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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-

PFl code.

LOFT LP~-FP-1 experiment was carried out at the LOFT féci-

lity in INEL, sponsored by the OECD.

Code used for this simulation was TRAC-PF1/Mod 1 (version

il.O) running on a CDC Cyber 830 (0.S. NOS-BE).
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FOREWORD

This report represents one of <the assessment/application
calculations submitted in fulfilment of the Dbilateral
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
qgquality 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 Eléctrica (UNESA)

- Unién Iberoamericana de Tecnologia Eléctrica (UITESA)

- Empresa Nacional del Uranio (ENUSA)

- Centro de Investigaciones Energéticas y Medioambientales
(CIEMAT)

- TECNATOM

- LOET-ESPANA
The program is executed by 12 working groups and a generic
code review group and is coordinated by the "Comité de Coordi-

nacién". This committee has approved the distribution of this
document for ICAP purposes.
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1. INTRODUCTION

The fisaioﬂ prodﬁéts 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?IA.

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 deiay. 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 initiai primary pump operation, closure of the BLCL
valve and'ECCS‘operation for core recovery and fuel cladding

quench.

From the thermal-hydraulic point of view, the following

objectives 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 produc¢t release from the fuel cladding gap region.

- Determine the fission product retention effectiveness of

the ECCS operating in a mode representative of a German




PWR ECCS in nominal (best estimate) conditions for com-

bined hot leg and cold leg injection.

During the éonduct of'FP-l, 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 pressuriéed fuel pins by more than 200 s. Also
more than 60 % of the rods that were planned to bufst,
remained intact. the thermal-hydraulic conditions in the
core at the time of fission product releasg are far iess
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

varisbles.

& brief description of the LOFT facility, system con-
figuration for LP-FP-1 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-PFl code

and nodalization details.



In Section 4, results obtained are checked against the
measured data for a set of important parameters showing

main physical phenomena that occurred during the experiment.

Run statistics in clifferent regions of the transient

are shown in Section &.

Conclusions and recomendations érising from the study

are resumed in Section 6.

Apendix A resumes fhe instrumentation nomenclature and

location for the LOFT system, related with the assessment.




2. FACILITY AND TEST DESCRIPTION

2.1 System configuration

The LOET facility was designed to simulate the major
components and system responses of a commercial PWR during
a LOCA. The experimental aséembly inciudes 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 (11.

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
primary 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 cooclant 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



commercial PWR. Each broken ieg 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 vessél, 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 specificatiops
egcept 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 th;se were pre-
p:easqrizgd 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.




The ECCS in FP-1. was designed to simulate the hot leg
and cold leg ECC iﬁjection rates repfesenfative 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).

Accumulaﬁor B was rooted to the upper plenum (Fig 2.2)
near the top of the cente} fuel assembly through a special
piping configuration conveniant to the LOFT system and not
related to the reference PWR. Accumulator B waa'designed to

inject ECC scaled to the reference PWR.

As the injection line entersAthe pressure vessel, it
penetrates through the central fué] module and branches in
the upper structufe (see" Fig 2.7). At station 203.17 (3.44 m)
above reactor vessel bottom and absut 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-
otho% 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 (2].

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



only activated in case of PPS as hapenned in LP-FP-1lA. 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-1l. 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 LOET 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

P“.




LP-FP-1 was defined to consist of four distinct phases
which were designated as: fuel preconditioning, pretransient,
transient and postransient. The four phases were continous

_énd had specific beginning and ending definitions.

The purpose oflthe fuel preconditioning phase, in conjunce
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 ﬁWD/MTU prior to
conducting the transient. This burnup is e§uivalent 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 6f plant heatup prior to
power operation and ended with termiﬁation of power operation
after the calculated burnup fraction had been achieved. An
additional period of preconditioning beyond that required for
minimum burnuﬁ‘occurred after the first attempt of conductiﬁg '
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 coﬁmercial PWR fuel rods after one year of
at 52 Kw/m), and the initial conditions for conducting the

experiment. The requirément to build up the short lived



£fssion product inventory of 40 Equivalent Fission Product
Hours was achieveé bg 70 %. The pretransient phase started
at the termination of power opération 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 accompliahed;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 ipventory 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




transient phase of LP-FP-1. The operational setpoints. speci-
fied are listed in Table 3 together with the measured values.
Differences between specified and operatiopal 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 e#periment. The reactor was scram-~
med one second prior to the initiation of blowdown. This was
done for avoiding early departﬁre from nucleate boiling (DNB)
on the 6 9% 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 1 s=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, reépectively. 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 cenfral fuel assembl?. The lower part of some
of the peripheral fuel rods did not completely quench at
this time. This total top-doyh quench was the 1lst 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 thé 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.

11




TABLE 2.1. Initial conditions for experiment LP-FP-1

Specifiéd(g) Measured
Yalue Value
PRIMfRY COOLANT SYSTEM

Core delta T (K) ceveiecccccnccns T 14,4 .2 0.1

Primary system pressure (hot leg) )

(MPa) tveeernsecacnsnacianaseenss 14,95 %2 0,1 14.77 £ 0.07 (-1.2 %)
Hot leg temperatura (K) ...eveees 577 = 1.1 577.6 £ 0.8

Cold leg temperatura (K) .c...... : 563.2 £ 1.1

Mags flow intect loop (kg/s) .... 479 * 19 486.7 * Z.S(b) (+1.6 2)
Boron concentration (ppm) .i..oes 612 £ 15

Primary coolant pump injection
‘(both pumps) (L/S) teeevsenseaass 0.127

"+

0.016 0.126 £ 0.003

REACTOR VESSEL

Power 1evel (M) ooeveevenocnenns 38

£1 37.0 £ 1.2f®  (-2.6 1)

Maximum linear heat generation :

rate (kw/m) 8 0 00 9 059506000090t * m52 51.2 : 3.6

Control rod position (above

full-in position) (m) sSeevssscvece 1.37 * 0.01 1038 t 0.002
STEAM GENERATOR ’

Secondary system pressure (MPa) . 6.41 +0.08

Water level (m)® .............. 0.19 :0.05 0.15 + 0.06?) (-21 )
PRESSURIZER -

Liquid volume (B3) .eeeverrenn.. 0.66 * 0.02

Steam volume ......cocceeensnccns ' 0.27 + 0.02

Water temperature (K) ........... 616.2 = 5.8

Pressure (MPa) .......ccceveencnns § 14.73 £ 0.11

Liquid 1evel (@) eeverveeeeeennn. 1.12 % 0.1 1.23 £ 0.04® (49.8 2
BROKEN LOOP

Cold leg temperature (K) ........ 561.4 + 1.5

Hot leg temperature (K) ......... ' 564.8 + 1.8

LI ) / s 00

12



Specified(a) Measured
Value Value
SUPRESSION TANK
Liquid level (@) veveeeeeveesane. 1.27 £ 0.127 1.52 + 0.06 2) (+19.6 X)
Gas vOlume (B2) eeevvvvnnsnnnnnns | 47.90 £ 2.11
Water temperature (K) cecssessnas ' 354.4 = 3
Pressure (gas space) (kPa) ...... 99.5 £ 3
Boron concentration (pPpm) ....s.. 3898 * 15
EMERGENCY CORE COOLING SYSTEM

Borated water storage tank tem-
perature (K) ccceeececocseccovenes 303 £ 3 303.4 ¢ 7
Accumulator A liquid level (m) .. 2.15 % 0.03 2.11 £ 0.01 2) (~1.8 2)
Accumulator A standpipe position ,
(above inside bottom of tank) (m) 0.4 + 0,03
Accumulator A pressure {MPa) .... 4.14 % 0.17 4.30 £ 0.06 %) (+3.8 2)
Accumulatér A liquid tempera-
ture (K) veeeeesescnsscocncensses 303 £3 300 £ 6 %) (~0.99 %)
Accumulator B liquid level (m) .. 2.1 * 0.03 2.08 * 0.01 %) (-0.9 )
Accumulator B pressure (MPa) .... 4&4.14 % 0.17 4,26 + 0.06 %) (+2.8 %) %
Accumulator B liquid tempera- ' : i
ture (K) .eeevevevccncencnaeaness 303 %3 308 £62%)  (+1.6 2) |

(a) If no value is listed, non was specified,
(b) These values were out of specification.

(c¢) Steam generator liquid level referenced to 2.95 m (116 in.) above top
of tube sheet.

13




TABLE 2.2. Operational setpoints

i Event Spe?:§ied Acz:;l
Re#cégr‘scram Gectsectrainnteessasnanemroans 1.0 £ 0.025 | ~0.99 = 0.01
QOBV ODEN ..vvsvevoerssssassssenosnssssonsas 0 0
Primary pumps turned off ......veccveceesesa) 1,25 £ 0.25 0.91 £ 0.01
TPMS isolation valve opened ....ceescenceanss 29 = 2 29.2 £ 0.1
BLCL QOBV closed ....cceevescaccccccvecncnne 49 £ 5 62.5 £ 0.1
FPMS incore isolation valves closed(a) N 341 340.8 £ 0,05
Accumulator A & B injection started P’ .....| 347 =1 344.3 + 0.05
FPMS BLHL isolation valve closed ) ........| 371 £ 2 371.7 £ 0.05
Accumulator injection stOpped(d) ceessacanas 507 = 1' 506.5 £ 0.5
HPIS injection starts(d) Ceteecttraenneenees]| 507 21 515.8 £ 0.5

| BLEL QOBV closed ® .......iceieniiineinnin]| <527 535 £ 1
QOBV isolation valves closed(f) cesecesnssnn >527 695 = 1

(a) Defined as when 3 peripheral thermocouples measured

(b) 5 to F7's after FPMS incore isolation valves closed.

(c) 30:2 s after FPMS incore isolation valve closure.

(d) 160 s after accumulator injection initiatiom.

(e) Within 20 s after accumulator injectiom termination.

(f) After closure of BLHL QOBV.

14
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3. INPUT MODEL AND NODALIZATION

Code used was TRAC-PF1l/Mod 1 (versiqn 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 5-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 noncohdenaiblé

gas field.

'TRAC has the capabilit& 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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10.

11.
12.
13.
.14.

15,

1l6.

