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LIST OF ACRONYMS
,-

(_)
ADS Automatic depressurization system

AICC adiabatic isochoric complete combustion

AOV air-operved valve

ASME American Society of Mechanical Engineers

CIIF critical heat flux

CL cold leg

CMT core makeup tank

CNS containment system

COL combined operating license

CRDM control rod drive mechanism

CRT core reflood tank

CVCS chemical and volume control system

DAS data acquisition system

DCP design change proposal

DEG~ double-ended guillotinen
k DECLG double-ended cold leg guillotine

DF decontamination factor

DG diesel generator

DNB departure from nucleate boiling

DOE United States Department of Energy

DSER draft safety evaluation report

DVI direct vessel injection

ECCS emergency core cooling system
|

EPRI Electric Power Research Institute |
ESF engineered safety feature

HL hot leg

HT heat transfer

IIVAC heating, ventilation and air conditioning

HX heat exchanger

IASCC irradiation-assisted stress corrosion cracking I

O I&C instrumentation and control I

N- '/\
IIS incore instrumentation system
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IRWST in-containment refueling water storage tank

ITAAC inspection, tests, analysis and acceptance criteria

11D length over diameter

LBLOCA large-break LOCA

LOCA loss-of-coolant accident

LTC long-term cooling

MSILV mainsteam line isolation valve

MSLB mainsteam line break

MSS main steam system

NRC Nuclear Regulatory Commission

NRHR normal residual heat removal system

NSSS nuclear steam supply system

PAMS post-accident monitoring system

P&lD piping and instrumentation diagram

PBL pressure break line

PCS passive containment cooling system

PCT peak clad temperature

PIRT phenomena identification rantsing table

PLS plant control system

PMS protection and safety monitoring system

PORV power-operated relief valve

PRA probabilistic risk assessment

PRHR passive residual heat removal

PWR pressurized water reactor

PXS passive core cooling system

QDPS qualified data processing system

RAI request for additional information i

RAM reliability, availability, and maintainability

RCDT reactor coolant drain tank |

RCP reactor coolant pump

RCS reactor coolant system j

RiiR residual heat removal

RTD resistance temperature detector
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SBLOCA small-break LOCA
/*\

SCC stress corrosion cracking

SFS spent fuel cooling system

SFWS stanup feedwater system

SG steam generator

SGS steam generator system

SGTR steam generator tube mpture

SI safety injection

SMS special monitoring system

SPS passive containment spray system

SSAR standard safety analysis repon

STD standard

UET unfavorabe exposure time

UPTF upper plenum test facility

URD utility requirements document

USC utility steering committee

VBS non-radioactive ventilation system

VES passive control room ventilation system

VFS containment air filtration system
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'SUMMARY

O t
The SPES-2 facility was a full-height, full-pressure, and 1/395th power and volume scale simulation of

{
the AP600 nuclear steam supply system and the AP600 passive safety features. A series of twelve j
design basis events were simulated at SPES-2 to obtain data for verification and validation of the |
computer models used for the safety analycis of the AP600 This report describes the SPES-2 test I

.

program and test results.
!
;
;

'Ihe SPES-2 test program was performed as part of the Advanced Light Water Reactor (ALWR) ,

- program sponsored by the U.S. Department of Energy (DOE) and the Electric Power Research Institute '

(EPRI). Westinghouse conducted this test program in cooperation with SIET (Societh Informazioni
'

Esperienze Termoidrauliche), ENEL (Ente Nazionale per l'Energia Elettrica), ENEA (Ente per Le

Nuove Technologie, l'Energia e l'ambiente), and Sopren-Ansaldo. ;

;

t

!

,

i

V

|

|

l
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1.0 INT.RODUCTION

This report describes the SPES-2 test program and test results. SPES-2 was a full-height, full-pressure

integral systems simulation of the Westinghouse AP600 reactor design. This SPES-2 test was performed

as part of the Advanced Light Water Reactor (ALWR) program sponsored by the U.S. Department of
Energy (DOE) and the Electric Power Research Institute (EPRI). Westinghouse,in cooperation with SIET

(Societh Informazioni Esperienze Termoidrauliche), ENEL (Ente Nazionale per l'Energia Elettrica), ENEA

(Ente per le Nuove Technologie, l'Energia e l'ambiente), and Sopren-Ansaldo, performed the SPES-2 tests

to obtain data on the integrated behavior and performance of the AP600 passive safety systems to support

validation of the computer codes used to perform the licensing safety analyses for the AP600.

1.1 Itackground

AP600 is a 600 MWe Westinghouse Advanced Reactor designed to increase plant safety with accident

mitigation features that, once actuated, depend only on natural forces such as gravity and natural
circuladon to perform all required safety functions. These " passive" safety features can also result in a

significant simplification in plant systems, equipment, and operation. In addition to the passive safety

systems, the AP600 design incorporates many design improvements, including the following:

a low-power density core+

a new design for primary loop arrangement that eliminates the cold-leg loop seal+

direct safety injection into the reactor-vessel downcomer+

The AP600 primary system is a two-loop design. Each loop contains one hot leg, two cold legs, and one

steam generator with two canned reactor coolant pumps (RCPs) attached directly to the steam generator

outlet channel head. The passive safety systems are comprised of the following: i

|

Two full-pressure core makeup tanks (CMTs) that can provide borated makeup water to the+

primary system at any pressure.

Two accumulators that provide borated water to the reactor vessel when/if primary pressure*

5700 psia.

I

A passive residual heat removal (PRHR) heat exchanger (HX), comprised of a C-shaped tube+

bundle submerged inside tise in-containment refueling water storage tank (IRWST), that can
remove heat from the primary system at any pressure.

The automatic depressurization system (ADS), which is comprised of a set of valves connected*

to the pressurizer steam space and the two hot legs. These valves are opened sequentially to
provide a controlled depressurization of the primary system.

I
| An IRWST that provides a large source of core cooling water, which drains by gravity after the+

ADS has actuated. I

maapf>00tl 625 w\sec l w l .non : l b040195 ].]



A passive containment cooling system (PCS) that utilizes the AP600 steel containment shell to+

transfer heat to the environment (ultimate heat sink). De PCS was not included in the SPES-2
experiments.

He SPES-2 test facility was designed to model the AP600 but made use of the existing SIET SPES
facility. He original SPES test facility was constructed in 1985 as a full-height, full-pressure model of
a Westinghouse three-loop pressurized water reactor (PWR).

SPES (now called SPES-2) was substantially modified to model the AP600 plant at full-scale elevation

and full pressure, while simulating the full AP600 plant range of power with a volume scaling fact 9r of
1/395. SPES-2 makes use of some major components of the previous facility such as rod bundle,

pressurizer, steam generators and RCPs. However, the reactor-vessel downcomer, lower plenum, upper

plenum, and upper head were all replaced to model the AP600 plant components. Also the SPES RCPs

were re-oriented in order to elimintte the cold-leg loop seal that exists in standard Westinghouse PWRs.

All of the main coolant loop piping and passive safety systems have been expressly designed and
constructed for SPES-2 in order to model the AP600 plant. A complete description of the SPES-2 facility

is provided in Reference 1.

After construction, a series of cold, low-pressure and hot, high-pressure pre-operational tests were )
performed to characterize the SPES-2 facility, to demonstrate proper operation of the facility, and to ensure l

that piping / component parameters properly matched the AP600 plant prior to the performance of matrix j
'

tests. The matrix tests discussed in Section 1.3 were developed to examine the AP600 passive safety

system performance in mitigating the effects of design basis events (DBEs). Events that were simulated ;

include loss-of-coolant accidents (LOCAs) ranging from 1-in. diameter equivalent to the double-ended |
guilletine (DEG) break of an 8-in. direct vessel injection (DVI) line, steam generator tube ruptures
(SGTRs), and a large main steamline break (SLB).

This final data report discusses the results of the cold pre-operational tests, hot pre-operational tests, and

matrix tests performed at the SPES-2 facility. his report supersedes the data and information provided
'

in the Quick Look Reports (Reference 2).

1.2 Test Objectives

nere are two primary objectives of the AP600, SPES-2 Integral Systems Test:

To obtain data on the AP600 thermal-hydraulic phenomena and behavior of the passive safety-

system following specific small-break LOCAs, SGTRs, and an SLB.

To obtain detailed experimental results for verification and validation of safety analysis computer*

codes.

O
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1.3 Test Matrix
,m
( )\# ne SPES-2 test matrix was developed to examine the performance / capability of the AP600 passive safety

systems to mitigate the effects of postulated DBEs and to provide useful data for computer code
development and validation. Rese events and the individual test initial and boundary conditions were

selected to challenge the passive safety systems, to provide direct comparisons between selected tests,

and/or to match the limiting assumptions used in safety analysis computer codes. He resulting test matrix

is shown in Table 1-1 and is discussed below.

Note that matrix test no. 2 in Table 1-1 was not performed because the AP600 actuation logic for the

T 'HR HX was revised to initiate PRHR operation whenever the safety systems actuation (S) signal occurs.

'Inis test was intended to simulate a LOCA recovery with steam generator startup feedwater (SFW)
operating. His would have delayed PRHR HX operation until ADS was actuated, with the prior AP600

actuation logic.

Loss of Coolant Accidents ;

The passive safety systems are required to provide sufficient water for LOCA mitigation over a long
period of time, thus CMT draindown, ADS actuation, accumulator delivery, and primary system
depressurization to IRWST delivery all must occur. Herefore, eight different LOCA simulations with a

wide selection of sizes and locations were required and tested to observe the integrated operation of the,

passive system over a wide range of conditions. All LOCA tests, with one exception, were performed
without operation of the active, nonsafety pumped injection / heat removal. All tests were initiated from

full-power operating conditions and used the minimum Standard Safety Analysis Report (SSAR) pressure

setpoints for reactor trip and safety system actuations.

Test No.1 A 1-in. diameter break simulation was selected as the smallest LOCA to be

simulated. His was based on analyses that showed that complete heatup of the

CMT water occurred prior to ADS actuation, so that any effect of CMT water

flashing during depressurization could be observed.

Test No. 3 A 2-inch break simulation in the bottom of a cold-leg loop pipe (which contains

a CMT balance line) was performed as the base case LOCA to which other
LOCAs would be compared. Analvsis showed that this break resulted in the

minimum primary system water it.ventory durmg passive system mitigation of

higher probability, small cold-let breaks.

His 2-inch diameter, base case break simulat.on was repeated at the end of the

test program to demonstrate the repeatability of the SPES-2 facility operation
and passive safety system performance.

1
1

O
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Test No. 4 The 2-inch LOCA simulation with operation of the active, nonsafety systems

was performed in order to observe passive safety system versus nonsafety

system interactions as compared with the base case 2-inch LOCA (test no. 3). !

Test i os. 5&7 A 2-inch break simulation in the DVI line and in the cold-leg to CMT balance

line were each performed to observe the effect of break location on the passive

safety system mitigation capability as compared to the base case 2-inch LOCA I

(test ro. 3).

Test No. 6 A DEG break simulation of one of two DVI lines was performed to minimize

the amount of safety injection flow delivered to the reactor vessel (only one of
,

two CMTs, accumulators, and IRWST injection lines deliver). Also, this was I

considered to be the largest break that could be reasonably simulated in the j

SPES-2 facility.

Test No. 8 A DEG break simulation of one 8-inch cold-leg to CMT balance line was
,

performed to observe the effect on the faulted CMT and to provide a |

comparison LOCA with the DEG DVI LOCA.
|

Test No.13 ' Die 1-inch diameter break simulation (test no.1) was repeated with the number

of PRHR HX tubes increased from one tube to three tubes to maximize the l

primary system cooling and to better simulate two PRHR HXs in operation in

the AP600 plant.
l

Steam Generator Tube Ruptures

The mitigation of an SGTR consists of reducing the pressure of the primary system to be equal to or less

than the faulted steam generator pressure to terminate primary to secondary flow and to prevent overfill

of the feulted generator. At the same time, heat removal from the primary system must be provided both

to maintain subcooling during the primary pressure reduction and to remove core decay heat. In current

PWR designs, the recovery from an SGTR typically requires operator actions to identify and isolate the

faulted generator, to establish manual heat removal from the primary system, and to manually depressurize

the primary system. Three SGTRs were performed at SPES-2. All these tests modeled a full rupture of

a single steam generator tube, and all were initiated from full-power operating conditions and used low-

low pressurizer level to initiate reactor trip and safety system actuations.

Test No. 9 An SGTR with operator action and nonsafety systems operating in conjunction

with the passive safety systems was performed to observe the combined effect

of manual SGTR recovery actions (used in current plants) and passive system
operation.

O
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Test No.10 An SGTR without opera;or actions and without operation of active, nonsafety, ;

pumped injection / heat removal was simulated to observe the capability of the j
passive systems to terminate the event without intervention. I,

|
Test No.11 An SGTR without operator actions or nonsafety system operation but with the ,|

inadvertent actuation of the ADS was performed to observe the effect of |
backflow from the faulted steam generator on ADS depressurization capability |

and to obtain data for determining primary system boron concentration versus

time.
|

|

Steam Line Break l
|

This test was a simulation of a large single-ended SLB. It was performed to provide a rapid primary

system cooldown transient and to observe the ability of the CMT to provide primary system mass addition ' j

without requiring ADS actuation. !
,

Test No.12 This test was performed at AP600 hot, zero power conditions, and no core i

decay heat was used. Also, this test was performed with three "RHR HX tubes i

to maximize primary system cooling and to better simulate two PRHR HXs in ]
operation in the AP600. The break size .was scaled to simulate a 1.388 ft.2 |
AP600 break area (full steam generator outlet area) and was performed with no )
operator actions or active, nonsafety system operation. |

1.4 SPES-2 Test Runs
'

There were seventeen test runs at the SPES-2 facility-thirteen of which were successful and are reported

in this final data report. Four mns were considered either unsuccessful or inappropriate to report.
Table 1-2 lists all seventeen runs, the test date, a brief test description, and a comment on the test -
acceptance. The test numbering scheme involved six characters: the first character, S, refers to the SPES-2

facility; the second three numbers are a sequential test run number (i.e., increased by I each time a test

was initiated); the last two characters refer to the matrix test number (from Table 1-1). For example, the

eleventh test run at the facility was the performance of matrix test number 10 and was S0ll10.

Three of the SPES-2 matrix tests were designated as " blind" tests. The data for these three tests were

reviewed only by the Westinghouse Test Engineering group. However, the initial and boundary conditions

were provided to other Westinghouse personnel to allow " blind" computer code predictions of the facility

responses to be performed.

mAap600(1625wisecIW1.non:ll>040195 1-5 !
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TABLE 1-7
g SPES-2, TEST MATRIX
e

{ Test Description
s Test (AP600 Transient Statos Nonsafety AP600 Single Failure
[ No. Test Type Simulated) Systems Simulated Comment
ej i Small Break 1-inch cold-leg break CVCS, NRHR, and One of two 4th-stage Maximize CMT heatup prior to
g LOCA (Note 2), txxtom of SFWS Off. No valves on kx)p B ADS actuation.
3 kx>p B (Note 1) operator actions (OAs).

2 Small Break 1-inch cold-leg break, CVCS, NRilk Off; One of two 4th-stage This test deleted due to AP600
LOCA bottom of loop B SFWS On (Note 3). valves on loop B design changes.

No OAs.

3 Small Break 2-inch cold-leg break, CVCS, NRHR, and One of two 4th-stage Reference cold-leg break.
(Note 4) LOCA bottom of k>op B SFWS Off. No OAs. valves on loop B

4 Small Break 2-inch cold-leg break, CVCS, NRHR, r.rxl One of two 4th-stage Nonsafety/ passive system_

dn LOCA bottom of loop B SFWS On (Note.3). valves on loop B interactions.

5 Small Break 2-inch DVI break CVCS, NRHR and One of two 4th-stage Asymmetric CMT performance.
LOCA SISYS Off. No OAs. valves on hx)p B

6 Small Break DEG break of DVI CVCS, NRIIR, and One of two stage 1 Complete loss of one-of-two
LOCA SFWS Off. No OAs. and stage 3 valves injection flow paths.

7 Small Break 2-inch break in CVCS, NRHR, and One of two 4th-stage Examine effect on CMT drain
LOCA CUCMTB balance line SFWS Off valves on loop B down.

8 Small Break DEG break of a CVCS, NRHR, and One of two stage 1 No delivery from faulted CMT.
LOCA CUCMTB balance line SFWS Off. No OAs. and stage 3 ADS

valves

9 SGTR Design basis SGTR CVCS, SFWS On; None Recovery with operator action;
(I tube) Operator action to show recovery margin.

isolate SG, subcool,
depressurize.

O O O
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TABLE 1-1
g SPES-2, TEST MATRIX (Cont.)

f Test Description
s Test (Al%00 Transient

No. Test Type Simulated) Status Nonsafety Systems Single Failure Comn.ent

Y 10 SGTR Design basis SGTR No CVCS or SRVS. No. None SGTR recovery with no
h (I tube) OAs. operator action
a

11 SGTR Design basis SGTR No CVCS or SRVS. No OAs. One of two ADS actuated to cause
(I tube) with inadvertent 4th-stage valves on steam generator to
ADS actuation. loop B primary llow. Obsene

dilution rate and efTect on
ADS performance.

12 SLB (with three SL break at zero power. No CVCS, NRHR, SRVS None Show CMTs do not drain
PRHR HX tubes A 1.388 ft.2 s ngle-ended and no ADS actuation
in service). SLB on SGA discharge. occurs.--

13 Small Break 1-inch cold-leg bocak on CVCS, NRHR, and SRVS off. One of two Show effect of
LOCA (with lxxtom of kx)p B. No OAs. 4th-stage valves on three PRHR tubes,
three PRHR loop B. compare with matrix test
HX tubes in 1.
service).

Notes:

1. Loop B is the CMT side of plant; loop A is pressurizer and PRHR side of plant.
2. Break sizes are "a broken pipe of the indicated diameter," e.g.,2-inch break is 3.146 in.2
3. SG main feedwater isolated on S-signal and SRVS initiated. SRVS on until isolated on HI SG level or LO-Teoid.
4. Selected as repeat test to show facility repeatability.

__ ._ - - - - - _ _ - .
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TABLE l-2
--

TEST RUNS AT SPES-2g

f Test Run Test Date
5 Number Test Description Comments
8

| E S00103 2/564 Successful, but not included in final report since AP600
l 7

$
SBLOCA - 2-inch cold-leg break @ bottom of loop B ADS valve siics and setpoints were changed.

3 S00203 4SN4 Successful, but not included in final report since
pressurizer to Ch1T balance line was subsequently

SBLOCA - 2-inch cold-leg break @ bottom of loop B deleted.

S00303 4/30S4 SBLOCA - 2-inch cold-leg break @ bottom of k>op B Successful
1

SO(M01 5/6S4 SBLOCA - 1-inch cold-leg break @ bottom of loop B Successful
'

S005(M 5/18 S 4 SBLOCA - 2-inch cold-leg break @ bottom of k>op B
with nonsafety systems Successful,

S00605 5/27 S 4 SBLOCA - 2-inch DVI break Successful

S00706 6/10S4 SBLOCA - DEG break of DVI Successful

S00807 6/12B4 Unsuccessful - due to valve misalignment in break
,

SBLOCA - 2-inch break in CUCh1T balance line piping to condenser. )
1

S00908 6/2364 !
(blind) SBLOCA - DEG break of CUCh1T balance line Successful

S01007 7DS4 SBLOCA - 2-inch break in CUCh1T balance line Successful

S01110 7/14SJ SGTR - I tube; passive safety systems only Successful

S01211 9nS4
(blind) SGTR - I tube; inadvertent ADS actuation Successful

i

I

i

O O O
_



,
| i |Il| 1|1 ||

_

- ]

-]
.

e
d

_

_ e
t

_
_ a

e
h .

_ yl
tei

nl
nica a
hfc

mreo
wfrs o stn ps

oe l

n alr ru een vto ea
C s w

in e
l

k b
alae oLs

i

- n
l u
uf d

l s e l l l
u s s u u u
f eu f f f
s s s ss ca s s se cc e e ec u
c s s c c c
u nd c c c

o u u u
S Ur S S S

2 B B-

S h p p).E t o oit
nP w lo o

_loS _f f

C T la o o( n
.A o m m
_

-2 i .o otS a _1 t tr t tN e o oE U p b bL n oB R o @ @i s s sAT t
p m n no o k kTS i e

it it e e
_

a aE r t i
_c s i r rT s yn d d b b _e s o n n _D yi o o g g _

t
t a c c e e .

t e g r r -
l

-
l

s f i -

T si w w o
ld

_

.

e at e e d -l

o _m o o c c -
-
n
or p p

h hno o o c cf
; r r n ne n e e i i

b o z z - -
1 2ui t , ,

t t tc o o - -
I a h h A Aro @ @ C C
Rta O O
Tr B B L LeGp L L B B
S o S S S S

e
4 4 4ta 4 4

D B 6 8 8 6
1 5 12 7

/ 1 1 1t 2s / 0 / / /
0 0e 9 1

1

T 1 1 1

nrue 9 2 2) 3 3
Rb 0 1 1 d 1 0

3 4 5 i 1 1
n 6 7m 1 1 1 lts u 0 0 0b 0 0eN S S S( S ST

9 gfs [ 3 .



. _ ___ _ ___ _ ____ _- __ _ _ _ ____ _ _ _ _ _ _ -

2.0 TEST FACIIIIT DESCRIPTION
,

' 2.1 Introduction

The SPES facility is an experimental plant located at SIET (Societa Informazioni Esperienze

Termoidrauliche) laboratories in Piacenza that was used to simulate the PWR W312 reactor with a

volume scale of 1/427, full height and full pressure. To undertake a safety research program in the

field of advanced reactors, ENEA (the Italian Commission for New Technologies, Energy, and

Environment) proposed to SIET a study of the modifications necessary to transform the original SPES

plant into a new facility, the SPES-2, which would model as closely as possible the AP600 design.

The SPES facility was substantially modified to simulate the AP600 plant while maintaining full-scale

elevation, full-pressure, and full-power with a volume scaling factor of 1/395. The SPES-2 facility
retained some major components of the previous facility (rod bundle, pressurizer, steam generators),

but had significant changes in the power channel and the primary pumps. In addition, all of the main
coolant loop piping and the passive safety systems were expressly designed and ccmstructed for

SPES-2 in order to model the AP600. A complete description of the SPES-2 facility is provided in
the Facility Description Repon (WCAP 14073, Rev. O, May 1994).

O l

V |
|
l
|
|

|

l

O
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2.2 Facility Scaling Summary

(!('' 2.2.1 General Scaling Criteria

The SPES-2 facility shall simulate the following:

The primary sys,*

The secondary system up to the main steam line isolation valves (MSLIVs)*

The passive safety systems: accumulators, core makeup tanks (CMTs), in-containment*

refueling water storage tank (IRWST), passive residual heat removal (PRHR), and automatic

depressurization system (ADS)

The nonsafety systems: normal residual heat removal system (NRHR) and chemical and*

volume control system (CVCS)

The overall scaling factor shall be 1/395 and the main characteristics shall be:

Process fluid water*

Loop number 2.

/N Pump number 2*

Primary design pressure 20 MPa-

Secondary design pressure 20 MPa*

Primary design temperature 365'C.

Secondary design temperature 310*C=

Maximum power 9mW*

Elevation scaling 1:1*

The SPES-2 scaling criteria shall preserve the following parameters:

Fluid thermodynamic conditions*

Vertical elevations*

Power-to-volume ratio*

Power-to-flow rate ratioe

Transit time of fluid.

Heat flux.

For example, the surge and passive safety system lines, where friction pressure drops are relevant to

scaling of the AP600 plant, have been designed to maintain the dimensions of the reference plant,

whereas the facility piping was designed with the Froude number conservatism in order to preserve the

(~T slug to stratified flow pattern transition in the horizontal piping.

O
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De passive safety systems were designed according to the criteria described above in order to

reproduce, as accurately as possible, the thermal-hydraulic phenomena in AP600 during a transient.

Also. when deemed necessary, the layout of the connection lines was designed to preserve the

similarity of the full-scale AP600 layout.

Elevation and volume comparisons between the SPES-2 facility and AP600 are shown in Tables 2.2-1

and 2.2-2. He facility P&lD is shown in Figure 2.2-1.

2.2.2 Specific Scaling Criteria

Power Channel

Vertical elevations shall be preserved.*

The bundle geometry (rod pitch and diameter) shall be preserved.*

The total volume and the volumes of the single sections (lower plenum, riser, uppet plenum,*

upper head) shall be scaled by 1/395.

The elevations of the lower plenum and upper head need not be preserved because they have no

influence on the natural circulation phenomena.

OPower Channel Downcomer

The annular shape shall be maintained up to the direct vessel injection (DVI) nozzles, after*

which a tubular section shall connect it to the lower plenum.

The annular and the tubular sections shall have the same friction pressure drops.*

The total volume shall be scaled by 1/395.*

Vertical elevations shall be preserved..

The circumferential pressure drops in the annulus shall be similar to those in the AP600.*

Pumps

The nominal head shall be preserved..

A flywhcci shall be provided to better simulate the reference coastdown behavior.*

O
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Steam Generators '

(
)-

1
%. .

While the steam generators remain the same, the number and length of the U-tubes shall not .
*

be scaled to the AP600, resulting in a lower than underestimated heat transfer surface.
~

J= hc cecondary side volumes shall be scaled by 1/395 (2.5 percent difference). !

He vertical elevations in the secondary side are preserved up to the top of the steam separator. '

he steam dome elevation, on the other hand, has no influence on the natural circulation
,

phenomena.
;

Pressurizer

The volume shall be scaled by 1/395.* )

,

The bottom elevation shall be preserved.*
;

The level swelling phenomena shall be reproduced.*

He level swelling phenomenon can occur in the pressurizer d.ne to flashing of the contained liquid or I

because of steam inflow from the primary circuit. These pnenomena have a significant influence on '[, the quality of the fluid discharged through the ADS depressurization valves that are located on the top ,

of the pressurizer.

!
!

Ec preservation of the level swelling will be accompQhed t y making the average void fraction in the l

SPES-2 pressurizer equal to that in the AP600 durin;; similar taennal-hydraulic conditions. The

diameter and the height correspond to the adoption of the Wilson (196 model.
j

Loop Piping

For the hot and cold legs:

The Froude number shall be presen'ed.*

The horizontal part of the hot leg shall 1.sve the same length over diameter (11D) as the*

AP600, and the indirect section of the hot leg shall maintain the same angle (55 degrees) as in-
the reference plant.

Downstream of the surge line nozzle, the hot leg shall compensate for the volume difference*

between the AP600 and SPES-2 facility hot side of primary loop.

The layout of the cold leg shall be designed to reproduce the flow path during :. cold-leg break*

transient wherein the fluid must flow from the unbroken cold leg to the broken cold leg.

i
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The surge line friction pressure drops shall be maintained.*

Oin the AP600, the pur.ips are directly attached to the steam generator outlet plena, whereas in the

SPES-2 facility, the pumps are not connected to the steam generator. Therefore a section of pipe is

necessary to maintain the elevation between the steam generator outlet and pump outlet. His pipe

also compensates for the volume differences between the AP600 and SPES-2 facility primary loop

cold side.

Passive Safety Systems

For the CMTs:

Volume shall be scaled by 1/395.*

Be metal mass shall be scaled to conserve condensation of steam along the component walls.*

For the IRWST:

The water volume shall be scaled by 1/395 and the elevation maintained.*

Accumulators:

Volume shall be scaled by 1/395*

Gas and water volume shall be scaled in the same proportion as the AP600a

For the PRIIR heat exchanger (IIX):

Only one of the two AP600 IIXs shall be simulated. (he other one is a spare.)*

A C-shaped tube, similar to that in the AP600 design shall be used.*

The f:iction pressure drops shall be maintained.*

Re number of tubes shall be scaled down by 1/395.*

ADS:

De four stages shall be simulated, per stage, by means of a ball valve with an ad hoc orifice.*

The flow area shall be scaled to the AP600.*

Re connection of the fourth stage to the hot legs shall be located at the same IJD from the
'

*

power channel as that in the AP600 reactor vessel.
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<~x TABLE 2.2-1 1

) ELEVATION COMPARISON

AP600 SPES-2 Difference !

Component it. ft. ft.

Lower Plenum Bottom (-7.571) (-7.515) (0.056)

Downcomer Bottom (-6.168) (-6.168) (0)

Bottom of Active Fuel (-5.484) (-5.482) (0.002)

Top of Active Fuel (-1.827) (-1.822) (0.005)

Top of Upper Head (3.819) (2.779) (1.N)

DVI Nozzle (-0.508) (-0.508) (0)

Hot-Leg Centerline (0) (0) (0)

Cold-Leg Centerline (0.445) (0.445) (0)

Pressurizer Bottom (5.856) (5.856) (0)

Pressurizer Top (16.953) (12.646) (4.307)

Top of Steam Generator Tube Sheet (4.107) (4.107) (0)

Top of U Tubes (14.734) (12.43) (2.3N)

p CMT Bottom (1.801) (1.801) (0)

CMT Top (8.NI) (8.NI) (0)

Accumulator Bot om (-4.026) (-4.026) (0)

Accumulator Top (0.734) (-0.982) (1.716)

PRHR HX Bottom (average) (2.667) (2.667) (0)

PRHR HX Top (average) (8.026) (8.026) (0)

IRWST Bottom (0.533) (0.533) (0)

1RWST Water Level (8.53) (8.53) (0)

-
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TAllLE 2.2-2
VOLUME COMPARISON

AP600 SPES-2 SPES 2
volume ideal volume actual volume

Component (ft.') (deca meter $) (deca meter')

liot Leg 3.542 8.967 32.6

Inlet Plenum 6.142 15.549 3.72

U-Tubes 25.366 64.218 40.65

Outlet Plenum 6.606 16.724 3.72

Pump Suctions - - 28.51/28.62

Pumps 5.G4 12.76 433

Cold Legs 3.717 9.41 13.38

Total loop 1/2 50.413 127.628 126.91/127.02

Surge Line 2.878 7.286 9.63

Pressurizer 36.757 93.056 95.4

Total 39.635 100.34 105.03

Power Channel:

Downcomer 21.479 54.377 54.38**

Lower Plenum 9.005 22.797 22.83

Riser 20.929 52.985 58.81 * * *

Upper Plenum 17.798* 45.058 41.27

Upper Head 21.157 53.562 53.83

Total 72.57 228.779 231.12

Total primary circuit 230.819 584.37 590.08

Core Makeup Tank 56.634 143.377 143

Accumulator
56.634143.377143

1RWST 2006 5.08 5.08

SG Secondary Side 157.159 398 388

O
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2.3 Facility Description

\

Be SPES-2 facility consists of a full simulation of the AP600 primary and passive core cooling
1

systems. De stainless steel test facility uses a 97-rod heated rod bundle that has a uniform axial
J

power shape and uses skin heating of the heater rods. Here are 59 heater rod thermocouples

distributed over 10 elevations with most located at the top of the bundle to detect the possibility of

bundle uncovery. He heater rods are single ended and are connected to a ground bus at the top of the

bundle at the upper core plate elevation. All but two rods are designed to have the same power. Two |

heater rods are hot rods that have 19 percent higher power.

De primary system, as shown in Figure 2.2-1, includes two loops--each with two cold legs, one hot

leg, a steam generator and a single reactor coolant pump (RCP). The cold-leg flow splits downstream
of the simulated RCP into two separate cold legs, which ther flow into an annular downcomer. The

pumps can deliver the scaled primary flow, and the heater rod - .dle can produce the scaled full-
power level such that the AP600 steady-state temperature distribution can be simulated. De steam

generators have a secondary-side cooling system that removes heat from the primary loop during

simulated full-power operation. Startup feedwater and power-operated relief valve (PORV) heat

removal is provided following a simulated plant trip.

The upper portion of the simulated reactor vessel includes an annular downcomer region, where the

hot and cold legs, as well as the safety injection lines, are connected (Figure 2.3-1). The annular

downcomer is connected to a pipe downcomer below the direct vessel injection (DVI) lines; the pipe

downcomer then connects to the vessel lower plenum. In this fashion, the four cold-leg, two hot-leg

characteristics of AP600 can be preserved along with the downcomer injection. There are turning
devices to direct the safety injection flow downwards in the annular downcomer, as in the AP600.

A full-height, PRHR HX, constructed in a C-tube design, is located in a simulated IRWST that is

maintained at atmospheric pressure. The line pressure drop and elevations are preserved and the heat-

transfer area is scaled such that the natural circulation behavior of the AP600 PRHR HX is simulated.

The design of the CMTs is unique and has been developed by the SIET engineers so that the CMT

metal mass is scaled to the AP600 CMT. The SIET CMT design uses a thin-walled vessel inside a

thicker pressure vessel, with the space between the two vessels pressurized to approximately 70 bar.

In this manner, the amount of steam that condenses on the CMT walls during draindown is preserved.

Since the CMTs are full height and operate at full pressure, the metal mass-volume ratio of a single

pressure vessel would have been excessive, resulting in very large wall steam condensation effects.

A SPES-2 ADS combines the two sets of AP600 ADS piping off the pressurizer into a single set with
the first , second- and third-stage valves. An orifice in series with each ADS isolation valve is used to

achieve the proper scaled flow area. The three ADS valves share a common discharge line to a

condenser and a collection tank that has load cells to measure the mass accumulation. A similar
measuring arrangement is also used for the two ADS fourth-stage lines, which are located on the hot

legs of the primary system.
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Small breaks are simulated using a spool piece that contains a break orifice and quick-opening valve.

He break discharge is also condensed and measured by collecting the flow into a catch tank.

The specifics of the key systems / components are discussed in the following subsections.

2.3.1 Primary Piping

The primary piping consists of two loops. Each loop is made up of one hot leg and two cold legs.

The hot leg, which connects the power channel to a steam generator, duplicates the AP600 up to the

pressurizer surge line nozzle by maintaining the AP600 llD in the horizontal section, and the same

55-degree angle in the inclined section.

As in the AP600 design, the SPES-2 facility has two cold legs per loop diat transition from a single

coolant pump vertical discharge. The split from the single pump discharge into the two cold legs is at

the same elevation as the AP600 steam generator channel head in order to preserve the same flow path

that the fluid must take from the unbroken cold leg to the broken one during a cold-leg break

transient.

Due to the importance of the surge line during ADS depressurization, the line has been designed to

preserve the friction pressure drops.

2.3.2 Power Channel

he pressure vessel consists of the following sections:

An upper head*

An upper plenum that houses an annular downcomer and nozzles for the following lines:*

- two hot legs
- four cold legs
- two DVI (safety system injection lines)
- a downcomer upper-head bypass

- a bottom outlet going to a tubular downcomer section that connects to the lower plenum
riser, with an inside octagonal cross section that houses the core bundle

The lower plenum with the tubular downcomer inlet that contains the unheated lower portion*

of the rod bundle.
|

Re volumes of the above mentioned sections are scaled by 1/395. De main features of SPFS-2

pressure vessel are shown in Table 2.3-1, and the main characteristics of the power channel are sNwn
in Table 2.3-2.

|

|

1
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2.33 Rod Hundle
/3
I \

The rod bundle is electrically heated and consists of 97 Inconel rods that reproduce, in the active zone,

the same geometry (rod pitch, rod diameter, and length) as that in the AP600 reactor core. He axial

power profile is uniform for all the rods. The profile is also radially uniform with the exception of
two rods that have a peaking factor of 1.19. De maximum power is 9 mW and the maximum current
is 70 kA. The scaled full power used for the AP600 transients is 4.89 mW (x 1.02).

De main characteristics of the rod bundle are listed in Table 23-3.

23.4 Power Channel Downcomer

he downcomer is composed of an annular section with four cold legs and two direct vessel injection
(DVI) nozzles for safety injection. Below these nozzles, a pipe connects the annular downcomer to

the lower plenum. De annular and the tubular downcomer sections have the same friction pressure

drops as the AP600, as well as a similar circumferential annular pressure drop. The total volume is
scaled by 1/395. I

23.5 Pressurizer

he pressurizer controls primary system pressure during normal and transient plant operation and,

consists of a cylindrical flanged vessel equipped with two immersible electrical heaters, each with a
'

maximum controlled power of 16 kW. He pressurizer volume is scaled and the bottom elevation is

preserved. The diameter and the height correspond to the adoption of the Wilson model for level-
swelling phenomena.

I
2.3.6 Pumps j

Two primary pumps (one per loop) drive primary coolant into the power channel downcomer to

remove the generated heat. De pumps are centrifugal single-stage horizontal-shaft type. The suction

line is horizontal, and the pumps' discharge is directed downwards into a 3-in. pipe common to the

two cold legs. A flywheel provides an inenia closer to the AP600. The rotational speed can be

controlled in the range +/-190 percent of the nominal value (with fluid in two-phase conditions) and
the speed variations can be programmed by means of a motor-driven regulator.

|
2.3.7 Steam Generators

De SPES-2 facility has two identical generators to transfer thermal power from the primary to the

secondary circuit. He steam generator primary side consists of a tube bundle and inlet / outlet plena.

De steam generator bundle includes thineen inconel-600 U-tubes in a square array.

ia
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The secondary side volumes are scaled by 1/395, and all of the vertical elevations are presened up to

the top of the steam separator (the steam dome has no influence on the natural circulation phenomena).

The main characteristics of SPES-2 steam generators are shown in Table 2.3-4.

2.3.8 Passive Safety Systems

The passive safety systems were designed to reproduce, as accurately as possible, the thermal-

hydraulic phenomena that can occur in the AP600 during transients. Also, where necessary, the layout

of the connections lines simulated the AP600 layout. The following safety components, associated
piping, and required valves were designed following these criteria:

Two CMTs with volume and metal mass scaled to conserve overall water temperatures and*

steam condensation on the CMT walls. The CMT design shall use a thin-walled vessel inside

a thicker pressure vessel with the space between the two vessels pressurized with air at 70 bar.

Two accumulators with volume scaled by 1/395.*

One passive residual heat removal (PRIIR) with a full-height, C-shaped heat exchanger with*

friction pressure drops maintained and number of tubes scaled.

One in-containment refueling water storage tank (IRWST) at atmospheric pressure with water*

volume scaled by 1/395 and elevation maintained.

Four stages of the ADS simulated by means of ball valves (one per stage) with a series of*

orifices that achieve the proper scaled flow area. The two sets of piping connected to the

steam space of the pressurizer in the AP600 are combined into a single set with the first,
second, and third stage valves in SPES-2.

He injection capability of the AP600 nonsafety systems, such as CVCS, NRilR, and SFW, simulated

any safety /nonsafety system interaction. The friction pressure drops of all the connecting lines were

maintained. Small breaks were simulated using a spool piece that contained a break orifice and quick

opening valve. The break, ADS, and secondary relief valve discharges were collected into different

catch tanks with load cells to measure the mass accumulation.

O
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f(yy TABLE 2.3-1 |
PRESSURE VESSEL MAIN CHARACTERISTICS . j

Pressure ;
'

nominal 2250 psi (15.5 MPa)

design 2900 psi (20.0 MPa) >

!,
Temperature

j
!core inlet 529.0 F - (276.I'C)
,

!

core outlet 5943*F (312.4*C)

- design 688.8'F (364.9 C) . ;

Flow rate +

botleg 27.8 lb/sec (12.6 kg/sec.) ;

core bypass 0 lb/sec (0 kg/sec.) !

downcomer upper-head bypass 0.55 lb/sec - (0.25 kg/sec.)

Overall Height 343 ft. (10.45 m) j
1

Net Volume 7.73 ft.8 (218.75 dm')'
|
\Nozzle Diameter
|( hot leg 2.63 in. (66.7 mm)

cold leg 2.13 in. (54.0 mm) ;

direct vessel injection 0.465 in. (11.8 mm) -
i

tubular downcomer 3.62 in. (92.0 mm) '

downcomer upper. head bypass - 0.957 in. (243 mm) |
Vessel Material AISI 316 |

Loose Flanges Number

lower plenum I

riser 1
J

core 21

upper plenum / head /

|

!

(
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$ TABLE 2,3-2

$ POWER CIIANNEL M AIN CII ARACTERISTICS
a
e Flow Fluid Bmly Flange Bolting
h Elevati<ms Length D Area Area Volume Volume Mass Mau Maw

Description (mm) (mm) (mm) (dm') (dm') + (dm') (dm') (kg) (kg) (kg)

[ Lower Plenum -7515 -6600 915 152 1.81 1.13 16 60 10.30 221 36 27

h -6600 -6168 432 216 3.66 2.97 15.50 12.53.

Riser -6168 -5568 600 152 1.81 1.13 10.88 6.76 66 40 -

-5568 -1458 4110 141* 1.65 0.97 67.94 39.68 541 794 329

Uccer Plenum -1458 6R3 2141 158 1.96 1.96 41.27 41.27 158 - 39

Uccer IIcad 683 871 188 158 1.96 1.96 3.57 3.56 467 - 18

871 2709 1838 187 2.75 2.75 50.26 50.26,

&

Annular Downcomer -878 652 1530 202/168 0.99 0.99 14.87 14.87 304 " - -

Tubular Downcemer -800 6076 6270 87.3 0.60 0.60 37.53 37.53 346 M 23

6020 6168 148 216/182 1.06 0.37 1.57 1.57

IMwncomer Upper- 600 1425 825 24.3 0.05 0.05 0.38 0.41 11 21.52 6.12
Head Hvoass

Core Bvoass -5812 -1058 8473 42.9 0.145 0.145 12.37 12.37 93 20.54 3.8

Total 231.12 2207 996.06 446

Note: The rod bundle mass, upper plate, and grids included, is 239 kg.
i
! * Octagonal section

" The metal mass of the separation cylinder is included m the upper plenum

t
,

| 9 9 9
,
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, ; TABLE 13-3
( / ROD BUNDLE M AIN CHARACTERISTICS ,v

,

Numler of Rods

total 97

standard rods 95

hot rods 2

Design Pressure, MParremperature *

standard rod 2900 psi /842"F (20/450 C)

2321 psi /1202 F (16/650 C)

hot rod 2900 psi /932'F (20/500 C)

2321 psi /1292 F (16000 C)

Rod External / Inner Diameter

standard rod 0.374/0.311 in. (9.5n.9 mm)

bot rod 0.374/0.295 in. (9.5n.5 mm)

Lattice square square
_

Pitch 0.496 in. (12.6 inm)
.

[~] Minimum Rod. Wall Gap 0.110 in. (2.8 mm)

Lengths

total 254.61 in. (M67 mm)

inside vessel 244.88 in. (6220 mm)

heated 144.21 in. (3663 mm) |
Power

nominal 4894 kW

maximum 9000 kW

Maximum Current 70 kA

Rod Material

from 0 to 5.12 in. (0-130 mm) copger
i

from 5.12 to 95.43 in. (130 mm - 2424 mm) AISI 316 |
|

Crom 95.43 to 239.65 in. (2424 mm - 6087 mm) Inconel 600 |
1

from 239.65 to 254.61 in. (6087 mm - Nickel 200 j

M67 mm) |

f 1

'N_/ l
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TABLE 2.3-4
STEAM GENERATOR MAIN CHARACTERISTICS

Design Pressure 2900 psi (20MPA)

Design Temperature 689 *F (365 C)

Nominal Conditions

pressure 710.7 psi (4.9MPA)

feedwater flowrate 2.98 lbm/sec. (1.35 kg/sec.)

feedwater temperature 439 F (226*C)

level 42 ft. (12.8 m)

relief valve set pressure 1015 psi (7.0 MPa)

safety valve set pressure 1450 psi (10 MPa)

PORV orifice D 0.205 in. (5.2 mm)

U Tube Number 13
,

;

i

U Tube Average Length 54.8 ft. (16.7 m) |

Ileat Exchange Surface 127 ft.' (11.8 m )2

Overall lleight 51.15 ft. (15.59 m)

Secondary Fluid Volume 13.7 ft.' (388 dm')

NOZZLE ID 1

feedwater line 1.5in. (38.1 mm)

steam line 2.9in. (73.7 mm)

inlet / outlet plena 2.62 in. (66.6 mm)

Materials
primary plena, tube sheet ASTM-SA 182 F 3M
lower vessel ASTM.SA 106 Gr B
intermediate vessel (sep. side) ASTM-SA 2N Gr C
upper vessel (steam dome) ASTM-SA Gr B
hose flanges ASTM-SA 105
separator, dryers AISI 3N

,

fillers Nickel-plated |

0-
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2.4 Instrumentation

(n)'' De SPES-2 facility instrumentation has been developed to provide transient mass and energy balances

on the test facility. Bere are approximately 500 channels of instrumentation that monitor the facility
and component pressure, temperature, and mass inventory.

A variety of different methods and components were used to measure the significant thermodynamic

quantities that are direct (absolute and differential pressure, temperature, voltage, current, etc.) and

derived quantities (mass velocity, flowrate, etc.) as shown below:

Ouantity Method or Comronent

Pressure - Pressure transmitters

Differential pressure - Differential pressure transmitters

Temperature - nermocouples/thermoresistances

Collapsed level - Differential pressure transmitters

Density - y-densitometers

Velocity - Turbines / orifices, venturi tubes

Flow rate - Turbines / orifices, venturi tubes

Integral flowrate - Catch tanks

Electrical power - Voltage drops and shunts

He flows into the simulated reactor system, such as the CMT discharge flow, the accumulator flow

and the IRWST flow, are measured using venturi flow meters. Flows out of the test facility, such as
break flow and ADS flow, are measured with a turbine meter and condenser / collection tank. The use

of condensers allows accurate mass flow versus time measurements of the two-phase ADS and break

flow streams. De use of collection tanks following the condensers provides redundancy for the

critical measurements of the mass leaving the test system. Differential pressure measurements are

arranged as level measurements on all vertical components to measure the rate of mass change in the

component. Here are also differential pressure measurements between components to measure the

frictional pressure drop, both for single- and two-phase flow. He CMTs are instrumented with wall

and fluid thermocouples to measure the CMT condensation and heatup during their operation. The

PRilR HX is also instrumented with wall and fluid thermocouples so that the tube wall that flux can

be calculated from the data, here are thermocouples in the simulated IRWST to measure the fluid

temperature distribution and to assess the amount of mixing that occurs. The rod bundle power is

measured accurately to obtain the rod heat flux and the total power input to the test facility. |

De specific instrumentation for loop A is shown in Figure 2.3-1 and for loop B is shown in

Figure 2.3-2. A complete listing of the SPES-2 instrumentation is provided in Appendix C. These

instrumentation layouts reflect the SPES-2 facility at the end of the testing program. The modified
instruments are listed in Table D2, and the failed instruments are listed in Table DI. A discussion of

( cach instrumentation type and its applications is discussed in the following subsections.
V
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2.4.1 Absolute and Differential Pressure Transmitters

O|Pressure transmitters are used to measure the following:
j
i

Pressure drops on piping, orifices, and venturi tubes*

Absolute pressures.

Liquid and collapsed levels=

he main features are the following:
!

Silicon piezoresistive sensor-

Microprocessor electronics=

Compensation of temperature and static pressure changes*

Measuring ranges: 0 to 20 MPa, O to 700 KPa, O to 100 KPa*

Minimum applicable range: 20 to 400 of measuring rangee

2.4.2 Thermocouples and Thermoresistances

he temperatures of fluid, structures, piping, and core heater rods are measured by ungrounded

sheathed type-K thermocouples. De majority of the thermocouples that measure fluid temperatures

are installed in the test facility pipelines with the hot junction on the pipe axis (D/2); some of the
thermocouples are installed with a different criterion (i.e., D/3).

Fluid temperatures in the IRWST are measured using a type-PT100 resistance temperature detector.

2.4.3 Flowmeters

Single-phase fluid (water or steam) flow rates are measured by using different types of flowmeter:;
such as calibrated orihaa, venturi tubes and full-flow turbine.

2.4.4 Integral Mass Flowmeters

he masses of water dischroed from a break location, from ADS stages 1,2,3, and 4 valves, and

from the steam generator telief valves are collected and measured versus time by three steam

condensers and weigh tanks. De weighing system is composed of three load cells per tank with a
maximum load of 3000 kg.

2.4.5 Gammadensitometers

Four gammadensitometers are provided to measure densities of single- and two-phase fluid: three
Cs-137 three-beam gammadensitometers are located in the break line; and one Am-241 two-beam i

gammadensitometer is located in the break line.

|
I

- .
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He attenuation of y-radiation through pipe wall and fluid is measured by using a sodium-iodiner,

( ) scintillation detector (accuracy = 5 percent of rated value) aligned in the y-ray beam. His
#

attenuation is proportional to fluid average (chord average density). De 7-densitometers are used

both as single instruments and are coupled with a full-flow turbine to mr.asure two-phase flows.

2.4.6 Power Meters

he de power of the rod bundle is measured by taking the overall voltage drop across the heated rod

cluster and measuring the feeding current with 6 shunts: 5 shunts for the 8-mW group and I shunt for

the 4-mW group, with an accuracy of +/- 1 percent. He power of internal / external pressurizer heaters

is measured by wattmeters, with an accuracy of +/- 1.7 percent power.

Ov
|

|

i

(
V
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2.5 Data Acquisition System (DAS)

The data acquisition and elaboration system collects and handles measured signals from the plant. The

large amount of operations necessary to the user are implemented in appropriate software procedures

in order to avoid errors and loss of information.

SPES data acquisition basically consists of a data logger digital subsystem and the four following main

components:

DEC VAX4000-200 (main computer) !*

DEC VAXSTATION 2000 (graphic workstation) j
*

DEC MICROVAX II (remote I/O driver) I=

Device for transferring files, working in DOS environment !*

DEC VAX400(b200 has the following features:
i

Five VUPS CPUe

DSSI 10 MIPS controller (R.ISC technology)*

!

Ten MIPS Ethernet controller (RISC technology) j=

A

Sixty-four Megabytes of RAM*

Mass storage: I gigabyte RF72 DEC hard disk=

1.2 gigabytes TLZO4 DEC removable cartridge

Peripheral equipment: 3 consoles*

4 video terminal

DEC LA100 printer

Interfaces: 4 serial ports*

Ethernet port

DEC VAXSTATION 2000 has the following features:

Six megabytes of RAM*

Ethernet controller*

Mass storage: 130 megabytes of hard disk*

Peripheral equipment: 19-in. video DEC VR290 XWINDOW terminal*

O
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DEC MICROVAX 11 has the following features:

ETHERNET controller*

Mass storage: 130/90 megabytes of hard disk*

70 megabytes tape streamer removable cartridge

Peripherals: 4 serial ports*

14-in. video (with software for emulation of V'I240 terminal)

The device for transferring files is a DEC VAXMATE computer AT IBM compatible with the
following features:

80286 CPU*

One megabyte of RAM-

5 % inch, high density disk drive*

Four virtual hard disk for a total of 60 megabytes*

Ethernet controller*

Printer port*

The RTVAX 300 digital data acquisition subsystem is composed of different remote data loggers

linked in a star configuration to the main computer. A vinual central node is installed in the main
computer. The loggers are linked by a thin ethernet cable. Each of these remote units has the
following main characteristics:

One megabyte buffer memory*

Microprocessor card with 32 bit bus,20 MHz clock*

Ten megabytes throughput Ethernet controller*

Switch mode power box*

100 Hz maximum value sampling rate*

Data conditioning and amplifying card*

2.5.1 Control Loops

During the test, control loops manage and control the key plant parameters. Most of the control loops

are electronic and are located on the control room main board. These main control loops regulate:

Primary pressure and level*

Steam generator pressure and level*

CMT extemal containment air pressure*

SFW, NRHR, CVCS flow rates*

Bundle power*

m:\ap600(1f.25wV12. mon:1ho40295 2.5-2
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The basis for the SPES-2 bundle power decay is to simulate the heat flux versus time from the AP600

fuel rods, including stored energy and fission product decay heat. This power decay versus time has

been determined based on AP600 LOFTRAN analyses. The fission product decay heat versus time is

based on the ANS 1979 decay heat standard plus two sigma uncertainty. The SPES-2 heat loss

compensation value (150 kw)is based on pre-operational testing and is added to the SPES-2 bundle

power decay. Table 2.5-1 provides the SPES-2 decay heat simulation as a function of time after trip

with the exception of the compensation for the SPES-2 heat losses. Because of the limitations of the

SPES-2 heater rod control system, the AP600 core power versus time is simulated as follows:

SPES-2 core power is maintained at 102 percent for 5.75 seconds after the reactor trip setpoint-

is reached.

The SPES-2 power is reduced in a single step to 20 percent (maximum power of the.

continuous low power heated rod power control system) and maintained until 12.38 seconds

after reactor trip. At this time the integrated SPES-2 heated rod power is equivalent to 1/395

of the AP600 nuclear fuel heat input.

The SPES-2 power level is maintained at 20 percent (the maximum power level) until*

14.5 seconds. At this time, the AP600 core power fraction of full power is 0.169; where

0.169 (4.89 h1W) + 150 kW = 0.2 (4.89) and 150 kw is equal to the heat loss compensation.

From 14.5 seconds until the actuation of the first stage of ADS, the SPES-2 power decay is*

that identified in Table 2.5-1 plus 150 kW (the heat loss compensation).

When the first stage of ADS is actuated, the SPES-2 heat loss compensation is stopped and the.

power decay is as show on Table 2.5-1.

