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ABSTRACT

Document resumes the final calculations of the thermal-

hydraulic aspects of the OECD LOFT-LP-FP-1 experiment, with

emphasis in those related with the assessment of the TRAC-

PF1 code.

LOFT LP-FP-l experiment was carried out at the LOFT faci-

lity in INEL, sponsored by the OECD.

Code used for this simulation was TRAC-PFI/Mod 1 (version

11.0) running on a CDC Cyber 830 (O.S. NOS-BE).
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FOREWORD

This report represents one of the assessment/application
calculations submitted in fulfilment of the bilateral
agreement for cooperation in thermalhydraulic activities
between the Consejo de Seguridad Nuclear of Spain (CSN) and
the United States Nuclear Regulatory Commission (US-NRC) in
the form of Spanish contribution to the International Code
Assessment and Applications Program (ICAP) of the US-NRC whose
main purpose is the validation of the TRAC and RELAP system
codes.

The Consejo de Seguridad Nuclear has promoted a coordinated
Spanish Nuclear Industry effort (ICAP-SPAIN) aiming to
satisfy the requirements of this agreement and to improve the
quality of the technical support groups at the Spanish
Utilities, Spanish Research Establishments, Regulatory Staff
and Engineering Companies, for safety purposes.

This ICAP-SPAIN national program includes agreements between
CSN and each of the following organizations:

- Unidad El6ctrica (UNESA)

- Uni6n Iberoamericana de Tecnologia El6ctrica (UITESA)

- Empresa Nacional del Uranio (ENUSA)

- Centro de Investigaciones Energ6ticas y Medioambientales
(CIEMAT)

- TECNATOM

- LOFT-ESPARA

The program is executed by 12 working groups and a generic
code review group and is coordinated by the "Comit6 de Coordi-
naci6n". This committee has approved the distribution of this
document for ICAP purpoEses.
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1. INTRODUCTION

The fission products release test LP-FP-1 was conducted on

Dec 19,1984. The first trial to conduct the test on Dec 12

had failed because of a defect in the position indicator of

the hot leg QOBV (Quick Opening Blowdown Valve). The test

was terminated by the PPS (Plant Protection System) action

at about 10 s and the transient ended at 50 s. This test is

designated as LP-FP-1A.

The thermal-hydraulic transient of the test LP-FP-1 has

been initiated by the reactor scram and opening of the QOBV's

with one second delay. This experiment simulates large break

LOCA in the cold leg with delayed ECC injection to allow pin

rupture and fission products release.

LP-FP-1 was specified to be similar to LOFT experiment

L2-5 and OECD LOFT experiments LP-02-6 and LP-LB-1, except

for initial primary pump operation, closure of the BLCL

valve and ECCS operation for core recovery and fuel cladding

quench.

rron the thermal-hydraulic point of view, the following

objqctives were considered achievable:

- Determine system thermal-hydraulics and core thermal res-

ponse for initial and boundary conditions similar to a

large break design basis LOCA leading to and limited to

fission product release from the fuel cladding gap region.

- Determine the fission product retention effectiveness of

the ECCS operating in a mode representative of a German
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PWR ECCS in nominal (best estimate) conditions for com-

bined hot leg and cold leg injection.

During the conduct of FP-1, most of the water in the

accumulator B line was unintentionally injected into the

upper plenum during the blowdown. This water distorted

-- the thermal behaviour of the core and delayed the burst

of the pressurized fuel pins by more than 200 s. Also

more than 60 % of the rods that were planned to burst,

remained intact, the thermal-hydraulic conditions in the

core at the time of fission product release are far less

definite than was expected. In order to be able to analyse

the test results and to carry out post-test calculations

using advanced thermal hydraulic codes, one has to know

the amount and the rate of water injected.

We have selected a history for this unexpected injec-

tion, based on previous studies. We have run a simulation

of 400 s, covering blowdown, heat-up and reflood phases

in order to compare the obtained results with the data

measured along the experiment, both hydraulic and thermal

variales.

&brief description of the LOFT facility, system con-

figuration for LP-FP-l experiment and test evolution are

included in Section 2, together with initial conditions

and operational set points.

Section 3 contains the input model for TRAC-PF1 code

and nodalization details.
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In Section 4, results obtained are checked against the

measured data for a set of important parameters showing

main physical phenomen.a that occurred during the experiment.

Run statistics in different regions of the transient

are shown in Section 5.

Conclusions and recomendations arising from the study

are resumed in Section 6.

Apendix A resumes the instrumentation nomenclature and

location for the LOFT system, related with the assessment.
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2. FACILITY AND TEST DESCRIPTION

2.1 System configuration

The LOFT facility was designed to simulate the major

components and system responses of a commercial PWR during

a LOCA. The experimental assembly includes five major sub-

systems which have been instrumented in such a way that the

system variables can be measured and recorded during a LOCA

simulation. The subsystems include:

- Reactor vessel

- Intact loop

- Broken loop

- Blowdown supression tank (BST)

- ECC system

Complete information on the LOFT system is provided in

ref (1].

The arrangement of the major LOFT components is shown in

Figs 2.1 and 2.2. The intact loop simulates three loops of a

commercial four-loop PWR and contains a steam generator, two

prixmy coolant pumps in parallel, a pressurizer, a venturi

flowmeter and connecting piping.

The broken loop consists of a hot and a cold legs, each

of which are connected to the reactor vessel and the BST

header. Primary coolant pump and steam generator simulators

were installed in the broken loop hot leg to provide the flow

resistence normally represented by these components in a
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commercial PWR. Each broken leg contains a quick-opening

blowdown valve, a recirculation line, an isolation valve,

an orifice to represent the break plane, and connecting

piping. The recirculation lines establish a small flow

through the broken loop to maintain hot fluid conditions

in these loops which otherwise are stagnant prior to

initiation of the experiment.

The LOFT reactor vessel, shown in Figure 2.3 has an

annular downcomer, a lower plenum, lower core support

plates, a nuclear core and an upper plenum. The downcomer

is connected to the cold legs of the intact and broken

loops and the upper plenum is connected to the hot legs.

The core consists of 1300 enriched uranium fuel rods

arranged in five square and four triangular fuel assemblies.

The fuel rods were designed to commercial PWR specifications

except that they are only 1.68 m long and several fuel rods

have special instrumentation. Twenty-four fuel rods were

enriched to 6 % (wt) U235, and twenty-two of these were pre-

pressurized at cold conditions to 2.41 MPa. The other two

fuel rods were unpressurized and were designed to be easily

removed for PIE. All other fuel rods in the core were un-

pressurized and enriched to 4 % (wt) U235. Fig 2.4 shows the

fuel cladding thermocouple locations and Fig 2.5 shows all

the central fuel assembly instrumentation, as well as the

locations of the two fuel rods which were removed for PIE.

Fig 2.6 shows the location for the thermocouples in the upper

plenum. Nomenclature and location of the instruments may

be seen in Apendix A.
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The ECCS in FP-1 was designed to simulate the hot leg

and cold leg ECC injection rates representative of the ECCS

operation in a KWU 1300 Mwe reference PWR under nominal con-

ditions. As mentioned, injection have to be delayed to allow

fuel rupture and fission product release and transport in a

vapour environment. Accumulator A was rooted to the intact

loop cold leg (Fig 2.2) and was used to inject ECC scaled to

the reference PWR best estimate cold leg accumulators and

LPIS injection based on power scaling ( 1:100).

Accumulator B was rooted to the upper plenum (Fig 2.2)

near the top of the center fuel assembly through a special

piping configuration conveniant to the LOFT system and not

related to the reference PWR. Accumulator B was designed to

inject ECC scaled to the reference PWR.

As the injection line enters the pressure vessel, it

penetrates through the central fuel module and branches in

the upper structure (see-Fig 2.7). At station 203.17 (3.44 m)

above reactor vessel bottom and about 42 cm above the top of

fuel pins, 6 reflood injection nozzles are positioned to in-

ject inside the flow shroud in the central fuel module. At

station 191.82 (about 13 cm above the top of fuel pins) an-

other 8 reflood nozzles are positioned in such a way as to

inject outside the flow shroud and towards the peripheral

elements. Details may be found in reference (21.

Accumulator B is connected to the pressure vessel by three

lines. Injection in the hot leg, in downcomer or in the upper

plenum can be activated. Direct injection in the downcomer is

6



only activated in case of PPS as hapenned in LP-FP-lA. The

same lines are also used by the low pressure injection system

(LPIS). See design of the injection line in Fig 2.8.

The upper plenum injection valve CV-P120-54 which is very

near to the pressure vessel was then opened about 90 s before

the test while the far valve CV-P120-33 was kept close. This

means that the whole line between that valve and the nozzles

in the upper plenum was subjected to the system pressure of

14.77 MPa during a period of 90 s before the test.

No accumulator blowdown and no venting of the primary sys-

tem were performed after the failed experiment and no precau-

tions were taken to prevent nitrogen injection. The injection

line of accumulator B included large amount of nitrogen before

system pressurization in the transient phase of FP-1. This

nitrogen was then compressed to system pressure during the

90 s after opening CV-P120-54 and the gas bubble was moved

towards the accumulator B, behind the flowmeter FE-P120-33.

The LOFT steam generator, located in the intact loop, is

a vertical U-tube-design steam generator. Operation of the

secondary coolant system approximates that of a commercial

PWR.
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2.2 Test description

LP-FP-I was defined to consist of four distinct phases

which were designated as: fuel preconditioning, pretransient,

transient and postransient. The four phases were continous

-and had specific beginning and ending definitions.

The purpose of the fuel preconditioning phase, in conjunc-

tion with the pretransient phase, was to subject the 24 6 %

(wt) enriched fuel rods in the new center assembly to the

minimum required burnup condition of 1175 MWD/MTU prior to

conducting the transient. This burnup is equivalent to power

operation at a maximum linear heat generation rate of 52.2

Kw/m for 20 days on the enriched fuel rods. The precondition-

ning phase started at the begining of plant heatup prior to

power operation and ended with termination of power operation

after the calculated burnup fraction had been achieved. An

additional period of preconditioning beyond that required for

minimum burnup occurred after the first attempt of conducting

the experiment. The delay of one week resulted in three more

days of power operation, reaching 1417 MWD/MTU.

The pretransient phase consisted of a reactor shutdown

interval of approximately five days, followed by a power ope-

ration interval. The final plant preparations were completed

during the reactor shutdown interval. The power operation

interval established the required minimum decay heat level

(86 % of DH in commercial PWR fuel rods after one year of

at 52 Kw/m), and the initial conditions for conducting the

experiment. The requirement to build up the short lived
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fission product inventory of 40 Equivalent Fission Product

Hours was achieved by 70 %. The pretransient phase started

at the termination of power operation in the preconditioning

phase and ended with initiation of the transient by a reactor

scram.

The transient phase of the experiment started with reactor

scram, followed by the opening of the QOBV's and ended at the

initiation of the closure of the broken loop hot leg (BLHL)

QOBV. The BLCL-QOBV was closed at 68 s to ensure that posi-

tive core vapour flow existed for the transport of fission

products, released from the fuel rod gap, along the intended

path for fission product measurements. The unplanned injection

of water in the upper plenum due to the expansion of non-

condensable gases in the injection line from accumulator B

have caused a delay in pin rupture, core reflood and system

recovery, which commenced at 344 s instead of the expected

value of 100 s on a peak cladding temperature trip of 1037 K

in the peripheral fuel assemblies was accomplished with cold

leg and upper plenum accumulator ECC injection. The maximum

cladding temperature measured in the central fuel assembly

was 1210 K.

The final (postransient) phase consisted of a 12 h time

from the closure of the BLHL-QOBV, for measuring the redis-

tribution of fission product inventory in gas and liquid in

the BST and PCS.

The initial conditions are specified in Table 2.1 together

with the measured system conditions inmediately prior to the

9



transient phase of LP-FP-l. The operational setpoints.speci-

fied'are listed in Table 3 together with the measured values.

Differences between specified and operational setpoints re-

flect in some cases the time elapsed between operator action

and system response.

As shown in Table 2.2, the break apertures was taken as

the initiation time of the experiment. The reactor was scram-

med one second prior to the initiation of blowdown. This was

done for avoiding early departure from nucleate boiling (DNB)

on the 6 % fuel rods which would lead to excessive cladding

temperatures early in the transient. The blowdown was the

initiated by opening the QOBVs and the pumps were turned off

and decoupled from their flywheels within I s.

The PCS quickly depressurized to saturation pressure in

the upper plenum, broken hot and cold legs by 0.1, 1.1 and

3.5 s, respectively. A bottom-up partial core quench occurred

between 6 and 7 s, followed at 12 to 18 s by a total top-down

quench of the central fuel assembly. The lower part of some

of the peripheral fuel rods did not completely quench at

this time. This total top-down quench was the 1st indication

that the upper plenum injection line was leaking. This un-

planned injection of water in the upper plenum doesn't in-

fluence the pressure history.

The cold leg QOBV was closed by 68 s, forcing all break

flow out the cold leg and core flow from bottom to top. A

sustained heatup of most (not all) of the core started at

90 s, resulting in the rupture of some of the enriched fuel

10



rods beginning at 325 s. The ECCS was initiated at 344 s

and the entire core was quenched by 365 s. A 12 h postexpe-

riment sampling period followed and the experiment was then

terminated with plant cleanup and sample removal for PIE.
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TABLE 2.1. Initial conditions for experiment LP-FP-1

*(a)Specified
Value

Measured
Value

PRIMARY COOLANT SYSTEM

Core delta T (K) ...............

Primary system pressure (hot leg)
(MPa) ................. ; .........

Hot leg temperatura (K) .........

Cold leg temperatura (K) ........

Mass flow intect loop (kg/s) ....

Boron concentration (ppm) .......

Primary coolant pump injection
(both pumps) (L/s) ..............

REACTOR VESSEL

Power level (MW) ................

Maximum linear heat generation
rate (kW/m) .....................

Control rod position (above
full-in position) (m) ...........

14.4.± 0.1

14.95

577

± 0.1

± 1.1

14.77

577.6

563.2

486.7

612

±

4.

4-

±.

4.

0.07 (b)

0.8

1.1

2.5 (b)

15

(-1.2 %)

(+1.6 %)479 ± 19

0.127 ± 0.016 0.126 ± 0.003

38 ± 1

"L,52

37.0 ± 1.2 b)

51.2 ± 3.6

1.38 ± 0.002

(-2.6 %)

1.37 ± 0.01

STEAM GENERATOR

Secondary system pressure (MPa) .

Water level (m)(c) ..............

PRESSURIZ

Liquid volume (m3.) ...............

Steam volume ....................

Water temperature (K) ...........

Pressure (MPa) ..................

Liquid level (m) ................

BROKEN LOOP

Cold leg temperature (K) ........

Hot leg temperature (K) .........

6.41 ± 0.08

0.15 ± 0.06(b)0.19 ± 0.05 (-21 %)

0.66 ±

0.27 ±

616.2 ±

14.73 ±

1.23 ±

0.02

0.02

5.8

0.11

0 .0 4 (b) (+9.8 %)1.12 ± 0.1

561.4 ± 1.5

564.8 ± 1.8

... / ...
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... / ...

Specified (a)

Value
Measured

Value

SUPRESSION TANK

Liquid level (m) ................

Gas volume (m 3) .................

Water temperature (K) ...........

Pressure (gas space) (kPa) ......

Boron concentration (ppm) .......

EMERGENCY CORE COOLING SYSTEM

Borated water storage tank tem-

perature (K) ....................

Accumulator A liquid level (m)

Accumulator A standpipe position
(above inside bottom of tank) (m)

Accumulator A pressure <MPa)

Accumulator A liquid tempera-
ture (K) ......................

Accumulator B liquid level (m)

Accumulator B pressure (MPa) ....

Accumulator B liquid tempera-
ture (K) ........................

1.27 ± 0.127 1.52

47.90

354.4

99.5

3898

4.

4.

4.

±.

4.

0.06 2) (+19.6 %)

2.11

3

3

15

303

2.15

t
4t

3

0.03

4.14 ± 0.17

303.4

2.11

0.4

4.30

300

2.08

4.26

±
4.

4.

4.

4.

4.

4.

7

0.01

0.03

0.06

6 2)

0.01

0.06

2) (-1.8 2)

2) (+3.8 2)

303

2.1

4.14

4.

4.

4.

3

0.03

0.17

2)

2)

(-0.99 %)

(-0.9 2)

(+2.8 %)

(+1.6 %)303 ± 3 308 ± 6 2)

(a) If no value is listed, non was specified.

(b) These values were out of specification.

(c) Stiam generator liquid level referenced to 2.95 m (116 in.) above top

of tube sheet.
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TABLE 2.2. Operational setpoints

Event Specified Actual(s) (s)

Reactor scram ............................... 1.0 ± 0.025 -0.99 ± 0.01

QOBV open .................................. 0 0

Primary pumps turned off ................... 1.25 ± 0.25 0.91 ± 0.01

FPMS isolation valve opened ................ 29 ± 2 29.2 ± 0.1

BLCL QOBV closed ........................... 49 ± 5 62.5 t 0.1

FPMS incore isolation valves closed(a) ..... 341 340.8 ±t 0.05

Accumulator A & B injection started(b)..... 347 ± 1 344.3 ± 0.05

FPMS BLEL isolation valve closed(c)........ 371 ± 2 371.7 ± 0.05

(d)
Accumulator injection stopped ............ 507 ± 1 506.5 ± 0.5

KPIS injection starts d)................... 507 ± 1 515.8 ± 0.5

(e)BLHL QOBV closed .......................... <527 535 ± I

QOBV isolation valves closed.. ............ >527 695 ± 1

(a)

(b)

(c)

(d)

(e)

(f)

Defined as when 3 peripheral thermocouples measured 1037 K (1408 *F).

5 to 7&. after FFMS incore isolation valves closed.

30i2 a after FPMS incore isolation valve closure.

160 s after accumulator injection initiation.

Within 20 s after accumulator injection termination.

After closure of BLHL QOBV.
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3. INPUT MODEL AND NODALIZATION

3.1 Code

Code used was TRAC-PF1/Mod 1 (version 11.0), installed on

CDC Cyber 830.

The Transient Reactor Analysis Code (TRAC serie P) is an

advanced best-estimate code for handling PWR accidents, having

the capability to make a 3-D model in the reactor vessel. Code

uses full two-fluid model with two-steps numerics in the one-

dimensional components and may also handle a noncondensible

gas field.

TRAC has the capability to treat the following physical

phenomena:

1. ECC downcomer penetration and bypass, including the effects

of countercurrent flow and hot walls

2. Lower plenum refill with entrainment and phase separation

effects

3. Bottom-flood and falling-film reflood quench fronts

4. Multidimensional flow patterns in the core and plenum

regions

5. Pool formation and countercurrent flow at the upper core

support plate region

6. Pool formation in the upper plenum

7. Steam binding
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8. Average rod and hot rod cladding temperature histories

9. Alternate ECC injection systems, including hot leg and

upper head injection

10. Direct injection of subcooled ECC water, without artifi-

cial mixing zones

11. Critical flow (choking)

12. Liquid carryover during reflood

13. Metal-water reaction

14. Water-hammer effects

15. Wall friction losses

16. Horizontal stratified flow, including reflux cooling

Code has been used without any modification in models or

components. No multiplicative factor for minimum stable film

boiling temperature (MSFBT) has been introduced.
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3.2 Nodalization

Nodalization of the LOFT system for the FP-1 test may be

seen in Figures 3.1 to 3.6 and Table 3.1.

Input deck for determinig the plant steady state (actually

-a first processing by TRAC), is in Table 3.2.

Reactor vessel is modelled as three-dimensional due to the

non-homogeneous phenomena registered during the experiment.

3-inner rings represent the core and the 4th downcomer,which

extends from level 3 to level 11. Core covers levels 4 to 8

and loops insert at level 11.

First ring simulates the central (11 x 11) fuel assembly

and around, a zircaloy shroud. Second and third rings are the

internal parts of the peripheral bundles. Vessel is nodalized

in 192 cells.

Bypasses have been introduced in the nodalization for get-

ting a better calculation of core liquid fraction (underes-

timated in pretest calculations). Description and calculations

of these bypasses may be found in reference (3):

- 4 bypasses connecting lower and upper plena, carrying

4.7 % of the flux through the intact loop in the steady

state.

- 3 bypasses from downcomer to lower plenum, carrying 4.1 %

of the above mentioned flux.

The existence of 1300 rods in the core was simulated using

18 "theoretical" TRAC rods:
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- 12 standard rods, representing 4 % enriched fuel rods,

one per internal cell.

- 4 rods with peak factor 1.25, simulate the 24 - 6 % fuel

rods, one per cell in the central ring.

- 1 rod in cell 8 with peak factor 1.094

- 1 rod in cell 12 with peak factor 1.236

Rod axial dynamic renodalization factor is fixed in a

value of 11, instead the initially selected. of 60, due to

high running times.

Decay heat used has been obtained from the previous power

and burn-up histories and may be seen in Table 3.3.

Figure 3.4 shows the intact loop nodalization, including

pressurizer, primary side of SG and ECCS with the roots of

LPI and.HPI systems:

- Accumulator A has been simulated as a PIPE component ins-

tead an ACCUM component for avoiding calculation time. Flow

rates correspond to those of a 1300 MW scaled KWU reactor.

- Cold leg is fractioned in several cells for helping follow

condensation when the accumulator begins to inject.

- Pressurizer has been simulated also as a PIPE for the same

reason as before. FILL connected at the upper end represents a

relief valve.

Steam generator secondary side is modelled as a STGEN

component, including secondary downcomer, main steam line and

steam control valve (see Figure 3.5).
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Broken loop is shown in Fig 3.6. where secondary sides of

TEES represent Reflood Assist Bypass Valve, connecting both

legs. Hot leg, which ihcludes simulators of steam generator

and pumps, is nodalized in detail but the cold leg has been

defined using the minimum number of nodes, due to the TRAC

ability for modelling the choked flow.

Accumulator B has been nodalized as 12 independent FILLs

(one for each cell) rooted on the vessel axial node 9, where

the upper head injector is located. Each FILL has the same

injection history (see Fig 3.7 and Table 3.4) but different

weights. History has been defined to be azimuthally symmetric

but non-homogeneous from one ring to another. During the blow-

down and heatup phases, these weights are:

Weight
Ring Weight per cell

1 0.33 0.0825

2 0.67 0.1675

3 0. 0.

Planned injection from 345 s on, follows the measured data

from accumulators and the corresponding weights are:

Weight

Ring Weight per cell

1 0.20 0.05

2 0.34 0.085

3 0.46 0.115

Unexpected injection history from accumulator B line has

been selected through several parametric studies from diffe-

rent authors and from the data registered by thermocouples
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such as TE-5UP-004 (see Fig 3.8), guide tubes and flowmeter

FE-P120-31. Main characteristics of the selected injection

were:

- Bulk of mass injection starts at 16 s, being preceeded

of a slight mass flow of coolant.