Average rod and hot rod cladding temperature histories

. Alternate ECC injection systems, including hot leg and

upper head injection

Direct injection of subcooled ECC water, without artifi-

cial mixing zones

Critical flow (choking)

Liquid carryov;r during reflood
Metal-w#ter reaction
Water-hammer effects

Wall friction losses

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 temperatﬁre (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—homogenebus 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 ¢ % 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 includes simulators of steam generator
and pumps, is nodalized in detail but the cold leg hgs 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 EILLQ
(one for each cell) rooted on the vessel axial node 9, where
the ubper 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  o.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
1 020 0.5
2 0.34 '0.085
3 o 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), gquide 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
“o.  scam T Ts0
1. QOBVs aperture 32,43

2.  Pumps disconnect 4,5

63.5 QOBV (BLHL) closes 43
345. Reflood begins 15

Accumulator 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

Number of Cells

Component ..
Number Description -
Primary Secondary
Intact 1 Hot 1e8~<TEE .cvecovcrnccvccncs 8 3
Loop 2 Steam gengraﬁor--STGEN cessiane 10
3 Steam.generator to pump
pipi-ng“’rzE L R N N RN 3 3
l‘ Pmp“?m te0eees 000000000 as00 e 2 -
5 Pump—PUHP @9 0000 ecssess st 2 -
6 Pump discharge--TEE ....cccoecee 2 1
7 COld 1eg-.TEE 0000...00..‘....... 9 1
8 Pressurizet—PRIZER se 00 ccs e 3 -
steam 21 Header-TEE ooooc-o.o;.oo.aoooco 2 1
Generator 22 Downcomer==TEE .cveeccecccvoces 4 1
Secondary 23 Exit valve==VALVE ....cco0000ee 6 -
24 Water inlet"-FILL eesesvs0svv e - -
25 Steam exit-=BREAK .....coccvnee - -
- Vessel 50 Vessel
Axial levelS ...veevccccannes 12
Radial segments ..qeccocccsss - 4 192
Azimuthal sectors ....ceceeeee T4
Broken 31 - Hot 1eg—TEE‘® .viivivirnnnn . 26
‘Loop 41 Cold leg—-TEE® .. ............ 2
32 Hot leg break-BREAK ....c0000.. - -
42 Cold leg break--BREAK ......... - -
43 COld 1e8 break--VALVE eeeo 00 ) a T
Eﬁergency 12 HPI connection and piping--TEE. 1 1
Core 13 LPI connection and piping--TEE.. 1 1
Cooling 14 Accumulator check valve--VALVE. 2 -
Systems 15 Accumulacor-ACCUM ceecaneesens .o 3 -
: 16 HPI--FILL ........ cecsssscesacs l 1
Upper Plenum  81-92 Upper plenum connections,
Cells ! through 12, Vessel
A Level 9--PIPE ......... SEYRREEE i -
ECCS 61-72 Upper plenum fills--FILL ...... - -

(a) Secondary sides of hot and cold bloken loops represent reflood assist
bvpass lines. : : ’
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TABLE 3.3. Decay heat in LP-FP-1

t(s) DH (MW) t(s) DH (MW)
0. 37. 4. 1.987
0.3 32.425- 6. 1.875
0.9 -9.875 8 1.792
1.28 . 5.514 10 1.726
1.38 3.990 15 1.605
1.40 3.299 20 1.518
1.46 2.996 30 1.396
1.52 © 2.648 40 1.309
1.59 2.332 60 1.136
.1.61 .2.271 100 1.070
- 2. 2.155 200. 0.950
3. 2.062 300. 0.840
L 10.E4 0.053.

13

" TABLE 3.4. Unplanned injection history

Mass flow ' Integrated

t(s8) rate (Kg/s) flow (Kg)
[ 0. J[ 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
i e R
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4. RESULTS

Plant steady state cohditions have been determined after
_52 8 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 generai, 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 cfiteri§ used (also in transient) have been:
- Inner convergence : 5.0E-6
- Outer convergence : 5.0E-4
- Steady state convergence : 1.0E-5
- Maximum number of iterations in vessel : 56
- 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 839400 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 s8), 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 éressure in thé blowdown phase is weil

calculated (see Fig 4.1).

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

an§»figu:es 4.6 to 479 the corresponding dgns;t;es.

Sudden aperture of QOBVs in the broken loop drives the
fluid, initially subcooled, to flow pgt at high velocity,
higher in the cold leg, a way with a lower resis;énce.'hs_
pressure continues decreasing, fluid in the broken loop suffer
saturation eonditions, reaching critiéal velocity and reauf
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-ué quench, starting
at 4.5-5 8 in simulation time (1 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 8, 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, wﬁich
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.

Aqreemeht of mass flow rates in BLHL with expérimental data
is exceptionally good, matching the peaks caused by the men-4

. 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 preséure 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 bé séen iﬁ Fig 4.10, where all the referred iﬁiti#l
hydraulic effects can be observed in timing and relative mag-

nitude.
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4.2.2 vlniti_al 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 tﬁe evolution of cladding teh-
petaturgs for the simulated 6 % fuel rods ;3, 14, 15 Qnd 16,
at heights O., 6.305, 0;533,‘0.762, 1.219_and 1.676-m, during
the blowdown phgsg.‘?iq 4.15 ﬁo 4.18 show, for the same fods
and heights, the evolu£ion 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 atbgbout
3 8 (depending on the 1e§el). This first_heat-uﬁ brings clad-
ding temperatures up to the minimum stable film boiling tem;
perature (HéFBT) or beyond, for almost the whole rod surface.
A first. (bottom-up) quench stops the rise in temperatures in

the 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 secon& quench (top-down at 16 s),
which rewets all the bar, remaining yet in the same heat
tranafer mode, while experimental data show é second quench

dropping the cladding temperature to saturation. Code predicts
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a maximum temperatufe 2 or 3 s earlier than in the experiment.
Thermocouples remaip at saturation several second, but a

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

unexpected injection, actually non-homogeneous and asymmetric

ends this phase. Code responds to the simulated injection only

decreasing elowly 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 departﬁre from nucleate boiling
in time very near to the observed. Several thermocouples

- (such as 5G08 or 5105) undergoesAparticular 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,

SE09 and 4Gl14, 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/8 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 256).

The effacts 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 (includinq~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 5G11, 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, éhe fitting in the final

heat-up phase is sucessful.

Thermocouples cited above, show succesful fits between
calculations and measured data along the final heat-up phase.
In the case of 5G08 (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 ro& 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 3).

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-5UP-004). We are feeding the syétem
with 0.5 Kg/s of coolant in this period, which flows down

among the rods, vaporizing paftly.

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 MSEFBT is reached and the film is des-

" troyed. Quenching is nearly instanteneous but happens with a
Qreat delay respect to the measured final qQuench 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 O. 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/s8 for 4 9% enriched fuel rods in central element.
10 K/s for 6 9% enriched fuel rods in central element.
10 K/8 for 4 % enriched fuel rods in peripheral ele-

ments.
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TABLE 4.1. Plant calculated steady state

Measured TRAC/PF1

- . - D wp o W o w

Hot leg pressure (Mpa) 14.77 + 0.07 14.87
Hot leg temperature (K) 577.6 + 0.8 581.6
Cold leg temperature (K) 563.2 + 1.1 567.2
Mass flow in loop (Kg/s) 486.7 + 2.5 487.5
Steam generator secondary

pressure (Mpa) " 6.41 + 0.08 6.77
Pressurizer pressure (Mpa) 14.73 + 0.1 14.85
Pressurizer temperature (K) . 616.2 + 5.R 614.3
Broken loop cold leg

temperature (K) 561.4 + 1.5 562.0
Broken loop hot‘leg

temperature (K) 564.8 + 1.8 565.0

TABLE 4.2. Maximum cladding temperatures during
rod rupturo phase :

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

P ————— LI LID LIl P e m e ———n
Ring 1 1 1025 13 1254*
2 1018 14 1238~*
3 1018 15 1167
4 1048 16 1192
Ring 2 5 1076*
6 1173*
7 1165+
8 1176*
Ring 3 10 950
11 933
12 940
13 952
L ------- s w0 G om Or G G0 An W e SO A5 en A wn L ---------------
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TABLE

4.3. Vapor axial velocity (m/s) in central
ring during rod rupture phase

[ 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
................................ N

TABLE 4.4. Liquid axial velocity (m/s) in central

ring during rod rupture phase

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

during rod rupture phase

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 4.15. Simulated 6 X rod 13- at several heights during
the whole transient

RODt3
RODI3
ROD13
ROO13Z
R0013
ROD13

0.

0.305
0.533
0.762
1.219
1.676




L9

TEMPERATURE (K)

1500.00

1200.00

300,00

600.00

300.00

OXOX D

100.0 . 200.0 300.0

TIME (SEC)

Figure 4. 16. Simulated 6 X rod 14 at several heights durmg
the whole transient

400.0

ROD14
ROO14
ROD14
ROD14
ROD14
ROD14

[ I R R B R |

0.

0.305
0.533
0.762
1.219
1.676




89
TEMPERATURE (K)

1500.00 ’ .

RODIS - 0.
s RODIS - 0.305
- w RODIS - 0.533
' o ROOIS - 0.762
» RODIS - 1.219
o RODIS - 1.676
1200.00
300,00
600.00
7 L g
300,00 & , |
0.0 100.0 200.0 300.0 400.0

TIME (SEC)

Figure 4.17. Simulated 6 X rod 15 at several heights during
the whole transient




1500.00

RODI6 - @
& RODIG - @ 305
) ROD!6 - 0.533
@ ROD16 - @.762
»x RODI6 - 1.219
o ROD!6 - 1.676
1208 08 ~
: S (D
B \
Y4
N\ -
w
v/
& \
S 980 .00 " | =
o) — .
e < A
o X
W
a.
x \\\\
W
.— '
\}
660.08
L4 4 "9 4 <
300 08 & .
%) 100 200 300 400
TIME (SEC)

Figure 4.18. Simulated 6 X rod 16 at several heights during
the whole transient




(174

(K)

CLADDING TEMPERATURE

1200.00

SR RODI3.0.533
. o ROD13-0.762
w E07-26
900.00
600.00 »
— $ ——
300.00 1
0.0 20.0 40.0 60.0 80.0
! TIME (SEC)

Figure 4.19. Comparison with thermocouple 5€07 (blowdown)




¥4

CLADDING TEMPERATURE (K)

1500.00

1200.00

900.00 °

600.00

)7

200,00 1_

0.0

50.0 100.0 150.0 200.0 250.0 300.0 350.0

TIME (SEC)

Figure 4.20. Comparison with thermocouple SEO07 (transient)

00} 3-0.533
a R00D13-0.762 .
w E07-26
400.0




el

CLADDING TEMPERATURE (KD

1200.00

000.80 4

300.00

8 190 200 300

TIHE (SEC)

Flguré 4.21. Cladding temperatures calculated for 5G08
(4 X fuel rod in central element)

400

ROD1-08. 385
a ROD2-0.305
w 608-12




€L

CLADDING TEMPERATURE (KD

1200.00

008.08

300.00

100 200 joe

TIME (SEC)

Figure 4.22. Cladding temperatures calculated for 5GO8
(4 % fuel rod in central element)

400

RODI-0.762
a 688-20A
x 008-208




/74

(K)

CLADDING TEMPERATURE

1500.00

1200.00

800.00°

600.00

300.00

ROD14-0.533
4 ROD14-0.762
w 611-27

150.0 200.0 250.0 300.0. 350.0. 400.0

TIME (SEC)

v

0.0  50.0 100.0

i:lgurt; 4.23.. Cladding temperatures calculated for 5G11
(6 X ruptured fuel rod) :




74

1500.00

v
11
[
o |
’—
. <
a 1
&l 900,00
o o
w
'—-
(0
Z
=
o
<< 600.00
|
(8
300.00

1200.00

A

0.0 50.0 100.0 150.0 200.0 250.0

TIME (SEC)

300.0

350.0

Figure 4.24. Cladding temperatures calculated for SI11

(6 ¥ ruptured fuel rod)

400.0

R0015-0.762
111-27




9

(K)

CLADDING TEMPERATURE

1500.00

1200.00

- 600.00

300.00 °

0.0

S0.0 100.0 150.0 200.0 250.0 300.0 350.0 400.0

Figure 4.25.

TIME (SEC)

Cladding\ temperatures calc-ulated'for SE09
(6 % ruptured fuel rod)

A

R0D14-0.305
€09-10




CLADDING TEMPERATURE (K)

CLADDING TEMPERATURE (K)

1200.00

461411
A RODS-8.308

300.09 | ] ]
1290.09
4114-21

4 RODS-08.533

800.00

390.98 |

Figure 4.26. C
rods

ladding temperatures calculated for fuel

400

3ee

200

TIME (SEC)

in peripheral bundles

77



CLADDING TEMPERATURE (K)

CLADPING TEMPERATURE (K)>

1200.88

908 0@

300.00

-1280.00

900 .99

39e @9

RODS-8.762 —”””’\
a 2614-39
4

R008-0.533
a 2114-2

180 - 200 300

TIME (SEC)

Figure 4.26. Cladding temperatures calculated for fuel
rods in peripheral bundie 2

78

499



12

11 4 ' !