2.5.2 Safety Devices

A combination of mechanical devices, in conjunction with the DAS computer logic, were put in place
;

to guarantee the structural integrity of the SPES-2 components and meet the safety requirements of the |

plant operators. The following mechanical safety devices were installed at each facility:

Safety valve on the pressurizer top, set at 20 ATPa (2900 psia)*

Safety valve on steam generator-N-B secondary side, set at 10 hiPa (1450 psia)-

Safety valve on accumulator-N-B, set at 6.9 hiPa (1000 psia).

Safety ulve on ChfT-N-B ext. containment set at 7.1 h1Pa (1029 psia)=

Blowout disk on Ch1T-N-B, set at 110 bar differential pressure between primary and=

secondary side

mVW625w22=:iwuo295 2.5-3
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The structural integrity is also guaranteed by alarms and actions performed by a programmable logical |

controller (PLC). Both power groups are switched off if the power channel rod temperature greater

than 590*C or the primary pressure greater than 17.2 MPa. The 8 mW group is switched offif the

reactor coolant pump speed less than 600 rpm and the steam generator level is less than 2 m.

Pressurizer internal heaters are switched off if the level is less than 2 m.

The pressurizer power-operated relief valve (PORV) (ADS stage 1) opens if pressure greater than

16.2 MPa and closes when pressure less than 16.2 MPa. The steam generator PORV opens if pressure

greater than 7.0 MPa and closes when pressure less than 7.0 MPa. The CMT containment PORV

opens if air pressure greater than 6.7 MPa and closes when pressure less than 6.7 MPa.

O

O
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/^3 TABLE 2.51
'

(/ SPES 2 POWER DECAY CURVE

Time From Trip (seconds) Fractional Power
'

0.0 1.02

5.75 1.02

5.76 0.2

12.38 0.2

14.50
0.169 *4890kW +150kW != 0.2

4890kW |

(Note 1)

.

3

15.00 0.1542
'

17.5 0.1300

20.82 0.1121

22.5 0.0917

( 25.0 0.0868(
27.5 0.0823 :

30.0 0.0782

35.0 0.0710 !

40.0 0.0648

45.0 0.0604

50.0 0.0573

70.0 0.0179

100.0 0.0403

200.0 0.0317

500.0 0.0259

1000.0 0.0222

2000.0 0.0183

3000.0 0.0162

4000.0 0.0148

l
:

Note 1: Heat loss compensation of 150 kW begins, but then terminates after ADS-1 actuation.

s
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2.6 Facility Operation
_

/)
i /
'"' The day before the test, SPES-2 personnel verify that:

the plant is configured for the test*

all plant alarms and protection functions are operating*

the DAS test procedure can perform the required trips for the testa

all the control systems and auxiliary systems are operating=

the plan is ready for start-up*

On the day of the test, several key steps are performed to bring the plant up to initial conditions.

The pressurizer internal heaters are turned on and the ADS-1 valve is opened until the primary system

fluid temperature reaches 100*C, after which the level and pressure controls are set to auto mode.

When primary pressure is about 3 bar, the RCPs are started up. After the rod-bundle electric

resistance check (it should be ~1.9 mO), the 4 MW power group is turned on to give approximately

60 percent of the maximum current (equivalent to ~900 kW of generated power). The heat-up and ;

pressurization of the facility is carried out maintaining this power until the hot leg temperature reaches

200 C, while subcooling conditions in the circuits. Steam generator levels are brought close to the

nominal value and the power channel power is increased step-by-step using the 8 MW and 4 MW

power groups. When nominal conditions are reached, they are maintained for about 500 seconds
A
(} before starting the transient. To start the transient for all tests, a specific break valve (or valves if
'

required)is opened to begin break flow. At this point, the transient follows a course of events that is

specific to the test procedure for that particular matrix test.

However, some generalities of the sequence of events for facility operation can be made for most of

the tests. Once a setpoint is reached initiating the R signal, the main feedwater (MFW) isolation

valves are closed and the power decay simulation (discussed in Section 2.5.1) is begun. Upon S signal

initiation, the CMT isolation valves and the PRHR isolation valves are opened, and the main steam

line isolation valves are closed, all with a 2-second delay.16.2 seconds after S signal, the RCP

coastdown is initiated. ADS-1 is actuated on CMT volume of 67 percent with the other ADS stages

following the delay time specified in the test procedure. Ileat loss compensation is terminated with

ADS stage 1 actuation. The accumulators begin injecting when the primary system pressure falls to

~700 psia. The IRWST begins injecting water when the primary system pressure is 26 psia. The test is

terminated when final conditions are achieved as specified in the test procedure. The specific facility

operation and configuration for each test is discussed in subsections 2.6.1 through 2.6.13.

!

oO
l

.
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2.6.1 Facility Operation for Test S00303

The purpose of test S00303 was to investigate the plant behavior and system response during a

simulated 2 in. cold-leg break on loop B (the CMT side of the plant) with intervention of the passive

safety systems only. The test was performed with the pressurizer to CMT-A/-B balance lines closed

by means of blind flanges installed on both the pressurizer and CMT connections. The break was
located at the bottom of loop B cold leg-B2 between the cold leg-B2 to CMT-B balance line and the

power channel. The break line for the facility was configured as shown in Figure 2.6-1 with a break
orifice installed as described in Figure 2.6.1-2. The orifices installed throughout the facility are listed

in Table 2.6.1-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle I

power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs were

closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa i

= 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and the MFWIVs
were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay.

The CVCS, NRHR, and SIM were off throughout the whole transient. The test simulated the failure

of one of two 4th-stage ADS valves on loop B. The ADS valves were programmed to open versus

either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.1-2. The accumulators

were set to inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). The

IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa

(26.1 psia). The test was terminated when the flow rates (F-A60E/F-B60E) discharged by the IRWST

reached a stable flow (without significant fluctuation).

|

|
|

9
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/N, TABLE 2.6.1-1
\ _ ,l SPES 2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)

ADS-1 437 12

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 73

Accumulator-B injection line 4.86 73

(] Cold leg-B2 break device 2.56 33 *
V

* Rounded entrance with 2.6 mm radius

I
i

|

|

,r)
! v

'w'
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TABLE 2.6.12
PROGRAMMED OPENING OF ADS VALVES

'
Orifice Dia. CMT Volume L-A40E or L-B40E Delay Time

ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 4.37/0.172 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125

Third 9.35/0.368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec. after

20% CMT
vol., but no

sooner than

360 sec. after

67% CMT vol.

Fourth B 14.62/0.576 20 1.192/3.911 60 sec. after

20% CMT
vol., but no

sooner than

360 sec. after

67% CMT vol.

O
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2.6.2 Facility Operation for Test S00401

(3
1he purpose of test S00401 was to investigate the CMT heatup with simultaneous operation of the

PRHR during a simulated 1-in. cold-leg break on loop B (the CMT side of the plant). The test was

performed with the pressurizer to CMT-A/-B balance lines closed by means of blind flanges installed

on lx>th the pressurizer and CMT connections. The break was located at the bottom of loop B

cold leg B2 between the cold leg-B2 to CMT-B balance line and the power channel. The break line

for the facility was configured as shown in Figure 2.6.2-1 with a break orifice installed as described in

Figure 2.6.2-2. The orifices installed throughout the facility are listed in Table 2.6.2-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R signal occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod

bundle power was controlled to match the scaled AP600 decay heat, and the SG MSLIVs were closed

with a 2 second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa =

1700 psia), the PRHR isolation valves and the CMT injection valves were opened and the MFWIVs

were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay.

The CVCS, NRHR, and SFW were off throughout the whole transient. The test simulated the failure

of one of two founh-stage ADS valves on loop B. The ADS valves were programmed to open versus

either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.2-2. The accumulators

were set to inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). The

h) IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa

(26.1 psia). The test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST

reached a stable flow (without significant fluctuation).

OO
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TABLE 2.6.2-1
SPES-2 INSTALLED ORIFICES

| Iocation Diameter (mm) Thickness (mm)

ADS-1 437 12

ADS-2 9.35 12

ADS-3 9.35 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg hal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 73

Accumulator-B injection line 4.86 73

Cold leg-B2 break device 1.28 3.3 *

* Rounded entrance with 1.3 mm radius

|

9
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,A TABLE 2.6.2-2
PROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or L.B40E Delay Time
ADS Stage (mm/in.) (%) (m/It.) (sec.)

,

First 4.37/0.172 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125 ;

Third 9.35/0.368 67 4.152/13.622 245

Founh A 20.68/0.814 20 1.192/3.911 60 sec. after ;

20% CMT i
vol., but no i

sooner than |

360 sec. after

67% CMT vol.

Founh B 14.62/0.576 20 1.192/3.911 60 sec. after

20% CMT
vol., but no ,

sooner than

360 sec. after

O 67% CMT vol.
i

)

(
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2.6.3 Facility Operation for Test S00504

he purpose of test S005G4 was to investigate the interaction between nonsafety and safety systems

during a simulated 2-in. cold-leg break on loop B (the CMT side of the plant). The break was located
at the bottom of loop B cold leg-B2 between the cold leg-B2 to CMT-B balance line and the power j

channel. De break line for the facility was configured as shown in Figure 2.6.3-1 with a break onike
installed as described in Figure 2.6.3-2. We orifices installed throughout the facility are listed in
Table 2.6.3-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle

power was controlled to match the scaled AP600 decay heat, and the SG MSLIVs were closed with a
2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa = 1700 psia),

the following actuation were performed:

- PRHR isolation valves opened with a 2-sec(md delay.

- CMT injection valves opened with a 2-second delay.

- MFW isolation valves closed with a 2-second delay.

- SFW flow was initiated with a 2-second delay.

- CVCS flow was initiated with a 2-second delay after S signal and pressurizer level less than

10 percent (0.38 m).

- RCP coastdown was initiated with a 16.2 second delay.

De plant computer was programmed for SFW to be ON until isolated by either To = 268'C
(514*F) or high steam generator narrow-range level = 79 percent of span which corresponds to

measured levels L-A20S/ L-B20S = 2.1 m (6.89 ft.). In the case of low T , one of the four cold-leg
temperatures (T-A0llP, T-A012P, T-B01IP, and T-B012P = 268*C = 514*F) would be sufficient to
completely stop SFW flow to both steam generators. However, in the case of high steam generator

narrow-range level, SFW flow would be stopped only to that steam generator which has reached that

setpoint. The other steam generator would c(mtinue to receive SFW flow. Additionally, SFW flow
would begin again to that particular steam generator should its narrow range level fall below

l
79 percent. >

The ADS valves were programmed to open versus either CMT level L-A40E or L-B40E with the
delay time shown in Table 2.6.3-2. The accumulators were set to inject water via DVI when the
primary pressure was lower than 4.9 MPa (710.6 psia). The NRHR was set to inject water via DVI |

!when the primary system pressure was lower than 1.1 MPa (1600 psia). The IRWST was set to inject
water via DVI when the primary pressure was lower than 0.18 MPa (26.1 psia). The test was

terminated when the pressurizer and CMTs have refilled and their levels (L-010P, L-A40E, and |

L-B40E) have stabilized,
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i

.Cj TABLE 2.63-1 j
h SPES-2 INSTALIED ORIFICES :

~ Location IMarneter (nun) Thickness (mm) .|

ADS-1 437 12

i

ADS-2 935 .12
'

|ADS-3 ' 935 12

fADS-4A 20.68 7

f
ADS 4B 20.68 7 j

CMT-A injection line 4.1 5.5

'

CMT-B injection line 5.7 5.5 .;

CMT-A cold leg bal. line (2 orif.) 7.5 5.5 |
i

CMT-B cold leg bal. line (2 orif.) 7.5 5.5 |

!

Accumulator-A injection line 4.86 73
;

IAccumulator-B injection line 4.86 73

Cold Leg B2 break device 2.56 33 * j

!
* rounded entrance with 2.6 mm radius !

!

|
>

|

!
I

,

.
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TABLE 2.6.3 2
l'ROGRAMMED Ol'ENING OF ADS VALVES

Orifice Dia. CMT Volume I-A40E or I B40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 4.37/0.172 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125

Third 935/0.368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sx. after
20% CMT
vol, but no

kroner than

360 sec. after

67% CMT vol.
- e

Fourth B 20.68/0.814 20 1.192/3.911 60 sec. after

20% CMT
vol., but no

sooner than
360 sec, after

67% CMT vol.

O
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2.6.4 Facility Operation for Test S00605

:'
The purpose of test S00605 was to investigate the asymmetric CMT performance with operation of the

PRIIR in conjunction with a simulated 2-in. DVI-B break (the CMT side of the plant) and passive

safety systems only for mitigation. The break is located on DVI-B between the ECCS injection and

the power channel. De test was performed with the pressurizer to CMT A/B balance lines closed by

means of blind flanges installed on both the pressurizer and CMT connections. The break line for the

facility was configured as shown in Figure 2.6.4-1 with a break orifice installed as described in

Figure 2.6.4-2. De other orifices installed throughout the facility are listed in Table 2.6.4-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle

power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs were

closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa

= 1700 psia), the PRIIR isolation valves and the CM7 injection valves were opened and the MFWIVs

were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay.

De CVCS, NRIIR, and SFW were off throughout the whole transient. The test simulated the failure

of I of 2 fourth-stage ADS valves on loop B. The ADS valves were programmed to open versus

either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.4-2. He accumulators

were set to inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). The

IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa
' (26.1 psia). The test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST

reached a stable flow (without significant fluctuation).
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TABLE 2.6.4-1

SPES-2 INSTALLED ORIFICES
!

Location Diameter (mm) Thickness (mm)

ADS-1 437 12

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 73

Accumulator-B injection line 4.86 73

Cold leg-B2 break device 2.56 33 *

* Rounded entrance with 2.6 mm radius

O
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./N TABLE 2.6.4-2

.
PROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or L B40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 437/0.172 67 4.152/13.622 30

Second 935/0368 67 4.152/13.622 125

Third 935/0368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec

after 67% CMT vol.

Fourth B 14.62/0.576 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 see

after 67% CMT vol.

,

O
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2.6.5 Facility Operation for Test S00705

Ohe purpose of S00706 was to investigate the plant tchavior and system response during a full bore

double-ended guillodne (DEG) break of DVI-B (complee loss of one of two passive injection lines)

with passive safety systems only for mitigation. De brea is located on DVI-B prior to entry to the

power channel. The DEG is simulated by using two break salves and a spectacle flange in the open
position installed between them as shown in figure 2.6.5-1. He break valve identified in

Figure 2.6.5-1 as BR-05 had an orifice installed at its inlet described in Figure 2.6.5-2. De break
valve identified in Figure 2.6.5-1 as BR-04 had a venturi tube installed at its inlet described in

Figure 2.6.5-3 in order to simulate the flow venturi in the AP600 reactor vessel DVI nozzle. De

other orifices installed in the facility are listed in Table 2.6.5-1. He test was performed with the
pressurizer to CMT A/B balance lines closed by means of blind flanges installed on both the
pressurizer and CMT connections.

I,
Once the facility was at initial conditions, the test was initiated by opening the break valves. When '

the reactor trip (R) occurred (pressurizer pressu e P-027P = 12.41 MPa = 1800 psia), the heater rod 1

bundle power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs |
|were closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P =

11.72 MPa = 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and
the MFWIVs were closed, all with a 2-second delay, and the RCP coastdown was initiated with a
16.2 second delay.

ORe CVCS, NRHR, and SFW were off throughout the whole transient. He test simulated the failure

of one of two stage 1 and 3 ADS valves. He ADS valves were programmed to op:n versus either
CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.5-2. De accumulators were

set to inject water via DVI when the primary pressure was lower than 4.9 MPa (696.1 psia). He
IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa

(26.1 psia). He test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST |

reached a stable flow (without significant fluctuation).

O
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(''T TABLE 2.6.5-1
( ,) SPES 2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)

ADS-1 3.09 12

ADS-2 9.35 12

ADS-3 6.61 12

ADS-4A 20.68 7

ADS-4B 20.68 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 7.3

Accumulator B injection line 4.86 7.3

f} DVI-B break device ECCS side 8.95 9*

N/
DVI-B break device vessel side venturi see Figure 2.6.5-3

* Rounded entrance with 9 mm radius

1

Ov
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TABLE 2.6.5-2
PROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or I B40E Delay Time

ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 3.09/0.122 67 4.152/13.622 30

Second 935/0.368 67 4.152/13.622 125

Third 6.61/0.260 67 4.152/13.622 245

Founh A 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.

Fourth B 20.68/0.814 20 1.192/3.911 60 see after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.

O

O

l
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2.6.6 Facility Operation for Test S00908

The purpose of test S00908 was to investigate the plant behavior and system response during a full

bore double-ended guillotine (DEG) break of the CL-B2 to CMT-B balance line with passive safety

systems only for mitigation. The DEG break was simulated by using the two valves located on the
cold leg-B2 balance line; one on each side of the CMT balance line isolation valve. The break valve

identified in Figure 2.6.6-1 as BR-05 had an orifice installed at its inlet described in Figure 2.6.6-2.

The break valve identified in Figure 2.6.6-1 as BR-(M had an orifice installed at its inlet described in

Figure 2.6.6-3. The orifice normally in the balance line near cold leg-B2 was removed so that break
flow would only be limited by the break orifice. 'Ihe other orifices installed in the facility are listed in
Table 2.6.6-1. The test was performed with the pressurizer to CMT-A/-B balance lines closed by

means of blind flanges installed on both the pressurizer and CMT connections.

Once the facility was at initial conditions, the test was initiated by opening the break valves. When

the reactor trip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod

bundle power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs

were closed with a 2 second delay. When the S signal occurred (pressurizer pressure P-027P =

11.72 MPa = 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and

the MFWlVs were closed, all with a 2-second delay, and the RCP coastdown was initiated with a
16.2-second delay.

The CVCS, NRHR, and SFW were off throughout the whole transient. The test simulated the failure

of one of two stage 1 and 3 ADS valves. The ADS valves were programmed to open verFus either
CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.6-2. The accumulators were

set to inject water via DVI when the primary pressure was lower than 4.9 MPa (696.1 psia). The

IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa (26.1

psia). The test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST

reached a stable flow (without significant fluctuation).

G:
I
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e''N TABLE 2.6.61

\.)e SPES-2 INSTALLED ORIFICES
>

Location Diameter (mm) Thickness (mm)

ADS-1 3.09 12

ADS-2 9.35 12

ADS-3 6.61 12

ADS-4A 20.68 7

ADS-4B 20.68 7

CMT-A injeetion line 4.1 5.5

CMT-S mjection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal, line (2 orif.) removed -

Accumulator-A injection line 4.86 7.3

Accumulator-B injection line 4.86 7.3

e DVI-B break device CMT side 8.95 * * 9*
/ h

DVI-B break cold leg side 8.71 9*

* Rounded entrance with 9 mm radius (see Figures 2.6.6-2 and 2.6.6-3)

" 7he actual scaled break size of the 8-inch Sch.160 CL-BL is 8.71 mm. However, since no significant
amount of break flow is discharged from this point, the 8.95 mm orifice from matrix test No. 6 was utilized
(see Figure 2.6.6-3).

|

l

~.%
|

l
4
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TABLE 2.6.6-2

PROGRAMMED Ol'ENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or L-il40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 3.09/0.122 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125

Third 6.61/0.260 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.

Fourth B 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.

O
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2.6.7 Facility Operation for Test S01007

OThe purpose of test S01007 was to investigate the asymmetric CMT performance following a 2-in.

break in the cold leg-B2 to CMT-B balance line with passive safety systems only for mitigation. De
break was located on the cold-leg side of the balance line isolation valve identified in Figure 2.6.7-1 as
BV-09B. He break valve identified in Figure 2.6.7-1 as BR-(M had an orifice installed at its inlet
described in Figure 2.6.7-2 in order to simulate a 2-in. break. De other orifices installed in the

facility are listed in Table 2.6.7-1. The test was performed with the pressurizer to CMT-A/-B balance

lines closed by means of blind flanges installed on both the pressurizer and CMT connections.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle

power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs were

closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.77 tD
= 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and the M1 'm a

were closed, all with a 2 second delay, and the RCP coastdown was initiated with a 16.2 second delay.

The CVCS, NRHR, and SFW were off throughout the whole transient. Tae test simulated the failure i

of one of two fourth-stage ADS valves. De ADS valves were programmed to open versus either |
'

CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.7-2. The accumulators were

set to inject water vi, DVI when the primary pressure was lower than 4.9 MPa (696.1 psia). He
IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa

(26.1 psia). %c test .e terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST
|

reached a stable flow (without signilicant fluctuation). I

I

O
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/N TAHLE 2.6.71
SPES-2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm) ;

ADS 1 437 12 ;

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS-4B 14.62 7 [

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5
!

CMT-A cold leg bal. line (2 orif.) 7.5 5.5 i

CMT-B cold leg bal. line (2 orif.) 7.5 -

Accumulator-A injection line 4.86 73
|

Accumulator-B injection line 4.86 73 |

Balance Line-B break device 2.56 33 *s

* Rounded entrance with 2.6 mm radius

|

|

\
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TAllLE 2.ti.7 2
l'ROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or L-B40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 3.09/0.122 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125

Third 9.35/0.368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec

after 67% CMT vol.

Fourth B 14.62/0.576 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 see

after 67% CMT vol.

O

O

m:wwis25 v>2ttoon:it>o40295 2.6-36



.|!i ;j , |1\

1 X,Js
_

ZA '.

7
8
G
E
l

Oy L *

O
C

'

-

o-

c.
h '

16 c
5 7 s

8 -2
6 # -

2
e 6e cc

i
i
f

EAf i
i rr
O O~

1 0--

7 8 8

9 @5
h
ct t

@ .
g ss s .

e e
g%

-
T T

b4 5- /j A 3
e

O1 9 |" %

O a
- "

;$ 0d 0e -n 5s s.

%- (e 1opl 7 tsoC 6
M

E A
l

[4
: : C

rf78
% eR |

tt O
a #ss p' ~ee

TT | S '

n.k
,

h fL
,[ gf v-

h
/ ,4 e5 . i .

i |p'

4
h 4
c o h.J - .&s 8 i gm c

h e ,E s-
.

"s c -
/ s 2"- 3 .-4 4r

he -

-

5
9
88 9

t
se
ec

iTf

O
i

r
O

C &2" cRa k pe t2 9}g. p wN' E9eo[N=e -

l h Qs h 8= g P$ e

!t



1

!

., -
'

SPES2 ' - Break device
CL B2 - CMT B Balance Line

Prova S00807 - Test 7
e

'6.0 9 i
d

--

10.0 -- O d

c+o-

Flusso cc
_ hs_ k2.6

M N + cn-@ d $- l! *[ d d-

* * g 3.3 * *
4.1

~

s_ s
_,

F
_. F

6.4 . .'

16.0 ~
_

9.6
~ ~

O- = .._.

Assonornetria : dis. 25.03.25 Pos.1
Collocazione : Linea rottura CL B2-CMT B B.I

,

a monte valvola BR-04
flg.: 61" ANSI 1500 LM & LF
Quant.: n.1 Mat.: AISI 316

5

1

0 t/OB/M C- =.orifizio F.vva S00807 Test 7m .s. na- w w w
'

Plaeenzi SPES 2 - Break DeviceItaly Orifizio calibrato pos.1
Semim ' Di- r-n n. FemHa di

1:1 25.03.26 23 25 '

.

.
'

Figure 2.6.7 2 SPES-2 Break Orifice Used in Position 1 '

|

upn2sww2b.endb-040295 2.6-38
!

__________-______-____n



2.6.8 Facility Operation for Test S01110
n
D')f

The purpose of test S01110 was to investigate the plant behavior and system response during a single

steam generator tube rupture (SGTR) using only the passive safety systems for mitigation. The test

was performed with the pressurizer to CMT-A/-B balance lines closed by means of blind flanges

installed on both the pressurizer and CMT connections. The tube rupture was simulated via a line

connected from the primary side (RCP B suction piping) to the secondary side of steam generator-B.

Two venturi flowmeters were installed in the line; one to measure fluid flow from the primary side to

the secondary side, and the other to measure flow from the secondary side to the primary side. A
detailed drawing of this arrangement is given in Figure 2.6.8-1. A break orifice, scaled to the size of a
single AP600 steam generator tube inner diameter of 0.6075 inches, was installed at the inlet of the

break valve (BR-04). A detailed drawing of the orifice is shown in Figure 2.6.8-2. The other orifices
installed throughout the facility are listed in Table 2.6.8-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip R and safety injection signal S occurred due to low pressurizer level (pressurizer level

L-010P = 0.378m = 1.24 ft.), the heater rod bundle power was controlled to match the scaled AP600

decay heat, and the steam generator MSLIVs were closed with a 2-second delay. Additionally, the

PRHR isolation valves and the CMT injection valves rere opened and the MFWIVs were closed, all

with a 2-second delay, and the RCP coastdown was initiated with a 16.2 second delay.

O De CVCS, NRHR, and SFW were off throughout the whole transient. The test simulated the failure
b of one of two fourth-stage ADS valves on loop B. Although ADS actuation did not occur, the ADS

valves were programmed anyway to open versus either CMT level L-A40E or L-B40E with the delay

time shown in Table 2.6.8-2. The accumulators were set to inject water via DVI when the pnmary
|

pressure was lower than 4.9 MPa (696.1 psia). The IRWST was set to inject water via DVI when the |

primary pressure was lower than 0.18 MPa (26.1 psia). The test was terminated when the primary and

secondary system pressures equalized so that the average break flow for 10 minutes was essentially

zero and the CMT IcVels were not decreasing.

1

O
.
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TABLE 2.6.8-1
SPES-2 INSTALLED ORIFICES '

location Diameter (mm) Thickness (mm)

ADS-1 4.37 12

ADS-2 9.35 12

ADS-3 9.35 12

ADS 4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 7.3

Accumulator-B injection line 4.86 7.3

Cold leg-B2 b eak device 0.85 5*

* Rounded entrance with 0.9 mm radius

|

!

!

!

O
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% TABLE 2.6.8-2.) PROGRAMMED OPENING OF ADS VALVES
'

!

Orifice Dia. CMT Volume L-A40E or L-B40E Delay Time |

ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 437/0.172 67 4.152/13.622 30

Second 935/0368 67 4.152/13.622 125
'

Third 935/0368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol., (
but no sooner than 360 sec !

after 67% CMT vol.

'Fourth B 14.62/0.576 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec

after 67% CMT vol.
>

;

!

\ :
;
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|

|
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2.6.9 Facility Operation for Test S01211

De purpose of test S012011 was to investigate the plant behavior and system response during a single

steam generator tube rupture (steam generator-TR) and an inadvertent ADS actuation 2 minutes + 30

seconds after S signal using only the passive safety systems for mitigation. He test was performed
with the pressurizer to CMT-A/B balance lines closed by means of blind flanges installed on both the

pressurizer and CMT connections. De tube rupture was simulated via a line connected from the
primary side (RCP B suction piping) to the secondary side of steam generator-B. Two venturi

flowmeters were installed in the line; one to measure fluid flow from the primary side to the secondary

side, and the other to measure flow from the secondary side to the primary side. A detailed drawing
of this arrangement is given in Figure 2.6.9-1. A break orifice, scaled to the size of a single AP600
steam generator tube inner diameter of 0.6075 in., was installed at the inlet of the break valve

(BR-04). A detailed drawing of the orifice is shown in Figure 2.6.9-2. De other orifices installed
throughout the facility are listed in Table 2.6.9-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the
reactor trip R and safety systems actuation signal (S) occun'ed due to low pressurizer level (pressurizer

level L-010P = 0.676m = 2.22 ft.), the heater rod bundle power was controlled to match the scaled

AP600 decay heat, and the steam generator MSLIVs were closed with a 2-second delay. Additionally,
the PRIIR isolation valves and the CMT injection valves were opened and the MFWIVs were closed,

all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay.

The CVCS, NRHR, and SFW were off throughout the whole transient. The test simulated the failure

of one of two fourth-stage ADS valves on loop B. The ADS valves were programmed to open with
the delay times shown in Table 2.6.9-2. Additionally, heat loss compensation of 150 kW was

terminated after ADS stage 2 actuation,instead of the typical ADS stage 1. He accumulators were

pressurized to inject water via DVI when the primary pressure was lower than 4.9 MPa (696.1 psia).

The test was terninated when the secondary side of the faulted steam generator was nearly empty.

|

|

1

Oi
!
l
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,r's, TABLE 2.6.91

() SPES 2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)|

ADS-1 437 12

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A CL bal. line (2 orif.) 7.5 5.5-

CMT-B CL bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 73

Accumulator-B injection line 4.86 7.3

Cold leg-B2 break device 0.85 5*

N- * Rounded entrance with 0.9 mm radius

<
t
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TABLE 2.6.9-2

PROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L A40E or L-B40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 4.37/0.172 - - 2 min + 30 sec after "S"

Second 9.35/0.368 - - 2 min + 125 sec after "S"

Third 9.35/0.368 - - 2 min + 245 sec after "S"

Fourth A 20.68/0.814 20 1.192/3.911 0 sec after 20% CMT vol.,

but no sooner than 360 sec

after 67%

Fourth B 14.62/0.576 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 see

after 67%

O

|

|

9
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2.6.10 Facility Operation for Test S01309

\~ The purpose of test S01309 was to investigate the plant behavior and system response during a single

steam generator tube rupture (SGTR) using nonsafety and safety systems along with operator action to

isolate th' faulted steam generator, subcool and depressurize the primary system. The test was

performed with the pressurizer to CMT-A/B balance lines closed by means of blind flanges installed
on both the pressurizer and CMT connections. The tube rupture was simulated via a line connected

from the primary side (RCP-B suction piping) to the secondary side of steam generator-B. Two
venturi flowmeters were installed in the line; one to measure fluid flow from the primary side to the

secondary side, and the other to measure flow from the secondary side to the primary side. A detailed

drawing of this arrangement is given in Figure 2.6.10-1. A break orifice, scaled to the size of a single
AP600 steam generator tube inner diameter of 0.6075 inches, was installed at the inlet of the break

valve (BR44). A detailed drawing of the orifice is shown in Figure 2.6.10-2. The other orifices
installed throughout the facility are listed in Table 2.6.10-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip (R) and safety systems actuation signal (S) occurred due to low pressurizer level

(pressurizer level L-010P = 0.378m = '.24 ft.), the heater rod bundle power was controlled to match
the scaled AP600 decay heat, and the steam generator MSLIVs were closed with a 2-seconi delay.

Additionally, the PRHR isolation valves and the CMT injection valves were opened and the MFWlVs
were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay.

The CVCS was programmed to stan when pressurizer level (L-010P) = 3.1 m = 10.17 ft. and deliver a

scaled flow rate (F4)01 A) = 0.016 kg/sec. = 0.0353 lbm/sec. After the S signal, the CVCS setpoints

were automatically reset to be ON at pressurizer level 510 percent (L-010P 5 0.676 m) and OFF at
pressurizer level 2 20 percent (L-010P 21.352m). The SFW was automatically initiated after the S
signal at its nominal flowrate to try to restore the steam generator narrow range level (L-A20S/L-

B20S) at the nominal value of 1.48m (4.86 ft.).

It was determined that an operator would be able to identify the faulted steam generator approximately

5 minutes after an S signal. Therefore, for this test the operator isolated the faulted steam generator 5
minutes after the S signal by closing the SFW isolation valve (CV-06B), but still continued to feed

SFW to the intact steam generator (steam gemrator-A). The operator actions to subcool and

depressurize were originally programmed into the plant control computer to perform. However, during
the performance of the test,it was apparent that a higher cooldown rate was required at the SPES-2

facility in order for the logic programmed into the computer to perform the operator actions as
specified. Therefore, the actions to open the ADS-1 valve and steam generator-A PORV to subcool

and depressurize were performed manually by plant personnel.

The pressurizer internal heaters remained on until low pressurizer level = 2m = 6.56 ft.. but the two

bottom external pressurizer heaters remained on throughout the transient to compensate for pressurizer
heat loss and to maintain pressurizer pressure. The test simulated the failure of one of two fourth-

(- stage ADS valves on loop B. Additionally, the ADS-1 and ADS-3 had smaller crifices installeo

equivalent to one-half the AP600 ADS-1 and -3 valves in order to have better control of the primary

m:\ nim 162%v12ttnon:IM40295 2.6-49



system depressurization. Although ADS actuation did not occur during the test, the ADS valves were

programmed to open versus either CMT level L-A40E or L-B40E with the delay time shown in

Table 2.6.10-2. 'Ihe accumulators were set to inject water via DVI when the primary pressure was

lower than 4.9 MPa (696.1 psia). The IRWST was set to inject water via DVI when the primary
pressure was lower than 0.18 MPa (26.1 psia). The test was terminated when the primary and

secondary system pressures equalized so that the average break flow for 10 minutes was essentially

zero and the CMT levels were not decreasing.

O

O
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[3 TABLE 2.6.101

( SI'ES 2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)

ADS-1 2.2 12

ADS-2 9.35 12

ADS-3 2.2 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 onf.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 7.3

Accumulator.B injection line 4.86 7.3

e Cold leg-B2 break device 0.85 5*
i

* Rourxicd entrance with 0.9 mm radius

|
|

|

l
<
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| TAllLE 2.6.10-2
PROGRAMMED OPENLNG OF ADS VALVES

Orifice Dia. CMT Volume I A40E or I 840E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 2.2/.0072 67 4.152/13.622 30

Second 935/0368 67 4.152/13.622 125

Third 2.2/.0072 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 see after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.

Fourth B 14.62/0.576 20 1.192/3.911 60 see after 20% CMT vol.,

but no sooner than 360 sec.

after 67% CMT vol.
,

9

O

m:\n;WiKM625wV12ttoon:?-- 140295 2.6-52



.. ,
_ . . _ . . . .

1,

|
J

l

r~

NJ '

]

I

i

I
!

t

*\ 1%

,,
|- -' .

+
e * f % >

g -

%\'
-

(
.

,\.,
}

i.
.;

O
.

!
W

e.
i

e
,

1

\ fa

I J
'

g '
-

g a 'A
,

*

!U 2'
* e \

i
f

'

\ \
;

r- \

\ \. i

'
SZOZ

'

5 *

|

( Figure 2.6.10-1 Break Line Configuration for Steam Generator Tube Rupture (SGTR) |

m:\np6(KA1625ww2b.non:ltwo40295 2.6-53



4 O
~

o
9 1

to x7 y
CO u/ X g

O @\ > /
/ s C /

5
+ =

.

10 6
= = = =

CO
.

N
CV .

" * -

n a

p ,. ... . . .

A O A N
@ O 3 O
a e 5 / 8

/ h
_

U / p

/fU

6.4 9.6
= = = =

0 01/07/H EMISSIONE W At Avt

indlee Data Modifiche Dbnn. Catd ' bzw.
om

S...IT
nGenza SPES 2 - SGTR matrix test 10

Italy Orifice particulars
Scala Diseano n. Fonllo di

1:1 025.03.26 26 26'

h
..

Figure 2.6.10 2 SPES-2 SGTR lireak Orifice

'"wis25-ms on;imm95 2.6-54



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2.6.11 Facility Operation for Test S01512

''/\
Test S01512, a large steam line break with passive safety systems only, was simulated using the steam

generator-A PORV as the break opening. He steam generator-A PORV had an orifice installed with a

diameter of 20.4 mm (shown in Figure 2.6.11-1) which corresponds to an AP600 break area of
21.388 ft . (His area corresponds to the steam generator outlet nozzle orifice area.) ne other orifices

installed at the facility are listed in Table 2.6.11-1.

Test S01512 was performed with the facility operating at full pressure and flow, but at " hot standby"
conditions. He power channel was at zero power (i.e., no decay heat was simulated) but with heater

rod power at 150 kW for facility heat loss compensation. Additionally, the following initial conditions
existed:

RCPs were running 9.t rv ulinal flow (cold leg flow = 12.92 lb/sec.)*

pressurizer pressuri aas at 2250 psia+

core AT was ~ 1*F (favg -545'F)+

pressurizer level was between 6.56 ft. and 8.2 ft.-

steam generators pressure was approximately 1000 psi+

steam generators narrow range level was approximately 4.9 ft.+

main feedwater isolation valves were closed+

common steam line isolation valve (BV-07) was closed+

main steam isolation valves (BV-05A/BV-05B) were opened+

CVCS, NRiiR, and SFW were not operational.V +

De test was initiated by opening the steam generator-A PORV (BV-06A) at time zero. All heat loss

compensation was terminated when the steam generator-A PORV was opened. Based on pretest

predictions using a lead / lag function of 50/5, the S signal was manually generated by the SPES plant

computer one second after the break opening. The pressurizer internal heaters were shut off by the S |

signal. Also, at S signal, the CMT and PRHR isolation valves were opened with a two-second delay,
the main steam line isolation valves were closed with a 4-second delay, and the RCPs were shutdown
with a 16.2-second delay.

The ADS was not expected to actuate for this test, but was programmed to open versus CMT level
I with the appropriate time delays as listed in Table 2.6.11-2. He accumulators were pressurized to

inject when the primary pressure was reduced to less than 696 psia. He IRWST was at full normal

level such that it would inject water when the primary pressure was lower than 26.1 psia. De test 4

was terminated when the primary system temperatures and pressures had stabilized and the CMT level |
| was not decreasing.

I
i
i

|\
|

mwunic5menoo: ismo 295 2.6-55

_ _ _ - _ _ _ _ _ .



TABLE 2.6.11 1
SPES-2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)

ADS-1 437 12

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS 4B 20.68 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5
_

CMT-A CL bal. line (2 orif.) 7.5 5.5

CMT B CL bal. line (2 orif.) 7.5 3.5

Accur.iuiator-A injection line 4.86 7.3

Accumulator-B injection line 4.86 73

Cold leg-B2 break device 20.4 10 *

* Rounded entrance with 5 mm radius
_

O
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l
TABLE 2.6.112 i

PROGRAMMED OPENING OF ADS VALVES i
,

Orifice Dia. CMT Volume L-A40E or L-B40E Iklay Time
ADS Stage (mm/in.) (%) (mNt.) (sec.) ,

First 4 37/.0172 67 4.152/13.622 30
,

Second 935/0368 67 4.152/13.622 125
.

!
'

Third 935/0368 67 4.152/13.622 245

:

Fourth A 20.68/0.814 20 1.192/3.911 60 see after 20% CMT vol., !

but no sooner than 360 sec.

after 67% CMT vol. *

i

Fourth B 20.68/0.814 20 1.192/3.911 60 sec after 20% CMT vol.,

but no sooner than 360 sec. |

after 67% CMT vol.

!
.

!*

!

|

!.

[
>

!

t

t

i

>

!

!

I

t

I

!
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2.6.12 Facility Operation for Test S01613

O !
De purpose of test S01613 was to investigate the CMT heatup with simultaneous operation of the !

PRiiR with 3 heat exchanger tubes in operation during a simulated 1-in. cold leg break on loop B (the |
CMT side of the plant). De test was performed with the pressurizer to CMT-A/B balance lines closed i

by means of blind flanges installed on both the pressurizer and CMT connections. De break was
located at the bottom of loop B cold leg-B2 between the cold leg-B2 to CMT-B balance line and the

,

power channel. De break line for the facility was configured as shown in Figure 2.6.12-1 with a !

break orifice installed as described in Figure 2.6.12-2. The orifices installed throughout the facility are

listed in Table 2.6.12-1. i
!

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip (R) occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle

power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs were

closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa

= 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and the MFWIVs

were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay. ;

|
Re CVCS, NRilR, and SFW were off throughout the whole transient. The test simulated the failure ;

of one of two fourth-stage ADS valves on loop B. The ADS valves were programmed to open versus
either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.12-2. He accumulators I

were set to inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). De f
IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa
(26.1 psia). De test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST

reached a stable flow (without significant fluctuation).

O
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TABLE 2.6.121
SPES 2 INSTALLED ORIFICES

Location Diameter (mm) Thickness (mm)

ADS-1 4.37 12

ADS-2 9.35 12

ADS-3 935 12

ADS-4A 20.68 7

ADS.4B 14.62 7

CMT A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator-A injection line 4.86 73

Accumulator-B injection line 4.86 7.3

Cold leg-B2 break device 1.28 3.3 *

* Rounded entrance with 1.3 mm radius

!

|
l
1

l

I

I

O
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p TABLE 2.6.12-2 ,

.\j PROGRAMMED OPENING OF ADS VALVES
,

,

Orifice Dia. CMT Volume L-A40E or L-B40E Delay Time 1

ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 4.37/0.172 67 4.152/13.622 30 ,

Second 9.35/0.368 67 4.152/13.622 125

!Third 9.35/0368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec. after

20% CMT '

vol., but no

sooner than

360 sec. after

67% CMT vol.

Fourth B 14.62/0.576 20 1.192/3.911 60 sec. after ,

20% CMT
vol., but no i

)sooner than

360 sec. after

67% CMT vol.

O

m:\aiwo1625ww2c.non:the0295 2.6-61

-_- _ - .



i

1

.
>

f.n ci
*( '
r ,

"

.

Blips ,g,

bE k
.

n -)
? t: f

.

55
/,\g .,l .c

er -
.

,

E .s .a ~zS f 'L- "

pj, ,

* A
.'

.

/ /
@ > / ,

.

a

5) h
-

_N_, $
'

^s.
_

5

.A fs
Il 1 /.

t. s } [
;
:. --

, !--

] h

'v
% ,%

e ,

.

:
u

Oios .

'

Figure 2.6.12-1 Ilreak Line Configuration for 1.in. Cold Leg Ilreak

EWl625*V12cnon:It>4)40295 2.6-62

. _ _ _ _ _ - ._ _ - - ____ _ - ___ - _ _ -_-_-_________-_-



.

i

n SPES2 - Break device on CL i

v
Posizione 13 su .P&ID orifizi '

6.4 =' y u

v 1Flusso O. R o
.f_ - * * tA tra co n_

r o s u co :y/ a"
o
e ee s

4.0 '

e = to :
10.0 -a o t

/ .o ;'~
_. y v .u

'' '
16.0 N-

/ / \e= ---

/ 'is

:[ k.~3 )U
'-

n
q) .;..-.

.

; y- |n
\ / / /

\ ,/
/ -

\s@'
y

Quant.: n.1 Mat.: AISI 316 , - - 1,4
" = ~~

Collocazione : Linea rottura

su .CL-B2 a monte valvola BR-01 ~-.

flg. 01"1/2 ANSI 1500 S.160 LM&LF
2 2/5/94 Geometria orifizio ih Ab b/M

Indico Data Modifiche i Dissa Ceroll: bwer.
o m =. '

S...J..
... g

"*fa"** Ori:?izi ea.'.ibrasi
Scala Disegno n. Foalio di

1:1-2:1 25.03.26 15 -

Figure 2.6.12 2 SPES.2 Break Orifice on CL for 1.in. Break

m:\ap60tA1625wW'c.nce:lt>040295 2,6 63

,-



2.6.13 Facility Operation for Test S01703

O
he purpose of this test run was to repeat test S00303 in order to investigate the repeatability of the

plant behavior and system response during a simulated 2-in. cold leg break on loop B (the CMT side

of the plant) with intervention of the passive safety systems only. De test was performed with the
pressurizer to CMT-A/-B balance lines closed by means of blind flanges installed on both the

pressurizer and CMT connections. The break was located at the bottom ofloop B cold leg-B2

between the cold leg-B2 to CMT-B balance line and the power channel. De break line for the facility
was configured as shown in Figure 2.6.13-1 with a break orifice installed as described in

Figure 2.6.13-2. The orinces installed throughout the facility are listed in Table 2.6.13-1.

Once the facility was at initial conditions, the test was initiated by opening the break valve. When the

reactor trip (R) occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle

power was controlled to match the scaled AP600 decay heat, and the steam generator MSLIVs were

closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa

= 1700 psia), the PRHR isolation valves and the CMT injection valves were opened and the MFWlVs
were closed, all with a 2 second delay, and the RCP coastdown was initiated with a 16.2-second delay.

The CVCS, NRiiR, and SFW were off throughout the whole transient. The test simulated the failure

of one of two fourth-stage ADS valves on loop B. The ADS valves were programmed to open versus

either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.13-2. The accumulators

were set to inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). The

IRWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa
(26.1 psia). The test was terminated when the flowrates (F-A60E/F-B60E) discharged by the IRWST
reached a stable flow (without significant fluctuation).

I
i

|

!
l
1

I
,

}

O\
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- TABLE 2.6.131

- (s SPES 2 INSTALIED ORIFICES

Location Diameter (nun) Thickness (mm)

ADS-1 437 12

ADS-2 935 12

ADS-3 935 12

ADS-4A 20.68 7

ADS-4B 14.62 7

CMT-A injection line 4.1 5.5

CMT-B injection line 5.7 5.5

CMT-A cold leg bal. line (2 orif.) 7.5 5.5

CMT-B cold leg bal. line (2 orif.) 7.5 5.5

Accumulator A injection line 1.86 73 ,

Accumulator B injection line 4.86 73

Cold leg-B2 break device 2.56 33 *O * Rounded entrance with 2.6 mm radius '

I
;

I

!

i

I
i

!

(
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TAHLE 2.6.13-2

PROGRAMMED OPENING OF ADS VALVES

Orifice Dia. CMT Volume L-A40E or L il40E Delay Time
ADS Stage (mm/in.) (%) (m/ft.) (sec.)

First 4.37/0.172 67 4.152/13.622 30

Second 9.35/0.368 67 4.152/13.622 125

Third 9.35/0.368 67 4.152/13.622 245

Fourth A 20.68/0.814 20 1.192/3.911 60 sec. after

20% CMT
vol., but no

sooner than

360 sec. after

67% CMT vol.

Fourth D 14.6710.576 20 1.192/3.911 60 sec. after

20% CMT
vol., but no

sooner than

360 sec. after

67% CMT vol.

O
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3.0 DATA REDUCTION
O
t i

3.1 Introduction

The following sections describe the data reduction and validation processes used for the SPES-2 tests.

In general, the data were transmitted from the test site by SIET to Westinghouse on DEC TK-50 tape

canridges; however, the cold pre-operational tests were provided on 3.5-in. diskettes. De SIET data

files were run through several software programs at Westinghouse as part of the validation process in

order to conven the data to English engineering units and to create useable data files and plots.

Various ways of plotting the data were used in order to review, validate, and present the data.

Information regarding acquiring and recording data at the test site can be found in Section 2.5.

Section 2.5 describes the data acquisition systems (DAS) for the SPES-2 facility.

3.2 Test Validation

he SPES-2 test data were reviewed and validated using a three-step process. !

The first step was performed at the test site immediately following the test and documented in the

Day-of-Test Report by SIET personnel. The Day-of-Test Report and the TK-50 tape cantidge were

sent to Westinghouse generally within a few of days after the test. Depending upon the length of the

test, the data fit onto one or two tape cartridges. The Day-of-Test Report evaluated the operability of

key instruments and deviations from specified initial conditions (for example, did the test meet the

minimum acceptance criteria 7). The Day-of-Test Report also documented any facility modifications or

onsite test observations. Specifically, the Day-of-Test Report assessed whether the test needed to be

rerun due to some significant problem observed during the performance of the test. See Appendix A
for a sample of the Day-of-Test Report format.

l
ne overall test acceptance criteria established prior to the SPES-2 tests is shown in Table 3-1.

Although not an explicit pan of this pre-test acceptance criteria, an overall facility mass balance

objective of 10 percent was established. De critical instruments identified in the acceptance criteria

were the minimum set of instruments identified by the safety analysis personnel to perform a transient,

component-by-component mass and energy balance. The critical instruments for the SPES-2 facility
are identified in Table 3-2.

The second step in the data validation process was performed at the Westinghouse Energy Center by

Test Engineering personnel. This step was performed after receiving the Day-of-Test Report and

processing the data tape. This data validation was documented in the Quick Look Report (QLR). The

. QLR provided a preliminary validation of all test data (for example, did the data meet all acceptance

criteria?). A standard outline was issued to and accepted by the Nuclear Regulatory Commission

(NRC) prior to writing the QLRs. He key purpose of the QLR was to issue some pedigree of the
data (reviewed but not validated data) to the NRC shortly after the test was performed without

specifically evaluating the data for code validation purposes.
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The QLR examined the test in more detail than the Day-of-Test Report and included items such as

calculation of an overall facility mass balance; deviations from specified initial and boundary

conditions, such as heater rod power decay; and identification of any out-of-range, suspicious, or failed

instruments. As part of the QLR process, different types ofinstruments were compared to verify their

response (for example, tank levels were compared flow instrumentation).-

He safety analysis personnel reviewed and signed-off on the QLRs prior to issuance to ensure

understanding of the test performance and to determine if any unusual facility responses occurred. A

preliminary data file on digital audio tape (DAT), including the identification of the failed
instrumentation channels, was transmitted with the QLR to the NRC. A QLR was issued for each

accepted test. Several tests were judged to be unacceptable, and therefore, a QLR was not issued. For

those tests deemed unacceptable at test site, the test was rerun until an acceptable run was

accomplished.

The third and final step in validating the data was performed for the Final Data Report. His included

a detailed review of the transient progression, evaluation of facility and component performance, and

cross-test comparisons as included herein. De Final Data Report provides the final assessment as to

whether the respective data were acceptable for code validation purposes.

Figure 3-1 illustrates the progression of the data validation process from the SPES-2 test site to the

Westinghouse Energy Center. This figure shows the building-block approach followed in reviewing,

evaluating, validating, and documenting the data. Each step in the process was based upon the

information/ knowledge gained from the previous step, but was generally performed by a different set

of personnel. As the process progressed from left to right, the steps evolved from problem

identylcation to problem resolution. This three-step process allowed various personnel from different

disciplines to review the data prior to final publication. These steps were followed in order to provide
a high level of data quality assurance.

3.3 Pre-Operational Tests
|
!

De pre-operational tests were segregated into cold and hot tests. The cold pre-operational tests were J

used to determine facility characteristics (such as component flow resistances) using cold water. De

cold pre-operational test data were provided to Westinghouse by SIET on 3.5-in. disks. Although the

raw data were provided to Westinghouse by SIET, the cold pre-operational tests were evaluated and

reported by SIET. De SIET report was reviewed independently by Westinghouse and issued to the
,

NRC as a preliminary document, which was similar to a QLR but not in the same format. However, |

the associated data files were not issued with the SIET report, since this data was not used directly for |

code validation. De flow resistances for the various facility components were calculated based upon
the measured pressure drop and flow rate over a range of flow rates. Section 4.1.1 describes the

results of the cold pre-operational tests. i

ne hot pre-operational tests were used to determine the facility characteristics (such as facility heat

losses and operation) at hot pressurized hot pressurized operating conditions. The hot pre-operational
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test data were provided on DEC TK-50 tapes. The hot pre-operational test data were reduced and
/(",) reviewed by Westinghouse. The hot pre-operational tests were evaluated and reported by SIET. The |

'

SIET report was reviewed independently by Westinghouse and issued to the NRC as a preliminary
document (similar to a QLR but not in the same format); however, the associatd data files were not I

issued with the SIET report, since this data was not used directly for code validation. Section 4.1.2
describes the results of the hot pre-operational tests.

3.4 Matrix Tests

The data for the SPES-2 matrix tests were provided by SIET on DEC TK-50 tapes in approximately

15 to 18 ASCll files depending upon the test. These ASCII files segregated the data into differential

pressure (dP) cells, thermocouples, flows, catch tank masses, power, fluid levels, etc. The data

provided by SIET was in metric units with a nonzero test start time, since the data acquisition system

(DAS) was started well in advance of the test initiation. The typical starting time of the test was
around the 20,000-second time mark.

A series of software programs was written to reduce this data. Prior to using these programs, these 15

to 18 ASCil files were manually combined into one file. A summary of the data processing steps is
provided in Figure 3-2.

The data provided by SIET included the measured data (such as dPs and temperatures) and the derived

(O) quantities (such as flow rates and fluid levels). For the most part, the derived quantities were used in
"

the SPES-2 data review and validation process. The derived quantities are designated with an

underscore (_) in the channel number (for example, F_A20E); and the measured quantities have a dash

(-) in the channel number (for example, F-A20E).

A software program called SPES_ REDUCE was written to convert the metric units to English units

and to set the test start time (break opening time) as zero time. SIET provided the actual test start

time to Westinghouse, which was subsequently subtracted from the recorded times using

SPES_ REDUCE. Generally, there was about 5 minutes of pre-test data recorded to establish the

facility steady-state condition prior to performing the test. 7his pre-test data was represented as
negative time data in the data files and plots.

f After mnning the SPES_ REDUCE program, a single output file was created in the same format as the

| SIET files-except for conversion of the data units, setting the zero time, and removing extraneous
I data file headers. 'Ihe data was then plotted by using a program called SPES_ CREATE. The

SPES_ CREATE program generated a set of plots using the Westinghouse NSA plot program. The
l NSA plot program then plotted the data in a variety of ways. A set of single channel plots and

multiple ct'annel plots were produced and issued for internal Westinghouse review. The multiple

channel plots generally included data from loop A and loop B instruments, or a family ofinstruments
from a key component such as the CMT. The plots also contained 20-character instrument

descriptions / locations. The processed data file also was made available for use (read-only) to analysts
V
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within Westinghouse. However, the data (both the hard copy plots and the electronic file) for the

three blind tests were secured from the safety analysis personnel.