- Duration of this injection expands up to 100 s.

- Mass flow doesn't cease during the heatup phase.

- A second injection peak exists al 270 s.

- Total unplanned mass water injected is 400.5 Kg.

Trips defined in TRAC to simulate the events occurred

during the experiment, were:

t(s) Event Components

.0. SCRAM 50

1. QOBVs aperture 32,43

2. Pumps disconnect 4,5

63.5 QOBV (BLHL) closes 43

345. Reflood begins 15

Accutmulator B and BREAKS are inhibited during the plant

steady state calculations. When this state is reached, code

starts the transient using restart data and the input deck

in Table 3.5.
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TABLE 3.1. Nodalization elements of LOFT system

Component DescriptionNumber of Cells
Number Drmayiecidr Primary Secondary

Intact

Loop

1

2
3

4
5
6
7
8

Hot leg--TEE ..................

Steam generator--STGEN ....
Steam. generator to pump
piping-TEE ...................
Pup--PuMT ....................
Pump-PU•le ....................
Pump discharge-TEE ............
Cold leg-TEE ......... .........
Pressurizer-PRIZER ...........

Header-TEE ....................

Dovncomer-TEE .............

Exit valve-VALVE ..............
Water inlet--FILL .............
Steam exit--BREAK .............

Steam

Generator

Secondary

21

22

23
24
25

8

10

3
2
2
2
9
3

2

4

6

12
4

-4
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2

3

5

3

1
1

I

1

Vessel 50 Vessel

Axial levels ................
Radial segments .............
Azimuthal sectors ...........

192

Broken

Loop

Emergency

Core

Cooling

Systems

31

41

32
42
43

12

13

14

15
16

• Hot leg--TEE(a)................

Cold leg--TEE(a) ..............

Hot leg break-BREAK ...........
Cold leg break--BREAK .........
Cold leg break--VALVE .........

HPI connection and piping--TEE.

LPI connection and piping--TEE.

Accumulator check valve--VALVE.

Accumulator-ACCUM .............
HPI- FILL .....................

Upper plenum connections,
Cells I through 12, Vessel
Level 9--PIPE .................

Upper plenum fills--FILL......

4

I

2

3
1

3

2

I
I

I

Upper Plenum 81-92

i

ECCS 61-72

(a) Secondary sides of
bypass lines.

hot and cold bloken loops represent reflood assist
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TABLE 3.3. Decay heat in LP-FP-1

t(s) DH (MW)

0. 37.
0.3 32.425
0.9 .9.875
1.28 5.514
1.38 3.990
1.40 3.299
1.46 2.996
1.52 2.648
1.59 2..332

.1.61 .2.271
2. 2.155
3. 2.062

t(s) DH (MW)

4. 1.987
6. 1.875
8. 1.792

10. 1.726
15. 1.605
20. 1.518
30. 1.396
40. 1.309
60. 1.136

100. 1.070
200. 0.950
300. 0.840
10.E4 0.053

I

TABLE 3.4. Unplanned injection history

-I

Mass flow Integrated
t(s) rate (Kg/s) flow (Kg)

.0. 0. 0.
0.45 13.0 2.9
1. 0. 6.5
2. 0.67 6.8

16. 0.67 16.2
38. 7.2 102.8
40. 5..9 115.9

100. 0. 292.9
175. 0.5 311.6
255. 0.5 351.7
265. 0. ' 354.2
271. 1.8 359.6
277. 0.5 366.5
345. 0.5 400.5
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Figure 3.1. Section of LOFT reactor
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4. RESULTS

4.1 Steady state

Plant steady state conditions have been determined after

52 s of "pseudo-transient" for starting the transient phase

calculations, based on the referred input model.

Table 4.1 resumes the final values for a representative set

of variables, compared with the equivalent measured ones. The

agreement is good in general, except in the case of the steam

generator dome pressure, which shows a minor convergence ra-

te. The main consequence of this fact is to have a slightly

higher temperature in the intact loop (mantaining differences

between hot and cold legs), without influence on the transient

evolution.

Convergence criteria used (also in transient) have been:

- Inner convergence : 5.OE-6

- Outer convergence : 5.OE-4

- Steady state convergence : 1.OE-5

- Maximum number of. iterations in vessel : 50

- Maximum number of outer iterations : 10

- Maximum number of steady state iterations : 25

Total calculation time for this 52 s of pseudo-transient

has been 89400 s of CPU.
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4.2 Transient

We analize in this chapter, results obtained after simula-

ting 400 s of transient, compared with measured data along

the experiment. In the case of hydraulic variables, comparison

is done between registered data and the variable calculated

in the TRAC node related to the detector actual location. For

cladding temperatures, code provides information at fixed rod

heights; measurements for each thermocouple is compared with

the calculations in two adjacent levels and, in some cases,

using a cosine law interpolation.

Analysis is mainly directed to explain the asymmetry in

the damaged rods distribution and to determine vessel thermal-

hydraulic conditions during the fuel rod rupture period

(325-345 s), in connection with fission products generation

and transport.

Start time of simulation begins at scram time in order to

take into account its effects on the plant thermal-hydraulic

state, mainly on rod temperatures. From simulation start point

through the instant of QOBV apertures, cladding temperatures

decrease remarkably, while hydraulic variables remain nearly

constant.
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4.2.1. Exit flows

When QOBVs open, system pressure drops suddenly due to the

subcooled flow through the breaks. Code slightly overestimates

(,7 %) system pressure up to 16 s, when becomes lower than

the observed one, partly because of the unplanned injection

existence. The final pressure in the blowdown phase is well

calculated (see Fig 4.1).

Figures 4.2 to 4.5 show mass flow rates through the loops,

and figures 4.6 to 4.9 the corresponding densities.

Sudden aperture of QOBVs in the broken loop drives the

fluid, initially subcooled, to flow out at high velocity,

higher in the cold leg, a way with a lower resistence. As

pressure continues decreasing, fluid in the broken loop suffer

saturation conditions, reaching critical velocity and redu-

cing the mass flow rate. Simultaneously in the intact loop,

flow decreases but at lower rate so there is a net positive

mass inventory in vessel, causing a bottom-up quench, starting

at 4.5-5 s in simulation time (I s less in real experiment

time) (see Fig 4.10 for CORE).

Mass flow rate in the ILHL shows a good agreement with

FR-PC-205 detector measurements up to 7 s, when code calcula-

tes a back flow from the pressurizer and steam generator.

Total mass implied in this flow is about 500 Kg in 18 s, which

causes a top-down quench. Fig 4.6 is a plot of the density

in ILHL showing two peaks, one for each mentioned back flows

(pressurizer and steam generator). First peak is underestima-

ted and delayed, but the second one is simulated properly.
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In the ILCL, there is no reference data, because detectors

have been removed in this experiment.

Agreement of mass flow rates in BLHL with experimental data

is exceptionally good, matching the peaks caused by the men-

- tioned quenches.

Code underestimates the mass flow rate in the BLCL during

the initial phase, causing a greater mass inventory and, con-

sequently, a greater pressure as Fig 4.1 has showed (always

in the range of the experimental data uncertainties).

Vessel liquid fraction for upper plenum, core and lower

plenum may be seen in Fig 4.10, where all the referred initial

hydraulic effects can be observed in timing and relative mag-

nitude.
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4.2.2 Initial quenches

Loss of coolant and depressurization have as a direct con-

sequence the interruption of fission processes and a drastic

fall in the capability of cooling the fuel rods, from now on

producing only-decay heat.

Figures 4.11 to 4.14 show the evolution of cladding tem-

peratures for the simulated 6 % fuel rods 13, 14, 15 and 16,

at heights 0., 0.305, 0.533, 0.762, 1.219 and 1.676 m, during

the blowdown phase. Fig 4.15 to 4.18 show, for the same rods

and heights, the evolution in the whole transient (blowdown,

heatup and reflood phases).

The explanation of the behaviour in cladding temperatures,

can be derived from the comparison between this TRAC calcula-

ted variables and the corresponding measurements, such as in

figures 4.19 and 4.20.

Code calculates an initial rod dry-out beginning at about

3 s (depending on the level). This first heat-up brings clad-

ding temperatures up to the minimum stable film boiling tem-

perature (MSFBT) or beyond, for almost the whole rod surface.

A first. (bottom-up) quench stops the rise in temperatures in

th. bar, but isn't able to destroy the film, as the experiment

has showed.

After this slight cooling, temperature grows again (in film

boiling regime) through the second quench (top-down at 16 s),

which rewets all the bar, remaining yet in the same heat

transfer mode, while experimental data show a second quench

dropping the cladding temperature to saturation. Code predicts
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a maximum temperature 2 or 3 s earlier than in the experiment.

Thermocouples remain at saturation several second, but a

third dry-out occurs, irregular in timing and magnitude. An

unexpected injection, actually non-homogeneous and asymmetric

ends this phase. Code responds to the simulated injection only

decreasing slowly cladding temperatures and, in some cases

(as the 4 % fuel rods in central ring and 6 % fuel rods in

cell 3) quenching the whole rod and getting the saturation

temperature in the surface, when the MSFBT is reached, but

in times delayed up to 40 s, compared with the measured in

the experiment.
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4.2.3 Heat-up

After the blowdown phase and under the effects of a decrea-

sing unexpected injection, calculated cladding temperatures

for rewetted rods begins to departure from nucleate boiling

in time very near to the observed. Several thermocouples

- (such as 5G08 or 5105) undergoes particular quench situations

reaching the DNB point very late. Code, of course, cannot

predict these special cases because simulated injection is

defined to be symmetric.

DNB point is exceptionally well matched in rods 5G08, 5111,

5E09 and 4G14, all of them starting from saturation.

Calculated mean heating rate, from DNB to reflood point,

for 6 % fuel rods is about 3 K/s at peak power elevation,

being 4-5 K/s a typical value for the initial rate. Calculated

values are very near to measured data.

In those cases when cladding is in film boiling regime, the

slope is nearly the same or lower, but starting at temperatu-

res 200-300 K higher (see figure 26).

The effects of a second peak of injected water at 270 s,

which provides about 12 Kg of coolant, are seen as a little

decrease of 10-15 K in cladding temperatures. Actually, this

was distributed in a very chaotic way, such as several ther-

mocouples showed (including those in guide tubes).

Heat-up follows steadily from this point through the simul-

taneous injection from accumulators A and B at 345 s.
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Table 4.2 resumes the maximum cladding temperatures

reached in the TRAC simulated rods at peak power elevation

(27 inch). Marked values correspond to those rods which remain

in film boiling regime during the whole transient. Fig 4.23

to 4.25 show the behaviour of those instrumented 6 % fuel rods

which ruptured, compared with the corresponding TRAC calcula-

tions. In the case of 5011, the agreement is exceptionally

good, because of heat-up starts from saturation.

For peripheral rods (Fig 4.26), when the simulated rod has

descended from film boiling regime, the fitting in the final

heat-up phase is sucessful.

Thermocouples cited abqve, show succesful fits between

calculations and measured data along the final heat-up phase.

In the case of SGO (4 % enriched fuel rod), predicted clad-

ding temperature is lower than the registered during the final

heat-up phase, so it's possible that the actual temperature in

central element during the rod rupture period were slightly

higher than the calculated one. This comment is derived from

only one 4 % enriched rod and must be seen as an hypothesis.
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4.2.4. T/H conditions during rod rupture period

Results from TRAC shows that all the hydraulic variables

were nearly constant during the period in which, eight 6 %

fuel rods ruptured (325-345 s).

A small quantity of water from accumulator B line was fal-

ling over the element during this phase, as some detectors

showed (see Fig 3.8 for TE-SUP-004). We are feeding the system

with 0.5 Kg/s of coolant in this period, which flows down

among the rods, vaporizing partly.

Tables 4.3 to 4.4 resume the mean (ring averaged) vapor and

liquid behaviour during the rod rupture period, when eight

6 % fuel rods failed. Fig 4.27 shows the flow patterns (also

during rupture period, when 8 - 6 % fuel rods failed. Figure

averaged per ring) through the vessel.

One may see two possible and alternative paths for the

generated fission products, both starting at peak power eleva-

tion (where there is a stagnation point) through BLHL:

- Ascending from this point to the upper plenum

- Descending from peak power elevation to the lower plenum

and then, ascending through the peripheral bundles in

ring 3.

Vapor in the upper plenum has a very asymmetric behaviour

(Fig 4.28 and 4.29), which may be explained by the presence

of the hot legs. Those cells near to the cold legs have near

identical values.

In second ring (inner parts of peripheral bundles), vapor

is nearly stagnant during this period.
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4.2.5. Combined injection

From 345 s on, both accumulators inject coolant for system

recovery. Injection caused dramatic oscillations in all plant

variables, except on cladding temperatures which drop steadily

to the moment when the MSFBT is reached and the film is des-

troyed. Quenching is nearly instanteneous but happens with a

great delay respect to the measured final quench times. Enri-

ched fuel rods (6 %) doesn't have completed the rewetting

phase at 400 s in TRAC calculations.

Some other characteristics of the reflood period are:

- Core liquid fraction rise from 0. to 0.8 at a rate of

4 Kg/s (see figure 4.30).

- Vapor temperature in the core, decreases at a rate of

about-6.5 K/s near the peak power elevation.

- Cooling rates for cladding temperatures are about:

7 K/s for 4 % enriched fuel rods in central element.

10 K/B for 6 % enriched fuel rods in central element.

10 K/s for 4 % enriched fuel rods in peripheral ele-

ments.
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TABLE 4.1. Plant calculated steady state

Hot leg pressure (Mpa)

Hot leg temperature (K)

Cold leg temperature (K)

Mass flow in loop (Kg/s)

Steam generator secondary
pressure (Mpa)

Pressurizer pressure (Mpa)

Pressurizer temperature (K)

Broken loop cold leg
temperature (K)

Measured TRAC/PFI

14.77 + 0.07 14.87

577.6 + 0.8 581.6

563.2 + 1.1 567.2

486.7 + 2.5 487.5

6.41

14.73

616.2

+ 0.08

+ 0.11

+ 5.8

6.77

1.4.85

614.3

562.0

565.0

561.4 + 1.5

564.8 + 1.8
Broken loop hot leg

temperature (K)

TABLE 4.2. Maximum cladding temperatures during
rod rupture phase

4% Rod T(K) 6% Rod T(K)
-- - -- - - - - - - - - - - - - - - - -

Ring 1

Ring 2

Ring 3

1. 1025
2 1018
3 1018
4 1048

5 1076"
6 1173*
7 1165*
8 1176*

10 950
11 933
12 940
13 952

13 1254*
14 1238*
15 1167
16 1192
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TABLE 4.3. Vapor axial velocity (m/s) in central
ring during rod rupture phase

LEVEL

4
5
6
7
8

CELL

1 2 3 4

-0.75 -0.61 -0.71 -1.36
-0.41 -0.30 -0.39 -0.71
0.03 0.01 0.03 0.02
0.73 0.52 0.70 1.33
1.08 0.89 1.06 1.35

TABLE 4.4. Liquid axial velocity (m/s) in central
ring during rod rupture phase f

LEVEL

4
5
6
7
8

CELL

1 2 3 4

-3.60 -3.60 -3.60 -3.60
-3.51 -3.53 -3.51 -3.50
-3.45 -3.47 -3.45 -3.40
-3.35 -3.39 -3.35 -3.28
-3.26 -3.29 -3.26 -3.22

TABLE 4.5. Vapor temperature (K) in central ring
during rod rupture phase

LEVEL

4
5
6
7
8

CELL

1 2 3 4

502 498 499 548
628 621 625 666
640 636 637 660
598 596 597 617
498 491 497 522
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Figure 4.28. Vapor axial velocity (m/s) from level 10 to 11
during rod rupture phase

Figure 4.29. Vapor radial velocity (m/s) in level 11 during
rod rupture phase
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5. RUN STATISTICS

In the nodalization defined we have used the following

number of cells:

- Vessel and core ..... 192

Intact loop .......... .54

- Broken loop ......... 37

- Steam'.g'eerator
(sec6fidary side) . 19

Total number of cells = 302

Minimum and maximum time steps selected were:

Range .(s) .....DTMIN (s) . DTMAX (s)

0 - 1 I.E-5 l.E-3

.1 - 5 I.E-5 l.E-2

5 - 345 i.E-5 l.E-1

These maximum values haven't been reached in any phase as

may be seen in-Fig 5.1, where the time step evolution along

the transient is shown.

Figure 5.2 reflects the cumulative CPU time used in calcu-

lating the transient. Clearly, we can distinguish two phases

according to the time steps selected by the code:

Number CPU
Phase Range (s) - steps: time (s) . RS .

Blowdown

& Heat-up 0 - 345 21500 624E3 96.1

Reflood 345 - 400 16000 576E3 119.2
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*The last column, named RS, represents the calculated run

statistics (CPU time in ms per cell and time step) in units

of ms/(ceil*step).

Machine used for this calculation was CDC Cyber (operating

system NOS-BE) with reserved Core Memory = 376500 and Exten-

ded Memory = 500.

83



w
(fl

In
M

I-

C-
L)

14.00

12.00

10.00

8.00

6.00

4.000

2000

0600

0.0 50.0 100.0

Figure 5.2.

150.0 200.0 250.0 300.0 350.0 400.0

Accumulated CPU time

30.00

25.00

Li
w
U,

a.
w
I-

w

I--

20.00

15.00

10.00

5.00

0.00

_ _ _ _ _

0.0 50.0 100.0 150.0 200.0 250.0

TIME (SEC)

Figure 5.1. Time step evolution

300.0 350.0 400.0

84



6. CONCLUSIONS

1. Good agreement exists between calculated and experimental

hydraulic variables during the blowdown, like pressure,

mass flow rates and densities.

2. TRAC-PFl cannot simulate observed initial quenches and fi-

nal quench time. If these delays were consequence of an

incorrect value of MSFBT, introducing a multiplicative cor-

recting factor greater than 1.12 in the correlation for

MSFBT (only for the FP-l case), the experimental quench

time can be reproduced.

3. Good agreement is found between calculated and measured

cladding temperatures for the 4 % enriched rods in central

fuel assembly.

4. Those simulated 6 % fuel rods which suffer quench during

the blowdown phase (such as rod 15 in TRAC, close to ILCL),

show the best fitting with thermocouple data. For the

remaining 6 % and peripheral rods, higher temperatures are

calculated in film boiling transfer regime.

5. Three-dimensional behaviour is calculated, although unpla-

nned upper plenum injection was defined to be azimuthally

symmetric within each ring.

6. Flow patterns during rod rupture period show two possible

paths for fission products in a non-dry phase.
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APENDIX A. LOFT system instrumentation

This section resumes the instrumentation nomenclature and

location in the LOFT facility, contained in reference 5)].

Figures show locations for the main instrumentation used

for the FP-1 thermal-hydraulic study.

All experimental data plotted in this document are identi-

fied using the instrumentation nomenclature explained in

Table A.1, which is also used for the related variables. The

DIRC report resumed, shows the qualified and failed data in

the experiment, recorded at 50 samples per second, except

in the cases which are noted.
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TABLE A.1. Nomenclature for LOFT instrumentation

Designation for the different types of transducers

RPE - Pump speed FE - Coolant flow
PE - Pressure transducer DE - Densitometer
PdE - Differential pressure ME - Momentum flux
LE - Coolant level FT - Flow rate
PS - Pressure switch TC - Fuel centerline
TE - Thermocouple

Designation of systems

PC - Primary coolant intact
BL - Broken loop
RV - Reactor vessel
P120 - Emergency core coolant

system

LP - Lower plenum
ST - Dowcomer stalk
UP - Upper plenum
P128 - Primary coolant

addition and control

Designation for Core instrumentation

Transducer location (inches from bottom)

Fuel assembly row

Fuel assembly column

Fuel assembly number

.Transducer type

TF-3BI1-28
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Figure A-5 . Instrument Locations - Broken Loop Differertial
Pressure Measurements
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C DRAG DISC IN CALCULATION

INITIAL CONDITIONS ONLY

01-t6-65

01-22-8S

01-22-ES
1

01-03-05

01-03-8,

QUALIFIED

QUALIFIED

QUALIFIED

QUAL IFIED

QUALIFIEO

%0 FT-PO04-091 VOLUMETRIC FLOW SECONDARY 01-03-85 QUALIFIED
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0510Z101 EFFECTIVE DATES 01130165
15.52.31 FP-I FINAL DIRC QUALIFICATION REPORT RIVISION0 FINAL

SYSTINI LOCI Fr-I

a...0 .a..& a o Semn .se ms aon aa .a easie s~ue~eu~~~ea a.. a a same a Samoa me wa ewe ewe ea oaee

MEASUREMENT
IDENTIFICATION

HIASUREMENT
DESCRIPTION

OUAL
DATE

QUAL
STATUS QUALIFYING $STATNINTIS)'

-

I-
0

FT-POOA-72A

FT-POO-T7Z-Z

FT-PIZO-072

I FT-PIZo-085

FT-PIZO-005
(

FT-P120-1O4

( FT-PI39-Z7-1

(

FT-P&39-Z7-Z

FT-PI,39-0T-3

4~FT-PI41-0ZZ

LO-P 139-006(

LD-P139-007

LD-P139-O07a# L- 3-o

FLOIPATt-SCS FEOWATIER

FLOWRAIC-SCS lIEEIAT9P

FLOVRAIE-LPIS PUMP 2 DISCHARGE

FLOWPAIa-LPIS PUSP A DISCHARGE

FLOWPATE-HPZS PUMP b DISCHARGE

FLOWPATE-HPIS PUMP A DISCHARGE

FLOURATE-INTACT LOOP COOLANT

FLOVRATE-IlTACT LOOP COOLANT

FLUIOATE-INTACT LOOP COOLANT

FLOMIATE-TOTAL FCC

LIQUID LEVEL-PRESSURIZER C" A

LIQUID LEVEL-PRESSURIZER CH I

LIQUID LEVEL-PRESSURIZER CH C

01-09-AS

01-09-65

01-03-PS

01-03-05

01-09-05

01-IS-P5

01-0o-95

01-00-65

01-0-15

01-03-65

12-31-54

IZ-31-54

12-31-84

QUALIFIEi)

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUAL IF IED

QUALIFIED

QUALIFIED

uAL IF I1d

QUALIFIED

QUALIFIED

FAILID

INITIAL CONDITION ONLY

INITIAL CONDITIONS ,HLY

NO OTHER MEASUREMENT FOR DIRECT COMPARISON

NO OTHER NEASURIEMNT FOR DIRECT COMPARISON

NO OTHER MEASbRENENT FOR DIRECT COMPARISON

NO OTHER MIASURENENT FOR DIRECT COMPARISON

INITIAL CONDITION ONLY

INITIAL CONDITION ONLY

INITIAL CONDITION ONLY

NO OTHEil EASUREMENT FOR DIRECT COMPARISON

INITIAL CONDITIONS ONLY

INITIAL CODOITIONS ONLY
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$51OZ101 EFFECTIVE DATEs 0113016515.52.31 FP-1 FINAL DIRC QUALIFICATION RWPORT REVISIODN FINAL
SYSTIN. LOCi FP-1

MI&ASURI(ENT MEASURENENT OUAL QUAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATIMENTIS)'

I-.

j- .

