010000 6.284 0.0 O.
10109 250000000 6.284 0.0 0.
10200 3 2102.3 570.0 0 O
10201 0 0.0 0 O

10202 0 00 O

10301 2 -1 -3 -1 0 601 1

* pump vel, init vel ratio, flow gpm, head ft, torg lbft,I,

* dens,init torg O=calc, frict: CHANGE init vel rat to 0 for no pump
* add 10% pump head and higher rate pump flow. word4=273.02, w3=95000
10302 3560.0 0.0 95000.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 0

*

* pump#2
* .

00
00

20000 loop2 pump

20101 3.142 10.0 0 0 00 O

20108 340010000 3.142 0.0 0.0 O

20109 350000000 3.142 0.0 0.0 O

20200 3 2102.3 570.0 0 O

20201 000 0

20202 0000

20301 0 -1 -3 -1 0 602 1

* pump vel, init vel ratio, flow gpm, head ft, torq 1lbft,I,
* dens,init torqg O=calc, frict

* add 10% pump head and rated pump flow. word4=273.02, word3=47500
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20302 3560.0 0.0 47500.0 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O
*

* Pump 3 added to check steady state pressure drops

30000 loop3 pump

30101 3.142 10.0 0 0 0 0 O
30108 370010000 3.142 0.0 0.0
30109 380000000 3.142 0.0 0.0
30200 3 2102.3 570.0 0 O
30201 0 0 0 O

30202 000 O

30301 2 -1 -3 -1 0 602 1

* pump vel, init vel ratio, flow gpm, head ft, torq 1bft,I,

* dens, init torq O=calc, frict

* add 10% pump head and rated pump flow. word4=273.02, word3=47500
30302 3560.0 0.0 47500. 290.0 3400.8 380.3 62.3 3240.0 6.7 0 0 O

*

0
0

21100 1 1 0.0 1.826
21101 0.1 1.644
21102 0.2 1.524
21103 0.3 1.417
21104 0.4 1.321
21105 0.5 1.374
21106 0.6 1.323
21107 0.7 1.259
21108 0.8 1.187
21109 0.9 1.085
21110 1.0 1.0
21200 1 2 0.0 -1.42
21201 0.1 ~1.254
21202 0.2 -1.094
21203 0.3 -0.927
21204 0.4 -0.73
21205 0.5 -0.51
21206 0.6 0.0
21207 0.7 0.3
21208 0.8 0.54
21209 0.9 0.6887
21210 1.0 1.0
21300 1 3 -0.0 1.826
21301 -0.1 1.984
21302 -0.2 2.228
21303 -0.3 2.44
21304 -0.4 2.60
21305 -0.5 2.87
21306 -0.6 3.078
21307 -0.7 3.37
21308 -0.8 3.69
21309 -0.9 4.0
21310 -1.0 4.34
21400 1 4 -0.0 1.42
21401 -0.1 1.56
21402 ~-0.2 1.64
21403 -0.3 1.777
21404 -0.4 1.93
21405 -0.5 2.16
21406 -0.6 2.52
21407 -0.7 2.973
21408 -0.8 3.31

OPP1-REPT-001, Rev. 1 148 03/15/02



21409 -0.9 3.69
21410 -1.0 4.34

215001 5 0.0 0.2
21501 0.1 0.26
21502 0.2 0.30
21503 0.3 0.31
21504 0.4 0.35
21505 0.5 0.38
21506 0.6 0.4

21507 0.7 0.43
21508 0.8 0.496
21509 0.9 0.610
21510 1.0 0.768
216001 6 0.0 1.42
21601 0.1 1.23
21602 0.2 1.04
21603 0.3 0.807
21604 0.4 0.842
21605 0.5 0.826
21606 0.6 0.812
21607 0.7 0.812
21608 0.8 0.797
21609 0.9 0.769
21610 1.0 0.769
217001 7 -0.0 0.20
21701 -0.1 0.12
21702 -0.2 0.0
21703 -0.3 -0.24¢6
21704 -0.4 -0.513
21705 -0.5 -0.83
21706 -0.6 -1.035
21707 -0.7 -1.60
21708 -0.8 -2.05
21709 -0.9 -2.55
21710 -1.0 -3.10
218001 8 -0.0 -1.42
21801 -0.1 -1.715
21802 ~0.2 -1.96
21803 -0.3 -2.15
21804 -0.4 -2.34
21805 -0.5 -2.52
21806 -0.6 -2.69
21807 -0.7 -2.81
21808 -0.8 -2.93
21809 -0.9 -3.01
21810 ~-1.0 -3.10
21900 2 1 0.0 1.417
21901 0.1 1.262
21902 0.2 1.156
21903 0.3 1.041
21904 0.4 1.0