After running the SPES_ CREATE program, the SPES_ CHECK program was run to identify missing,

extraneous, or duplicate instrumentation channels on the data file. The channels on the data file were

compared to a standard list of instrumentation channels. Due to the large number of SPES-2

instrumentation channels, it was possible that some channels were missing on the data tape (from

SIET) or that a duplicate record was inadvertently provided (by SIET). Bose channels deemed failed

by SIET were generally not provided on the tape; and after running the SPES_ CHECK program, those

channels were labeled as missing. Also, during the course of the test program, several instrumentation

channels were added to the facility; and after running the SPES_. CHECK program, those channels

were labeled as extraneous. Herefore, there were logical justifications for having missing and/or

extraneous channels. After the QLR was issued, several additional categories of instruments were

added manually to the SPES_ CHECK program output file. These categories included those channels

that were considered failed and those channels that were considered out-of-range. This file, called an

error file, was used by safety analysts to determine which channels were not available for code

development and code validation purposes.

In rare instances, it was necessary to modify some of the test data; therefore a program called

SPES_ CORRECT was developed. His program provided the capability to modify or correct existing

data using the following general equation:

O
NEW = a * (OLD + b)d +c

where:

NEW = newly created data
OLD = data to be modified or corrected
a, b, c, d = constants

ne newly created data was appended to the end of the data file, and the old data was left in the

preliminary file. By leaving the old data in the preliminary file, it was easier for Test Engineering to
track the various data modifications. He newly created data was usually labeled with a new channel

number to distinguish it from the old data. For the final file contained in this report, only valid data
was provided (for example, the old data from the operation described above was removed).

As an example, for test S00303, it was determined that a dP cell in the in-containment refueling water |
storage tank (IRWST) line could be substituted for an overranged IRWST flow meter dP cell. Since a |
dP cell in the IRWST flow line was calibrated during the cold pre-operational tests, the data from this

dP cell could be converted to a flow rate using the above equation if the appropriate calibration

coefficients are known. See Appendix A for detailed description of the data reduction for these
specific IRWST channels and for other the instrumentation channels affected.
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After the plots of all data channels were distributed for internal Westinghouse review, two additional *

O sets of plots were produced. De first set consisted of the initial condition validation plots for those
d channels imponant to establishing facility steady-state conditions, such as rod power, cold-leg flows,

and hot-leg temperatures. Rese plots presented the data for the stevfy-state period prior to test

initiation (that is, negative time period) in conjunction with the average of the respective data. The

average was calculated via the NSA plot program. Comparisons to the specified initial condition and

allowable tolerances were performed and reported in the QLR. Any deviations outside the allowable

tolerance were generally quite small and accepted. De deviations outside the established tolerances

were accepted since tight tolerances were imposed on the personnel performing the tests. These tight

tolerances were established in order to achieve test conditions repeatable from test to test. See

Appendix B for comparison of the test conditions.

In addition to the plots of initial test conditions, a normalized power decay plot was generated. This

plot compared the actual heater rod power decay curve with the specified power decay curve. The

actual power decay curve was normalized by dividing the measured power after test initiation by the
calculated average power prior to test initiation.

De second set of plots consisted of multi-channel plots for inclusion into the QLR. His set of plots,
which presented a concise, yet overall view of the test, were standard for each test--except for some

additional plots needed for the steam generator tube mpture (SGTR) and steam line break tests.

n
As pan of the QLR data review process, an overall facility mass balance was performed. His mass

balance consisted of calculating the water masses in each of the major components prior to the test,

calculating the water masses in each of the same components after the test, and calculating the percent

difference between masses from the two time periods. His facility mass balance provided a measure

of confidence in the response of the component dP cells and catch tanks, and overall facility

performance during the test. If the overall mass balance had been significantly affected (for example,
greater than 10 percent), the test may have been repeated. The overall mass balance results are

reported in this Final Data Report. The results of a transient mass and energy balance will be reponed
in the Test Analysis Report.

As the final pan of the QLR data review process, the fluid levels and void fractions in the heater rod

bundle, upper plenum, upper head, and hot legs were calculated based upon the differential pressure

and fluid temperature readings. Dese fluid levels and void fractions were then evaluated with respect
to the actuation of the safety systems (accumulators, CMTs, IRWST) to determine their effect on the

condition of the heater rod bundle (for example, was there any impact of the accumulator injection on

the fluid level and void fraction in the heater rod bundle?). A more detailed evaluation of the fluid
levels and void fractions in the heater rod bundle is contained in this Final Data Report.

Wherever appropriate, the saturation temperature corresponding to the component pressure (or

pressurizer pressure) was plotted on temperature graphs to aid in understanding the response of the

respective component thermocouples. For example, the system saturation temperature was plotted on

the family of CMT thermocouple responses. His activity helped to identify a problem with the
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CMT-B thermocouples for tests S00504 and S00605, which was subsequently diagnosed as an

acquisition card fault.

For the Final Data Report, several additional steps were perfonned to validate the data. These

included a detailed review of the transient progression; a review of the performance of each of the
major components; a detailed comparison of the different tests to ascertain effects of break size, break

k>cadon, and nonsafety system operation; and an instrument error analysis.

3.5 Error Analysis

The error associated with the measured data from the SPES-2 test facility was derived from equipment

manufacturer's specifications. Component calibrations were performed to verify that the
manufacturer's specil': cations were met.

The absolute maximum error of the directly measured physical quantities (such as absolute and
differential pressures, temperatures, etc.) is defined as follows:

A= (A, + AK + A,y +A)io

where:

A absolute maximum error of the directly measured physical quantities=

A (Ac + An + Am) = SIET assigned instrument error=i

AK maximum error of the instrument hydraulic head=

Av acquisition card A/D converter bit value (acquisition card error)=
3

Au maximum error of the cold junction (only for thermocouples)=

and where:

Ac maximum value between the manufacturer error and the maximum error of the=

perfonned calibrations for absolute and differential transmitters; maximum value

between the ANSI special error and the maximum error of the performed
calibrations for thermocouples; maximum value between the UNI-7937 error and

the maximurn error of the performed calibrations for thermoresistances.

An error of the reference primary standard (pressure gauge, reference thermocouple,=

reference thermoresistance) used in calibration.

Am error of the voltrneter used to acquire the instrument output signal during the=

calibration.

\
{

O
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1he standard deviation of the directly measured physical quantities (such as absolute and differential'

h pressures' temperatures, etc.) is defined as follows: |
i

,

1.(/
r

(A* + A2K + A,y + 4)"2o=

where: i

!

standard deviation of the directly measured physical quantitieso =

The absolute maximum error and the standard deviation of the derived quantities (flow rate, ,

levels, etc.) are calculated using the following error propagation formulas:

i

' AY = | * AX |3

Y = Y(Xi) with i = 1..n
" ~

0.5

f 31 I

2oY=* *o X, ;

- r > -
,

where:
<

r |

\ AX- maximum error of the quantities X,=
i

oX, standard deviation of the quantities X, j=

|

The error calculations were carried out using, in a conservative way, the upper value range of the

instrument. All of the derivations for the different types ofinstruments and the corresponding results

for each channel are provided in Appendix E. A sample of the results is presented in Table 3-3 for

each type of instrument (load cells, pressure transmitters, dP cells, etc.).

!

|
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TABLE 3-I
OVERALL TEST ACCEPTANCE CRITERIA

Test initial conditions shall be within a specified tolerance.=

Component actuations shall occur within an acceptable tolerance band of the ideal actuation*

setpoint.

Instrumentation shall be operational before the test. Exceptions shall be identified to=

Westinghouse.

Any critical instniments not operating shall be identified to the Westinghouse test engineer before=

the tests. Tnese instniments must be operational before and during the test unless specifically

exempted by the Westinghouse test engineer.

The zero points for pressure and differential pressure transmitters shall be checked before the start=

of the test.

O

O
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y TAHLE 3 2
k SPES 2 CRITICAL INSTRUMENTS

Channel Description

DP-000P- Vessel level

DP-027P/DP-026P Pressurizer pressure drop i

DP-A05P/DP-A06P Steam generator tube hot side dP
DP-BOSP/DP-BMP -

!
DP-A07P/DP-A08P Steam generator tube cold side dP ,

DP-B07P/DP-B08P |

DP-A82E PRI R pressure drop !

F-A60E/F-B60E IRWST flow rates
,

F-A80E PRHR flow

I-OlP/02P/03P/04P/05P/06P Power channel pow busbar ,

IF-005P/IF-030P/lF-(M0P Catch tank masses
,

L-010P Pressurizer level

L-060E IRWST level

L-A10S/L-B10S Steam generator levels

L-A20E/L-B20E or F-A20E/F-B20E Accumulator levels or flows

L-A40E/L-B40E CMT levels
!

P-017P Vessel pressure

P-027P Pressurizer pressure

P-A04P/P-B04P Hot-leg pressare

P-A(MS/P-B04S Surge line secondary-side pressure

P-A20E/P-B20E Accumulator pressures

P-A40E/P-B40E CMT pressure

T-003P or T-0(MP Bundle inlet fluid temperature

T-021P/r-026P Pressurizer fluid temperatures

T-(M3P/44P/45P/46P Annular downcomer fluid temperatures

T-061E/T-065E IRWST temperatures

m:\ap6(KA1625 w\sec4\l 625 w-9.non :livo40295 3-9
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TABLE 3-2

SPES 2 CRITICAL INSTRUMENTS (Cont.)

Channel Description

T-ANP or T-AOSP Steam generator inlet temperature

T-BNP or T-B05P

T-AOSS or T-A09S SG secondary-side fluid temperatures

T-BOSS or T-B09S

T-A06S or T-A08S

T-B06S or T-BOSS

T-A07S/T-B07S

T-A10P or T-A09P SG outlet temperature

T-B10P or T-B09P

T-A21E/T-D21E Accumulator gas temperature

T-A22E/T-D22E or T-A23E/T-B23E Accumulator fluid temperature

T-A401E-20E/T-B401E-9E (any 3) CMT temperatures

T-A41 A or T-A42A CMT containment air temperature

T-B41 A or T-B42A

T-A82E/T-A83E PRHR supply and return line temperatures

TW-020PXY Rod temperatures (any 2)

TW-A41E/A43E/A45E/B41E/B44E CMT wall temperature
TW-A411/TW-A421/B411/B421

_

V-OlP Power channel voltmeter

W-000P Rod bundle power

W-027PEl/PE2/PE3/PI Wattmeter

O
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/'~ TAHLE 3-3
( TYPICAL SPES-2 DATA MEASUREMENT ERRORS

Channel Description Maximum Error Standard De51stion

IF005P Break line catch tank - - - - (***)

W-00P Rod bundle power (at full
power and 4991.6 kW)

,

i

P-027P Pressurizer pressure
.

L-010P Pressurizer level

L_010P' Pressurizer level !

F-A20E Accumulator-A flow

F_A20E* Accumulator-A flow

T-024P Pressurizer temperature

TWOl8P20 Heater rod temperature ;

DP-000P Heater rod bundle differential E

pressure
,

- ,

' Calculated values.
.

O
;

?

I

i

.'

,

,

!

i

i
m:\ap60m1625 wWc4\l 625 w-9.non:I MM0295 3-11



STEP 3 <

Perform evaluation of parametric
effects; i.e., break sizes, etc.

Provide and review cross-plots of data
between tests.

Perform data uncertainty analysis.

Perform transient and component
STEP 2 evaluation.

Perform simple benchmark Perform system-wide transient
evaluation on rod bundle. evaluation.

Perform overall mass balance. Confirm overall mass balance.

Provide minimum facility design Provide adequate facility design
STEP 1 information. information.

Determine if test met minimum Determine if test met all acceptance Identify all tests performed as valid
acceptance criteria. criteria. and invalid and why.

Provide unqualified data files for Provide unqualified data files for Provide qualified data files with 0 time
all tests. acceptable tests only. shift (valid data only).

Provide key data plots. Provide key multi-channel plots; Provide key multi-channel plots;
e.g., loop A vs. loop B. e.g., loop A vs. loop B.

Identify anomalous data. Identify / resolve anomalous data. Identify / resolve anornalous data.

Provide test observations. Pmvide test observations. Provide and discuss test observations
and resolve problems.

Provide sequence of events. Compare actual and specified Resolve differences in actual and
sequence of events. specified sequence of events.

Identify procedure deviations. Identify procedure deviations, and Resolve procedure deviations, and
briefly describe procedure, describe test procedure.

Identify facility Identify facility Identify facility
configuration / modifications. configuration / modifications. configuration / modifications.

Check key initial conditions. Check all initial conditions (IC) and Resolve deviations in ICs and BCs.
boundary conditions (BC).

Identify inoperable instruments. Identify inoperable and erratic Develop integrated inoperable
instruments. instrument list.

Check critical instruments. Check all instruments. Verify all instruments.

Perins Day-oflTest Report at[ LDohunEnt datUrIn D0icklook f15EeldiFAalDatA Report ati
SPES 2 test site.1 ;Reportfat. Westinghouse Eastgy5 aWestingboose Energy Centers

..
.

.. .
. . p

9
Figure 3-1 Data Documentation Steps
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E

i

i

/ Data tape issued by SIETD;
-

,

;
,,

Data tape processed by SPES_ REDUCE -

:
f

,r

Data file produced by SPES_ REDUCE r

r

!

,, ,, .

Data file processed by Data file processed by ;
SPES_ CREATE SPES_ CHECK i

O >

ir y

Data plots produced Error file produced by I

by SPES_ CREATE SPES_ CHECK

|

,r

Data plots and file
issued for review

i,

Data file processed by IC validation plots
SPES_ CORRECT : and multi-channel-

(as needed) plots
,

51491c.1

Figure 3-2 Steps in SPES-2 Data Processing
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4.0 TEST RESULTS

4.1 Pre-Operational Tests

Tests were performed on the SPES-2 facility prior to performing the matrix tests. These pre-

operational tests included: cold pre-operational tests that were performed with cold water and with the

| facility at atmospheric pressure (with the exception of accumulator gas pressure); and hot pre-
'

operational tests that were performed with the facility heated and pressurized.

'the cold pre-operational tests were primarily performed to determine / establish the proper resistances of

the primary system loop piping and the piping which connects passive safety features to the primary

system. Table 4.1.1-1 provides a summary of the SPES-2 cold pre-operational tests.
,

The hot pre-operational tests were performed to verify the operation of the many facility controls

needed to simulate both full-power operation, and actions simulating the AP600 plant actuations that

occur in response to the transients to be simulated in the matrix tests. The hot pre-operational tests

also included tests to further characterize the facility and to directly test safety feature performance

that occurs due to natural circulation. Table 4.1.2-1 provides a summary of the SPES-2 hot pre-
I operational tests. '

| 4.1.1 Cold Pre-Operational Tests

I

A series of cold (no power to the heater rods) pre-operational tests were performed on the SPES-2 test

facility. The purpose of these tests was to characterize the facility; that is:

To determine the resistance of the primary loop components and of the safety system*

piping.

To establish and verify the size of orifices in the passive system and primary loop piping*

runs.

To quantify the volume of the entire facility.*

To demonstrate the reactor coolant pumps' (RCPs') coastdown speed at low pressure.*

To verify the injection characteristics of the chemical and volume control system (CVCS),*

normal residual heat removal (NRiiR), and startup feed water system (SFWS) pump.

:

4.1.1.1 Test Matrix.

The data obtained were utilized to set-up the computer model used to perform pre-test analyses and to,

maximize the correspondence between the facility and the AP600 reactor,
a
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Table 4.1.1-1 shows the cold pre-operational test matrix and summarizes the purpose of each test. As )
indicated, tests were performed with pumped flow and/or gravity flow where feasible. All tests were

'

performed with cold water and, with the exception of the accumulators, at atmospheric pressure. The

passive safety components were tested over a range of flow rates that included the expected range of

scaled AP600 flow rates.

4.1.1.2 Summary of Test C-02 Through C-07 Results

Table 4.1.1-2 provides a summary of the SPES-2 observed piping resistances for each of the passive

safety system piping runs. These resistances are also shown multiplied by (1/395)2 in the table and

compared with the nominal piping resistances specified for the AP600. With the exception of the

accumulator discharge piping, the SPES-2 scaled resistances are within [ ]" percent of the AP600
specified resistances and all are within the AP600 specified tolerances. The SPES-2 accumulator

discharge lines were later orificed, retested, and re-orificed. The accumulator performance was then

compared and found to agree with the accumulator flow rates predicted in the pre-test analyses.

4.1.1.3 Summary of Test C-01 and C-09 Results

Table 4.1.1-3 provides a summary of the SPES-2 observed resistances for all the reactor coolant

system (RCS) components. These resistances are also multiplied by (1/395)2 and compared with the

resistances specified for the AP600. As shown, the SPES-2 overall RCS and power-channel (with

downcomers) resistances are [ ]" and [ ]" times the expected AP600 resistances; and the

SPES-2 steam generator resistances are approximately [ ]" percent higher than the AP600. Other
items to note include: the SPES-2 surge line resistance is only [ ]" percent of the AP600, and the

SPES-2 power channel tubular downcomer has approximately [ ]" times more resistance than the
AP600 reactor-vessel downcomer.

!
|

O
1
1
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,/ ] TABLE 4.1.1 1

(f SPES-2 COLD PRE-OPERATIONAL TEST MATRIX

Test Test Description Purpose of Test Comments

Determine the resistance of pressurizer
Single-phase flow through surge line. Calibrate core makeup tank Pumped cold water

C-01 pressurizer surge line. (CMT) discharge flowmeter, used.

Single-phase flow dirough Detennine the resistance of the balance
the pressurizer to CMT imes. Provide basis foi sizing the Pumped cold water

C-02A,B balance line. CMT line orifices. used.

Single-phase flow through CMT discharge line
the cold leg to CMT resistance measured

balance line ano from Verify CMT discharge flowmeter during the test
C-03A,B CMT to reactor vessel. calibration. (See C-(MA.B).

CMT gravity draindown by This test was not
using cold leg to CMT Verify CMT discharge line orifice performed. C-03 test

C-(MA,B balance line. sizing and overall line resistance. results used.

CMT gravity draindown Pressurizer to CMT
using pressurizer to CMT Characterize CMT draindown with no balance line used as a

C-05A,B balance line. condensation effects. vent path.
,

Determine the resistance of A high pressure
k,/ accumulator discharge line. Verify the blowdown from 700

C-06A,B Accumulator blowdown. venturi flowmeter. psig performed. j

In-contairunent refueling
water storage tank Determine the IRWST injection lines IRWST draindown
(IRWST) gravity resistance. Establish and verify orifice starting from 8.5 m,

C-07A,B draindown. size. Verify flowmeter calibration. 3 m, I m.

SPES-2 pump

parameters required to l

CVCS, NRHR, and SFWS model CVCS, NRHR

pump flow rate Verify AP600 pump flow / head curves and SRVS pumps
C-08 ved fication. can be reproduced. determined.

Establish primary circuit dPs.
Calibrate hot leg turt>ine flowmeter.

Verify RCP operating speed.

Determine PRHR dPs. Equalize flow
Primary system operation rate in cold legs. Determine RCP

C-09 with two RCPs running, coastdown time.

Notes:

1. Cold pre <>perauonal tests are all performed at ambient temperature.

p 2. Each specified test for the CMTs, accumulators, and IRWST are designated A or B to correspond to the
component tested; for example, CMT-A or CMT-B.
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) TABI.E 4.1.I-2
g SPES-2 COLD PRE-OPERATIONAL TESTS
g VS. AP600
$ COMPARISON OF SPES-2 SAFETY SYSTEM PIPING RESISTANCES
v

**' * "SPFS-2 Observed"' AlV40 Specified * ^

L,omponent Resistance Scaled /I'o AlV40Rah @@r) Rem @@2)(x(1/395)') Specified Resist.g
3. ' ~ **' - ~ "*' - ~ '

Accumulator to DVI
nozzle

CMT, pressurizer to
CMT balance line

CMT, cold leg to CMT
balance line

.**

[ CMT, discharge to DVI
L

IRWST, discharge to
DVI

PRHR HX and
Supply / Return __ _ _ _

- - - -

Notes:
1. The SPES-2 resistances listed were observed at the expected nominal flow rates.
2. Nominal AP600 values listed. [ }" is typically specified for plant acceptance criteria.
3. Accumulator discharge lines were unorificed. Orifices were added prior to matrix testing.
4 Shown to be identical to line A by calculation.

O O O
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g TABLE 4.1.1-3
E SPES-2 COI,D PRE-OPERATIONAL TESTS

[ COMPARISON OF SPES-2 VS. AP600 RCS RESISTANCES (HOTII RCPS RUNNING)
E
ti

| SPES-2 Scaled AP600 Specified "' Ratio of SPES-2
e SPES-2 Observed Resistance Resistance Scaled to AP600

2 2System / Component Reshtance (ft/gpm ) (x(1/395)2) (ftJgpm ) Specified Reskt.
- < os> - - - oss - - e ss - - e so,,

llot leg-A

Hot leg-B

Cold leg-I A

Cold leg-2A

Cold leg-1B
."
-[ Cold leg-2B
~

Surge line (hot leg to pressurizer)

Steam generator A

Steam generator B

Reactor vessel (overall)

Reactor vessel inlet

Reactor vessel downcomer barrel

Lower plenum

Cawe

Upper plenum and outlet nozzles i
W otes:
1. Based on total RV flow (B.E. flow 204,000 gpm) and overall DP.
2. SPES-2 loop and component ID's used.
3. AD is annular downcomer; E is tubular downcomer

. . _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - _ - _ - - - _ _ _ _ _ _ - _ _ - - - - _ _ _ - . . - _ _ _ - ._ _ _ - . , - . __.
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4.1.2 Ilot Pre-Operational Tests,

!

A series of hot pre-operational tests were performed with the SPES-2 facility prior to the initiation of

the actual matrix tests. The purpose of these tests was to obtain data for the computer model of the

SPES-2 facility used for pre-test predictions, and to verify the proper operation of the facility control

system, components, and instmmentation at power, pressure and temperature conditions to be

simulated. Specific hot pre-operational test objectives include the following:

To determine the heat losses versus temperature of the entire facility and main components.=

To quantify the metal and water heat capacity of the facility and main components..

To demonstrate the natural circulation flow rate and heat removal rate of the passive residual=

heat removal (PRilR) heat exchanger (HX).

To demonstrate the natural circulation flow rate and heat-up of the core makeup tanks*

(CMTs).

To verify the sizing of the ADS-1, -2, and -3 flow path orifices (that is, facility.

depressurization rate is similar to calculated AP600 depressurization rate).

O Table 4.1.2-1 provides a summary of the hot pre-operational tests performed on the SPES-2 facility,
d These tests are identified as test numbers H-01 to H-06.

4.1.2.1 Ilot Pre Operational Test 1101

The purpose of test H-01 was to measure the heat losses versus temperature for the entire SPES-2
facility and for each of the main components.

1Test 11-01 Description

Test H-01 was performed with the facility primary system filled with water and heated up to four
essentially steady-state temperatures. Ileat was added to the primary system by the power channel

heater rods and by the two primary system pumps. The pressurizer internal heaters (used for pressure
control) were not operated during heat loss measurement times. The test was performed with the
following additional conditions:

The primary system flow through the power channel was maintained at approximately
=

[ ]''**'lbm/sec. (approximately 50 percent of the nominal simulated full-power flow rate).

The pressurizer water level was maintained at approximately [ ]('6'' ft. (approximately
=

n 65 percent) using makeup / letdown to adjust for primary system water density changesd between data collection periods.

mwsova625wu625w.no :wo40:95 4.1.2-1
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The steam generators were initially filled to s 10 percent of the wide-range level and kept in i*

thermal equilibrium with the primary system (no heat removal via the steam system and no |
feedwater injection).

De pressurizer internal heaters were used to maintain the primary system pressure above*

saturation pressure throughout the test.

Re CMTs, PRHR HX, and accumulators were isolated throughout this test.*

The test was conducted by setting the heater rod power to obtain a constant primary system

temperature, where the total facility heat loss would be the heater rod power plus the power input from

the two reactor coolant pumps (RCPs). Four primary system temperatures were selected between

approximately 310'F and 590*F. A tmly constant temperature could not be achieved for two reasons:
(1) the primary temperature asymptotically approached a constant temperature when the heat input

was fixed; and (2) the continuous adjustment heater rod power control was not operable. Data were

therefore obtained from a series of power plateaus, by choosing the power that gave the smallest'

| achievable temperature change versus time.
|

I
' After the facility heat loss at 590 F (310 C) was measured, the speed of the RCPs was reduced to 500

rpm. The reduced flow rate increased the temperature difference measured across each of the primary

system components. This condition was maintained long enough to obtain steady-state conditions, so

j that the measured AT across the component versus the total primary system AT represented the

l proportion of the component heat loss versus the total facility heat loss.

Test 11-01 Heat Loss Calculations and Results

For the measurements of the facility heat losses, time intervals when the primary system was at almost

steady-state temperature were utilized. De facility heat losses were established at four different

steady-state temperature conditions and are presented in Table 4.1.2-2. Also presented in this table is

a best-fit quadratic equation based on the measured data.

Since it was not possible to measure the heat losses for every component in the primary 'ystem, thes

system was divided into parts: the power channel and hot legs; each RCP and its two associated cold

legs; and each steam generator. For these calculations, the data recorded after the pump speed was

reduced were utilized. Since steady-state temperature conditions were not completely reached for these

tests, time intervals with the minimum temperature change were used. For the heat loss analysis, the

temperatures were averaged over the time interval to eliminate the effect of the temperature change.

For the hot-leg and RCP/ cold-leg heat losses, this effect was compensated by subtracting a calculated

value of the corresponding metal mass heat capacity. This was not necessary for the steam generators,

where the temperature of the secondary side was essentially constant due to the fact that the steam

generators were filled with saturated steam during the test. For each loop section considered, the

difference in fluid enthalpy was determined, corresponding to the average temperature of the subcooled
fluid at the inlet and outlet of the sections. The component heat loss was calculated by multiplying

| the enthalpic change by the actual flow rate through the section and was corrected for the metal heat

I
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capacity For the power channel, the heat loss was measured as the difference between the measured

electrical power input and the power calculated from the enthalpy increase and flow through the power

channel. he component heat losses are provided in Table 4.1.2-3.-

4.1.2.2 SPES 2 Hot Pre-Operational Test H-02

De purpose of test H-02 was to quantify the heat capacity of the SPES-2 facility.-

!. . .

Test H-02 Description

his test was performed in conjunction with test H-01, utilizing times during the test when the SPES-2

facility temperature was linearly increasing. De data were then used in conjunction with the

measured facility heat loss versus temperature from test H-01 to quantify the facility heat capacity.

He facility loop conditions were as stated for test H-01 with the RCPs operating at 2500 rpm. The
pressurizer water level, temperature, and pressure remained constant throughout the data collection;

thus the heat capacity results do not include the pressurizer and surge line water and metal mass.

Also, the steam generators did not contain the water mass corresponding to full-power operation.

Test H-02 Heat Capacity Calculation and Results

Table 4.1.2-4 provides the facility heat capacity results at three different temperatures It includes the

total input powers, the calculated heat losses, and the calculated heat capacities from the test

measurements. De measured electrical power (the power input from the power channel plus the

pump work) is the sum of the heat losses for the average temperature conditions being evaluated, plus !

Ithe energy required to raise the system temperature due to its thermal mass (heat capacity).

4.1.2.3 Hot Pre-Operational Test H 03

he purpose of this test was to verify proper operation of the SPES-2 facility at simulated full-power
.

operating conditions.

Test H-03 Description

The SPES-2 facility was operated at simulated full-power conditions prior to performing hot .

pre-operational test H-06 and prior to the first matrix test S00103. De purposes of the test included
the following- i

|
To establish the RCP rpm to obtain the proper loop flow rate at hot conditions.*

|To verify proper operation of the RCP seal injection system.*

) To verify proper operation of the steam generator heat removal system (main feedwater*

pumps, steam generator level control, steam generator pressure control, steam condenser).

us p60m1625w\1625..no.:1b-04a295 4.1.2-3 i
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To verify proper operation of the power channel heater rod bundle and rod instrumentation at=

full-power conditions.

To verify propa operation of the pressurizer pressure and level control systems.-

Test 11-03 Results

Proper operation of the plant components and control systems required for normal operation were

confirmed. Key observations /results included the following:

The RCP rpm required to obtain the proper scaled primary loop flow rate was 2710 rpm*

(average cold-leg flow was [ ](** *) Ibs/sec.).

The power channel upper-head temperature achieved ([ ](**') F) was slightly less than the.

cold-leg temperature ([ ](** ')*F).

During the heatup of the facility and ascension in power of the heater rod bundle, some-

thermocouples in the bundle failed at high temperature or exhibited a large rise in temperature
,

when power was increased. This is apparently due to failed or failing insulation in the I

thermocouple leads.

Thermocouples that exhibited this anomaly were disconnected, since the false high

temperature readings will result in a trip of the heated rod power supply.

All major component control functions were demonstrated.*

4.1.2.4 SPES-2 Ilot Pre-Operational Test H-04

The purpose of this test was threefold:

To simulate a plant trip and the transition from full-power operation (test H4)3) to a hot.

shutdown / natural circulation mode of operation, with the heater rod bundle powered to match

the post-trip AP600 core heat.

To demonstrate the heat removal capability and natural circulation flow rate of the PRHR HX*

(1 tube).

To demonstrate the natural circulation and flow through the CMTs.=

The test was therefore performed in three separate operations.

O
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Test 1104 Description
rT

Decay Power Simulation

This test was to include a reactor trip from full-power operation; however, failure of the steam

generator main feedwater system limited the rod bundle power to the capacity of the startup feedwater

system (SFWS). Therefore, the rod bundle power was limited to [ ](***) Mw (approximately

[ ]''**' percent of full power).

The verification of the heater rod decay power control was initiated from 1.03 MW power, with
simultaneous trip of the RCPs and isolation of the steam generator main steam isolation valves. Plant

heat removal was maintained by steam relief via the steam generator power-operated relief valves

(PORV relief setpoint 1015 psia) and startup feedwater (SFW) was used to maintain steam generator
secondary-side level.

PRHR HX Flow and 11 eat Removal

The PRIIR HX natural circulation flow rate and heat removal capability was demonstrated by opening

the PRHR HX outlet isolation valves with the heater rod power at [ ](^^') kW, and the hot-leg

temperature at 580 F. The primary system temperature response, PRHR inlet and outlet temperatures,

PRilR flow rate, and the steam generator PORV operation was observed until steady-state conditions
O were achieved. Core power was increased to [ ]''**' kW and then to [ ](*^'' kW to observe the

effect on PRHR HX, primary system, and secondary system operation.

CMT Recirculation

The cold (ambient temperature) CMTs were actuated by simultaneously opening the cold leg to CMT

balance line isolation valves and CMT discharge line isolation valves, with the primary system at
steady-state natural circulation conditions (Tu at [ ]''A*)*F and Tc at [ ]('A'''F) and core power at

[ ](*** kW. CMT inlet temperature, CMT heatup, CMT flow rates, and primary system and steam
generator responses were observed.

Ilot Pre-Operational Test H-M Calculations and Results
|

Decay Power Simulation

The results of the bundle power decay heat versus time as controlled by the facility computer agreed

well with the specified power decay from the initial power (apprcximately [ ](*^*' kW plus 110 kW
of heat loss compensation) at time O to approximately [ ]('A') kW plus 110 kW of heat loss
compensation at 20(X) sec.

The coastdown time of the RCPs was approximately [ ](***) seconds for pump A (from [.

l''A'' seconds) and approximately [ ]('A'' seconds for pump B (from [ ]('A'' seconds). Note |
'
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CMT Recirculation

When the CMTs were actuated with the primary system at steady-state conditions (Tu at [ ]''* *)*F
and Tc at [ J''**)'F, natural circulation flow, and bundle power at [ ]('*#) kW), natural circulation
flow through the CMTs began as expected.

The CMT natural circulation flow rate observed was initially [ ]''*#) Ibm /sec. in CMT-A and
[ J''*') Ibm /sec. in CMT-B. The CMT-B flow rate decreased to [J''*#) Ibm /sec. after
approximately [ ]''"#) seconds as the CMT heated. This corresponds to an AP600 flow rate of
[ l''**) Ihm/sec, to [ J''*')lbm/sec. for CMT-B, which agrees well with expected performance.

The CMT heatup versus time observed with thermocouples placed internally down the length of the

CMTs, showed that the hot water entering the top of the CMTs remained thermally stratified. Also,

the water temperature decreased as it moved down the CMT, apparently due to initially heating the
CMT walls and due to heat losses from the CMT surface.

As the CMTs heated and approached steady-state, the primary system temperature increased toward the

initial condition before CMT actuation and heat removal via the steam generator PORVs reinitiated
approximately [ ]''*') seconds after the actuation. 'Ihe CMT levels during the recirculation heatup
were observed to decrease from approximately [ J''*') ft. to approximately [ ]''**) ft. This was
due to the decrease in CMT water density as hot water replaced cold water increasing the CMT
average temperature to approximately [ J''**' F.O

\ |
V

The CMT-A flow rate was initially less than CMT-B, and it did not decrease smoothly as the CMT
heated up. This was apparently due to the check valve in the CMT-A discharge line, which does not

work as smoothly as the check valve in CMT-B discharge line. This valve was replaced prior to the
stan of matrix testing.

Also as expected, the natural circulation of the CMTs resulted in an increase in pressurizer level as

cold CMT water was heated up in the primary system, requiring that the letdown flow path be utilized.
i

4.1.2.5 SPES-2 Pre-Operational Test 11-05

The purpose of this test was to verify that the passive safety system actuations occur properly and that

these systems perform as expected. The test was conducted at a low initial primary system pressure,
since this would be the first time the plant safety systems were actuated. Note that the test initial

conditions were selected to be similar to the expected Oregon State University (OSU) test facility.

Test 11-05 Description

This test was a simulation of an inadvenent opening of the first stage of ADS but was performed from

a low initial pressure and temperature. In order to more closely simulate the plant and safety systemA
response times that would be expected to occur in a full-pressure and temperature transient, the test

boundary and initial conditions used were similar to those anticipated for the test facility at Oregon

m:\np60m1625 w\l 625 w.non:I b-o40295 4.1.2-7



g

State University. In addition, the size of the ADS-1, -2, and -3 flow path orifices was increased from

1/395th area scale (AP600/SPES-2 scale factor) to approximately 1/100th area scale. The ADS-4 flow

path area was maintained at the SPES-2 scaled area (however, the fourth-stage valve failed to open in

the actual test).

The facility initial conditions are provided in Table 4.1.2-5.

Test H-05 Results

As shown in Table 4.1.2-6, all control system actuations occurred during the test. However, some

actuation times were delayed and two valve operators did not actuate. The valve operators and logic

control for the actuations were inspected and revised.

Pre-operational Test H-06, discussed in Section 4.1.2-6, was the same inadvertent ADS event as H-05

but was performed from simulated full AP600 power, and full pressure and temperature. Table 4.1.2-7

provides a comparison of major events timing for these two tests.

All major events occur at similar times and the primary system depressurization cun'es are very

similar, with the exception of the initiation of IRWST injection flow. This exception is expected since

the SPES-2 IRWST was filled to the full height AP600 level while OSU plans to utilize a 1/4 height

IRWST. CMT flow versus time, accumulator flow versus time, and PRHR IIX performance all

exhibit similar behavior in both tests.

4.1.2.6 SPES-2 Ilot Pre-Operational Test 11-06

'Ihis test was a simulation of an inadvertent actuation of the ADS-1 from a simulated full-power

operating condition. The purpose of this test was to verify that all actuations occur properly and that

the ADS flow paths were properly sized.

'Ihe results of this test can be compared with the computer models of both the SPES-2 facility and the

AP600.

Test 11-06 Description

This test was initiated with the facility at full-power conditions, by opening the first-stage isolation

valve of ADS (simulates both AP600 first-stage flow path flow areas). 'Ihis results in a rapid

depressurization of the primary system, reactor trip and safety injection signal actuations, and resulting

mitigation of the event by the passive safety systems.

Test 11-06 Results

As indicated in Table 4.1.2-8, test H-06 initial conditions closely matched the specified initial

conditions. Also, as shown the sequence of events in Table 4.1.2-9, all required actuations were
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Test 11-04 Description
g
4 1

kJ Decay Power Simulation

This test was to include a reactor trip from full-power operation; however, failure of the steam

generator main feedwater system limited the rod bundle power to the capacity of the startup feedwater

| system (SFWS). Therefore, the rod bundle power was limited to [ ]''*') Mw (approximately
|

[ ]''*') percent of full power).
|

The verification of the heater rod decay power control was initiated from 1.03 MW power, with
simultaneous trip of the RCPs and isolation of the steam generator main steam isolation valves. Plant

heat removal was maintained by steam relief via the steam generator power-operated relief valves

(PORV relief setpoint 1015 psia) and startup feedwater (SFW) was used to maintain steam generator
secondary-side level.

PRiiR IIX Flow and lleat Removal

The PRIIR 11X natural circulation flow rate and heat removal capability was demonstrated by opening
the PRiiR liX outlet isolation valves with the heater rod power at [ ]''*#) kW, and the hot-leg

temperature at 580 F. The primary system temperature response, PRIIR inlet and outlet temperatures,

PRIIR flow rate, and the steam generator PORV operation was observed until steady-state conditions

were achieved. Core power was increased to [ ]('*#) kW and then to [ ](***) kW to observe the
' effect on PRiiR IIX, primary system, and secondary system operation.

CMT Recirculation

The cold (ambient temperature) CMTs were actuated by simultaneously opening the cold leg to CMT

balance line isolation valves and CMT discharge line isolation valves, with the primary system at
steady-state natural circulation conditions (Tu at [ ](**#)*F and T at [ ](***)'F) and core power atc
[ ]('*#) kW. CMT inlet temperature, CMT heatup, CMT flow rates, and primary system and steam
generator responses were observed.

Ilot Pre-Operational Test 11-04 Calculations and Results

Decay Power Simulation

The results of the bundle power dechy heat versus time as controlled by the facility computer agreed

well with the specified power decay from the initial power (approximately [ ](**') kW plus 110 kW
of heat loss compensation) at time O to approximately [ ]('*#' kW plus 110 kW of heat loss
compensation at 2000 sec,

The coastdown time of the RCPs was approximately [ ]''*') seconds for pump A (from [
l''*#) seconds) and approximately [ ]('*#' seconds for pump B (from [ ]('*#5 seconds). Note
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that the primary pressure at the time of the RCP trip was approximately [ J''*') psia. Slightly
longer coastdown times occurred during the planned matrix tests, when the RCPs were tripped after

the safety systems actuation (S) signal generated at 1700 psia, due to the reduced forces on the RCP

thmst bearings at lower pressure.

'The cold leg flow rates following the trip of the RCPs quickly stabilized at
approximately [ ]''*#) lbm/sec. ([ ]'**#) kg/sec.) per cold leg, which is approximately [ ]('*#) percent

of the nominal full flow, indicating that natural circulation heat removal was established. The hot-leg
temp rature quickly responded to the RCP trip, increasing from [ ](**#)'F to a peak of [ ](**#)*F.
The hot-leg temperature then decreased to [ ](**#**F as natural circulation flow was established and
stabilized. Hot-leg temperatures then responded as expected to steam generator pressure increasing to

the steam generator PORV setpoint and operation.

PRHR HX Flow and Heat Removal

Upon initiation of the PRHR HX at 4500 seconds with power at [ ](**#) kW, [ ]''*#) percent decay

power plus 110 kW of heat loss compensation, the hot-leg temperature was reduced from [ ]('*#)*F
to [ l''*#' F where it stabilized. Also, during this time no actuation of the steam generator PORVs

occurred, indicating that all core heat was being dissipated by the PRHR and heat losses. The

estimated heat loss from the primary system at this time was approximately 120 kW, which indicates

that the PRHR was removing approximately [ ]''*') kW of heat with a hot-leg temperature of

[ ]''*#)*F ([ ]''*#) percent of full power).

During this time, the PRHR HX natural circulation flow rate was [ ]''*#) Ibm /second, the measured

T,, was 533'F, and the measured T, was [ ]('*#*F. The calculated heat removal from these
parameters is [ J''*#) kW, which agrees wc!1 with the above overall core power and estimated heat

losses. In comparison to expected decay heat, the PRHR will match decay heat at less than or equal

to 30 minutes, which agrees well with the AP600 PRHR design basis.

It is also noted that the SPES-2 PRHR HX flow rate of [ ]''*#) Ibm /sec. corresponds to an AP600 I

flow rate of [ ]''*#) lbs/sec. or approximately [ J''*#) gpm, which also agrees well with the AP600
design.

Bundle power was increased to [ ]''*#) kW and [ ]('*#) kW to observe the effect on PRHR HX
operation. At [ ]''*#) kW, the hot leg temperature increased from [ ]''*#'*C to [ ]('*#)*C and
the PRHR HX inlet temperature increased from [ ]''***F to [ ](**#' F. In these conditions, the

PRHR HX heat removal was [ ]'***) kW. At [ ]''*#) kW, the steam generator PORVs were

actuating; therefore, the PRHR could not match core power minus heat losses.
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CMT Recirculation
p.

When the CMTs were actuated with the primary system at steady-state conditions (Tn at [ ]''*#)*F
and Tc at [ ](***)*F, natural circulation flow, and bundle power at [ ]"##) kW), natural circulation

flow through the CMTs began as expected.

The CMT natural circulation flow rate observed was initially [ ]"*')lbm/sec. in CMT-A and
[ ]"*#)lbm/sec. In CMT-B. The CMT-B flow rate decreased to [ ]"*#) lbm/sec. after
approximately [ ]"*'' seconds as the CMT heated. 'Ihis corresponds to an AP600 flow rate of

[ ]"*#) lbm/sec. to [ ]'**#) Ibm /sec. for CMT-B, which agrees well with expected performance.

The CMT heatup versus time observed with thermocouples placed internally down the length of the

CMTs, showed that the hot water entering the top of the CMTs remained thermally stratified. Also,

the water temperature decreased as it moved down the CMT, apparently due to initially heating the

CMT walls and due to heat losses from the CMT surface.

As the CMTs heated and approached steady-state, the primary system temperature increased toward the

initial condition before CMT actuation and heat removal via the steam generator PORVs reinitiated
approximately [ ](**#) seconds after the actuation. The CMT levels during the recirculation heatup

were observed to decrease from approximately [ ]"*') ft. to approximately [ ](**#) ft. This was
due to the decrease in CMT water density as hot water replaced cold water increasing the CMT

average temperature to approximately [ ](**#'*F.
O
V

The CMT-A flow rate was initially less than CMT-B, and it did not decrease smoothly as the CMT
heated up. 'Ihis was apparently due to the check valve in the CMT-A discharge line, which does not

work as smoothly as the check valve in CMT-B discharge line. 'Ihis valve was replaced prior to the
start of matrix testing.

i

Also as expected, the natural circulation of the CMTs resulted in an increase in pressurizer level as

cold CMT water was heated up in the primary system, requiring that the letdown flow path be utilized. |

4.1.2.5 SPES-2 Pre-Operational Test 11-05 I

The purpose of this test was to verify that the passive safety system actuations occur properly and that

these systems perform as expected. The test was conducted at a low initial primary system pressure, i

since this would be the first time the plant safety systems were actuated. Note that the test initial

conditions were selected to be similar to the expected Oregon State University (OSU) test facility.

Test 11-05 Description

This test was a simulation of an inadvertent opening of the first stage of ADS but was performed from

a low initial pressure and temperature. In order to more closely simulate the plant and safety system

response times that would be expected to occur in a full-pressure and temperature transient, the test

boundary and initial conditions used were similar to those anticipated for the test facility at Oregon
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State University. In addition, the size of the ADS-1, -2, and -3 flow path orifices was increased from !

1/395th area scale (AP600/SPES-2 scale factor) to approximately 1/100th area scale. The ADS-4 flow
,

path area was maintained at the SPES-2 scaled area (however, the fourth-stage valve failed to open in |
the actual test). l

The facility initial conditions are provided in Table 4.1.2-5.

Test H-05 Results

As shown in Table 4.1.2-6, all control system actuations occurred during the test. However, some |

actuation times were delayed and two valve operators did not actuate. The valve operators and logic

control for the actuations were inspected and revised.

Pre-operational Test H-06, discussed in Section 4.1.2-6, was the same inadvenent ADS event as H-05

but was performed from simulated full AP600 power, and full pressure and temperature. Table 4.1.2-7

provides a comparison of major events timing for these two tests.

|
1

All major events occur at similar times and the primary system depressurization curves are very !

similar, with the exception of the initiation of IRWST injection flow. This exception is expected since |
the SPES-2 IRWST was filled to the full height AP600 level while OSU plans to utilize a 1/4 height

IRWST. CMT flow versus time, accumulator flow versus time, and PRHR HX performance all
'

exhibit similar behavior in both tests.

4.1.2.6 SPES 2 Hot Pre-Operational Test H-06

This test was a simulation of an inadvenent actuation of the ADS-1 from a simulated full-power

operadng condition. The purpose of this test was to verify that all actuations occur properly and that
the ADS flow paths were properly sized. |

The results of this test can be compared with the computer models of both the SPES-2 facility and the
AP600.

Test 1106 Description I

This test was initiated with the facility at full-power conditions, by opening the first-stage isolation

valve of ADS (simulates both AP600 first-stage flow path flow areas). This results in a rapid

depressurization of the primary system, reactor trip and safety injection signal actuations, and resulting
mitigation of the event by the passive safety systems.

Test 11-06 Results

As indicated in Table 4.1.2-8, test H-06 initial conditions closely matched the specified initial

conditions. Also, as shown the sequence of events in Table 4.1.2-9, all required actuations were
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I

|

performed; however, closer adjustments of actuation delay times are needed to better match the

[] specified values.
V

Other items to note include the following:

The ADS-4 valve did not open, in spite of receiving the actuation signal from the facility*

control system.

Flow from the IRWST began prior to termination of flow from either CMT-A or -B, even*

with no venting from the ADS-4. However, it should be kept in mind that SPES-2 ADS-1,
-2, and -3 discharge to a condenser at atmospheric pressure and no back pressure due to the

ADS sparger or overpressure due to sparger submergence is present.

The pressure balance between the IRWST and primary system is very delicate (with no 4th*

stage venting). This is evidenced by the stoppage of IRWST delivery when the pressurizer

water level is high and by the sensitivity of IRWST injection flow rate to the pressurizer

water level.

Only CMT fluid thermocouples T-A/B401E through T-A/B403E were heated prior to the*

transition of the CMTs from natural circulation to draindown mode, which occurred at

[ ]''*'' seconds. This means that only the top approximately [ ](**') feet of CMT water

[ was heated. Subsequent heatup of the CMT fluid thermocouples lower in the tank was due to
,

k this heated, top layer of water moving down through the tank as the CMT drained; and then

exposure of the thermocouples to the steam above the CMT water level. The CMT fluid

thermocouples generally follow the saturation temperature corresponding to the primary

pressure with the following two exceptions:

|- From approximately [ ]('**) seconds the topmost CMT fluid thermocouples

indicate slightly superheated steam, apparently due to steam flow from the hot legs
i

through steam generators. !
I

-

The lowest six CMT fluid thermocouples indicate temperatures below saturation starting
at approximately [ l''*') seconds, which is after the accumulators empty. This may

be due to accumulator air injected into the primary system. If air enters the CMTs, it

would collect in the lower portion of the empty (or emptying) CMT gas space.

CMTs empty and then slightly refill ([ ]''**) seconds). The refills occur just*

after pressurizer level increases and are probably due to water flow through the pressuriier to

CMT balance lines since DP-A45P and DP-B45P, the cold leg to CMT balance line

differential pressures (dPs), do not indicate that these balance lines refill.

The heated rod temperatures follow the saturation temperature corresponding to primary*

C pressure. No elevated rod temperatures occur at anytime in the transient.
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TAllLE 4.1.21
SPES-2 IlOT PRE-OPERATIONAL TEST SUMMARY

Test Test Description Test Purpose Comments |

:
11-0 1 The facility was hea:cd and held Determine the facility and '

at four " constant" temperatures. major component heat losses

vs. temperature. |

11-0 2 This test was performed Quantify the water and metal

concurrent with 11-01 test. heat capacity of the facility.

11-0 3 The facility was operated at Verified the proper operation Performed as part of first

normal full pressure, of all components and matrix test pre-test initial
temperature, and power. instmmentation. conditions.

H-(4 The facility was transitioned Verified computer controlled

from ~1 MW power operating heater rod power decay and

conditions to a hot SFW flow control on SG

shutdown / natural circulation level. Characterized the
mode of operation. loop, PRHR heat exchanger

and CMT natural circulation
flows; confirmed PPJIR heat

removal rate.

11-05 Simulated an inadvertent ADS Verified the proper safety Provided full height vs.

actuation from low pressure system actuation at low 1/4 height comparison to

035 psig) with subsequent pressure; the initial OSU. No intervention of
safety actuations. conditions used were similar ADS-4 and of nonsafety

to OSU. systems.

}{-06 The test was performed from Verified the actuation and No ADS-4 or nonsafety
full powcr conditions and performance of the safety system operation.

initiated by opening the ADS-1 systems.

O
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A TABLE 4.1.2 2

() SPES-2 IlOT PRE-OPERATIONAL TEST 11-01 FACILITY
HEAT LOSSES VS. TEMPERATURE

Average Cold- Channel Total Estimated Time
Leg Power * Powe22' Heat Losses") Interval *

Temperature (kW) (kW) (kW) Source File (sec.)
_ JmAs)

_ _

Notes:

(1) This time interval is considered valid for the value of data recorded.

(2) Tne total power includes pump heat power released to fluid:

Pump A = [ T'**
q Pump B = [ ]***

(3) Electric power input to power channel.

(4) The estimated power has been evaluated with a bestfit quadratic equation txtsed on the measured datz

HL = [ f***

where:

IIL = Ileat k>sses (kW) |

Tc = Cold-leg temperature T-A03PL (*C) |
!

:
i

I

l

!

Y |
i

1
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TAIILE 4.1.2-3
g SPES-2 IlOT PRE-OPERATIONAL TEST 11-01 MAJOR COMPONENT IIEAT LOSSES

h Flow rate in each cold leg = 0.619 kg/sec.

f Total power = 142.6 kW
5
E Component Heat Low

{ Metal Mass Camponent IIcat Inlet Average Temperature &.stlet Average IIcat Loues Percentage due to
g Component Ibm''' Capty. (BturT) (*F) Temperature (*C) (kW) the Component (%)
8 -

-

PC/HL
(A&B)

RCP-Al
CL-Al.A2

RCP-B/"3
CL-Bl,B2

Y
i3

SG-A

SG-B _

Total Heat Losses = [ ]**

Notes:

(1) The weight of these components does not include flange and bolting metal masses.
(2) These data are not relevant for the calculation of steam generator heat losses, as their metal heat capacity contribution can be neglected.
(3) Pump power released to the fluid at low flow can be neglected.
(4) The difference between total power and total heat losses is due to the heat capacity of the system.

O O O



TABLE 4.1.2 4(q,
'

) SPES2 PRE-OPERATIONAL TEST H 01 FACILITY SYSTEM HEAT CAPACITIES

Calculate Calculate
'I,'mPerature Total PowerTim hdo d Heat d Heat

Source File Linear Input Rate *
("C-) " ""* I

Increase ('C) (kW)
(kW) (kJ/ C) to.o

_
_

acqdat_spes.dat:242

acqdat_spes.dat:242

acqdat_spes.dat:244
- _

Average Heat Capacity = 8480

Notes:

(1) This time interval is considered valid for the value of data recorded.
(2) The total power includes pump heat power released to fluid:

__

Pump A = kW
Pump B = kW

__

";\

1

i
!

O
|

|
,
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TAllLE 4.1.2 5

SPES-2 IlOT PRE-OPERATIONAL TEST 11-05
INITIAL CONDITIONS

Condition Specified Actual
_ _ . . 6.o

Pressurizer pressure 360.5 psig (24.9 bar)

Pressurizer level 12.4 ft. (3.78 m)

Hot-leg temperature 415.6 F (213.l*C)

Cold-leg temperature ---

Power (kW) 192.3

Upper-head flow rate 0.40 lb/sec. (0.18 kg/sec.)

Steam generator pressure 270.6 psig (18.66 bar)

Steam generator level >36.2 ft. (>l1.02 m)

Accumulator pressure 197 psig (13.59 bar)

Accumulator level 6.86 ft. (2.09 m)

IRWST level 28 ft. (8.53 m)

Cold-leg /CMT balance line Cold-leg temperature

temperature

CMT extemal vessel not pressurized

PRHR supply line temperature 302 F (150 C)

Pressurizer Cold-leg balance line >437.9 F (>225.5 C)

O
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ITABLE 4.1.2-6

>O
4

\

SPES-2 HOT PRE-GPERATIONAL TEST H-05

SEQUENCE OF EVENTS |
I

Specified Actual
Esent Actuation Signal Time (s)

ADS-1 opening
- - "'''

---

tain steamline isolation valve ADS-1 opening |

(MSLIV) start closing
i

Main feedwater isolation valve ADS-1 opening

(MFWlV) start closing

CMT halance line start ADS-1 opening

opening

CMT injection line start ADS-1 opening ;
opening

,

SRV closed ADS-1 opening

RCP trip ADS-1 + 15 sec.
. - . .

PRilR llX on ADS-1 + 45 sec. !

*

IIcated rod power ADS 1 opening +200 sec.

Accumulator inje ete tirt --

.--

ADS-2 opening CMT level = 60%

ADS-3 opening CMT level = 50%

Heat loss compensation off ADS-2 opening
!