LIPOE-SV-161

LEPDIE-SV-Z61

LE-ECC-OIA

( LI-IFIO

LE-IST-OO0

LE-LT-002

LE-3F1O

LE-3UP-OO1

LE-SEll

LE-SUP-001

LIT-PIZO-030

LTD-PI38-033

%0 LTD-P138-0S5

LIQUID LEVEL-IST

LIQUID LEVEL-DST

ACCUNULATOR A LIQUIDLIEVEL

COOLANT LEVEL-FUEL ASST I LOC FIO

COOLANT LEVEL-INSTR STALK 1 LP

COOLANT LEVEL-INSTR STALK I DC

COOLANT LEVEL-FUEL ASSY 3 LOC FIO

COOLANT LEVEL-UPPER ?LENUR

COOLANT LEVEL-FUEL ASSY 5 LOC I'll

COOLANT LEVEL-UPPER PLEIJN

LIQUID LEVEL-ACCUIIULTOR I

DST OENS CORP

IST DENS CORN

01-16-05 QUALIFIED

01-1i-05 QUALIFIED

01-11-85 QUALIFIED

01-03-05 QUALIFIED

12-21-34 QUALIFIED

12-2?-U4 OUALIFIED

12-27-64 QUALIFIED

01-03-85 QUALIFIED

12-27-94 QUALIFIED

12-27-94 QUALIFIED

01-11-05 QUALIFIED

01-19-65 QUALIFIED

0l-i1-IS QUALIFIED

INITIAL AND FINAL CONDITIONS ONLY

INITIAL AND FINAL CONDITIONS ONLY

NO OTHER IASUREIMENT FOR DIRECT COMPARISON

FAILED STINGS - SDEDSeS.GDI1DS16SlS

FAILED STINGS - 1#2#5

FAILED STINGS - Z.3P405PT.Il. 14.16•19

FAILED STINGS - IpZveeiev9So9

FAILED STING - 17

NO OTHER REAStiMNENT FOR DIRECT CONPARISON

INITIAL AND FINAL CONDITIONS ONLY

INITIAL Aki FINAL CONDITIONS ONLY
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$siozioi EFFECTIVE DATE[ 0130o1'
15*2,3i FP-I FINAL DIRC QUALIFICATION REPORT R|ViSIONt FINAL

SYSTINs LOCI FP-|

NEASUALWgNT
IDENTIFICATION

NEASURENENT
DISCRIPTION

DUAL
DATE

QUAL
STATUS QUALIFYING S1AliMINTISIO

- - - - -- - - - - - - -- - - -- - - - - -- - - - - - - - -- - - - - -- - -

I LT-PO04-OOSA

LT-POO4-OO4

LT-POO4-O8AA

( LT-P138-033

(.

LT-PIII-056

NE-IL-OOIA

( N|E-IL-O019

( MI-OL-001C

NE- 3L-001

NE-IL-0O0A

nE-IL-OOZS

HE-st-002C

HE-SL-OOZC

%d HI-SL-002

STEAM GENERATOR LEVEL NARROW RANGE

CONDENSATE RACRiViN LEVEL

STEAN GEN LEVEL NARROW RANGE

LIQUID LiVEL-IST A

LIQUID LEVEL-GST 8

NOR FLUX& IL-It SOT, HIGH RANGE

$OR FLUXP IL-1, RIOOLE, HIGH RANGE

NOR FLUX# OL-to TOP# H1GH RANGL

AVERAGE NOR FLUX IROKEN LOOP CL

MONENTUM FLUX-IROX|N LOOP HL GOTTON

MOMENTUM FLUX-4ROKMN LOOP HL 1IOLE

ROMENTUM FLUX-SIGNER LOOP "L TOP

AVERAGE RON FLUX DROKEN LOOP "L

01-t4-85 QUALIFIED

1Z-31-P04 QUALIFIED

01-14-84 QUALIFIED

01-tS-is QUALIFIED

01-i0-SI QUALIFIED

01-16-05 QUALIFIED

01-16-65 QUALIFIES

01-1S-09 QUALIFIED

01-18-o5 QUALIFIED

01-10-49 QUALIFIED

01-1S-0E QUALIFIED

01-16-05 QUALIFIED

01-16-85 QUALIFIED

INITIAL AND FINAL CONDITIONS ONLY

INITIAL AND FINAL CONDITIONS ONLY

TO 65 SECONDS

105 6 SECONDS

TO 05 SICONOS

TO 65 SECONDS
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$5102101 
EFFECTIVE DATE& 0113016515o5Z.31 FP-1 FINAL OIRC QUALIFICATION R6PORT RiVISION, FINAL

SYSTEMe LOCI FP-I
0. is.00.0. Odess Sos Down eas sem a aml al Soso Soeo~amlallumoae amuomm a. l .6400 mseam ae onwe aowes8 soaoaousum messes so...& seem some m as D l DDouu ome""so
4EASUIREMIENT REASURENINT QUAL QUAL

IDENTIFICATION DISCRIPTION DATE STATUS QUALIFYING STATENSNTIS)

0*A
C,)

NE-PC-OOZA

ME-PC-OOZ8

NE-PC-OOZC

NE-PC-QOZ

IE-IST-O01

NE-IST-OOZ

I NE-SUP-OOZ

NE-4ZM8-26

( ME-6H08-26

(

PDE-§L-003

(

POE-IL-O8

%0 POE-S V-0O1

(I

MOMENTUM FLUX-INTACT LOOP HL BOTTOM

MOMENTUM FLUX-INTACT LOOP HL MIDDLE

MOMENTUM FLUX-INTACT LOOP HL TOP

AVE MOMENTUM FLUX-INTACT LOOP HL

MOMENTUM FLUX-INSTR STALK 1 OC

MOMENTUM FLUX-INSTA STALK I DC

MOMENTUM FLUX-FAS A& UPPER END SO0

NEUTRON DETECTOR IN CCRE FANZ

NEUTRON DETECTOR IN COME FAU'

NEUTRON DETECTOR IN CORE FA96

DELTA P-IL COLO LEG IRK PLANE

DELTA P-§L ACROSS SG SIN IN FLNG

SUPPRESSION VESSEL LEVEL

01-22-85 QUALIFIED

01-22-85 QUALIFIED

01-10-U5 FAILED

01-22-U5 QUALIFIED

01-2"9US FAILED

01-22-U5 FAILED

01-22-OS QUALIFIED

12-31-6O QUALIFIED

12-31-84 QUALIFIED

12-31-6' QUALIFIED

01-03-0" QUALIFIED

01-03-US QUALIFIED

01-10-45 QUALIFIEO

TO ZZSECONDS

TO 22 SECONDS

TO ZZ SECONDS. U DRAG DISC SUOSTITUT9D
FOR C DRAG DISC IN CALCULATION

UNTIL 10 SECS AND AFTER TO SECONDS
UNCONPENSATED TENPERATURE SENSITIVITY GETWEEN 10 G TO SECSq

INITIAL AND FINAL CONDITIONS ONLY
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85102zlO EFFECTIVE DATE$ 0113015
15*52.31 FP-I FINAL DIRC QUALIFICATION REPORT REVISIONs FINAL

SYSTEMS LOCI FP-1

mgatamagNUg UUAtIS.UNShT OAIIA Bail

IDENTIFICATION DESCRIPTON DATE STATUS QUALIFYING STATENENTISI
-- - - ------------- - -

I.
CD

POE-SV-OOZ

PDOPI39-27-1

POT P139-27-2

PDTP139-ZI-3

POT-PO04-072

POT-fI39-O30A

S PDT-P139-0310

POT-PA39-030

PE-OL-O01

PE-BL-OOZ

PE-PC-COC

Pk-PC-OOS

W F PE-PC-006

SUPPRESSION VESSEL LEVEL

INTACT LOOP KASS PLOV I4LTA P

INTACT LOOP AiSS FLOW DELTA P

INTACT LOOP KASS FLOW DELTA P

P1FF PRESS F&EDtATER FLOW ORIFICE

DELTA P-PRINARY COOLANT PUMP

DELTA P-INTACT LOOP S5

DELTA P - REACTOR VESSEL

PRESSURE-BROKEN LOOP COLD LEG

PRESSURE-UROKEN LOOP NOT LEG

PRESSURE-INTACT LOOP HOT LEG

PRESSURE-INTACT LOOP RIF.

PRESSURE-INTACT LOOP REF.

01-19-65

01-OS-9S

01-o~s-

01-09-15

OS-O's-O

01-03-65

01-03-U,

01-03-85

12-27-84

12-27-894

12-2 7-84

12-27-64

IZ-Z 7-04

12-2 7-04

QUAL IF1ED

QUAL IF lED

QUALIFIED

QUAL IFIED

QUAL IFIED

QUAL IF IED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUAL IF I ED

INITIAL AND FINAL CONDITIONS ONLY

INITIAL CONDITION ONLY, TREND THEREAFTER

INITIAL CONDITION ONLYP TRIND THEREAFTER

INITIAL CONDITION ONLY* TREND THEREAFTER

INITIAL CONDITIONS ONLY

INITIAL CONDITIONS ONLY

INITIAL CONDITION ONLY# TREND THEREAFTER

UNIDIRECTIOlNAL
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6s/OZ/OL EFFECTIVE DAEi 011301Iý
FP-I FINAL DIRC QUALIFICATION REPORT RiVISION$ FINAL

SYSTEMS LOCI FP-I

-A SURLMEHr HTPASUMENENT CUAL QUAL
DI0NTIFICA1Ih DESCRIPTION PAT[ STATUS QUALIFYING STATEIENTISI

I.
CD

PS-5F04-Sw

PS-5fIZ-Sw

P$-SGL 1-SW

( PS-5105-Sw

(

Ps- 5j1 2-SW
(

PT-PO0 •-OtOA

( PT-PDO't-OZZ

PT-POO4-034

PT-POO4-OGS
(

C PT-PIZO-0Z9

PT-PIZO-043

PT-PIZO-102

v PT-PIZS-103

PRESSURE SHITICN FA 05

PRESSURE SWITCH# fA 05

PkESSURE SWITCH# FA 05

PRESSURE SVITCHP FA 0S

PRESSURE SWITCH# FA Is

P0ESSURE-SCS 10 INCH LINE FROn SE

CONDENSATE RECEIVER PRESSURE

PRESSURE-SCS FfEDWATIR

PRESSURE-SCS 12 INCH CONOENSOR IN

PPISSURE-ECCS ACCUAULATOA I

PRESSURE-ECCS ACCUMULATOR A

AC-P-RU DISCHARGE PRESS

AC-P-l.A DISCHARGE PRESS

01-11-AS

01-11-65

01-I 1-IS

IZ-2T-Il.

01-16-es

01-09-65

QUALIFIED

QUALIFIED

QUAL IFIED

QUALIFPID

QUALIFIED

QUALIFIED

QUAL IF 1ED

QUALIFIED

FAILED

QUAL IF IED

QUAL IFIED

FAILED

SWITCH ACTIVATES AT

SWITCH ACTIVATES AT

SWITCH ACTIVAlIS AT

SWITCH ACIEVATES AT

SWITCH ACTIVATES AT

ROD

ROD

tOD

tOo

tOo

INTERNAL

INTERNAL

INTERNAL

INTERNAL

INTERNAL

PRESSURE

PRESSURi

PttbSUtS

PRESSURE

PREs$SURt

OF

OF

OF

OF

OF

450 0-io

450 #-20

450 0-20

4S0 0-20

PSI

PSI

PSI

PSI

PSi

01-09-PS QUALIFIED
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s 10 /101 EFFECTIVE DAThE 01130105
15.52,31 FP-I FIHAL DIRC QUALIFICATION REPORT REVISION. FINAL

SVSTENs LOCI FP-1

S."aom~e.0 .0 .. a. ammm g •~mmm~m~~emieaseussemmmoa .00Ma .0. 00000 o00.800000 eMae age .. ~a a .8000a .000000 ne o ese s as a a 004

nrASURENE NT
IOENTIFICATION

MEASURENENT
DESCRIPTION

QUAL
DA0E

QUAL
STATUS QUALIFYING STATEMINTIS)

S--------------------- - ------

C.
03)

PT-P 130-055

PT-P134-056

PT-P136-057

I" PT-P139-OOZ

PT-P 139-003

PT-F139-OO4

( PT-P139-O0I

PT-P139-04Z

PT-P139-043

C PT-P139-05-1

RE-T-f?-IAZ

PRESSURE-AST ,VAPOl SPACE

PRESSURE-DST VAPOR SPACie

CH A

CH a

PRESSURE-GST VAPOR SPACE CH C

PRESSURE-INTACT LOOP HOT LEI CH

PRESSURE-INTACT LOOP NUT LEG CH

PRESIURE-INTACT LOOP NOT LEG CH

PRESSURE CONTAINHENT CHAN A

PRESSURE CONTAINMENT CHAR I

PRESSURE CONTAINMENT CHAN C

PRESSURE-PRESSURIZE.

NIS-POWER RANGE CHANNEL A LEVEL

HIS-POWER RANGE CHANNEL I LEVEL

NIS-POWER RANGE CHANNEL C LEVEL

A

a

C

01-03-85 QUALIFIED

01-03-84 QUALIFIED

01-03-U5 QUALIFIED

12-31-84 QUALIFIED

12-31-84 QUALIFIED

12-31-44 QUALIFIED

12-ZT-Si FAILED

12-27-S4 QUALIFIED

12-31-04 QUALIFIES

1Z-2?-i4 QUALIFIED

01-11-I5 QUALIFIED

01-11-05 QUALIFIES

01-11-05 QUALIFIED

RESPONSE LIMITED DURING THE SUB COOLED SLOWOOWN

RESPONSE LINITED DURING THE SUB COOLED ILOWDOWN

RESPONSE LINITEO DURING THE SUE COOLED BLOWDOWN

t

(. RE-T-77-ZAZ

RE-I- 7-3AZ
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65100zO1 EFFECTIVE OADlA OIOOI1 S
1SoSZ,31 FP-t FINAL DI|C QUALIFICATION REPORT REVISION# FINAL

SYSTENS LOCI FP-I

nrASURENMNT MEASUREMENT QUAL QUAL
IOENTIFICATION DiSCRIPTION DATE . STATUS QUALIFYING STATEMENTISI I

- - - - - - - - - - - - - - -- - - - -- - - - - - - - - - - - - -

I-.
0
-4

RPl-PC-O01 PUMP SPEED-PAINARV COOLANT PUMP

RPE-PC-OO2 PURP.SPEED-PRIRARY COOLMT PUMP

RP-CRDRZ-Tc ROD POS-400 2 TURNS COUNTER

R?-CROH4-TC ROD P0s-RoD 4 TURNS CCUNTER

RP-CRD%6-TC ROD POS-ROD 6 TURNS COUNTER

IP-CRONe-TC RD0 POS-RO0 a TURNS COUNTER

RTP 165-St-LO GROSS GAMMA St SAMPLE SISTER

RTPL6S-$2-tO GROSS GARMA $I SARPLi SYSTEM

RIP165-S3-10 GROSS GAMMA 53 SAMPLE SYSTER

( RTPt6S-S'-IO GROSS GAMMA S4 SAMPLE SYSTEM

(

SP-IL-O010 SAT PRESSURE WOKEN LOOP CL

SP-SL-OOZ@ SAT PRESWURi IROKEC LCCP HL

1

2

12-31-04 QUALIFIED

12-31-84 QUALIFIED

1z-31-84

12-31-6'.

12-31-U'.

12-31-U'.

01-22"5

01-22-45

01-22-6'.

01-06-65

01-08-i9

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

FAILED

QUALIFIED

QUAL IF IED

QUAL IF IED

QUALIFIED

FOR SCRAM EVENT TINE ONLY

FOR SCRAM EVENT TINE ONLY

FOR SCRAM EVENT TIRE ONLY

FOl SCRAM EVENT TINE ONLY

•TREND DATA ONLY

S-3 SAMPLE SYSTEM ILOCKED

TREND DATA ONLY

AFTER 5 SECONDS

W• SP-PC-O0s SATUIATIlJ PRESS-INTACT LOOP HL 01-08-IS QUALIFIED
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8510IO01 EFFECTIVE DATE$ 011301 5
15*52.31 FP-I FINAL OIRC QUALIFICATION REPORT $EVISION$ FINAL

SYITEM$ LOCI FP-i

lE ASUR& MENT NEASUREMENT QUAL QUAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING S$ATENENTIS'

- - --- - ----- --- - - - - --- -- e e ee--- -- -

CD
CC)

I.' SF-SG-004

SP-IST-005

ST-BL-001

ST-IL-002

ST-FC-002

( ST-PC-005

ST-FO04-OIOA

TC-5006-27

( TC-5010-27

TI-lL-OOlA

It-&L-0016

%0 Tf-IL-OOIC

SATURATION PRESSUR3D STEAM GSAN #ID

SATURATION PnESS-MOWNCMU STALK I

SATURATION PRESSUAI, UPPER PLENUN

SAT TENPERATURE BERKEN LOOP CL

SAT TENPiRATURE IROKEN LOOP HL

SATURATIag TENPv INTACT LOOP* HL

SATURATION4 TENPP ITACT LOOP# CL

SATURATIUN TEMP - SCS SS 10 IN LINE

TEMP FUEL CHIETRLINIIFA5 PIN D6 2T

TINP FUEL CENTERLINEIFAS PIN D1D 27

COOLANT TEMP-UROKEN LOOP CL BOTTOM

COOLANT IENP-IROKEN LOOP CL IDDLE

COOLANT TEMP-GROKEN LOOP CL TOP

01-00-03

01-0O-1,

01-0-05

01-0"-9,

01-0 6-US

01-0-65

01-06-65

12-27-U,01-03-65

12-27-04

12-27-6412-27-64

QUALIFIED

QUALIFIED

QUAL IF 110

QUALIFIED

QUAL IF lED

QUALIFIED

QUALIFIED

QUALIFIED

FAILED

QUALIFIED

QUALIFIED

QUAL IFIED

QUALIFIED

FAILED FRI-LOCI TEST

POSSIBLE NOT WALL EFFECTS

POSSIBLE NOT WALL EFFICTS

POSSIBLE HOT WALL EFFECTS

PAGE OOOZ 01 I



a5JOZIOL EFFECTIVE D~lI' Oln3010l
155Z.31 FP-l FINAL DIAC QUALIFICATION REPORT REVISIONs FINAL

SYSTEMS LOCE FP-l

000 0*....*Ume m..ooa oo ama0000.. ......

MEASUREMENT 0EASUR REENT DUAL DUAL
ID3ENTIFICATION DESCRIPTION DATE STATUS QUALIFYIN6 STATIFIENTISI

TI-IL-OOZE

TI-IL-00ZC

(
Tf-PC-COZA

( TI-PC-OOZ0

TI-PC-OOZC
(

TE-P0IZ-O0

TE-PIZO-061

TE-PIZO-1i I

(. 1,-P139-019

TE-P139-OZO

TI-P 139-029
t,

t TE-P139-Ze-2

COOLANT TENP-S5," LO&4 HL MIDDLE

COOLANT TERP-8IOISN LOOP HL TOP

TlPIP-INTACT LOOP HL BOTTOM

TEMP-INTACT LOOP HL MIDDLE

TEMP-INTACT LOOP HL TOP

CONDENSATE RECEIVER TEMP

LIQUID TERP-INST

LIQUID TEMP-ECCS ACCUN A

LIQUID TEMP-ECCS LPIS HN I OUTLET

TERPERAURIE-PRISSURIZIR VAPOR

TEMPERATURE-PRISSURIZER LIQUID

COOLANt TEMP-INTACT LOOP COLD LEG

TEMPENATURE-INTACT LOOP COLD LEG

12-27-64 QUALIFIED

12-27-64 QUALIFIED

12-27-ti

12-27-44

12-2?-64

12-21-64

12-27-64

01-03-65

12-27-64

12-31-64

12-31-94

12-27-64

IZ-27-64

QUALIFIED

QUALIFIED

OUALIFIEO

OUALIFlEO

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

POSSIBLE NOT WALL EFFECTS

POSSIBLE NOT WALL EFFECTS

POSSIBLE HOT WALL IFFICTS

POSSIBLE HOT WALL EFFECTS

POSSIILI NOT WALL IFFICTS

INITIAL CONDITIONS ONLY

INITIAL CONDITIONS ONLY

INITIAL CONDITIONS ONLY

INITIAL CONDITIONS ONLY

INITIAL CONDITIONS ONLY
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6510210L EFFECTIVE DATES 01130105
$5Zolt FP-1 FINAL DIEC QUALIFICATION REPORT REVISIONS FINAL

SYSTEMS LOCi FP-I

MEASUREMENT NEASURENENT QUAL DUAL
IDENTIFICATION DiSC IPTION DATE STATUS QUALIFYING STATENENVIS1

TE-P139-3Z-1

TE-P141-094

C TE-SG-001A

TE-SG-001

TE-SG-OOZA

S TE-SG-OOZ

TE-S6-003

TI-S6-004
C

C TI-S V-O0l

C

TI-SV-OOb

(

TI-S V-O0

PINARY COOLANT IOl LIG TEMP CHAN

PCCS HEAT iNCH HL TUIP

WATER TENP-COLS LEG OF PCC LOADS

COOLANT TENP-IL S6 INLET PLENUM

COOLANT TEMP-IL'SG INLET PLENUM

COOLANT TtMP-IL 56 OUTLET PLENUM

COOLANT TENP-IL SG OUTLET PLENUM

LIQUID TEnP-SCS S6 DOWkCOnER

LIQUID TEMP-SCS SG DOWNCONER

LIQUID TINP-IST STALK 1-101t

LIQUID TEMP-BST STALK 1-14.7

LIQUID TtNP-iST STALK 2-107.2

LIQUID TEMP-iST STALK Z-39.0

A 12-21-84 QUALIFIED

IZ-Z7-84

12-21-34

12-31-64

12-27-64

12-27-64

QUALIFIED

QUALIFIED

QUALIFIED

FAILED

QUALIFIED

QUALIFIED

INITIAL CONDITIONS ONLY

POSSIBLE NOT WALL EFFECTS

FOSSIBLE NOT WALL EFFECTS

POSSIBLE HOT WALL EFFECTS

1Z-27-64 FAILED

12-2"-4

12-21-44

12-27-34

12-27-44

12-27-64

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

PA6E 00014 OF
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8SIOZJ108s50Z$0! EFFECTIVE DATE$ 011301891$.52.31 FP-! FINAL DIRC QUALIFICATION REPORT TIV|SDONE FINAL
STSTENs LOCE FF-I

NIASUhtFENT MIASUREMENT OVAL OUAL
IDENTIFICATIONI DESCRIPTION DATE STATUS QUALIFYING STATEMENTIS)'

5.