21905 0.5 0.961
21906 0.6 0.965
21907 0.7 0.980
21508 0.8 1.0

21909 0.9 1.002
21%10 1.0 1.0

22000 2 2 0.0 -1.45
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22001 0.1 -1.1
22002 0.2 -0.85
22003 0.3 -0.64
22004 0.4 -0.43
22005 0.5 -0.113
22006 0.6 0.241
22007 0.7 0.406
22008 0.8 0.610
22009 0.9 0.797
22010 1.0 1.0
22100 2 3 -0.0 1.417
22101 -0.1 1.56
22102 -0.2 1.73
22103 -0.3 1.93
22104 -0.4 2.16
22105 -0.5 2.37
22106 -0.6 2.69
22107 -0.7 2.92
22108 -0.8 3.19
22109 -0.9 3.56
22110 -1.0 4.0
22200 2 4 -0.0 1.49
22201 -0.1 1.64
22202 -0.2 1.777
22203 -0.3 1.93
22204 -0.4 2.1
22205 -0.5 2.37
22206 -0.6 2.60
22207 -0.7 2.92
22208 -0.8 3.19
22209 -0.9 3.56
22210 -1.0 4.0
22300 2 5 0.0 -1.32
22301 0.1 -0.89
22302 0.2 -0.61
22303 0.3 -0.40
22304 0.4 -0.24
22205 0.5 -0.118
22306 0.6 0.0
22307 0.7 0.12
22308 0.8 0.251
22309 0.9 0.391
22310 1.0 0.503
22400 2 6 0.0 1.49
22401 0.1 1.42
22402 0.2 1.35
22403 0.3 1.23
22404 0.4 1.13
22405 0.5 01.02
22406 0.6 0.916
22407 0.7 0.826
22408 0.8 0.718
22409 0.9 0.620
22410 1.0 0.503
22500 2 7 -0.0 -1.32

22501 -0.1 -1.66
22502 -0.2 -1.91
22503 -0.3 -2.19
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2.49
2.83
3.42
3.60
4.05
4.54
5.03
-0.0
1.85
2.20
2.52
2.85
3.15
3.49
3.84
4.23
4.61
5.03

-1.45

modeled as a volume
branch

1

0

22504 -0.
22505 -0.
22506 -0.
22507 -0.
22508 -0.
22509 -0.
22510 -1.
22600 2
22601 -0.
22602 -0.
22603 -0.
22604 -0.
22605 -0.
22606 -0.
22607 -0.
22608 -0.
22609 -0.
22610 -1.
*

* pump#3
*30000 pump3
*30001 2
*30101
*30200
*31101
*31201 0.
*32101

*32201 0.

*
*

20500100 tr503 tripdlay

20500101

20500200

20500201

20500300

20500301

20500400

20500401

*

16100 50
16101 O

16102 1.
26100 50
26101 O.
26102 1.
36100 50
36101 O.
36102 1.

*
*

OO0 WOOWOOoOwW

0

50

tr504 tripdlay

50

tr60l tripdlay

60

tr602 tripdlay

60

0.0

0.0

3

4

1

2

0.0

3010000 380000000

0.0

3.142

3.142

* heat slab for pressurizer

*

11000000
11000100
11000101
11000201
11000301
11000401

0
5

O ON

.0 2

70.0

3
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3.142 10.0 0.0 0.0 0.0 0.0 0.00015
3 2102.3 570.0
370010000 3000000 6.

6.

91

91
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11000501
11000601
11000701
11000801

*

* heat slab

*

11100000
11100100
11100101
11100201
11100301
11100401
11100501
11100601
11100701
11100801

*

410010000 10000 1
0 0 0 1 4.06 2
101 0.0 O
0.0 3.0 3

3 3 2 1 3.5

0 2

0.005 2

1 2

0.0 2

570.0 3

130010000 10000 1
0 0 0 1 3.556
102 C.0 0.33333
0.0 3.0 3.0 0.0

* heat slab for pumpl

*

11200000
11200100
11200101
11200201
11200301
11200401
11200501
11200601
11200701
11200801

*
*

.0 2
70.0 3
50010000
0 0 1

0
0

0 1 1

1.96
03 O. 0.0
.0 3. 0.0

OPRPONOORr OO

1
1.0
3.0

* heat slab for pump2

*

11300000
11300100
11300101
11300201
11300301
11300401
11300501
11300601
11300701
11300801