0.96 |
10
' 4 ~P VAPOR
o.ssf 3.17
|
9 <+ <4+ , .
A 0.32 | 0.36 4 P LIQUID
1.09 0.06 4 3.38 (m/s)
8 . ; R
0.06 4 .} 3.7
0.83 '
7 ! A
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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 lavel 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 ......... "S54 "~ '~
- Broken loop ........ PR iy A |

- Steam. generator
(secondary side) .... 19

Tofal number of cells = 302

Minimum and maximum time steps selected were:

Range (a) _DTMIN (8) . DTMAX (s)

0 -1 1.E-5 1.E-3
1-5 1.E-5 1.E-2
5 - 345 1.E-5 1.E-1

These maximum values haven't been reached in anyvphaee 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 calcn-
lating the transient. Clearly, we can distinguish two phases

according to the time stepe selected by the code

-~ 77 Number -CPU - _
Phase - -.. .Range (8) - 'steps - ‘time (s)- -~ RS-
Blowdown : '
& Heat-up -0 = 345 21500 624E3 96.1
Reflood 345 - 400 16000 - S576E3 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/(cell*step).

Machihe used for this calculation was CDC Cyber (operating

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

" ded Memory = 500.
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Figure 5.1. Time step evolution
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6. CONCLUSIONS

Good agreement exists between calculated and experimental
hydraulic variabies during the blowdown, like pressure,

mass flow rates and densities.

. TRAC-PF1l cannot simulate observed initial quenches and fi-

nal gquench 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
MSEBT (only for the FP-1 case), the experimental quench

time can be reproduced.

. Good agreement is found between calculated and measured

cladding temperatures for the 4 % enriched rods in central

fuel assembly.

Those simulated 6 9 fuel rods which suffer quench during
the blowdown phase (such as rod 15 in TRAC, close to ILCL),
show the best fitting with thermocouble data. For the
remaining 6 % and peripheral rods, higher temperatures are

calculated in film boiling transfer regime.

Three-dimensional behaviour is calculate&, although unpla-
nned upper plenum injection was defined to be azimuthally

symmetric within each ring.

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 usiﬁg 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 SO samples per second, except

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

Designation for the different types

- n G D S G S G D ED e G G S D N D ST P P SR G P D O G G R CR R v G D N SR SR Y T W R G OR G wn E Ee e

RPE ~ Pump speed

PE - Pressure transducer
PdE - Differential pressure
LE - Coolant level

PS -~ Pressure switch

TE - Thermocouple

Designation of systems

PC - Primary coolant intact

BL - Broken loop
RV - Reactor vessel

P120 - Emergency core coolant

system

LP -
ST -
UpP -
p128

of tkransducers

Coolant flow
Densitometer
Momentum flux
Flow rate

Fuel centerline

Lower plenum

Dowcomer stalk

Upper plenum

- Primary coolant
addition and control

Designation for Core instrumentation

Transducer location (inches from bottom) —_______-W

Fuel assembly row
Fuel assembly-column

Fuel assembly number

Transducer type

91

Iy

TE-3B11-28




26

\

Liquid monitor e O 4
(gamma spectromeler) '{" 3

Upper plenum
deposition sampler

Upper plenum slesm
sampling line

incote steam
sampling lnes (2)

Liquid monltor
(gamma spectrometer)

Figure A-1. LOFT Major Components
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Process Instrumentation for the
- contalnment vessel (not shown) Includes
. 7. conlainment pressure (PT-P138-41, 42 and
PDT-P139-27-1,2,3 43), contalnment temperature (TE-T55-2);

:;21332.73,142 3 A and hydrogen concentration
: " (AH2E-T55-1,2,3). Speaclfic Instrumentation

for the pressurizer and steam generator Is
found on thelr respective drawings in this
set.

Steam
generator

.

PDT-P139-6,7,8

LD-P139-6,7,8 e =
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Figure A-3  LOFT Intact Loop Process
"Instrumentation
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857 02/01 EFFECTIVE DAYES 017130709
1532431 FP=1 FINAL DIAC QUALIFICATION REPORY REVISIONMS gl“ll'.

SYSTENY LOCE Fr=)
Iy e T TR L P Y R P LY R Y Y Y Y Y YL YL R L R I I P L I Y T L Ly Ly Yy Ly T T Y T L L L Ty i,

Me ASURENENT MEASURENENT QUAL QAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATEMENT(S)!

CV=-7004-008 VALVE POS-FEEDWATER FLOW COMTROL 01-03-83 QUALIFIED

CV-004-010 VALVE P05~3CS STEAR FLOW CONTROL 12-31~-84 QUALIFIED

Cv-P004-090 MAIN STEAR BYPASS VALVE 01-03-83 QUALIJIFIED
Cv-=P004-091 BAIN FEED OYPASS VALVE 12-31-04 QUALIFIED
Cv~-P138-001 VALVE POS-BROKEN LOOP CL QOBV 01-03-83 QUALIFJED
Cv-P138-015 VALVE POS-BROKEN LOOP HL QOBY 12-31-84 QUALIFLED

CV-P138-0704 VALVE POS~SLOMWDOMN SYSTEM RABY CH A 12-31-04 QUALIFIED
Cy=P138-071A VAL VE POS~8LOWOOWN SYSTER RABY CH B 12-31-0% QUALIFIED

DE-B3L-001a CHORDAL DENSLTY~BROKEN LOOP CL 01-00-835 QUALIFIEO

"DE~8L~0018 CHORDAL DENSITY-BROXKENM LOOP CL 01-03-85 QUALIFIED

Aot-_u-ooxc CHORDAL DENSITY-SROXKEN LOOP CL 01-08~83 QUALIFIED T0 63 SECONDS
DE=8L~002A CHORDAL DENSITY-SROXKEN LOOP HL 01-03-+ QUALJFIED TO 63 SECONDS
DE~9L-0028 CHORDAL DENSITY=-BROXEN LOCP R 01-03 UALIFIED TO 63 SECOKDS
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85/02701 . . EFFECTIVE DATEs 01730/
15,592,311 FP~1 FINAL DIRC QUALIFICATION REPORY . REVISION® FINAL ”

SYSTERs LOCE FP-1

oenass .II........I....-.......--..--..“........-.....‘...-.-.......’.......'.......................-..................C.........-..

REASURERENT HEASUREMENTY QUAL QUAL
IDENTIFICATION DESCRIPYION OATE STATUS QUALIFYING STATEAENT(S) !
DE~-BL-002C CHORDAL DENSITY=BRUKEN LOOP ML 01-09-83 QUALIFIED T0 63 SECONDS
DE-8L~0020 GR(SS GARMA BXG/ORONEN LOOP HL 01-29-83 QUALIFIED TREND DATA OMLY, B SAMPLES PER SECOND DATA
DE~B8L~105 AVERAGE DENSITVY-BROKEN LOOPF CL 01-11-8% QUALIFIED AFTER 1) SECONMDS
SPURIOUS SPIKES

DE-8L-205 AVERAGE DENSITY~BROKEN LOOP HL 01=-11=-83 QUALIFIED 70 63 SECONDS

L]
0E-PC-001A CHORDAL OENSITY-INTACT LDOP CL 01-00~83 QUALIFIED SPURIOUS SPIKES
DE-PC-0018 CHORJAL DENSITVY=IMTACTY LOOP CL 01-08-09 QUALIFIED SPURIOUS SPIKES
0E-PC-001C CHORDAL DENSITY-INTACY LoOP CL 01-00-83 QUALIFLED SPURIOLS SPIXES
Dk=#C=002A CHORDAL DENSITY-INTACT LOOP M. 01-09-83 QUALIFIED DE~PC-001D USED FOR SACKGROUND CORRECTION
DE-PC~0020 CHORDAL DENSITV-INTACY LOOP WL 01-03-803 QUALIFIED T0 63 SECONDS
DE-PC=-002C CHORDAL DENSIYY-INTACY LOOP HL 01-09-83 FAILED
DE-PC-0020 GROSS GANMA BXG/INTACT LOOP HL 01-29-83 QUALIFIED TREND DATA ONLY
DE~-PC-103 AVERAGE DENSITY - INTACT LOOP CL 01-11-63 ouuiruo

DE-PC-225 VEIGHTED AVG DENSITY IL WL 01-11-85 QUALIFIED VO 63 SECONDS
’ ' y PAGE 00002 OF 2,
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#5/02/01
15.32.31

EFFECTIVE DATEs 01730765

FP=1 FINAL DIRC QUALIFICATION REPORT REVISLIONS FINAL

SYSTENS LOCE FP~)

.
GGG EE e N E N NE NN AN AN AN NG AGEa St E At EAruaEEuS IS N tN AN NI a N tE N At ot o NN O aa N RN A e AN DR R e NN OO IR a0 PaEs RN aCeNEIPRaROnNTanIlioaeeass

ME ASURENENT NEASURENENT QUAL QUAL

L1DENTIFICATION DESCRIPTION DATE SYATUS QUALIFYING STATENENT(S) ¢

FE=PC=002A VELOCITY=INTACY LOOP NOT LEG B0TTOM 01-09-983 QUALIFIED UNJOIRECT JONAL

FE=PC~0028 VELOCITY-INTACT LOOP WOT LEGC MIODLE 01-09-03 QUALIFIED UNIOIRECTIONAL

FL=rC=002C VELOCITY-IMNTACT LOOP HOY LEG TOP 01-09-83 QUALIFIED UNIDIRECTIONAL

FE-PC-002 AVERAGE VELOCITY = INTACT LOOP HL 01-22-03 QUALIFLED UNIDIRECTIONAL

F&-131-001 . VELOCITY DOWNCOMER STALK 1 01-09-03 QUALIF1ED UNIDIRECTIONAL

FE~137-002 VELOCITY DOWNCOMER STALK 1 LOWER 01-10-63 QUALIFLED UNMIOIRECTIONAL

FE-3UP-002 VELOCITY=~FAS A“VE UPPER END BOX 01-09-835 QUALIFIED UNIDIRECTIONAL

FR-BL-103 AVERAGE FLOWRATE, BROXKEN LOOP CL 01=-18~03% QUALIFIED 10 &3 SECONOS

FR-8L-203 AVERAGE FLOVRATE, BROKEN LOOP HL 01-22-89 QUALIFIED TO 420 SECONDS. MASS FLOV APTER 63 SECONDS
SASED ON STEAN DENSITY

FR=PC~-205 KASS FLOV RATE WL DO®DENS 01-22-83 QUALIFIED T0 22 SECONDSe B DRAG DISC SUASTITUTED FOR

' € ORAG DISC IN CALCULATION

FT-p004-012 FLOWRATE~STEAN FLOW CONDEMSER IN . 01~03-83 QUALIFIED INITIAL COMDITIONS OMLY

FT1-P004-0%0 VOLUMETRIC FLOW, STEAM ULTRASUNIC 8 01-03~83 QUALIFIED

FT-P004-091 VOLUNETRIC FLOW SECONDARY ' 01-03-33 QUALIFIED
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83702401