C

C

C

(

I.,

TE-SV-01z

TI-TO55-002

TI-IAII-030

TE-1810-037

TE-1811-028

TE- 1611-03 2

TI- IC I-021

TE-ICII-039

TI- IFO?-OIs

TE-IFOT-OZ6

TI-IST-o01

TE-IST-OOZ

LIQUID TEIP-S51 AT, g-1.?

1IMPimATUREI-CTAJNATm ARMIENT

1ENp-CLADOINOIFAI PIN AL4 30 IN*

TEIP-CLADDINGIFAI PIN 310 37 INe

TEMP-CLADOINGIFAI PIN 351 21 INe

TIERP-CLADDINSIFAI PIN O11 32 IN*

TERP-CLADOINGIFAI PIN C11 21 IN.

IEP-CLADOINBIFAI PIN C1i 39 IN.

TEMP-CLAODINGIFAI PIN F7 15 IN.

TIPP-CLADDINGIFA3 PIN FT 26 IN.

COOLANT TE1MP-AV INSTR STALK 1 OC

COOLANT TENP-RV INSTR STALK 1 DC

12-27-U'.

12-27-I'.

Ol-ZT-l4

01-22-65

01-22-65

01-22-0

01-2 2-6 5

01-22-05

01-22-89

01-22-65

01-22-09

12-27-I'.

OI-27-6'

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

UALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

NO OTHER MEASURIMNT FOR DIRECT COMPARISON

SAMPLE RATE IS 2.9 SAMPLES PER SECOND

SAMPLE RATE IS 2.5 SAMPLES PER SECOND

SAMPLE RATE IS 2.5 SAMPLES FIR SECOND

SAMPLE RATE IS 2.S SAMPLES PIR SECOND

SAMPLE RATE 15 2.5 SAMPLES PER SECOND

SAMPLI RATE is 2.5 SAMPLES FPR SECOND

SAMPLE RATE 15 2.3 SAMPLES PER SECOND

SAMPLI NATE IS 2.5 SAMPLES PER SECOND

POSSIBLE HOT MALL EFFECTS

POSSIBLE NOT WALL EFFECTS

14 TI--ST-003 COOLANT TEFP-AV INSTA STALK I CC S12-27-14 QUALIFIED POSSIBLE HOT MALL EFFECTS
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i5102101 EFFECTIVE DATEs OQ3IISOl
15*P2931 FF-I FINAL DIRC QUALIFICATION REPORT REVISION$ FINAL

SYSTEM$ LOCI FP-I

...... so•••meoe &sen •wame.640000600 ame••mo soon a.Mae a a a e••e.* a.mas mmessme••e Gamesme meu••eaoe a nosa~wes oeae so Go& *eeo

NEASUREMENT MEASURENENT QUAL QUAL
IOENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATINENTISI

TI-ST -005.

TI-I ST006

TE-IST-O08

TE-IST-OOS

TI-IST-010

TE-IST-O01

TI-IST-O01

TE-IST-O01

T E- ST -013

(---,-i-ST-OlO.

TE-IST-OS

(

T 1-lUT-O~l

S TE-lUP-OOZ

COOLANT

COOLANT

COOLANT

.COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

COOLANT

IENF-AV INSTR STALK

TIN'-SV IUSTA $TALK

I OC

I CTIfNP-lRV

TERF-SW

IrINP-Pv

TEMP-tV

TEMFP-AV

TE"P-8V

IUHF-SV

UimP-tV

INUST STALK

INSTS

INUST

INSTE

INSTA

INUST

I NST

INS I

STALK

STALK

STALK

STALK

STALK

STALK

STALK

I

I

I

I

1

1

I

I

LF

LP

LP

'P

LP

LP

LP

Oc

12-2"-I4 QUALIFIED

1Z-27-6'. QUALIFIES

12-27-64 QUALIFIED

1Z-27-'-. FAILED

12-27-84 QUALIFIED

12-27-84 QUALIFIED

12-27-84 QUALIFIIED

FOSSIBLE NOT MALL EFFECTS

POSSIBLE NOT WALL EFFECTS

POSSIBLE NOT WALL EFFECTS

t2-z7-o,,

12-27-6O.

12-)I-U'.

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

POSSIBLE

. FOSS ISLE

FI&SSISLE

POSSISLI

POSSIBLE

POSSIBLE

POSSIBLE

P OSS IBLE

FOSSISLE

HOT

HOT

NOT

HOT

NOT

NOT

NOT

NOT

MALL

MALL

WALL

WALL

WALL

MALL

WALL

WALL

WALL

EFFECTS

EFFECTS

EFFECTS

EFFECTS

IFFICTS

EFFECTS

EFFECTS

EFFECTS

EFFECTS

TENP-RV INSTS STALK

TEMP-LOPER END BOX

TENF-UPPES END BiOX
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5oz 101 EFFECTIVE DATEt 0113019S
15.52.31 FP-I FINAL otaC QUALIFICATION REPORT RiVISvOz I FINAL

SSI~l|R LOCI FF-1

00. w wm~maasmo ow o so 8.00 wauI~~omiimm e& a a mu g•~mol ~ ~ ~ I e ~ •mmo~~oI~~a u ~ m

MEASURALENt
IOENTIFICATION

MEASUREMENT
DESCRIPTION

OUAL
DATE

OUAL
STATUS QUALIFTING SITIINNISr 0

(+

(

i

(

(

(

(.

TiE-IUP-005

TE-IUf-006

TE-IUP-007

TE-ZEO-045

TE-ZF07-0l5

TE-ZFOS-03Z

Tl- 2F09-OZ6

71-261'1-030

TE-ZGl4-O45

TE-2"13-OZI

TE-2HI3-049

COOLANT TEMP-ON OTT FE-IUW-

METAL TENP-SUPPORT COLWN FAI

METAL TEMP-SUPPORT COLUMN FAI

TENP-CLADOIN6IFAZ PIN E0 45 IN.

12-27-3'.

12-27-3'4

12-27-04

01-ZZ-lS

OUALIFIED

QUALIFIED

QUALIFIED

QUAL IFED

TIEMP-CLADDINGIFAZ

TERP-CLADDINGIFAZ

TEMP-CLADDINGIFAZ

TERP-CLADDINGIFAZ

JERP-CLADDINGIFAZ

TENP-CLAO IWNIFAZ

TENP-CLAODINGIFAZ

TI NP-CLADOINGIFAZ

TEMP-CLAODINSIFAZ

PIN

PIN

PIN

P IN

PIN

PIN

PIN

PIN

PIN

F? 15 IN.

FS H INe

F9 26 IN.

61' 11 IN.

614 30 IN.

6t4 4S IN.

HZ 24 IN.

"13 21 IN.

1413 49 IN*

01-22-65 QUALIFIED

01-22-O5 QUALIFIED

01-22-65 QUALIF lED

12-27-34 QUALIFIED

12-27-8' QUALIFIED

12-Z1-64 QUALIFIID

01-21-45 QUALIFIED

12-27-U84 QUALIFIID

01-0"-34' QUALIFIED

POSSIBLE HOT WALL EFFECTS

SAMPLI RATE IS 2.5 SANPLES PIR SECOND

SAMPLE RATE IS 2.5 SAMPLES PEI SECOND

SAMPLI RAI& 15 29. SAMPLIS PIR SECOND

SAMPLi RATE IS I.5 SANPLIS PER SECOND

SAMPLE RATE IS 2.5 SAMPLES PER SECOND
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85102101 EFFECTIVE OAIEl 0113010315.52.31 FP-1 FINAL DIRC QUALIFICATION IEPORT IIVISIONI FINAL
SYSTEIs LOCE FP-I

NEASUIEmENT
IDENTIFICATION

MIASUREMENT
DISCRIPTION

QUAL
DATE

QUAL
STATUS QUALIFYING STATENINTISI '

Ln

TE-ZHI4-028

TL-ZH14-03Z

TE-ZHI5-026

TE-ZHIS-041

TE-Z114-OZ1

TI-2114-039

TIE-2LP-01

TE-ZLP-OO0

TE-ZLP-003

CTE-ZUP-001

(

TE-ZUF-0O0

TE-ZUP-003

%0 TE-2UP-O04

IE1P-CLADDIN6IFAZ PIN

TINP-CLADOINGIFAZ PIN

1ER?-CLADDINGIFAZ PIN

H14

HI4

His

26

32

Z6

IN*

IN.

IN,

12-27-64

tz-27-64

12-27-U4

12-27-64

12-?-264

TEMP-CLADOINGIFAZ PIN HIS 41 IN.

IENP-CLADOINGIFAZ PIN 114 21 INe

TERP-CLAODINGIFA2 PIN 114 39 IN.

COOLANT IENP-LOWER END BOX

COOLANT TENP-LOWER END BOX

COOLANT IERlP-LOVER END 101

COOLANT TENFP-UPPER END SOX

COOLANT TEMP-UPPER END BOX

COOLANT TEMP-UPPER END IOX

METAL TEMP-SUPPORT COLUMN FAZ

QUALIFIED

GUAL IF 160

QUALIFIED

QUALIFIED

QUAL IF I ED

12-27-04 QUALIFIEOD

12-27-04 QUALIFIED

12-27-64

1Z-27-84

1Z-27-84

12-27-04

12-27-04

12-21-64

QUAL IF lIED

QUAL IF IED

QUALIFIED

QUALIFIED

QUALIFIED

QUAL IF IED

POSSISLE

POSSIILE

POSSIRLE

POSSISLA

POSSIBLE

POSSISLA

HOT WALL EFFECTS

NOT WALL EFFECTS

HOT WALL EFFECTS

NOT WALL EFFECTS

NOT WALL EFFECTS

HOT WALL EFFECTS
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s/o02101 EFFECTIVE DATEs 0113018S
15.52.31 FP-l FINAL DIRC QUALIFICATION REPORT *&VISIONe FINALSYSTI~E LOCI FP-I

••••••••e••••g•••sommooo•O•••••••••••••••••••eno••••••I•••••••e••••• so•••••••

HEASUREMiNT
IDENTIFICATION

MiASURnININT
DISCRIPTIOM

OUAL
DATE

DUAL
STATUS QUALIFYING STAT|ENNTISP

cn

TE-2UP-005

TE-3AII-030

TE-3S11-026

TE-3•11-032

TL-ICIl-OZ1

TE-3C 1-039

( TE-3FOT-OZ6

(.

TE-3UP-00OC

TE-3UP-00

TE-3UP-O11

%0 TE-3UP-01Z

METAL TENP-SUPdI COLUM FAZ

TiNP-CLAOOIOI/FAI PIN All 30 IN.

TENP-CLADDINGIFA3 PIN 111 20 IN.

TEMP-CLADDINGIFA3 PIN 1I1 12 IN.

TENP-CLADOINGIFA3 PIN C11 ZI IN.

TEMP-CLADOINGIFA3 PIN C11 39 IN.

TERP-CLAODINGIFA3 PIN F? Z6 IN.

COOLANT TEMP-UPPER END O0X

METAL TEMP-SUPPOIT COLUMN FA)

TENP-COOLANT LLT ABOVE FA3

TFMP-COOLAHT LLT ABOVE FA3

TEMP-COOLANT LLT ABOVE FA3

TEMP-COOLANT LLT ABOVE FA)

12-27-64 QUALIFIED

01-Z2-65 QUALIFIED

01-ZZ-65 QUALIFIED

01-22-85 QUALIFIED

01-22-65 QUALIFIED

01-22-89 QUALIFIED

01-22-"5 QUALIFIED

12-27-64 QUA.IFI6S

12-27-64 QUALIFIED

SAMPLE RATE IS 2.5 SAMPLES

SAMPLE RATE IS Z.S SAMPLES

SAMPLE RATE IS 2.1 SAMPLES

SAMPLE RATE IS 2.5 SAMPLES

SANPLE RAVI IS Z. SAMPLES

SAMPLE RATE 15 2.1 SAPKIS

POSSIBLI NOT WALL EFFECTS

FlIR

PER

PER

SECOND

SECOND

SECOND

PER SECOND

PER SECOND

FER SECOND

12-27-64

12-27-64

IZ-ZT-414

12-27-6412Z-27-6 4

QUALIFIE1

QUALIFIED

QUALIFIED

QUALIFIED

POSSIBLE NOT WALL EFFECTS

POSSIILI HOT NALL EFFECTS

POSSIBLE NOT WALL EFFECTS

POSSIBLE HOT WALL EFFECTS
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15102101 EFFECTIVE DATEs 011301B.
150503 FP-1 FINAL DIRC QUALIFICATION REPORT RIVISIONI FINAL

SYMSTN LOCI FP-1

MEASUREMENT "EASUREIENT QUAL QUAL
IDkNTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATENENTIS) 0

IL-3UP-013 TEMP-COOLANT LLT ABOVE FA3

TE-3UP-01'.

TE- 3UP-0IS

TI- 3UP-01 6

TE-AEOS-045

TE-6F07-015

Tfi-'FO 8-03Z

TE-4.60 6-021

TE-iG1'.-O30

TE-4GI'4-0009

TE- 4H1 3-015

Tf-iHL 3-037

TEMP-COOLANT LLT ABOVI FA3

TENP-COOLANT LLT ABOVE FA3

"TEMP-COOLANT LLT ABOVE FA3

TEOP-CLADDINGIFA4 PIN El 49 IN*

TEhP-CLADDINGIFA4 PIN FT 15 IN.

TEMP-CLADDINGIFA4 PIN FO 32 IN.

TLRP-CLADDINGIFA4 PIN GO ZI IN.

TEMP-CLADDINGIFAi PIN 614 11 IN.

TEMP-CLADDINGIFA4 PIN 614 30 IN

TEflP-CLAODINGIFA4 PIN 614 45 IN.

TEMP-CLADDINGIFA4 PIN NI3 15 IN.

TERP-CLADDINGIFA4 PIN H13 37 INe

12-27-64 QUALIFIED

12-27-64 QUALIFIED

12-27-64 QUALIFIED

12-27-64 QUALIFIED

01-22-65 QUALIFIED

01-22-65 QUALIFIED

01-22-US QUALIFIED

12-27-84 QUALIFIED

1Z-27-66 QUALIFIED

12-27-64 FAILED

IZ-27-64 QUALIFIED

12-Z7-84 QUALIFIED

12-Z-64 QUALIFIED

POSSIBLE HOT

POSSIBLE NOT

POSSIBLE HOT

POSSIBLE HOT

SANPLE RATE

SAMPLE RATE

SAMPLE RATE

MALL EFFECTS

MALL EFFECTS

WALL EFFECTS

MALL EFFECTS

15 2.9 SARPLES

IS 2.9 SAMPLES

15 Zo5 SAMPLES

PER SECOND

PER SECOND

PER SECOND
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11*20201 EFFECTIVE DAlEs 0o11i682
FP-I FINAL DIEC QUALIFICATION REPORT REVISIONI FINAL

SYSTEMf LOCI FP-I

fie ASUR&fT NEASURIEENT OUAL WUAL
IDENTIFICATION DESCRIPTION DATE STATUS OUALIFYING SIATINENT(Sis

,. II-CICO-OIZ

TE-SLUS-03Z

TE-SEOT-OZ6

IE-5EO7-03Z

TE-SEO 0-039

71-5107-043

' 1-5109-003

TI-3109-010

C

lf-5E09-016

I 11TE-509-021

TE-•F•J-069

Ti- SF17]--061
,..

TEI-IGUIDoE TUE PAS &cc CIO 3z IN

,II

tENP-GUIS 1 TM1 PAS LOC 15 32 1N

TENP-CLADDINGIFAS PIN S17 Z IN

TERP-CLADDIN61FA$ PIN El 3Z IN

TEMP-CLADDINGIFAS PIN I7 39 IN

TiMP-CLADDIN6IFAS PIN 17 43 IN

TEMP-CLADVINGIFAS PIN 19 5 IN

TERP-CLADDINGIFAS PIN 19 1o IN

TERP-CLADDINGIFAS PIN i9 16 IN

TENP-CLADDIN6IFAS PIN 19 21 IN

IEnP-UIDE TUBE PAS LOC F3 45 IN

iENP-oUIDE TUBE FAS LOC F13 66 IN

7IMP-CLAODINGIFA5 PIN 45 Z7 IN

12-2"-4

12-2 1-66

I 2-2 7-"6'.

12-27ý-66

12-27-64

12-27-66

12-21-"'.

12-21-6'l

12-21/-66

12t-21',-64b

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIf IFD

QUALIFIED

QUALIFIIO

QUALIFIED

GUlL IF II0

%0 TE-5605-027 01-03-16 QUALIFIED
I
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65102101 EFFECTIVE DATEs 011301/5
15o5231 FP-I FINAL DIRC QUALIFICATION REPORT RIVISIONI FINAL

SYSTIMI LOCI FP-l

so& ammooi~migama Iig~ees son .06"wee8•D•mmmm-fte see so..aaiiaQ~ge~mi~am•atgQ~•so~ii

HE ASUREnET
IDENTIFICATI ON

1 EASURESENT
NDSCRIPTION

QUAL
DATE

QUAL
STATUS QUALIFYING STATEMINtIS1I

* t-560-006

I

TE-560-012

TE-56O0-OZ9A

TEMP-CLADDINGIFAS PIN 64 6 IN

(0

'. TE-5600-0298

TE-SGOO -027

TE-5105-027

TE-SILI-027

TE-SJ13-045

4

TI- SK0l-05S

( TE-5K07-00

(

TE-5K07-065

TE-5M07-06O(

T. E-sKO7.-06i

TENP-CLAODINGIFAS

IEHP-CLADDIN61FAS

TERP-CLADD|NGIFA5

TERP-CLADDINGIFAS

TEIIP-CLAODINGIFAS

PIN

PIN

PIN

PIN

PIN

G0 1z IN

go 29 IN

Go Z9 IN

Gi1 z? IN

is 27 IN

12-27-64 QUALIFIED

12-27-04 QUALIFIED

12-27-64 QUALIFIED

IZ-27-84 QUALIFIED

12-27-04 QUALIFIED

12-27-64 QUALIFIED

12-27-64 QUALIFIED

12-27-14 QUALIFIED

TEN?-CLADDINGIFA3 PIN III Z7 IN

TEMP-GUIDE TUll FAS LOC Ji3 45 IN

TEIAP-CLADOINIFAS PIN K? AS IN

TINP-CLADOIN6IFAS PIN K? 55 IN

TEMP-CLAODIN1GFAS PIN K? 60 IN

TEMP-CLADDIN61FAS PIN K? 65 IN

TEMP-CLAODINGIFAS PIN K9 Z2 IN

1Z-Z-64

12-Z-6•

IZ-27-84

12-27-84

FAILED

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED
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15102101 EFFECTIVE DATE# Ol1Ib30l
15.72.31 FP-I FINAL DIRC QUALIFICATION REPORT REVISIONS FINAL

SYSTlNs LOCI FP-I

NFASURiHEMT IEASUIEINT DUAL alUAL
IDENTIFICATION OISCRIPTION DATE STATUS QUALIFYINO STATIMNNTISI1

- - - - - -- - - -- - - - - - - -- - - - -

0

TE-51C09-OZE

TE-SKOS-O32

TE-SK09-039(

( TE-5LOG-032

.1

TE-SNI-00%

T6-50UP-1)

TI- SUP -006

C

S TE-SUP-007

(

TE-UP-)009

TI-SUP-O011

% TI-SUP-O09

TIEP-CLAODINGIFAS PIN U9 Z6

llPP-CLAODINtIVAS FIN KN 3Z

TENF-CLAODIN6IFAS PIN K9 39

TIEP-BUISI TUBE FAS

ITMP-GUIDE TUBE FA5

TINPF-UIDE TUBE FAS

COOLANT TENP-UPPEI

COOLANT TSNP-UPPEi

COOLANT TINP-UPPERI

COOLANT TENP-UPPER

COOLANT TIENP-UPPER

COCLANT TENP-UPPER

COOLANT TIMP-UPPER

LOC

LOC.

LOC

END

IND

END

END

END I

END

ENDI

LI

H 6

NIO

bOx

sox

IN

IN

IN

3z

43

t6

'It

IN

I"

12-27-34 QUALIFIED

12-27-34 QUALIFIED

IZ-21-64 QUALIFIED

12-27-"4 QUALIFIED

12-27-64 QUALIFIED

12-21-64 QUALIFIED

12-27-04 QUALIFIED

12-21-64 QUALIFIED

12-27-14 QUALIFIED

12-2?-04 QUALIFIED

12-27-04 QUALIFIED

12-31-f4 QUALIFIED

12-31-84 QUALIFIED

iOx

sOx

Box

sOx

BOx

POSSIILE

POSSIBLE

POSSIBOLE

POSSIBLE

POSSIILE

POSSIBLE

POSSIBLE

HOT

HOT

NOT

NOT

HOT

HOT

HOT

wALL

WALL

WALL

WALL

WALL

WALL

WALL

EFFECTS

IFFECTS

EFFECTS

EFFECTS

EFFECTS

EFFECTS

EFFECTS

PASS 000204 0, 1



65/02101 EFFECTIVE OATfs lI3OIOS
15052.31 FP-1 FINAL DIRC QUALIFICATION REPORT REVISION$ FINAL

SYSTER. LoCi FP-I

......................... o...................... *... . . 0****** fl.....fl .. *a****e a...... a•m• a ................ a a.. * a ata a U aaaa

MEASURLNENT
IDENTIFICATION

MEASURENENT
DESCRIPTION

QUAL
DATE

QUAL
STATUS QUALIFYING STATERIENTIS o

r,o

IE- SUP-OZI

Ti-5UP-02Z

TE-SUP-ITlA

TE-5Up-1711

fE-SUP-194

TE-9UP-21Z

( TE-fUP-Z50

(
TE- EOS-045

TE-6FOI-037

( IE-6F09-041

(

TE-6609-039

(

TE-6614-011

w TE-61*4-030

METAL SURFACE TEMPERATURE

METAL SURFACE TENPERATURE

METAL SURFACE TEMPERATURE

METAL SURFACE TEMPERATURE

TEMP-CLAODINGIFA6 PIN 16 4

IENP-CLADDINGIFAb PIN FT

1ENP-CLADDINGIFA6 PIN F9

TERP-CLAODINGIFA6 PIN 66

TERP-CCADDIN6/FA6 PIN 614

UPPER

COOLANT 1ENP-UPPER ENO BOX

COOLANT TEMP-UPPER ENI 601

METAL SURFACE TEMPERATURE UPPER

UPPER END

UPPER END

UPPER END

S IN*

I3 IN.