*

O OORr
o
o
[$)]
[\

.0 2
570.0 3
350010000 O 1 1
0 0 0 1

* heat slab for pump3

*

11400000
11400100
11400101
11400201
11400301
11400401
11400501
011400601
11400701
11400801

*

OoORrPOoOWULOorHr oo

.
(o)

.0

0.0 3
0010000 0 1 1
0 0 1 11.96
0.0 1.0 .0
3.0 3.0 0

()] [e o BEN|

O
O O W
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for reactor vessel

1 4.06 2

1 3.556 3

0.0 3

0.0 0.0 0.0

11.96 1

O =
.
o

0.0 0.0

11.86 1

1

1

0.0 0.0 0.0
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* heat structure property

*

20100100

*

c-steel

* general table »
* 49s were 19 and 50s were 20s

20210100
20210101
20210102
20210103
20210104
20210200
20210201
20210202
20210203
20210204
20210300
20210301
20210302
20210303
20210304
20210400
20210401
20210402
20210403
20210404
*

20510100
20510101
20510200
20510201
20510202
20510300
20510301
20510400
20510401
sk ok koK ok ok ke
20510500
20510501
20510600
20510601
e Kk ke Kk ok ok ok
20220100
120220101
20220102
20220103
20220104
20220105
20220106
20220107
20220108
20220109
20220110
20220111
20220112
20220113

* ok ok ok kokkk ok ok

20520100

g 410020000

g 130020000

power
0.0 0.0

49.999 0.0

50.0 0.9

1000.0 0.9

power

0.0 0.0

49.999 0.0

50.0 25.7

1000.0 25.7

power

0.0 0.0

61.999 0.0

62.0 2.8

1000.0 2.8

power

0.0 0.0

61.999 0.0

62.0 1.4

1000.0 1.4
gpzre sum 1.0e-6 0.0 1
0.0 1.0 g 410010000 1.0
gcore sum 1.0e-6 0.0 1
0.0 1.0 g 130010000 1.0
1.0 g 130030000
gpmpl sum 1.0e-6 0.0 1
0.0 1.0 g 250010000
gpmp2z sum 1.0e-6 0.0 1
0.0 1.0 g 350010000
tcleg sum 1.0 0.0 1
-459.67 1.8 tempf 360010000
pPpzr sum 1.0 0.0 1
0.0 1.4504e-4 p 410060000
reac~t

0.0 360.0

120.0 360.0

151.5 360.0
. 180.0 390.0

221.52 430.0

240.0 455.0

271.5 500.0

291.48 569.23

300.0 598.75

320.04 723.75

350.04 1073.75

400.00 2300.

600.00 2300.

porvst function 1.0 0.0 1
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20520101  cntrlvar 105 201
*end of cases
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ATTACHMENT 4
File List, and Qualification of RELAPS for LTOP Analysis
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Attachment 4 Discussion

The following pages present the Computer Program Certification for the use of RELAP in LTOP
analysis. A signed copy of this document resides in ENECON’s QA File OP116. The PC used in
this analysis is serial number HUR20007024. Its applicability for use of RELAPS in safety-
related analyses is certified by running eight test cases and comparing the results to sample
output provided by the RELAPS software developer. The results of that certification are
available in Reference 16 in QA file OP116.

The files used to develop this report are as follows. This list was developed using the DOS
command: dir *.* >list.txt.

Volume in drive C is DISK1PARTOQO1
Volume Serial Number is 0B2C-7189
Directory of C:\Relap\HML