EFFECTIVE DATE: 01730780

1552431 FP-1 FINAL DIRC QUALIFICATION REPORT ARVISIONS FINAL
: SYSTENs LOCE FP-)
PYYI YIS Y NI RIRTT RN LI IR I DL LD R L R LR DR LYYl it At i il il I I Yy I I YN Y N R Iy s
NEASURENENT REASURENENT QUAL QuAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALLFYENG STATEMENT(S)'
FT-P00A-T2A _  FLOWPATE=SCS FEEDWATER 01-09-A% QUALIFIED  INITIAL CONDIVION UNLY
FT=-P004-T72-2 FLOWRAICL=3CS PEEDUATEP 01-09-65 QUALIFIED  INITIAL CONDITIONS GNLY
F1-P120-072  FLOVRATE-LPIS PUNP B DISCHARGE 01-03-A3 QUALIFIED  NO OTHER MEASUREMWENT FOR DIRECT CONPARISON
FT-£120-085  FLONRAT=LP1S PUAP A DISCHARGE 01-03-85 QUALIFIED  NO OTHER MEASURENENT FOR DIRECT COMPARISON
FI-120-085  FLOMRATE-HPIS PUNP 8 DISCHARGE 01-09-83 QUALIFIED  NO OTHER NEASUREMENT FOR DIRECT CONPARISON
F1-P120-10¢  FLOMRATE-HPIS PUNP A DISCHARGE 01-18-3 QUALIFIED  NO OTKER WEASURENENT FOR OIRECT CONPARISON
FT-P139-27-1  FLOMRATE-INTACT LOOP COOLANTY 01-08-03 QUALIFIEO  INITIAL COMDIVION ONLY
FT-P139-27-2  FLOMRATE~INTACT LUOP COOLANT 01-00-83 QUALIFIEOD  INITIAL COMOITION ONLY
F1-P139-27-3  FLONBATE=INTACT LOOP COOLANT 01-08-83 QUALIFIED  INITIAL CONDITION ONLY
FI-P141-022  FLONBATE=TOTAL PCC 01-03-65 QUALIFIEO MO OTHER NEASUREMENT FOR DIRECT CORPARISOM
L0-P139-006  LIQUID LEVEL-PRESSURIZER CH A 12-31-84 QUALIFIED  INIVEIAL CONDIVEONS ONLY
LD-P139-007  LIGUTO LEVEL-PRESSURSZER CH 8 12-31-84 QUALIFIED  FNITIAL COMDITIONS ONLY
L0-P139-008  LIQUID LEVEL-PRESSURIZER CH C 12-31-84 FAILED
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45702701

EFFECTIVE DATEs 0 .
15.52.31 FP~1 FINAL DIRC QUALIFICATION REPORY ulvxsxo:- riéif’ ?
: SYSTENY LOCE FP-1

--'.II..-.I.....-‘........-.-......-....I-.-..I...-l..-....................-............-...-.....-.....-I....I....-........-......I
MEASURENENT NEASURENENTY QUAL QUAL

I0ENTIFICATION OESCRIP TION DATE STATUS QUALIFYING STATENENT(S)!

LEPDE-SV-161 LIQUID LEVEL-BST 01-18-83 QUALIFIED  INITIAL AND FENAL CONDITIONS ONLY

LEPDE~SV-261  LIQUID LEVEL-B3T 01-10-05 QUALIFIEO  INITIAL AND FINAL COMOITIONS ONLY

LE-ECC-01A ACCURULATOR A LIQUID .LEVEL 01-11-83 QUALIFIED  NO OTHER MEASUREMENT FOR DIRECT CONPARISON

LE-1FL10 COOLANT LEVEL-FUEL ASSY 1 LOC F10 01-03-03 QUALIFIED  FAILED STINGS = 1,453,657s0,9511513,16018,19

LE-15T-001 COOLANT LEVEL-INSTR STALK 1 LP 12~27-84 QUALIFIED

LE-18T-002 CODLANY LEVEL-INSTR STALK 1 DC 12-27-04 QUALIFIED  FAILED STINGS = 15209

LE-3F10 CODLANT LEVEL-FUEL ASSY 3 LOC F10 12-27-84 QUALIFIED  FAILED STINGS = 2030403, To 11516018519

LE-3UP~001 COOLANT LEVEL-UPPER PLENUA 01-03-85 QUALIFIED  FAILED STINGS = 1920304099809

LE-3E11 COOLANT LEVEL-FUEL ASSY 5 LOC E 11 12-27-04 QUALIFIED  FAILED STING ~ L7

LE-3UP-001 CODLANT LEVEL-UPPER PLENIN 12=-27-0% QUALIFIED

LIT-P120-030 LIQUID LEVEL-ACCUNSLTOR 8 01-11-85 QUALIFIED  NO OTHER REASUREMENT FOR DIRECT CONPARISON

LTO-P136-033  8SV DENS CORR 01-10-03 QUALIFIEO  INITIAL AND FINAL CONDITIONS ONLY

LID-P138-058  8ST DENS CORR 01-18-85 QUALIFIED  EINITIAL AMS FINAL CONDITIONS ONLY
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i
$5/02/01 EFFECTIVE OATEs 01730703

13452431 FP=1 FINAL DIRC QUALIFICATION REPQRT REVISION® FINAL
. SYSTENY LOCE Fr=i
ONOSRSOSRNTNDEDIENSNSENTOPSODEPROsORsENSRDOeCOasaNES I.......-.......I.I..........‘...........‘...I......-.......-..............-....

REASURLAENT NEASURENENT QUAL QUAL
IDENTIFICATION DESCRIPTION DAYE $TATUS QUALIFYING STATENENTIS),

LY-P004=008A  STEAN GENERATOR LEVEL NARROW RANGE 01-14-83 QUALIFIED

LT-P004=042  CONDENSATE RECEIVER LEVEL 12-31-04 QUALIFIED

LV-P004A~00AA  STEAN GEM LEVEL MARRON RAMGE +  01-14-84 QUALIFLED

LT-P136-033  LIGUID LEVEL-BSY A . 01-10-05 QUALIFIED  INITIAL AND FINAL CONDITIONS ONLY .
LT-P126-058  LIQUIO LEVEL-BST 8 01-10-63 QUALIFIED  ENITIAL AND FINAL CONOITTOMNS OMLY
NE-BL-001A non riuu. nt;x. BOT, HIGH RANGE O1-10-85 QUALIFIED 10 &3 SECOMDS

NE-BL-0018 MOM FLUX» BL=1, NIOOLE» HIGH RANGE O01-10-85 QUALIFIED 1D 65 SECONDS

NE-8L-001C NOR FLUK, BL=1s TOP, HIGH RANGL 01-10-83 QUALIFIED  TO &3 SECONDS

NE-BL-001 AVERAGE NOM FLUX BRDKEN LODP CL 01-10-83 QUALIFIED  TO 63 SECQMDS

RE-BL-002A MONENTUN FLUX-BROXEN LOOP HL not;nn 01-18-03 QUALIFIED

NE-BL-0028 HOMENTUN FLUX-BROKEN LOOP HL NIOOLE O1-18-83 QUALIFIED

NE-8L~002C NONENTUN FLUN=BRUKEN LOOP ML TOP . 01-16-85 QUALIFIED

nE~-oL-002 AVERAGE nOM FLUX BROKEN LOOP ML 01-18-83 QUALIFIED )
PAGE 00006 OF .
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85702/01 . : EFFECTIVE DAVES 0173
15.52431 FP=1 FINAL OIRC QUALIFICATION REPORY REVISIONS r%‘nfl.’

SYSTEN. LOCE FP~1

NEASURENENT . REASURENENT Quat QuaL

IDERTIFICATION DESCRIPTION DATE STATUS ‘ QUALIFYING STATERENT(S) !

ME-PC~002A HOMENTUM FLUX=IMTACT LOOP HL BOTTOM 01-22-85 QUALIFIED TO 22 SECONDS

NE-PC-0020 NOMENTUN FLUX=INTACT LOOP ML MIODLE 01-22-05 QUALIFIED T0 22 SECONDS

nE-PC-002C MONENTUN FLUX=-INTACT LOOP HL TOP 01-18-05 FAILED

NE=-PC-002 AVE ROMENTUN FLUX-INTACT LOOP WL 01-22-85 QUALIF1E0 10 22 SECONDS. B DRAG DISC SUSSTITUTED
FOR C ORAG DISC IN CALCULATION

[}

HE-157-001 NONENTUN FLUX-INSTR STALK 1 DC 01-22-89 FAILED

NE-15T=-002 MONENTUN FLUX-INSTR STALK 1 OC 01-22-05 FAILEOD

AE-5UP=-002 HOMENTUM FLUN=FAS AD UPPER END B0X 01-22-83 QUALIFLED UNTIL 10 S8CS AND AFTER 70 SECONDS
UNCONPENSATED VEMPERATURE SEMSITIVITY BETWEEM 10 € 70 SECS,

NE~2H08-206 NEUTRON DETECTOR IN CCRE FA#2 12-31-84 QUALIFIED

HE-4HOB=20 MEUTRON DETECTOR IN CORE FA®4 12-31-04 QUALIFIED

NE~6HO6-26 NEUTRON OETECTOR IN CORE FASGH 12~31-84 QUALIFIED

POE-8L-00) OELTA P-8L COLD LEG BRK PLANE 01-03~03 QUALIFIED

POE-BL-000 DELTA P-BL ACROSS $6 SIN IN FLNG 01-03-03 QUALIFIED

POE=-SV-~001 SUPPRESS1ON VESSEL LEVEL . 01-19=83 GUALIFIED INITIAL AND FINAL COMDITIONS ONLY

b
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85/02/01 . EFFECTIVE ODATE: 01730703
15,5231 FP=1 FINAL OIRC QUALIFICATION REPORY REVISIONS FINAL

. SYSTENY LOCE Fr-1

REASURENENT NEASURBNENT QuaL QUAL

IDEMTIFICAVION DESCRIPTION DATE STATUS QUALIFYING STATENENT(S)
POE-~SV-002 SUPPRESSION VESSEL LEVEL 01-18-85 QUALIFIED INITVIAL AND FINAL CONDITIONS ONLY
POIP1I9-27-) INTACT LOOP NASS FLOV BELTA ¢ 01~-00-03 QUALIFIED INITIAL CONDITION ONLY, TREND THEREAFTER
PDTPLIN-27-2 INTACT LOOP NA3S FLOV DELTA P 01-00~85 QUALIFIED INSTIAL CONDITION ONLY, TREND THEABAFTER
POTPLIN-27-) INTACT LOOP NASS Floﬁ Dil“ L4 01-00-83 QUALIFIED INITIAL CONDITION ONLY, TREND THEREAFTER

POT-P0O04-072  DIFF PRESS FEEOWATER FLOW ORIFICE O01-09-03 QUALIFIED " INITIAL CONDITIONS ONLY

POT~P139-030A DELTA P=PRINARY COOLANT PUNP 01-03-83 QUALIFIED INITIAL COMDITIONS ONLY

POT~-PL39-0308 ODELTA 'ilN'Aé! LooP $6 01-08~85 QUALIF1ED INITIAL CONDITION 0“(‘0 TREND THEREAFTER
POT~P139-030 DELVA P -~ REACTOR ViSSil 01-03-805 QUALIFIED UNIDIRECTIONAL

PE-BL-001 PRESSURE~BROKEN LUODP COLD LEG 12-27-84 QUALIFIED

PE-BL-002 PRESSURE~BROKEN LOOP HOY LEG 12=-27-84 QUALIFIED

PE-PC-CO2 - PRESSURE~INTACT LOOP HOT LEG 12-27-84 QUALIFIED

PE=PC~003 PRESSURE~INTACT LOOP REF. 12-27-04 QUALIFIED

PE-PC~0006 PRESSURE~INTACT LOOP REF, 12=27-84 QUALIFLED
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EFFECTIVE OATE: 01730749

FP-1 FINAL DIRC QUALIFICATION REPORY REVISIONS FIKAL

SYSTERs LOCE FPr-)

NEASURLAENT MEASUKERENT QUAL Quat

IDEXTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATEMENTUS) !