41 IN*

19 IN.

11 IN.

END

END

12-27-e4 QUALIFIED

12-27-64 QUALIFIED

1Z-27-D4 QUALIFIED

12-27-64 QUALIFIED

12-21-64 QUALIFIED

12-31-84 QUALIFIED

12-21-94 QUALIFIED

01-22-ES QUALIFIED

01-2Z-65 QUALIFIED

01-03-64 QUALIFIED

IZ-Z?-64 QUALIFIED

12-27-84 QUALIFIED

12-21-14 QUALIFIED

POSSIBLE NOT WALL EFFECTS

POSSIBLE HOT WALL EFFECTS

SAMOLE RATE IS ZeS SAMPLES PER SECOND

SAMPLE RATE IS 2.5 SAMPLES PER SECOND

IETP-CLADDING/FA6 PIN 614 30 IN.
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- .EFFECTIVE OATEo 01130105
15.52.31 FP-1 FINAL DISC QUALIFICATION REPORT liVISlONo FINAL

SISTIRO LOCI FP-I

NE ASUREHE NT HEASURENENT QUAL DUAL

IDENTIFICATION DESCRIPTION DATE STATUS WUALIFYING STATIENITISI I
- - - ------------ -- - - - - -

1%)

It-B6i1--045

TE-6HI3-OI5

TE-6Hl 3-037

TI-6H14-O3Z

TI-6H14-028

TI-6114-039

STE-6H| -006

76-6114-039

(

TE-6LP-l00

( TI-6DLP-OO3

TE-6UP-001

•P Tf-6UP-OOZ

TIMP-CLAODINGIUM PIN 614 45 IN*
I.

TiNF-CLAODINSIIP PIN NKl 15 INM

1iNP-CLAbDING1PA6 PIN His 37 IN.

1EHP-CLAODINSIFA6 PIN M14 26 IN.

tINlP-CLADDING/FA6 PIN N14 32 IN*

T1E1P-CLAODINGSIPA6 PIN HIS 26 IN.

TINP-CLAODINGBIA6 PIN 114 21 IN.

TIMP-CLAODDIN6FA6 PIN 114 39 IN.

COOLANT TENP-LOWER END SOX

COOLANT TINP-LOWER ENO OOX

COOLANT TIMP-LOWER END BOX

COOLANT TIENP-UPPIR END DOE

COOLANT TIMP-UPPER END BOX

IZ-Z?-04

12-27"-64

12-21-64

12-27-64

01-03-65

12-21-64

QUALIFIED

QUALIFIED

DUAL IF IED

QUALIFIED

QUALIFIED

QUALIFIED

01-03-85 QUALIFIED

12-27-54 QUALIFIED

12-Z7-64

1Z-Z7-04

12-27-64

12-27-64

QUALIFIED

QUALIFIED

QUALIFIED

QUALIFIED

DUAL IF 110

POSSIBLE hOT WALL EFFECTS

POSSIBLE NOT WALL IFFiCTS

POSSIBLE NOT WALL EFFECTS

POSSIBLE NOT WALL EFFECTS

POSSIBLE HOT WALL EFFECTS
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(

a5OZ/O1 EFFECTIVE DAIE$ 011301o 5
15.52.31 Fr-I FINAL DIOC QUALIFICATION REPORT RIVISIONO FINAL

ISTlEam LOCI FP-I

ME£ASUPEN£NT MEASUREME|NT OUAL QUAL

IDENTIFICAIION DESCRIPTION DATE STATUS QUALIFTING STATEMENTISO

TE-6UP-003 COOLANT TEAP-UPPER END 209 12-27-64 QUALIFIED POSSIILE NOT VALL EFFECTS

TE-6UP-O04 METAL TEMP-SUPPORT COLUMN FAS 12-Z7-84 QUALIFIED

IE-OUP-OOS METAL TEMP-SUPPORT COLUMN FAS IZ-27-04 QUALIFIED

TT-POO.-OO4 LIQUID TENP-SCS FEEDVATIR 12-27-04 QUALIFIED

TT-PIZO-06Z LIQUID TEMP-ECCS CL INJECT POINT 01-03-34 QUALIFIED RESPONSE LIMITED

TT-PI39-03Z COOLANT TEMP-INTACT LOOP NOT LEG 12-27-44 QUALIFIED INITIAL CONDITIONS ONLY

TT-P139-O33 COOLANT TEMP-iNTACT LOOP HOT LEG 12-27-61 QUALIFIED INITIAL CONDITICNS ONLY

TT-P139-034 COOLANT TEMP-INTACT LOOP HOT LEG 12-27-44 QUALIFIED INITIAL CONDITIONS ONLY

N,
CA~

(

(

I

I

PAGE 00017 OF 27



TABLE 3.2. Input deck listing for plant steady state
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2 5 1 V

J:)T Psr-rpEST LP-FP-i STLALY sr'rF )ECK FOR TPAC-P:1/MOD1
0 )ATA 3&S D 0%! Le-3 UZK rkEIM L '4. rJR TRAZ-PF I/%Q)I A 14U 31

LP-I )='v r Kn AFE-- INFP.'riI L -I JGE) TI FP-19 AU3JST 85
r-lINES ALrEA)Y 1: rRAC-PjZ-rl•c<( UPPER PLENUd EC:S, INNER U0RE
Jjt; :^-D-n.1 (FL3J SsQbUo)q dLCL VALVE

e JITI'IA.. C"A46ES: COVE 131 .1 LUWIR
-.-'OT PJ)S IN CELL 1,2,3,4,8,12
OYPASS . m ' •L J'WJ - UPPR Pr :-EU41m -) 4 TEES (PATH 1929L'ZL IDE TUBES)s

o nyPAv5 urPI.R DLEr'JM - DUWNCOMEP -> FA-R IN LEVEL 11 (PAP4 3,4,5),
M yDASS 1,AGV (INLPLASEU)i

^ P)AQ, R X - > PIrj 1 .AS5

0:Iv'ME.JNTAL HLAT LI1SSES, -iTC JUT: PCS PIPIN3 = 6.U W/M**2 K
SPRESSJkIZER a 2.0 d/M**2 K
SG SEC. SIDE x 1.6 WIM*02 K

t r4,,'.S INC]PC1UfRATEU i .ý.F. b:•
03S F-., PFST3TAIICF. P.E)UED, -(ESISTANCE A9DE) F3P LP-:3REC3RE,CoRE-UP
* r^'-44Y PRILTION FALTURS USED FIR PCS, FPIC(O NUT ALLOWED
t C- r. S TO VESSLL FLUID VULUME AJ) FLJW AREA FRACTIONS
t C-'!7E5 IN VFSSEL H't.I SLABS

N 'FF RESET TO 1

€

SI'JPTS ICFLrd-2, LHIrl12=1.0 Cr0!22U0.849 NOAIR-3, 1ZElM3z=t 'JLT-189

j(3,NF'eC1ý29

.*4•¢€*.¢¢¢a¢*,O4*¢4,rtAIN CUNfrOL CaR0S#e********ee***'**''*'****'$*¢*'*

3 *MCC 01
I) 0 lNCDomPl 53 *NJUN. 63 1 *MCC 02

5.t'r-4 5.uE-6 l.UE-5 1.UE-1 *MCC 03
1) 50 25 *MCC 04

r: TSV4 3 •NT:,IT N 'NTCF* 0 *NTRP • 3 NNTCPP I. *MCC 05

1 2 3 4 5S *COMP
5 7 8 93S *COMP

21 24 25S *CaMP
11 12 13S *CaMP
14 15 1 17 31S *COMP
3! ."1 42 50 43S *CUP
31 82 b3 B4 85S *CUMP
115 97 b0S *COMP
41 3261 52 b3S *CO%1P

6 65 66 57 68S *CUMP
Df 70 71 72 101S *COMP

132 133 104E *COMP

*.e*4*.**4****4***''**SIC.'AL VA1RIAILE AA*********O****'
t IDSv ISVY ILCN ILCNI ILC42

1 3 0 0 0 * PkOBLEM TIME SVOl

1 25 50 1005 4006 * ROD TEMPERATURE SVO2

21 12 2 0 * 4PIS PRESSJRE SV03

0 qTSE NICT NTSF NTDP NTSD

0 0 0 0 0 *TRIP DI

0 TRIP 2 ECC IPIS (lb)

I0TP ISRT ISET ITST IDSG

2 2 D 1 1 *TRIPO2

0.0 51190 *TRIPO2

3.3 3.0 *TRIP02

3 0 *TRIPO2

t TPIP -FC LPIS (17) (e'4') LEý ALCUMJLATJR)
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3

U

* T IP 4

iPIP 5

5

- PJmPS .4E 5)

U
346.0

3.3
0

0

U. 0
0

2
u.3
u.o

0

1

- STEAM1 GL'1:RATUR FEEDvlATER (24)

2
0

u..

u
1.OE-5

0.0
0

* TRIP 5 - E:C LI'E VALVE (14)

I
U.0
U.3

0

U
LOUO0 , (.'

3.3
U

I.

*

9. TRIP 7 -

7

STEAM LIr4E VALVE (23)

OTPIPUý*TRIP03
OTRIP03
*TRIP03

*TRIPU4

*TRIP04

*TRIPU5
*TRIP05

T TRIPO6
*TRIP06
*TRIPO6
*TRIP06

1 TRIP07
'TRIPU7
'TRIP07

*TRIP07

1 *TRIP1OlO
*TRIPlO1O
'TRIP 1010
*TRIP1O1O

I *TRIPIO0

'TRIP100
*TRI P100
*TRIP100

I OTRIPO10
*TRIPIO1

*TRIP101
'TRIP1Ol

(

2
U.,J

0.0
0

0UU

0

1.

* TPlP 1013 - J. PLE1I41, INJECTIO0 SYSTE 4 (61 BIS 721

131) 2
U.0
00
3

3
1.OE-5

3

I

*
1'

TPIP 1O0 - QEALT0P SLRAM VFSSEL (50)

100 2
0.3
U63

U

0
1.3E-5

3.0
0

1

TPIP 131 - PEFLOOD F1NL-MES-l TRIP F3k VESSEL (50)

z
0.03
U.3

0

0
1.OE-5

0.3
0

I

4 TPIP 203 - BROKEtl LOOP COL)'LEý VALVE 143)

Z20 2 0 1 1 'TRIP200
u.0 63.5 *TRIP200
0.0 80. *TRIP200

0 3 *TRIP200
I.*t'NOE', THA* T C)*Ee***eT t **** *COUND T NATAE*SAE GIVEN**********************

NO~4TE THAT C)MPONENT t JUNCTI)34 AND TRIP NUMBERS ARE GIYEN,
9

le TEE 1 192,10

2. STrE'I e 29,
* •2,25

9 21,23,24
l e. VALVe 23 2leb

- p

- S EYTEkNAL
- S I4TEkNAL

7

INTACT-LO3P HOT LEG

STEA9 GENERATOR

STEAl-LINE VALVE

126



4,
9

A

9

4,

S. A <
25 2b

,..

7.
0,

TF

PU"
T"rE

3

5

4,5,3
4,b
5,7
5 9,7

49

1,, TEE 1 8got 14

4,
4,
4,
9
4,
4,
9
4,
*

4,
*

4,
9

4,
*

4,
4,

4,
4,
4,
4,
9

*
9
*

*

4,
*
9
4,
*

4,
9
4,

4,
9
4,

9
4,
9
9
4,
9
9
9
9
9
*
4,
9
9

11. FPIZFR b 10,9 3
12. FILL Zj 93

SrE A9-GEcIERAroj VENT

PUMP SUCTION
PJlP 90. 2
Pu'IP NU. 1
PUJM UISCHARGE

INTACT-LOOP COL) LE;

PýESSJRIZER
'R5SSJRISER OUTLET

ACCU4JLAT3R OUTLET
ECC LINE - HPIS
ECC LINE - LPIS
FCC LINE - C4ECK VALVE
4::UMJLATOR
-IPIS INJECTION
LPIS INJECTION

1.4

17.

1.q

:ILL
TEE
TEE
VALVF

' ILL
F ILL

TEE
F ILL

TEE
F ILL

11I i
12
13
14

1b
17

31
32
41
42

11
15, 14,18
l! v15,19
1/,15
17.11
lb

31%32,43

'41%44t43
4 4e

b

2
3

2').
21.
2?.
23.

24. vLSSrL 5u 1,9,31,41,81,95,

10UI- 112

qRU<EN-LO)P HOT LEG
3R3K=N-HOT-LEG TERMINAL
3RO<(l-LOOP CUL) LEý
RR0<E4-COL)-LES TERMINAL

13)3,101 VESSE.

8ROKE4-L0OP COL) LE; VALVE25, VALVF 43 4'4,'42

25.
27.

20~.

31.
32.,

3 ,4

3'c

37.37,

39,

47.

413

44.
45o

47,

453

50.

5?.
53o

F ILL
FILL

FILL

O I rEF ILL

FILL

PIPEFILL

P Ir E

PIPE

F ILL
P IPE

FILL

PIPE
FILL

PIPE

FILLFILL

I'EE

TEF
TEE
TEE

91biI

t| 1

"2

62

t: 3

c6'.

135

tb5

.47
b7

6u
89
69
90u
7 u
91
71L
92
72

101
102
103
10.4

81 ,bl

61

64

82 ,55

bb
Rbqbb
66"

8 1,67
67
88465btt
68,b

89969
69

70
91,I1
71
92 972
72

1313

1310

1310

1)1)

1310

1)10

1313

1310

1010

131)

1310

1310

UPLENUM
UPLE4UM
U.PLENUM
(),PLENUM
U. PLE 'U0
U. PLENUM

U.PLENUM
U.PLENUM
U. PLENUM
U.PLENUM
U.PLENU'M
U. PLENUM
U.PLENUM
U.PLENUM
U. PLENUM
U.PLENUM
U.PLENUM
U. PLENUM
U.PLENUM
U.PLENUM
U. PLENUM
II.PLENIJM
U.PLENUM
U. PLENUM

INJECTION
I NJE^T ION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTI0N
INJECT ION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTION
INJECTI0O
INJECTION
INJECTION
INJECTION
INJECTIO1
INJECTION
INJECTION
INJECTION

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

101,105,109
102,1060110

103,107.111
104,108,112

CORE BYPASS
CORE 3YPASS
CORE BYPASS
CORE BYPASS

4, 4,*4,4*¢99 4*9*t*****e~***e**CCO' PONENT OATA*99*,***9****9e**9*9****¢t¢¢e*4,*4*4

TEE i 1 INTACT-L3OP HOT LEG
4 4 7 0.0 $ICHF* I *CNOZ

0! M? III TOD=E
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"i L C.

300.3
• 0.3

* SI)E TrJ1bE
*

0 *335710.
U.U
I1.3

3

U.0

1.OE20

0
5.0

I.CIE20
1.0

303.0
I.O

,:CI'J 3
*CNU4

C*CN05
* C NO 06
tCNO7
,*C'd08

*cNO1

*CNi2
*CN13* CN 14

.3 10 0

3
3,3233n)5

'3Of. 0
0.3

U . -
U."

j
tU

O0.
l.QE 20

0

IDEZU
1.0

0
300.0

1.3

t. 4 - TrUdE

P 2 7.03555E-1
I . 14414E 43
1-,25?24E-lr

p •,t). J2E-2
5. 0 591?E-2
5.?1381E-2F

t'*5 5.34253E-2
6.34251E-2

0.OU
0.0

3. 3R109
0.0

Q 7 ?.2O4UOE-1
F OE
F IF
F 0.OF
F 0.0w
F 3.OF
F 578.4E
I- b15.UE
F I'.4E+5E
F O.OF
F OOF
F 7E
F n-31OF

4.q2563E-1
P. b5752E-1

6,34?53E-Z5.1b003E-2E
5 00,

I17U4OOE-IE
5 000

1,7C400L-IE
5,0B'vJ7E-1E
7.8hOUOE-1

7.75830E-15
4.17494E-lS
5,04912E-2S

3,13808E-2S

! ,34253E-2S

7.52500E-2S

7.*52SDE-2S

2,5b30E-LE

*DX

*V3L

*FA

*FRIC VSL-HL FF--O.28
#FRIC -IL-SG FF-O.1704
*FRIC REV
SFRIC REV
*GRAV
$,43

*ICFLG
*NFF

*VL
*VV
*TL
*TV

'~pp

# 4 AT I D

#C3NC
#S
'POWTBI
*P3WRFI
#0P3TF1
*OP3RFl

9
*
V

SIDE TUBE

2 . 114 5 763-

F 3 1,4412'E-3
1. b529PE-1
1,65298E-1
5.45103E-1R

P 3 4,2955.E-2.
OE

F iF
F O.OF
F, OOF
F O.OE
F 578.4F
F t)15.0F
F I48.4E5F
F O.OF
F 0 .OF

2,h4277E+O
3.96537E-3
5.73212E-JE
5.5U315E-iP 2
5,50315L-3R 2

2 0.0
.,543U4E-2E

2.22169EkuE
5,7358BE-3E

4,66877E-3F
4,66877E-3E
6.04100E-IE

*ox
*V]L
SF.'
*FRIC

SFRIC REV
$GR V
*H3
*I^FLG
ONFF
*ALP
*VL
'vt.

#TY
* PA
'02p
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*"A r it,
-'3..F da

*C]'dC
*S
* P3w r"01

*OPP3TPIeOP14RFI

*0P 21F1

T TU % 9. F T-41S ut. IA CU ISTctjI AT JU.NCr1,114i 2
€ T-- FIULL rw 'It; C-141hGES HAVL EEIt 'APE

€ F•] v *" Ckf NGL ) FF!J t, 'J I 183 TO• 0.14258

* r%€ : CHI",JS ) F4.'jr 0.4.237 T.3 0.534737
0 TIF ,*-.! VALJE5 ARE UIVF:4 IN CUMJPONE14T 1 FRO'¶ TPkC-P)2 L31 DECK
t

S I F' 1v

U

17
5. 135'0E-3

b

uI
U
1)

2 STEA4 GENERATOR
4 3
2 3
25 22
0 0.030000
5

9 *Cfl* CM

•'CMl

*CI1

SEC3NDARY PIPE 20
'DWNC3MER TEE22
STEAM DOME TEE 21

02
03
04

05

O;
01:

1, 2',4tOE-3
SPID'E 5
rEF 4
TF.E z
*-----------------------FLMY

?.0ý,350n[-lc~l, b t O -

3.7?5U0E-13NJ ,•.595UOL-l
9. l•303E-2tO':) l.S1luOL-1

0.1704O r3l Q..UJU3"J

U.53')737 P.13' 1.0OU00 0
?.5530nE-13ý 1.021101-2

F UF

U

S 10 E
SIDE

4.b3bUOE-LE
3. 795UOE-1I.
5. 1b600E-2F

0. 136 3OUF
I. eblOOE

o. 3300OOR04
2 .5bOOOE-IE

-1.000000

*DX

*FA
*FRIC

#FRIG P KE
-0.711bOOF *GRAV

*HD
$ICFLG

OhFF
*ALP
*VL

#vv
* TL
*TV
'P
'pA

IE
F 3. 33000F
F P0.300000F
F n, 3000CCF
1)? 5b7.500033 552.JBuOUOUL
IjUn 557.500000 552.8uUUOUE
F 14.• 40mEE4(r
F o.oonooor

..---------------------- EC)NOY SI)E
Z4 2

r34 5.631501-1 I.11150E#UE

004 4.43562E-1 9.77863L-IE
?.I!19PE-1r3J 7.79h15L-1P02 5.?