ADS-4 opening CMT level = 20%

Accumulator empty --

IRWST injection ---
,

au .a

>
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TAILLE 4.1.2-7

SPES-2 IIOT PRE-OPERATIONAL TESTS
MAJOR EVENT COMPARISON IIETWEEN

TESTS 11-05 AND 11-06

Time (sec.)

Event Test 11-05 Test 11-06 to.o

ADS-1 opening
_ -._

CMT recirculation to draindown

transiti(m

Accumulator injection start

ADS 2 opening

ADS-3 opening

Accumulators empty

ADS-4

IRWST injection

Pressurizer pressure occay
_ _

(1) lenger accumulator draindown expected; orifices were installed in the accumulator discharge lines

(0.375-in. diameter) prior to H-06 to better match the scaled AP600 line resistance.

O
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rN TABLE 4.1.2-8
(j SPES-2 IIOT PRE-OPERATIONAL TEST 11-06

INITIAL CONDITIONS
_

Condition Specified Actual %,,,

.- .

|
Pressurizer pressure (bar) 2248 psig (155 bar)

Pressurizer level (m) 12.4 ft. (3.78 m)

Hot-leg temperature ('C) 600 F (316 C)

Core inlet temperature ( C) 530 F (276.4"C)

Power (MW) (4.99 MW;

Downcomer flow rate (kg/sec.) 51.3 lbs/sec. (23.25 kg/sec.)

Steam generator pressure (bar) 710 psig (49 bar)

Steam generator level (m) >36.1 ft (>l1.02 m)
!

Steam generator MFW flow rate 2.65 lbs/sec. (1.2 kg/sec.) i

(kg/sec.)

Steam generator MFW tempiture 439 F (226 C) ;

(*C) |p)\ |
',

Accumulator pressure (bar) 700 psig (48.3 bar) '

Accumulator level (m) 8.5 ft (2.6 m)

1RWST level (m) 28.0 ft. (8.53 m)

Cold-leg to CMT balance line >529,<563"F (>276, <295 C)

temperature (*C)
-

!
C.31d-leg to pressurizer balance line >669, <698"F (>354, <370 C) I

temperature (*C)

\
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TAllLE 4.1.2-9
SPES 2 I{OT PRE-OPERATIONAI. TEST 11-06

SEQUENCE OF EVENTS
'

Esent Actuation Signal Setpoints* Time (sec.)
~ ~

ADS 1 opening ---

R signal Pressurizer pressure = 123.1 bar

Core decay heat reduction R signal + delay time (7 sec.)

MSLIV closed R signal

S signal Pressurizer pressure = 116.2 bar

MFWIV closed S signal

CMT balance line opened S signal + 2 sec.

CMT injec6on line opened S signal + 8 sec.

RCP trip S signal + 16.2 sec.

PRHR IIX on S signal + 45 sec.

ACC injection start ---

ADS 2 opening CMT level = 60%

licat loss compensation off ADS-2 opening

ADS-3 opening CMT level = 50%

ADS-4 opening CMT level 20%

Accumulator empty --

IRWST injection start ---

_ _

Notes:

(1) Specified by test procedure.

(2) One of two ADS 4-stage valves (A loop) was actuated but the discharge flow path was blocked; i.e., no
4th-stage flow was permitted.

O\
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4.2 Test Results

;

k-
4.2.1 Test Transient Phases for Loss-of-Coolant Accident (LOCA) and Non-LOCA Tests

All of the matrix tests at SPES-2 can be divided into phases which are characterized by the rate at

which the RCS (primary system) pressure decreases and/or by actuations of the passive safety system i
features. These phases conveniently subdivide the test with similar thermal-hydraulic phenomena and |
passive safety system responses

f.

For the discussion of the tests in Section 4.2, each test was subdivided into the following phases. ,

.

!
4.2.1.1 LOCAs

The LOCA tests consisted of four definable phases:

initial depressurization phase (IDP).

pressure decay phase (PDP).

automatic depressurization system (ADS) phase.

post-automatic depressurization system (post-ADS) phase.

'lhe IDP is the time of rapid primary system pressure decrease, resulting from the inventory loss
through the break and/or rapid cooldown after rod power was decreased. The PDP follows the IDP

and is characterized by a much slower rate of pressure decrease in primary system that corresponds to

the saturation pressure of the hottest ponion of the primary system.

The ADS phase is the time from the initiation of ADS-1 until ADS-4; and the post-ADS phase is the
time from ADS-4 until the end of the test. The ADS phase therefore includes the accumulator

delivery (for most LOCA events); and the post-ADS phase includes the in-containment refueling water
storage tank (IRWST) injection.

4.2.1.2 Non LOCAs

The non-LOCA tests in SPES-2 did not proceed through all the phases experienced in LOCA tests and
normally consisted of two definable phases:

IDP.

PDP*

in one test (S01211), a single tube steam generator tube rupture (SGTR), an inadvertent ADS actuation

was simulated, thereby adding the ADS and post-ADS phase to that test.

O
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4.2.2 Two-In. Cold Leg Break without Nonsafety Systems (S00303)
iq

<

This matrix test simulated a 2-in. break in the bottom of cold leg-B2. The test began with the

initiation of the break in cold leg-B2, which was the cold leg with the CMT-B pressure balance line

connection. The break location was just downstream from the cold leg to the core makeup tank

(CMT) balance line connection. This test was performed without any nonsafety systems (chemical and

volume control system [CVCS] makeup pumps, steam generator startup feedwater [SFW] pumps, and
'

normal residual heat removal system [NRHR] pumps) operating.

Results are provided in the data plot package at the end of this section. The sequence of events for

S00303 is listed in Table 4.2.2-1.

The SPES-2 tests were marked by distinctly different phases. These phases were characterized by the

rate at which the primary system pressure decreased and the thermal-hydraulic phenomena occurring

within the primary and safety systems. The different phases selected for the purpose of detailed

evaluation of this LOCA are shown in Figure 4.2.2-1 and are as follows:

initial depressurization phase (IDP)-Point I to 2=

Pressure decay phase (PDP)-Point 2 to 3=

Automatic depressurization system (ADS) phase-Point 3 to 4*

Post-automatic depressurization system (post-ADS) phase-Point 4 to 5.

t' Overall Test Observations

Figure 4.2.2-1 shows the plant primary system pressure during test S00303 (as measured at the top of

the pressurizer), with selected component actuations and plant responses shown in relation to pressure.

The IDP began with the initiation of the break, which resulted in a rapid reduction in pressure. The
reactor trip (R) signal initiated at [ ]"A" psia, and the safety systems actuation (S) signal initiated i
at [ ]"*" psia. The R and the S signals initiated the following actions:

Decay power simulation (with heat loss compensation).*

Main steamline isolation valves (MSLIVs) closed. )*

Main feedwater isolation valves (MFWIVs) closed.=

CMT injection line isolation valves opened.*

Passive residual heat removal (PRIIR) return line isolation valve opened..

Reactor coolant pumps (RCPs) turned off.*

Recirculation flow through the CMTs and the flow through the PRHR began immediately after their

isolation vnfves opened. Flashing occurred in the rod bundle and upper-upper plenum of the power

channel due to the rapid decrease in primary pressure. The measured fluid level in the upper-upper

plenum dropped to the hot-leg elevation. The flashing on the hot-leg side of the primary system

stopped the rapid drop in primary system pressure. When the RCPs were shut off (at

mAap600(1625w-1.non:ltwo40295 4.2.2-1
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[ ]''*'' seconds), the flow through the rod bundle began to oscillate (period approximately

[ ]''**) seconds). This resulted in oscillations in the power hannel and the lower-upper plenum

steam fractions and temperatures, and system pressure.

During the initial stages of the PDP, the rod bundle steam fraction increased. This resulted in an

increasing steam fraction in the lower-upper plenum and the hot legs. The hot leg-B fluid had a steam

fraction very close to that observed in the lower-upper plenum. The steam fmetion in hot leg-A was
much lower due to the selective removal of steam from the hot leg into the PRHR HX inlet line.

The two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam

collected in the top of the U-tubes. His stopped the primary system flow through the SGs so that the

power channel flow was composed predominantly of the flow through the PRHR HX. The level

oscillations observed in the rod bundle and in the upper plenum stopped when the flow through the

steam generators ended. Approximately [ ]('**) seconds into the test, the steam generator-B U-tubes

began to drain. The steam generator-A U-tubes began to drain approximately [ ]('*#) seconds later,

due to the lower steam fraction in hot leg-A.

Two-phase flow from the rod bundle entered the hot leg and flowed to the PRHR HX. He flow
through the PRHR HX consisted of alternating slugs of steam and saturated water, which had an

average steam fraction significantly greater than in the upper plenum. The average steam fraction at
the PRHR HX inlet was as high as [ ]('*') percent, which enhanced the PRHR HX heat

removal from the primary system as compared to its heat removal capability with single-phase
saturated or subcooled water. When the primary system flow stabilhed after the initial flow
oscillations, a PRHR HX heat removal rate of [ j''*#) kW was calculated. His calculation was
based on the average steam fraction at the PRHR HX inlet as calculated from the dP instmment

readings in data plot 29, the average return flow rate, the inlet and outlet temperature, and the

pressure. His calculation assumed a slip coefficient of I between steam and water, and may be
slightly lower than the actual PRHR HX heat transfer. It should, therefore, be used for test-to-test

comparison only.

When the k)op-B cold legs had panially emptied, the CMTs transitioned from their r* circulation mode

to a draindown mode of operation. His increased the CMT injection flow and the rate of system
pressure decay. This occurred at approximately [ ](***) seconds for CMT-B and [ ]''*'' seconds

for CMT-A. When system pressure dropped to the saturation pressure for the upper head, the upper
head began to drain at [ ]''*'' weh

During the first [ ]''**' seconds of this LOCA, [ ]('**)lbm of steam and water were expelled

through the break while draining the pressurizer, the steam generator U-tubes, the upper head, the

upper-upper plenum, most of the cold legs, and approximately [ ]''**' percent of the CMTs. De
heated rods had decreased in power to approximately 240 kW at 900 seconds. His value consisted of

90-kW decay heat and 150-kW heat loss compensation. The break flow was decreasing slowly with
primary pressure and indicated that cold leg-B2 was not empty.
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The ADS phase began with the actuation of ADS-1 (at approximately [ ]''**) seconds into the

event). ADS-2 and -3 occurred within the next [ ]''**) seconds. The heat loss compensation portion

of the rod bundle power was terminated when ADS-1 occurred, and power was reduced to

approximately 90 kW.

He ADS actuation increased the rate of primary system depressurization and resulted in high injection

flow from the accumulators. The rapid injection of cold fluid from the accumulators (at [

J''** seconds into the event), temporarily refilled the rod bundle, lower-upper plenum, hot legs,

and the pressurizer. When the accumulator discharge ended, the flow through the rod bundle was

reduced to the injection rate of the CMTs and the PRHR HX flow, and two-phase fluid flow occurred

again through the rod bundle, lower-upper plenum, hot leg-A, the PRHR HX, and to the pressurizer.

The discharge ofliquid through the break was replaced by steam at approximately [ ](** seconds.
During this ADS phase, approximately [ l''**)lbm of steam and water were discharged from ADS-
1, -2, and -3. This water was primarily supplied by the accumulators. After the accumulators drained !

the collapsed liquid level in the rod bundle decreased (steam fraction increased) since only the CMTs
were providing injection flow.

,

The post-ADS phase began when ADS-4 actuated and fluid was discharged through ADS-4. The fluid

discharge through ADS-1, -2, and -3 stopped, and the pressurizer water level decreased. A small |
amount of CMT flow was still being provided via the DVI line to the annular downcomer. When l

system pressure had been reduced below the pressure corresponding to the water elevation head of the
| IRWST, flow from the IRWST began. Shortly thereafter, the CMT flow ended. The flow from the

IRWST refilled and subcooled the power channel and hot legs, and the upper-upper plenum partially

refilled. The PRiiR HX supply line emptied approximately [ ]('**' seconds into the test and was
no longer effective. A steady flow of subcooled water was then flowing from the IRWST into the

annular downcomer, through the power channel, and left the primary system through the ADS-4 flow
paths.

The heater bundle remained fully cooled by single-phase water or two-phase mixture flow at all times
during this test (data plots 30 and 31). There was no indication of an increase in heater rod 1

temperatures due to lack of cooling (data plot 3).

Discussion of Test Transient Phases

Initial Depressurization Phase (0 to [ ]''*'' Seconds)*

The initial depressurization phase (IDP) began with r.he initiation of the break (at time 0) and

continued until primary system pressure reached the saturation pressure of the fluid in the upper

plenum and the hot legs (Figure 4.2.2-1). This phase included the following events: R signal at

1800 psia (decay power simulation initiated and the MSIV closed), and S signal at 1700 psia (the

MFWlV closed, the CMT injection line isolation valves opened, and the PRHR heat exchanger
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return line isolation valve opened-all with a [ f**#'second delay, and RCP coastdown started-

f**#'second delay). See Table 4.2.2-1.after a [ -

Facility Response during the IDP:

From time 0 until the R signal occurred, the system depressurized due to the fluid loss through the

break resulting from the expansion of the pressurizer steam volume. The pressurizer partially

compensated for the loss of pressure by flashing, however it was drained after [ f***) seconds
(data plot 32). De R (at [ f**#3 seconds) and the S (at [ f**#) seconds) signals were based on

pressurizer pressure only. When the R signal occurred, the MSLIV was closed, and power was

reduced to 20 percent after a 5.75 second delay and began to decay after a 14.5 second delay.

As a result of the power reduction without flow reduction, the core AT decreased due to the low

power / flow ratio, and the upper plenum temperature dropped toward the cold-leg temperature.

Since system pressure was controlled by the saturation pressure at the hot-leg / upper-plenum

temperature, system pressure dropped to the saturation pressure at [ f**#) (approximately

[ f**'' psia at approximately [ f**#) seconds). See Figure 4.2.2-2. When the RCPs tripped (at

[ f**#) seconds), the rod bundle and the lower-upper plenum temperatures increased due to the

increased rod bundle power / flow ratio at the lower flow. System pressure increased temporarily

until the decreasing decay power and the decreasing lower-plenum temperature (due to CMT

injecting cold fluid into the downcomer) started to reduce the upper-plenum temperature. The

primary system pressure decrease resulted from the balance between the steam generation rate

(from flashing primary fluid), the volumetric flow of liquid out the break, and the steam

condensation rate by the PRHR HX. Steam was continually generated by boiling due to the rod

bundle power. As system pressure continued to fall, more and more water reached its saturation

pressure and began to flash. PRHR flow started before the RCPs were tripped and continued by
,

natural circulation afterward (data plot 37). Primary system pressure stabilized at the saturation j

pressure for the bulk hot fluid in die system (approximately [ f**''). His ended the IDP. |

Pressure Decay Phase ([170 to 900]f**'' Seconds)*

The pressure decay phase (PDP) began when system pressure (Figure 4.2.2 2) reached saturation

pressure corresponding to the fluid temperature on the hot-leg side of the power channel. The

phase ended when ADS-1 was opened on low CMT level and augmented the system

depressurization. His phase was characterized by a slow decrease in overall system pressure and

temperature. De rod bundle power was reduced from 340 kW to 240 kW (data plot 1). The
PRHR HX heat removal rate was approximately [ )('*#' kW. De recirculating CMTs provided
approximately [ f**") kW of heat removal from the primary system due to the removal of hot

water from the primary system, which was replaced with cold CMT water.

De initial CMT natural circulation operating mode was followed by draindown injection when the

k>op B cold legs drained (data plot 38). De U-tubes of the steam generators were completely
drained at this time (data plots 20 to 23). The steam generators did not affect the rest of the
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event ne accumulator injection was initiated when the primary system pressure dropped below
,

; ) 711 psia prior to ADS-1 actuation. However, the injection rate was low (less than
''

[ ](*** lbm/sec.) due to the small difference between primary system pressure and accumulator

gas pressure (data plot 39).

Facility Response during the PDP:

Following reactor coolant pump shutdown, the oscillating flow in the tubular downcomer and in

the rod bundle region continued into the PDP. The flow oscillations resulted in large oscillations

of the steam fraction of the mixture exiting the core and flowing into the hot legs (data plots 30

and 31). These oscillations in steam fraction had a significant effect on the thermal buoyancy

head that drove the flow through the primary system at this time, since it affeacd the mixture

density. The steam fraction oscillations were observed through the hot leg and the steam

generators (data plots 20 and 21). The steam fraction oscillations were converted to flow

oscillations in the cold legs, since the two-phase mixture entering the steam generators left the

steam generators as saturated water (data plots 24 through 27). It is postulated that some of the

steam was condensed in the U-tubes since the primary-side pressure was higher than the

secondary-side pressure at this time, allowing some heat to be transferred to the secondary-side

fluid. The remaining steam was separated from the two-phase mixture in the high point of the

U-tubes (due to the low velocity), which eventually stopped natural circulation in the U-tubes. For
steam generator-A, the flow continued until [ ](**4 seconds into the transie it. From
[ ](**# seconds until [ ]''** seconds, intermittent flow was observed through steam generator-

V A (plots 20 and 22). A free-water surface occurred at the top of the U-tubes. However, the

buoyancy head in the hot leg was high enough to spill over the top of the U-tubes at the peaks of
the oscillating buoyancy head. At [ ]('** seconds, all flow stopped in steam generator-A, since

the free-water surface had fallen too low to be overcome by the buoyancy head oscillations.

Oscillations were measured in temperatures and pressures throughout the primary system. When

the steam generator U-tubes were drained (approximately [ ](*** seconds), the

oscillations stopped. For steam generator-B, flow stopped earlier than for steam generator-A due

to the higher steam fraction in the fluid from hot leg-B.

The primary system pressure decay during the PDP started at a slow rate of [ ](**') N/sm
At approximately [ J''** seconds into the event, the primary system pressure decay rate

increased to [ ]('*" psi /sec. This happened when the transition of the CMTs from their

recirculation mode of operation to their draindown mode occurred. The increased rate of pressure

decay was due to the increased injection rate of the cold liquid from the CMTs, which occurred at !

different times for the two CMTs, and steam flow from the cold legs to the top of the CMTs.

1

The CMTs began injecting cold fluid into the annular downcomer via the DVI line when the i

S signal occurred. Initially this injection was by natural circulation (at approximately
[ ](**# lbm/sec. from each CMT), with hot water flowing from the cold leg through the cold-

leg balance line (CLBL) into the top of the CMT and cold water flowing from the bottom of the
CMT into the downcomer. In the time period from [ ]''*# seconds to [ ]''** seconds (data

1
1
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plot 38), CMT-A transitioned to draindown when the cold leg balance line (CLBL) for CMT-A

drained, and a free-water surface developed in the top of CMT-A as the level began to drop (data

plot 33). The injection flow, when draindown started, increased to approximately [ ](**#'

lbm/sec. and gradually decreased as the CMT level decreased (reducing the driving head). Steam

from the cold legs flowed to the CMTs after the cold legs drained and condensed on the cold

CMT and water surfaces, heating them to saturation temperature.

For CMT-B, the break of the recirculation in the CLBL occurred at approximately [ ](**4
seconds (earlier than for CMT-A), and the transformation from natural circulation to CMT

draindown occurred between [ ]('*#) seconds and [ ](**#' seconds. The draindown injection
flow began at approximately [ ](*** lbm/sec. and gradually decreased.

The free-liquid surfaces in the CMTs were established after recirculation through the CLBLs ended

(the end of recirculation was caused by steam flowing from the cold legs to the CMTs) However,

flashing in the CMTs seemed to occur after this time due to the high temperature of the fluid in

the top of the CMTs (data plots 15 and 16) and the decreasing primary system pressure. The

steam above the liquid surface in the CMTs was superheated after [ ](**#) in CMT-B.
Flashing occurred in order to keep the water temperature at saturation temperature as the pressure
decreased.

The accumulators bqan to inject into the annular downcomer via the DVI lines when system
pressure dropped below 711 psia (at approximately [ ](*** seconds). However, the injection
rate was very low prior to ADS-1 (data plot 39).

Througliout the PDP, the PRHR removed energy from the primary system. The combined effect
of the PRHR cooling the primary fluid and the injection flow from the CMTs was sufficient to

limit the steam fraction of the fluid in the rod bundle to [ ]('** percent (steam fraction was

actually decreasing), and to maintain adequate cooling of the rod bundle during this phase (data
plots 30 and 31).

Automatic Depressurization System Phase ([ ]''** Seconds)=

The automatic depressurization system (ADS) phase began with the actuation of ADS-1 and ended

with the actuation of ADS-4 (Figure 4.2.2-1).

l
Facility Response during the ADS Phase: 1

1

IWith the actuation of ADS-1, followed by ADS-2 and ADS-3 within approximately [ ] ''* *
seconds, the rate of system depressurization increased from [ ' ](**# psi /sec. (at the end of the

PDP) to [ ](*** psi /sec. (at the start of the ADS phase). This rate gradually decreased as
system pressure decreased.

O1
l

|
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After ADS actuation, the rate of water injection from accumulators-A and -B increased sharply

( ') (data plot 39). The accumulators and injected cold water into the primary system for
'

approximately [ ]''* 0 seconds (from [ ]''*#) seconds to [ ](** 0 seconds) and then were

drained. The accumulator and CMT injection refilled the rod bundle, lower-upper plenum, and hot

legs with water.

The pressurizer immediately began to refill when ADS-1 occurred, reached a collapsed liquid level
of approximately [ ]''*'' ft., and steam and water were vented from the pressurizer through the

ADS (data plot 32). When ADS-4 occurred, the pressurizer drained and only a small amount of

saturated steam was vented through ADS-1, -2, and -3.

Prior to the ADS period, l.iquid left the primary system through the break in the cold leg. With

the actuation of the ADS, fluid left the system through the ADS from the top of the pressurizer.

The mass flow through the cold-leg break decreased and converted from liquid to mostly saturated

steam as the cold leg completely drained (data plot 43).

Post-Automatic Depressurization System Phase ([ ]('*') Seconds to End-of-Test)*

The post-automatic depressurization system (post-ADS) phase began when ADS-4 occurred

(Figure 4.2.2-1) and continued to the end of the test.

A)(J Facility Response during the Post ADS Phase:

The water level in the downcomer decreased into the tubular downcomer due to ADS-4 flow and

the fact that the CMT injection was less than the mass discharged by the ADS (data plot 25). This

net loss in primary system mass resulted in a decrease in the collapsed liquid level measurement in

the rod bundle region and a significant increase in the steam fraction of the flow through the rod

bundle and upper plenum. The liquid level measured in the upper plenum indicated the presence 1

of two-phase mixture throughout the rod bundle region (data plots 30 and 31).

The system responded to ADS-4 by rapidly decreasing the system pressure to near ambient, and

gravity flow from the IRWST through the direct vessel injection (DVI) line began to occur (data

plot 40). The cold water from the IRWST gradually suppressed boiling in the rod bundle and

refilled the power channel and hot legs with subcooled water. The water levels in the power

channel stabilized, and the upper-upper plenum became subcooled and partially refilled. This j

steady-state condition was considered to be the end of the test.
.

At this time the system pressure was very low, and steam flow through ADS-4 ended flow through
ADS-1, -2, and -3.

The PRIIR HX stopped flowing at approximately [ J''*" seconds as the HX and supply linep

V) partially drained (data plot 37).(
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Component Responses

OPower Channel*

ne power channel consisted of five volumes: the lower plenum, the heater rod bundle, the lower-

upper plenum (below the hot leg), the upper-upper plenum (above the hot leg), and the upper

head. When the break occurred, th: system pressure decreased to the R trip point (1800 psia) and

the S trip point (1700 psia). Ilowever, since the coolant in the power channel was subcooled

relative to the saturation temperature for system pressure, no boiling or flashing occurred up to this

point. Nothing significant happened in the power channel until [ ](**#) seconds after the R
signal when the core power was reduced to [ ](**#) percent. At this time, the temperature

gradient across the rod bundle quickly decreased due to the reduced power / flow ratio (still full

flow), and the power channel outlet temperature dropped toward the lower-plenum inlet

temperature (Figure 4.2.2-2). The upper-upper plenum still contained [ ]'**#*F] liquid, and the

liquid in the upper plenum began to flash when system pressure dropped below [ ](**') psia.

When the RCPs were stopped ([ ](***) seconds after the S signal), the power / flow ratio

increased and the power channel outlet temperature increased again, resulting in boiling in the rod

bundle and flashing in the upper plenum. His produced sufficient steam to temporarily stop the

system pressure decrease. Both the primary system temperature and pressure increased

momentarily until the upper-upper plenum was empty down to the hot-leg elevation (data plots 30

and 31). The lower-upper plenum temperature reached a peak and began to decrease (responding

to the increased primary system flow caused by the increasing buoyancy head) and stabilized at

lower-upper plenum and hot-leg temperature of approximately [ ](**#*F. The pressure stabilized

at the hot-leg saturation pressure (approximately [ ]'**") psia) at the end of the IDP.

De temperature of the liquid in the lower-upper plenum controlled system pressure during the

PDP (data plot 4). Oscillations with a period of [ ]''**) seconds in the flow in the tubular
downcomer and differential pressure across the rod bundle were observed after the RCPs coasted

down and continued until approximately [ ](***) seconds into the event. These flow oscillations
led to oscillations in the apparent density of the fluid in the rod bundle, lower-upper plenum, and

hot leg (data plots 30 and 31). When the flow decreased, steam fractions increased, causing an

increase of the overall system pressure and in the lower-upper plenum temperature

(Figure 4.2.2 2). He overall system pressure oscillations were therefore out of phase with the
tubular downcomer flow oscillations.

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel
'

during the S00303 event.

The upper head began to drain when primary system pressure decreased to the saturation pressure
of the fluid in the upper head at about [ ](**') seconds. Initially, the upper-head fluid
temperature was [ J''*'*F and was therefore considerably cooler than the upper-head fluid

temperature. Flashing of the fluid in the upper head began at [ ](**#) seconds, and the upper

head drained completely when ADS-1 occurred at approximately [ l''*#) seconds (see data plot 4). l
l
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The fluid in the upper-upper plenum flashed when the RCPs were shut off and coasted down, and
r
( the measured water level dropped to the hot-leg elevation. This level remained at the hot-leg
\ elevation until the end of the accumulator injection, when the upper-upper plenum became

sufficiendy subcooled to temporarily condense the steam bubble in the top of the upper plenum

(see temperatures in data plot 4). liowever, when the accumulator injection ended, the level again

decreased to the hot-leg elevation or below. At [ ]('*'') seconds, the upper plenum was

subcooled again and filled with water injected from the IRWST.

The presence of liquid level in the lower-upper plenum indicates that the rod bundle was covered

with two-phase fluid throughout the entire event. De maximum steam fraction of fluid in the

lower-upper plenum was estimated to be [ ]''**) percent during the PDP from about [ ](** *)

seconds to [ ]''* '' seconds.

Data plot 30 shows the collapsed levels in the rod bundle oscillating after the pump coastdown

(period approximately [ ]''**) seconds). This indicates apparent steam fractions in the rod bundle

region ranging from [ ]('*') percent to [ ]''**) percent in this period. When the oscillations ended

at [ j''*'') seconds, the maximum steam fraction in the rod bundle was [44)('6'' pmL h !
accumulator injection completely suppressed boiling in the rod bundle. However, when the |
accumulation injection ended, the boiling again started and the steam fraction increased and I

reached a maximum of [ ](**') percent, just before the IRWST injection started during the post- I

ADS period. The lower-opper plenum showed an apparent higher steam fraction of

h) [ ]''^'' percent prior to ADS-4, which was due to the fact that the two-phase mixture level in the
D upper plenum temporarily dropped below the hot leg elevation.

He collapsed 1cvel measured just above the top of the heated portion of the rod bundle (TAF, data

plot 31) gives steam fractions that correlate well with those measured for the rod bundle during
this test.

Pressurizer*

he pressurizer began to drain when the break occurred and was completely drained in
approximately [ ]('A'' seconds (data plot 32). De water in the pressurizer flashed due to the

loss of system pressure, and the temperature of the water dropped from [ ](***' F during this

initial depressurization (data plot 18). The hot water leaving the pressurizer surge line into hot

leg-A caused a slight increase in the hot-leg temperature during this period, since it mixed with the

flow from the power channel / upper plenum. The pressurizer stayed drained until after ADS-1

occurred, at which time it panially refilled and discharged steam and water via the ADS-1, -2 and

-3. The pressurizer level temporarily decreased at about [ ]('A'' seconds when the upper-upper

plenum partially refilled. The level slowly decreased as the steam fraction of fluid from the power

channel increased prior to ADS-4. This continued until ADS-4, when the pressurizer again

drained and its water level reached manometric agreement with the water level pressure in the
/'T primary system.;O
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Steam Generator*

Be steam generators acted as the heat sink until the MSLIV closed and prevented further energy

removal from the secondary side. His caused the temperature of the secondary side to increase

toward the primary system hot-leg temperature, which at the same time was dropping due to the

reduced power / flow ratio. When the RCPs coasted down, a temporary temperature increase

occmred due to the increased power / flow ratio with natural circulation flow in the primary system

(Figure 4.2.2-2). The steam generator temperatures stabilized at approximately [ ](**'''F at the
end of the IDP.

For the first part of the PDP, the pressure on the primary side of the steam generator U-tubes was

higher than the secondary side (data plot 2). This indicated that some heat transfer from the

primary to secondary side was occurring and caused some condensation of the steam in the two-

phase fluid coming from the hot leg. The primary system pressure did not drop below the

secondary side pressure until approximately [ J''**) seconds into the test, at which time the U-

tubes were nearly drained.

At the end of the pump coastdown, flow oscillations began to occur in the tubular downcomer and

through the power channel. This caused significant oscillations in the collapsed liquid levels in the

power channel and, consequently, in the density of the two-phase mixture flowing from the power

channel into the hot leg and to the steam generators (data plots 20 and 21). Since the driving

force for the natural circulation flow was the density difference between the single-phase fluid in

the cold legs and downcomer entering the power channel and the two-phase mixture in the tube

bundle, upper plenum, and the hot legs, the flow oscillations were sustained as long as there was

flow through the steam generators (primary system natural circulation).

He level in the hot leg side of the steam generator U-tubes gradually decreased to about [ ](**')
of the tube height at [ ]('**) seconds and they drained completely when ADS-1 was actuated.

The level in the cold leg side of the steam generator U-tubes exhibited significant level oscillations

from about [ ]''*#) seconds until they drained completely at about [ ]''*#) seconds (data plots

22 and 23).

Hot Legs-

liot legs-A and -B contained two-phase mixture when ADS-1 was actuated (data plots 20 and 21).

After ADS-1, the collapsed level began to decrease. De hot legs were nearly drained by ADS-4
([ ]''*') seconds) and partially refilled later after IRWST injection began. We principal
difference between hot legs-A and -B was the influence of the PRHR HX on the steam fraction of

the fluid in the hot legs. De mixture discharged from the upper plenum into the hot legs had the

same steam fraction as in the upper plenum fluid. However, the PRHR HX preferentially removed

steam from hot leg-A (as seen in the very high steam fraction in the PRHR inlet fluid), thereby

reducing the steam fraction of the mixture in het leg-A to less than the steam fraction in hot leg-B.

maarmm25*-1. onso40295 4.2.2-10
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De hot leg steam fraction affected the end of natural circulation flow through the steam |
generators,' resulting in earlier U-tube ' draining in steam generator-B than in steam generator-A.~

'

.

~

;

' Cold Legse

!

'Cold legs-Al and -A2 remained full until [ ' ](**#3 seconds into the test (data plots 22 through 1

27). Den flashing occurred and the measured water level started to decrease. When ADS-1'
,

occurred, the level decreased further t'ntil even the horizontal pipes were drained at about |
'

[ ]''*#) seconds. Flashing continued throughout this period. When ADS-4 occurred, the liquid |.

level decreased into the annular downcomer and dropped below the top of the tubular downcomer ' j
(data plot 24).' When IRWST injection began at [ ](**#) seconds into the event, the annular !

downcomer level was restored and cold legs-Al and -A2 were partially refilled after i

[ ](**#5 seconds. ;

i- -|
t

Cold legs-B1 and -B2 remained full until [ )(**#) seconds into the event. At this time both cold
'

legs-B1 and -B2 drained, and CMT draindown started. Cold leg-B2 (where the simulated break ;

_ was located) drained prior to cold leg-B1, as shown by CMT-B switching to draindown mode

before CMT-A. Cold legs-B1 and -B2 were refilled rapidly after [ ]"*#1 seconds into the
event, and a small amount of liquid flow started through the break. At this time, CMT balance

~|
lines were partially filled. i

!

* PRHR and IRWST

At the initiation of the event, the PRHR HX was filled with subcooled liquid. When the S signal j
occurred, the PRHR HX return line isolation valve opened and flow at a high flow rate started 1

through the HX because the RCP was still operating. When the RCPs were shut off and the |
power channel upper plenum and the hot legs filled with two-phase mixture, a large portion of the j

steam in hot leg-A flowed to the PRHR HX (the steam fraction was [ -]''*#) percent based |
on data plot 29) in the form of intermittent slugs of steam and water. De two-phase mixture was
condensed and subcooled in the PRHR HX (data plot 28). During the PDP (prior to ADS-1),

significant variations in the flow rate through the PRHR were caused by the variation in the

average steam fraction in hot leg-A. After the flow oscillations in the primary system ended,
condensation occurring in the PRHR HX caused the rapid and wide variations in dP measurements !

shown in data plots 28,29, and 37.

i

After the ADS was initiated, the power channel and the hot leg were refilled with subcooled liquid |
by the accumulator and CMT injection flow and the driving head for the flow in the PRHR HX

decreased. He flow decreased and stopped, and it actually had a short period of reverse flow at ;

the end of the accumulator discharge. De subcooled fluid in the hot leg never filled the PRHR

supply line, and hot fluid in this line flashed as the system pressure decreased. He simultaneous
flashing in the supply line and steam condensation in the HX resulted in wide variations in the f
measured flow in the PRHR return line.

j
|

\
m:wp60(Al625w-1.non:1b-040295 4.2.2-11

|

- . -, . .
=,



|

|

After the accumulator injection ended, the fluid in the rod bundle again reached saturation

temperature, and a two-phase mixture again occurred in the hot legs. Flow restarted in the

PRHR HX, and the flow rate varied in response to the steam fraction existing in the hot leg.

When ADS-4 depressurized the primary system and the IRWST flow again subcooled the power

channel and the hot leg, the flow in the PRIIR HX stopped for the remainder of the test. De

heatup of the water within the IRWST due to PRHR HX operation is shown in data plot 17.

Following ADS-4, the primary system pressure decreased to near muinent flow due to the water

elevation head in the IRWST began to inject water into the annular downcomer via the DVI lines

(data plots 32 and 40).

Core Makeup Tanks (CMTs).

he CMT injection was initiated two seconds after the S signal by opening the CMT injection line
isolation valves. Initially, the flow from the CMT occurred by natural circulation; hot water from
the B loop cold legs flowed through the CLBLs to the top of the CMTs; and cold water from the

CMTs drained into the downcomer and into the power channel.

When cold legs-B1 and -D2 voided, steam flowed through the CLBLs to the top of the CMTs.

His resulted in a free-water surface in the CMTs ending CMT recirculation. This increased the

driving head and increased the CMT injection flow rate. For this cold-leg break simulation, the

break was kicated in cold leg-B2, and resulted in cold leg-B2 draining before cold leg-Bl. Since

the CMT-B balance line was connected to cold leg-B2, the transition to draindown injection flow
occurred earlier for CMT-B than for CMT-A (data plot 38).

He CMTs were heated first by the hot liquid from the cold legs that replaced the cold water being
injected from the bottom of the CMTs. A stratified temperature gradient was established in the

CMTs (data plots 15 and 16). Later, steam from the cold legs condensed on the free-water and

metal surfaces in the upper part of the CMTs, raising the free-water surface temperature to near
saturation temperature.

The recirculation injection for the CMTs started at approximately 0.13 lbm/sec. and was steady

until the CMTs transitioned to draindown injection. He draindown injection flow rate started at

[ J'***) Ibm /sec. and gradually decreased with time. During the accumulator injection at high

flow rate, the CMT draindown rate was reduced. De CMTs injection flow ended at
approximately [ ](***) seconds, at which time there was still some water left in both CMTs

(data plot 33).

Accumulators*
j

Re accumulators provided injection by a polytropic expansion of a compressed air volume stored
,

within the accumulator. Water from the accumulators was injected when the primary system

pressure dropped below 711 psia. He accumulator injection started before ADS-1 at a very low

|

I
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flow rate. However, when ADS-1 occurred, the injection rate increased (data plot 39). He

-D ' accumulator injection for the S00303 test lasted approximately [ ](**#) seconds, and the

accumulators were completely drained when the injection ended (data plot 34). t

ne effective polytropic coefficient of expansion was calculated to be [ ](**#) for accumulator-A

and [ ](**#) for accumulator-B (Figures 4.2.2-3 and 4.2.2-4). This is near the [ ]''*#1

between isothermal expansion (n=1) and adiabatic expansion (n=1.4) and shows that some heat is

picked up by the air from the internal metal surfaces of the accumulator during the expansion. ;

,

Mass Discharge and Mass Halance :

The catch tank weight measurements are shown in data plot 43 for the break flow; for the ADS-1,

-2, and -3 flows; and for ADS-4 ilow. The break flow as shown in plot 44, which started when

the event was initiated, decreased as the system pressure dropped during the IDP and the PDP.

When the ADS phase occurred, the cold leg drained and the break flow transitioned to primarily

steam until the IRWST injection refilled the cold legs after ADS-4.

i

The discharge from ADS-1, -2, and -3 was stable throughout the accumulator injection and

increased temporarily when accumulator injection ended. When ADS-4 occurred, the discharge of -

fluid from the top of the pressurizer ended, and fluid discharge from ADS-4 began. The ADS-4

fluid discharge flow rate was relatively stable but decreased temporarily when the upper-upper

plenum refilled. ADS-4 flow continued until the test was terminated. The discharged masses are ;

shown in Table 4.2.2-3. ,

The mass balance results for test S00303 were calculated based on the water inventory before and 6

after the event. Table 4.2.2-2 gives a detailed listing of the inventories of water in the various {
components before the test. Table 4.2.2-3 lists the inventories after the test and the amount of

water injected into the power channel from the IRWST. The water level in the vessel was
.

determined by the DP-B16P measurement to be [ l''*#)in. above the hot-leg centerline at the [
end of the test. Table 4.2.2-4 compares the mass balance before and after the test and shows ;

excellent agreement (within I percent) between the measurements.

!

|

|

I
,

|

\
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TABLE 4.2.21

SEQUENCE OF EVENTS FOR TEST S00303

Event Specified Instrument Channel Actual Time (sec.)

Break Opens 0 - - ou

R Signal P = 1800 psia P-027P

MSLIV R signal + 2 sec. Z_A(MSO, F_A(MS

Z_B04SO, F_B04S

S Signal P = 1700 psia P-027P

MFW IV Closure S signal + 2 sec. Z_B02SO, F_BOIS

Z_A02SO,F_A0lS

CMT IV Opening S signal + 2 sec. Z_A(MOEC, F-A40E

Z_B(M0EC, F-B40E

RCPs Tripped S signal + 16.2 sec. I-AIP,S-AIP

1-BIP,S-BIP

PRHR HX Actuation S signal + 2 sec. Z A81EC, F_A80E

ADS-1 CMT level 67% L_B40E

+30 sec. Z_00lPC

Accumulators P-027P = 710 psia F_A20E

F_B20E

ADS-2 CMT level 67% L_B40E

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS-4 CMT level 20% L_B40E

+60 sec. Z_'9 'C, F-(MOP

IRWST Injection P-027P = 26 psia F_A60E

F_B60E _ _

O
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,e TABLE 4.2.2-2

WATER INVENTORY BEFORE TEST S00303 I
i

Volume Net Vol
Component (ft.8)/(I) (ft.')/(I) Temp ('F) Relative Density Mass (lhm)

~ ~

Loops 8.97 8.91
~ ~ ' ' * ' ' ~~ ' ' * ' '

(254.0) (254.0)

Pressurizer 3.37 1.90

(95.4) (54)

Surge Line 0.34 0.34

(9.6) (9.6)

Tubular Downcomer 1.38 1.38

(39.1) (39.1)

Annular Downcomer 0.54 0.54

+ High-Pressure (15.3) (15.3)
Bypass

;

Core Bypass 0.44 0.44

(12.4) (12.4)

Lower Plenum 0.81 0.81

(22.8) (22.8)

Riser 1.M 1.M

(46.4) (46.4)
<

Upper Plenum 1.46 1.46

(41.3) (41.3)

Upper Head 1.90 1.90

(53.8) (53.8)

CMTs 10.1 10.1

(286) (286)

Accumulator 10.1 7.M
(286) (216.2)

iq
IRWST Injection 0.18 0.18

Luie (5.1) (5.1)
'- - - - --

TOTAL INVENTORY [ ] ''*''

IwJ

mAartuM625=.I.non:n 040295 4.2.2-15



l

|

TABLE 4.2.2-3 .

WATER INVENTORY AFTER TEST S00303 WAS COMPLETED
Water level as measured by DP-Ill6P (-0.55 psi) is 15.48 in. (387 mm) above flot Leg

'

Volume Net Vol Relative M ass

Component (ft.')/(I) (ft.8)/(l) Temp ('F) Density (thm)

Loops 8.97 0.0
- -

('A')

(254.0) (0.0)

Pressurizer 3.37 0.0

(95.4) (0.0)

Surge Line 0.34 0.0

(9.6) (0.0)

Tubular Downcomer 1.38 1.38

(39.1) (39.1)

Annular Downcomer + 0.54 0.45

High-Pressure Bypass (15.3) (12.7)

Core Bypass 0.44 0.44

(12.4) (12.4)

Lower Plenum 0.81 0.81

(22.8) (22.8)

Riser iI>$ 1.64

(46.4) (46.4)

Upper Plenum 1.46 1.26

(41.3) (35.6)

Upper Head 1.90 0.0

(53.8) (0.0)

CMTs 10.1 0.65

(286) (18 3)

Accumulator 10.1 0.0

(286) (0.0)

IRWST Injection Line 0.18 0.18

(5.1) (5.1)
- --

TOTAL INVENTORY [ ] (**4

Water injected from One IRWST During Test

DP Area M ass

IRWST Injection (psi) (in.2) (thm)

[ ji.ro 1007.5 [ l''*"
l

O
I

1
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/ TABLE 4.2.2-4 ;(q .j MASS BALANCE FOR TEST S00303 |
.

Starting Inventory Ending Inventory

(lhm) (thm) '

Total Prunary System
- -

(o 5) !

IRWST Injection i

;

Break ,

!
ADS-1, -2, -3

'

ADS-4

TOTAL _ _

Ending Inventory / Starting Inventory (Ibm) [ ]
(3 *)

,

'

Ending Inventory / Starting Inventory (%) 1003

,

!

[
(

t

!

!

i

,

t

!

f
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TEST S00303 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT

COMPONENT CIIANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30FLW lbm/sec. 44 Flow rate derived from IF030P

ADS 1, 2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40FLW lbm/sec. 44 Flow rate derived from IF(MOP

ADS 4 & SG IF(40P lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2

ANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2

BREAK LINE IF05FLW lbm/sec. 44 Flow rate derived from 1F005P

BREAK LINE IF005P lbm 43 Catch tank )
CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction )
CLA T-A10P *F 11 Steam generator outlet

CLAl F_A0lP lbm/sec. 36

CLAl T-A021PL *F 13 Downcomer inlet

CLAI T-AllP *F 11 Pump outlet
,

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP B00lP psi 26 To cold leg-B1

O

maap60(A1625w-1.non:Ib-040295 4.2.2-22



I
|

p TEST DATA PLOT PACKAGE i

( CHANNEL LIST BY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-BIOP *F 12 Steam generator outlet

- CLB1 F_B0lP lbm/sec. 36

CLB1 T-B021PL *F 14 Downcomer inlet

CLB1 T-BilP F 12 Pump outlet
t

CLB2 F_B02P lbm/sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.),

CMTA T-A403E *F 15 216.75 in. '

CMTA T-A405E *F 15 191.25 in.O CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T A420E *F 15 Bottom (0 in.)

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-B403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.
'

CMTB T-B409E *F 16 140.25 in.

CMTB T-B41lE *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.
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TEST DATA PLOT PACKAGE '

CilANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT l

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E *F 16 38.25 in.

CMTB T-B420E *F 16 Bottom (0 in.)

CVCS F-001 A psi 42

DVIA T-A00E *F 13

DVIB T-B00E F 14

IILA DP-A(MP psi 20

IILA T-A03PL *F 5 Vertical, near power channel

IILA T-A03PO *F 5 Horizontal, near power channel

HLA T-ACMP *F 5 Near steam generator inlet

IILB DP-B(MP psi 21

IILB T-803PL *F 6 Vertical, near power channel

HLB T-B03PO *F 6 Horizontal, near power channel

IILB T-B(MP *F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40 F_A61E for S00303

1RWST F_B60E lbm/sec. 40 F_B61E for S00303

IRWST L_060E ft 32

IRWST T-061E *F 17 Bottom

IRWST T-062E *F 17 Below middle

IRWST T-063E *F 17 Middle

IRWST T-064E *F 17 Above middle

IRWST T-065E *F 17 Top

IT W (OP kW I_

PC-HB L_000P ft 30 Heater bundle

PC-HR TWOl8P20 *F 3 Heater rod

PC-HR TW018P48 *F 3 Heater rod

PC-IIR TWOl9P82 *F 3 Heater rod

PC-IIR TWO20P24 *F 3 Heater rod

PC-IIR TWO20P87 'F 3 Heater rod

mhgWKhl62(w-l.non:ltw040295 4,2,2-24
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TEST DATA PLOT PACKAGE
- CHANNEL LIST HY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT |

PC-UH T-016P *F 4 Upper head

PC-UP L_A15P ft. 30 Lower-upper plenum

PC-UP L_A16P ft. 31 Upper-upper plenum

PC-UP T-015P *F 4 Upper plenum

PC-UII L_017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of the active fuel

PR11R DP-A81 AE psi 29 Supply line inverted U-tube

PRHR DP-A81BE psi 29 Supply line inverted U-tube

PRHR DP-A81E psi 28 Supply line

PRHR DP-A82E psi 28 Heat exchanger

PRHR DP-A83E psi 28 Return line

PRilR F_A80E lbm/sec. 37 Return line ,

'

PRHR T-A82E *F 19 Inletp
O PRHR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P *F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 Hot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41 Main feed

SGA F_A20A lbm/sec. 41 Secondary feed

SGA L_A10S ft. 35 Overall level

SGA P-A(MS psia 2 Secondary system

SGA T-A0lS *F 10 MFW-A

SGA T-A05P *F 7 Hot side

SGA T-A05S *F 9 Hot side - riser ;

SGA T-A06P *F 7 Hot side
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TEST DATA PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

SGA T-A08P F 11 Cold side

SGA TW-A06S *F 7 Hot side

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

SGB F_BOIS lbm/sec. 41 Main feed

SGB F_B20A lbm/sec. 41 Secondary feed

SGB L_ BIOS ft. 35 Overall level

SGB P-B04S psia 2 Secondary system

SGB T-BOIS *F 10 MFW-B

SGB T-B05P *F 8 Hot side |

SGB T-BOSS *F 9 Hot side - riser

SGB T-B06P *F 8 Hot side |

|SGB T-B07P *F 8 U-tube top 1

SGB T-B08P F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P *F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

TDC DP-002P psi 24,25,26,27 Bottom

TDC T-00lPL *F 13,14 Top

TDC T-003P *F 4,13,14 Bottom |

TSAT-PRZ n/a *F 18,19 Based on P-027P

TSAT-UH n/a *F 4 Based on P-017P

O
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4.2.3 Two-In. Cold Leg Break without Nonsafety Systems (S01703)-Repeat of S00303
g
I 1

V Matrix test S01703 was a repeat of test S00303 and was performed to determine the repeatability of

the SPES-2 facility response. Test S00303 was the first matrix test to be performed, and test S01703

was performed at the end of the matrix tests.

Matrix test S01703 simulated a 2-in. break in the bottom of cold leg-B2. De test began with the

initiation of the break in cold leg-B2, which was the cold leg with the CMT-B pressure balance line

connection. De break location just downstream from the cold leg to core makeup tank (CMT)-
balance line connection. This test was performed without any nonsafety systems (chemical and

volume control system [CVCS] makeup pumps, steam generator startup feedwater [SFW] pumps and

normal residual heat removal system INRHR] pumps) operating.

Results are provided in the data plot package at the end of this section. The sequence of events for

S01703 is listed in Table 4.2.3-1.

The AP600 SPES-2 test were marked by distinctly different phases. These phases were characterized

by the rate at which the primary system pressure decreased and the thermal-hydraulic phenomena

occurring within the primary and safety systems. The different phases selected for purpose of detailed

evaluation of this LOCA are shown in Figure 4.2.3-1 and are as follows: \

[D Initial depresnrization phase (IDP)-Point I to 2=

Pressure decay phase (PDP)-Point 2 to 3*

Automatic depressurization system (ADS) phase-Point 3 to 4*

Post-automatic depressurization system (post-ADS) phase-Point 4 to 5*

Overall Event Observations

Since this is a repeat of test S00303 that has already been evaluated in detail (in Section 4.2.2), only
notable differences in the system response and behavior are discussed for test S01703. Most of those

which are apparent can be explained as minor differences in initial conditions for the test and as a

difference in the amount of mass discharged from the break.

Figure 4.2.3-1 shows the primary system pressure during test S01703 (as measured at the top of the
;

pressuriier), with selected component actuations and plant responses shown in relation to the primary
'

system pressure. A detailed comparison of the system pressures for these two tests is shown in

Figures 4.2.3-2 and 4.2.3-3. In the first figure, the initial depressurization phase (IDP) and the
beginning of the pressure decay phase (PDP) are compared for the two tests. The two tests are almost

identical in terms of absolute pressure and timing of the system responses. A slightly earlier reactor

coolant pump (RCP) trip for S01703 caused a slight time shift in the pressure increase that follows the

trip and resulting decrease in flow rate through the power channel. At the start of the PDP, both the

[] overall pressure and the small pressure oscillations were essentially identical for the two.
v
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Figure 4.2.3-3 compares the end of the PDP, the ADS phase in its entirety, and the start of the post-

ADS phase. He PDPs ended at identical pressures and times in both tests. There was a slight

difference in the pressure decay following ADS-test S01703 followed a slighdy higher curve for
most of the ADS phase. Also, the pressure increase associated with the end of the accumulator

discharge (water splashed into the steam generator U-tubes and flashed, causing a system pressure
increase) occurred approximately [ ]"" seconds earlier for test S01703. For the rest of the ADS and
post-ADS phases, the pressures were identical.

Figure 4.2.3-4 compares the power channel upper plenum temperature for both tests to the end of

accumulator discharge. Here was no notable temperamre difference during the IDP and PDP. During

the ADS phase-the upper plenum in test S01703 was at a slightly higher temperature during die

accumulator discharge (which agrees with the higher system pressure observed for S01703 in

Figure 4.2.3-3). Figure 4.2.3-5 shows that in both tests, the upper plenam temperature rose to the

saturation temperature after the accumulators emptied at identical times. Since ADS-4 occurred
approximately [ ]"A'' seconds later for the S01703 test, the effect of the IRWST injection flow began
decreasing the upper plenum temperature 50 seconds later than for tst S00303.

Figure 4.2.3-6 shows the power channel lower plenum temperature was approximately 10'F cooler for
test S01703 during and after the accumulator injection. This was due to the fact that the accumulator
and IRWST initial water temperatures were [ l'****F cooler for test S01703. Bis is attributed to the
difference in ambient conditions. Figure 4.2.3-7 shows that the IRWST injection occurred later for
test S01703, but that the magnitude of the flows were similar.

Figure 4.2.3-8 shows that the annular downcomer drained earlier in the post-ADS phase for test

S00303, but that the refill was initiated at identical times. Figure 4.2.3-9 shows that the levels

dropped to nearly the same elevation in the tubular downcomer during the post-ADS phase. Test

S01703 reached a minimum level of [ ]"A*) ft. at [ ]"*'' seconds, and test S00303 reached -6.2

ft. at 2050 seconds. In both tests, the tubular downcomer was completely refilled at identical times.

Figure 4.2.3-10 shows that the minimum collapsed levels in the rod bundle after the accumulator

injection, were essentially identical (bundle void fraction calculated to be [ ]"A') for test S00303 and
28 percent for test S01703). Similarly, the level change versus time and the minimum water levels k
the tubular downcomer were essentially identical in both tests.

Rese figures show that the two tests were similar, especially considering the complexity of this test

facility and the differences in the initial conditions. His comparison shows that the test facility and |

instrumentation had a high level of repeatability and that no noticeable change in response could be
{

attributed to changes in the test facility from the first test (S00303) to the last test (S01703).
|

Table 5.1-1 in Section 5.0 provides comparison of key parameters for the two tests.

!
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Discussion of Event Phases t

f3 i

U !
Since test S01703 is a repeat of test S00303 and is essentially identical in system response to that i,

. event, further discussion of event phases is unnecessary. - For a detailed discussion of the system ',

responses during the 2-in, wid-leg locak event, please refer to Section 4.2.2 of this report.
.

!