<DIR> 10-19-01 4:22p .
- <DIR> 10-19-01 4:22p ..
M8OBAS TXT 23,300 01-28-02 1:03p m80bas.txt
MSTRP1 TXT 155 10-22-01 10:57a mstrpl.txt
STRP 0] 5,451 01-30-02 9:53a strp.o
R BAT 62 01-28-02 1:50p r.bat
LIST TXT 0 01-31-02 1l:11p list.txt
TPFD20 113,888 09-08-98 1:55p tpfd2o
TPEFH20 129,440 09-08-98 1:54p tpfhZo
S BAT 70 01-30-02 9:53a s.bat
S2 BAT 88 01-16-02 10:26p s2.bat
.M50P2 S 131,348 01-30-02 9:53a m50p2.s
M8O0BAS 0 1,788,114 01-28-02 1:21p mB8O0bas.o
53 BAT 89 01-16-02 10:27p s3.bat
M50P2 0 1,796,970 01-30-02 9:50a m50p2.0
M50P4 @) 1,796,970 01-28-02 4:13p mb0pd.o
M255P2 TXT 27,505 01-16-02 3:12p m255p2.txt
MB80OBAS S 131,348 01-28-02 1:49p m80bas.s
M305P2 TXT 27,475 01-16-02 3:23p m305p2.txt
M50P23 0 1,796,970 01-16-02 2:22p m50p23.0
HP503S30 O 3,240,105 01-16-02 7:54p hp503s530.0
HP504530 O 3,240,105 01-16-02 9:04p hp504s30.0
HSTRP2 TXT 156 10-17-01 5:11p hstrp2.txt
HP166S30 O 3,240,237 01-16-02 10:08p hplé6s30.0
M166P2 0 1,796,970 01-28-02 4:25p ml66p2.0
M50P4 S 131,348 01-28-02 4:13p m50p4d.s
M210P2 0 1,796,970 01-28-02 4:35p m210p2.o0
HP290S34 © 3,241,293 01-16-02 11:23p hp290s34.0
M50B S 231,448 01-28-02 5:56p m50b.s
M255P2 0 3,346,424 01-16-02 5:32p m255p2.0
M166P2 S 131,348 01-28-02 4:25p mlé66p2.s
M50B 0 4,166,373 01-28-02 5:56p m50b.o
M210P2 S 131,348 01-28-02 4:35p m210p2.s
M305P2 o] 3,346,316 01-16-02 5:55p m305p2.0
MPLOT XLS 9,364,480 01-17-02 11:12a mPlot.xls
RFILE R 16,845,832 01-30-02 9:50a rfile.r

M50BQ S 231,448 01-28-02 5:57p m50bqg.s
HPLOT LS 12,171,264 01-30-02 9:42a hplot.xls
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M50BB
PLOT
H166S30B
MSTRP2
MFULFLO
MSTRP3
H504530B
HP166S30
H504530Q
HP504530
M50P2
M166P2
M314P2
H503S30B
H503530Q
HP509530
H166530Q
M210P2
M314P2
HP504530
M50B
HP503S30
HP166530
M255P2
M305P2
M314P2
MFULFLO
M50P4
HP509S30
H509S30B
H509530Q
HP509530
HP503530
MPORV
MPORV
HP290S34
H290534B
H2905340Q
HP290S34

S 231,448
XLS 10,482,688
S 54,810
TXT 152
0 1,158,006
TXT 154
S 54,810
TXT 29,981
S 54,810
S 54,810
TXT 24,653
TXT 24,690
0 3,346,316
S 54,810
S 54,810
0 3,240,129
S 54,810
TXT 24,690
TXT 27,468
TXT 29,952
TXT 24,983
S 54,810
S 54,810
S 323,848
S 323,848
S 323,848
TXT 24,358
TXT 24,684
TXT 29,920
S 54,810
S 54,810
S 54,810
TXT 29,978
e} 1,341,075
TXT 27,637
TXT 30,150
S 54,810
S 54,810
S 54,810
75 file(s)

OPP1-REPT-001, Rev. 1

01-28-02
01-30-02
01-16-02
10-22-01
11-16-01
10-22-01
01-16-02
01-16-02
01-16-02
01-16-02
01-28-02
01-28-02
01-16-02
01-16-02
01-16-~02
01-16-02
01-16-02
01-28-02
01-16-02
01-16-02
01-28-02
01-16-02

01-16-02 1

01-16~-02
01-16-02
01-16-02
11-16-01
01-28-02
01-16-02
01-16-02
01-16-02
01-16-02
01-16-02
01i-16-02
01-16-02
01-16-02

157

e

=
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96,369,514 bytes

:57p
:42a
:25p
:12p
:50a
:30p
:06p
:37p
:06p
:06p
:49p
:54p
:25p
:56p
:56p
:59p
:25p
:54p
:26p
:35p
:53p
:56p
:25p
:33p

s

55p

:33p
:43a
:53p
:32p
:00p
:00p
:00p
:34p
:52a
:46a
:39%p
01-16-02 11:
01-16-02 11:
01-16-02 11:

24p
24p
24p

m50bb. s
plot.xls
h166s30b.

]

mstrp2. txt

mfulflo.o

mstrp3. txt

h504s30b.
hpl166s30.
h504s30qg.
hp504s30.

m50p2. txt

s
txt
s
s

ml66p2.txt

m31l4p2.0

h503s30b.
h503s30q.
hp509s30.
h166s30qg.