?.DOOOOOPF5 VOOOUDUE
2.303000P05 U.OUOOOOE
in.300000P35 1.O'JOUE+OE

P3:', 5.'35300E-3 1.O)bQl0L+UE
r OF

0 20 *P4PE 20

?7b2E-lF

*UX
.*VOL
*FA
OFRICF
tFRICP.

t(;RAV

*ICFLG
* N F F
*ALP
*VL
'VV

*TL
*TV

F

F
F
F
F
F
F

1E
0.303000
n. 0OOOOF
0. 30000E

54q.OOOOOOF
54'n. OOOOOF

04. 300000F5.4130E*bF
n.303DOOF

3.258500E

*PA

Q32 7.4100IE-1
P02 3.P665E-1
;:? 5.1534P2E-1003
RO4 n.lo0Oono
P34 nl.)V0l)00

go? 7.r'400"E-1r)2

24
1.7UhB5E+O
3.73532E-1

2 * o10D0UO0F

-I .1"i aU0Ju
1.016VUtL-1

25
5.b8950E-IE
1 .2E.544EE-1E

n. 3J0UlOF
b.35oO0E-3F

*DX*VOL
*FA
*FRICF
tFP ICR

*fP A,
*tin

224 TEE 22
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~IF
1.133ooPu 7
,.)J33000E

5F 1.571343F
F 541.571313F
F b.'.1DOE't'E

r ,)OJOOOOF
0.300000
2. 30100OF

c Q.1t737E-3F
F n.3oO•0OF

,3:O0000F
= ."*33000EF .. QISbODE-IF

F OF
F iF

.D.onoour
F 0.333000E
F 0,3O0000F

525 •00000OF
- 6.4100F.'6E

" ,.n:IOUOF•

21
F 1.11ib"E*OF

•.0?750-1 1 .2 3'5
P.9?7(.?E-1 I .o5bul

neoupo000 1.UUOOE
F 1.3J0000F
432 t.n$;l"E*O 2.4zQUO

F ('E
F IF

l.00000F
S 0,)33000EF 1.00f000OFF l.3ODOOOEr

94•1*571343F

F 5.l.5713'e3E
F b.l100E*t)F
F %,130000F

0.000000
7.4o1OOE-IF
3.A2766E-IE

F 5ol534?E-Ir
0.303000E

0,300000F

F-3.3752SE-3E
2.5430OE-IE

F `E

1.00•,O00f
leDOOOOOF0*O300000F

F O.300000E
541,571343E
5'1,571343E

bo 1OOE*bE
F fl.OflOOOF

-------------IIFATi at O3P)

6 734,O 02 O.O0000OF

1I•FLI

*ALP
tVL
*vv

c

eTL
TTV
'P

OPA

'Ox
*VOL
*F A
*FPICF
*FR ICR
*GRAV
#HD
'ICFLG
'NFF
*ALP
'VL
'Vy
*TL
*TV
#P
'PA

*DX

*VOL
'FA
'FRICF
*FRICR
'GRAV
'HD

'ICFLG
*NFF
*ALP
*VL
'VY

$TL
*TV
'P
*PA

p
p
P
P

P
p
P

S

s
S
S
S
s
S
S
5

s
S

S
S
S

S

P
p
P
P
P

P
PP
P
p
P
P
P
P

P
P

22

'E4UE
1:40
*3u
'3U

23

4*63292E-2E
2.44(0OE-LE

21 *TEE 21

'Ox
*VOL S
*FA
'FRICF
*FR.ICR S
'GRAV S
*HD S
*ICFLG S
*NJFF S
*ALP S
*VL S
*VV "S
*TL S
*TV S
* p S
*PA S

Q33

2
7
1002
1
I
2

?"P035

S.TRUCTJRES
ORO6

6
luS

3E
u135

ZORO2
4
9S

22RO2
5

21E *ICMP
6 'ICELL

'ICELL
*ICELL

5 *ICEL.
*ICELL
*ICELL

OE *UCMP

3
3

AROZ
4S

22R'J
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2

9 4 UP02

CISt PC18
-09 51.154)E-3

5. 1)51#E-3R34
Ojin 1 .2•5E-

1,. 194355 -3 )(

'37 541,571343v12

F n~.2)D0000rF
F 0.300000Fr O,3)OOOOOE
F .]33OO0OO

P)Q 33.9uqR92
17.247714•O4

"o 311234
quo 0.D300OOR02

9)6 1.50030F
1Qz 0.000003R02
DQ5 IbUOOOOF
q 0.300000132
P05 30'.37r000F
j a 0.)00033PO2

r:5 305.37rO00F
c0Q 42.lb?97b

3 2* 2 94 7t R ' 4
3 5 1-' 7S 3 3

IS

lu 02

UE
qRJ3
4 F

0.6658OU
0 O445?257R62
0. 33s00
11.01270U RU6

.4

US
2 iS

btOb

5. 13540E-3
0.57153OP06

5. 19435E-3
3.U53475F

13.000000
0 . 71 1203E
3*031750

517.5UO0UDDJIA 55?. 33U00D0P.48 '1.571343E

J2uC~ LL-
'UCELL
,UCELL
*UCELL
OUCELL
*MArs

*(I flAT:

0.685000 eRADII,
tRADIG

00088'400 'STH
*T11

t. up p
*S T W G
*HILG
*HIVG

*T ILG
* T I VG

1.388b00 *wAIS
2.214549 ehAIG
4.407869E *wAIG
3.000000 *HfLG

*HOLG
3.00000O 'HOVG

*HIIVG

3.300000 *TOLS
*TOLG

0.000000 *TOVS
*TnVG

1.569504 *WAUS
2.382671 *WAUG
4o742394E *WAD'S

1.3l8bOU
2,30405U
7 .61e7232
1.*6uu0000

1 *600000

305 * 373000

305.370u0O

1.6U0

2 3. 3494tUO
S.206Li014~5

17.287714
2.556013
2.542 11
0.,0000000O2

0*7387R3
2.949255
4s.Q6850
1.630000RO5

0.300000OR02 1o63300OR05

O0030U000OZ 305.37000R06

0.330OO0uO2 305.3700OORO6

38.22.52
2. 71o•42
2,*735362

0. 738781
2.111549
5,343790

IATi CIAN'F2) T. ','EE vITif LUNTROL LOGIC IN FP-l
VALVE IS OPE" t'1TIL TRIP LOMES U4
THS4 VALVP IS C. -JFJ USING A 143LE (TIMERFLATIVE PJSITI04I

.TkIP 7 , 3V 1

VALVF

1

7
0

1.UF.20
3.1214
3:J5. 37

20
0
u

I
U

0.U
0 -0151

4. bi2921-2

23 SIEAM LI1E VALVE
22 2b

3 5
6 0

7 'SLO
0 #r;M
0 * tI;I

*Cfl

305.37 *01N
*CfN

02
03
04
0
07
08
09

1.h

0.242900

1.0
lob

0.451

F
F
c

F
r t) r
F
F
F
F

F

F
0

5.0 1191F

4.321Z'E-2F

0.2446 00)4
0.2445 P34
1.3 Rob

3.7429E
U

1E
1.0 E
O.3 E
000 E

541,571343E
541,571343F
6.4900E+b
000 E

0.0

UUE

I

2.O1500EbE

5,49
6o49

0.OE
0. OE

UF

*t)X
*VOL
*FA
SFR I CF
*F P. ICk

*GRA V
*HD

* ICFLG
*NFF
t ALP
*VL
*VV
*TL
*TV
*PA
*PA

0.0 0.451 iU 3.411S *VMTB1
2.u 0,350 5.0 3,66bS *VMTBl
7.5 O.U 1000.0 U.OE OVMTB1

--------------------------------------------------------------------------------------
* •Mn[FIiK T) 1-3-0-E P.[jH FP- *)ATA
t C'IISTANI MASS =L[JW UNTIL TKIP UN
'A THF4J "ASS :LUW PtA.j FPOf1 A TARLE(TIME,9ASS CLO)4
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r, I .r * s. v

FILL 2• 24 STEAM GENERATOR FEEDWATER
25 u *CN 02

5 1 5 0 0 *LN
0.0 i.0F20 0.0 *CN .
2.0 1,62.bZ1b-2 U.U 0.0 482,0 *CIJ 05

57,cE*5 U.0 12.80U 0.0 482.0 *CN Ob
1.0 I.U *CN 09
0.0 1. U 00 1.0 2.535 *VMT9
2.0 (0.8101 2.b 7 3,00S VliT 3
u0t.. 0. ()tI r. YVMT r

-------------------------------------------------------------------------------
2 -A<25 25 STM GEN SEC RRK

?b U
5.011910 32zo
- 0.0 0.0

* ***WS*S **2**3~ swzmmmwt

3 1 0 *CN 02
1l. 4q8,0 21,5E5 *CN 04

1,08E2 21,5F5 0.0 #cr! 05

3 PUMP SUCTIUN
0.0 *ICHF* 1 *CN022

*

4 'AIN rJBE

0

30003

n.0

* IDE r.JbF

'0.4

7

44 5

u
0,03571

u.3
u.3

U

U.0
1.oE2u

U
b.9

1.0EO0
1.0

0

0
303.0

1.0

*CNO3
*CN04
*CNO5

'C4U6
*CN07
*CNO8

*C'4
*CNIO
*CNI1
*CN12
*C'CN 3
#CN14

3 3 u

0 U
3,1•20? 0.03571

0
b.,J

U.3
1.OE2U

0
6.0

1.OE20
10U

0
300.0
1.3300.3

0.0
U.J
0.J

,I
* MAIN TJ.E

F
F

F
F

F

F
F
F
F
F
F
F

F

k. 153U.E-1
2.7457rE-2
3, f)131E-2P

0.OF0.0F
O.UE

-6,255"OE-t
6,?6598E-IF
2.15:Pl E-10

OE
IE

&a.OlE

&04O E

564* 3F
blSOE

0.0E
OOE

7E
5)3.0E

1.Su34UE•u
1.14380E-1

2 b.324l9E-2

-5.*5200E-L

2 2,54174E-1

h.350UOE-IE
2*74b75E-2E
3.6131E-2E

5.52200E-IS

2.159IOE-IE

*V3L
*FA
*FqICF
*FRICR
*GRAY

* IFLG
*NFF
*ALP

*VY
*TL
*TV
* p
*PA
*OPPP

*M&TID

*C34c
*S
*P3WTAI
OP34RF1
#OP3TBl
'OP3RF1

*

t SI)E TJIH
0
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7. 7 171rr -2 .IU (I00L-2 5.0O481E-ZE *VJL
2 5.3 -. 5 l431:-,e 5,16O*OE-2E

I.F9t)lU'L-lE #FRIC FF=0. 196L

3 0.0 I.t(,IU0E-LE *FRIC kEV
O.0 b.74U0OE-I 1.000UOL+uS OGRAV

7.11503E-IE
- 2 2. 0 4171-E-1 2.95767E-l 2.550OOE-IE *-4)
C or *ICFLG

F IE $N;F
O.OE *A.P

C O.OE *VL

S3.OF *e
F 564.3 F *T

b b15.OF *TV
F 14 .4F5E #P
F OOE *P&

- 0.OE #opPP
F 7F ME4 T ID

59b 3.OE T oi
'C3NC
*S
*P30TB1
*P3WRF1
*O0P3013
*OP3RFI

pump 4 4 PUMP NU. 2

2 4 4 b 7 *C402
*1:6l a 1 u 2 1 1 *CN03

'4 u O 0 #CN 04
3 0 u 0 0 *CN05

0.1,0795 0.02858 b.0 boo 300,0 *CNU5
330.3 1.43 1'.J.u 0.3 *C407

941.54 50)3.u 0.315 b14.0 3691bbl *CNO8
393.53 D.u I.nL2u 1.0 0 *CVOq

03.0 I.o0E20 1.0 *CN1O

t 3PTI)N FOR LJFT PUfIP DATA

2 *CN11

ARP&Y nATA CAk)S

F 1.35213E*OE *DX
F 4.955"SE-ZE *V3L
c 3.h5131E-2F *F&

F O.UE *FRICF

F 9O0E *FRICP
.,?55:0E-1R 2 0.0E *GAV

r 2.134I3E-1E OHD

F OE *I:FLG

1 0 IE *NFF
F 9F6P

0.0 b,77 UUOE cV.
0.0 6.77 0OOE *VV

F 564.3E *TL
F 15.UE *TV

F 1'8.4E*5E oP

F O,0F *PA
F OOE *OPPP

7F *Mfrlf
F 5ý3.0E *T4

*C3NC
*S

*PIPPTB
SP P RF

OOP 3TO
*Q? 3RF
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lA

r or:. :."r . ; i i ri i WIL A"j C3'P. )'JE.1
PcXr.'T rrf r'iQ JL'"4rIIUN 'IJXd EJ.• K Ir C(NU2C

pjrp

.i:-,ce 1

0. 107?5

01.54

n•. -

CJ

0 . 02 u r a
1 .43

3. U

b (
1 3 U
0 331!
I OE 20

I.OE20

5
7
1
u
U

6.0

1.O
1.0

PUMP 41). 1
7
1
r)
0

300.0

3h6 *561

0

OCNU2
*CN03
*CN04
*CNU)5
OCNUS

*C1407
*C1408
*CNU9

*CNII

3PTIJN FOP LJFT PJt'IP )ATA

2

* AkQAY DATA CAR)S

F 1.35213E40E
F 4.155't'E-2E
F 3.65131E-2F
F 0.OE

•.?255V E-l. 2
F 2. 15:) E-1E
F OF

o.0E

F
F
F
F
F

F

I
3 .OE

0.0
0.0

015 .E
l0,4 .E5E

O.UE
0.OF

7F
513 .0

0

b. 77
b.77

ODX
*V)L

*FRICF
*FR ICR

sH3
*I:FLG

IE *NFF
*ALP

O.UE ov_

OoOE *VV
* TL
*TV

'P&

OP PP

'Ti

*C34C
'S
'P•¶PTq

*PIPRF
*OP3TP
0OP3RF

TEE 6 b PUMP DISCHARGE
2 4 7 0.O 'ICHF* I *CUO2

* lAIN rJBF
*

0 2 8

2
3. 10795

300.0
0.3

0
0.02

0.0
U.0

0
boo
0.03

1 ,OEZ2

U
b6o

1.0E:U
1.,0

0

0
30:.0

1.0

* SIDE: rJBE

0

0

30D.3
0.2

* 'CAIN TJbE

*CNU3
*CNO4
OCNO5
#CN06
$CNU7
*CNO7

*CN09
*CNO0
*CNIO
*CN12
#CN13
OCNI4

1 b 0

0
0.32258

U.0
U63

0U
bU.0
1EU

1.0O:20

U
00bO

I.OE20
1.0

0
303.0

1.3

1 . ~0?1 IF .:' IILlb3E+U•
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F

P
r
F

F
r
F

* 7 ý5~ -)7-
7 3.'Sb131C-2L'

0.0
0.0
U * IF

2 ?.15:10E-l
u E
1IE

o .UF
O.J U
D .. IF

5' 4 . 3 F
t- I QF*

1A8.4E*5F
U.OE
0 .UE

- 7F
5a3 Or-

I )i, ot- E 1

2.*8'.174L E-*1E

*FRIC PS-CL FF.-0.12
*FRIC REV FFa-0.1? ?
*GRAV

* I :F L(
*NFF
*ALP
*VL

* T-

* TP

*P&

*POWTA 1
*P)WRFI
*0P 3TBI
*OP 3RF1

t

SIDF TUFF

?.5'i344E-2F $V3L
F 3.'1,5131E-ZE F

c0.0: *F I CF
F 0.0E *FR ICR
F O.VE *GqAV
F 2. 15:?10E-1E #HD

OF *I:FLG
F iF *NF F
F MEO *ALP
F 30F *VL
F 0 0 E V
F 5 (4 3 E * TL
F blS.OE *TV
F 14P.'4E*5E *
9 040E PA
F 30.F *OPPP
F 7 F * M&T to

F513 .LE * Toi

$P)#dRF1
'OP 3Tfll
*0' 3RF1

t EE 7 7 INTACT-LOOP COL) LES
5 4 7 0.3 *ICHF* 1 *CNO?

* '¶ATN TJCE

0 9 8 .9

3
3.14204

330*3

0 SIDE TUBF

0
0.33571

3.3

0
b. U
U.*)

1 .0L2u

0
6.0

l.oE20
L.o

0

303.0
1.0

t*CN03
#C1404
*C NO5
'C N06
*C'407
*CNO08

* cli 0
OC410
('C N 11

I 14. I)

0LI 0
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A .I . ) f1. t

* "AIN T IHF

I, * II

U * J
I .0f .?''

1) . U

1 .0

3.3).

.*(.J 31
* C N '.

F

FC

F

r

F

S . 1 9q )4,', 7 P 3
c'..i .- 'z' P3 Z r
3.053•.'4Q) E

,.•0 I
0. 2 to4 7 p

IF

-0 . F

0 . r

t- 4 .... c
1' .;, .' F

1 P F . ! * C F

3. aF
or3 .JF
7 F

513 .I Q 1

l.Z 02 4,Z•5 V I

0. 311# 13 3

0•. ()
0.0*

1 4'.,5 h1 F Iox
3.2 ')53 43 E OVJL

'FA

3.20225 E *FRIC CL-VSL FF-0.02
3.0 F #FRIC VSL-CL FF--0.266

#G4~ AY
*HJ

* I:FLG
ONFF
'ALP

*VL

*TL
# TV
*P
'PA
*O•PP

O MA T 10)
0' T,,A

*S
#'P3WTBl
*P]oRF 1
'OP 3TRI
*ZP3RF1

E rI3E TLi4

I * •3323 E*u F 'OK

r 5.0312IE-3F #VF L

2.0 (%.*tw4j E *FRICF
3.0 V. 414L E *FkICR

-I.C")30'E#0 V.01- GA
- a.732tCE-ZE *H)

Li r 'I:FLG
I E *NFF

O.OE *v.
0 0 ,E *VV

t O15 JE *TV
14 L.S.E#5F ' P

o I E 'oPAp

'7 f MAr10
F ,0OQE * T4

*-CONC
'S

*P]WTB1
*POwRFI
*QP3TBI
*OP3RF1

*llllllllutlmm3Ukill l HlnuuglllllullFPlllllllul(HEAT TRANSFWLL-FlllUUlmu
* 'MTE T'•T 'J3L3S-' * CHANC=3 F3R. FP-. 0E:K (HEAT TRANSF. WALL-FLJIU)
$

'~I z S

*I:".C 1

I )

3.*375
17.3

94
U.0
2.3
0.0

0 PRESSJRIZER
10 7

2.0 300,0
3.0 2,0

*CNO2
*CNO3

*C '10 4
*CN05

I, 6



17
R

F

r

F

F

F

F

F

3
3
2
3
24

5.6526•E-1

0.3
0,00

.433b3E-1
0F
I F

3.7174.
o . 0
3.OF

14 I. 3Fr
b14'. .3F

O.OF
- O.OE

7F
6149.3F

II .L "';: L.
5.3UMUUL-1
5.732L2b-3F
4.s6b877E-3E
4.9b6677L-JE
-5o.j4lOL-lE
-6.50410-15

000000

14R.3b5E+5

0OUE

149.223E*-E

#V3L
OFA
*FP I LF
*Fl ICR
*GRAV

*ICFLG
*NFF
*ALP
OVL
*VV
OTL
*TV
'P
'Pi
*OPPP
*MAT IO
*TA
#C34C

0 C3,IST r IT VFLOCITY - SET TJ ZEkrO

FILL 93 93 PRESSJRISER OUTLET
13 1 U *CN02

*CNO3
0.3 I.OL20 u.0 0.0 *CNO4

4.bo6E-1 2.4414E-2 U.U 3.0 550.3 eCNO5
04U.4F#5 U.3 a.3 3.3 550.3 *CNOb

*CN07
*CNOI
$CN09
#CNIO

0 :3JNSTA:r VF.3LITY - SET TiJ LEI
0
rILL 11 11 ACC:JIULAIJR TOP

11 1 0 'CNO2
*CN03

no.3 -1. O120 u.0 0.0 *CN0O
0.5 5 3.707 Q.3 0.0 300.3 tCN05

43.0:5 43.UE5 0.3 0.0 300.3 *C406
*CN07

*CNO8
*CNUQ
*CNIO

........... ...... VSU ~ . .... . ....... a ...... .......~a.. ...... v ..a ........ ..

t 'UTF TI'AT 430ESul GIVINU 110 WILL-FLUID ACAT IR(ASFEI

TEE 12
7

12 ECC LINE - HPIS
U.U 01 U

0 T A!N TJOF

0 I 0

).0343662
300.0

3.313487'.
u.3

fi.U 6.0
1. O20

303.0
1.0

*CNOZ

*CN03
#CN0O
*CN05
$CNO5
*CN07
*CNOR

*C'o9
*CNIO
*CN11
#CNI?
*C %413
*CfJ14

# sinE rJB

0 1 l0

Uo )

0

6.0 303.0
l.OF20 L.u

I.143(.2Z U.0134t74
101.10.3
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F 5.095;,OE-3F
0.0
3 .0

F 0.OE
F 8.73?52E-2F
F (UF
FIE

F O.OF
O.Or

F 0.OE
F 450.OF
FL-1 b5.00F

F 1',8.4E+5F
F o0.F

0.4941 E
0*4441 F.

ODX

'FR ICF
SF qI CR
*C~qA v
'ND
* ICFLG
* NF F
*ALP
OYL
'vq

* TV-

*PA

*MA T It)

*CJNC
#'S
*POpiTnl
*P)WRF1
$0P3TBl
'OP 3RFI

1!SIDE TUBSE

F ,.0330)E#OE 'OK
F 4.5355SL-3F *3
F 4.0713ZE-4E * F I
F 0.OE 'FRICF
F 0.0E 'FR ICR
F loco *GqAv

' .*3;R52E-2E 'HO
F OF *I:FLG

F1E *NEF
-O.OE *ALP

F 0.OE *VL
F0*0F *VV

4S0.or *TL
F b15.'JE *TV
F 148.4E+5F *
F 0.OE 'PA

*OQPPP

'C)'4C

*P)WTBI.
*P)ORF1
*OP3Tnl
* OP 3 P. Fl

* NUTS THAT NODDSs0 31IVHto NO WALL-FLUID) HEAT TRANSFER

13
7

13 ECC LINE - LPIS
0.0 0

U qIN TUBF

U

0 L

3130fl$ 3.0340

lb

b,.I)

15 0

*C'402

*CN 03
#CNOA
OCN05
6C NO 6

*CN07
OC40R

5.*0 300,0
1.OE20 1.0
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a) J
L

.3
e () 0

2

300.3

3.3
tCNO6
*C407

'CN08

LC,4 1
1.34674E-2
5.54'7L-2

6.,
2,63bE-1

b,0 300.0
0.0 0.0

*
* aRRAY )ATA

F P.hI55SE-2E *V3L
3,?7522E-ZP 2 5.5't700E-2E #FA

0.013521 0.0OU051 49,5155 E. FRICF
3.031521 0OUh5S5 49.5155 E *FtICR

-1.00 2 U.OE *GtAV
',0452IE-IP 2 2.b3BOOE-IE *H)

F OE 'I:FLG
c 1 *NFF
F O.OE *ALP
F O.OE *V%

O.OF *VV
J17.2 400.UE.. TL
525.b b,1.UE *TV

4 3 * fE 5 148o4E+5E # P

F .OF *PA
#QPPP

*S
3.0 l.n 10000.0 I-.O E *VTBI

'VRF
'0' 3TFR

*OP3RF

VOTE THAI *1U1F=3 GIVINb NO WýLL-FLUIU 4EAT TRA'4SFEI
t Ufl<43oo4 VALJES FOk RAUIJS AN) P41C<NESS UF PIPE

PIPE
3
1

0
0

II
I

15
17

0

ACCUMULATOR
0 *CV02

*CN03
*CN04
'CNO5
*CNU7

*CNO8
1.3

ýun.o
0.1
Usu

U.3
U0.