PS-SFOS=SW  PRESSURE SUITCHs FA 03 01-11-A5 QUALIFIED  SWITCH ACTIVAVES AT ROD INTERNAL PRESSURE OF 430 4=20 P31
PS-5f12-Su PRESSURE SULTCHs FA 05 01-11-83 QUALIFIED  SWITCM ACTIVATES AT ROD INTERNAL PRESSURG OF 430 =20 PS1
P5-5G11-Sw PRESSURE SWITCH, FA 995 01-11-85 QUALIFIED  SWITCH ACTIVATES AT ROD INTERMAL PRESSURE OF 430 ¢-20 PSI
Ps-3105-5v PRESSURE SVITCH, FA 03 01-11-05 QUALIFIED  SWITCH ACTIVATES AT ROD INTERNAL PRESSURE OF 430 ¢-20 PSI
PS=3412-5W PRESSURE SWITCH, FA §5 OL-11-85 QUALIFIE0  SWITCH ACTIVATES AT ROD INTERMAL PRESSURE OF 450 ¢-20 P}
PT-POOA-010A  PRESSURE-SCS 10 (uc;(' Im FRON 56 12-27-84 GUALIF IO

PT-P00A-022  CONDENSATE RECEIVER bdiswu * 12-27-84 QUALIFIED

PTI-PO04-034  PRESSURE-SCS FEEOVATER 12-27-04 QUALIFLED

P1-7004-085  PRESSURE-SCS 12 INCH COMDENSOR IN  12-27-84 FAILED

PT-P120-029  PPESSURE-ECCS ACCUNULATOR 8 12-27-84 QUALIFIEO

PT-P120-043  PRESSURE-ECCS ACCUNULATOR A 01-18-65 QUALIFIED

PT-P120-102  AC=P-48 OISCHARGE PRESS 01-09-83 FAILED

PT-P128-103  AC~P-4A DISCHARGE PRESS 01-09-8% QUALIFIED
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05 /02701 EFFECTIVE DATEs 01/30
15.52.31 FP=1 FINAL DIRC QUALIFICATION REPORT Atvisione F:NAL'.,

SYSTGNs LOCE FP-1 -

HEASUREMENTY © " NEASURERENT QUAL QUAL '
IOENTIFICATION OESCRIPTION OATE STATUS QUALIFYING STATERENT(S)
PT-P138-053 PRESSURE-SST -VAPDR SPACE CH A 01-03-89 QUALIFIED

P1-P138-036 PRESSURE-BST VAPOR SPACE CH B 01-03-04 QUALIF1ED

PT-P138-037 PRESSURE-8ST VAPOR SPACE CH C 01-03-83 QUALIFIED

'1;'139-002 PRESSURE~INTACT LOOP HOT LEG CH A 12-31-04 QUALIFIED RESPONSE LINITED DURING THE SUS COOLED BLOWDOWN

P1-1139-00) PR!SSUIE-X“Y‘C* LOCP HUT LEG CH 8 12-31-64 QUALIFIED RESPONSE LINITED DURING THE SUS COOLRO MLOWOOWN

P1-P139-004 PRESSURE-INTACT LOOP HOT LEG CM é 12-31=04 QUALJFIED RESPONSE LIMITED DURING THE 3SUS COOLED BLOWDOMN

PT-P139-041 PRESSURE COMTAINMENT CHAN A 12=27-04 FAILED

PTI-P139-042 'llSSU.( COMTAIMNENT CHAN O 12-27=-04 QUALIFLIED i
;

PT-P139-043 PRESSURE COMTAINMENT CHAN C 12-31-84 QUALIFIED

PT-P139-05-1 PRESSURE-PRESSUR] ZER 12-27-04 QUALIFIED

l[-f-??-llz NIS-POWER RANGE CHANNEL A LEVEL 01-11~-805 QUALIFIED

IE-f-??-ZAZ NIS-POMER RANGE CHANNMEL 8 LEVEL 01-11-03 QUALIFIED

RE~T~T77-3A2 NIS-POWER RANGE CHANNEL C LEVEL 01-11-03 QUALIFIED
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45702/01
15652431

FP=1 FINAL DIRC QUALIFICAVIGN REPORY

EFFECTIVE DATEs 01730783
REVISIONS FiINAL
SYSTENS LOCE FP-)

AL ASURENENT NEASUREMENT QUAL QUAL

EEENYIfICAIION OESCRIPTION DATE . STATUS QUALIFYING STATENENT(S)
RPL~PL~001 PUNP SPEED~PRIMARY COCLANT pubr 1 12-31-84 QUALIFIED AFTER 5 SECOMDS
l'E-'C;OOZ PURP SPEED~PRIMARY COOLANT punP 2 12-31-;6 OUQL;FXCD

AP-CROM2-TC ROD POS=R0D 2 TURNS COUNTER 12-31-84 QUALIFIED FOR SCRAN EVENT TINE ONLY
RP-CRONS-TC 0D PO3-R0D & TURNS CCUNTER 12~31-84 QUALIFIED FOR SCRAN GVENT TINE ONLY
Re=CRONS=-TC ROD POS-ROD & TURNS COUNTER 12-31-04¢ QUALIFLED FOR SCRAN EVENY TINE ONLY
lP-CIDHQ-IQ RQ0D PAS~-RO0 6 TURNS COUNTER 12=31=84 QUALIFIED FOR SCRAN BVENT TINE QMY
RTP265-5L1~10 CiOSS GANNA S1 SA!fLE SYSTEN 01~-22-83 QUALIFIED ‘TREMD DATA ONLY
RIPL65~52-10  GROSS GARNA ST SARPLE SYSTEM 01=22~83 FAILED

RIP165~53-10 GRO3S GARMA $3 SANPLE SYSTEM 01-22-83 QUALIFIED 5=3 SANPLE SVYSTEN BLOCKED
RIPL63-54~10 GROSS GANNA S4 SANPLE SYSTEN 01-22-84 QUALIFIED TREND DATA ONLY
SP~B8L-0018 SAT PRESSURE BROXEN LOOP CL 01-08-085 OUQL!FIED

Sp-8L-0028 SAT PRESSURE BROXIN LCCP HL 0!-0!-0! QUALIFIRO

SP-PC-0028 SATURAT IUN ;RESS-!NIACT L00P HL 01-08-03 QUALIFIED
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FP-~1 FINAL DIRC QUALIFICATION REPORT

EFFECTIVE DATE: 017130/8%

REVISIONS FInAL

SYSTENY LOCE FP-1

POSSINLE HOT WALL EFFECTS

MEASURERENT NEASUREAENT QuaL QAL .
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATEMENT(S) !
$P-36~004 SATURATION PRESSURB. STEAN GEN, NID 01-00-03 QUALIFIED
$P-157-005 SATURATION PRESS-BOUMCONER STALK 1 Qx-oo-os QUALIFIED
SP-1Ur-001 SATURATION PRESSURE, UPPER PLENUN ?l-Ol-lS QUALIFIED
$T-sL-001 SAT TEMPERATURE BROKEM LOOP CL 01-00-83% QUALIF1ED
$T-8L-002 SAT TENPERATURE SROKEM LOOP HL 01-08-03 QUALIFIED
$T-PC~002 SATURATION TEMP» INTACT LOOP, HL 01-00-83 QUALIFIED
ST-pC~005 SATURATION TENP, INTACT LOOP, CL 01-00~89 QUALIFIED
ST-P004-010A  SATURATIUN TENP = SCS SG 10 IN LINE 01-00-83 QUALIFIED .

. TC=3006~-27 TENP FUEL CENTEALINEZFAS PIN D6 27% 12-27-04 FAILED
1€-3010~27 TEMP FUEL CENTERLINE/FAS PIN D10 27 01-03-83 QUALIFIED  FAILED PRE-LOCE lcfl
TE-BL~001A COOLANT TEWP-BROKEN LOOP CL BOTTON 12-27-04 QUALIFIEO POSSIBLE MOT WALL EFFECTS
TE~L-0010 CODLANT TEAP-BROKEN LOOP CL MIDDLE 12~27-0% QUALIFIED PO3SIBLE HOT WALL EFFRCTS
TE-BL-001C COOLANT TENP-SROKEN LOOP CL TOP 12=27-84 QUALIFIED
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EFFECTIVE DATEY 0173078
15432431 FP=1 FINAL DIRC QUALIFICATION REPORT oy fihore

REVISIONY FINAL
: SYSTENY LOCE FP~1

REASURERMENT NEASURENENT QUAL QUAL
I0ENTIFICATION OESCRIPTEON DATE STATUS QUALIFYING STATENENT(S)
TE-BL-0028 COOLANY lENP*II’!‘! LO&P HL NIDDLE 1$2-27-84 QUALIFIED POSSISLE HOT wALL EFFECTS
LR .
TE-8L-002C COOLANT TENP-0ROXEN LOOP ML TOP 12=27-84 QUALIFLED POSSIBLE HOT WALL EFFECTS
TE=-PC-002A TENP-INTACT LOOP HL BOTTON 12=27=84 QUALIFIED POSSIOLE HOT WALL EFFECTS
lt-rc-qozs TENP-EATACY LOOP HL MIODLE 12=-27=84 QUALIFIED POSSIBLE HOV WALL EFFECTS .
TE-PC~-002C YERP-INTACT LOGP HL TOPF 12-27=84 GUALIFIED POSSIBLE HOT WALL EFFECTS
TE=PO04-054 CONDENSATE RECEIVER TENWP 12=27-04 QUALIF18D
TE-P120~-001 LIQUID TENP-BUST ll°l1OOOIOUALlFIID
TE=P120~041 LIOUID TENP=-ECCS ACCUMN A 01=-03-85 QUALIFIED INITIAL CONDEITIONS ONLY
l(f’llo-IOI LICUID TENP-ECCS LPIS HK B OUYL;! 12-27-84 QUALIFIED
T6-P139-019 TENPERATURE-PRESSURIZER VAPOR , 12-31-84 OU‘llFlFD INITIAL COMDITIONS ONLY
TE~P139-020 TENPERATURE-PRESSURIZER LIQUID 12-31-04 QUALIFIED INITIAL COMDITIDNS ONLY
TE-P119-029 CUOLANT TENP-INTACT LOOP COLD LEG 12-27-‘f QUALIFIED INITIAL CONODITIONS ONLY
TE~PL39-208-2 TEXPERATURE=INTACT LOOP COLD LEG 12=27-84 QUALIF1ED INLvIAL CO‘DIIK&NS ONLY
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01T

85/02/01
15432031

EFFECTIVE DATES 01730785

FP=1 FINAL OIRC OUAllleAIION REPORY REVISIONS FINAL

SYSTENe LOCE FP-)

REASURENENT NEASURGNENT QUAL QUAL

IDENTIFICATION DESCRIPTION DATE ) STATUS QUALTIFYING STATEREMV(S) !
TE-P139-32-1  PRINARY COOLANT HOY LEG TENP CHAN A 12-27-84 QUALIFIED INITIAL CONDITIONS ONLY
TE~P141=-094 PCCS HEAT EXCH HL TENP

TE-P141-095

T€~56~001A

TE=$6-001

YE~$56-002A

TE~$6-002

T€~-56-003

TE~$6~004

TE=S ¥=001

TE-5V-000

TE-SV-007

TE-35V=-011

WATER TENP-COLD LEG OF PCC LOADS
COOLANT TEMP-IL SG INLEY PLENUN
COOLANT TEMP-IL 'S6 INLEV PLENUM

COOLANT TEnP-JL 36 OGUTLEY PLENUM

. COOLANT TEMP-JL SG QUTLET PLENUN

LIQUID TEAP~SCS S& DOMNCONER
LIQUID TEWP~SCS SC DOWNCORER
LIGUID TENP-BST STALK 1-107.7
LIQUIO TENP-03T STALK 1-14,7
LIqulo ltlf-lSl STALR 2-107.2

LIQUID TENP-BST STALK 2-39.0

12-27-84 QUALIFIED
11-;1-35 QUALIFIED
‘01-03-85 QUALIFIED
12-31-84 FAILED

12-27-84 QUALIFIED
12~-27-84 QUALIFIED
12-27-84 FAILED

12-27-04 QUALIFIED
12-27-6¢ QUALIFIED
12-27-84 QUALIFIED
12-27-84 QUALIFIED

12-27-8% QUALIF1ED

POSSIOLE MOT VWALL EFFECTS

POSSIBLE HOT WALL EFFECTS

POSSIBLE HOT WALL EFFECYS
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(481

85702701
EFrecT
15,5241 FP-1 FINAL DIRC QUALIFICATION REPORT sevisions rime®

SYSTEN LOCE FP=-1

REASURERENT ) REASURENENT QUAL - . QUAL
IOENTIFICATION DESCRIPTION OATE STATUS QUALIFYING STATEMENT(S)'
TE=3V=-012 LIQUID TENP-23t "q‘! =147 12-27-84 QUALIFIED
P .
76-1035~002 TERPERATURE~CONTAINEENT ANBIENT 12=-27-84 QUALIFIED NO OTHER MEASURENENT FOR DIRECT COMPARISON