Component Responses f

Since test S01703 is a repeat of test S00303 and the component responses are essentially identical, |
. further discussion of these responses is unnecessary. For a detailed discussion of the component _j

responses during the 2-in. cold-leg break event, please refer to Section 4.2.2 of this report. |
3

Mass Discharge and Mass Balance 1

,

As shown in Table 5.1-1 in Section 5.0, there were differences in mass discharge between test S01703 ;

and test S00303. Part of the difference was because test S01703 extended beyond the time when test |
S00303 ended. For this reason, numbers for test S01703 comparable to the end of test S00303 are |
given (bracket) in the table. ~!

f

The catch tank weight measurements for the break flow for the ADS-1, -2, and -3 flows and for the |
ADS-4 flow are shown in data plot 43. De break flow, which started when the LOCA was initiater, [
decreased as the system pressure dropped during the IDP and the PDP. When ADS occurred, the cold

{'

legs emptied so that subsequent discharge from the break was primarily saturated steam until the ;
'

IRWST injection refilled the cold leg after ADS-4, he total measured mass discharge from the break -

was approximately 10 percent less for test S01703 than for test S00303. De discharge from ADS-1, !

-2, and -3 was stable throughout the accumulator injection and increased temporarily when the )
injection ended. When ADS-4 occurred, the fluid discharge from the top of the pressurizer ended, and |

the fluid discharge from ADS-4 began. He ADS-4 fluid discharge was relatively stable and continued

until the end of the test. For ADS-1, -2, and -3 and for ADS-4, the discharged mass for test S01703
-

was similar to test S00303.

De mass balance results for test S01703 were calculated based on the water inventory before and after

the test. Table 4.2.3-2 gives a detailed listing of the inventories of water in the various components

before the test. Table 4.2.3-3 lists the inventories after the test and the amount of water injected into

the vessel from the IRWST. The water level in the vessel was determined by the DP-B16P

measurement to be [ ]* above the hot leg centerline at the end of the test.

Table 4.2.3-4 compares the mass balance for the system before and after the test and shows good

agreement between the measurements (1.5 percent difference).

i

|
,

.
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TABLE 4.2.31
SEQUFNCE OF EVENTS FOR TEST S01703

Event Specified Instrument Channel Actual Time (Sec.)
_ _ (aAc)

Break Opens 0 Z_001BC

Reactor Trip Signal "R" P = 1800 psia P-027P

MSL IV Closure R Signal + 2s Z_A04SO, F_A(MS

Z_B(MSO, F_B(MS

SCRAM R signal + 5.7s

S Signal P = 1700 psia P-027P

CMT IV Opening S Signal + 2s Z_A040EC, F-A40E

Z_BCM0EC, F-B40E

PRHR HX Actuation S Signal + 2s Z_A81EC, F_A80E

MFWlV Closure S signal + 2S Z_B02SO,F_B0IS

Z_A02SO, F_A0lS

Reactor Coolant Pumps S signal + 16.2s DP-A00P

DP-BOOP

Accumulators P-027P = 710 psia F_A20E

F_B20E

ADS 1 CMT Level 67% L_B40E

+30s Z_00lPC

ADS 2 CMT Level 67% L_B40E

+125s Z_002PC

ADS 3 CMT Level 67% L_B40E

+245s Z_003PC

ADS 4 A/B CMT Level 20% L_B40E

+60s Z_0(MPC, F-040P

IRWST Injection P-027P = 26 psia F_A60E

F_B60E
_ _

O
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r TAHLE 4.2.3-2

( w/I WATER INVENTORY BEFORE TEST S01703
x.__

Component Volume (ft.')/(I) Net Vol (ft.')/(I) Temp (*F) Relative M ass |
Density (thm) 46*

Loops 8.97 ft.' 8.97 ft.'
(254.0 0 (254.0 0

Pressurizer 3.37 ft.' l.87 fL'
(95.4 l) (53.0 l)

Surge Line 0.34 ft.' O.34 ft.' |

(9.6 I) (9.6 0

Tubular Downcomer 1.38 ft.' l.38 ft.' ;

(39.1 D (39.1I)

Annular Downcomer + 0.54 ft.' O.54 ft.'
High-Pressure Bypass (15.3 D (15.3 0

Core Dypass 0.44 ft' O.44 ft.'
(12.4 I) (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 I) (22.8 I)

Riser 1.64 ft.' l.64 ft.'
~ (46.4 I) (46.4 I)

U Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 I) (41.3 D

Upper Head 1.90 fL' l.90 ft.'
(53.8 D (53.8 0

CMT-A 5.05 ft.' 5.05 ft.'
(143.0 0 (143.0 l) I

CMT-B 5.05 ft.' 5.05 ft.'
(143.0 I) (143.0 I)

Accumulator-A 5.05 ft.' 3.93 ft.'
(143.0 h (111.2 D

Accumulator.B 5.05 ft.' 3.90 ft.'
(143.0 I) (110.4 I)

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 D (5.1 I)

TOTAL INVENTORY
l

_

1

_ _

i

f%

1

!
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TABLE 4.2.3-3
WATER INVENTORY AITER S01703

Water lesel as measured by DP Ill6P (-0.68 psi) was 19.'2 in. (478 mm) above hot leg

Component Volume (ft.*)/(I) Net Vol(ft.')/(I) Temp Relative Mass
('F) Density (thm)

Loops 8.97 ft.' 133 ft.' = >.o

(254.0 I) (37.6 I,

Pressurizer 337 ft.' O.05 ft.'
(95.4 I) (1.4 D

Surge Line 034 ft.' 034 ft.'
(9.6 I) (9.6 I)

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1 I) (39.1 I)

Annular Downcomer + 0.54 ft.' O.54 ft.'
liigh-Pressure Bypass (153 D (15.3 I)

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 I) (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 0 (22.8 I)

Riser 1.M ft.' l.64 ft.'
(46.4 I) (46.4 l)

Upper Plenum 1.46 ft.' 134 ft.'
(41 3 I) (37.9 D

Upper licad 1.90 ft.' O.0 ft.'
(53.8 0 (0.0 l)

CMT-A 5.05 ft.' O.44 ft.'
(143.0 0 (12.6 f)

CMT-B 5.05 ft.' O.25 ft.'
(l43.0 D (7.0l)

Accumulator-A 5.05 ft.' O.0 ft.'
(l43.0 0 (0.0 l)

Accumulator.B 5.05 ft.' O.0 ft.'
(l43.0 I) (0.0 I)

IRWST injection Line 0.18 ft.' O.18 ft.'
(5.1 I) (5.1 I)

TOTAL INVENTORY
_

WATER INJECIED FROM TIIE IRWST DURING EVENT

IRWST Injection dP (psi) Area (in') Mass (lhm)

Note 1 1.15 1007.5 [ l''* "

m% gem 1625w-2.non:lt>ol0295 4.2.3-6
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r~N TABLE 4.2.3-4
j MASS HALANCE FOR TEST S01703

PRIMARY SYSTEM

Starting Inventory Ending
(thm) Inventory

''**)
_ (lhm_)

Total Primary System

IRWST Injection During Transient

Break Catch Tank

ADS-1,-2,-3 Catch Tank

ADS-8/ Steam Generator Catch Tank

TOTAL

Ending Inventory / Starting Inventory (Itxn)

Ending Inventory / Starting Inventory (W) _

! 4

'd

3
)

,%d
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TEST S01703 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT

COMPONENT CIIANNEL UNITS PLOT COMMENT |
|

ACCA F_A20E lbm/sec. 39 j
ACCA L_A20E ft. 34 |

ACCB F_B20E lbm/sec. 39 I

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30ftw Ibm /sec. 44 Flow rate derived from IF030P

ADS 1,2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40ftw Ibm /sec. 44 Flow rate derived from IF040P ;

!
ADS 4 & SG IFG10P lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al i

IANNDC DP-A022P psi 25 To cold leg-A2 1

ANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2
iBREAK LINE IF05ftw lbm/sec. 44 Flow rate derived from IF005P |

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction

CLA T-A10P *F 11 Steam generator outlet

CLAl F-A0l P lbm/sec. 36

CLAl T-A021PL *F 13 Downcomer inlet

CLAI T-AllP *F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B00lP psi 26 To cold leg-B1

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B10P *F 12 Steam generator outlet

CLB1 F_B01P lbm/sec. 36

CLB1 T-B02]PL *F 14 Downcomer inlet

CLB) T-BilP F 12 Pump outlet

maapMXA1625w-2.non:1b-040295 4.2.3-18
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TEST S01703 PLOT PACKAGE--

CHANNEL LIST BY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

CLB2 F-B02P lbm/sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in. |

CMTA T-A409E 'F 15 140.25 in.

CMTA T-A41IE *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.
|

/] CMTA T.A420E *F 15 Bottom (0 in.) |kJ
CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-B403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.
|

| CMTB T-B407E *F 16 165.75 in.
1

|
CMTB T-B409E *F 16 140.25 m.

CMTB T-B41IE *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E *F 16 38.25 in.

CMTB T-B420E *F 16 Bottom (0 in.)

CVCS F-001 A psi 42

DVIA T-A00E *F 13

% DVIB T-B00E *F 14

% HLA DP-A(MP psi 20

mvp6m1625.-2.non:1b-040295 4.2.3-19
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TEST S01703 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

IILA T-A03PL "F 5 Vertical, near power channel

HLA T.A03PO "F 5 Horizontal, near power channel

HLA T-A NP 'F 5 Near steam generator inlet

HLB DP-BNP psi 21

HLB T B03PL 'F 6 Vertical, near power channel

HLB T-B03PO 'F 6 Horizontal, near power channel

HLB T-BNP 'F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40

IRWST F_B60E lbm/sec. 40

IRWST L 060E ft. 32

IRWST T_061E 'F 17 Bottom Tank

1RWST T_062E "F 17 Bottom Tube
IRWST T_062EA 'F 17 Bottom Tube

IRWST T_063E *F 17 Middle Tube
IRWST T_063EA 'F 17 Middle Tube

IRWST T_0ME *F 17 Top Tube
IRWST T_0ME(-3) 'F 17 Top Tube (average of 3)

IRWST T-%5E( 4) *F 17 Top Tank (average of 4)

NRHRA F-A00E psi 42

NRHRB F-B00E psi 42

PC W 00P kW l_

PC-HB L_000P ft. 30 Heater bundle

PC-HR TW018P20 F 3 Heater rod

PC-HR TW018P48 F 3 Heater rod

PC-HR TWO20P87 *F 3 Heater rod

PC-UH T-016P *F 4 Upper head

PC-UP L_A15P ft. 30 Bottom of upper plenum

PC-UP L_A16P ft. 31 Top of upper plenum

PC-UP T-015P 'F 4 Upper plenum

PC_UH L_017P ft. 31 Upper head

PC_UP L_A14P ft. 31 Above top of the active fuel
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r- TEST S01703 PLOT PACKAGE

(]y CHANNEL LIST BY COMPONENT (Cont.)

COMPONENT CilANNEL UNITS PLOT COMMENT

PRHR DP-A81 AE psi 29 Supply line invened U-tube

PRHR DP-A81BE psi 29 Supply line inverted U-tube

PRHR DP-A81E psi 28 Supply line

PRHR DP-A82E psi 28 Heat exchanger

PRHR DP-A83E psi 28 Retum hne

PRHR F_A80E lbnVsec. 37 Retum line

iPRHR T.A82E *F 19 Inlet
. \

PRHR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P *F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 Hot side

(v) SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_.A0lS lbm/sec. 41 Main SLA feed

SU ', F_A20A lbm/sec. 41 Secondary SLA feed

SGA L_A10S ft. 35 Overall level

SGA P-ANS psia 2 Secondary system

SGA T-A0lS *F 10 MFW-A

SGA T-A05P *F 7 Hot side

SGA T-A05$ *F 9 j Hot side - riser

SGA T-A06P *F 7 Hot side

SGA T-A08P 'F 11 Cold side

SGA TW-A06S *F 7 Hot side

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

'd SGB F_BOIS lbm/sec. 41 Main SLB feed
'

mwan1625w-2.noo:lt>-040295 4.2.3-21



TEST S01703 PLOT PACKAGE
CHANNEL LIST BY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

SGB F_B20A lbm/sec. 41 Secondary SLB feed

SGB L_ BIOS ft. 35 Overall level

SGB P-BNS psia 2 Secondary system

SGB T-B0IS *F 10 MFW-B

SGB T-B05P 'F 8 Hot side

SGB T-BOSS 'F 9 Hot side - riser

SGB T-806P "F 8 Hot side

SGB T-B07P "F 8 U-tube top

SGB T-B08P *F 12 Cold side

SGB TW-B06S 'F 8 Hot side

SL T-020P "F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

TDC DP-002P psi 24,25,26,27 Bottom

TDC T-00lPL *F 13,14 Top

TDC T-003P *F 13,14 Bottom

TSAT-PRZ 'F 18 Based on P-027P

Ull TSAT *F 4 Based on P-017P

|
.

O
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4.2A Two-In. Cold Leg fireak with Nonsafety Systems (S00504),

I \

LJ
This matrix test simulated a 2-in. break in the bottom of cold leg-B2. He test began with the

initiation of the break in cold leg-B2, which is the cold leg with the CMT-B pressure balance line

connection. De break location was just downstream from the cold leg to the core makeup tank
(CMT) balance line connection. His test was performed with nonsafety systems, chemical and

volume control system (CVCS) makeup pumps, steam generator startup feedwater (SFW) pumps, and

normal residual heat removal system (NRHR) pumps operating.

Results are provided in the data plot package at the end of this section. He sequence of events for
S005G4 is listed in Table 4.2.4-1.

He following phases were selected for detailed evaluation of this LOCA and are shown in
Figure 4.2.4-1:

Initial depressurization phase (IDP)-Point 1 to 2.

Pressure decay phase (PDP)-Point 2 to 3.

Automatic depressurization system (ADS) phase-Point 3 to 4.

Overall Test Observations

(3
Q Figure 4.2.4-1 shows facility primary system pressure during test S00504 (as measured at the top of

the pressurizer) with selected component actuations and plant responses shawn in relation to primary
system pressure.

De IDP began with the initiation of the break, which resulted ir. a rapia reduction in pressure. The

reactor trip (R) signal initiated at 1800 psia, and the safety systems actuation (S) signal initiated at !

1700 psia. De R and the S signals initiated the following actions:

Decay power simulation (with heat loss compensation). l
.

Main steamline isolation valves (MSLIVs) closed. !e

Main feedwater isolation valve (MFWIV) closed..

CMT injection line isolation valves opened. l
.

Passive residual heat removal (PRHR) return line isolation valve opened..

Reactor coolant pumps (RCPs) turned off..

Recirculation flow through the CMTs and PRHR IIX flow began immediately after their isolation

valves opened. Flashing occurred in the rod bundle and upper-upper plenum regions of the power

channel due to the rapid decrease in primary pressure to the fluid saturation pressure. De measured

fluid level dropped to the hot-leg elevation. This flashing on the hot-leg side of the primary system

p stopped the rapid drop in primary system pressure. When the RCPs were shut off (at [ ](***

( seconds), the flow through the rod bundle began to oscillate (with an approximately [ ]''*4 second
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period). This was observed as oscillations in the rod bundle and upper-plenum collapsed liquid level,

upper-plenum fluid temperature, and system pressure.
]

!

During the initial stages of the PDP, the rod bundle steam fraction increased, as evidenced by |

decreasing water levels in the lower-upper plenum and the hot legs. Hot leg-B had a steam fraction

very close to that observed at the outlet of the rod bundle. De steam fraction in hot leg-A was much ;

lower due to the selective removal of steam from the hot leg into the PRHR HX inlet line.
'

)

Two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam from the

two-phase mixture collected in the top of the U-tubes. This stopped the primary system flow through

the steam generators so that the power channel flow was composed predominantly of the flow through

the PRHR HX. The level oscillations in the rod bundle and in the upper plenum stopped when the
flow through the steam generators stopped. He steam generator U-tubes began to drain at I

approximately [ ](**') seconds after break initiation.

The two-phase flow through the rod bundle (data plots 30 and 31) entered the hot leg from the lower- |
upper plenum and flowed through the PRHR heat exchanger (HX). He two-phase flow through the |
PRHR HX, consisting of alternating slugs of steam and water, had an average integrated steam fraction

significantly greater than the mixture in the upper plenum. The average steam fraction at the PRHR l

HX inlet was as high as [ ]''*** percent, which enhanced the PRHR HX heat removal from the I
primary system, as compared to its heat removal capability with single-phase saturated or subcooled |
water. When the primary system flow stabilized after the initial flow oscillations, a PRHR HX heat i
removal rate of 142 kW was calculated. This calculation was based on the average steam fraction at |
the PRHR HX inlet (as calculated from the dP instmment readings in data plot 29), the average return

flow rate, the inlet and outlet temperatures, and the pressure. His calculation assumes a slip

coefficient of 1 between steam and water and may therefore give slightly lower values than the actual

heat transfer, it should be used only for test-to-test comparison.

When the loop-B cold legs had partially emptied, the CMTs transitioneo from the recirculation mode

to draindown mode of operation. His increased their injection flow rate and the rate of system
pressure decay. This occurred at approximately [ l''**' seconds for CMT-B and [ ]''**) seconds j

for CMT-A. When system pressure dropped to the saturation pressure for the upper head fluid, the
upper head began to drain (at 400 seconds). |

During the first [ ]''*'' seconds of this LOCA (until ADS-1), [ ](***) Ibm of water were expelled |

through the break. His drained the pressurizer, the steam generator U-tubes, the power channel

upper-upper head, most of the cold legs, and approximately [ ]''*') percent of the CMTs. De heater
rod power had decreased to approximately 240 kW. His rod bundle power consisted of 90 kW of

decay power and 150 kW for facility heat loss compensation. The break flow was decreasing,
indicating that cold leg-B2 was almost empty.

O
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he ADS phase began with the actuation of ADS-1 at [ ]"A" seconds. ADS-2 and -3 occurred,

within the next [ ]"A" seconds. The heat loss compensation was terminated when ADS-1 occurred

and the rod bundle power was reduced to approximately 90 kW.

The ADS actuation increased the rate of primary system depressurization and resulted in high injection

flow rate from the accumulators. The rapid injection of cold fluid from the accumulators ([

]"**) seconds) refilled the rod bundle region, upper-upper plenum, hot legs, and the pressurizer

with subcooled water. When the accumulator discharge ended, the flow through the rod bundle

decreased but included the injection flow from the CMTs, the PRHR HX return flow, and pumped

flow from the CVCS and NRHR. Significant boiling was not detected in the rod bundle for the rest of

the test. The water temperature in the upper-upper plenum did reach saturation temperature and its

water level again decreased to the hot-leg elevation. When the NRHR flow subcooled the rod bundle

and lower-upper plenum, the steam in the upper-upper plenum was condensed and it refilled again.

The mass flow rate through the break decreased after ADS actuation as primary pressure decreased

and cold leg-B2 emptied. Break flow then increased at [ ]"*" seconds when injection flow
supr, lied by the CVCS and NRHR refilled the loop-B cold legs. The PRHR HX flow stopped at

approximately 1700 seconds. During the ADS phase, approximately 2070 lbm of subcooled water

were discharged from ADS-1, -2, and -3. This water was supplied primarily by the accumulator

discharge and the continuing CVCS and NRHR flow since the CMT draindown stopped at
approximately [ ]"A" seconds.

Q Subcooled water was then flowing steadily from the CVCS and NRHR into the downcomer and left

the primary system through ADS-1, -2, -3 and the break. Because the CMTs never drained below

50 percent level, no ADS-4 actuation occurred in S00504.

This test demonstrated that the rod bundle was fully covered by two-phase mixture until ADS-1

actuation and by single phase liquid during the rest of the test (data plots 30 and 31). 'Ihere was no

indication of an increase in heater rod temperatures due to lack of cooling (data plot 3). The operation

of the CVCS and NRHR comphmented the capability of the passive safety systems and terminated

draindown of the CMTs preventing ADS-4 actuation.

Key parameters comparing the S00504 test with other tests are listed in Table 5-1 in Section 5.0.

Discussion of Test Transient Phases

Initial Depressurization Phase (0 to 170 Seconds).

The initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

continued until primary system pressure reached saturation pressure of the fluid the lower-upper

plenum and the hot legs (Figure 4.2.4-1). This phase included the following events: R signal at

1800 psia (decay power simulation initiated and the MSLIV closed), and S signal at 1700 psia (the
)(J MFWlV closed, the CMT injection line isolation valves opened, and the PRHR heat exchanger
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return line isolation valve opened-all with a 2-second delay; and RCP coastdown started after a

16.2-second delay). See Table 4.2.4-1.

Facility Response During the IDP:

A comparison of the timing of the responses in test S0050% to the base case LOCA test S00303

shows that the R and the S signals occurred I second later and the RCP trip occurred 2 seconds

later in S00504. From time 0 until the R signal, the primary system pressure decreased due to the

expansion of the pressurizer steam volume cased by fluid loss through the break. The pressurizer

partially compensated for the loss of pressure by tiashlag; however, it was drained at [ ](**"
seconds (data plot 32). De R (at 57 seconds) and the S (at 67 seconds) signals were based on

pressurizer pressure only. When the R signal occurred, the MSLIV was closed, and the power was

reduced to 20 percent of full power after a 5.75-second delay and began to simulate decay power

after a 14.5-second delay (Table 4.2.4-1).

As a result of the reduction in the power to flow ratio, the rod bundle AT decreased and the

upper-plenum temperature dropped toward the cold-leg temperature of ([ ]''*"). System

pressure was controlled at the hot-leg / upper-plenum fluid saturation pressure and decreased to

[ J''A" psia at approximately [ ](**" seconds (Figure 4.2.4-2). When the RCPs were shut off

(at [ J''*" seconds), the rod bundle and the upper-plenum fluid temperatures increased due to the

increased rod bundle power / flow ratio. System pressure increased temporarily until the decreasing

decay power and the decreasing lower-plenum temperature (due to CMT injecting cold fluid into

the downcomer) started reducing the upper-plenum temperature. He primary system pressure

decrease resulted fror, the balance between the steam generation rate (from flashing primary fluid),

the volumetric flow of liquid out of the break, and the steam condensation rate of the PRHR HX.

Steam was continually being generated by boiling due to the heater power. As system pressure

continued to decrease, more fluid reached its saturation pressure and began to flash. The PRHR

HX flow began before the RCPs were shut off and continued by natural circulation after they were

turned off (data plot 37). Primary system pressure stabilized at the saturation pressure for the bulk
hot fluid in the system (approximately [ ](**"). This ended the IDP.

Pressure Decay Phase (170 to 956 Seconds)*

De pressure decay phase (PDP) began when system pressure (Figure 4.2.4-1) reached saturation

pressure for the bulk hot fluid in the system. He phase ended when ADS-1 was opened on low

CMT level and augmented the system depressurization. This phase was characterized by a slow

decrease in overall system pressure and temperature. De rod bundle power was reduced from I

340 kW to 240 kW (data plot 1) during this phase. De PRHR HX provided heat removal at a

rate of approximately 142 kW, and the recirculating CMTs provided an approximately 100-kW
effective heat removal rate from the primary system.

De initial CMT natural circulation operating mode was followed by draindown injection when the

B-loop cold legs drained (data plot 38). De U-tubes of the steam generators were completely
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drained at this time (data plots 20 through 23) and did not affect the rest of the test. Th: !c

t accumulator injection was initiated when the primary system pressure dropped below [ ]"*') ;

psia prior to ADS-1 actuation. However, the injection rate was low (less than [ ]"**) Ibm /sec.) j

due to the small difference between the primary system and accumulator pressures (data plot 39).

Facility Response During the PDP:

Ec system response during the PDP was almost identical to that of test S00303, with die

exception that ADS-1 occurred [ ](**') seconds later in this test S00504.

The oscilladng flow that was observed in the tubular downcomer and in the rod bundle following

the RCP coastdown continued into the PDP. De flow oscillations resulted in large oscillations of

the steam fraction of the two-phase mixture exiting the rod bundle and flowing into the hot legs

(data plots 30 and 31). Rese oscillations in steam fraction had a significant effect on the thermal

buoyancy head that drove the flow through the primary system at this time. The fluid steam

fraction oscillations were observed through the hot leg and the steam generators (data plots 20 and

21). However, the two-phase mixture entering the steam generators left the steam generators as

saturated water (data plots 24 through 27). Some of the steam was condensed in the U-tubes (the

primary-side pressure was higher than the secondary-side pressure at this time, allowing some heat

to be transferred to the secondary-side fluid). He remaining steam was separated from the two-

phase mixture in the high point of the U-tubes due to the low velocity, which eventually caused

the U-tubes to begin to drain. For steam generator-A, primary system flow continued until 210

seconds into the transient, then intermittent flow was observed through steam generator-A (plots 20

and 22). His was caused by the oscillations in the steam fraction where the buoyancy head in the

hot leg was high enough to spill over the top of the U-tubes at the peaks of the oscillating

buoyancy head. At approximately [ ]"*#) seconds ([ ]"*') seconds), all flow through
the steam generators ended since the free-water surface in the U-tubes had fallen too low to be

overcome by the buoyancy head oscillations. Dese oscillations were seen in temperatures and

pressures throughout the primary system. When the cold-leg side of the steam generator U-tubes

were completely drained (about [ ]"*') seconds), these oscillations stopped.

The primary system pressure decrease during the PDP began at a slow rate of [ ]"*#) psi /sec.

At approximately [ ]"*'' seconds into the event, the primary system pressure decay rate

increased to [ ]"*#' psi /sec. His happened when the Ch1Ts transitioned from their

recirculation mode of operation to their draindown mode. His transition occurred when the B-

loop cold legs partially drained and the CMT balance lines drained. His resulted ir a higher

ChtT injection rate (Figure 4.2.4-1). The increased rate of pressure decay in the primary system
was due to the increased injection rate of the cold liquid from the CMTs (occurred at different

times for the two CMTs).

he CMTs began injecting cold fluid into the annular downcomer [ ]"*') seconds after the Sg
signal occurred. Initially, this injection was by natural circulation at approximately 0.12 lbm/sec. j
through each CMT, with hot fluid flowing from the cold leg through the cold-leg balance line

|
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(CLBL)into the top of the CMT, and cold fluid flowing from the bottom of CMT. Between [
](**'' seconds (data plot 38), CMT-A transitioned to draindown mode when cold leg-B2

partially drained and subsequently the cold-leg balance line (CLBL) for CMT-A drained, and a

free-water surface developed in the top of the CMT-A as the level started to drop (data plot 33).

The CMT injection flow, when draindown began, increased to approximately 0.28 lbm/sec. and

gradually decreased as the CMT level decreased (reducing the driving head). See data plot 38.

For CMT-B the transition from recirculation to draindown occmred at approximately

[ ](**'' seconds (earlier than for CMT-A), and its injection flow increased to approximately

[ ]''*'' lbm/sec. and gradually decreased.

The free-liquid surfaces in the CMTs were established by steam flowing from the cold legs to the

CMTs through the CLBLs. The steam flow from the cold legs condensed in the CMTs and

heated the free-water surface. For CMT-A, the CMT water surface was heated by the stream to

saturation temperature (data plot 15) and flashing could occur as the pressure decreased in the

system.

Both the recirculation and draindown modes of CMT operation established a stable thermal

gradient in the CMT water. The CMT water maintained a stable thermal stratification throughout

its operation.

De accumulators began to inject fluid into annular downcomer via the DVI lines when system

pressure dropped below [ ]''*') psia (at approximately [ ]('*') seconds). However, the

injection rate was very low prior to ADS-1 (data plot 39).

Throughout the PDP, the PRHR removed energy from the primary system. However, the

combined effect of the PRHR cooling the primary fluid and the cold injection flow from the

CVCS and CMTs was sufficient to limit the steam fraction of the two-phase fluid flowing through

the rod bundle and rod bundle cooling was maintained during this phase (data plots 30 and 31).

Automatic Depressurization System Phase ([ ]''*') Seconds to End Of Test).
)

De automatic depressurization system (ADS) phase began with the actuation of ADS-1 and

contin. sed until the end of the transient (Figure 4.2.4-1).
|
|

Facility Response During the ADS Phase: )

With the actuation of ADS-1, followed by ADS-2 and ADS-3 within approximately

[ ]l***) seconds, the rate of system depressurization increased from [ ]''*') psi /sec. at the end

of the PDP to [ ](**') psi /sec. at the start of the ADS phase. This rate gradually decreased as

system pressure decreased. ;

I
i
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The primary system depressurization after ADS actuation resuhed in a high rate of water injectioncs

IV) from accumulators-A and -B (data plot 39). The accumulators injected cold water into the primary

system for approximately 500 seconds (from [ ]''* 4 seconds) and were then
drained. The accumulator injection refilled and subcooled the rod bundle, lower-upper plenum,

hot-legs, and upper-upper plenum.

When the accumulator delivery was completed, the water level in the annular downcomer only

decreased to approximately [ l''A" in. below the hot-leg elevation. His level then recovered due

to the NRIIR (and CVCS) injection flow (data plot 25). De rod bundle was essentially free from

boiling after the accumulator injection (data plots 30 and 31). However, the upper-upper plenum

reached saturation temperature and its water level dropped temporarily down to the hot-leg nozzle

elevation until subcooled flow through the rod bundle was established and the upper-upper plenum ;

steam volume was condensed.

The pressurizer immediately began to refill when ADS-1 was actuated and steam and water were

vented from the pressurizer through the ADS (data plot 32). De pressurizer was completely filled

by NRilR (and CVCS) injection. This flow was directed back to the IRWST via the ADS flow
path.

Prior to the ADS phase, liquid left the primary system through the break in the cold leg. With the

g actuation of the ADS, liquid also left the system through the ADS from the top of the pressurizer.

(j Re mass flow through the cold-leg break slowed to a lower steady rate when the NRHR (and j

CVCS) flow refilled the cold legs (data plot 43) and continued to the end of the test.

Post Automatic Depressurization System Phase.

Since the NRHR flow stopped CMT draindown at approximately 50 percent level and partially

refilled the CMTs, no ADS-4 occurred in test S005M. Therefore the post-automatic

depressurization system (post-ADS) phase did not occur, and there was no IRWST injection into

the primary system.

I

Component Responses

Power Channel=

ne response in the power channel during test S005N was essentially identical to the reference

test S00303 from the break initiation until the end of the accumulator discharge at approximately

[ ]''A" seconds.

He power channel consisted of five volumes: the lower plenum, the heated rod bundle, the

g lower-upper plenum below the hot leg, the upper-upper plenum above the hot leg, and the upper j

lj head. When the break occurred, system pressure decreased to the R signal (1800 psia) and the S '

signal (1700 psia) actuation pressures. However, since the coolant in the power channel was !
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subcooled relative to system pressure, no boiling or flashing occurred up to this point. When the

rod bundle power was reduced to 20 percent 5.75 seconds after the R signal, the temperature

gradient across the rod bundle rapidly decreased due to the reduced power / flow ratio (still full

flow), and the power channel outlet temperature dropped toward the lower-plenum inlet

temperature (Figure 4.2.4-2). He upper-upper plenum still contained [ ]('*') water and began
to flash when system pressure dropped below [ ](***) psia. When the RCPs were shutoff (16.2

seconds after the S signal), the power / flow ratio increased, and the power channel outlet

temperature again increased. The boiling in the rod bundle and the flashing in the upper plenum

produced sufficient steam to dictate system pressure, and both temperature and pressure increased

momentarily until the upper-upper plenum was drained down to the hot-leg elevation (data plots

30 and 31). He fluid Wuperature in the lower-upper plenum reached a peak and then decreased,

responding to the increased primary system flow through the power channel caused by the

increasing buoyancy head. De hot-leg side of the power channel stabilized at a temperature of
approximately [ ]('* *) De pressure was stabilized at the corresponding saturation pressure
(approximately [ ]('**) psia) at the end of the IDP.

De temperature of the liquid in the lower-upper plenum controlled system pressure during the
PDP (data plot 4). Oscillations with a period of [ ](**') seconds in the tubular downcomer
flow and differential pressure across the rod bundle were observed after the RCPs coasted down.

Rese oscillations continued until approximately [ ](***) seconds inta the transient. Rese flow
oscillations led to oscillations in the rod b'.mdle steam fraction and, therefore, in the apparent

density of the fluid in the heater bundle, upper plenum, and hot leg. When the flow decreased,

steam fractions increased, causing an increase of the overall system pressure and in the lower-

upper plenum temperature (Figure 4.2.4-2). De overall system pressure oscillations therefore

were out of phase with the tubular downcomer flow oscillations. Data plots 30 and 31 show die
collapsed liquid levels at various sections of the power channel during test S00504.

He upper head began to drain when system pressure decreased to the saturation pressure for die

water in the upper head. Initially, the upper-head fluid temperature was [ 1(** *). Flashing of
the fluid in the upper head began at approximately [ ](**'' seconds, and the upper head drained
completely when ADS-1 occurred at 956 seconds.

The upper-upper plenum (above the hot-leg elevation) flashed when the RCPs were shutoff and

coasted down, and the measured water level dropped to the hot-leg elevation. This level stayed at

the hot-leg elevation until the latter part of the accumulator injection, when the lower-upper
plenum fluid became sufficiently subcooled to temporarily condense the steam bubble in the

upper-upper plenum (see temperatures in data plot 4). When accumulator injection ended, this
level again decreased temporarily to the hot-leg elevation. At [ ](***) seconds, the upper-upper
plenum was again subcooled and filled with water injected from NRHR until the test was
terminated.

Data plots 30 and 31 show the collapsed levels in the rod bundle section of the power channel
oscillated following the pump coastdown and indicate apparent steam fractions in the bundle
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ranging from 4 percent to 50 percent. The oscillations ended at a maximum rod bundle steam,,

( ) fraction of 45 percent at approximately 600 seconds. From about [

](**4 seconds, the steam fraction at the top of the rod bundle was approximately [ ](***
percent. After ADS actuation, the accumulator injection completely filled the rod bundle. The

amount of subcooling of the lower-upper plenum during the accumulator discharge was greater in

test S00504 than in S00303. When the injection ended, single-phase water flow was maintained
through the rod bundle for the rest of the test.

Pressurizer*

De pressurizer began to drain when the break occurred and was completely drained in

approximately 100 seconds (data plot 32). De water in the pressurizer flashed due to the loss of

system pressure, and the temperature of the water dropped below [ ]"*4 during this initial
depressurization (data plot 18). The hot water exiting the pressurizer surge line into hot leg-A

caused a slight increase in the hot-leg temperature during this period, since it mixed with the flow

from the power channel / upper plenum. De pressurizer stayed drained until ADS occurred. At

this time, it refilled completely and discharged water through the ADS. After accumulator

injection ended, the collapsed liquid level decreased to approximately [ ]('** ft. NRHR (and
CVCS) injection flow gradually refilled the pressurizer with water.

Steam Generator- *

The behavior of the steam generators in test S00504 was essentially identical to test S00303 from

break initiation until the steam generator U-tubes were drained.

The steam generators acted as the heat sink until the MSLIV closed and prevented funher energy

removal from the secondary side. His caused the temperature (and pressure) of the steam

generator secondary side to increase toward the primary system hot-leg temperature

| (Figure 4.2.4-2). However, through the IDP and for the first part of the PDP, the pressure on the |
| primary side of the steam generators U-tubes was higher than the secondary side (data plot 2).

This indicated that some heat transfer from the primary to secondary side was occurring and

causing some condensation of the steam in the two-phase fluid coming from the hot leg. The

primary system pressure did not drop below the steam generator secondary-side pressure until
approximately [ ]"** seconds into the test, at which time the U-tubes had mostly drained.

!
l

At the end of the RCP coastdown, flow oscillations began to occur in the tubular downcomer and i

through the power channel. This caused significant oscillations in the measured collapsed liquid
level in the rod bundle and, consequently, in the density of the two-phase flow from the rod

bundle into the hot legs and to the steam generators (data plots 20 and 21). Since the driving

force for the natural circulation flow was the density difference between the single-phase fluid in

the cold legs and downcomer entering the power channel and the two-phase mixture in the rod

( ) bundle, upper plenum and the hot legs the flow oscillations were sustained as long as there was
flow through the steam generators.

maranis2sw.2 non:1b-040295 4.2.4-9
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The level in the hot-leg side of the steam generator U-tubes gradually dropped to about 1/3 of the

tube height at approximately 500 seconds, and they drained completely when ADS-1 was actuated.

The level in the cold-leg side of the steam generator U-tubes exhibited significant level oscillations

from about 200 seconds until they drained completely at approximately [ ](***) seconds (data
plots 22 and 23).

Primary system Dow through the steam generators stopped at about the same times in this test as

in test S00303, and the hot-leg side of the U-tubes drained at ADS-1 actuation in both tests. Once

the steam generator U-tubes were drained, they remained drained for the rest of the test.

Ilot Legs*

liot legs-A and -B were full of two-phase mixture until ADS-1 was actuated (data plots 20 and

21). After ADS-1, hot leg-A partially drained and remained partially drained for the rest of the

test. Ilot leg-B drained completely when the accumulator injection ended and then partially

refilled as the NRHR injection refilled the primary system.

The principal difference between hot legs-A and -B was the influence of the PRHR HX on the

steam fraction in the hot legs. The PRHR HX preferentially removed steam from hot leg-A (as

seen in the very high steam fraction of the PRHR HX inlet fluid), thereby reducing the steam

fraction in hot leg-A to less than that in hot leg-B. The hot-leg steam fraction affected the

draindown of the steam generator U-tubes, with steam generator-B draining earlier than steam
generator-A.

Cold Legs.
1

Cold legs-Al and -A2 remained full until ADS-1 (data plots 22 through 27), when flashing

occurred and their level started to decrease. Accumulator injection refilled the cold legs into the ;

vertical pipe section at the RCP discharge. After accumulator delivery ended, the level decreased I

until the horizontal pipe sections were drained at approximately 1720 seconds and the liquid level j

decreased into the annular downcomer (approximately [ ](**#) below the hot-leg elevation

[ data plot 24]). When the NRHR (and CVCS) injection refilled the annular downcomer, cold legs-
Al and -A2 horizontal sections were refilled beginning at [ ](**#) seconds.

Cold legs-B1 and -B2 remained full tidt I ](**') seconds into the event. At this time, both cold

legs-B1 and -B2 drained and CMT gravity iijection started. Cold leg-B2 (where the simulated i

break was located) drained prior to cold leg-B1, as evidenced by CMT-B switching to draindown
mode before CMT-A1 A. Cold legs-B1 and -B2 started to refill at [ ](**#) seconds and steady
liquid How out the break was restored. After [ ]('*') seconds, the cold leg to CMT balance
lines were partially filled.

O
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PRIIR.

Re initial PRHR operation in test S005N was similar to S00303. Also, as was observed in

S00303, the PRHR HX flow decreased after the accumulation injection refiled the power channel ;

and hot leg with subcooled water. However, due to the continued subcooled flow through the i

power channel provided by NRHR (and CVCS) injection and the resulting lack of thermal
,

buoyancy or two-phase flow driving head, PRHR HX flow did not resume. ;

At the initiation of the test, the PRHR HX was filled with subcooled liquid. When the S signal

occurred, the PRHR return line isolation valve opened, and a high rate of flow started through the

PRIIR IIX due to the still operating RCPs. When the RCPs were :: hut off and the upper plenum

and the hot leg filled with two-phase fluid, a large portion of the steam in hot leg-A flowed to the

PRHR HX (void fraction is 80 to 95 percent based on data plot 29). The two-phase mixture,
consisting of alternating slugs of steam and water, was condensed and subcooled in the PRHR HX

(data plot 28). During the PDP (prior to ADS-1), a significant variation in the flow through the
PRilR was caused by the variation in the steam fraction of the fluid in hot leg-A. De
condensation process observed in the PRHR HX resulted in the rapid and wide variations in

differential pressure (dP) measurements shown in data plots 28,29, and 37.

After ADS was initiated, the power channel and the hot leg were refilled with subcoiled liquid by
the cold accumulators injection flow. De driving head for the flow in the PRHR HX decreased,

(caused by the loss of density difference between the fluid in the PRHR supply line and the return

line). The flow decreased and stopped at approximately [ f** seconds, and no flow through
the PRHR IIX occurred for the rest of the test.

He PRHR heat exchanger was submerged in the IRWST and a heatup of the water within the

IRWST is shown in data plot 17. Since ADS-4 never occurred in S005M, there was no injection
of water from the IRWST into the primary system.

Core Makeup Tanks (CMTs).

De CMT injection was initiated two seconds after the S signal by opening the CMT injection line
isolation valves. Initially, the flow from the CMT was by natural circulation, with hot water from
the cold leg-B flowing through the CLBL to the top of the CMTs and cold water from the CMTs
flowing into the downcomer and into the power channel.

When cold legs-B1 and -B2 voided, steam flowed through the CLBL to the top of the CMTs.

This resulted in a free-water surface in the CMTs (ending CMT recirculation). The presence of
steam in the CLBL increased the driving head for CMT injection. Therefore, the transition of the

CMTs from their recirculation mode to their draindown mode was accompanied by an increase in i

CMT injection flow rate. For this test, the break was located in cold leg-B2 and resulted in coldc

( leg-B2 draining before -Bl. Since the CMT-B balance line was connected to cold leg-B2, the

transition to draindown injection flow occurred earlier for CMT-B than for CMT-A (data plot 38). !
!
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The CMTs were heated first by the hot liquid from the cold legs, which replaced the cold water

being injected from the bottom of the CMT CLBL. A stratified temperature gradient was

established in the CMTs (data plots 15 and 16), where the water at the top of the CMT was hot

while lower water remained cold. As the CMT recirculation continued, the depth of the hot water
provided from the cold legs increased. The temperature stratification appeared stable; however,

the temperature of the leading, lower layer of heated water decreased since it must heat the cold

CMT surfaces it contacts. Later steam from the cold legs condensed on the free-water and metal

surfaces in the upper part of the CMTs. The free-water surface increased to or near the saturation

temperature.

|
The recirculation flow through the CMTs started at approximately [ ]''*#) for CMT-A and |
[ ]''*4 lbm/sec. for CMT-B. The draindown injection started at [ ](**'' lbm/sec. and j
gradually decreased with time. During the last half of the accumulator injection, CMT draindown

stopped. The CMTs started to refill at approximately [ ]('*#) seconds (data plot 33).

Accumulators.

The accumulators provided water injection by a polytropic expansion of a compressed air volume

stored within the accumulator. Water from the accumulators was injected when the primary
system pressure drops below [ ]''*4 psia. The accumulator injection started before ADS-1 at a

very low flow rate. However, when ADS-1 occurred and primary system pressure was reduced,

the injection rate increased (data plot 39). The accumulator injection for the S005M test continued
approximately [ ]''*4 seconds, and the accumulators were completely drained when their
injection ended (data plot 34).

Mass Discharge and Mass Balance

The catch tank weight measurements are shown in data plot 43 for the break flow and for ADS-1, -2,
and -3 flows.

The break flow decreased as system pressure dropped during the IDP and the PDP. When ADS

occurred, cold leg-B2 temporarily drained and steam was discharged from the break until the NRHR

(and CVCS) injection flow refilled the cold leg.

The discharge from ADS-1, -2, and -3 was high throughout the accumulator injection and decreased

when accumulator injection ended to a lower but steady flow dictated by CVCS and NRHR injection
flow.

The mass balance results for test S005M were calculated based on water inventory before and after the

test. Table 4.2.4-2 gives a detailed listing of the inventories of water in the various components before

the test. Table 4.2.4-3 lists the inventories after the event and the amount of water injected into the

vessel from the CVCS and the NRHR. The water level in the vessel was determined by the DP-B16P
measurement to be [ Jt*** above the hot-leg centerline at the end of the test.

m%m1625w-2a.non:n,mo295 4.2.4-12 c
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js Table 4.2.4-4 compares the mass balance for the system before and after the test. The results

(v) . indicate 5.9 percent more water after the event than can be accounted for. This was most likely due to

the uncertainty ofintegrating the flow rate from CVCS and NRHR.

:

!

OU

O
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TABLE 4.2.4-1

SEQUENCE OF EVENTS FOR TEST S00504

Esent Specified Instrument Channel Actual Time
'' ''

Break Opens 0

R Signal P = 1800 psia P-027P

MSLIV R signal + 2 sec. Z_ANSC, F_ANS

Z_BNSC, F_BNS

S Signal P = 1700 psia P-027P

MFW IV Closure S signal + 2 sec. Z_B02SC, F_BOIS

Z_A02SC, F_A0lS

CMT-IV Opening S signal + 2 sec. Z_AN0EC, F-A40E

Z_B040EC, F-B40E

RCPs Tripped S signal + 16.2 sec. I- AIP, S- AIP

I-BIP, S-B1P

PRilR lleat Exc a ger S r,ignal + 2 sec. Z_A81EC, F_A80EG
Actuation

Accumulators P-027P = 700 psia F_A20EG

F_B20EG

ADS-1 CMT level 67% L_B40E

+30 sec. Z_00lPC

ADS-2 CMT level 67% L_B40E

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS-4 CMT level 20% L_B40E

+60 sec. Z_0NPC, Fo*0P

IRWST 'njection P-027P = 26 psia F_A60EG

F_B60EG

CVCS On S signal + L-010P
PR level 10%

NRIIR On P = 160 psia P-027P

SFW Stop TCL = 547'F or L-A20S/L-B20S
SG level = 6.9 ft.

SFW Injection S F-A20A/F-B20A
_ __
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hJ |
TABLE 4.2.4-2

WATER INVENTORY HEFCRE TEST SN)504

Component Volume Net Vol Temp (*F) Relative Mass

(ft.')/(f) (ft.')/(I) Density (thm) )
'

l. cops 8.97 ft.' 8.97 ft.'
_ _

(a.b.c)

(254.0 I) (254.0 l)
,

Pressurizer 337 ft.' l.96 ft.'
(95.4 1) (55.6 I)

t

Surge Line 034 ft.' 034 ft.'
(9.6 I) (9.6 I) 1

Tubular Downcomer 138 ft.' 138 ft.' ;

(39.1 l) (39.1 l) ;

Annular Downcomer + 0.54 ft.' O.54 ft.'
High-Pressure Bypass (153 I) (153 l) i

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 I) (12.4 l)

'

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 I) (22.8 I)

Riser 1.M ft.' l.M ft.' ,

V (46.4 I) (46.4 I)

Upper Plenum 1.46 ft.' l.46 ft.'
(413 I) (413 I)

Upper Head 1.90 ft.' l.90 ft.'
(53.8 I) (53.8 h

CMTs 10.1 ft.' 10.1 ft.'
(286.0 h (286.0 l)

Accumulator 10.1 ft.' 7.73 ft.' |
(286.0 0 (219.9 I) '

IRWST Injection Line 0.18 ft.' O.18 ft.' )
(5.1 h (5.1 I)

|
TOTAL INVENTORY

_ _

1
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TABLE 4.2.4 3

WATER INVENTORY AFTER TEST S00504 WAS COMPLETED '

|Water level as measured by DP-Ill6P (-0.67 psi) was 19.04 in. (476 mm) above llot Leg
|

Component Volume Net Vol Temp Relative Mass (Ibm)
(ft.')/(I) (ft.')/(I) ('F) Density

12xps 8.97 ft.3 7.5 3 ft.)
- -

n.be)

(254.0 0 (213.3 D

Pressuriz.cr 3.37 It.' 3.37 ft.'
(95.4 0 (95.4 I)

Surge Line 0.34 ft.' 034 ft.'
(9.6 I) (9.6 h

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1I) (39.1 la

Annular Downcomer 0.54 ft.' O.54 ft.'
+ liigh-Pressure (15.3 D (15.3 i)
Bypass

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 0 (12.4 0

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 D (22.8 0

Riser 1.M ft.' l.64 f t.'
(46.4 I) (46.4 I)

Upper Plenum 1.46 ft.' l.32 ft.'
(41.3 I) (37.3 0

Upper licad 1.90 ft.' O.0 ft '
(53.8 A (0.00

CMT-A 5.05 ft.' 3.99 ft.'
(143.0 h (113.1 0

CMT-B 5.05 ft.' 3.89 ft.'
(143.0 h (110.1 0

Accumulator 10.1 ft.' O.0 ft.'
(286.0 0 (0.0 I)

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.10 (5.1 ()

TOTAL
INVENTORY - - I

O|
1

m%ru a 1625w-:a m :lb m o295 4.2.4-16



.. _ _

O TABLE 4.2.4-3 (Cont.)

WATER INVENTORY AFTER TEST 500504 WAS COMPLETED
Water level as measured by DP B16P (-0.67 psi) was 19.04 in. (475 mm) above Hot Leg

,

WATER INJECTED DURING EVFNT

Mass Ohm)

CVCS Injection
- - (a,b.c)

NRHR Injection - A

NRHR Injection - B

NRHR Total
_ _ ,

I

h
.)

.|

|

l

l

1
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TABLE 4.2.4 4

MASS IIALANCE FOR TEST S00504

Starting Inventory Ending Inventory
(lbm) (thm)

Total Primary System
_ _

(a.b.c)

CVCS Injection

RNRHR Injection

BREAK

ADS-1, -2, -3

ADS 4

TOTAL

Ending Inventory / Starting Inventory (Itxn)

Ending Inventory / Starting Inventory (%)
_ _

O

O
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O TEST S00504 PLOT PACKAGE
I CHANNEL LIST BY COhfPONENT |

COMPONENT CHANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39 i

ACCA L_A20E ft. 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft 34

ADS 1, 2, & 3 IF30flw lbm/sec. 44 Flow rate derived from IF030P ;

ADS 1,2, & 3 IF030P lbm 43 Catch tank j

ADS 4 & SG IF40flw lbm/sec. 44 Flow rate derived from IF040P ,

ADS 4 & SG IF040P lbm 43 Catch tank

|ANN DC DP-A021P psi 24 To cold leg-Al

ANN DC DP-A022P psi 25 To cold leg-A2

ANN DC DP-B021P psi 26 To cold leg-B1

ANN DC DP-B022P psi 27 To cold leg-B2

BREAK LINE IF05flw lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2 ,

CLA DP-A09P psi 22 Pump suction

CLA T-A10P *F 11 Steam generator outlet

CLA1 F_A0lP lbm/sec. 36

CLAl T-A021PL *F 13 Downcomer inlet

CLAl T-AllP 'F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B00lP psi 26 To cold leg-B1

i

O
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TEST S00504 PLOT PACKAGE l

CllANNEL LIST BY COMPONENT (Cont.)

COMPONENT CilANNEL UNITS PLOT COMMENT |
1
'

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B10P F 12 Steam generator outlet

CLB1 F_I30lP lbndsec. 36

CLB1 T-B021PL *F 14 Downcomer inlet

CLB1 T-B11P *F 12 Pump outlet

CLB2 F_B02P lbudsec. 36

CLB2 T_B022PL *F 14 Downcomer irdet

CMTA F_A40E lbm/sec. 38

CMTA .40E ft. 33.

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in. ,

1-

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom (0 in.) !
l

CMTB F_B40E lbnVsec. 38 |

CMTB L_B40E ft. 33

CMTB T-B401 E* *F 16 Top (242.25 in.)

|CMTB T-B403E* *F 16 216.75 5.

CMTB T-B405E* *F 16 191.25 in.

CMTB T-B407E* *F 16 165.75 in.

CMTB T-B409E* *F 16 140.25 in.

CMTB T-B411E* 'F 16 114.75 in.

_
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.( TEST S00504 PLOT PACKAGE
i CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

CMTB T-B413E* *F 16 89.25 in.

CMTB T-B415E* 'F 16 63.75 in. ;

CMTB T-B417E* 'F 16 38.25 in.

CMTB T-B420E* 'F 16 Bottom (0 in.)

CVCS F_001AG lbm/sec 42

DVIA T.A00E 'F 13

DVIP T-B00E *F 14

IILA DP-A04P psi 20

llLA T-A03PL 'F 5 Vertical, near power channel !

11LA T-A03PO 'F 5 Horizontal, near power channel

IILA T-A04P 'F 5 Near steam generator inlet

liLB DP-BalP psi 21

IILB T-B03PL 'F 6 Vertical, near power channel

IILB T-B03PO *F 6 Horizontal, near power channel

liLB T-B04P *F 6 Near steam generator inlet

IRWST F A60E lbm/sec. 40

IRWST F_B60E lbm/sec. 40

IRWST L_060E ft 32

IRWST T-061E *F 17 Bottom

IRWST T-062E *F 17 Below middle

IRWST T-063E *F 17 Middle

IRWST T-064E *F 17 Above middle

IRWST T-065E 'F 17 Top

NRiiRA F_A00E lbm/sec 42

NRilRB F_B00E lbm/sec 42

PC W 00P kW l_

PC-IIB LJX)0P ft 30 lleater bundle

O _

PC-IIR TWOl8P20 *F 3 lieater rod
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TEST S00504 PLOT PACKAGE
CIIANNEL LIST llY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

PC-IIR TW018P48 *F 3 11 eater rod

PC-IIR TWO20P87 'F 3 Heater rod

PC-Ull T-016P 'F 4 Upper head

PC-UP L_AISP ft 30 Bottom of the upper plenum

PC-UP L_A16P ft. 31 Top of the upper plenum

PC-UP T-015P 'F 4 Upper plenum

PC-Ull L_017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of the heated length

PRiiR DP-A81 AE psi 29 Supply line inverted U-tube

PRilR DP-A81BE psi 29 Supply line inverted U-tube

PRIIR DP-A81E psi 28 Supply line

PRIIR DP-A82E psi 28 IIcat exchanger

PRIIR DP-A83E psi 28 Return line

PRilR F_A80E lbm/sec. 37 Return line

PRiiR T-A82E *F 19 Inlet

PRilR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P 'F 18 At top

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 llot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41

SGA F_A20A lbm/sec. 41

SGA L._A10S ft. 35 Overall level

SGA P-A(MS psia 2 Secondary system

SGA T- A0lS *F 10 MFW-A
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( TEST S00504 PLOT PACKAGE
CHANNEL LIST BY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

SGA T-A05P *F 7 Hot side

SGA T-A05S *F 9 Hot side - riser

SGA T-A06P *F 7 Hot side

SGA T-A08P *F 11 Cold side

SGA TW-A06S *F 7 Hot side

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

SGB F_BOIS lbm/sec. 41

SGB F_B20A lbnVsec. 41

SGB L_ BIOS ft. 35 Overall level

SGB P-B04S psia 2 Secondary system

SGB T-BOIS *F 10 MFW-B

SGB T-B05P *F 8 Hot side

SGB T-BOSS *F 9 Hot side - riser

SGB T-B06P 'F 8 Hot side

SGB T-B07P *F 8 U-tube top

SGB T-B08P 'F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P *F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

( TDC DP-002P psi 24,25,26,27 Bottom
I

ITDC T-00lPL *F 13,14 Top !