S
S
(@]
S

m210p2. txt
m314p2.txt

hp504s30.
m50b. txt
hp503s30.
hpl66s30.
m255p2.s
m305p2.s
m31l4p2.s

txt

S
S

mfulflo.txt

m50pd . txt

hp509s30.
h509s30b.
h509s30q.
hp509s30.
hp503s30.
mpoxrv.o

mporv.txt

hp290s34.
h290s34b.
h290s34qg.
hp290s34.

txt
s
s
s
txt

txt
s
s
s
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CspP 3.02
Attachment D
Sheet 1 of 2

Computer Program Certification

Program Name: RELAPS5/MOD3.2

Principal Use: Thermal-Hydraulic Analysis of Light Water Reactors
Revision/Version Reviewed By/Date Approved by/Date
RELAP5/MOD?3.2

The source code for this program is maintained by Information Systems

Laboratories (ISL). This Certification is to document the acceptability for use of this

software in analyzing Low Temperature/Over Pressure Protection applications at Light

Water Reactors.

Prepared By: Ralph K. Schwartzbeck

Program Capability/Intended Use:

RELAPS5/MOD3.2 has the ability to model single phase and two-phase flow situations in
both nuclear and non-nuclear systems. RELAPS5/MOD3.2 uses a non-homogeneous and
non-equilibrium calculation model that is based on six equations which represent mass,
momentum and energy for both the liquid and vapor phases. Additional features allow
inclusion of reactor point kinetics, control systems, pumps, pressurizers, steam separators,
and various types of valves.

The purpose of this certification package is to show code validation for use in analyzing
LTOP systems in Light Water Reactors as a consequence of a Pressurized Thermal Shock
condition.
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Ccsp 3.02
Attachment D
Sheet 2 of 2

Computer Program Certification (Continued)

Evidence of Accuracy and Applicability:

This version of the RELAP code is considered qualified for safety-related use under

- ENERCON’s Quality Assurance Program. The associated V&V package that qualifies
the code for general safety-related applications is on file in ENERCON’s Atlanta office
and is dated 2/19/98.

However, it is desired to show the RELAP5/MOD?3.2 code currently qualified is
specifically able to accurately predict the plant transient due to a Pressurized Thermal
Shock event which actuates Low Temperature/Over Pressure Protection (LTOP) systems
in Light Water Reactors. To do this, it is assumed that the operation of the LTOP system
can be considered a “controlled” Small Break Loss of Coolant Accident (SBLOCA).
This assumption is validated by the fact that a small break LOCA has been generally
defined to include any loss of integrity/break in the PWR pressure boundary which has a
break area of 0.5 ft® or less. This range of break areas encompasses all small lines that
penetrate the RCS pressure boundary including relief and safety valves, charging and
letdown lines, drain lines and various instrumentation lines. Additionally, the initiator of
the transient (a pressurized thermal shock) as well as the performance of the Pressurizer
should be modeled accurately during the plant transient.

The RELAP code manual (NUREG/CR-5535, Volume 5, Revision 4) provides abstracts
of reference documentation that have shown the accuracy and capability of the RELAP
code through its many years of use. This certification package provides a list of abstracts
that specifically identify the modeling of SBLOCAs, Pressurizers, and Pressurized
Thermal Shock events. This list is given in Attachment A of this certification package.

Page 2 of 3
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Based upon the numerous publications that show the use of the RELAP5/MOD3.2 code
for use in SBLOCA analysis, Pressurizer response analysis, and Pressurized Thermal
Shock analysis it is deemed acceptable to use the RELAP5/MOD3.2 computer code for
use in LTOP system analysis.

Examination of Attachment A shows that some of the published work was performed
using RELAP5/MOD?2. It should be noted that RELAP5/MOD3 was produced by
improving and extending the modeling base that was established with the release of
RELAP5/MOD2 in 1985. Code deficiencies identified by members of the International
Code Assessment and Applications Program (ICAP) through assessment calculations
were noted, prioritized, and subsequently addressed. Consequently, several new models,
improvements to existing models and user conveniences were added to RELAP5/MOD2

. to make MOD?3 of the code. The RELAPS code manual has a detailed list of some of

these features and improvements that have been made to RELAP5/MOD?2 and
incorporated as RELAP5/MOD3. This list will not be reproduced in this certification
package.

Therefore, in conclusion, it is acceptable to utilize the RELAP5/MOD3.2 computer code
for modeling LTOP system performance in response to a Pressurized Thermal Shock
event.

Page 3 of 3
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. ATTACHMENT A
LIST OF SELECTED PUBLICATIONS FROM
NUREG/CR-5535, Volume 5, Revision 4
THAT SHOW RELAP MODELING OF SBLOCA
and PRESSURIZER OPERATIONS
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10.

Attachment A

SBLOCA References

Adams, J.P, et. al., 1986, “Numerical Simulation of PWR Response to a Small
Break LOCA with Reactor Coolant Pumps Operating”, 4™ International
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