TE-1A11-030 TERP-CLADDING/FAL PIN ALL 30 IN. ) 01-22-85 QUALIFIED SARPLE RATE I3 2,5 SANPLES PER SECOND
TE-1810-037 A lEl'-CLADDlﬂGIFAi PIN 810 37 IN. 01-22-63 QUALIFIED SANPLE RATE IS 2.9 SANPLES PER SECOND
li-illl-ot. TERP ~CLADOING/FAL PIN B1L 20 IN. 01-22~05 QUALIFIED SANPLE RATE 13 2.9 SANPLES PER 3ECOND
TE=1811~-032 "TERP=CLADDING/FAL PIN B11 32 IN. 01-22-83 QUALIFIED SARPLE RATE 13 2.3 SANPLES PER SECOND
TE-1C11-021 lié'-(tlbﬂll‘lfll PIN C11 21 IN. 01-22-83 QUALIFLED SANPLE RATE ls 243 SANPLES PER SECOND
!E-lCli-o30 TENP-CLADOING/FAL PIN C18 39 1N, 01-22-89 W'ALIFIED flﬂill RATE IS 2.3 SARPLES PER SECOND
TE-1F07-013 TENP-CLAODING/FAL PIN F7 13 IN. 01-22-83 QUALIFIED SARPLE RATE 1S 2.3 SAAPLES PER SECOND

TE-1FOT7-0206 TENP-CLAODING/FA3 PIN FT . 26 IN. 01-22-09 QUALIFLED SARPLE RATE 1S 2,3 SAMNPLES PER 3ECOMD

TE-15T-001 COOLANT TENP-RY INSTR STALX 1 OC 12-27-84 QUALIFIED  POSSIBLE HOT WALL EFFECTS
TE~15T-002 COOLANT TEMP=RV INSTR STALK 1 OC 12=27-84 QUALIFLED POSSIBLE NOT WALL EFFECTS
TE-157-003 COOLANT TENP-RY INSTR STALK 1 OC . 12-27-84 QUALIFIED ‘POSSIBLE HOV WALL EFFECTS

-~
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85702401 ) EFFECTIVE DATEs 01/30/8%
1552031 FP=1 FIMNAL DIRC QUALIFICATION REPORT REVISIONY F:N:l’

: SYSTENS LOCE FP-]

REASURERENT REASURENENT QUAL QUAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATEMENT(S) ¢
TE=-157~004 COOLANT TENP-RV INSTR STALK 1 OC 12-27-84 QUALIFIED POSSIBLE HOT WALL EFFECYS
TE-15T~003 CODLANT TENP-RY INSTR STALX ) DC 12-27-84 QUALIFLED POSSIBLE HOT WALL EFFECTS
'
TE-157-0006 COOLANT TENP-RV INSTR STALK 1 DC 12-27-04¢ QUALIFLED POSSISLE WOT WALL EFFECTS
16-137-008 .COOLANT TEAP-AV INSTR STALX 1 LP 12=27-84 FALLED
TE~157-009 COOLART TENP-BV INSTR STALK 1 LP 12-27-84 QUALIFIED POSSISLE HOT WALL EFFECTS
1€-137~-010 COOLANT TEMP-RV INSTR STALK 1 LP 12=27-84 QUALIF1ED -POSSEIBLE MOY WALL EFFECYS
TE-157-011 COOLANT TEMP=RV INSTR STALK 1 LP 12-27-84 QUALIFIED POSSIOLE WOV WALL EFFECTS
TE-1357-012 CODLANT TENP-RV INSTR STALK 1 P 12=27-84 QUALIFIED POSSISLE MOT WALL EFFECTS
TE-1ST-01) COOLANT TENP-RV INSTR STALXK 1 LP 12-27-94 QUALIFIED POSSIBLE HOT WALL EFFECTS
TE=137-014 COOLANT TEMP-RV INSYR STALK 1 LP 12-27-84 QUALIF1ED POSSISLE HOT HALL EFFECTS
TE-157-015 CODLANT TEMP-RV INSTR STALR 1 DC $12-27-84 QUALIFIRD POSSIBLE WOT WALL EFFECTYS
TE~1Ur~-0ul COOLANT TERP-LPPER END BOX ' 12=27-04 QUALIFIED P0SSIBLE WOV UALL EFFECTS
TE-1upP-002 COOLANT TENP-UPPER END BUX 12-31-84 QUALIFIED POSSIBLE HOT WALL EFFECTS
ﬂ.
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5702/01 . EFFECTIVE DATE: O1/30/89
15052031 FP=1 FINAL DIRC QUALLIFICATION REPOAY REVISION: FIIA:'.

SYSTSRs LOCE FP~-1

REASURENENT NEASURENENT QUAL QUAL

IOENTIFICATION . OESCRIPTION DATE STATUS QUALSFYING STATENENT(S) ¢
TE~1UP-003 COOLANT TENP-ONM OTY FE-1Ur-1 12~27-84 QUALIFIED POSSIBLE MOV WALL EBFFECTS

TE-1UP=-000 RETAL TENP-SUPPOAT COLUMM FAL 12-27-84 QUALIFIED

TE-1Ur-007 RETAL TENP-SUPPORT COLUM FAL 12-27-04 QUALIFIED

TE-2E08-04) TENP-CLADDING/FAZ PIN E0 43 IN. 01~-22-8% QUALIFIED SANPLE RATE 1S 245 SANPLES PRR SECOND
1E-2F07-019 TERP=CLADDING/FAZ PIN F7 15 IN. 01-22-803 QUALIFIED SANPLE RATE 13 2.3 SANPLES »ER SECOND
1£~2F08-032 TENP~CLADDING/FAZ PIN F8 22 IN. 01-22=83 QUALIFIED SANPLE RATE 1S 2,3 SARPLES PER SECOND

TE~2F09-026 TENP~CLADODING/FAZ PIN F9 26 IN. - 01-22-05 QUALIFIED SARPLE RATE IS 2.5 SANPLES PER SECOND
TE-2614-011 TEAP-CLAOOING/FAZ PIN €14 11 IN. 12-27=84 QUALIFIED
TE-2614-030 JEARP-CLADDING/FAZ PIN 614 30 1IN, 12-27-804 QUALIF1ED
TE-2614-043 TENP-CLAOOING/FA2 "N 614 43 1IN, 12-27-04 QUALIFIED
TE-2H02-020 TENP-CLADDING/FAZ PIN H2 28 IN. .01022-05 QUALIFLIED SANPLE RATE IS 2.5 SANPLES PER SECOND
TE-2H13-021 TENP~CLADDING/FA2 PIN H13 21 1IN, 12-27-84 QUALIFLED

TE-2H13-049 TENP-CLAODING/FAZ PIN H13 49 [N, 01-03~84 QUALIFIED
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ST1

85/02/01
15.52.31

FP=1 FINAL DIRC QUALIFICATION REPORTY

EFFECTIVE OATE: 01730703
REVISION: FINAL
SYSTEMY LOCE FP-)

REASURERENT MEASURENENT QuaAlL QUAL

IDENTIFICATION OESCRIPYION DATE STATUS QUALIFYING STATERENT(S) '
TE-2H14-020 TERP-CLADDING/FAR PIN H14 20 IN, 12-27-84 QUALIFIED

TE~2H1 4~032 TENP-CLADDING/FA2 PIN H14 32 (N, . 12-27-84 QUALIF1ED

TE~2H15~-02¢ TENP-CLADDING/FA2 PIN HIS 26 IN. 12=-27-84 QUALIFIED ‘
TE=2H1 5-041 IEN'-CLA&DINGIFAZ PIN HLS 41 INM. 12-27-84 QUALJIFIED

TE-2114~021 TENP-CLADDING/FA2 PIN 114 21 1IN, 12-27-04 QUALIFLED

TE~2114-039 TENP~-CLADDING/FAZ PIN 114 39 IN. 12-27-84 QUALIFIED:

TE-2LP-001L COOLANT TEAP-LOWER END BOX - 12-27-84 QUALIFIED PO3SSINLE Nﬂ; WALL EFFECTS
TE-21LP~002 COOLANY TERP-LOVER END BOX 12-27-04 QUALIFIRD POSSESLE MOV -WALL EFFECTS
T€-2Lr~003 COOLANT TEMP-LOWER END 80X 12-27-94 QUALIFIED  POSSIBLE MOT wWAlLL GFFECTS
TE~-2yr-001 COOL ANT I;NP-UPPEI END 80X 12-27=04 QUALIFLED POSSIALE HOT wAlL EFFECTS
TE-2Ur~002 COOLANT TEWNP-UPPER END BOX 12-27-84 QUALIFIED POSSIBLE HOT WALL EFFECTS
TE-2UP~003 COOLANT TEMP-UPPER END 80X 12=27~84 QUALIFIEKD POSSIBLE HOT WALL EFFECTS
TE~-2Ur~004 METAL TERP~SUPPORT COLUMM FAZ 12-27-84 QUALIFLED
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e3/02/01 EFFECTIVE DATEs 01/30/8
13.%2.31 FP=1 FINAL DIRC QUALIFICATION REPORT llVlSlo:l f:n:: i

SYSTEN: LOCE Fr-)

MEASURENENT AEASURENENT auaAlL QUAL
IDENTIFICATION DESCRIPTION OATE STATUS QUALIFYING STATENENT(SY
TE=2UP =005 NETAL TERP-SUPPORT COLUM FA2 12-27-84 QUALIFIED

£

TE=3A11-030 TERP=CLADDING/FAY PIN ARL 30 IN, 01-22-83 QUALIFIED SANPLE RATE IS 2.9 SAMPLES PER SECOND
TE~-3B11~-020 TENP-CLADDING/FAY PIN 811 20 1IN 01-22~-83 QUALIFIED SARPLE RATE IS 2.3 SANPLES PER SECOND
1€-3811-032 TENP-CLADDING/FAS PIN 811 32 IN. 01-22-03 QUALIFIED SANPLE RATE IS 2.3 SANPLES PER SECOND
Tk=3C11-021 TENP-CLADDING/FAY PIN CIt 21 1IN, 01-22-83 OUAI.IIFIIO SAAPLE RATE 13 2.3 SANPLES PER SECOND

TE=3C11-039 'lill?-(llbbl“‘l'l! PIN C11 39 IN. 01-22-03 QUALIFIED SANPLE RATE ]S 2.3 SANPLES PER SECONMD

TE=3F07-026 TERP~CLADDING/FAS PIN FT 26 1IN. 01-22-89 QUALIFIED SANPLE RATE IS 2.3 SANPLES PER 3ECOND
1€-3UP-001 COOLANT TENP-UPPER ENO 00X 12=27-04 QUALIFIED POSSIBLE HOT WALL GFFECTS

TE~-3UP-006 RETAL TENP-SUPPORT COLUMM FA)D 12-27-84¢ QUALIFIE®

TE-3uUP~-008 TENP-CODLANT LLY ASOVE FA3 12~27=84 QUALIFIED POSSIBLE MOT WALL EBFFECTS

TE=3UP-010 TENP~COOLANT LLT ABOVE FA) 12-27-84 QUALIFIED POSSIALE HOT WALL BFFECTS

TE=-3UP-011 TENP~-COOLANT LLY ABOVE FA3 12-27-84 QUALX.F'IKO POSSIBLE MOV WALL EFFECTS

TE-3Ur-012 TENP-COOLANT LLY ABOVE FA) 12-27-84 QUALIFIED rossIoLg Nﬂ‘! MALL EFFECTS
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.5102/01 EFFECTIVE OATE" 01730/89%
15.%2.31 FP-1 FINAL DIRC QUALIFECATION REPORTY REVISIONS FINAL ©