TDC T-003P *F 13,14 Bottom

TSAT PRZ *F 18 Based on P-027P

UH-TSAT *F 4 Based on P-017P

*All CMT-B temperature channels were failed.

'
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4.2.5 One-In. Cold Leg Break without Nonsafety Systems (S00401) i

O This matrix test simulated a 1-in. break in the bottom of cold leg-B2. The test began with the
'

initiation of the break in cold leg-B2, which was the cold leg with the CMT-B pressure balance line

connection. The break location was just downstream from the cold leg to the core makeup tank

(CMT) balance line connection. This test was performed without any nonsafety systems (chemical

and volume control system [CVCS] makeup pumps, steam generator startup feedwater [SFW] pumps,

and normal residual heat removal system [NRHR] pumps) operating. Results are provided in the data

plot package at the end of this section. The sequence of events for S0(M01 is listed in Table 4.2.5-1.

Loss-of-coolant accident (LOCA) events in the AP600 SPES-2 tests were marked by distinctly [

different phases. These phases were characterized by the rate at which the primary system pressure

decreased and the thermal-hydraulic phenomena occurring within the primary and safety systems. The

diff erent phases selected for the purpose of detailed evaluation of this LOCA are shown in

Figure 4.2.5-1 and are as follows:

Initial depressurization phase (IDP)-Point I to 2*

Pressure decay phase (PDP)-Point 2 to 3=

Automatic depressurization system (ADS) phase-Point 3 to 4=

Post-automatic depressurization system (post-ADS) phase-Point 4 to 5.

Overall Test Observations .

Figure 4.2.5-1 shows the plant primary system pressure during test S00401 (as measured at the top of

the pressurizer), with selected component actuations and plant responses shown in relation to primary

system pressure. .

The IDP began with the initiation of the break, which resulted in a rapid reduction in pressure. The

reactor trip (R) signal initiated at 1800 psia. The safety systems actuation (S) signal initiated at

1700 psia. The R and the S signals initiated the following actions:

Decay power simulation (with heat loss compensation) initiated.*

Main steamline isolation valves (MSLIVs) closed.*

Main feedwater isolation valves (MFWlVs) closed.*
;

CMT injection line isolation valves opened.=

Passive residual heat removal (PRHR) return line isolation valve opened.*

Reactor coolant pumps (RCPs) < topped running..

Recirculation flow through the CMTs and flow through the PRHR heat exchanger (HX) began
immediately after their isolation valves opened. Flashing / boiling occurred in the rod bundle and

upper-plenum regions of the power channel due to the rapid decrease in primary pressure to the fluid

saturation pressure. The measured fluid level in the upper-upper plenum decreased to the hot-leg

elevation. The flashing on the hot-leg side of the primary system stopped the rapid drop in primary
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system pressure. When the RCPs were shut off (at [ ]''*" seconds), the flow through the rod j

bundle began to oscillate (with a [ ]''*"-second period). This resulted in oscillations in the

rod bundle and lower-upper plenum collapsed liquid level and fluid temperature, and system pressure.

During the initial stages of the PDP, the roa bundle collapsed liquid level decreased (fluid steam
|

fraction increased). This caused an increasing steam fraction in the upper plenum and the hot legs.

The hot leg-B fluid had a steam fraction close to that observed in the upper plenum. The steam

fraction in hot leg-A was lower due to the selective removal of vapor from the hot leg into the PRHR

HX ialet line.

Two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam from the

two-phase mixture collected in the top of the U-tubes. This stopped the primary system flow through

the steam generators so that the power channel flow was composed predominantly of the flow through !

the PRilR flX. The steam fraction oscillations observed in the rod bundle and in the upper plenum

ended when the steam generator U-tubes drained. Approximately [ ]"*" seconds into the test, the

steam generator-B U-tubes began to drain. The steam generator-A U-tubes began to drain,

approximately [ ]''*" seconds later due to the lower fluid steam fraction in hot leg-A.

Due to boiling in the rod bundle (data plots 30 and 31), two-phase flow entered the hot leg from the

upper plenum and flowed through the PRHR HX. The flow into the PRHR llX consisted of )
intermittent periods of saturated water and steam which had an average steam fraction significantly

greater than the fluid in the upper plenum. The average steam fraction at the PRHR HX inlet was as
high as [ l''* 0 percent, which enhanced the PRHR HX heat transfer from the primary system,

as compared to its heat removal capability with single-phase saturated or subcooled water. When the
primary system flow stabilized after the initial flow oscillations, a PRHR HX heat removal rate of

[ l''*" kW was calculated. This calculation was based on the steam fraction at the PRHR HX inlet
(as calculated from the dP instrument readings in data plot 29), the averaged return flow rate, the HX l

inlet and outlet temperatures, and the pressure. This calculation, which assumes a slip coefficient of I

between water and steam, may be lower than the actual heat transfer and should only be used for test- |
to-test comparison.

When the primary system pressure decreased to the saturation pressure for the fluid in the upper head,
it began to drain (at [ ]'*6')s e n M |

l

!

When the loop-B cold legs had partially emptied, the CMTs transitioned from their recirculation mode
'

of operation to an intermittent draindown mode of operation. This began at approximately

[ ]''*" seconds for CMT-B and [ ]''A" seconds for CMT-A.

During the first [ J''*" seconds of this test (until ADS-1), [ ]'*b' lbm of water were expelled

through the break draining the: the pressurizer, the steam generator U-tubes, the power channel upper

head, the power channel upper plenum above the hot leg, most of the cold legs, and approximately
,

[ j''*" percent of the CMTs. The het - is that simulate the AP600 core decay heat reduced '

power to approximately 240 kW at [ J-^" seconds. This value consisted of 90-kW of decay heat

i
;
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and 150-kW of heat loss compensation. The mass flow rate out of the break was decreasing,m
indicating that cold leg-B2 was almost empty.

The ADS phase began with the actuation of ADS-1 (at approximately [ ]''*#) seconds). ADS-2

and -3 occurred within the next [ ](**#) seconds. The heat loss compensation was removed from the

rod bundle power decay simulation when ADS-1 occurred, reducing the rod bundle power to

approximately 90 kW.

The ADS actuation increased the rate of primary system depressurization and resulted in high

injection flow from the accumulators. The rapid injection of cold water from the accumulators (from

[ ](**#) seconds) and the CMT injection flow refilled the power channel / upper plenum, the

horizontal portion of the hot legs, and the pressurizer. When the accumulator discharge ended, the

flow through the heater bundle decreased to the injection rate of the CMTs and the PRHR HX flow,

and two-phase flow occurred again the heater bundle, hot leg-A, the PRHR HX, and into the

pressurizer. De rod bundle steam fraction continued to increase (collapsed liquid level decreased)

until after ADS-4 was actuated.

He mass flow rate through the break decreased sharply at approximately [ ]"*#) seconds,

indicating that cold leg-B2 emptied and that the break flow was steam. During the ADS phase,

approximately [ ]"*#)lbm of subcooled water were discharged from ADS-1, -2, and -3.

The post-ADS period began when ADS-4 actuated. ADS-4 occurred at [ ]"**) seconds, the fluid

discharge through ADS-1, -2, and -3 stopped, and the pressurizer water drained back into hot leg-A.

A small amount of CMT flow continued into the downcomer via the direct vessel injection (DVI) line.

When the primary system pressure decreased below the pressure corresponding to the water elevation

head of the IRWST, flow from the IRWST began. Shortly thereafter, the CMT flow ended. The flow
from the IRWST gradually refilled and subcooled the power channel, restored single-phase water flow

through the rod bundle, and partially refilled the upper-upper plenum. De PRHR HX supply line

partially emptied at approximately [ ]"*#) seconds and the PRHR HX was no longer effective. A

steady flow of subcooled water was established from the IRWST into the downcomer, through the

power channel, and left the primary system through the ADS-4 flow paths.

This test demonstrated that the heater bundle was fully covered by a single- or two-phase fluid at all

times (data plots 30 and 31). Here was no indication of heater rod temperature increase due to lack

of cooling (data plot 3). Key parameters comparing the SON 01 test with other tests are listed in

Table 5-1 in Section 5.0.

Discussion of Test Transient Phases

Initial Depressurization Phase (0 to [ ]''*') Seconds)*

h Re initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

ended when the primary system pressure reached the saturation pressure of the fluid in the
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lower-upper plenum and the hot legs (Figure 4.2.5-1). His phase included the following events:

R signal at 1800 psia (decay power simulation initiated and the MSIV closed), and S signal at ;

1700 psia (the MFWIV closed, the CMT injection line isolation valves opened, and the PRHR heat

exchanger return line isolation valve opened-all with a 2-second delay; and RCP coastdown l

started after a 16.2-second delay). See Table 4.2.5-1. !

Facility Response during the IDP: |

From time 0 until the R signal occurred, the primary system pressure decreased due to the

expansion of the pressurizer steam volume caused by fluid loss through the break. The pressurizer

partially compensated for the loss of pressure by flashing; however, it was drained after

[ l''A*) seconds (data plot 32). De R (at [ ]''**) seconds) and the S (at [ ]''A*) seconds)
signals were based on pressurizer pressure only. When the R signal occurred, the MSLIV closed

and the power was reduced to 20 percent of full power after a 5.75-second delay and began to

decay after a 14.5-second delay.

As a result of the power reduction without flow reduction, the rod bundle AT decreased due to die

low power / flow ratio and the lower-upper plenum temperature dropped toward the cold-leg

temperature. At the same time, the primary system pressure had decreased to [ ](***) psia

(the saturation pressure of the [ ]''A*) water in the upper-upper plenum), and the upper-

upper plenum began to flash and rapidly drain. System pressure decreased to approximately

[ ]''A*) psia at [ ]''A*) seconds. At this time, the pressurizer was drained, but primary

system pressure was still dictated by the temperature of the saturated vapor in the pressurizer

(about [ ]''***F) and the fluid in the surge line. When the RCPs tripped (at [ ]''**) seconds),

the rod bundle and upper-plenum fluid temperatures increased due to the increased power / flow

ratio at the lower flow. System pressure increased temporarily until the decreasing rod bundle

decay power and the decreasing lower-plenum temperature (due to the CMTs injecting cold water

into the downcomer) began to reduce the lower-upper plenum fluid temperature. De decrease in

primary system pressure resulted from the balance between the steam generation rate (from
;

flashing primary fluid), the volumetric flow ofliquid out of the break, and the steam condensation

occurring in the PRHR HX. Steam was continually generated by boiling due to the heater power.

As system pressure continued to decrease, more fluid reached its saturation pressure and flashed. I

The PRHR HX flow started before the RCPs were tripped and then continued by natural

circulation (data plot 37). Primary system pressure stabilized at saturation pressure for the bulk j

hot fluid in the primary system (approximately [ ]''***F), as shown in Figure 4.2.5-1. His {
ended the IDP. I

l
Pressure Decay Phase (400 to 4600 Seconds)=

he pressure decay phase (PDP) began when system pressure (Figure 4.2.5-2) reached saturation

pressure for the bulk hot fluid in the primary system. This phase ended when ADS-1 opened on
,

low CMT level (at approximately [ l''**) seconds) and augmented the system depressurization.

His phase was characterized by a slow decrease in overall system pressure and temperature. De |

)
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rod bundle power (decay power plus heat loss compensation) was reduced from 330 kW to

240 kW (data plot 1). At [ ](**#' seconds (rod bundle power was about 250 kW), the PRHR
d ilX heat removal rate was approximately [ }''*#' kW. He recirculating CMTs provided

approximately [ ]''**'-kW cffective heat removal from the primary system at this time. This heat
removal plus energy lost through the break and the facility heat losses exceeded the rod bundle

heat input to the primary system.

The initial CMT natural circulatica operating mode was followed by draindown injection when the

loop-B cold legs drained (data plot 38). De U-tubes of the steam generators had completely
drained at this time (data plots 20 through 23) and had no effect on the rest of the test.

Accumulator injection was initiated when the primary system pressure dropped below 711 psia (at
approximately [ ]''b#' seconds) prior to ADS-1 actuation; however, the injection rate was low

(less than [ ]''*#' lbm/sec.) due to the small difference be: ween system pressure and

accumulator gas pressure (data plot 39).

Facility Response during the PDP:

The oscillating flow in the primary system that began after the RCPs were shutoff continued into

the PDP. These flow oscillations resulted in wide variations in the steam fraction of the two-phase

mixture exiting the rod bundle and flowing into the hot legs (data plots 30 and 31). These

oscillations in steam fraction had a significant effect on the thermal buoyancy head that drove the

( flow in the primary system at this time, since it affected the two-phase flow density. These steam
'

fraction oscillations were observed through the hot leg and the steam generators (data plots 20
and 21). However, the steam fraction oscillations were converted to flow oscillations in the cold

legs since the two-phase mixture entering the steam generators left the steam generators as

saturated water (data plots 24 through 27). Some of the steam was condensed in the steam

generator U-tubes (the primary-side pressure was higher than the secondary-side pressure at this

time, allowing some heat to be transferred to the secondary-side fluid). The remhining steam was

separated from the two-phase mixture in the high point of the U-tubes (due to kw velocity),
1

eventually causing the U-tubes to begin to drain, and a free-water surface appearej at the top of '

the U-tubes (plots 20 and 22). At [ ]''**) seconds, all flow through steam generator-A stopped,

since the free-water surface in the U-tubes had fallen too low to be overcome by the buoyancy

head steam fraction oscillations. The oscillations were seen in temperatures and pressures
throughout the primary system. When the steam generator U-tubes drained, these oscillations

stopped. The steam generator-B U-tubes drained earlier than for steam generator-A due to the
higher steam fraction in the fluid from hot leg-B.

The primary system pressure decay during the PDP began at a slow rate ([ ]''*#' psi /sec.). At
approximately | ]''*#' seconds, the primary system pressure decay rate increased to [ ]''*#)
psi /sec., (Figure 4.2.5-1). This happened when the CMTs transitioned from their recirculation

|
mode to their draindown mode of operation. This transition occurred when the steam generator U- If\ |

tubes on the cold-leg side drained and the B-loop cold legs panially drained, allowing the cold leg
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to CMT balance lines to drain. The increased rate of pressure decay was due to the increased

injection rate of the cold liquid from the CMTs.

The CMTs began injecting cold fluid into the annular downcomer via the DVI lines when the

S signal occurred. Initially, this injection from each CMT was driven by natural circulation (at

approximately [ f'*'' lbm/sec.), with hot fluid flowing from the cold leg through the cold-leg
balance line (CLBL) into the top of the CMT, replacing the cold fluid flowing from the bottom of

j

the CMT. The CMT natural circulation flow rate slowed to [ ]''*") Ibm /sec. at

[ f'** seconds as the CMT filled with hot water and the cold-leg fluid temperature decreased,

reducing the natural circulation driving head. When the loop-B cold legs were partially drained at

about [ f**" seconds, the CLBLs of both CMTs drained, and the CMTs transitioned to their
draindown mode. For this 1-in. LOCA, the break flow at this time was less dian the nominal ;

CMT draindown injection flow rate from the two CMTs. Therefore, when a free-water surface

developed in the top of each CMT and the injection flow rate increased significantly, the cold-leg |

water level apparently increased. This blocked the path for steam to enter the balance lines and

they refilled with water. This caused the CMT injection to consist of intermittent short periods of j

draindown, alternating with short periods of refill with water from the cold legs (data plot 38). |
This resulted in a slow net drop of the CMT level. Complete transition to draindown occmred j

carlier in CMT-B than in CMT-A. The free-liquid surfaces in the CMTs were apparently
established by both flashing of the water in the CLBLs and steam flowing to the CMTs from die

;

cold legs. |

O'
The steam flow from the cold legs into the top of the CMTs heated / maintained the upper CMT

surfaces and water surface at saturation temperature. However, flashing also occurred in the

CMTs due to the high temperature of the fluid in the top of the CMTs (data plots 15 and 16) and

the decreasing system pressure. The steam above the liquid surface in the CMTs and in the

balance lines was superheated after ADS-1. Flashing kept the water temperature at saturation

temperature while system pressure decayed.

The accumulators began to inject fluid when the primary system pressure dropped be!ow 711 psia
(at approximately [ f*** seconds); however, the injection rate was low prior to ADS-1

(data plot 39). Ilowever, this small accumulator flow contributed to maintaining sufficient water
level in the loop-B cold legs to cause the observed intermittent CMT draindown/ refill.

Throughout the PDP, the PRilR llX removed energy from the primary system. The combined

effect of the PRiiP. IlX heat removal and CMT heat removal and injection of cold water were

sufficient to limit the steam fraction of the two-phase mixture exiting the rod bundle to
approximately [ ]"** percent during this phase (data plots 30 and 31).

Automatic Depressurization System Phase ([ ]''** Seconds).

The automatic depressurization system (ADS) phase began with the actuation of ADS-1 and ended

with the actuation of ADS-4 (Figure 4.2.5-1).
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Facility Response during the ADS Phase:
,

With the actuation of ADS-1, followed by ADS-2 and ADS-3 within approximately [ ](**#)

seconds, the rate of primary system depressurization increased from [ ](**') psi /sec. (at the end

of PDP) to [ ]('*') psi /sec. (at the start of the ADS phase). His rate gradually decreased as

system pressure decreased.

The primary system depressurization after ADS actuation resulted in a high rate of water injection

from accumulators-A and -B (data plot 39). De CMTs' injection flow increased to approximately

[ ]''*#' lbm/sec. after ADS-1 and gradually decreased as CMT level decreased (data plot 38).

The accumulators injected cold water into the primary system for approximately [ ](**#) seconds

(from [ l''*#) seconds) and then were empty. The accumulator and CMTs' injection

refilled the power channel rod bundle region and upper plenum with subcooled water.

The pressurizer immediately began to refill when ADS-1 occurred (data plot 32). The pressurizer

never filled completely with liquid, as two-phase fluid was discharged out of the primary system

through the ADS-1, -2, and -3 flow paths. When ADS-4 occurred, the pressurizer drained and
only a small amount of steam was vented through ADS-1, -2, and -3.

Prior to the ADS period, liquid left the primary system only through the break in the cold leg.

With the actuation of the ADS, fluid left the system through the ADS from the top of the

h pressurizer. The mass flow through the cold-leg break decreased as break flow converted from

liquid to predominately saturated steam as the cold leg voided and primary system pressure
decreased (data plot 43).

The PRHR HX stopped flowing (at approximately [ ]('*#) seconds) after the accumulators had
emptied and the power channel / hot leg-A contained subcooled water. PRHR HX flow did not

restart in spite of the subsequent increase in the steam fraction of fluid from the power channel.

Post Automatic Depressurization System Phase ([ ]'**#) Seconds to End-of-Test)*

|

'Ihe post-automatic depressurization system (post-ADS) phase began when ADS-4 occurred
(Figure 4.2.5-1) and continued to the end of the test.

Facility Response during the Post ADS Phase:

The primary system pressure rapidly decreased to near ambient after ADS-4 actuated. This caused

the water level on the cold-leg side of the primary system to suddenly drop below the annular

downcomer into the tubular downcomer (data plot 25). This resulted in a significant increase in

the steam fraction in the rod bundle and upper plenum; however, there was sufficient two-phase

flow to keep the bundle fully cooled (data plots 30 and 31). Gravity flow from the IRWST began
h at approximately [ ](***' seconds and quickly refilled the tubular and annular portions of theQ

downcomer (data plot 40). The steam fraction of flow through the power channel immediately
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began to decrease and subcooled flow through the power channel and hot leg-A and out through

ADS-4 was established by [ ]'**#) seconds. Also, the upper plenum became subcooled and

partially refilled. This steady-state condition was the end of the test.

When ADS-4 occurred, liquid again left the system while only a small amount of steam left the

system from ADS-1, -2 and -3.

Component Responses

Power Channel*

The power channel consisted of five volumes: the lower plenum, the riser with the heater rod

bundle, the lower portion of the upper plenum below the hot leg, the upper portion of the upper

plenum above the hot leg, and the upper head. When the break occurred, primary system pressure

decreased to the R trip point (1800 psia) and the S trip point (1700 psia). However, since the

water everywhere in the power channel was subcooled relative to system pressure, no boiling or

flashing occurred up to this point. Nothing significant happened in the power channel until the
rod bundle power was reduced to [ ]''*#' percent, [ ](**') seconds after the R signal. At dds

time, the temperature gradient across the rod bundle quickly decreased due to the reduced

power / flow ratio (still full flow), and the power channel outlet temperature dropped toward the

lower-plenum inlet temperature (Figure 4.2.5-2). However, the water in the uppe'r portion of the
upper plenum remained at [ ]''*#)*F and it began to flash when system pressure dropped below

the saturation pressure of [ ](**#). When the RCPs were turned off(16.2 seconds after the
S signal), the power / flow ratio increased and the power channel outlet temperature increased

resulting in boiling in the rod bundle and flashing in the upper plenum. This produced sufficient

steam to control system pressure, and both temperature and pressure increased momentarily (data

plots 30 and 31). The water temperature in the lower portion of the upper-plenum reached a peak

and started to drop in response to increasing primary system natural circulation flow caused by the

increasing steam fraction of fluid on the hot-leg side of the power channel, PRHR HX flow, and j
CMT flow. The upper-plenum and hot-leg temperatures stabilized at approximately [ l''*#)*F, j
and the primary pressure stabilized at the corresponding saturation pressure (approximately 960

1

psia) at the end of the IDP.

I

The temperature of the liquid in the upper plenum and hot legs controlled system pressure during ;

the PDP (data plot 4). Flow oscillations were observed in the tubular downcomer and dP across )
the rod bundle (period [ ]''*#) seconds) when the RCPs had coasted down, and these oscillations i

continued until about [ l''**' seconds into the test. The flow oscillations led to oscillations in
the rod bundle steam fraction as measured by the collapsed liquid levels in the heater bundle,

upper plenum, and hot leg (data plots 30 and 31). When the flow decreased, the steam fraction

increased and resulted in an increase of the overall system pressure and the lower-upper plenum i

temperature (Figure 4.2.5-2). The overall system pressure oscillations were therefore out of phase
with the tubular downcomer flow oscillations.

.
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Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel

/mV) during the SON 01 test.

The liquid level in upper head staned to decrease when system pressure decreased to the saturation

pressure of the fluid temperature in the upper head (at about [ ]"*'' seconds). Initially, the
upper-head fluid temperature was only [ ]''*') F and was therefore considerably cooler than the

upper-plenum fluid temperature. Flashing of the fluid in the upper head began at [ ]"A*)
seconds, and the upper head was completely drained at approximately [ ]"*') seconds (data
plot 4).

De upper-upper plenum began to flash when the primary system pressure decreased below

[ J''*'' psia, and its level decreasul reaching the hot-leg elevation at about [ ](***) seconds.

The top of the upper-upper plenum remained filled with steam until the end of the accumulator

injection, when subcooled water in the lower ponion of the upper plenum condensed the steam

bubble in the upper-upper plenum (data plot 4). However, when accumulator injection ended, the

upper-upper plenum again filled with steam. At [ ]"*#' seconds, the upper-upper plenum again

filled when water injected from the IRWST restored subcooled flow through the power channel.

The collapsed liquid level measurement in the lower-upper plenum provided a measurement of the

steam fraction of flow exiting the rod bundle. During the PDP, this two-phase flow had a

maximum steam fraction of [ ]"**' percent.

(O-) Data plot 30 shows the collapsed water level in the rod bundle oscillating following pump i

coastdown up until [ ]"^*) seconds. This indicates apparent steam fractions in the rod bundle

varying from [ ]"^') percent (with an approximately [ ]"*''-second period). After the !
oscillations ended, the steam fraction of the rod bundle region increased from [ ]"*#) percent to I

[ ]"*') percent, just before accumulator injection. The accumulator injection completely

subcooled the rod bundle. However, when the injection ended, tne two-phase flow was again

produced, and the steam fraction of fluid in the rod bundle region reached a maximum ([ l''**)
percent) just before IRWST injection during the post-ADS phase. The lower-upper plenum steam

fraction increased to [ ]"*"' percent at this time, but this high steam fraction was due to the fact

that the level of the two-phase mixture temporarily dropped below the hot-leg elevation.

The collapsed level measu.ed just above the heated portion of the rod bundle (data plot 31)

provided steam fractions *. hat correlated well with those measured for the rod bundle and provided

evidence of the s' carn / water fraction of the two-phase flow exiting the top of the rod bundle.

I
Pressurizer*

,

|

The pressuriier began to drain when the break occurred and was completely drained in
approximately [ ]"^*' seconds (data plot 32). The water in the pressurizer flashed due to the

loss of system pressure, and the temperature of the water dropped from [ ]"**'*F during this
V initial depressurization (data plot 18). The hot water flowing from the pressurizer surge line into
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hot leg-A caused a slight increase in the hot leg temperature during this period, since it mixed with

the flow from the power channel / upper plenum. De pressurizer remained drained until about ,

[ ]''*') sec(mds, at which time it was slightly refilled by alternating and pulsed flow in the

pressurizer surge line which occurred until about [ ]''**' seconds, and then by a steady flow

until [ j''*'' seconds. He pressurizer drained again at [ J''*') seconds and remained
drained until ADS-1 occurred, at approximately [ ](**') seconds, when it refilled and reached a

collapsed liquid level of approximately [ ]''*'' feet and a two-phase mixture was discharred from

the top of the pressurizer via the ADS-1,-2 and -3 flow paths. The collapsed liquid level

decreased as the steam fraction of the two-phase flow through the rod bundle increased. A sharp

decrease in level occurred at approximately [ ]''*'' seconds when the upper-upper plenum

partially refilled with water. His continued after ADS-4, the pressurizer drained again at

[ l''**) sec(mds, and its level then reached manometric agreement with the water level / pressure

in the primary system.

Steam Generator=

The steam generators acted as the heat sink until the MSLIV closed and prevented further energy

removal from the secondary side. This caused the temperature of the secondary side to increase

toward the primary system hot leg temperature, which at the same time was dropping due to the

reduced power / flow ratio, When the RCPs coasted down, there was a temporary temperature

increase due to the increased power / flow ratio with natural circulation flow in the primary system

(Figure 4.2.5-2). He steam generator secondary-side water temperature then stabilized at
approximately [ ]''*'''F at the end of the IDP.

For the first part of the PDP, the pressure on the primary side of the steam generator U-tubes was

higher than the secondary side (data plot 2). His indicated that some heat transfer from the

primary to secondary side occurred and caused some condensation of the steam in the two-phase

fluid coming from the hot leg. Primary system pressure did not drop below the steam generator

secondary-side pressure until approximately [ ]''**) seconds into the event, at which time the

steam generator U-tubes were nca y drained.

At the end of the pump coastdown, flow oscillations began in the tubular downcomer and through

the power channel. His caused significant oscillations in the collapsed liquid level in the rod
bundle and, consequently, in the density of the two-phase flow from the rod bundle into the lower-

upper plenum, the hot legs, and to the steam generators (data plots 20 and 21). Since the driving

force for the natural circulation flow was the density difference between the single-phase fluid in

the cold legs and downcomer entering the power channel and the two-phase mixture leaving the

rod bundle in the lower-upper plenum and the hot legs; the flow oscillations were sustained as

long as there was flow through the steam generators.

He flow oscillations in the hot legs reached the steam generators. In steam generator-A, the
U-tubes were full until approximately [ ]''"#' seconds into the transient. At this time, a

free-water surface began to develop in the top of the U-tubes, primarily due to the separation of

mw6am1625 anon: b-om295 4.2.5-10
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steam from the two-phase mixture from the hot leg at the low-flow velocities existing at natural i

O circulation flow conditions. The fluid level on the hot-leg side of the U-tubes oscillated as it I
V decreased. This condition continued until approximately [ ](*** seconds into the transient, at

which time the top of the U-tubes remained filled with saturated vapor and the U-tube water level

decreased smoothly.

The fluid level on the cold-leg side of the steam generator-A U-tubes exhibited significant level

oscillations from about [ ]''*# seconds and it appeared that intermittent flow over the ,

top of the U-tubes occurred. At [ ](*** seconds, the U-tube water level decreased smoothly

and was drained at about [ ]''** seconds.

Because of the higher steam fraction of the fluid in hot leg-B and steam generator-B, the time over

which oscillations occurred was reduced and the U-tubes filled with saturated vapor sooner. As a

result, the steam generator-B U-tubes began to drain at about [ ]''** seconds.

He level in the steam generator-B hot-leg side U-tubes dropped to near zero at about

[ J'*** seconds. The cold-leg side U-tubes exhibited significant level oscillations from about

[ l''** seconds which continued until the U-tubes were drained at [ ]''** seconds (data
plots 22 and 23).

Ilot Legs*

I

liot legs-A and B were full of two-phase fluid until ADS-1 was actuated, when the measured

level decreased (data plots 20 and 21). The hot legs were nearly drained at ADS-4 ([ ](***
seconds) and panially refilled after IRWST injection began. The principal difference between hot '

legs-A and -B was the influence of the PRHR liX on the void fraction in the hot legs during the
PDP. Assuming that the fluid in the hot legs initially had the same steam fractions at the outlet of !

the power channel lower-upper plenum, the PRiiR appeared to have preferentially removed steam |
from hot leg-A (as seen in the very high steam fraction for the PRHR inlet flow)-thereby '

reducing the steam fraction of the fluid in hot leg-A to less than the fluid steam fraction in hot j
leg-B. He apparent steam fraction in hot leg-A was [ ](*** percent at [ J''** seconds; while I

in hot leg-B it was [ l''** percent. The hot-leg steam fraction affected the draining of the steam

generators U-tubes, with steam generator-B draining earlier than steam generator-A.

1

Cold Legs*

Cold legs-Al and -A2 remained full until [ ]''** seconds (data plots 22 through 27), at which
time the level decreased to the horizontal section of the pipes and drained at about [ ]''**
seconds. When ADS-4 occurred, the water level in the tubular downcomer temporarily dropped
reaching [ ]''** ft. below the hot-leg elevation at [ ](*** seconds (data plot 24). The rod

bundle steam fraction fluid increased. After IRWST injection began at [ ]'**# seconds, the

h annular downcomer refilled and the cold and hot legs were panially refilled after [ ](**"
seconds to the level of [ ]''** ft above the hot leg.

mwmu25. 3. mon: b-o40:95 4.2.5-11
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Cold legs-B1 and -B2 remained full until [ ]''**' seconds into the event, at which time both

cold legs-B1 and -B2 drained rapidly to the level of the horizontal section of the pipes. His
'

reduced water level in cold leg-B1 and cold leg B-2 initiated the transition of the CMTs from their

recirculation to draindown mode of operation. Cold legs-B1 and -B2 were refilled at [ ](***'

seconds to the level of [ ](**') ft. above the hot leg. At this time, the cold leg to CMT balance

lines were partially filled.

PRHR and IRWST*

At the initiation of the test, the PRHR HX was filled with subcooled liquid. When the S signal

occurred, the PRHR HX isolation valve opened and flow started through the HX at a high flow

rate due to the still operating RCPs. When the RCPs were shutoff and the power channel upper

plenum and the hot legs filled with two-phase fluid, a large portion of the steam in hot leg-A

flowed to the PRHR HX (data plot 29). The two-phase mixture, consisting of alternating slugs of

steam and water, was condensed and subcooled in the PRHR HX (data plot 28) from [ ](**#''F
to below [ ]''*#''F. During the PDP (prior to ADS-1), there was a significant variation in the

flow through the PRHR HX, caused by the variation in the steam fraction in hot leg-A. Steam

condensation was apparently occurring in the PRHR HX as evidenced by the rapid and wide

variations in dP measurements (data plots 28, 29, and 37).

When ADS-1 began, the power channel and the hot leg were refilled with subcooled water by

accumulator injection. The driving head for the flow in the PRHR HX decreased (caused by the

density difference between the fluid in the PPHR supply line and the return line) and the flow

decreased and stopped. There was a short pen 1 of reverse flow at the end of the accumulator

discharge. The subcooled fluid in the hot leg never filled the PRHR supply line, and hot fluid in

this line flashed as system pressure decreased. Simultaneous flashing in the supply line and

condensation in the PRHR HX resulted in a wide variations in the measured flow in the PRHR
HX return line.

i

| After the accumulator injection had ended, the rod bundle upper plenum again reached saturation i

temperature, and a two-phase mixture again occurred in the hot legs. Flow restarted in the PRHR

HX, and tbc flow rate varied in response to the steam fraction in the hot leg. When ADS-4 fully

depressurized the primary system and the IRWST flow began and refilled the power channel and

the hot leg with subcooled water again, the flow through the PRHR HX stopped for the remainder

of the transient. The subcooled fluid in the hot leg filled the PRHR supply line at [ ](***'
seconds.

Following ADS-4, primary system pressure decreased to near ambient, and gravity flow due to the
water elevation head in the IRWST began injecting water into the annular downcomer via the DVI

lines. The flow from the IRWST was sufficient to refill the power channel, downcomer, and loop
piping and to establish subcooled fluid flow through the tube bundle and out through the ADS-4
flow paths (data plots 32 and 40).

mwwweswanon 150*c95 4.2.5-12
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Core Makeup Tanks-

-m
( )

The CMT injection was initiated two seconds after the S signal when the CMT injection line

isolation valves were opened. Initially, the flow from the CMTs occurred by natural circulation;
hot water from cold legs flowed to the top of the CMTs and cold water from the bottom of the

CMTs flowed to the downcomer, via the DVI lines, into the power channel.

Initially, this recirculation rate was approximately 0.13 lbm/sec. from each CMT. He flow rate

slowed down to [ ]"*') Ibm /sec. at [ ]"*'' seconds due to the decreased buoyant head

driving force that occurred as the CMT water was replaced with hot water from the cold legs, and

as the cold-leg water temperature decreased.

After cold legs-B1 and -B2 drained to the level of horizontal pipes at [ ]"*#' seconds,

flashing / draining began in the cold-leg balance line. When the temperature at the top of the CMT

reached the saturation temperature for primary system pressure, a free-water surface was

established in the CMTs. This increased the driving head for the injection flow and resulted in a
higher draindown flow rate. For the 1-inch LOCA, the break flow at this time was less than full

CMT draindown flow rate. This caused the CMT injection to consist intermittent short periods of

draindown, which increased the cold-leg water level and short periods of refill with water from the
cold legs. This resulted in a slow decrease in CMT levels and the ADS-1 actuation was therefore

delayed and occurred at a system pressure of approximately [ ]"*") psia, considerably below

(m 711 psia accumulator gas pressure. Part of the accumulator coolant inventory was therefore'-)\
injected into the primary system prior to ADS-1. His accumulator injection helped maintain the
primary system coolant inventory at cold-leg elevation and thus contributed to intermittent CMT

draindown/ refill. For test S00401, the break was located in cold leg-B2, resulting in cold leg-B2

draining before cold leg-Bl. Since the CMT-B balance line was connected to cold leg-B2, the
dmindown began earlier for CMT-B (at 2300 seconds) than for CMT-A (at [ ]"*** seconds), as

shova, in data plot 38. The CMT balance lines finally completely drained at [ ]"**' seconds
(ADS-1), resulting in an increase in CMT injection flow rate. The steam in the CMT balance lines

and at top of the CMTs was slightly superheated as the primary system pressure was rapidly
reduced by ADS operation.

De CMTs were heated first by the hot liquid which replaced the cold water draining from the

bottom of the CMTs. A stable, stratified thermal gradient was established in the CMTs (data plots
15 and 16). Later steam from the cold legs maintained the exposed metal and free-water surface

temperatures at or near saturation temperature.

The CMT recirculation mode flow rate was initially approximately [ ]"*#'lbm/sec. and steadily
decreased to approximately [ ]"*" Ibm /sec when the transition to draindown began. He CMT
average injection flow rate increased to approximately [ ]"*")lbm/sec. during the transition
period. After ADS-1 actuated, CMT injection increased again to [ ]"** lbm/sec. and then

) gradually decreased with time. During the accumulator injection (ADS-1), the CMTs' draindown
'~' rate remained high. CMT-A was drained at about ADS-4 ([ ]"*" seconds). De CMT-B

,

|
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injection flow rate decreased when the IRWST started at about [ ]"*'' seconds, and CMT-B

drained at [ ]"A" seconds (data plot 33).

Accumulators=

ne accumulators provided water injection by a polytropic expansion of a compressed air volume

stored within the accumulator. Accumulator injection started when the primary system pressure

dropped below 711 psia at [ ]"A" seconds. The accumulator injection flow rate was low until

ADS-1 was actuated at approximately [ ]"A*' seconds when the flow rate increased to
approximately [ ]"A"lbm/sec. De accumulator injection after ADS actuation lasted
approximately [ ]"A" seconds, and the accumulators were completely drained (data plot 34).

The effective polytropic coefficient of expansion was calculated for the accumulators
(Figures 4.2.5-3 and 4.2.5-4) to be [ ]"A" for accumulator-A and [1.21]"A" for accumulator-B.
This was near the mid-point between isothermal expansion (k = 1) and adiabatic expansion

(k = 1.4) and showed that some heat was picked up by the compressed air from the internal metal

surfaces of the accumulator during the expansion.

Mass Discharge and Mass Balance

The catch tank weight measurements are shown in data plot 43 for the break flow, for the ADS-1, -2,

and -3 flows, and for the ADS-4 flow. The break flow as shown in plot 44, which began when the
test was initiated, decreases as system pressure drops during the IDP and the PDP. When the ADS

was actuated, the break location voided, and further discharge from the break was primarily saturated

steam until IRWST injection refilled the cold leg after ADS-4.

The discharge from ADS-1, -2, and -3 was stable throughout the accumulator injection and increased

temporarily when the injection ended. When ADS-4 occurred, the discharge of fluid from the top of
the pressurizer essentially ended, and the fluid discharge from ADS-4 began. The ADS-4 fluid

discharge rate was relatively stable and continued until the end of the test. The discharged masses are
shown in Table 4.2.5-4.

De mass balance results for test S00401 were calculated based on water inventory before and after the

test. Table 4.2.5-2 gives a detailed listing of the inventories of water in the various components before

the test. Table 4.2.5-3 lists the inventories after the test and the amount of water injected into the
vessel from the IRWST. De water level in the vessel was determined by the DP-B16P measurement

to be [ ]"A" in. [ ]"*" above the hot-leg centerline at the end of the test. Table 4.2.5-4

compares the mass balance for the system before and after the test and shows 98.5% agreement of the |

measurements.

O
|

|
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p TABLE 4.2.51

() SEQUENCE OF EVENTS FOR TFSI' S00401

Event Specified Instrument Channel Actual Time (s)

Break Opens 0 (***- -

R Signal P = 1800 psia P-027P

MSLIV R signal + 2 sec. Z_A MSO,F_A NS

Z_B04SO, F_B04S

S Signal P = 1700 psia P-027P

MFW IV Closure S signal + 2 sec. Z_B02SO, F_BOIS

Z_A02SO, F_A0lS

CMT IV Opening S signal + 2 sec. Z_AN0EC, F-A40E

Z_BMOEC, F-B40E

RCPs Tripped S signal +16.2 sec. I-AIP, S-AIP

I-BIP, S-BIP

p PRifR Heat Exchanger S signal +2 sec. Z_A81EC, F_A80E

Q Actuation

ADS-1 CMT level 67% L_B40E

+30 sec. Z_001PC

Accumulators P-027P = 710 psia F_A20E

F_B20E

ADS-2 CMT level 67% L_B40E

+ 125 sec. Z_002PC

| ADS-3 CMT level 67% L_B40E

+ 245 sec. Z_003PC

ADS-4 CMT level 20% L_B40E

+60 sec. Z_004PC A/B )

| IRWST Injection P-027P = 26 psia F_A60E
f

F_B60E
- -"'

==,

rx
* Manually opened
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TA11LE 4.2.5-2

WATER INVENTORY llEFORE TEST

Volume Net Vol Temp Relative
Component (ft.')/(I) (ft.')/(0 (*F) Density Mass (thm) |

Loops 8.97 f t.' 8.97 ft.' (***
|

(254.0 I) (254.0 l) |

Pressurizer 3.37 ft.' l.85 ft.'
(95.4 0 (52.4 I)

Surge Line 0.34 ft.' 034 ft.'
(9.60 (9.6 l)

|

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1 I) (39.1 I)

Annular Downcomer 0.54 ft.' O.54 ft.'
+ Upper llead Bypass (15 3 l) (15.3 l)

Core Bypass 0.44 ft.' O.44 ft.'

(12.4 I) (12.4 I)
|

Lower Plenum 0.81 ft.' O.81 ft.'

(22.8 I ) (22.8 l) |

Riser 1.64 ft.' l.64 ft.'
(46.4 I) (46.4 I) i

1

Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 D (41.3 I)

_

Upper licad 1.90 ft.' l.90 ft.'
(53.8 0 (53.8 0

CMTs 10.1 ft.' 10.1 ft.'

(286.0 0 (286.0 I)

Accumulators 10.1 f t.' 7.M ft.'
(286.0 D (216.2 h

IRWST Injection Line 0.18 ft.' O.18 ft.'

(5.1 I) (5.1 I)

TOTAL
INVENTORY

-

O

mMpeau625w.inonso40295 4.2.5-16



|

TABLE 4.2.5 3

(/ WATER INVENTORY AITER TEST S00401 WAS COMPIETED
Water level as measured by DP.B16P (-0.45 psi) was 13.12 in. (328 mm) above hot leg

Volume Net Vol Temp Relative
Component (ft.')/(I) (ft.')/(I) ('F) Density Mass (Ibm)

Loops 8.97 ft.' O.0 ft '
~ ~

(""

(254.0 l) (0.0 l)

Pressurizer 3.37 ft.' O.0 ft.' !

(95.4 I) (0.0 l) |
Surge Line 034 ft.' O.0 ft.'

(9.6 I) (0.00

Tubular Downcomer 138 ft.' 138 ft.'
(39.1 O (39.1 f)

Armular Downcomer 0.54 ft.' O.43 ft.'
Upper licad Bypass (153 0 (12.1 I) ;

Core Bypass 0.44 ft.' O.44 ft.' |

(12.4 I) (12.4 0

Lower Plenum 0.81 ft.' O.81 ft.'

(22.8 I) (22.8 I)

Riser 1.64 ft.' l.64 ft.'
(46.4 I) (46.4 I)

Upper Plenum 1.46 ft.' O.12 ft.'

(413 0 (34.4 I)

Upper licad 1.90 ft.' O.0 ft.' l

(53.8 0 (0.0 0 |
|

CMTs 10.1 ft.' O.0 ft.' !

(286.0 D (0.0 0

Accumulator 10.1 ft.' O.0 ft.'

(286.0 I) (0.0 D j

1RWST 0.18 ft.' O.0 ft.'

(5.1 I) (0.0 ()

'IOTAL INVENTORY
_.

WATER INJECTED FROM THE IRWST DUKtNG EVENT
m

Temp
IRWST injection Del Elev (psi) Area (in') ('F) Rei Dens Mass (thm)

[ yao

..

mvmis25w-3.non:it4 * os 4.2.5-17



TABLE 4.2.5-4
M ASS IIALANCE FOR TEST S00401

Starting Inventory Ending Inventory

(Ibm) (lbm)

Total Prunary Systern
~ ~

"''

IRWST Injection

Break

ADS-1, -2, -3

ADS-4

TOTAL

Endmg Inventory / Starting Inventory (thm)

Ending Inventory / Starting Inventory (%)
-

O

e

i

e
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n TEST DATA PLOT PACKAGE
(j CIIANNEL LIST BY COMPONENT

COMPONENT CllANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34 j
i

ACCB F_B20E lbm/sec. 39 i

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30flw Ibm /sec. 44 Flow rate derived from IF030P

ADS 1,2, & 3 IF030P lbm 43 Catch tank i

ADS 4 & SG IF40flw lbm/sec. 44 Flow rate derived from IF040P l

ADS 4 & SG IFU40P lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2

ANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2

y'S BREAK LINE IF05flw lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction
|

CLA T-A10P *F 11 Steam generator outlet |
|

CLAl F_A0lP lbm/sec. 36
|

CLAl T-A021PL *F 13 Downcomer inlet |
CLAl T-AllP F 11 Pump outlet

|

CLA2 F_A02P lbm/sec. 36 !
!

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B00lP psi 26 To cold leg-B1

|

|

N
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TEST DATA PLOT PACKAGE
CilANNEL LIST llY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B IOP 'F 12 Steam generator outlet

CLB1 F_B0lP lbm/sec. 36

CLB1 T-B021PL 'F 14 Downcomer inlet

CLB1 T-B1IP 'F 12 Pump outlet

CLB2 F._B02P lbm/sec. 36

CLB2 T_B022PL 'F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E Y 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E 'F 15 165.75 in.

CMTA T-A409E 'F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom (0 in.)

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-8403E 'F 16 216.75 in.

CMTB T-B405E 'F 16 191.25 in.

CMTB T-B407E 'F 16 165.75 in.

CMTB T-B409E F 16 140.25 in.

CMTB T-B41lE *F 16 114.75 in.

CMTB T-B413E 'F 16 89.25 in.

,

l
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TEST DATA PLOT PACKAGE
CHANNEL LIST BY COMPONENT (Cont.) :

COMPONENT CHANNEL UNITS PLOT COMMENT

CMTB T-B415E 'F 16 63.75 in. |
|

CMTB T-B417E *F 16 38.25 in.
,

i
;CMTB T-B420E 'F 16 Bottom (0 in.)

CVCS F-001 A psi 42 i

DVIA T-A00E 'F 13

DVIB T-B00E 'F 14
;

HLA DP-A(MP psi 20
-

i

IILA T-A03PL 'F 5 Verticci, . ear power channel i
,

IILA T-A03PO 'F 5 Horizontal, near power channel

liLA T-A(MP 'F 5 Near steam generator inlet

IILB DP-B04P psi 21

|IILB T-B03PL 'F 6 Vertical, near power channel

IILB T-B03PO 'F 6 Horizontal, near power channel

llLB T-B(MP *F 6 Near steam generator inlet
;

1RWST F_A60E lbm/sec. 40 .

|
IRWST F_B60E lbm/sec. 40

IRWST L_060E ft 32 |

IRWST T-061E 'F 17 Bottom

IRWST T-062E 'F 17 Below middle

IRWST T-063E 'F 17 Middle

IRWST T-064E *F 17 Above middle

IRWST T-065E 'F 17 Top

PC W 00P kW l_

PC-IIB L_0(10P ft 30 Heater bundle

PC-IIR TW018P20 'F 3 Heater rod

PC-11R TW018P48 'F 3 Heater rod

PC-HR TW019P82 *F 3 Heater rod j

PC-IIR TWO20P24 'F 3 Heater rod

PC-HR TWO20P87 'F 3 Heater rod

ws.p60 mis 25.a.non: t,440295 4.2.5-25
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TEST DATA PLOT PACKAGE
CIIANNEL LIST llY COMPONENT (Cont.)

COMPONENT CIIANMEL UNITS PLOT COMMENT

PC-Ulf T-016P *F 4 Upper head

PC-UP L_A15P ft. 30 Bottom of the upper plenum

PC-UP L_A16P ft. 31 Top of the upper plenum

PC-UP T-015P *F 4 Upper plenum

PC-Ull L_.017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of the active fuel

PRIIR DP-A81 AE psi 29 Supply line inverted U-tube

PRIIR DP-A81BE psi 29 Supply line inverted U-tube

PRIIR DP-A81E psi 28 Supply line

PRIIR DP-A82E psi 28 11 eat exchanger

PRiiR DP-A83E psi 28 Return line

PRiiR F_A80E lbm/sec. 37 Return line

PRIIR T-A82E F 19 Inlet

PRIIR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P *F 18 487 in.

SGA DP-AOSP psi 20 Hot side

SGA DP-A06P psi 20 1101 side
|

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41 Main SGA feed

SGA F_A20A lbm/sec. 41 Secondary SGA feed

SGA L_A10S ft. 35 Overall level

SGA P-A(MS psia 2 Secondary system

SGA T-AOIS *F 10 MFW-A

SGA T-A05P *F 7 liot side

SGA T-A05S *F 9 1101 side - riser

SGA T-A06P *F 7 liot side
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'TEST DATA PLOT PACKAGE

CHANNEL LIST HY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

SGA T-A08P 'F 11 Cold side

SGA TW-A06S *F 7 Hot side

SGB DP-B05P psi 21 Hot side
,

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side
,

SGB F_BOIS lbm/sec. 41 Secondary SGA feed f
,

SGB F_B20A lbm/sec. 41 Secondary SGB feed

SGB L_310S ft. 35 Overall level

SGB P-BNS psia 2 Secondary system

SGB T-BOIS 'F 10 MFW-B

SGB T-B05P *F 8 Hot side

N SGB T-BOSS 'F 9 Hot side - riser

SGB T-B06P *F 8 Hot side

SGB T-B07P 'F 8 U-tube top

SGB T-B08P *F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P *F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

TDC DP-002P psi 24,25,26,27 Bottom

TDC T-00lPL 'F 13,14 Top

TDC T-003P 'F 13,14 Bottom

TSAT-PRZ *F 18 Based on P-027P

UH-TSAT *F 4 Based on P-017P

O :

i

|
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4.2.6 One-In. Cold-Leg Break with Three PRHR IIX Tubes, without Nonsafety Systems (S01613)

(mk) Tids matrix test was performed to be identical to matrix test S00401 with the exception that the

number of PRHR IIX tubes in use was increased from 1 tube to 3 tubes. This test simulated a 1-in.
break in the bottom of cold leg-B2. The test began with the initiation of the break in cold leg-B2,

widch was the cold leg with the CMT-B pressure balance line connection. The break location was just
downstream from the cold leg to the core makeup tank (CMT) balance line connection. This test was

performed without any nonsafety systems (chemical and volume control system [CVCS] makeup

pumps, steam generator startup feedwater [SFW] pumps, and normal residual heat removal system
[NRiiR] pumps) operating.

Results are provided in the data plot package at the end of Ods section. The sequence of events for
S01613 is listed in Table 4.2.6-1.

The AP600 SPES-2 tests were marked by distinctly different phases. These phases were characterized

by the rate at which the primary system pressure decreased and the thermal-hydraulic phenomena

occurring within die primary and safety systems. The different phases selected for the purpose of
detailed evaluation of dds LOCA are shown in Figure 4.2.6-1 and are as follows:

Initial depressurization phase (IDP)-Point I to 2.

Pressure decay phase (PDP)-Point 2 to 3*

Automatic depressurization system (ADS) phase-Point 3 to 4.

.k
Post-automatic depressurization system (post-ADS) phase-Point 4 to 5*

Overall Test Observations

Figure 4.2.6-1 shows the plant primary system pressure during test S01613 (as measured at the top of

the pressurizer), with selected component actuadons and plant responses shown in relation to primary
system pressure.

The IDP began with the initiation of the break, which resulted in a rapid reduction in pressure. The

reactor trip (R) signal initiated at 1800 psia. The safety systems actuation (S) signal initiated at 1700
psia. The R and the S signals initiated the following actions:

Decay power simulation (with heat loss compensation) initiated*

Main steamline isolation valves (MSLIVs) closed=

Main feedwater isolation valves (MFWlVs) closed*

CMT injection line isolation valves openeda

Passive residual heat removal (PRHR) return line isolation valve opened.

Reactor coolant pumps (RCPs) stopped mnning=

Recirculation flow through the CMTs and flow through the PRHR heat exchanger (HX) began
immediately after their isolation valves opened. Flashing / boiling occurred in the rod bundle and
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upper-plenum regions of the power channel due to the rapid decrease in primary pressure to the fluid

saturation pressure. The measured fluid level in the upper-upper plenum decreased to the hot-leg

elevation. The flashing on the hot-leg side of the primary system stopped the rapid drop in primary

system pressure. When the RCPs were shut off(at [ ]''^" seconds), the flow through the rod

bundle began to oscillate (with a [ ]''^"-second period). This resulted in oscillations in the

rod bundle and lower-upper plenum collapsed liquid level and fluid temperature, and system pressure.

During the initial stages of the PDP, the rod bundle collapsed liquid level decreased (fluid steam

fraction increased). This caused an increasing steam fraction in the upper plenum and the hot legs.

The hot leg-B fluid had a steam fraction close to that observed in the upper plenum. The steam

fraction in hot leg-A was lower due to the selective removal of vapor from the hot leg into the PRHR
HX inlet line.