0.0 300.0
1,OE20 1.0

ARPAY )ATA

p
R
R
F
R

F

FF
F
F

3.565
09707

1 loZSI33SE*
3 0.0
3 0.0

-1.OE
3 1.25q54E4O

OF
1E

1.0
O.OE
u .0E

•n. 7ZE
307.ZE

43*3E5
43.0E5 RP

0*O9ilb
1.166

3.2b522E-ZE
0,01521 E
U,0135Z1 E

2 .0',520E-lE

1,1250CE-2E
1,40777E-2E

*Dx
#V3L

#FRICF
'FRICR

GttRAV

*H)
*IFLG
*NFF
*ALP

'VL
'Vy
'TL
*TV
'p
*PA
*OPPP

0.0 O.OE

E
0.0 E
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) AT i it
*CUNC
* S

*P]7TRl
VP3WRFl

'OP3TBI
*OP3RF1

, sszs==u*ut=sstiwss=e=cwrssssmsllai•suus...=swsss•s2.s..3.ssuus===wums•tl

t V'ES TZIP 2 AND SIGNAL VARIAaLF 3
* CUISTANT VFLOCITY UNTIL TRIP ON THEN PRESSJRE-iELOCl1Y TABLE

rILL 15 1b 1PIS INJECTION
1 7 0 *CN0?
2 3 I 0 3 *CN03

0.3 l.OE2U U.0 0.0 *C 04
r.D0 4 .5355bt-3 U0. 0.0 307.2 *CN05

1.OF+5 U.0 0.3 U0O 307.2 OCNO6

*CNO7

1.3 1. *CN09
*CNIO

* FILL TAILE - (PIES$JkEoVELUCITY)
"41S IS FOP L?-3SLB-l AND FP-1

1.3D0tVE*U 1.7b554 0.05013E*5 1.7b55'.S *VMTB j
e3.35e?.5 0.7350". 1033.3E+51.354

*uw*=s=3airt**suwttsmusum~tmumlsuRiu...uenssasouu..smlmu3.u3.3.utumssuuum...m..ml

e VSFS TO1P 3 2rAD SIG(NAL VAkIABLE I
t "*JSrTANT MiSS FLO3 UNTIL TRIP 3O P4E4 TIME-4ASS FL0j TABLE
0
FILL 17 17 ILCL ACCUMULATOR A I1JECTIUN

19 * i *CN02
3 1 -13 0 0 *CN03

0.) I.O 2O 0ou Uo, *CNO4
1.0 R.qgot:-3 0.03 .0 303.3 *CN05

.1.4F0 U.3 .0 0.0 303.3 *CN06
*CN07
*CNO8

1.0 1.0 *CNO9
*CNIO

* FILL TASLE - ITI%¶EMASS FLUWI
0 F:1P. FP-1

0.0 0.0 0,2 3.0 S *VjtO
2.o 10.0 4.O 13.8 S
6.0 lb.6 ,00 15.8 5
12.0 15.3 1.00 14.5 S
2840 13.6 52.O 11.0 S
6%.•o4 70.0 0.0 S

I0304;9. UOE
* 78fL. 100.0 8.6 5
* 135.0 7.o 150U 7.4 S

* 10100 7,'E

* REN3OE) AS USED IN LZ/3 DEC. FOR IRAC-PFIIM33l1
* ICNF=I .

TES 31 31 3RUKEN-L30P HOT LEG
2 7 0.0 1 *CNO2

* MAIN rJBE

0 26 31 3Z 0 *CN03
*CNO4

. 0 U 0 •V;U5
1.14207 0.33571 t.:)* b.J 303.0 *CN06
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J°J .j° . L.n j2U 1.!iL°o
L . 0

L.3

'SI)E tier

3

3. 13715
3oM. 3

0.0

e

.3 43 0

*CNUR•

•'C NUR

t.CNI10
*CNll

•CNIlt'ý N12
'C fl13
*C kJ 14

3
0.32dt~

u.u
u.U

3
b.0
u.L)

1.OE2U

0
5, 3

1.OE20
1 .u

3
300.0

too

2 1.n?72)E-0
? .5. 43OCE-1
0. 0.13717

r 3 4.214A03E-2
S7 1.1.3533E-I

*.75003E-2

r, 2t 7eE-1 4.674qOE-I
1.9•750k'U 5.13290E-1
1.7142 .24E- 6 3,00DU.E-1

0.204Z•2 U.244416 0,815976 E

5o.8510E-1
5.6bZ90E-1
2.7 40UE-1R

l.q5750E+US
4.86280E-1S

2 2.11840E-1S

1.468b0E-IS
3.17150E-3S

2 1,76670E-3S

4. 7LMO0E-3
l. 4b5b3L-1
I * 501J0E-2

3.75790E-3 4.55330E-3
4.372BOE-3 4.o3350E-3
1.800OE-2 5,s50b3E-3R

Uj4'.96 093423949 EQ4 0.031567'4 0.03J2'n2 0.002

3 4.225(---2 1.3d1lJOE-2P 3
4 .3q25ý'E-2P 2 1.'4-2403E-3

P9 P.35,47'E-3PI 5.1'i560L-ZE

7.72D33E-3P 3 1.4tOOO1-2
1.7))3UE-1 1.1e0UUL.-IR 2
ý.)943A 3.347432 0.0 E
0.035 P 2 ?.2ti351E-1
7.72OOOL-3P 3 1.4i0U'0U1-2
1.73300E-1 1.12000E-IR 2
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F 0.01
F 0.OF

3 5.r3.O'
F I5.OF
F 148 . 4[E+5 F
aO.OF
F 0.0c
F 7F

. 570.0F

0.4bR 2

1.593E-OJR 2
b.0O33E-03

I .44E-02

u

0 . 7 7E
3.570•-33E
1.295E-33F

3.480E-03E
LE

,V)LI

*Fa I
*Fz I CI
*FR IC

*HD1

0 1FLG1
*NFFI
*ALP1
*VL1

*TL1
* T V I
*Pl
)p Al
*0O PP 1

* MT IDI
* To 1

S SI)E TJPF

0.050F *OX2
2.742£-O4F *VOL2
l.)41F-n3E *FA2

F O.OE *FRIC2
F O.OE *FRIC2

O.UF *GRAV2
F o.33 lE *H)2

0 IE *I:FLG2
IE *NFF2

F 0.OE *ALP2
F O.OF v2
- O.OF *VV2
F '03.OF *TLZ
F 515.0F *TV2
F 145.4E+5F *P2
F 0.UE *PA2
F O.0F *OPPF2

7F *MT [02
F 570.OE *Tp2

* ... swmsuslmusllswwstlnssmss.=.=r==.slsm33uss..uswmcssslu...alummm..suasnlm..

TEE
JCELL

3

* 4&IN rJBE

* IcU'4:1
3

* IOPTR1
0

* RA•141
3.00174

* rourvi
300.0

n.0

* •I•E rjPF

'4[IDES
4

N:ELL1
5

TOPSVl

1.-il
3.04

U.0
130F Pi

U.0

.104
MAT

1

JUNE

104
NuplBE

U

HOUrLI
0.3

PUOF-FI

O.U
RCPMXI
1.OU20

104
CUST
U0.

CORE BYPLSS
ICHF

1 *CNO2

JUNZ
108

NOPSVl
0

HUUTV1
0.3

RPWMXI
I.OE20
OPSCLI

1.0

IPOWl
U

NOPRF1
0

TOUrLi
300.0

PWSCL1
1.*

*CN03

*CN05

*CN06

*CNO7

*CN08
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I Ir3J:2 LL JJNJ IPUW2
I 11. z * C '4 )n~

I lPTq? I P v2 NOP1EZ NOPSV2 N0PRF2
3 0 u 3 *Cq 11

* RAD'J2 1-42 HUUrLZ HOUTVZ TUUTL2
ii01? 0.04 0.3 U.3 300.3 CtCN12

* T VJTv P1 Piz PW0FtF. PPWMXj P 4SCL2
3U0.3 u.0 U60 1.,E20 1.3 *CN13
I 3P12 3'OFF2 kUPmXz OPSCL2

n.0. I.OEkU 1.3 *CN14

" AM IN rjbF

O.L 0.4bR 2 0.97F *OXI
2 e.?OUF-03 1.b13E-V3R 2 3.57DE-3JE *V3L1

IrZ7F-O3P 4 5.013E-03 l.Z95E-03E *FA1
F O.OF *FRICI
r 0.OE *F ICl
F .. UF *GRAVI

3.480P-03P 4 1.44E-02 348)3F-03E *H31

IR 4 u LE *ICFLG1
Fr *N1F1

. O.OF *A.Pl
C.OF *VLI
O.OE *VV1

F 5"3.3F *T.1
F bt5.UF *TV1
F 149.4E+5E *P
F O.OF *Phi
- o.or *03pp1
F 7F OMAT n1
F 570.0E *T41
4

0 SIOE rJUE

V.O5OF *Dx2

2*742E-O0F. *V)LZ
r 1.341F-03E *FA
F oos *FR IC2
P 0.UF *FRIC2
F 0.O *GRAV2

).03391E *H32
0 1E *I^FLG2

F [F *NFF2
F O.OE *ALP2
F 0.OE *YL2
F 0.OF *v11z

F 5 0 3.CE *TL2
F 615.OE #TV2
F 1"8o4E+. E *PZ
r OOE *P&2

F 0.0E *OPPP2
F 7F *MATIDZ
F 570.OE *TPZ

* - '1ZIAX SET TU bO FROM 50

* THE :0LLD1IN$ APRAYS HAVE bE='4 PEPLACED BY FP-1 VALUES
# T&KF' FP.3M TIAC-P),(M0OUL) ANALYSIS
S- CPDWR

* - RK

* - ZPATP
* - RORD

S- P04TP
* - 3p

S------------------------------------------------------------------------------
VESSFL 50 50 VE-SSEL
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*~&Sl:P J4 /PDIAI/..'FI/LZ-3/RJ'JI/L2-31N0 wITH F3LL3,ING IOIrFICATIONS:

J J TI/4 V 118?, i-T
- 11:3•] P'O;ATE UISTkIitUTEU 11EAT SLAUS

* - CH&'Gr IJITIAL HST:41S FROM 5%3 K TU 570 < TO HELP INHIBIT
* FI'¶ POILIVG AT START UF SIEA&Y STATE RUN

- '¶T1]R CF4AN:E TU LEVEL 3 DOM'JZC3ER FA-T A40 Z frO .3151

* OCt 1983, PTC
F - VF¢ISF AXIAL POWER SHAPE PEP PC L T(

* • A 1,'b GLS
S- k'FVISE FLFVArIu'4 flF C(;WE, U.13 M LUWEP

S.P lltsS, J.3IkC-ILEY
S- ',.LUOE FQICTID'I FACTOR VALU.S FUR ENTRY INTU, THRJUG4

* AN) EYIT FRQO LORE
@ REVISE FLUID VJLUME AND ARZA FRACTIDNS

14 A S "
1 !) CU
*I CPR~~
*'JFrA*
* TRPWdTY0
0

* yP*O T *
0 1 Z P v, T q 0
*IRFTQ0

12 #*.k Sx
12 *IDCLO
3 OILCSPO
3 tNWF.*
7 trJD GX #

103 t IRP S V
U 0 1 L S V~

101 *'pifrIX*

4

U

0
U

*NT 5)4

'-NF F T*
* 14U-(f x

4 t WCSR*
3t *ICRU*

0 0 IUHP*
O *NVENTr
0 *NRTS#

25 *NRPWSV*
I *NZPWSV*
1 *NFCIL*

28

0
3
0

0
0
1

*IVSSBF•
4ICRL*
* I CONC *

* MR P W RF. F
ONZPWRF*
*N ZMAX *

3

0

0
60

*CARD 2
'CAkD 3
*CARD 4
*CARD 5
'CARO 6

*CARD 7
*CARD 8
*CARD 9

I tNKDWTB*
I 44IPfiTI6*
1 041-ci*

*'JR)Ds* lb *N4UDES*~ 10 4~NUDHS* 4 *INNlS'lX* 1
*DEACT* 0. *7TNEUT* 0.*kPeoOlF*-L.E2O *RRPvWiX*1.E30 *RPWSCL*
*0PQRI*37.0E60ZPWINJ' n. *ZPWOFFO 0. *RZPWiMx' 0.

4S~L n . OtPLDR* U. *PURAT4 1.336 *FUCRMC* 0.7 0*HGAPO*1
4DTYllT( 1)*4.O ')TXrlT(21*50. *DI'JHT*1.OE-3
0

ti SK I 2OEO)**
**5.( IppEn**
**SK IPPEtI-**

*CARD 10
1.O *CARD 11

* ;ARD 12

E+3 *LAkD 13
*CARD 14

.3

*CARD 15
*(ARD 16
#CARD 1?

0.527
1.553
i.010
3.400
5.130
us105

1.57)7943 !7
C VESSEL SOUCFE

11
11

11
11
11

9
9
9
9
9
9
9
9
9
9
9

9

U.72?
1.781S
2 9461
4.846S
5 *900 E
0,231

3.141592654
LARDS

l1

12
13

9
b

II

2
3
4
5
6
7
8
9

lU

12
9

10

1.248S

,e.924S

0.329
4.*712388981

0,470E
b.253155308E

3
3
3
3

-2
-2
-2
-2
2
2
2
2
2
2
2

2

32
2

2
3
3

1
9

31
41

105
105
107
108

81
82
83
8q
85
86
87
88
84

q0
91
92

109
110

*l
'1
*1
*Z
OZ
'RAD IUS
* THETA

*1 LHL
*ILCL.

*BYPS
* IiYP S
'*3YPS
OBYPS
*UP INJ
*UP INJ
*UP INJ
*U.PINqj
*UPINJ
*UPINJ
*UPINJ
'UPIN4J
*UPINJ
*tJPINJ
* UP! NJ
*tJP I NJ
*aYPS
*I3YPS
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3
3
3
3

0.975
1.316

11

1U
11
12

U.99OS
1.ULbOR 3

3
3
2
2
2
2

0.965S

U.030E

III
112
101
1f2
103
104

ed YPS
*BYPS
*HYP S
*•YPS
*3YPS
'BYPS
*RDPWR
tROPWR
ORDPWR

D
S THF: FULL0t:1'4(; DATA IS FUR Fi'-1

I.c556r 4 L.2339 R 4
1
8

Q 4 1.2P03
*(DUM"¶r)o* 1.05

0.1.•0(

1 . 9
R 4. 33.10R

3.0
2 .3235E-3
3.9725E-3
5.3*53S[-3

0.0
0.9

1.4b

I . 5
2.0
'4.U
8.0

15.0
30.0
63.0

2"0.0

100000.

2
LeE

1.093q

0. 7245E
3

1 .2365E

1.4586 S
0o041?7

4 154.8E
1.5489E-JS

1.2541
1.0337

127.1R

7. 7~44E-4
3.UQL9g-3S
4.b470l-3
5,3540-3E

3R 2
37. (E16
9.0748E6
3 .q)59bE6
2 .995iEb
2.3320F5
2 . 154.7Eb
1.ob73E6
1.7419Eb
I.bU47Eb
1.3962Eb
1.135?Eb
O.n5OOFb
5.?5bOE'4 h

4.7420E-3S

2E
0.3

1.28
1.40
1.52
1.61

3.0
6.0

10.0
20.0

300.0

*CPJWR
S *IDROD

OIDROD

*RPKF
*ZPWTB
*ZPWTB
'ZP*TB
*PDX
*RADRD
OR&DRD
*RAORD
'RAORD
*MATRD

S *RPWT8
S ORPWTB
S *RPOTB
S *RPWTB
S *RPWTB
5 *RPWTB
S *RPWTB
5 *RPWTB
S *RPWT8
S ORPWTB
S *RPWTB
S *kPWTB

* P.PUT B

32.425E6
5.5142Eb
3.2385E6
2*648OF6
2 2712Eb
2 .OS1SE6
1.8?15Eb
1. 7261E6

1.51.83Eb
1.3385E6
100700E5
3.8400E6

1F
O.OF

0.93F
Q.*lOlE-1
7. 01 1OE-3
9.PI3IIE-1
7.(14910E-3

9.81310E-1
7.0ý910E-3
9. e13 OE-1

7. 0;910E-3
?.AL310E-1
7.*0n1;91E-3
9.o 010IE-1
7. 0910E-3
9.81010E-1
7.0;9LOE-3
q.81OIOE-1
7.*0910E-3
9.g1oIOE-1
7.'9V910E-3
;e R3IO1E-1
7.0*910E-3
9.*10OlE-1
7.0)1L3E-3
9.PlDlOE-1

7.e;910E-3
1 .OE

6 2.4130F+b

0.3
O.OS
0.0
0.0s
0.0
0.0s
0.0
0.0±,
0.0
0.0b
0.0
0.05
0.3
0.9S
0.0
0.0S
0.0
0.OS
3.0
O.OS
0.0
0.35
0.0
O.OE

I. 01030E-Z

1.01033E-2

IO1033 3E-2

1. 013 3E-Z

l.Ol030E-2

I.O1030E-2

1.0103 3E-2

1,01030E-2

1.01030E-Z

1. 0I13 3OE-2

10,1030E-2

1.01030E-2

2.12 )0E+5 E

1*78300E-3

1.78 300E-3

1. 78300E-3

1.78300E-3

1*78300E-3

1978300E-3

1.78300i-3

1.78300E-3

1.78300E-3

1.78300E-3

1*78300E-3

1,78300E-3

*NFAX
*FPUO2
*FTO

0.0 GOMIX
*GMIX

0.0 *GMIX
*G9IX

0.0 *GMIX
*GMIX

0.0 *GMIX
*GMIX

0.0 *GMIX
*C"kT

1* 0 *GMIX
*GMIX

0.0 *GMIX
*GMIX

0.03 *GMIX
*GMIX

0.0 *GMIX
*GMIX

0.0 *GMIX
*GMIX

0.0 *G9IX
*GMIX

0.0 *GMIX
*GMIX
*GMLES
*PSAPT
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r 3. PPLVUL
0 (.0; 4PSLE 4
0.UE *CLEN N

LEVEL I

Z4 , no7 S *HSA
R Q 3.0333 3 *HSA

S 3.'431 S *HSA
q4 1.096h *HSA

0.0 0.075 U.U(45 0.0325 *HSX
0.0 0.075 0.085 ).092S *lSX
0.0 0.075 :J.3?5 3.092S *HSX
3.0 0.075 0.085 3.092S *HSX
0.0 0.075 3.UP5 3.042S OHSX
0.0 0.075 0.085 3.0925 tHSX
0.0 0.075 0.0P5 3.0092s HSX
0.3 0.075 0.085 3.092S #HSX
0.0 0.075 0.085 3.09ZS *HSX
0.0 0.075 0.085 3.092S *HSX
0.0 3.075 0.085 3.092S *HSX
0.0 0.075 0.085 o.092S HSX
0.0 0.015 0.045 3.092S *HSX
0.0 0.015 0.U85 3.U92S *HSX
0.0 0.075 3.OB5 3.002S OHSX
0.0 0.015 0.085 3.092E *HSX

F O.OE *CFZL-T
0 .OE *CFZL-Z

F O.OF *CFZL-R
F O.UF *CFZV-T
F 0.OF *CFZV-Z
F O.OE *CFZV-R
c l.ItLE *VOL
F 1.OE *FA-T
F 1.uF #FA-Z
F8 1.U ;4 1.0 F4 0.U L *FA-R
F 0o.F *HO-T

O.IE *HD-Z
F" ).IF *HO-R

.F 570.UE *HSTN
F bE *MATHS
F ".DF *ALPN
F 0.OF *VVN-T
F 0.0' -VV'4-Z

F O.OF *VVN-R
- U.OF OVLN-r
F 0.OF OVLN-Z
F 0.0E OVLN-R
Fb 15.OF *TVN
F 53S,0E *TLN
F L468.E5E *PN

O.OE *PAN

LEVEL 7

0 4 0.0 S *HSA
q 4 0.0 5 *HSA
P 4 0.0 S #HSA
R 4 0.3024 E *HSA

0.0 0.015 0.085 3.09zS *HSX
0.0 0.075 0.085 3.0oqs *HSX
0.0 0.075 0.085 3.092s *HSX
0.0 0.075 0.085 3.092S *HSX
0.0 09075 0.085 3.0925 *HSX
0.0 0.075 0.085 3.092S *HSX
0.0 0.015 0.085 3.092S *HSX
0.0 0.075 0.085 3.0925 OHSX
0.0 0.075 3.9R5 3.002S *HSX
.0 U..075 0.085 3.092S OHSX

0.0 0.075 0.085 3.092s OHSX
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F

F
F
F
F

F

F

R8 12
F

F

F

F

F
F.
F

F
F.

F
F

F-
F

s0

0.0
0.0
0.0
0.0

OOF

OOE
OOF

R4 1,0 P4
L F
.IE

570.0F

6F

O.O0
O.OE
OOF

O.OF
0,0E
OOF

615,0F

573,0E
L4!1.•tESE

O.OE

C. 075
0.075
0.075
0.075
09075

3 .'Jp5
0.0B5
0.085
3.3015
0.OR5

.592gE

),0Q2S
3.U02S
3.0Q2S
3,0Q2S
3.)02E

0.0 k

*tlsx

*HSX
IHSX
*CFZL-T
*CFZL-Z
*CFZL-R
*CFZV-T
*CFZV-Z
*CFZV-R
*VOL
*FA-T
*FA-Z
*FA-R
#HD-T
*HD-Z
OHD-R
OHSTN
*IMATHS
*ALPN
*VVN-T

*VVN-Z
*VVN-R
OVLN-T
*VLN-Z
*VLN-R
*TVN
*TLN

*PAN

LEVEL 3

R
R
P.