SYSTGMs LOCE FP~-1

MEASURENENT NEASURENENT QUAL QUAL

12:NUIFICA110N' DESCRIPTION DATE STATUS QUALIFYING STATEMENT(S) '

1E-3Ur-013 TENP-COCLANT LLT ABOVE FA3 © 12-27-84 QUALIFLED POSSISLE HOT WALL EFFECTS

TE=-3UP=014 TENP-COOLANT LLY ABOVE FAD 12-27-0; QUALIFLED POSSIGLE HOT WALL EFFECTS

TE-3uP=-013 TENP-COOLANT LLT ABOVE FAD 12-27-04 QUALIFIED POSSISLE HOT wALL EFFECTS

TE-3upP-016 “TERP-COOLANT LLT ABOVE FA3 12-27-04 QUALIFIED POSSISLE WOT WALL EFFECTS .
TE-4E08-045 TENP-CLADDING/FA4 PIN ES8 ‘3 e 01-22-83 QUALIFIED SANPLE fl!( IS 2,9 SARPLES PER SECOND

TE~4FO07-015 TENP~CLADDING/FAL PIN F7 15 IN. 01-22-83 QUALIFI1ED SANPLE RATE IS 2.9 SARPLES PER SECOND

TE~4F00-032 TERP-CLADDING/FAS PIN F8 32 IN. 01-22-09% QUALIFIED SANPLE RATE 13 2.9 SANPLES PER SECOND

TE-4608-021 TENP-CLADDING/FAS PIN GO 21 INe 12-27-04 6UALIFIED

TE-4614-011 TERP-CLADDING/FA4 PIN 614 11 INe - 12-27-84 QUALIFIED
TE=4614-030 TERP-CLADODING/FAS PIN Gl‘ 30 IN {?-27-.\ FAILED

TE-4Gl 4-045 TENP-CLADDING/FAS PIN G184 45 IN, 12-27-84 QUALIFIED
TE-4H13-0153 TENP-CLADDING/FAS4 PIN H13 15 IN. 12-27-84 QUALIFIED

TE-4H1 3-037 TENP-CLADDING/FAS PIN H13 3T IN, 12=-27-04 QUALIFIED
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85702101 .
- EFFECTIV
15,3231 FP=1 FINAL DIRC QUALIFICATION REPORY T av S Tons ::‘:8"’

: SYSTENY LOCE FP-)

ase .........-.l...t.................‘.......-II..I..-‘..-.-...-.‘......-‘.......'.............-....'I......................'-..‘-.-.
REASURENENT NEASURENENY QUAL QUAL
IOENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATENENT(S)

1E=-3C10-032 TENP-GUIDE TUBE FAS LOC €10 32 IN 12-271-84 Ouhllflib
eiem )
i,

TE~5E03-032 TENP-GUIDE TUSS PAS LOC €3 32 IN 12-21-84 QUALIFLED

TE~-3EQT1~-026 TERP-CLADDING/FAS PIN €7 20 IN 12-27-04 QUALIFIED
1&=5607-032 TENP-CLAODING/FAS fll €T 32 IN 12-2T7-84 QUALIFIERD . :
T€-5€07-039 TENP-CLADDING/FAS PIN E7 39 IN 12-27-04 QUALIFIED
TE=5£07=04) TENP~CLADDING/FAS PIN £7 43 IN 12-27-84 QUALIFLRD
TE=-3€09~-003 TERP~CLADDING/FAY PIN E9 3 IN 12-27-04 QUALIFIED

YE-3E09-010 TERP~CLADDING/FAS PIN E9 20 IR ‘ 12-27=84 QUALIFLED
T€-3E09-016 TENP~CLADDING/FAS PIN &9 16 IN 12-27-04 QUALIFLED

TE=-3E09-~021 TERP~CLADDING/FAS PIN &9 21 IN 12=-27-84 QUALIFLED

TE=3F03-045 TENP-QUIDE TUBE FA3 LOC F3 45 IN 12-27-84 QUALIFIED

TE=5F13~060 TENP-QUIDE TUBE FAS LOC F13 68 IN  12-27-84 QUALIFIED

TE~3605~027 IEHP‘CLIDDlléifli PIN 63 27 IN .01=-03-083 QUALIFIED
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61

95/02/01

EFFECTIVE DATEs 01730709

13052431 FP=1 FINAL DIAC QUALIFICATION REPORT REVISIONS FINAL

; SYSTENI LOCE Fr-1
TR Y I Y L LR L P Iy Pl Y Y T Y Y Y Y P R TRy R R Y P Y Y Y R Y Y Iy I Iy Iy Iy - - ae e - sa
IDERTIFICATI ON DESCRIPTION DATE STATUS QUALTFYING STATEMENT (S)'
TE-5608-006  TEMP-CLADDING/FAS PIN G8 & IN 12-27-04 QUALIFIED
TE-3608-012  TENP=-CLAODING/FAS PIN GO 12 IN 12-27-84 QUALIFLED
TE-5608-0294 TENP-CLADDING/FAS PIN G8 29 IN 12-27-84 QUALIFIED
TE=5600-0298  TENP-CLAODING/FAS PIN GO 29 IN 12-27-84 QUALIFIED
TE-5G11-027  TENP-CLAODING/FAS PIN 611 27 IN 12-27-04 QUALIFIED
TE-5105-027  TENP-CLAODING/FAS PIN I3 27 IN 12-27-84 QUALEFIED
TE-5111-027  TEAP-CLAODING/FAS PIN 111 27 IN 12-27-84 QUALIFIED
TE=5J13-043  TENP-GUIDE TUBE FAS LOC J13 43 IN  12-27=-84 QUALIFLED
TE-3K07-0A8  TENP-CLADDING/FAS PIN KT 48 IN’ 12-27-84 FAILED
TE-3K07-053  TEMP-CLADOING/FAS PIN K7 33 IN 12-27-04 QUALIFIED

A

TE-5K07-060  TEMP-CLADOING/FAS PIN K7 60 IN 12-27-04 QUALIFIED
TE-3K07-065  TENP-CLADDING/FAS PIN KT 63 IN 12-27-84 QUALIFIED
TE-3X09-021  TENP-CLAODING/FAS PIN X9 21 IN 12-27-84 QUALIFIED
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83702/01 : EPFECYIVE DATE: 01/30/03
13.32.31 FP=1 FINAL DIRC QUALIFICATION REPOAT REVISIONS FINAL

. SYSTENs LOCE FP=)

REASURENENT NEASURERENT QUAL QUAL
IDENTIFICATION OESCRIPYION DATE STATUS QUALIFVING STATENENT(S)
TE-3K04-020 TERP-CLADDING/FAS PIN K9 26 IN 12-27-84 QUALIFIED
TE-5%X09=-0)2 TENP-CLADDINGIPAS PIN KO 32 IN 12-27-84 QUALIFIED
TE=3X09-039 TERP-CLAGOING/FAS PIN K9 39 IN 12=27-84 QUALJIFIED

TE=3L 08-032 JENP-GUIDE TUBE FAS LOC LO 32 IN 12-27-84 QUALIFIED
TE=-3N06-043 TENP-GUIDE TUBE FA3 LOC M6 43 IN 12=-27-84 QUALIFIED

T1E-5N10~0060 TENP-GUIDE TURE FA3 LOC M10 66 IN  12-27-84 QUALIFIED

TE=5UP-004 COOLAMT TEMP-UPPER END 00X 12-27-84 QUALIFIED POSSIBLE MOY wALL BFFECTS

TE~3uP-003 COGLANT TENP-UPPER END BOX ) 12-27-04 QUALIFILS POSSISLE WOT WALL EFFECTYS
TE-3UP-000 COOLANT TEMP-UPPER END 80X 12-27-84 QUALIFIED POSSIBLE MOY WALL EFFECTS
TE=5UP~007 - COOLANT YENP-UPPER END BOX 12-27-8¢ QUALIF1E0D POSSIOLE WOT WALL EPFECTYS
TE=3uUP ~009 COOLANT TEMP-UPPER END BOX 12-27-84 QUALIFIED POSSIBLE HOT WALL EFFECTS
Tt=3UP-011 COCLANT TEMP~UPPER END 80X . 12=-31-84 QUALIFIED POSSIGLE MOV WALL GFFECTS
TE-3UP~012 COOLANT TENP-UPPER END 80X 12-31-84 QUALIFIED POSSIBLE HOT WALL EFFECTS
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83/02/01 EFFECTIVE DATE? 013/730/09
15432631 ‘ FP=1 FINAL DIRC QUALIFICATION REPORT REVISIONS FINAL

SYSTEMY LOCE FP-)

REASURLAMENT NEASURENENT QAL QUAL

IDENTIFICATION DESCRIPTION DATE STATUS QUALIFYING STATERENT(S)
TE-SUP~-021 COOLANT TEMP-UPPER EMD BOX 12-27-04 QUALIFIED POSSIBLE HOT wALL EFFECTS
TE-30UP-022 COOLANT TEMP-UPPER END 30X 12-27-84 QUALIFIED POSSIBLE HOT WALL EFFECTS

TE=-5UP-171A METAL SURFACE TEMPERATURE UPPER END 12-27-804 QUALIFIED
TE~5UP-17108 RETAL SURFACE TEWMPERATURE UPPER END 12-27-84 QUALIFIED

TE=-3UP~194 NETAL SURFACE TEMPERATURE UPPER END 12-27-84 QUALIFIED

YE-QU"III NEY!L-SUIFACI TENPERATURE UPPER END 12-31-0¢ OUAllFiID
TE-3UrP=-250 RETAL SURFACE IEN{EIIIUIS UPPER END 12-27-04 QUALIFIED
ie-o!ou-oss TENP-CLADDING/FAG PIN E8 43 IN, 01-22~-83 QUALIFIED SARPLE RATE IS 245 SARPLES PER SECOND
TE-6F07-037 TENP-CLADDING/FASL PIN FT 37 IN. Ol;lz-lﬁ QUALIFLED SANPLE RATE 1S 2.5 SANPLES PER SECOMD
TE~6F09-041 TENP-CLADDING/FAG PIM F9 41 IN. 01-03~84 QUALIF1ED
TE-6600-039 TENP-CLADDING/FAG PIN 68 39 IN, 12-27-84 QUALIFLED

TE-6614-0112 TERP-CLADDING/FAS PIN 614 11 IN, 12=-27-84 QUALIFIED

TE~6Gl4-030 TENP-CLADDING/FAS PIN Cl& 30 IN, 12-27-84 QUALIFIED

PAGE 00023 OF 27




acl

wrsvaswva

13432431

FP~1 FINAL DIAC QUALIFICATION REPORY

EFFECTIVE DATE: 01/30/89
REVISIONS FINAL
SYSTEN: LOCE FP-)

NEASURERENT NEASURENENT QuAL QuAL
IDENTIFICATION DESCRIPTION DATE STATUS QUALIFVING STATENENTUS)
TE-6614-045  TEMP-CLADDING/FAS PIN G14 45 INe  01-03-83 QUALIFIED

o

TE-6H13-013  TEMP-CLAODING/FA® PIN NID 15 IN.  12-27-84 QUALIFIED
TE-6HL3-037  TENP-CLAODING/FAS PIN HAD 37 INe  12-27-84 QUALIFIED
VE-0H14-026  TEMP-CLAODING/FAS PIN H14 20 IN.  12-27-84 QUALIFIED
TE-6H14-032  TEAP-CLADDING/FAG PEN H16 32 INe  12-27-84 QUALIFIED

- TE-6H13-026  TEMP-CLAGDING/FAG PIN H13 26 INe  01-03-05 QUALIFIED
TE-6114-021  TENP-CLAODING/FAS PIN 114 21 INe  12-27-04 QUALIFIED
TE-6114-039  TEMP-CLADDING/FAG PIN 114 39 INe  12-27-84 QUALIFIEO
TE-61LP-001 COOLANT TENP-LONER END 50X 12-27-84 QUALIFIED  POSSISLE HOT WALL BFFECTS
TE-6LP-002 COOLANT TEMP-LOVER END BOX 12-27-8¢ QUALLFISD  POSSESLE HOT WALL BFFECTS
TE-6LP-003 CODLANT TEMP-LOWER END BOX 12-27-64 QUALIFIED  POSSIBLE HOT WALL BFFECTS
TE-6UP-001 COOLANT TENP-UPPER END 80X 122704 QUALIFISO  POSSEBLE HOF WALL EFFECTS
TE-6UP~002 CODLANT TEMP-UPPER END 80X 12-27-04 QUALIFIED

POSSIBLE HOT WALL EFFECTS
\
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85702701

EFFECTLIVE OATE

1%.52.31 FP=1 FINAL DIRC QUALIFICATION REPORY l.VlSlOn: ::‘::'.’
SYSTEMs LOCE FP-1

.;E :;;;E;E;;.....--....l-..;;:;a;;;;;;..-.....-..I-.;;::.........;;;:.......-....-...'........-.......-.-.-I-............."........