Two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam from the

two-phase mixture collected in the top of the U-tubes. This stopped the primary system flow through

the steam generators so that the power channel flow was composed predominantly of the . w through

the PRHR HX. The steam fraction oscillations observed in the rod bundle and in the upper plenum

ended when the steam generator U-tubes drained. Approximately [ ]''*" seconds into the test, the

steam generator-B U-tubes began to drain. The steam generator-A U-tubes began to drain,

approximately [ ]''^4 seconds later due to the lower fluid steam fraction in hot leg-A.

Due to boiling in the rod bundle (data plots 30 and 31), two-phase flow entered the hot leg from the

upper plenum and flowed through the PRHR HX. The flow into the PRHR HX consisted of

intermittent periods of saturated water and steam which had an average steam fraction significantly

greater than the fluid in the upper plenum. The average steam fraction at the PRHR HX inlet was as
high as [ ]''*" percent, which enhanced the PRHR HX heat transfer from the primary system,

as compared to its heat removal capability with single-phase saturated or subcooled water. When the

primary system flow stabilized after the initial flow oscillations, a PRHR HX heat removal rate of

[ ]''*" kW was calculated. This calculation was based on the steam fraction at the PRHR HX inlet
(as calculated from the dP instrument readings in data plot 29), the averaged return flow rate, the HX

inlet and outlet temperatures, and the pressure. This calculation, which assumes a slip coefficient of I

between water and steam, may be lower than the actual heat transfer and should only be used for test-

to-test comparison.

When the primary system pressure decreased to the saturation pressure for the fluid in the upper head,

it began to drain (at apw mately [ ]'**" seconds).u

When the loop-B cold legs had panially emptied, the CMTs transitioned from their recirculation mode

of operation to an intermittent draindown mode of operation at approximately [ ]''*" seconds.

During the first [ ]''*" seconds of this test (until ADS-1), [ ]''A"lbm of water were expelled
through the break draining the: the pressurizer, the steam generator U-tubes, the power channel upper

head, the power channel upper plenum above the hot leg, most of the cold legs, and approximately
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[ ]('*" percent of the CMTs. De heated rods that !,imulate the AP600 core decay heat reduced

( power to approximately 230 kW at 4800 seconds. His value consisted of 80-kW of decay heat and
150-kW of heat loss compensation. He mass flow rate out of the break was decreasing, indicating'v

that cold leg-B2 was almost empty.

The ADS phase began with the actuation of ADS-1 (at approximately [ ](***' seconds). ADS-2

and -3 occurred within the next [ ]''^') seconds. The heat loss compensation was removed from the

rod bundle power decay simulation when ADS-1 occurred, reducing the rod bundle power to

approximately 80 kW.

The ADS actuation increased the rate of primary system depressurization and resulted in high

injection flow from the accumulators. The rapid injection of cold water from the accumulators (from

[ ]''A'' seconds) and the CMT injection flow refilled the power channel / upper plenum, the

horizontal portion of the hot legs and the pressurizer. When the accumulator discharge ended the

flow through the heater bundle decreased to the injection rate of the CMTs and the PRHR HX flow,

and two-phase flow occurred again the heater bundle, hot leg-A, the PRHR HX, and into the

pressurizer. The rod bundle steam fraction continued to increase (collapsed liquid level decreased)

until after ADS-4 was actuated.

He mass flow rate through the break decreased sharply at approximately [ ]''^') seconds,

indicating that cold leg-B2 emptied and that the break flow was steam. During the ADS phase,

approximately [ ]''^') lbm of subcooled water were discharged from ADS,1, -2, and -3.
v

The post-ADS period began when ADS-4 actuated. ADS-4 occurred at [ ]''**) seconds, the fluid

discharge through ADS-1, -2, and -3 stopped, and the pressurizer water drained back into hot leg-A.

A small amount of CMT flow continued into the downcomer via the direct vessel injection (DVI) line. |
'

When the primary system pressure decreased below the pressure corresponding to the water elevation

head of the IRWST, flow from the IRWST began. Shortly thereafter, the CMT flow ended. The flow

from the IRWST gradually refilled and subcooled the power channel, restored single-phase wster flow

through the rod bundle, and partially refilled the upper-upper plenum. The PRHR HX supply line
partially emptied at approximately [ l''**) and the PRHR HX was nn longer effective. A steady

flow of subcooled water was established from the IRWST into the downcomer, through the power

channel, and left the primary system through the ADS-4 flow paths.

His test demonstrated that the heater bundle was fully covered by a single- or two-phase fluid at all

times during this test (data plots 30 and 31). Dere was no indication of heater rod temperature

increase due to lack of cooling (data plot 3). Key parameters comparing the S01613 test with other

tests are listed in Table 5-1 in Section 5.0. |
|

|

\
U
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Discussion of Test Transient Phases

Initial Depressurization Phase (0 to [ ]''*'' Seconds).

The initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

ended when the primary system pressure reached the saturation pressure of the fluid in the

lower-upper plenum and the hot legs (Figure 4.2.6-1). This phase included the Miowing events:

R signal at 1800 psia (decay power simulation initiated and the MSIV closed), and S signal at

1700 psia (the MFWIV closed, the CMT injection line isolation valves opened, and the PRHR heat

exchanger return line isolation valve opened-all with a 2-second delay; and RCP coastdown

started after a 16.2-second delay). See Table 4.2.6-1.

Facility Response During the IDP:

From time 0 until the R signal occurred, the primary system pressure decreased due to the

expansion of the pressurizer steam vc'ume caused by fluid loss through the break. The pressurizer

partially compensated for the loss of pressure by flashing; however, it was drained after [ ]'**''
seconds (data plot 32). The R (at [ ]''*'' seconds) and the S (at [ ]''*') seconds) signals

were based on pressurizer pressure only. When the R signal occurred, the MSLIV closed and the

power was reduced to 20 percent of full power after a 5.75-second delay and began to decay after

a 14.5-second delay.

As a result of the power reduction without flow reduction, the rod bundle AT decreased due to the

low power / flow ratio and the lower-upper plenum temperature dropped toward the cold-leg

temperature. At the same time, the primary system pressure had decreased to [ ]''*#' psia
(the saturation pressure of the [ ]''*''*F water in the upper-upper plenum), and the upper-

upper plenum began to flash and rapidly drain. System pressure decreased to approximately

[ ]''*'' psia at [ J''*'' seconds. At this time, the pressurizer was drained, but primary system |

pressure was still dictated by the temperature of the saturated vapor in the pressurizer (about

[ ]''*'''F) and the fluid in the surge line. When the RCPs shut off (at [ ]''*') seconds), the

rod bundle and upper-plenum fluid temperatures increased due to the increased power / flow ratio at I
the lower flow. System pressure increased temporarily until the decreasing rod bundle decay |
power and the decreasing lower-plenum temperature (due to the CMTs injecting cold water into |
the downcomer) began to reduce the lower-upper plenum fluid temperature. The decrease in |
primary system pressure resulted from the balance between the steam generation rate (from |

flashing primary fluid), the volumetric flow ofliquid out of the break, and the steam condensation I

occurring in the PRHR HX. Steam was continually generated by boiling due to the heater power.

As system pressure continued to decrease, more fluid reached its c.turation pressure and flashed.

The PRHR HX flow started before the RCPs were tripped and then continued by natural

circulation (data plot 37). Primary system pressure stabilized at saturation pressure for the bulk

hot fluid in the primary system (approximately 540*F), as shown in Figure 4.2.6-1. This ended
the IDP.
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Pressure Decay Phase ([ ]*4 Seconds)=

ne pressure decay phase (PDP) began when system pressure (Figure 4.2.6-1) reached saturation

pressure for the bulk hot fluid in the primary system. His phase ended when ADS-1 opened on ;
low CMT level (at approximately [ ]'*** seconds) and augmented the system depressurization.

'

This phase was characterized by a slow decrease in overall system pressure and temperature. The

rod bundle power (decay heat plus heat loss compensation) was reduced from 310 kW to 230 kW

(data plot 1) At [ ]** seconds (rod bundle power was about 250 kW), the PRHR HX heat

removal rate was approximately [ ]'*** kW The recirculating CMTs provided approximately

[ ]'*** kW effective heat removal from the primary system at this time. His heat removal plus

energy lost through the break and the facility heat losses exceeded the rod bundle heat input to the
primary system.

The initial CMT natural circulation operating mode was followed by draindown injection when

the loop-B cold legs drained (data plot 38). The U-tubes of the steam generators had completely
drained at this time (data plots 20 through 23) and had no effect the rest of the test. Accumulator

injection was initiated when the primary system pressure dropped below 711 psia (at
approximately [ ]'**4 seconds) prior to ADS-1 actuation; however, the injection rate was

low (less than [ ]** lbm/sec.) due to the small difference between system pressure and
accumulator gas pressure (data plot 39).

h Facility Response During the PDP:Y
The oscillating flow in the primary system that began after the RCPs were shutoff continued into

the PDP. Dese flow oscillations resulted in wide variations in the steam fraction of the two-phase
mixture exiting the rod bundle and flowing into the hot legs (data plots 30 and 31). Rese

oscillations in steam fraction had a significant effect on the thermal buoyancy head that drove the

flow in the primary system at this time, since it affected the two-phase flow density. Dese steam

fraction oscillations were observed through the hot leg and the steam generators (data plots 20
and 21). However, the steam fraction oscillations v/ere converted to flow oscillations in the cold

legs since the two-phase mixture entering the steam generators left the steam generators as

saturated water (data plots 24 through 27). Some of the steam was condensed in the steam

generator U-tubes (the primary-side pressure was higher than the secondary-side pressure at this

time, allowing some heat to be transferred to the secondary-side fluid). The remaining steam was

separated from the two-phase mixture in the high point of the U-tubes (due to low velocity),

eventually causing the U-tubes to begin to drain, and a free-water surface appeared at the top of
the U-tubes (plots 20 and 22). At [ ]"4 seconds, all flow through steam generator-A stopped,

since the free-water surface in the U-tubes had fallen too low to be overcome by the buoyancy

head steam fraction oscillations. De oscillations were seen in temperatures and pressures

throughout the primary system. When the steam generator U-tubes drained, these oscillations

stopped. The steam generator-B U-tubes drained earlier than for steam generator-A due to the

(n) higher steam fraction in the fluid from hot leg-B. ;

%./

I
ImAapMul625w-4.non:ltv040295 4.2.6-5



De primary system pressure decay during the PDP began at a slow rate ([ }"*'' psi /sec.). At
approximately [ ]"*'' seconds, the primary system pressure decay rate increased to [ ]"*''
psi /sec., (Figure 4.2.6-1). Bus happened when the CMTs transitioned from their recirculation

mode to their draindown mode of operation. Tids transition occurred when the steam generator

U-tubes on the cold-leg side drained and the B-loop cold legs partially drained, allowing the cold

leg to CMT balance lines to drain. The increased rate of pressure decay was due to the increased

injection rate of the cold liquid from the CMTs.

De CMTs began injecting cold fluid into the annular downcomer via the DVI lines when the

S signal occurred. Initially, this injection from each CMT was driven by natural circulation (at
approximately [ ]'**'' lbm/sec.), with hot fluid flowing from the cold leg through the cold-

leg balance line (CLBL) into the top of the CMT, replacing the cold fluid flowing from the

bottom of the CMT. The CMT natural circulation flow rate slowed to [ ]"*'' lbm/sec. at
[ }"*#' seconds as the CMT filled with hot water and the cold-leg fluid temperature decreased,

reducing the natural circulation driving head. When the loop-B cold legs were partially drained at

about [ ]"*') seconds, the CLBLs of both CMTs drained, and the CMTs transitioned to their

draindown mode. For this 1-inch LOCA, the break flow at this time was less than the nominal

CMT draindown injection flow rate from the two CMTs. Ecrefore, when a free-water surface

developed in the top of each CMT and the injection flow rate increased significantly the cold leg

water level apparently increases. This blocks the path for steam to enter the balance lines and dicy

refill with water. This caused the CMT injection to consist ofintermittent short periods of

draindown, alternating with shon periods of refill with water from the cold legs (data plot 38).
Ens resulted in a slow net drop of the CMT level. Complete transition to draindown occurred

earlier in CMT-B than in CMT-A. He free-liquid surfaces in the CMTs were apparently
established by both flashing of the water in the CLBLs and steam flowing to the CMTs from die
cold legs.

De steam flow from the cold legs into the top of the CMTs heated / maintained the upper CMT
surfaces and water surface at saturation temperature.110 wever, flashing also occurred in the

CMTs due to the high temperature of the fluid in the top of the CMTs (data plots 15 and 16) and

the decreasing system pressure. The steam above the liquid surface in the CMTs and in the

balance lines was superheated after ADS-1. Flashing kept the water temperature at saturation

temperature while system pressure decayed.
1

Ec accumulators began to inject fluid when the primary system pressure dropped below 711 psia
(at approximately [ ]"*'' seconds); however, the injection rate was low prior to ADS-1

(data plot 39). Ilowever, this small accumulator flow contributed to maintaining sufficient water
level in the loop-B cold legs to cause the observed intermittent CMT draindown/ refill.

Broughout the PDP, the PRIIR IIX removed energy from the primary system. De combined

effect of the PRHR }{X heat removal and CMT heat removal and injection of cold water were

sufficient to limit the steam fraction of the two-phase mixture exiting the rod bundle to
approximately [ ]**'' percent during this phase (data plots 30 and 31).
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Automatic Depressurization System Phase (4600 to 5650 Seconds)
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He automatic depressurization system (ADS) phase began with the actuation of ADS-1 and ended

with the actuation of ADS-4 (Figure 4.2.5-1). !
;
I

Facility Response During the ADS Phase:
1

With the actuation of ADS-1, followed by ADS 2 and ADS-3 within approximately [ ]'**')
seconds, the rate of primary system depressurizauen increased from almost O. (at the end of PDP)

to [ ]'**') psi /sec. (at the start of the ADS phase). His rate gradually decreased as system

pressure decreased.

The primary system depressurization after ADS actuation resulted in a high rate of water injection

from accumulators-A and -B (data plot 39). The CMTs' injection flow increased to approximately

[ ]'**'' lbm/sec. after ADS-1 and gradually decreased as CMT level decreased (data plot 38).

De accumulators injected cold water into the primary system for approximately [ ](**') seconds

(from [ ](**') seconds) and then were empty. De accumulator and CMTs' injection

refilled the power channel rod bundle region and upper plenmu with subcooled water.

The pressurizer immediately began to refill when ADS-1 occurred (data plot 32). He pressurizer

never filled completely with liquid, as two-phase fluid was discharged out of the primary system

( ) through the ADS-1, -2, and -3 flow paths. When ADS-4 occurred, the pressurizer drained and

only a small amount of steam was vented through ADS-1, -2, and -3.

Prior to the ADS period, liquid left the primary system only through the break in the cold leg.

With the actuation of the ADS, fluid left the system through the ADS from the top of the
pressurizer. The mass flow through the cold-leg break decreased as break flow converted from

liquid to predominately saturated steam as the cold leg voided and primary system pressure

decreased (data plot 43).

De PRilR llX stopped flowing (at approximately [ ]'**'' seconds) after the accumulators had
emptied and the power channel / hot leg-A contained subcooled water. PRilR HX flow did not

restan in spite of the subsequent increase in the steam fraction of fluid from the power channel.

Post Automatic Depressurization System Phase (5650 Seconds to End of Test)*

The post-automatic depressurization system (post-ADS) phase began when ADS-4 occurred

(Figure 4.2.5-1) and continued to the end of the test.

Facility Response During the Post ADS Phase:

m
[G De primary system pressure rapidly decreased to near ambient after ADS-4 actuated. This caused ji

the water level on the cold-leg side of the primary system to suddenly drop below the annular ;
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downcomer into the tubular downcomer (data plot 25). This resulted in a significant increase in

the steam fraction in the rod bundle and upper plenum; however, there was sufficient two-phase

flow to keep the bundle fully cooled (data plots 30 and 31). Gravity flow from ine IRV/ST began

at approximately [ ]'"'' seconds and quickly refilled the tubular and annular portions of the

downcomer (data plot 40). The steam fraction of flow through the power channel immediately

began to decrease and subcooled flow through the power channel and hot leg-A and out through

ADS.4 was established by approximately [ ]'"'' seconds. Also, the upper plenum became

subcooled and partially refilled. This steady-state condition was the end of the test.

When ADS-4 occurred, liquid again left the system while only a small amount of steam left the
system from ADS-1, -2 and -3.

Component Responses

Power Channel-

The power channel consisted of five volumes: the lower plenum, the riser with the heater rod

bundle, the lower portion of the upper plenum below the hot leg, the upper portion of the upper

plenum above the hot leg, and the upper head. When the break occurred, primary system pressure

decreased to the R trip point (1800 psia) and the S trip point (1700 psia). However, since the

water everywhere in the power channel was subcooled relative to system pressure, no boiling or

flashing occurred up to tius point. Nothing significant happened in the power channel until the

rod bundle power was reduced to 20 percent,5.75 seconds after the R signal. At this time, the

temperature gradient across the rod bundle quickly decreased due to the reduced power / flow ratio

(still full flow), and the power channel outlet temperature dropped toward the lower-plenum inlet

temperature (Figure 4.6.5-2). However, the water in the upper portion of the upper plenum

remained at [ ]'"#'F and it began to flash when system pressure dropped below saturation
pressure of ([ ]'*d'). When the RCPs were turned off(16.2 seconds after the S signal),

the power / flow ratio increased and the power channel outlet temperature increased resulting in

boiling in the rod bundle and flashing in the upper plenum. This produced sufficient steam to

control system pressure, and both temperature and pressure increased momentarily (data plots 30

and 31). The water temperature in the lower portion of the upper-plenum reached a peak and

started to drop in response to increasing primary system natural circulation flow caused by the

increasing steam fraction of fluid on the hot-leg side of the power channel, PRIIR 11X flow, and

CMT flow. The upper-plenum and hot-leg temperatures stabilized at approximately [ ]'"4 F,
and the primary pressure stabilized at the corresponding saturation pressure (approximately

[ ]'"# psia) at the end of the IDP.

The temperature of the liquid in the upper plenum and hot legs controlled system pressure during
the PDP (data plot 4). Flow oscillations were observed in the tubular downcomer and dP across

the rod bundle (period [ ]'** seconds) when the RCPs had coasted down, and these oscillations

continued until about [ J'** seconds into the test. The flow oscillations led to oscillations in
the rod bundle steam fraction as measured by the collapsed liquid levels in the heater bundle,
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upper plenum, and hot leg (data plots 30 and 31). When the flow decreased, the steam fraction

''}
increased and resulted in an increase of the overall system pressure and the lower-upper plenum,

temperature (Figure 4.2.6-2). The overall system pressure oscillations were therefore out of phase

with the tubular downcomer flow oscillations.

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel

during the S01613 test.

He liquid level in upper head started to decrease when system pressure decreased to the saturation

pressure of the fluid temperature in the upper head (at about [ ]'"') seconds). Initially, the
upper-head fluid temperature was only [ ]'"''*F and was therefore considerably cooler than

the upper-plenum fluid temperature. Flashing of the fluid in the upper head began at [ ]'"')
seconds, and the upper head was completely drained at approximately [ ]'"'' seconds (data
plot 4).

He upper-upper plenum began to flash when the primary system pressure decreased below

[ l'"'' psia, and its level decreased reaching the hot-leg elevation at about [ ]''*'' seconds.

He top of the upper-upper plenum remained filled with steam until the end of the accumulator

injection, when subcooled water in the lower portion of the upper plenum condensed the steam

bubble in the upper-upper plenum (data plot 4). However, when accumulator injection ended, the

upper-upper plenum again filled with steam. At [ ]''*'' seconds, the upper-upper plenum again

h filled when water injected from the IRWST restored subcooled flow through the power channel.O
Re collapsed liquid level measurement in the lower-upper plenum provided a measurement of the

steam fraction of flow exiting the rod bundle. During the PDP, this two-phase flow had a

maximum steam fraction of [ ]'d'' percent.

Data plot 30 shows the collapsed water level in the rod bundle oscillating following pump
coastdown up until [ ]'**'' seconds. This indicates apparent steam fractions in the rod bundle
varying from [ ]'"'' percent (with an approximately [ l'"''second period). After the
oscillations ended, the steam fraction of the rod bundle region increased from [ ]''*'' percent to

[ ]'"* percent, just before accumulator injection. He accumulator injection completely

subcooled the rod bundle. However, when the injection ended, the two-phase flow was again

produced, and the steam fraction of fluid in the rod bundle region reached'a maximum ([ ]'"''
percent) just before IRWST injection during the post-ADS phase. He lower-upper plenum steam

fraction increased to [ ]'"'' percent at this time, but this high steam fraction was due to the fact

that the level of the two-phase mixture temporarily dropped below the hot-leg elevation.

He collapsed level measured just above the heated portion of the rod bundle (data plot 31)

provided steam fractions that correlated well with those measured for the rod bundle and provided
evidence of the steam / water fraction of the two-phase flow exiting the top of the rod bundle.

V
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Preasurizer=

ne pressurizer began to drain when the break occurred and was completely drained in

approximately [ ]'"'' seconds (data plot 32). De water in the pressurizer flashed due to the

loss of system pressure, and the temperature of the water dropped from [ ]'d''*F during this
initial depressurization (data plot 18). The hot water flowing from the pressurizer surge line into

hot leg-A caused a slight increase in the hot-leg temperature during this period, since it mixed with

the flow from the pawer channel / upper plenum. The pressurizer remained drained until ADS-1

occurred, at approximately [ ]'"'' seconds, when it refilled and reached a collapsed liquid
level of approximately [ ]'d'' feet and a two-phase mixture was discharged from the top of the

|
pressurizer via the ADS-1, -2 and -3 flow paths. He collapsed liquid level decreased as the steam I

function of the two-phase flow through the rod bundle increased. A sharp temporary decrease in

level occurred at approximately [ ]'"#' seconds when the upper-upper plenum partially refilled

with water. Level decrease continued after ADS-4, the pressurizer drained again at [ ]'*"'
seconds and its level then reached manometric agreement with the water level / pressure in the

primary system. l

Steam Generator.

De steam generators acted as the heat sink until the MSLIV closed and prevented further energy i

|removal from the secondary side. This caused the temperature of the secondary side to increcse

toward the primary system hot-leg temperature, which at the same time was dropping due to the 1

reduced power / flow ratio. When the RCPs coasted down, there was a temporary temperature

increase due to the increased power / flow ratio with natural circulation flow in the primary system

(Figure 4.2.5-2). De steam generator secondary-side water temperature then stabilized at
approximately [ ]'"''*F at the end of the IDP.

For the first part of the PDP, the pressure on the primary side of the steam generator U-tubes was

higher than the secondary side (data plot 2). This indicated that some heat transfer from the

primary to secondary side occurred and caused some condensation of the steam in the two-phase

| fluid coming from the hot leg. Primary system pressure did not drop below the steam generator
I secondary-side pressure until approximately [ ]'**'' seconds into the event, at which time the

steam generator U-tubes were nearly drained.

| At the end of the pump coastdown, flow oscillations began in the tubular downcomer and through
'

the power channel. This caused significant oscillations in the collapsed liquid level in the rod

bundle and, consequently, in the density of the two-phase flow from the rod bundle into the lower-
| upper plenum, the hot legs, and to the steam generators (data plots 20 and 21). Sin;e the driving

force for the natural circulation flow was the density difference between the single-phase fluid in

the cold legs and downcomer entering the power channel and the two-phase mixture leaving the

rod bundle in the lower-upper plenum and the hot legs; the flow oscillations were sustained as

long as there was flow through the steam ge rators.
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The flow oscillations in the hot legs reached the steam generators. In steam generator-A, the

[dT U-tubes were full until approximately [ l'*** seconds into the transient. At this time, a

free-water surface began to develop in the top of the U-tubes, primarily due to the separation of

steam from th two-phase mixture from the hot leg at the low-flow velocities existing at natural

circulation flow conditions. The fluid level on the hot-leg side of the U-tubes oscillated as it

decreased. This condition continued until approximately [ ]'**#' seconds into the transient, at

which time the top of the U-tubes remained filled with saturated vapor and the U-tube water level

decreased smoothly.

The fluid level on the cold-leg side of the steam generator-A U-tubes exhibited significant level

oscillations from about [ J'**'' seconds and it appeared that intermittent flow over the

top of the U-tubes occurred. At [ ]'**'' seconds, the U-tube water level decreased smoothly

and was drained at about [ ]'**'' seconds.

Because of the higher steam fraction of the fluid in hot leg-B and steam generator-B, the time over

which oscillations occurred was reduced and the U-tubes filled with saturated vapor sooner. As a

result, the steam generator-B U-tubes began to drain at about [ ]'**'' seconds.

De level in the steam generator-B hot-leg side U-tubes dropped to near zero at about

[ l'**'' seconds. The cold-leg side U-tubes exhibited significant level oscillations from about

[ ]'**'' seconds which continued until the U-tubes were drained at [ ]'**'' seconds (data
O plots 22 and 23).O

Ilot Legs*

Hot legs-A and -B were full of two-phase fluid until ADS-1 was actuated, when the measured

level decreased (data plots 20 and 21). De hot legs were nearly drained at ADS-4 ([ ]' **''
seconds) and partially refilled after IRWST injection began. The principal difference between hot

legs-A and -B was the influence of the PRHR HX on the void fraction in the hot legs during the

PDP. Assuming that the fluid in the hot legs initially had the same steam fractions at the outlet of !

the power channel lower-upper plenum; the PRHR appears to have preferentially removed steam

from hot leg-A (as seen in the very high steam fraction for the PRHR inlet flow), thereby reducing )
the steam fraction of the fluid in hot leg-A to less than the fluid steam fraction in hot leg-B. The
apparent steam fraction in hot leg-A was [ ]'**'' percent at [ ]'**'' seconds; while in hot

leg-B it was [ l'**'' percent. De hot-leg steam fraction affected the draining of the steam

generators U-tubes, with steam generator-B draining earlier than steam generator-A.

Cold Legs.

Cold legs-Al and -A2 remained full until [ ]'**'' seconds (data plots 22 through 27), at which

time the level decreased to the horizontal section of the pipes and drained at about [ ]'**''
h seconds. When ADS-4 occurred, the water level in the tubular downcomer temporarily dropped

reaching [ ]'**'' ft. below the hot-leg elevation at [ l'**'' seconds (data plot 24). De rod

!
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bundle steam fraction fluid increased. After IRWST injection began at [ ]'**'' seconds, the

annular downcomer refilled and the cold and hot legs were partially refilled after [ l' **''
seconds to the level of [ l'**') ft. above the hot leg.

Cold legs-B1 and -B2 remained full until [ ]'**#3 seconds into the event, at which time both

cold legs-B1 and -B2 drained rapidly to the level of the horizontal section of the pipes. This
reduced water level in cold leg-B1 and cold leg B-2 initiated the transition of the CMTs from their

recirculation to draindown mode of operation. Cold legs-B1 and -B2 were refilled at [ ]' **"'

seconds to the level of [ ]'**'' ft. above the hot leg. At this time, the cold leg to CMT balance
lines were partially filled.

PRilR and IRWST*

At the initiation of the test, the PRHR HX was filled with subcooled liquid. When the S signal

occurred, the PRHR HX isolation valve opened and flow started through the HX at a high flow

rate due to the still operating RCPs. When the RCPs were shutoff and the power channel upper

plenum and the hot legs filled with two-phase fluid, a large ponion of the steam in hot leg-A

flowed to the PRHR HX (data plot 29). The two-phase mixture, consisting of alternating slugs of
steam and water, was condensed and subcooled in the PRHR HX (data plot 28) from [ J'**')*F
to below [ ]'***) F. During the PDP (prior to ADS-1), there was a significant variation in the

flow through the PRHR HX, caused by the variation in the steam fraction in hot leg-A. Steam

condensation was apparently occurring in the PRHR HX as evidenced by the rapid and wide

variations in dP measurements (data plots 28,29, and 37).

When ADS-1 began, the power channel and the hot leg were refilled with subcooled water by

accumulator injection. The driving head for the flow in the PRHR HX decreased (caused by the
density difference between the fluid in the PRHR supply line and the return line) and the flow
decreased and stopped. There was a shoit period of reverse flow at the end of the accumulator

discharge. The subcooled fluid in the hot leg never filled the PRHR supply line, and hot fluid in
this line flashed as system pressure decreased. Simultaneous flasidng in the supply line and

condensation in the PRHR HX resulted in a wide variations in the measured flow in the PRHR
HX return line.

After the accumulator injection had ended, the rod bundle upper plenum again reached saturation

temperature, and a two-phase mixture again occurred in the hot legs. Flow restarted in the PRHR

HX, and the flow rate varied in response to the steam fraction in the hot leg. When ADS-4 fully
depressurized the primary system and the IRWST flow began and refilled the power channel and

the hot leg with subcooled water again, the flow through the PRHR HX stopped for the remainder

of the transient. The subcooled fluid in the hot leg filled the PRHR supply line at [ ]'**"'
seconds.

The heatup of IRWST water resulting from the operation of the PRHR HX is shown in data

plot 17. Following ADS-4, primary system pressure decreased to near ambient, and gravity flow
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due to the water elevation head in the IRWST began injecting water into the annular downcomer

[V] via the DVI lines. De flow from the IRWST was sufficient to refill the power channel,
downcomer, and loop piping and to establish subcooled fluid flow through the tube bundle and out

through the ADS-4 flow paths (data plots 32 and 40).

Core Makeup Tanks.

ne CMT injection was initiated two seconds after the S signal when the CMT injection line
isolation valves were opened. Initially, the flow from the CMTs occurred by natural circulation;

hot water from cold legs flowed to the top of the CMTs and cold water from the bottom of the

CMTs flowed to the downcomer, via the DVI lines, into the power channel.

Initially, this rec.irculation rate was approximately [ ]*''lbm/sec. from each CMT. The flow
rate slowed down to [ ]"'' lbm/sec. at [ ]"'' seconds due to the decreased buoyant head

driving force that occurred as the CMT water was replaced with hot water from the cold legs, and

as the cold-leg water temperature decreased.

After cold legs-B1 and -B2 drained to the level of horizontal pipes at [ ]"#8 seconds,

flashing / draining began in the cold-leg balance line. When the temperature at the top of the CMT

reached the saturation temperature for primary system pressure, a free-water surface was

established in the CMTs. His increased the driving head for the injection flow and resulted in a
,

higher draindown flow rate. For the 1-inch LOCA, the break flow at this time was less than full

CMT draindown flow rate. His caused the CMT injection to consist intermittent short periods of
draindown which increased the cold leg water level and short periods of refill with water from the
cold legs. His resulted in a slow decrease in CMT levels and the ADS-1 actuation was therefore

delayed and occurred at a system pressure of approximately [ ]"'' psia, considerably below
711 psia accumulator gas pressure. Part of the accumulator coolant inventory was therefore

injected into the primary system prior to ADS-1. His accumulator injection helped maintain the
primary system coolant laventory at cold-leg elevation and thus contributed to intermittent CMT
draindown/ refill. For test S01613, the transition from recirculation to the draindown mode of

operation occurred at [ ]*'' seconds for both CMT A and CMT B as shown in data plot 38.
De CMT balance lines finally completely drained at [ ]*'' seconds (ADS-1), resulting in an
increase in CMT injection flow rate. He steam in the CMT balance lines and at top of the CMTs

was slightly superheated as the primary system pressure was rapidly reduced by ADS operation.

He CMTs were heated first by the hot liquid from the which replaced the cold water draining
from the bottom of the CMTs. A stable, stratified thermal gradient wr estabiished in the CMTs

(data plots 15 and 16). Later steam from the cold legs maintained the exposed metal and

free-water surface temperatures at or near saturation temperature.

De CMT recirculation mode flow rate was initially approximately [ ]"'' lbm/sec. and steadily
decreased to approximately [ }"''lbm/sec. when the transition to draindown began. The CMT
average injection flow rate increased to approximately [ ]*'' lbm/sec. during the transition

mwani625.-4 noa:it 040295 4.2.6-13



period. After ADS-1 actuated, CMT injection increased again to [ ]''*'' lbm/sec. and then

gradually decreased with time. During the accumulator injection (ADS-1), the CMTs' draindown

rate remained high. CMT-A was drained at about ADS-4 ([ ]''*'' seconds). De CMT-B
injection flow rate decreased when the IRWST started at about [ ]'**#' seconds, and CMT-B

stopped flowing at [ ]'**'' seconds and never completely drained (data plots 33 and 38).

Accumulators*

De accumulators provided water injection by a polytropic expansion of a compressed air volume

stored within the accumulator. Accumulator injection started when the primary system pressure

dropped below 711 psia at 2400 seconds. He accumulator injection flow rate was low until
ADS-1 was actuated at approximately [ ]''*#' seconds when the flow rate increased to
approximately [ J''*''lbm/sec. He accumulator injection after ADS actuation lasted
approximately [ ]''*'' seconds, and the accumulators were completely drained (data plot 34).

The effective polytropic coefficient of expansion was calculated for the accumulators
(Figures 4.2.5-3 and 4.2.5-4) to be [ ]''*'' for accumulator-A and -B. His was near the mid-
point between isothermal expansion (k = 1) and adiabatic expansion (k = 1.4) and showed that

some heat was picked up by the compressed air from the internal metal surfaces of the

accumulator during the expansion.

Mass Discharge and Mass Balance

The catch tank weight measurements are shown in data plot 43 for the break flow, for the ADS-1,-2,

and -3 flows, and for the ADS-4 flow. The break flow as shown in plot 44, which began when the

test was initiated, was stable with a decreasing flow rate as system pressure dropped during the IDP

and the PDP. When the ADS was actuated, the break location voided, and further discharge from the

break was primarily saturated steam until IRWST injection refilled the cold leg after ADS-4.

The discharge from ADS-1, -2, and -3 was stable throughout the accumulator injection and increased

temporarily when the injection ended. When ADS-4 occurred, the discharge of fluid from the top of
the pressurizer essentially ended, and the fluid discharge from ADS-4 began. The ADS-4 fluid

discharge rate was relatively stable and continued until the end of the test. The discharged masses are
shown in Table 4.2.6-4.

He mass ba'ance results for test S01613 were calculated based on water inventory before and after the

test. Table 4.2.6-2 gives a detailed listing of the inventories of water in the various components before

the test. Table 4.2.6-3 lists the inventories after the test and the amount of water injected into the

vessel from the IRWST. De water level in the vessel was determined by the DP-B16P measurement

to be [ ]''*''in. (577 mm) above the hot-leg centerline at the end of the test. Table 4.2.6-4

compares the mass balance for the system before and after the test and shows 102.6% agreement of
the measurements.
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TABLE 4.2.61

( SEQUENCE OF EVENTS FOR TEST S01613

Event Specified Instrurnent Channel Actual Time (sec.)

Break Opens 0 Z_001BC p.o- -

R Signal P = 1800 psia P-027P

MSL IV Closure R signal + 2 sec. Z A04SO, F_ANS

| Z_BNSO, F_B04S

SCRAM R signal + 5.7 sec.

S Signal P = 1700 psia P-027P

CMT IV Opening S signal + 2 sec. Z._A040EC, F-A40E

Z_B040EC, F-B40E

PRilR lleat Exchanger S signal + 2 sec. Z A8]EC, F_A80E
Actuation

MFW IV Closure S signal + 2 sec. Z_B02SO,F_B0IS

Z_A02SO, F_A0lS

Reactor Coolant Pumps S signal + 16.2 sec. DP-A00P
E

DP.BOOP

Accumulators P-027P = 710 psia F_A20E

F_B20E

ADS-1 CMT level 67% L_B40E

+30 sec. Z_00lPC

ADS-2 CMT level 67% L_B40E

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS-4 A/B CMT level 20% L_B40E

+60 sec. Z_004PC, F-N0P

IRWST Injection P-027P = 26 psia F_A60E

F_B60E _ _
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TABLE 4.2.6-2
WATER INVENTORY BEFORE TEST S01613

PRIMARY SYSTEM

Volume Net Vol Relative M ass
Comp < ment (ft.')/(0 (ft.')ht) Temp (*F) Density (thm) g i,,o

Loops 8.97 ft.' 8.97 ft.'
(254.0 h (254.0 0

Pressurizer 3.37 ft.' l.82 ft.'
(95.4 I) (51.6 I)

Surge Line 0.34 ft.' O.34 ft.'
(9.6 I) (9.6 l)

Tubular IAmmcomer 1.38 ft' l.38 ft'
(39.1 I) (39.1 I)

Armutir Downcomer + 0.54 ft.' O.54 ft.'
liigh-Pressure Bypass (15.3 I) (15.3 l)

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 I) (12.4 ()

Lower Plenum 0.81 ft' O.81 ft'
(22.8 I) (22.8 I)

Riser 1.64 ft.' l.64 ft.'
(46.4 I) (46.4 0

Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 I) (41 3 I)

Upper Head 1.90 ft.' l.90 ft.'
(53.8 0 (53.8 l)

CMT-A 5.05 ft.' 5.05 ft.'
(143.0 0 (143.0 0

CMT-B 5.05 ft.' 5.05 ft.'
(143.0 h (143.0 0

ACC-A 5.05 ft.' 3.90 ft.'
(143.0 0 (110.4 I)

ACC-B 5.05 ft.' 3.90 ft.'
(143.0 0 (110.4 h

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 () (5.1 l)

TOTAL PRIMARY
INVENTORY - J

O'
;

|
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TABLE 4.2.6-3(m
e

i
' WATER INVENTORY AFTER TEST S01613

Water level as measured by DP.B16P (-0.82 psi) was 23.08 in. (577 mm) above hot leg

Volume Net Vol Relative Mass
Comp (ment (ft')/(I) (ft')/(I) Temp (*F) Density (thm)

Loops 8.97 ft.' 8.97 ft.'
~ -

'

(254.0 D (39.6 D

Pressurizer 337 ft.' O.04 ft.'
(95.4 0 (1.1 D

Surge Line 034 ft.' 034 ft.'
(9.6 A (9.6 I)

Tubular Downcomer 1.38 ft.' 138 ft 2

(39.1 D (39.1 D

Annular Downcomer + 0.54 ft.' O.54 ft.'
High-Pmssure Bypass (153 D (15 3 I)

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 A (12.4 D

Lower Plenmn 0.81 ft.' O.81 ft.'
(22.8 D (22.8 0

Riser 1.M ft.' l .M f t.'
(46.4 A (46.4 D

rN Upper Plenum 1.46 ft.' l.41 ft.'
l (41.3 D (39.9 D

Upper Head 1.90 ft.' O.0 ft.'
(53.8 0 (0.0 l)

CMT-A 5.05 ft.' O.0 ft.'
(143 D (0.0 I)

CMT-B 5.05 ft' O.25 ft.'
(143 D (7.0 D

ACC-A 5.05 ft' O.0 ft.'
(143 D (0.0 D

ACC-B 5.05 ft' O.0 ft.'
(143 D (0.0 D

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 A (5.1 D

TOTAL PRIMARY
INVENTORY

-
_

WATER INJECTED FROM TiiE IRWST DURING EVENT

IRWST Injection dP (psi) Area (in') Mass (ihm)

Note 1 [ ]"**)

Ob
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TAllLE 4.2.6-4 I
M ASS IIALANCE FOR TEST S01613 |

Starting Inventory Ending Inventory
(Ibm) (thm)

Total Primary System
_. __

(a,b,c)

IRWST Injection During Transient

Break Catch Tank

ADS-1,-2.-3 Catch Tank

ADS-4/ Steam Generator Catch Tank

TOTAL

Ending Inventory / Starting Inventory (Ibm) _ __

Ending Inventory / Starting Inventory (%)

O

|

l

O
l

mAngitiom1625w-4 non:1ho40295 4.2.6-18



- , , . . . . - . . . . - . . - . . . . - - - . . . . . - - ~ - . -. ~ . . ..-
,

a

,is
L

!

;

| ,

i

O-

,

.

.

9

d n

f

,

f

.

5

i
!

t

;

i.

!

lhe following figures have been intentionally deleted

from this document due to their proprietary nature.
i

.-

.

i

l

mAap60m1625wWelOI.aon:1b-040395 |

______ _ _ . . . . . . _ . _ _ _ _ _ _ _ ~ _ . - _ . _ . _ _ _ . _ _ . . . . _ _ _ _ . . ., . _ _ _ ~ , . . _ . .-



-- -- . . - .. . _ . . _ _ - - - .

TEST DATA PLOT PACKAGE. . , -
'

CHANNEL LIST BY COMPONENT'
q

COMPONENT CIIANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39 j

ACCA L_A20E ft. 34

|ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34 I

ADS 1,2, & 3 IF30flw lbm/sec. 44 Flow rate derived from IR)30P

ADS 1,2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40flw lbm/sec. R Flow rate derived from IRM0P

ADS 4 & SG IRM0P lhm 43 Catch tank

ANNDC DP-A021P ps! 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2
'ANNDC DP-B021P psi 26 To cold leg-B1

_

ANNDC DP-B022P psi 27 1 To cold leg-B2 '

BREAK LINE IF05flw lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IR)05P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al )

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction j

CLA T-A10P *F 11 Steam generator outlet

CLA1 F_A0lP lbm/sec. 36

CLA1 T-A021PL *F 13 Downcomer inlet

CLAl T-A11P *F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B(X)lP psi 26 To cold leg-B1
i

CLB DP-B002P psi 27 To cold leg-B2

CLB DP B09P psi 23 Pump suction

t 1.3 T-B10P 'F 12 Steam generator outlet

CLB1 F._B0lP lbm/sec. 36

CLB1 T-8021PL *F 14 Downcomer inlet

CLB1 T-B1IP *F 12 Pump outlet

CLB2 F-B02P lbm/sec. 36

I
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TEST S01613 PLOT PACKAGE
CilANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

CLB2 T_B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L._A40E ft. 33

CMTA T-A401E *F 15 Top 242.25 in.

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom 0 in.

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top 242.25 in.

CMTB T-3403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.
l

CMTB T-B409E *F 16 140.25 in.

CMTB T-B41lE *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.

CMTB T-B415E *F 16 63.75 in.
1

CMTB T-B417E F 16 38.25 m.
i

l

CMU. T-B420E *F 16 Bottom 0 in. j_-. . w.. ,

Ct.'G F-001 A psi 42 !

DVIA T-A00E *F 13

DVIB T-B00E *F 14

IILA DP-A(MP psi 20

m wait,25 4m:tb o.w295 4.2.6-26
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TEST S01613 PLOT PACKAGE
'

() CifANNEL LIST HY COMPONENT (Cont.)m ,

COMPONENT CliANNEL UNITS PLOT COMMENT
:

HLA T-A03PL *F 5 Vertical, near power channel !

HLA T-A03PO 'F 5 Horizontal, near power channel |
:

HLA T-AMP 'F 5 Near steam generator inlet

HLB DP-BNP psi 21

HLB T-B03PL *F 6 Vertical, near power channel

llLB T-B03PO 'F 6 Horizontal, near power channel |

IILB T-BNP 'F 6 Near steam generator inlet i

IRWST F_A60E lbm/sec. 40 I

i

IRWST F_B60E lbm/sec. 40
'IRWST L_060E ft 32

IRWST T_061E 'F 17 Bottom

IRWST T-062E 'F 17 Below middle

IRWST T-063E 'F 17 Middle

IRWST T-064E *F 17 Above middle .|

IRWST T-065E 'F t7 Top

NRHRA F-A00E psi 42

NRHRB F-B00E psi 4.!

PC W 00P kW l_

PC-IIB L_000P ft 30 Heater bundle

PC-ifR TW018P20 *F 3 Heater rod
.

PC-HR TWOl8P48 'F 3 Heater rod

PC-IIR TWO20P87 *F 3 Heater rod

PC-UH T-016P 'F 4 Upper head

PC-UP L_AISP ft. 30 Bottom of the upper plenum

PC-UP L_A16P ft. 31 Top of the upper plenum

PC-UP T-015P *F 4 Upper plenum

PC-Ulf L_017P ft. 31 Upper head |

PC-UP L_A14P ft. 31 Above top of the active fuel

PRilR DP-A81 AE psi 29 Supply line inverted U-tube

i
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TEST S01613 PLOT PACKAGE |

CilANNEL LIST BY COMPONENT (Cont.) |

COMPONENT CilANNEL UNITS PLOT COMMENT

PRIIR DP-A81BE psi 29 Supply line inverted U-tube

PRIIR DP-A81E psi 28 Supply line

PRIIR DP-A82E psi 28 Heat exchanger

PRilR DP-A83E psi 28 Return line

PRiiR F_A80E lbm/sec. 37 Return line

PRIIR T-A82E *F 19 Inlet

PRIIR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P *F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 liot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41

SGA F_A20A lbm/sec. 41

SGA L_A10S ft. 35 Overall level

SGA P-A04S psia 2 Secondary system

SGA T-A0lS *F 10 MFW-A

SGA T-A05P *F 7 Ilot side

SGA T-A05S *F 9 liot side - riser

SGA T-A06P #F 7 Hot side

SGA T-A08P *F 11 Cold side |
SGA TW-A06S *F 7 liot side

SGB DP-B05P psi 21 Hot side
1

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-BOSP psi 23 Cold side

SGB F_BOIS lom/sec. 41
i

l
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TEST S01613 PLOT PACKAGE
_ CHANNEL LIST HY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT 1

|
SGB F_B20A lbm/sec. 41 i

SGB L_ BIOS ft. 35 Overall level

SGB P-BotS psia 2 Secondary s ; stem

SGB T-BOIS 'F 10 MFW-B

SGB T-BOSP 'F 8 Hot side
,

SGB T-BOSS *F 9 Hot side - riser

SGB T B06P *F 8 Hot side
,

4

SGB T-B07P 'F 8 U-tube. top

SGB T-808P *F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P 'F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top !

TDC DP-002P psi 24,25,26,27 Bottom

TDC T-00lPL *F 13,14 Top

TDC T-003P 'F 13,14 Bottom i

TSAT PRZ 'F 18 Based on P-027P

UH-TSAT *F 4 Based on P-017P
,

!

,

|

$
1
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4.2.7 Two-In. Direct Vessel Injection Line Break (S00605)

O his matrix test simulated a 2-in. break in the direct vessel inj xtion (DVI) line without any nonsafety

systems operating. The test started with the initiation of the bre tk, located on DVI line B just

upstream of the DVI nozzle on the annular downcomer. His test was performed without any

nonsafety systems operating (chemical and volume control system [CVCS] makeup pumps, steam I

generator startup feedwater (SFW) pumps and normal residual heat removal [NRHR] pumpst |

Results are provided in the data plot package at the end of this section. He sequence af events for
S00605 is listed in Table 4.2.7-1.

He tests in SPES-2 were marked by distinctly different phases. These phases were caracterized by

the primary system pressure decreased and the thermal-hydraulic phenomena occurring 'vithin the j
primary and safety systems. De different phases selected for purpose of detailed evaluation of this l

LOCA are shown in Figure 4.2.7-1 and are as follows:

Initial depressurization phase (IDP)-Point I to 2*

'
Pressure decay phase (PDP)-Point 2 to 3.

Automatic depressurization system (ADS) phase-Point 3 to 4=
>

Post-automatic depressurization system (post ADS) phase-Point 4 to 5*

Overall Test Observations

Figure 4.2.7-1 shows the plant primary system pressure during test S00605 (as measured at the top of i

the pressurizer), with selected component actuations and primary system responses shown in relation to
the primary system pressure.

The 1DP started with the initiation of the break, which resulted in a rapid reduction in pressure. The
reactor trip (R) signal initiated at [ ](**" psia, and the safety . systems actuation (S) signal initiated

i

at [ ]'**" psia. He R and the S signals initiated the following actions:

Decay power simulation (with heat loss compensation) started=

hiain steam line isolation valves (MSLIVs) closed=

Main feedwater isolation valves (MFWlVs) closed*

Core makeup tank (CMT) injection line isolation valves opened |.

Passive residual heat removal (PRHR) return line isolation valve opened j.

Reactor coolant pumps (RCPs) shut off*

Recirculation flow through the CMTs and flow through the PRHR heat exchanger (HX) flow started I

immediately after their isolation valves were opened. Primary pressure rapidly decreased to the

saturation pressure of the fluid in the rod bundle and upper plenum. Boilin; was initiated in the rod

bundle and the upper upper plenum fluid flashed, causing its fluid level to decrease to the hot-leg

elevation. His flashing stopped the rapid decrease in primary system pressure. When the RCPs were

mwoomis25 us25 -5.non: iso 40295 4.2.7-1
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shut off (at [ J'*** seconds), the flow through the primary system started to oscillate (period

approximately [ ]"** seconds), resulting in oscillations in the rod bundle and lower-upper plenum

fluid steam fractions, temperatures, and the system pressure

During the PDP, the steam fraction of the fluid in the rod bundle increased. his resulted in an

increasing steam fraction in the lower-upper plenum and the hot legs. Both hot legs contained two-

phase fluid with the hot leg-B fluid steam fraction very close to that in the lower-upper plenum. De
steam fraction in hot leg-A was much lower due to the removal of steam from the hot leg into the
PRHR liX inlet line.

De two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam from

the two-phase mixture collected in the top of the U-tubes. De U-tubes in steam generator-B began to

drain first due to the higher void fraction in hot leg-B, at approximately [ ]"*# seconds.
Approximately [ ]"** seconds later, steam generator-A U-tubes began to drain. When the U-tubes

had drained, the primary system flow through the steam generators stopped so that the power channel

flow consisted predominantly of the flow through the PRHR HX. The steam fraction / flow oscillations

observed through the primary system stopped when flow through the steam generators ended.

Due to boiling in the rod bundle (data plots 30 and 31), two-phase flow entered the hot leg from the

lower-upper plenum and flowed to the PRHR HX. De flow to the PRHR HX consisted of alternating

slugs of steam and water, which had an average steam fraction significantly greater than the hot-leg

fluid. He average steam fraction at the PRHR HX inlet was as high as [ ]"** percent, which
enhanced the PRHR HX heat removal from the primary system, as compared to its heat removal

capability with single-phase saturated or subcooled water. When the primary system flow stabilized
after the initial flow oscillations, a PRHR HX heat removal rate of [ ]"** kW was calculated. His
calculation was based on the average steam fraction of the flow in the PRHR HX supply line (as

calculated from the differential pressure [dP] instrument readings in data plot 29), the average return

flow, the inlet and outlet temperatures, and the pressure. His calculation assumes a slip coefficient of

I between steam and water and may, therefore, give slightly lower valves than the actual heat transfer,

it should be used only for test-to-test comparison.

When the loop-B cold legs had partially emptied, the CMTs transitioned from the recirculation mode

to a draindown mode of operation. This increased the CMT injection flow rate and the rate of primary
system pressure decrease. His happened at approximately [ ]"** seconds for both CMTs. When
the primary system pressure decreased to the saturation pressure of tne water in the upper head, the

upper-head water began to flash and the upper head started to drain (at [ ]"** seconds).

During the first [ ]"** seconds (prior to ADS-1), [ ]""lbm of water were discharged through
the break draining the pressurizer, the steam generator U-tubes, the power channel upper head, and the

power channel upper plenum above the hot leg, and most of the cold legs, and [ ]"*# percent of the
,

CMTs (which initiated the ADS actuation). De rod bundle decay heat simulation had reduced the i

power level to approximately 270 kW at [ ]"** seconds, which consisted of 120 kW of decay heat
'
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and 150 kW for facility heat loss compensation. The break flow was steady, indicating that the direct
O vessel injection (DVI) line was still full of water at this time.O

The ADS actuation increased the rate of primary system depressurization and resulted in a high

injection flow from the accumulators. The rapid injection of cold water from the accumulators (at

[ ]"A" to [ l''*" seconds into the event) temporarily reduced the steam fraction of the two-phase

ilow through the rod bundle and the upper plenum. He pressurizer level increased, reaching a

collapsed liquid level of approximately [ ]"A" ft.

When the accumulator injection ended, the flow rate through the heater bundle was reduced to the

injection flow from the CMTs and the PRIIR HX flow, so the steam fraction of the two-phase flow
threugh the rod bundle and upper plenum to the pressurizer and out the ADS-1, -2, and -3 increased;

and the pressurizer collapsed liquid level decreased.

The fluid discharge through the break slowed when ADS-1 occurred at [ ]''A0 seconds (due to the
accompanying reduction in primary system pressure. The break flow further decreased significantly

after the accumulator discharge ended at approximately [ ]''6*) seconds. His reduction occurred
because the water level in the annular downcomer decreased below the DVI line elevation, and the

break fluid became steam. Prior to ADS-1, approximately [ ]"A"lbm of fluid were discharged
through the break. During the ADS phase, approximately [ ]"A"lbm of fluid was discharged from
the ADS-1, -2, and -3 and [ ]"A"lbm were discharged through the break. This water was supplied

O) primarily by the accumulators. After accumulator injection ended, the rod bundle fluid steam fraction
%- again increased since PRHR HX flow had sharply decreased and only the CMTs were providing

injection into the primary system.

The post-ADS phase began when ADS-4 was actuated. ADS-4 was actuated manually (due to a fault

of the facility control system) at [ ]"*" seconds. De fluid discharge through ADS-1, -2, and -3
decreased sharply, and almost all fluid was now discharged through ADS-4. A small amount of CMT

flow was still being provided. When the primary system pressure had been reduced below the

pressure corresponding to the wa'ter elevation head of the IRWST, flow from the IRWST to the

downcomer began and CMT flow decreased and shortly thereafter ended. The flow from the IRWST
'

gradually refilled the power channel rod bundle and lower-upper plenum with subcooled water and the

upper-upper plenum partially refilled. A steady flow of subcooled water was then flowing from the

IRWST into the downcomer, through the power channel, and left the primary system through ADS-4
flow paths and the DVI line break.