4
4'

4
4

Do1341 S
3.5150 S
30.,6676 S
2.1207 E

0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.OF
5059 4
OO.0
0.0E
5,5R 4
o ,OE
.656R 4

.7P 4
09448P 4

s7 R4 0.0 R4 U, L
1.22E-2R 4
1,22E-2P 4
1.22E-2. 4

570.OF
bE

0,OF

0005

39005

0OU005
V0005

a.0U05
09005

30.0053.005

09025
OoO25
0.025
0,025

OOE

u.582E
s,5.8i E

O 5825

UlOOE
UIOOE
UIOOF

U.010
0.010
0.313
0.010
0,010
0,310
0,010
U6010
0.010
0,010
0.010
0.010
0,035
0.035
0,035
0,035

#HSA
*HSA
#HSA
#HSA

)00153S *HSX
3.01535 *HSX
3,U153S *HSX
3.0153S *HSX
3.01535 *HSX
3,0153S *HSX
3.01535 *•SX
3.01535 *HSX
3,01535 *HSX
).0153S *HSX
3.01535 *HSX
3.01535 *HSX
3,040S *HSX
3,040S tHSx
3,040S *HSX
0.040E *HSX

*CFZL-T
*FF-5.5 *CFZL-Z

*CFZL-R
*CFZV-T

*FF-5.5 #CFZV-Z
#CFZV-R
*VOL
*FA-T
*FA-Z
*FA-R
*HD-T
*HD-Z
*HD-R
*HSTN
'MATHS
*ALPN

F
R12
F
F

R12
F
R12
RP12
R1Z

RB 0

F

F
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O.OF VV d-K
0 .UF *VLN-T

F 0.OF *VLN-Z

O.OE *VLN-I
r f1 5 OF *TVN

F 513.UE *TL4
F L48.4r5E *PN

F 0.0E #PAN

* LLV:L 4

4 0.3 S *HSA
F 4 0.0 s *HSA
- 4 3.1703 S *HSA
I 4 - 4.?t10 E *HSA

0.0 .04s 0.050 3.0665S eHSX

0.0 J.U50 0.0bO 3.0665S *HSX

0.0 0.05U 0.060 3.06b5S *HSX
3.0 3.050 U.050 3.06b55 *HSX

0.3 0.050 0.060 .06655S *HSX

0.0 0.050 u.053 3*06b5S *HSX

0.0 0.050 0.050 3.00655 *HSX
0.3 0U,5U O.0b0 3.0bb5S *HSX

0.0 U.05U 0.050 ).,0665S *HSX

0.0 U.U50 0.060 3.0665S *HSX

0.0 0.U50 U.060 3.0655S *HSX

0.0 0.050 U0053 3006bbS cHSX

0.0 0.0?2 0.035 3.040S *HSX
0.3 J.4?5 0.035 3.040S *HSX

0.0 0.025 0.035 3.040S *HSX

0.0 0.025 0.035 3,040E *HSX

F O.O *CFZL-T

pi? O.GF U.UE *CFZL-Z

F 0.0E *CFZL-R

F 0.0F *CFZV-T

p17 0.e• u.0E *CFZV-Z
0.OE OCFZV-R

Rj? .1#78C 4 .5t!2E *VOL

kL? U.2r1P 4 .5MZE OFA-T

;12 0.4A4d 4 .55iLE 'tFA-Z

q4 O.0OP4 3.25R4 0.0p4 0.OE *FA-R

21? 1.22E-jP 4 U0.100 *HD-T

Pi? 1.2?E-21 4 0.100E *HO-Z

01? 1.22E-20 4 U.10UE *HD-R

F 570.01 *HSTN

F bF *MATHS

O.OF *ALPN

- .OE *VVN-T
F .OF *VV4-Z

9OOE *VVN-R

Oo0E (IVLN-T

F O.OE *VLN-Z

OOF *VLN-R

F bl5.0E *TV4

F 5q3.0F OTLN

F 148.4F5E *PN

F O,0E *PAN

* LEVEL 5

R 4 0.0 S *HSA

R 4 0.0 S *HSA

P 4 0.1273 5 *HSA

p 4 3.1277 E *HSA

0.0 0.050 0.0bO 0.0665S *HSX

00 U.0u50 U.360 30665S *HSX

0.'. U.U'0 U0U0O 3.U665S eHSX

3.3 3.050 U.Obo 3.06655 *HSX
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0.u U.uO. UU1U 5,hbS 5 -4 Sx
U.0 .. U',U u0.05 3.0655 • H Sx

U.0 0.ulu U*060 3.06b5S *HSX
0.0 u.U50 0.35l D.0C65S 'HSX
3.0 J.u'O 0.050 3.0655S 'HSX

0.0 0).50 0.060 3.0665S *HSX
0.0 0.025 0.035 3.040S *HSX
0.0 0.025 0.035 3.0405 *HSX
0.0 0.025 0.035 3.040E *HSX

- o.Or *CFZL-T
P17 0.OF O.UE #CFZL-Z
F O.OF *CFZL-R
F 0.oE *CFZV-T
4.1F 0UOE *CFZV-Z

0.OE *CFZV-R
171? .47ýj 4 *V3L
ý2 0.251R I ,bFeE *FA-T
Piz 3.44CP 4 .5MiE *FA-Z
Z 0.004 0.251P.4 U.0P4 O.OE *FA-R
R12 1.2?E-2P 4 U.1(03E #HO-T
Rp 1,2?E-2P 4 0.100E *HD-Z
R1? 1.22E-2P 4 u.IOOE *HO-R
F 570.OE *HSTN
F bF. MATHS
F 0.0F "ALPN
F 0.OF *VVN-T

OO0F *VVN-Z
F 0.0F *VVN-R

OOF 'VLN-T
0.0€ *VLN-Z

F 0,OE OVLN-R
615.0F *TVrN

- 513.0'E TLN
F 145.9E5E *P4
F O.OF *PAN

0 LEVEL b

P. 4 0.0 S *HSA
P 4 0.0 S *HSA
R 4 0.1279 S *HSA
R 4 3.1F21 *HSA

0.0 0.O50 U.060 0.0655 'IISX
0.0 0.0U0 0.050 3.0665S *-iSX
0.0 0.0"0 U.UbO 3.0655S OHSX
0.0 0.050 0.060 3.06b5S *HSX
0.0 U0050 0.050 3.0665S *HSX
0.3 0005U 0.060 3.0655S OHSX
0.0 U0.50 U0060 3.0665S 'HSX
0.0 U.050 U.050 3.0665S OHSX
0.0 0Ue0O U.060 3.0665S *HSX
0.0 0.050 U.060 3.0665S *HSX
0.0 0.050 0.060 3.0665S *HSX
0.0 0.0"U U.060 3.06655S *HSX
0.0 0.025 0.335 3.000S *HSX
0.0 U.025 0.035 3.040S •SX
0.0 3.025 0.035 3.040S *HSX
0.0 0.025 0.035 3.040E *HSX

F O.OE *CFZL-T
12 0.bF 0.ME *CFZL-Z

F O.OF *CFZL-R
F 0.OE OCFZV-T
pi? 0.bF U.OE *CFZV-Z
F 0.OU *CFZV-R
'12. 478P 4 .5k2c *VOL
017 0.251R 4 .55eE *FA-T
P12 3.44eP 4 .512E FA-Z
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2l L . 2 E -ir 4 LtO F.,HD- T
1 t. 2 E -2 C 4 U. LOUL *HO-l
.12 1.22E-ZP 4 U. IuE *HD-R

570.0r OHS TN
- bF *MATHS

o.or !ALPN
0.OF *VVN-T
C.0E !VVN-z
o.or0 *VVN-k
0.0F *VLN-T
C.oE *VLN-Z

F 0.OE *Vl4-k
t t,5.uF *TVN

F 533.OE 0TLN
F 1 4A.4F5F *p4

r 0.0F *PAN

€ LEVEL 7

4 0.0 S *HSA
R 4 0.0 S *HSA
P 4 ).P552 5 *HSA

4 1.516 E HSA
0.0 0.050 0.003*06b5S *HSX
0.0 0.0%0 U.ObO 3.Obb5S *HSX
0.0 0.U0O O.050 ).06b5S *HSX
0.0 .USO u.0b50 3.0665S *HSX
0.0 U0050 0050 3906b55 *HSX
0.0 0.0sO Us.b0 3,0665S *HSX
0.0 J.O0'U 0.050 30OA65S *-4SX
0.0 U.050 U.050 0.0655S *HSX
0.0 U.050 0.o6o 3.06b5S *HSx
0.0 0.U50 U.060 3,06655 *HSX
0.0 D.USU U.050 3.06555 *HSX
0.0 UU5U U.060 3.06655S *HSX
0.0 u.o?2 0.035 D.040S *HSX
0.0 0.025 0.035 3.040S *HSX
0.03 0.025 0.035 D.040S *HSX
0.0 u.0U5 U.035 3.040E *HSX

F 000F *CFZL-T
Rl? 0.bF U.OE *CFZL-Z
F 0.O* *CFZL-R
F 0.OF *CFZV-T
Ri? O.bF U.OE *CFZV-Z
F 3.0F *CFZV-R
cIz .47eR 4 .582E *VOL
012 O.ZrlV 4 .582E *FA-T

41. 0.44BR 4 .58cE *FA-Z
R4 O.OR 0.251R4 0.eP4 0.3E *FA-R
RI? 1,2ZE-ZR 4 0.10OE *HO-T
•1• 1.22E-2F 4 0.IOOE *HD-Z
R12 1.22E-2C 4 U0.IOOE t.O-Q

F 570.OF *HSTN
F 6F *MATHS
F 0.OF *ALPN
F 0.OE *VVN-T
F O.OE *VVN-Z
- O.OE *VVN-R
r O.OE *VLN-T
F 0.OE *VLN-Z
* O.OF *VLN-R
F b15.,E *TVN
F 5n3.0F *TLN
F 148.4E5E *PN
r 0.0F *PAN

* LEVEL F

2.4 0.0 S *HSA
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1.l-,. v S .* P'15 A

S4 1.P5I S eHSA

0.0 uJ.o'o 0.050 3.0'b55 *HSX
0.0 0.00 0.050 3.0655S *IISX
0.0 O.U)5 0.060 3.0665, S %HSX
0.0 J.uiO U.0su 3.U5bSS *HSX
0.O O,05U ,3600 3.UhSSS *HSX
0.0 0.050 U.053 3.0655S *HSX
3.0 U.050 o.050 D.0655S *HSX
0.0 j.Ur0 0.3530 3.0685S *HSX
0.0 U.U0O U0.30 3.0b65S "HSX
0.0 0.U50 U.050 3,0bb5S *HSX
0.3 UU50O U.060 300655S *HSX
0.0 U.050 U.353 3.0665S *HSX
0.0 U,025 *0.35 0.040S HSx
0.0 3.025 O.035 3.0405 *HSX
0.0 0.025 0.335 3,040S *HSX
0.0 3.025 0.L35 3T040E *II5X

r .OF *CFZL-T
PI? 0.bF U.OE *CFZL-Z
F 3.OE *CFZL-R
F 0.OF *CFZV-T

Q120.6F 0.0E *CFZV-Z
O.OF *CFZV-R

P1? .478P 4 ,5k2E *VOL
'12 0.251 4 .5MjE *FA-T

R12 0U4480 4 .1581E *FA-Z
04 O.004 .251R4 0O.0R4 0.3E *FA-R
01? 1.2?E-2 0 4 U.100E *HD-T

r17 1.22E-2 0 4 U.OOE *HD-Z
Pi? 1.2?E-2r 4 U.IOOE *Ha-Q

570.0F *HSTN
F bF *MATHS
r 0.OE 0ALP4
r 9,UF *VVN-T
F O.OE *VVN-1
- Oo0 *VVN-R
F 0.OF *VLN-T
F O.OF *VLN-Z
- O.OF *VLN-R
F 515.OE eTV4
r 5n3.0F *TLN

F 148,4E5F *PN

F O.OE *PAN

€ LEVEL

R • 0.2IO0 5 *HSA
P 3.5060 S .-ISA

2 4 0.5172 S *HSA

P 4 1,o370 E *HSA

303 .o325U .00500 .OU71S *HSX
0.0 .UU250 ,00503 .007LS *HSX

0.0 .UOZ5U .00500 .0071S *HSX

0.0 .00250 .O0500 .007is *HSX

0.0 .00250 .00500 .307LS *HSX

0.0 .O0ZSU ,00500 .0071S *HSX

0.0 .03250 .00500 .0071S *HSX

0.0 .00250 .00500 .0071S *HSX

0.0 .02000 .03000 .0341S *HSX

0.0 .32000 .03000 .0341S *HSX

0.0 .02O00 .03000 #3341S *HSX

0.0 .020 .03000 .0341S *HSX

0.0 .J25 .035 .040 s *HSX

0.0 .u25 .035 .040 S *HSX

0.0 .025 .035 .040 S *HSX
0.0 .o02 .035 .040 E *HSX

- 0.OE *CFZL-T
4 0.0' 4 1.2R 4 .e5R 4 0.0E *CFLL-Z
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r

pI.?

r 12
C4

F

F

F

F

F

F

F

0.035 4
0,. 0

,. r5 p '.

.36,5 k(4 n.03 L' ,

1.2ZE-ZP 4

1. 2 ?E-P 4
70 ..OE

0.r

o.or
- 0.0F

C .OE
OsUF

o . 0F

O03.OE1 4 b4 I. 4 E5
0 0 it

5 '1 Z E'

u0U E
U. lOOE
u. 100E
0. IODE

0.5P 4 U.0E

0.5820E

* LEVEL 13
*

c to
064

P4

F
F

F

F

. 4

R8 0.0
C 1
P1?
RI?2

F
F
F
F
F

F
F

1.0~940
4.2010

0.0
0.0

0 * I)
0.0
0.0
0.0
0.0O
0.0
0.0
0.3
0.0
0.0

0.0
0.0
0.0
0.0
0.0F

0 .0~

0.OE

OOE
0.885P

1000

3. 55P
1. 981

K40.0

1.* 2E-20

1 .Z2E-ZP
1.,22E-2P

570.DE
bE

0.OE

090E

0 .OF
0.0F

0.01U0* OP

1•000

S

.U010

.0010

.0olu

.3010

.0010

.0200

. 30~f0

.0200

.025U

.0250
,025U

.002

.002

.0002

.002

.002

.002

.U30
s030
.030
.030
.u35
.035
.U35
o335

.715 OF
,250S

0.98 1

OU3045
.00304S

.003045

.00304S

.00304 S
900304S
9003U4S
o03.lOS
,334lOS
.03410S

,034105
.04OUS

*0400S

*040 OF

0. 449E

*CFZL-L
*CFZV-r
*CFZV-z
#CFZV-R
"VOL
*FA-T
*FA-Z
OFA-P
*HO-T
*HO-Z
OHO-R
OHSTN
*MA THF
*ALPN
OVVN-T
OVVN-Z
*VVN-R

*VLN-T
*VLN-Z
*VLN-R
*TVN

*TLN

*PAN

*HSA
*HSA
0HSA
*HSA
*HSX
*HtSX
*HSX
*HSX
¢HSX
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX*HSX
*HSX
*HSX
*HSX

*HSX

*CFZL-T
*CF ZL-Z
*CFZL-R
*CFZV-T
*CF ZV-Z
*CFZV-R
*VOL

*FA-T
*F A-Z
*FA-Z
$FA-R
*HD-T
*HD-R

*HSTN
*MATHS

$ALPN
*VVN-T
*$VVN-Z
*VV'4-K
('VLN-T
*CVLN-Z
*VLN-R

4

4

R'4
4

4
4

.715E

09OR 4
0OR 4

U,0 b
0. lOOE
U.LIOOE
0O100E
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F

p
Q

13*

L.Oc

LEV'L 11!

* PA 4

4

4
4
G

F
F

F
012

Fp?
c5

1?

F
F
F
F
F
F

F

F

.214*9 S

.q 2 l 1 S
I.r6r)7 S
1.1558

0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
0.0

0.0
0.0
O.OE
0 .LF•

0.0E

1).3r
C.0o'4

0.9=1I 4

0.3 660 4
)3 A~5 P 4
0,30,604

1.22E-er 4
1.22E -,v 4
loM?-2P 4

570,.OE
b .F

0.OF

0.0F
O.OF
o.or
o0.OE
0,OF.

-15 sOF
503,0F

=-L 12

3.5827 S
2.2371 S
3.7426 5

0.0 E
0.0
0.0
0.C
0.0
0.0
0.0
0.0
00U
.0.3
0.3

.310U

.0010

.Oulu

.0010
,UOlO
.0010

.021)0

.0200

.0200

.3250.OZSO

15.00F.4

1.25U

V. 10JEo

159,*OUR

15*0 007 : 4
1. 2bE

. OOOE

0. IOOE
u, IOLW

UOOA7bR4

.002.032
.002

.002

.032

.002

.002

.3)2

.U30
o030
.030
.030
.0 3.5
.935
.035
.035

.00104S

.00304S
*003 04 S

.003045
.00304S
0O0304S

.00304S

.003045
,034105
.03410S
.034105
.034105
.0400S
,0400S
.0400S
.0400E

3oOE

O.OE

OOE

0O,13DE

*HSA
4 HSA
*HSA
*HSA
OHSX

*HSX
OHSX
*HSX
*HSX
#HSX
*HSX
*Iisx
*HSX
OHSX
*HSX
*HSX
*HSX
e'HSx

*HSX
*HSX
*HSX
*CFZL-T

*CFZL-Z
*CFZL-R
#CFIV-T
*CFZV-Z
*CFZV-R
*VOL
*FA-T
*FA-Z
*FA-R,
*HD-T

*HD-R
* iSTN
*MATHS
*ALPN
*VVV-T

*VVN-Z
*VVN-R
*VLN-T
*VLN-L
OVL'4-R
* VN
*TLN
* P
*PAN

4.
*

p

R
R

LEV

4
4
4
4

.0010

.Oulu

.0 010

.0010

.0010

.00 10.
20ou0

,2o1o)

.002

.002
0002
.032
.002

.002ý

.OOe

.002

.030
.330

.00304S
,00304S
o003045
.00304S
.003045
o003045
S003045

.003045

.03410S
,3341 US

*HSA
*IHSA
*HSA

#HSA
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX
*HSX
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F

F
F

r
PS 0.

F?

F

F
F
F
F
F

F
F
F
F

j V

O.O

0.0u
o .or
0.3 C~
o .OF
3 . 0F
0.OE
0 .UF

3 .3'.6P
0.30Op

3h5 K4 0.0
1 ,22E-2P
122E-2P
I o 22E-dP

570.OrE
b r

O.UE

O.OF
0 .or

3 . :)
0.OF

t?15 .C F

149.45
U.UF

02 U
*02 v,bU

,t. U

.03U

.Ulu

.0J35
.035

*U35

0 3J4 It)
* 03410S
*04)OS

.00EOS

.00'.00S

4
4

4
PI4
4
4

4

U.UOOE
0.UOUE

. ODIUE
u.u t

U. IUOE
u. 1u0E
0. 1OOE

PUn )ATA

0.OE
559.OF

O.OF
b59'.UF

O.OF

0 9*. 0F

O.OF
55; * t*

559.OF
3.3F

559.OF
O .UE

559.OF
O.OE

559OF
O.OF

559,OF

519.OF
O.OE

559,OE

O,OE
559 *oF

O .OE

559.OE
O.OE

559.CE
O.OF

C ..OF

5.OF
'J+.0,r
O''..UF

*.1sCHSX

*HSX
*HSX

CFrZL-T

*CFZL-Z
*CFZL-R
*CFZV-T
*CFZV-Z
*CFZV-R
*VOL
*FA-T
*FA-Z
*FA-R
*HD-T
*HD-Z
*HD-R
*HSTN
*MATHS
*ALPN
*VVN-T
4 VVN-Z
*VVN-R
*VLN-T
*VL4-Z
*VLN-K
*TVN
CTLN
*PN

*PAN

*BURN I
*RDT4 1
*BUJRN 2
*RDTN 2
*BIJRN 3
*RDTN 3

*BURN 4
*ROTN '
*BURN 5
*RDTN 5

*BURN b
*RDT4 b
*BURN 7
*ROTN 7
*BURN 8
*RDTN 8
*BURN 9
*ROTN q
*BURN10
*RUTNIO
*BURNI1

*RDTNlI
*BURN12
*RDP4 12

#BURN13
*ROT413

*BURNI4
*ROTN14
#BURN15
ORDTNI5
*BURNI6
*RDTNlb
*BUkR417

*RDTNI7
*BURN18
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r I m E 5 1 E p T, I a

I L51.01'0 3. ) 1E-IE

5.'E#O 1.E11.OE*O 1.OE+U
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TABLE 3.5. Input deck listing for transient
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I~. t~

1 G

L3:T Pq3T-TEST LP-FP-1 rRAFJSI•T )ECV FPQ T;AC-Prl/MilU1

ZESTAT Fk3! TRELST LAST XEL0(D IF STEADY STATE PJ4

n'F4<5 AIJ AC:Uit)JLt lk t A cr IVES.
:I REA< C*j'I0IT13N! TA KEN* F-'eJm srEaDY ST A E.

~ .**11 E STD *ct-o****-so *****c*****,*

SI'4DPTT I CFLUW=1, 9HnI 2=1. U CHMp22=0 .84 NUAI R-3, 1GEfli3=19 :4LT-18,
I "FD a , 141-RL 1 2

• c ['4¢ l CrUITRUL C
-I 0.30U0)O *MCC 01
3 1 tNCniP* 53 *NJJ'N* 53 1 *"CC 02

5.3E-4 5.UL-h 1.3E-5 1.0E-I *MCC 03
13 5u 25 *MCC 04

4r S V 3 '4NTC-,* 0 NTCF- 0 *NTRP* 10 *NTCP* 1 *MCC 05

1
5

2
7

3
A

23 24. 25S
II 12 13S
14 L 5 16
32 '41 4.2

55 87 88
41 42 61
54 55 !)5

54 70 71
1)2 103 104E

¢S VARIABLE

4 5 *COMP
93S 0%

*CUMP
*COMP

17 31S *CUMP
53 43S *COMP
54 85S *CJMP
89 9Os *COMP
62 63S *CUMP
57 68S #CO9P
72 luiS *CU4P

*COMP

0
•¢ *A¢tee •¢e•¢ e*¢*e¢*e**¢C0NTR0L ISL3CK DAT A¢************¢¢**¢****¢¢¢***t

U U 0 U *TRIP DI
0

SREAK 32 3? 3ROKEN-lHUT-LEG TERPi4AL
32 1 3 1 3 *CNO2

3 1 17 U 0 *CNU3
3.815075 0.0423•44 0.0 015.3 153.1E5 *CNO4

0.0 U.3 1.0O20 3.0 0.3 #C'4O5
*CNU6

1.0 IO. 10J i1U 163 #CNU7
0.') 150.1E5 1.0 150.115 S *PTB
1.0191 1*3E55
t.0 1.0'F5 3.0 1.blE5 s
7*, 1.71F5 e1.3 2 7'9E5 S

26,4 ?,88E5 14,8 2.5015 5
143.0 2.1AE5 269.0 2.OOE5 S
285.0 ?.65E5 357.0 2,645E5 S
MO1O0 2.6b4F5 401.0 2,dbL5 S
467.3 3,0SE5 5UO.O 3,0H15 E

& 2.0 3.5E5 6.0 2,3E5 S
* 33.0 3,bE5 53.0 3,34E5 S

0 70.0 3,17E5 10.O0 3.0E5 S
* 310.0 2.7E5 5UO.O 2.7E5 E

3kEA( 4e 42 3ROKEN-COL)-LE; TERMI1AL
42 1 3 1 D *C 402

3 1 17 0 3 *CN03
1,322353 0,04724S9 0.0 6 15.! 150,4E5 *CNU4

0.3 U0. 1.*020 U00 0.3 *CNU5
*CNOb
*C'407I . j 1,3 1.3
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L r .'1r1 3.. VC. 4 L 5

2.21 1."~ ý. 1. 5 s
7.. 1.71r5 ý1.3 2.1QE5 S

24.4 ?,e8r5 /4.11 2.,u :5 S
14n. n Z .. lF5 Zb .O() .zbIbO 5 S

, 2.05E5 35,7.0 2.b'5=5 S
21.n 2.f,62F5 'jl.O Z.bbE5 S

'457.') 3.OC;F5 5U0O* 3*USE5 E
* s.0 3.5F5 6.0 2.3E5 S
) 33.2 3.bE5 53,(' J,34E5 S
* 70.) .17E5 IJO1 " 3,0ý5 S

1.* 2 .7 5 590.0 2.7E5 E

I.3E-5 5.OE-3 1.0 10.0
I.u 0.2 zo. 0.5

i.OE-5 IoE-2 5.U 10.3
1.u 0.5 2.0 1.3

1.:E-5 U01 3450U 10.3
5.0 0.5 5.0 5.0

* 1.3E-5 I.OE-2 500.U 10.0
5 5.0 0.5 5.0 5.0

-1.0
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