IDENTIFICATION - DESCRIPTION DATE STATUS QUALIFYING STATEMENT(S)'

TE~6UP-003 COOLANT TEAP-UPPER END 80X 12-27-84 QUALIFIED POSSIBLE HOT wAllL EFFECTS

TE=6UP=-004 METAL TENP~SUPPORT COLUMM FAS 12-27-84 QUALIFILED

TE~-oUP-005 NETAL TENP=SUPPORT COLUM FAS 12-27~84 QUALIFIED

IT=-P004~004 LIQUID TEMP~SCS FEEDWATER 12-27-04 QUALIFIED

A .

T1-P120~062 LIQUTD TERP-ECCS CL INMJECT POINT 01-03-84 QUALIFIED RESPONSE LINITED

TT1=-P139-032 COOLANT TEMP-INTACT LOOP HOV LEG 12-271~64 QUALIFLED INITIAL CONODITIONS ONLY

11-r139-032 COOLANT TERP-INTACY LOOP HOY LEG 12-27-84 QUALIFIED INITIAL COMDITICHS OMLY

IT=P139-034 COOLANT TEMP-INTACT LOOP HOT LEG 12-27-84 QUALIFLEO INITIAL CONDITIONS ONLY
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TABLE 3.2. input deck listing for plant steady state
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25 ¢ 1 ¢
’ .
R R R N R R R R o Ry e e L LR L ity

AET PAST=TEST LP=FP=~] STLALY SIATF DJDECK FOR TPAC-P=1/M0OD1

* DATA 3ASED 0¥ L2=-3 UEIK FROM LAvL FJR TRAC=PFL/43)1 AND IV

$ LBl JIC¢ FRNM AEE=-w [NFRICTH, LHANGED T3 FP=-1, AUSJST 85
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IN0.d Ve Ved 1.0E20 1.0 &CNO7
N, Vel 1.0t20 1.0 *«CNO8
¢
¢ S10E TJUBF
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b} 3 3 v *¢CNO9
*CNL1O
o] v 0 0 0 *CN1l
2.14203 0433571 bed 6.0 300.90 *CN12
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0.0 Ued 1.0t20 1.0 ¢CN14
*
¢ MAIN TuUkE
¢
~eA50U0€E-L 1.80340t+0 6+35000k~-1E *0X
247457%E=2 1.14380E-1 2eT4675E-2E sVIL
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F 0.0F *FRICF
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F OE $ICFLG
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F 564 4,3F *TL
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0.10735 Oe
30042

941,54 5n
3683.%0
.2

“w

IPTIIN FOP L

< »

2
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1,35213E+0E
6,95548E~2E
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0.0F

0.0E
%e255930E~1R
2.15913€E~-1E
F 13
1

F 0.0F
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S564,3E
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0.0F
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4
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2 0.0E
0
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be77
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a
-
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30049

369,561

7 sCNO2
1 ¢CNO3
0 : *CNO4
0 *CNOS
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3CNOB
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«CN10
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*Dx
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*Fa
¢FRICF
*FRICR
«GAV
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*12FLG
SNEF
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*pA
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*MATID
“Td
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.S
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* Tl Lot 13 TaE 5L a5 CIANPINENT o
¢ F(C:PT Fr2 [HE JUNCLIUN “IJH8EKS DN CNU2
9

Pap ’ 5 5 PUMP Nf), 1
? 4 5 7 7 *CNU2
$12450 ) ] 2 1 1 *CNO3
4 ] 9 v n 2CNO G
)] 9 ) 0 0 *CNUS
0.10735 0.02858 6.U 6.0 309.9 ¢CNUb
10,9 1.43 193,9 Vel 3ICNO7
941,54 50,0 Va3l 614.0 369.551 *CNOB
363,52 .0 1.0t20 1.0 0 sCNU9
N." 2.0 1.0E20 1.0 #CN10
[}
*  3PTIIN FOF LJFT PUHP DATA
¢
- 2 *CN1L
¢
¢ ARRAY DATA CAKDS
¢
F 1.35213E40EF «Dx
F 4,75348E-2E *vVIL
F 3.h5131E~2F sFA
F o n.0EF . CFRICF
3 V.0E SFRICR
5.25590E-10 2 0.0F *GAY
F 2.15312¢-1¢ *H9 .
F OF *1ZFLG ‘
1 v 1E *NFF
F 2.0F *ALP
0.0 YA 0.0E V.
0.0 5.717 0.0E LA
F 5644 3F oTL
F 515.,0€ TV
F 148 .4E+5F *p
F 0.VEF sPA
F J.0F $QPPP
£ _ 7F . *+MaTlD
F $%73,.0¢ *Td
«CINC
L)
*P4PTH
¢PYPRF
*QP3TR
¢0P 3RF
‘3"8’:!’.”.‘-.!IIIIIIS:IIIIIIIIIltl...’ll.ll.lII--...IIl.-lII.I.'Ilt'l’..l'.l..l
TEE [ 6 PUMP DISCHARGE
2 4 7 0.0 $ICHF® 1 *CNO2
¢
¢ %AIN TJBF
¢
0 2 4 8 0 *CNU3
- : : *CNO&
J 0 0 v 0 ¢CNOS
J.10735% 0.02u85%Y 6.0 6.0 309%.9 ¢CNOb
329%.9 0.0 Ued 1.0E2VL 1.0 SCNO7
0. V.0 1.0€820 1.0 *CNOS
L]
¢ SIDE TJBE
.
0 1 6 0 *CNO9
*CN10
p) 0 T v 0 *CN11L
3.10735 0.22858 beU 6.0 30%.0 . $CNL2
300.0 V.0 Ve 1.0E20 1.9 #CN13
0.2 Vel 1.0E20 1.0 *CN14
* . .
¢ YAIN TJbLE
e .
1.,302]17F+D 1.11760k40¢E $OX
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R 2 0.0 OsVUE ¢FIIC REY FFe=0,12 ?
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%S
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¢«0pP3TB1
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¢
* SIJE TUgRSF
&
£, 423290-1F ¢nx
"2.549394E=2F evIL
F 3.55131E-2F *FA
c 9,0¢ ¢FRJICF
F 0.0F *FRICR
F 0.0E . ¢GRAYV
F 2.15310E~1E *H)
£ 3 *12FLG
F 17 : . ¢NFF
F 0.0F CALP
F J.0E LR
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2 1 la 0 aCMOQ
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FILL
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*Nx
evIL
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VY
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«MATID
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«CINC
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1 0
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240 55043

0.2 Oed

¢ JaNsTtanr vFLOCITY <« SET T2 280

¢

*CNO2
*CNO3
*CNO4
SCNOS
4CNOb
¢CNO7
*CNOB
*CNOS
*CNIL1O

FILL 1l 11 ACCUMULATIR TOP
11 1 0 *CND2
+CNO3
n.J 1.0L20 U0 0.0 *CNO4
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42,025 43,UE5 062 2.0 300,29 $CNOb
. SCNO7
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[
TEE 12 12 ECC LINE - HPIS
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L0 )
¢eCNLG
*CNUS
tCNOS
+CNO7

“CNOB
«CNO9
sCN1loO
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* NOTE THAT NIDES=) GIVING ND HALL-FLUIUD HEAT TRANSFER

¢ Un{NIAN VALJES FIOR RADIJS AND THICKNESS UF PIPE
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-
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0.0

0.0 3

15 ACCUMULATOR
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0
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1.1250CE=2E *Dx
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*uaATIn

LA

¢« CUNC

L)

$PJIATR1

ePINRFL

*QP3TR1L

¢NP3IRF1
9tts:z:s:s:I’l-:--sxr::::stia:lll88::::.:-::as.tt--a:--s':t::ssas:’:::--::==::z:
4 USES TRIP 2 AND SIGNAL VARIABLE 3

¢ COMSTANT VFLOCITY UNTIL TRIP ON THEN PRESSJURE-vELOCITY TABLE
¢

Fite 15 16 4P1S INJECTION
18 7 0 *CNO2
2 3 4 0 2 tCNO3
0.3 1.0€20 0. 0.0 ¢CNOG
Y 4.53556L-3 0 3.0 307.2 *CNOS
1.0F+5 ve0 0.9 0.0 307.2 *CNO6
' *CNO7
¢CNO8
1.9 1.9 . *CNO9
*CN10
&
¢ FILL TA3LE = (PRESSIREZVELUCITY)
* CTHIS 1S FUP LZ-3sLb-1 AND FP-1
. .
1.3290540 1476554 2.85013E+45 14765545 +vMTR {
E3.5K9E+5 d.735¢64 1000.0545 )e73564E

¢332 222N S I NS FEE RTINS NS NEE NS RN EN S AN ES SRS EA NN SR P TN A I CRINENAENENNRNE RS
¢ YSFS TCIP 2 AND SIGIAL YAKIABLE 1

¢ CINSTANT MASS FLIW UNTIL TRIP JN THEN TIME-MASS FLON TABLE
L]

FILe 17 17 ILCL ACCUMULATOR 4 INJECTIOM
19 Yy ) *CND2
3 1 -13 0 b} 4CNO3
N3 l.0t20 0.0 Je0 #CNO4
1.0 5.98920t~3 0.2 J¢3 30340 *CNOS
41,4F+5 0.0 0.0 0.0 303.0 ¢CNOb
*CNO7
¢CNO8
1.2 10 o A . *CNO9
*CN10
L]
¢ FILL TAQLE = (TIMEWMASS FLUW)
¢ FIR FP-l .
&
0.0 0.0 ’ Vel 3.0 5 aYMTB
2.0 10.8 440 13.8 5
6.0 15.6 8.0 15.8
12.0 15.3 15,0 1445 S
28.9 13.06 5240 11.0 §
6%l 3.4 7042 0.0 S
1020 MF U.0E
+ 7640 9.6 100.0 8eb 3
¢ 135.,0 7¢0 145.0 74 S
’ 1070.0 Te4E
*
‘..”....".‘-...-----.--.-‘B-.--'..-.-...I’---."-..--..-.....-..'--.-'---....’
. REMIDED AS USED IN L2/3 DECK FIR [RAC=-PFL1(MJD1)
b ICHF =]
. .
TEE . . 31 31 3RUXZN=-LIOP HOT LES
F4 4 7 0.0 1 *CNO2
¢
¢ MAIN TJUBE
L]
0 26 31 32 0 $CNO3
*CNO4
29 o 0 v 0 sCNUS
3.1“20? 0033571 Led bed 30303 ‘CVO&
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¢
7.0 R 2
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2.9718373n
0.035 £ o2
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"0.0189038
p & 3.0
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YRR 2

3 2.94000L~1
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R7 1.0320%E-1R}
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P25 o
F 1F
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F 0.0€
F 0.0E
¢
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0.0F

0.0E
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q
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0.0 E
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