The PRilR IIX flow decreased during accumulator injection, increased temporarily, and then decreased

and stopped after ADS-4 actuation.

His test demonstrated that the heater bundle was fully covered by water or a two-phase mixture at all

times during this event (data plots 30 and 31). There was no indication of heater rod temperatures

O increasing due to lack of cooling (see data plot 3). Key parameters describing the S00605 event are
listed in Table 5.1 1, in Section 5.0.
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Discussion of Test Transient Phases

Initial Depressurization Phase ([ f**#' to [ I'*#' Seconds)*

The initial depressurization phase (IDP) began with the initiation of the break (at time [ ]''*#)) and

lasted until the primary system pressure was dictated by the saturation pressure of the fluid in the

upper plenum and the hot legs (Figure 4.2.7-1). Bis phase included the following events:
initiation of the break, R signal to [ ]''*#' psia (decay power simulation initiated and the
MSLIV closed), and S signal at [ ](**#) psia (the MFWIV closed, the CMT injection line

isolation valves opened, and the PRHR HX return line isolation valve opened-all with a
[ ]''*#'second delay, and RCP coastdown it'itiated after a [ ]''*#'second delay). See- -

Table 4.2.7-1.

Facility Response During the IDP:

He break was initiated at time [ ](***). From time [ ]''##' until the R signal, the primary system

pressure decreased as the pressurizer steam bubble expanded due to the fluid loss through the

break. The pressurizer water partially compensated for the loss of pressure by flashing; however,
the pressurizer was drained within the first [ ]''*#) seconds of the event (data plot 32). The R (at

[ ]''*#) seconds) and the S (at [ ]''*#) seconds) signals were based on pressurizer pressure only.

When the R signal occurred, the MSLIV was closed, and the power was reduced to [ ](**#)

](**#'second delay and began to decay after a [ ](**#) secondpercent of full power after a [ - -

delay. As a result of the power reduction without flow reduction, the rod bundle AT decreased

due to the low power / flow ratio and the lower-upper plenum temperature decreased toward the
cold-leg temperature ([ ]''*#)*F). The system pressure was dictated by the hot-leg / upper-plenum

saturation pressure, and the pressure decreased to the saturation pressure at [ ](**#)*F
(approximately [ ]''** psia at approximately [ ]''** seconds), see Figure 4.2.7-2 When the

RCPs were shut off (at [ ](**#' seconds), the rod bundle and the lower-upper plenum temperatures

increased due to the increased power / flow ratio at the lower flow. De system pressure increased

temporarily until the decreasing decay power and the decreasing lower-plenum temperature (due to

CMT injecting cold fluid into the downcomer) started reducing the upper-plenum temperature.

The primary system pressure decrease resulted from the balance between the steam generation rate

(from flashing primary fluid), the volumetric flow ofliquid out the break, and the steam

condensation rate of the PRHR HX. Steam was continually being generated by boiling due to the
heater power. As the system pressure continued to decrease, more fluid reached its saturation

pressure and started to flash. The PRHR HX flow started before the RCPs were shut off and

continued by natural circulation after they were turned off (data plot 37). The primary system

pressure stabilized at the saturation pressure for the bulk hot fluid in the system (approximately
[ f'***F. This ended the IDP.

O
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Pressure Decay Phase ([ ]''*'' to [ ]''*'' Seconds)=

n
f i
V The pressure decay phase (PDP) started when the primary system pressure (Figure 4.2.7-1) was

dictated by the saturation pressure of the bulk hot fluid and ended when ADS-1 was opened on

low CMT level and augmented the system depressurization. His phase was characterized by a

slow decrease in overall system pressure and temperature. De rod bundle power (decay heat plus

facility heat loss compensation) was reduced from 340 kW to 270 kW (data plot 1) while the
PRIIR IIX removed heat at a rate of approximately [ ]''**' kW (calculated at [ ](**') seconds).
The recirculating CMTs provided additional heat removal replacing the hot primary water system

that entered the CMTs through the balance lines with cold water. This heat removal plus energy

lost through the break and the facility heat losses exceeded the rod bundle heat input into die
primary system.

The initial CMT natural circulation operating mode was followed by draindown injection when the

loop-B cold legs drained (data plot 38). The U-tubes of the steam generators had completely

drained at this time and did not affect the rest of the transient (data plots 20 to 23). Accumulator
injection was initiated when system pressure dropped below [ ]''**' psia following ADS-1
actuation (data plot 39).

Facility Response during the PDP:

O The oscillating flow in the primary system that began after the RCPs were shut off continued into

the PDP. Rese flow oscillations resulted in wide variations in the steam fraction of the two-phase

mixture exiting the rod bundle and flowing into the hot legs (data plots 30 to 31). nese

oscillations in void fraction affected the two-phase fluid density and the thermal buoyancy head
that drove the flow through the primary system. The steam fraction oscillations were noticeable

through the hot leg and the steam generators (data plots 20 to 21). liowever, these steam fraction

oscillations are observed as flow oscillations in the cold legs (data plots 24 to 27) since the

two-phase mixture entering the steam generators left the steam generators as water. Some of the

steam was condensed in the steam generator U-tubes (the primary-side pressure was higher dian

the secondary-side pressure at this time, allowing some heat to be transferred to the secondary-side

fluid). He rest of the steam was separated from the two-phase mixture in the high point of the
U-tubes (due to the low velocity), and eventually caused the U-tubes to begin to drain and free

surface appeared at the top of the U-tubes. Ilowever, the buoyancy head in the hot leg was high i

enough to spill liquid over the top of the U-tubes at the peaks of the oscillations. At [ l''***)
seconds, the steam generator U-tubes began to drain, since the free surface had fallen too low to

be overcome by the buoyancy head oscillations (plots 20 and 22). For steam generator-B, the

U-tube drained earlier at [ ]''*#) seconds, due to the higher void fraction in the fluid from hot

leg-B. When the steam generator U-tubes were completely drained (about [ ]('**) to [ ]''*')
seconds), the oscillations in the primary system stopped.

( Re primary system pressure decay during the PDP started at a slow rate of [ ](**') Wa
V At approximately [ ]''** seconds into the event, the pressure decay rate increased to [ ](**''

maap60thl625w\t625w 5.non:ltwo40295 4.2.7-5



1

I

l

I
|
'

psi /sec. This happened when the CMTs transitioned from their recirculation mode to their

draindown mode of operation. Tids transition occurred after the steam generator U-tubes drained

and the loop-B cold legs partially drained, allowing the cold leg to CMT balance lines to drain.

CMT recirculation to draindown transition occurred, the CMT injection flow rate increased. The

increased rate of pressure decrease was due to the increased injection rate of the cold liquid from
the CMTs (Figure 4.2.7-1).

CMTs started injecting cold fluid into the annular downcomer via the DVI lines when the S sigmd

occurred. Initially, this injection was by natural circulation at approximately [ J''** lbm/sec.
from each CMT. Hot water flowed from the cold leg through the CLBL into the top of each

CMT, replacing the cold fluid flowing from the bottom of CMT. At approximately

[ ]''## seconds (data plot 38), the CMTs transitioned to their draindown injection mode and a

free-water surface developed in the top of each CMT as the levels started to drop (data plot 33).

'Ihe injection flow, once draindown started, was approximately [ ](*** lbm/sec for CMT-A and
[ ]''** lbm/sec. for CMT-B. It gradually decreased as the CMT IcVels decreased, reducing the
driving head (data plot 38).

The free liquid surfaces in the CMTs were established by the draining of the balance lines,

allowing steam to flow from the cold legs to the CMTs. However, flashing in the CMTs seemed

to occur after this time due to the high temperature (saturation temperature) of the fluid in the top

of the CMTs (data plot 15) and the decreasing system pressure. Flashing kept the hot CMT water

temperature at saturation while the pressure decayed.

The accumulaton started to inject fluid into the downcomer when the primary system pressure
dropped below [ ](*** psia (at approximately [ ]('*4 seconds), following ADS-1 (data
plot 39).

Throughout the PDP, the PRHR removed energy from the primary system. The combined effect
of the PRHR HX heat removal and the cold injection flow from the CMTs were sufficient to limit

the steam fraction of the two-phase mixture exiting the rod bundle to approximately [ } ''**
percent (data plots 30 and 31).

Automatic Depressurization System Phase ([ ]''** Seconds to [ ]'*** Seconds)-

The automatic depressurization system (ADS) phase began with the actuation of ADS-1 and ended

with the actuation of ADS-4 (Figure 4.2.7-1).

Facility Response During the ADS Phase:

With the actuation of ADS-1, followed by ADS-2 and ADS-3 within approximately

[ ]''** seconds, the rate of primary system depressurization increased from [ ]''** psi /sec.

at the end of the PDP to [ ]''** psi /sec. at the start of the ADS period. This rate gradually
decreased as the system pressure decreased.
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Re primary system depressurization after ADS actuation resulted in a high rate of water injection

from accumulators-A and -B (data plots 33 and 39). De accumulators injected cold water into the
primary system for approximately [ j''*#) seconds (from [ ]''*'' seconds to

[ J''*#) seconds) and were then drained. He accumulator and CMT injection reduced the

steam fraction of the fluid flowing through the rod bundle and the lower-upper plenum. When the

accumulator delivery was completed, the water level in the downcomer decreased significanSy,
dropping approximately [ ]'**#) ft. below the annular portion of the downcomer. This was

reflected in a significant increase in the steam fraction in the rod bundle and lower-upper plenum
| fluid; however, two-phase fluid flow was maintained through the rod bundle keeping it cooled

(data plots 30 and 31).

De pressurizer immediately started to refill when ADS-1 occurred (data plot 32). He pressurizer

never filled completely with liquid as two-phase fluid was discharged out of the primary system

through the ADS. When ADS-4 occurred, the pressurizer drained and only a small amount of
steam was vented through ADS-1, -2, and -3.

Prior to the ADS phase, liquid left the primary system through the break in the DVI line only.

With the actuation of the ADS, liquid and steam left the system through the ADS from the top of
the pressurizer. He mass flow through the break decreased as primary pressure decreased and as

the break flow converted from liquid to predominantly steam when the annular downcomer water

level fell below the break elevation (data plots 43 and 44).

O
Post Automatic Depressurization System Phase ([ ]''*#) Seconds to End of-Test)+

De post-automatic depressurization system (post-ADS) phase started when ADS-4 occurred and
lasted to the end of the event (Figure 4.2.7-1).

Facility Response during the Post ADS Phase:

|

When the accumulator delivery completed, the water level in the downcomer decreased to
|

approximately [ T'*'' ft below the hot-leg elevation at [ l('*#) seconds (well into the tubular
downcomer), and the steam fraction of flow through the core and upper plenum increased since the

CMT injection flow was less than the ADS flow (data plot 25). Ilowever, there was sufficient

two-phase fluid flow through the rod bundle to keep it cooled (data plots 30 and 31). The primary

system pressure rapidly decreased to near ambient following ADS-4 actuation and gravity flow
from the IRWST into the downcomer started (data plot 40). De cold flow from the IRWST j
gradually refilled the power channel and hot legs with subcooled water, and partially collapsed the
steam bubble in the upper-upper plenum.

Prior to ADN actuation, ADS-1,-2, -3 flow leaving the primary system was approximately
[ ]''*') lbm/sec. after ADS-4 actuation, flow through ADS-1, -2, -3 decreased while ADS-4 flow

; increased to [ ]('**)lbm/sec. The flow rate through the break continued at a steady rate of
v g p.>ei lbm/sec.
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The PRIIR IIX flow, which had steadily decreased, stopped at about [ ](*** seconds (data
plot 37).

De test was terminated when there was subcooled flow from the IRWST, through the power

channel and out through the ADS-4 flow paths.

1

Component Responses |
<

Power Channel (PC)+

The power channel consists of five volumes: the lower plenum, the riser with the heater rod

bundle, the lower-upper plenum below hot leg, the upper-upper plenum above hot leg, and the j
upper head. When the break occurred, the primary system pressure decreased to the R trip point )
([ ]''A" psia) and the S trip point ([ ]''A" psia), llowever, since the water everywhere in

the power channel was at a temperature below the saturation temperature for the system pressure,

no boiling or flashing occurred up to this point. Nothing significant happened in the power

channel until the rod bundle power was reduced to [ ](**" percent [ ]('*" secc nds after the R
signal. At this time, the rod bundle AT decreased due to the reduced power / flow ratio (still full

flow), and the power channel outlet temperature dropped toward the lower plenum inlet

temperature (Figure 4.2.7-2). De upper-upper plenum still contained fluid at [ ](*^"*F and
i

started to flash when the system pressure dropped below [ ](**" psia. When the RCPs were

stopped ([ ]('A" seconds after the S signal), the power / flow ratio increased, and the power

channel outlet temperature increased resulting in boiling / flashing in the rod bundle. This produced

sufficient steam to control the system pressure, and both temperature and pressure increased

momentarily until the upper-upper plenum was drained down to the hot leg elevation (data plots

30 and 31). The lower-upper plenum temperature reached a peak and started to drop, responding

to increasing primary system natural circulation flow caused by the increasing steam fraction of

fluid on the hot-leg side of the power channel. He upper-plenum and hot-leg temperatures

stabilized at approximately [ l''*" F, and the primary pressure was stabilized at the hot-leg i

saturation pressure (approximately [ J''*" psia) at the end of IDP. |
|

De temperature of the fluid in the lower-upper plenum and hot legs controlled the system pressure i

during the PDP (data plot 4 and Figure 4.2.7-2). Oscillations in the steam fraction of the fluid )
exiting the rod bundle (period of [ ]('** seconds) started when the RCPs had coasted down.
These oscillations disappeared at about [ l''*" seconds after the steam generator U-tubes had
drained.

l

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel ;

during the S00605 test.

The upper head started to drain when the system pressure decreased to the saturation pressure for

the fluid temperature in the upper head (at about [ ]''A" seconds). The upper-head fluid 4

temperature was initially only [ ](**"*F and was therefore considerably cooler than the upper-
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upper plenum fluid temperature. Flashing of the fluid in the upper head started at [ l''*')

(V)
seconds, and the upper head drained completely when ADS-1 occurred at approximately

[ ](**') seconds (data plot 4).

He upper-upper plenum flashed when the primary system pressure decreased below

[ f**') psia, and its level decreased to the hot-leg elevation. De upper-upper plenum )
remained filled with steam until IRWST injection refilled the power channel with subcooled water |

at [ ](**#) seconds. The upper-upper plenum steam bubble was panially condensed (data |
iplot 4).

The collapsed liquid level in the lower-upper plenum indicates the steam fraction of the two-phase

flow exiting the rod bundle steam. This measurement and the rod bundle collapsed liquid |
measurement indicated that the maximum steam fraction of the two-phase, cooling flow during the

PDP was approximately [ T'*') percent at [ f***) seconds.

Data plot 30 shows the oscillating collapsed levels in the rod bundle following the coastdown of

the RCPs, indicating steam fractions varied from [ ](**#) percent to [ f**') percent in this phase, i

with a period of approximately [ ](**#) seconds. He accumulator injection reduced the steam

fraction in the rod bundle; however, when the accumulator injection ended, the rod bundle steam

fraction increased again and reached a maximum steam fraction ([ f'*#) percent) just before the

IRWST injection started. The lower-upper plenum showed a steam fraction of [ f'*') percent
during this period. This high steam fraction was due, in part, to the fact that the level of two-

phase mixture in the lower-upper plenum temporarily dropped below the hot-leg elevation.

The collapsed level measured just above the heated portion of the rod bundle (data plot 31)

provides fluid steam fractions that correlated well with those measured in the rod bundle.

Pressurizer*

he pressurizer staned to drain when the break occurred and was completely drained in

approximately [ f**') seconds (data plot 32). De water in the pressurizer flashed due to the

loss of system pressure, and the temperature of the water dropped from [ ]('*')*F during this
initial depressurization (data plot 18). The hot water exiting the pressurizer surge line into the hot

leg-A caused a slight increase in the hot leg temperature during this period, since it mixed with the

flow from the power channel / upper plenum. De pressurizer stayed drained until ADS occurred, at

which time it refilled, reaching a collapsed liquid level of [ f**') ft. and discharged two-phase

mixture. De pressurizer collapsed liquid level decreased after accumulator injection ended in

response to the increasing steam fraction exiting the power channel. This continued until ADS-4,

at which time the pressurizer again drained completely at [ f**#) seconds and the level reached
manometric agreement with the water level in the primary system.

f3
t i
L/
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Steam Generator*

The steam generators acted as the heat sink until the MSLIV closed and prevented further energy

removal from the secondary side. This caused the temperature of the secondary side to increase

toward the primary system hot-leg temperature, which at the same time was dropping due to the

reduced power / flow ratio. When the RCPs had coasted down, a temporary temperature increase

occurred due to the increased power / flow ratio with natural circulation flow in the primary system.

The steam generator secondary-side water temperature stabilized at approximately [ ]''**>*F at
the end of the IDP.

For the first part of the PDP, the pressure on the primary side of the steam generators was higher

than the secondary side, indicating that some heat transfer from the primary to secondary side was

occurring, causing some condensing of the two-phase fluid coming from the hot leg. The primary

system pressure did not drop below the steam generator secondary-side pressure until

approximately [ ]('*#' seconds into the event, at which time the cold-leg side of the U-tubes was

completely drained, and the hot-leg side was partially drained.

At the end of the RCP coastdown, flow oscillations started to occur in the tubular downcomer and

through the power channel 'Ihis caused significant oscillations in the collapsed liquid level

measured in the rod bundle, caused by oscillations in the steam fraction of the two-phase liquid

flowing dirough the rod bundle into die hot legs and to the steam generators. Since the driving

force for the natural circulation flow was the density difference between the single-phase fluid in

the cold legs and downcomer entering the power channel and the two-phase mixture leaving the

power channel and in the hot legs, the flow oscillations were sustained as long as there was flow

through the steam generators.

The fluid level on the hot-leg side of the steam generator U-tubes dropped below the top of the U-

tubes in cycles, resulting in intermittent flow from the hot-leg side to the cold-leg side of the U-
tubes. This condition continued until approximately [ ]''** seconds into the transient for steam
generator-A, at which time the oscillating two-phase fluid steam fraction did not have sufficient

buoyancy to lift the free surface in the U-tube hot-leg side :a the top of the U-tubes.

In steam generator-B, there were less defined flow oscillations, due to the higher void fraction in j

hot leg-B then hot leg-A. Intermittent flow over the top of the U-tubes ended approximately {
[ ]''** seconds into the transient.

;

For both steam generators, the water in the hot-leg side of the U-tubes drained completely with

ADS-1 actuation. The cold-leg side of the U-tubes exhibited significant level oscillations until
they drained completely at about [ ]" seconds for steam generator-A, and [ ](*** seconds
for steam generator-B.

O
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IlotLegs*

g3

llot legs-A and -B were filled with two-phase fluid to the steam generators before ADS-1

actuation (data plots 20 and 21). After ADS-1 and accumulator injection, the hot leg-B drained at

approximately [ ]"*'' seconds, while hot leg-A reflected the two-phase flow from the power

channel into the pressurizer. Both hot-leg horizontal sections refilled after IRWST injection

started. The principle difference between hot legs-A and -B was the influence of the PRHR on the

steam fraction of the fluid in hot leg-A. The PRHR HX preferentially removed steam from hot
leg-A, as seen in the very high steam fraction of the PRHR HX inlet flow, thereby reducing the

steam fraction of the fluid in hot leg-A as compared with hot leg-B. The hot leg steam fraction
affected the draining of the steam generator U-tubes, resulting in earlier draining in steam

generator-B than in steam generator-A.

Cold Legs*

Cold legs-Al and -A2 remained full until [ ]('6') seconds into the event (data plots 22

through 27). When ADS-1 occurred, the level decreased to the cold-leg downcomer nozzle

elevation at about [ ]"A*' seconds. Flashing occuned throughout this period as evidenced by the

simultaneous decrease in the measured water levels in the annular downcomer. When accumulator

injection ended, the water level in the downcomer and reached [ ]"##) ft. ([ ]***) ft. below
the hot-leg elevation) at [ ]"** seconds into the event and decreased.

When IRWST injection starts at [ ]"** seconds into the event, the tubular and annular

downcomer were gradually refilled (refilled at [ ]"*# seconds), and cold legs-Al and -A2 were

partially refilled beginning at [ ]"*#' seconds.

Cold legs-B1 and -B2 remained full until [ ]"*# seconds into the event. At this time, both cold

legs-B1 and B2 drained rapidly and the CMTs' transition to their draindown mode started at

approximately [ ]"** seconds. Cold legs-B1 and -B2 refilled after [ ]"*#) seconds into the
event.

PRIIR und IRWST*

At the initiation of the test, the PRiiR subsystem was filled with subcowed liquid. When the S

signal occuned, the PRilR return line isolation valve opened, and flow started through the HX at

high flow rate due to the still operating RCP. When the pumps were shut off and the upper

plenum and the hot leg filled with two-phase fluid, a large portion of the steam in the hot leg-A
flowed to the PRHR in . (average void fraction is I ]"##' to [ ]''*'' percent based on data plot
29). This two-phase mixture, consisting of alternating slugs of steam and water, was condensed

and subcooled in the PRHR HX (data plot 28). When the primary system flow stabilized after the
initial flow oscillations, the PRHR HX heat removal rate was calculated to be [ ]"A*) kW. This

[ calculation was based on the average void fraction of the flow in the PRHR supply line (as

i
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calculated from the dP instrument readings in data plot 29), the average return flow, the HX inlet

and oudet temperatures, and the pressure.

During the PDP (prior to ADS-1), there was a significant variation in the flow rate through the

PRHR, caused by the variation in the steam fraction of the fluid in hot leg-A and the PRHR inlet

line resulting in the wide range of the dP measurements in data plots 28,29, and 37.

When the ADS initiated, the power channel and the hot-leg fluid steam fractions were reduced by

the cold flow from the accumulators, reducing the driving head for the flow in the PRHR HX.

De PRHR HX flow increased near the end of accumulator delivery (approximately [ ](***)

seconds) but oscillated widely apparently as alternating steam and water flow occurred in the

supply line. Subsequently, the PRHR HX flow decreased and the supply line appeared to empty.

PRHR llX flow stopped at approximately [ ](***' seconds. De PRHR HX was submerged in

the IRWST and the heatup of the water within the IRWST is shown in data plot 17.

When ADS-4 depressurized the system (starting at [ ]''**) seconds), IRWST flow began and

provided sufficient water to refill the power channel with subcooled water.

Core Makeup Tanks*

De CMT injection was initiated [ ]''*#' seconds after the S signal by opening the CMT injection

line isolation valves. Initially, the flow from the CMT occurred by the natural circulation, hot

water from the loop-B cold legs flowed through the CLBLs to the top of the CMTs, while cold

water at the bottom of the CMTs flowed into the annular downcomer via the direct vessel line and
into the power channel.

When the cold legs-B1 and -B2 drained to the level of the downcomer cold-leg nozzles, the

balance lines drained and steam flowed to the top of the CMTs, resulting in a free-water surface in

the CMTs. This increased the driving head for CMT injection flow to the gravity head of the
CMT water and resulted in a higher draindown flow. For the 2-inch DVI line break simulation,
cold legs-B1 and B2 were drained at the same time, and the transition from the recirculation

mode to the draindown mode of operation occurred simultaneously for the two CMTs (data
plot 38).

De CMTs were heated first by the hot fluid from the cold legs, and later by steam from the cold

legs. De hot, or heated, water in the CMTs remained thermally stratified (data plots 15 and 16),

where the free-water surface temperature was at or near saturation temperature, while the water at

lower levels in the CMT was cold.

De recirculation flow rate of the CMTs started at approximately [ ]''**)lbm/sec. for CMT-A
and [ ]''**'lbm/sec. for CMT-B and decreased slightly before the transition to draindown

injection started. He draindown mode flow rate was initially [ J''**> lbm/sec. for CMT-A and
[ ]t'**) Ibm /sec. for CMT-B, and gradually decreased with time as the CMT water level
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' decreased. During the accumulator injection (started at ADS-1), the draindown flow rates from the
,,

|O) CMTs were temporarily reduced due to the increased backpressure in the DVI line caused by the

accumulator injection. The CMT injection flow ended at appmximately [ ]''*" seconds for
CMT-A and [ ](***) seconds for CMT-B, at which time they were completely drained (data plot

33).

Accumulators*

The accumulators provided water injection into the downcomer by a polytropic expansion of a

compressed air volume stored within the accumulator. Water from the accumulators was injected
when the primary system pressure dropped below [ ]('* 4 psia. The injection for both

accumulators started after ADS-1 actuation (data plot 39). The accumulator injections for the
S00605 test lasted approximately [ ](**" seconds, and the accumulators were completely

emptied when injection ended (data plot 34).

Mass Discharge and Mass Balance

ne catch tanks weight measurements are shown in data plot 43 for the break flow and for the ADS-1,
-2, -3 and -4 flows.

De break flow, which started when the event was initiated, was stable with a decreasing flow rate as

O the system pressure dropped during the IDP, the PDP, and after ADS was initiated. After ADS-3
kJ

actuation, flow through the break was greatly reduced but continued through the rest of the test.

The discharge from the pressurizer through ADS-1, -2, and -3 had an average flow rate of

approximately [ ]('*"lbm/sec. After ADS-3 was actuated and the primary system pressure was low,
ADS flow decreased rapidly in response to the reduction in injection flow that occurs when
accumulator injection ended. ADS-1, -2, -3 flow ended when ADS-4 occurred.

When ADS-4 occurred, fluid discharge from ADS-4 was initially relatively stable and increased over

the first [ ](**" seconds of operation. Large oscillations in the flowrate are observed which

apparently are caused by the alternate fill and drain of the upper-upper plenum (plots 44 and 31).

He discharged masses are shown in Table 4.2.7-4.

The mass balance results for test S00605 were calculated based on the water inventory before and after

the test. Table 4.2.7-2 gives a detailed listing of the inventories of water in the various components
before the test. Table 4.2.7-3 lists the inventories after the test and the amount of water injected from
the IRWST. He water level in the power channel was determined by the DP-B16P measure-ment to

be [ ]''*"in. (442 mm) above the hot-leg centerline at the end of the test. Table 4.2.7-4 compares
the mass balance for the system before and after the test and shows [ ]''*" pm gemm M

O the measurements.V
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TAllLE 4.2.7-1

SEQUENCE OF EVENTS FOR TEST S00605

Esent Specified Instrument Channel Actual Tinw

Break Opened 0
- -

(O'')

R Signal P = 1800 psia P-027P

MSLIV Closure R + 2 sec. Z_A(MSO, F_A04S

Z_BNSO, F_B04S

S Signal P = 1700 psia P-027P

MFWIV Closure S + 1 sec. Z_B02SO, F_BOIS

Z_A02SO,F_A0lS

CMT IV Openint S + 2 sec. Z_AMOEC, F-A40E

Z_B(M0EC, F-B40E

RCPs Tripped S + 16.2 sec. I-AIP,S-AIP

I-BIP, S-BIP

PRHR 11X Actuation S + 2 sec. Z_A8]EC, F_A80E

ADS-1 CMT level 67% L_B40E

+30 sec. Z_00lPC

Accumulators P-027P = 710 psia F_A20E
1
'F_B20E

ADS 2 CMT level 67% L_B40E

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS 4 CMT level 20% L B40E

+60 sec. Z_0(MPC, F-(40P

IRWST Injection P-027P = 26 psia F_A60E

F_B60E __ _

' Manually opened with delay of atout 90 seconds. '
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. /] TABLE 4.2.7 2.

q) WATER INVENTORY BEFORE TEST S00605

Relative Mass
Component Volume (ft.')/(I) Net Vol(ft.')/(I) Temp ('F) Density (Ibm) :

Loops 8.97 ft.' 8.97 ft.5
- -

(aAc) -

(254.0 0 (254.0 I)

Pressurizer 337 ft.' l.92 ft.'
(95.4 I) (54 3 I)

Surge Line 034 ft.' 034 ft.'
(9.6I) (9.6 0

Tubular Downcomer 138 ft.' 138 ft.' !

(39.1 0 (39.1 I)

Armular Downcomer+ 0.54 ft.' O.54 ft.'

High-Pressure Bypass (153 0 (153 0

Core Bypass 0.44 ft.' O.44 ft.'

(12.4 I) (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'

N (22.8 0 (22.8 0
)

Riser 1.64 ft.' l.64 ft.'
(46.4 I) (46.4 I) *

Upper Plenum 1.46 ft.' l.46 ft.'
(413 I) (413 I)

Upper Head 1.90 ft.' l.90 ft.'
'

(53.8 I) (53.8 I)

CMTs 10.1 ft.' 10.1 ft.'

(286.01) (286.00

Accumulator 10.1 ft.' 7.50 ft.'

(286.07) (215.2 I) !

IRWST Injection Line 0.18 ft.' O.18 fL'

(5.1 I) (5.10

TOTAL
INVENTURY - --

/

|
|

i
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TABLE 4.2.7 3
WATER INVENTORY AFTER TEST S00605 WAS COMPLFTED

Water level as measured by DP B16P (-0.60 psi) was 442 mm above llot Leg

Relative Mass
Component Volume (ft.')/(I) Net Vol(ft.')/(I) Temp ('F) Density (thm)

'*I
Loops 8.97 ft.' l.62 ft.'

(254.0 () (46 h

Pressurizer 3.37 ft.' O.0 ft.'

(95.4 I) (0 0

Surge Line 0.34 ft.' O.0 ft.'

(9.6I) (0 ()

Tubular Dowcomer 1.38 ft.' 138 ft.'
(39.1I) (39.1l)

Annular Dowcomer + 0.54 ft.' O.47 ft.'
lligh-Pmssure Bypass (15.3 I) (13.2 I)

Core Bypass 0.44 ft.' O.44 ft.'

(12.4 I) (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'

(22.8 I) (22.8 I)

Riser 1.M ft.' l.M ft.'
(46.4 0 (46.4 h

Upper Plenum 1.46 ft.' l.26 ft.'
(41.3 I) (35.6 0

Upper 11ead 1.90 ft.' O.0 ft.'

(53.8 h (0 0

CMTs 10.1 it.' O.0 ft.'

(286.0 () (O I)

Accumulator 10.1 ft.' O.0 ft.'

(286.0 I) (O I)

1RWST Injection Line 0.18 ft.' O.18 ft.'

(5.1 I) (5.1 I)

TOTAL
INVENTORY _ _

WATER INJECTED FROM TIIE IRWST DURING EVENT

1RWST Injection Del Elev (psi) Area (in') M ass ;

(thm)

1.21 1007.5 1219.1

l
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(])( TABLE 4.2.7-4
MASS BALANCE FOR TEST S00605

Starting Inventory Ending Inventory

(Ibm) (lbm)

Total Primary System
~ ~ '"*'')

IRWST Injection

BREAK

ADS-1,-2,-3

ADS-4

TOTAL

Ending Inventory / Starting Inventory (thm) _

Ending Inventory /Staning Inventory (%) 101.7

(

Oa
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TEST S00605 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT

COMPONENT CilANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30FLW lbm/sec. 44 Flow rate derived from IF030P

ADS 1,2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40FLW Ibm /sec. 44 Flow rate derived from IF040P

ADS 4 & SG IF(M0P lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2

ANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2

BREAK LINE IFOSFLW lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2 !

CLA DP-A09P psi 22 Pump suction

CLA T-A10P 'F 11 Steam generator outlet

CLAl F_A0lP lbm/sec. 36 |

CLAl T-A021PL 'F 13 Downcomer inlet

CLAl T-AllP *F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL 'F 13 Downcomer inlet

CLB DP-B(X)lP psi 26 To cold leg-B1

O
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r TEST S00605 PLOT PACKAGE

( CilANNEL LIST BY COMPONENT (Cont.) ,

COMPONENT CilANNEL UNITS PLOT COMMENT

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B10P 'F 12 Steam generater outlet

CLB1 F_B0lP lbm/sec. 36

CLB1 T-B021PL 'F 14 Downcomer inlet

CLB1 T-B1IP *F 12 Pump outlet

CLB2 F B02P lbm/sec. 36

CLB2 T-B022PL 'F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in. 1

l

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E 'F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E 'F 15 63.75 in.

CMTA T-A417E 'F 15 38.25 in. l

CMTA T-A420E 'F 15 Bottom (0 in.)

CMTB F._B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB _ -B401E* 'F 16 Top (242.25 in.)T

CMTB ]i-B403E* *F 16 216.75 in.

CMTB T-B405E* 'F 16 191.25 in.

CMTB T-B407E* 'F 16 165.75 in.

CMTB T-B409E* *F 16 140.25 in.

CMTB T-B411E* *F 16 114.75 in.

CMTB T-B413E* *F 16 89.25 in.
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TEST S00605 PLOT PACKAGE ;

CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT |

CMTB T-B415E* *F 16 63.75 in.

CMTB T-B417E* 'F 16 38.25 in.

CMTB T-B420E* 'F 16 Bottom (0 in.)

CVCS F-001 A psi 42

DVIA T-A00E 'F 13

DVIB T-B00E 'F 14 i

|

HLA DP-A(MP psi 20

HLA T-A03PL *F 5 Vertical, near power channel

HLA T-A03PO 'F 5 Horizontal, near power channel |

HLA T-A04P *F 5 Near steam generator inlet
|

HLB DP-B(MP psi 21

HLB T-803PL *F 6 Vertical, near power channel

HLB T-B03PO 'F 6 Horizontal, near power channel

IILB T-B(MP 'F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40

IRWST F_B60E lbm/sec. 40

IRWST L_060E ft 32

IRWST T-061E *F 17 Bottom

IRWST T-062E *F 17 Below middle

IRWST T-063E 'F 17 Middle

IRWST T-064E *F 17 Above middle

IRWST T-065E *F 17 Top

IT W (OP kW 1_

PC-HD L_000P ft 30 Heater bundle

PC-HR TW018P20 *F 3 Heater rod

PC-HR TW018P48 'F 3 Heater rod

PC-HR TWO20P87 'F 3 Heater rod

PC-Ull T-016P 'F 4 Upper head

PC-UP L_A15P ft. 30 Lower-upper plenum
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TEST 500605 PLOT PACKAGE
CliANNEL LIST IlY COMPONENT (Cont.)

COMPONENT CilANNEL UNITS PLOT COMMENT

PC-UP L_A16P ft. 31 Upper-upper plenum

PC-UP T-015P *F 4 Upper plenum

PC-Ulf L_017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of heater bundler !

_

|PRilR DP-A81 AE psi 29 Supply line inverted U-tube

| PRilR DP-A81BE psi 29 Supply line inverted U-tube
|

L PRilR DP-A81E psi 28 Supply line

PRilR DP-A82E psi 28 Heat exchanger j

PRilR DP-A83E psi 28 Return line

PRilR F_A80E lbm/sec. 37 Return line

PRiiR T-A82E *F 19 Inlet

PRilR T-A83E *F 19 Exit

PRZ L 010P ft. 32O PRZ P-027P psia 2

PRZ T-026P *F 18 487 in.
.

SGA DP-A05P psi 20 llot side

SGA DP-A06P psi 20 Hot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_AOIS lbm/sec. 41 Main feed

SGA F_A20A lbm/sec. 41 Secondary feed
,

SGA L_A10S* ft. 35 Overali level

SGA P-A04S psia 2 Secondary system

SGA T-AOIS *F 10 MFW-A

SGA T-A05P *F 7 Ilot side
5

SGA T-A05S *F 9 Hot side - riser

SGA T A06P *F 7 Ilot side

SGA T-A08P *F 11 Cold side

SGA TW-A06S *F 7 liot side
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TEST S00605 PLOT PACKAGE
CHANNEL LIST llY COMPONENT (Cont.) l

COMPONENT CHANNEL UNITS PLOT COMMENT

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side
,

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

SGB F_BOIS lbm/sec. 41 Main feed

SGB F B20A lbm/sec. 41 Secondary feed

SGB L_ BIOS * ft. 35 Overall level

SGB P-B(MS psia 2 Secondary system ;

SGB T-BOIS *F 10 MFW-B

SGB T-BOSP *F 8 Hot side

SGB T. BOSS *F 9 Hot side - riser I

SGB T-B06P *F 8 Hot side

SGB T-B07P *F 8 U-tube top
-

SGB T-B08P *F 12 Cold side

SGB TW-B06S *F 8 Ilot side

SL T-020P *F 18 Surge line near pressurizer ;
!

TDC DP4)0lP psi 25,26 Top
i

TDC DP4)02P psi 24,25,26,27 Bottom

TDC T410lPL *F 13,14 Top

TDC T4)03P *F 4,13,14 Bottom
i

TSAT-PRZ n/a *F 18,19 Based on P-027P

TSAT-Ull n/a *F 4 Based on P-017P
1

* Failed channels |
|

O
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4.2.8 Double-Ended Guillotine DVI Line Hreak (S00706)
,

his matrix test simulated a double-ended guillotine (DEG) break of one of the two direct vessel

injection-B(DVI-B) lines with only the passive safety-features used for mitigation. The test started

with the initiation of the break located on the DVI-B line. For this break, the test facility was set up

such that the break flows from the CMT-B side and the vessel side of the break were measured

separately; the CMT-side break flow was measured by IF040P, and the vessel side was measured by

IF005P.

His test was performed without any nonsafety systems operating (chemical and volume control system

[CVCS) makeup pumps, steam generator startup feedwater pumps, and normal residual heat removal

|NRHR] pumps). Results are provided in the data plot package at the end of this section. The

sequence of events for S00706 is listed in Table 4.2.8-1.

The tests in SPES-2 were marked by distinctly different phases. These phases were characterized by

the rate at which primary system pressure decreased and the thermal-hydraulic phenomena occurring

within the primary and safety systems. The different phases selected for purpose of detailed test

evaluation shown in Figure 4.2.8-1 and are as follows:

Initial depressurization phase (IDP)-Point I to 2*

Pressure d cay phase (PDP)-Point 2 to 3*

Automatic depressurization phase (ADP phase)-Point 3 to 4*

Post-automatic depressurization system phase (post-ADS phase)-Point 4 to 5*

Overall Test Observadons

Figure 4.2.8-2 shows the plant primary system pressure during test S00706 (as measured at the top of

the pressuriier), with selected component actuations and plant responses shown in relation to the ;

primary system pressure.

The test started with the initiation of the break in the DVI-B line by simultancoasly opening the two
break valves. During the first [ ]''*'' seconds, subcooled water was discharged through the CMT
side of the break, quickly draining CMT-B and accumulator-B (most of this occurred in the first

[ ](**'' seconds) directly into the collection tank without entering the primary system. He rapid
draining of CMT-B initiated the ADS-1 at [ l''*') seconds.

The IDP started with the initiation of the break, which resulted in a rapid reduction in pressure. The

reactor trip (R) signal initiated at 1800 psia and the safety systems actuation (S) signal initiated at

1700 psia. The R and S signals initiated the following actions:

Decay power simulation (with heat loss compensation) initiated*

Main steamline isolation valves (MSLIVs) closed*

Main feedwater isolation valves (MFWlVs) shut off*

mAap60m1625w\l625w 5a non:1N040295 4.2.8-1
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Core makeup tank (CMT) injection line isolation valves opened=

Passive residual heat removal (PRHR) return flow isolation valve opened*

Reactor coolant pumps (RCPs) shutoff*

Recirculation flow through CMT-A and the PRHR flow started immediately after the isolation valves

were opened. Due to the rapid loss of pressure down to saturation pressure for the fluid in the power
channel, boiling was initiated in the rod bundle and the upper-upper plenum flashed. Die fluid level

upper-upper plenum dropped below the hot-leg elevation. Blis flashing slowed the rapid drop in i

primary system pressure. When the RCPs shutoff (at [ ]''**) seconds), the flow through the primary

system started to oscillate. This resulted in oscillations in the rod bundle and upper-plenum fluid

steam fractions, lower-upper plenum temperature, and system pressure. The oscillations ended

approximately [ ]''** seconds into the test, when the steam generator U-tubes drained.
|

|

During the PDP, the rod bundle steam fraction increased. Tids resulted in an increasing steam j
fraction in the upper plenum and the hot legs. Die steam fraction in hot leg-A was slightly lower |

than hot leg-B due to the removal of vapor from hot leg-A by the PRHR HX. At approximately

[ l''^" seconds into the event, the steam generator-B U-tubes had drained due to the higher void

fraction in hot leg-B. Approximately [ ]''*" seconds later, the steam generator-A U-tubes were

drained.

The two-phase flow in the hot legs caused the steam generator U-tubes to drain since steam from the

two-phase mixture collected in the top of the U-tubes. Blis stopped the flow through the primary

system, and the power channel flow was reduced to the flow through the PRHR HX and the CMT-A

injection flow.

For the first [ l''^" seconds of test S00706, the fluid flow to the PRHR HX inlet consisted of a

nearly uniform two-phase mixture of steam and water. Blis two-phase mixture was created by

flashing in the power channel and hot leg that occurred as a result of the rapid depressurization of the

primary system. The steam fraction increased as primary pressure decreased; and the PRHR HX

measured return flow rate decreased apparently as the inlet fluid density decreased. From [

| l''^" seconds, slightly superheated steam flowed to the PRHR HX.

When ADS-4 occurred (at approximately [ ]''*" seconds), severe flashing in the upper plenum filled

the hot leg with very high steam fraction mixture, which flowed to the PRHR HX for a period of

approximately [ ]''*" seconds. When the flashing subsided (at approximately [ ]''**) seconds),

the PRllR flow again convened to slightly superheated steam. T..e mass flow rate through the PRHR

was very low from ( ]''*" until approximately [ l''^" seconds, at which time the PRHR HX

started to refill and alternating steam then water slug flow typical of the LOCA events began. At

| [ ]''*" seconds, the hot leg was refilled to the elevation of the PRHR nozzle and the slug flow
} through the PRHR was replaced by a more uniform two-phase flow, which lasted until the test was

terminated.

!
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After the initial primary system flow oscillations had stabilized, a PRHR HX heat removal rate of

I l''''' kW was calculated. nis calculation was based on the void fraction of the flow in the
PRilR supply line (as calculated from the dP instrument readings in data plot 29), the average return

flow, the IIX inlet and outlet temperatures, and the pressure. It assumes a slip coefficient of 1

between the steam and water and may, therefore, give slightly lower values than the actual heat

transfer. It should be used only for test-to-test comparison.

At[ ]"*'' seconds, when the loop-B cold legs had partially emptied, CMT-A transitioned from the

recirculation mode to the draindown mode of operation. His increased the cold injection flow and the i

rate of primary system pressure decay. The upper head started to drain when the primary system

pressure dropped to the saturation pressure for the upper head (at [ ]"*#) seconds) and was

completely drained (at [ ]"**) seconds). i

During the first [ ]"*#' seconds (ADS-1), [ ]"*#'lbm of fluid were discharged through the

downcomer side of the break, and drained the cold-leg side of the primary system was drained down

to the DVI nozzle elevation. A two-phase mixture existed in the hot leg up to the lower part of the

steam generator U-tubes (hot side). He pressurizer and the power channel upper plenum above the

hot-leg elevation were drained. CMT-B was partially drained, which initiated ADS actuation.

De break flow from the downcomer side of the break was steady for the first [ ]"*'' seconds,
,

indicating that the DVI line was full of water. De level on the cold-leg side of the primary system
'

h had decreased to the DVI nozzle elevation. De break flow sharply decreased at [ ]"*'' seconds,
G indicating steam and water was now discharged and that the rod bundle decay heat simulation reduced

the power level to approximately 545 kW before ADS-1 occurred at [ ]"*') seconds, consisting of

395 kW decay heat and 150 kW heat loss compensation. The power measured for the heater bundle

was approximately twice that specified for this test for the first [ ]"*'' seconds and did not match
the specified power level until approximately [ ]''6'' seconds (Appendix B, page B-45, plot 2).

The actuation of ADS-1 at | ]"** seconds had little effect on the already rapid rate of primary

system depressurization. Accumulator-A began injecting water at about [ ]"**) seconds, and

ADS-2 occurred at [ ]"**' seconds. He injection of cold fluid from accumulator-A ([

]"**) seconds) was insufficient to maintain the water level in the annular downcomer. He
collapsed liquid levels in the tubular downcomer decreased rapidly at about [ ]"*'' seconds,

indicating that the downcomer fluid flashed. At this time, the steam fraction in the rod bundle and

upper plenum increased. He maximum rod bundle steam fraction and minimum level in the tubular

downcomer occurred at [ ]"*'' seconds, near the end of the accumulator-A delivery. De

pressurizer began to refill after ADS actuation and reached a collapsed liquid level of abcat

[ ]"*'' feet at [ ]"##' seconds. Pressurizer level (and ADS-1, -2, and -3 flow) decreased through

[ ]"*#' seconds. The pressurizer remained partially filled until approximately [ ]"**' seconds.

When the accumulator uischarge ended (at [ ]"*#' seconds), the CMT-A injection (suppressed by the

accumulator-A injection) restaned and the IRWST-A injection started. The PRHR flow stopped at

[ ]"*'' seconds and the PRIIR HX and supply line were drained. At this time, the combined

|

|
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1
Injection flow from CMT-A and IRWST-A started to raise the water level in the tubular downcomer j

and the steam fraction in the rod bundle gradually decreased (collapsed liquid level increased) and the
'

lower-upper plenum gradually refilled to the hot-leg elevation (at approximately [ ]''*#) seconds).

At [ ]''*'' seconds, the water level in the hot legs was sufficient to restart the flow through the

PRIIR. At about [ J''*') seconds, rod bundle boiling had been suppressed and a steady-state |

condition existed for the rest of the test. |

The fluid discharge from downcomer side of the break slowed when the water level in the annular

downcomer decreased to the elevation of the DVI line and c(mverted to steam. The CMT-A and

IRWST injection flows gradually refilled the downcomer to the DVI nozzle elevation at

I 1"*'' seconds.

Both CMT-B and accumulator-B drained through the CMT side of the break. Flow from the IRWST

injection line-B to the break started at approximately [ ]"*#) seconds.

'Ihe discharge flow rate through ADS-1, -2, and -3, was very small due to the rapid depressurization

of the primary system, and the high steam fraction flow from the power channel prior to ADS-4

actuation.

This test demonstrated that the heater bundle was fully covered by water or cooled by a two-phase

mixture at all times during this test (data plots 30 and 31), and there was no indication of heater rod

temperatures inceasing due to lack of cooling (data plot 3). Key parameters comparing the S00706
test with other tests are listed in Table 5.1-1, in Section 5.0. |

Discussion of Test Transient Phases

Initial Depressurization Phase ([ ]*) Seconds).

The initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

lasted until the primary system pressure was supported at the saturation pressure of the fluid in

the upper plenum and the hot legs (see Figures 4.2.8-1 and 4.2.8-2). This phase included the

following events: R signal at 1800 psia (decay power simulation initiated and the MSLIV closed),

and S signal at 1700 psia (the MFWlV closed, the CMT injection line isolation valves opened, and

the PRHR heat exchanger return line isolation valves opened-all with a 2-second delay, and RCP

coastdewn initiated after a 16.2-second delay). See Table 4.2.8-1.

Facility Response during the IDP:

From time 0 until the R signal occurred, the system lost pressure due to the expansion of the

pressuriier steam bubble resulting from fluid loss through the break. The pressurizer partially

compensated for the loss of pressure by flashing; however, it was drained within the first

[ lt***) seconds of the test (data plot 32). The R (at 14 seconds) and the S (at 17 seconds)

signals were based on pressurizer pressure only. When the R signal occurred, the MSIV was
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i

closed and the power was reduced to 20 percent of full powel after a 5.75-second delay and began
n

( ) to decay after a 14.5 second delay.
Q/

As a result of the rod bundle power reduction without primary system flow reduction, the core AT

decreased due to the low power / flow ratio and the lower-upper plenum temperature decreased

toward the lower-plenum temperature [ ]"**). At [ ]"*#) seconds, the primary system

pressure reached the saturation pressure for the water in the upper-upper plenum [ ]"*#'and
the level in the upper upper-plenum decreased to the hot-leg elevation as this water flashed and its

temperature decreased to [ ]"**). De primary system pressure continued to decrease to the j

saturation pressure corresponding to the hot-leg / upper-plenum fluid temperature [ ]"**)and
reached | ]"*#' psia at approximately [ ]""#) seconds (Figure 4.2.8-2). When the RCPs were

shutoff (at [ ]"*#' seconds), the rod bundle outlet and the lower-upper plenum temperature j
increased to [ ]"*'' due to the increased power / flow ratio. The system pressure increased

temporarily until the loss of pressure (due to the break flow, the decreasing decay power, and the

CMT injecting cold fluid into the downcomer) staned reducing the lower upper plenum

temperature. We system pressure decrease resulted from the balance between the steam

generation rate (from flashing fluid), the volumetric flow of fluid out the break, and the steam

condensation rate by the PRHR HX. Steam was continually being generated by core boiling due

to the heater power. He PRHR flow began before the RCPs were shut off and then continued by

natural circulation (data plot 37). His ended the IDP.
!

Pressure Decay Phase ([ ]**'' Seconds)=

;

ne pressure decay phase (PDP) started when the system pressure was supported by the saturation
|
'

pressure of the fluid in the lower upper-plenum and hot legs (Figures 4.2.8-1 and 4.2.8-2). He

phase ended when injection from accumulator-A started. ADS-1 was actuated at approximately

[ ]"**) seconds; however, since the primary system pressure was rapidly decreasing at that time |
the only effect of ADS-1 was a small steam release from the pressurizer. His did not

significantly affect the primary system pressure decay rate.

De PDP was characterized by decreasing the overall primary system pressure and temperature,

which was much slower than during the IDP. De rod bundle power (decay heat plus heat loss
compensation) was reduced from 1000 kW to 545 kW at ADS-1, and to 280 kW at the end of this

phase (data plot I and Figure 4.2.8-2). De PRHR HX heat of approximately [ ]"##)

(calculated at [ ]"**' seconds when the PRHR HX flow stabilized), and the CMT-A injection

flow facility heat losses and energy out the break and ADS provided additional heat removal from
the primary system.

. De initial CMT-A injection by natural circulation transitioned to draindown injection at

[ ]"**' seconds when the loop-B cold legs were emptying (data plot 38). He U-tubes of the

steam generators began to drain at approximately [ ]"**' seconds; the cold-leg side of the U-
tubes was completely drained at [ ]"**' seconds; and the hot-leg side of the U-tubes drained at

'''
[ ]"*#' seconds (data plots 20 to 23). De steam generators did not affect the rest of the test

:
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after the U-tubes were drained. Le accumulator injection initiated when system pressure dropped

below [ J''** psia just as ADS-2 actuated (data plot 39).

Facility Response during the PDP: |

Following to coastdown of the RCPs pumps, flow oscillations occurred in the primary system

which continued into PDP. Ecse flow oscillations resulted in wide oscillations in the steam
fraction of the two-phase mixture in the rod bundle (data plots 30 to 31), hot legs, and steam |

generators (data plots 20 to 21). These steam fraction oscillations became flow oscillation in the

cold legs (data plots 24 to 27). Some of the steam in the two-phase mixture from the hot legs was

condensed in the U-tubes (the primary-side pressure was higher than the secondary-side pressure at

this time, allowing some heat to be transferred to the secondary-side fluid). The rest of the steam

was separated from the two-phase fluid and collected in the high point of the U-tubes (due to the

low velocity) and a free-water surface appeared at the top of the U-tubes. He cold-leg side of
the U-tubes was completely drained at [ ]('*#' seconds, and the hot-leg side was drained at

[ ]'*6#' seconds (data plots 20 to 23). The water level on the cold-leg side of the primary

system decreased to the DVI nozzle elevation (in the annular downcomer) at [ ]'**#' seconds,

due to the discharge of fluid out of the downcomer side of the break and the break mass flow

decreased sharply since it now mostly consisted of steam.

De primary system depressurization rate during the PDP began at [ ]''*4 psi /sec. V/ hen the

break flow through the downcomer side of the break transition from water to steam, the primary
system pressure depressurization rate increased to [ ]''** psi /sec. Also at this time, CMT-A
(Figure 4.2.8-4) transitioned from recirculation to draindown and its injection "ow increased,

contributing to the increase in the primary system pressurization.

CMT-A started to inject cold fluid into the downcomer via DVI line-A just after the S signal
occurred. Initially, this injection was by natural circulation at approximately [ ]''*4 lbm/sec.,

with hot water flowing from the cold leg dirough the cold-leg balance line (CLBL) into the top of
the CMT, while cold water flowed from the bottom of CMT-A into the downcomer. At

approximately [ ]''*" seconds (data plot 38), CMT A transitioned to its draindown operating

mode and a free-water surface developed in the top of the CMT as the levels started to drop (data
plot 33). De injection flow, once draindown flow began, increased to [ ]('** lbm/sec. CMT-A
(data plot 38).

During CMT-A recirculation, the hot water from cold leg-B1 remained at the top of the CMT and
did not mix with the cold CMT water. Later, steam from cold leg B1 flowed to CMT-A after the
loop-B cold legs drained and condensed on the cold water and metal surfaces in the CMT-A,

heating them to saturation temperature. De CMT water remained thermally stratified throughout

CMT operation (data plot 15). Some of the hot water at the top of CMT-A may have flashed
during the rapid decrease in primary system pressure.

O
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CMT-B emptied quicidy tinough the CMT side of the break. After it was drained, Ch1T-B was
,,

.(v) the path to the CMT side of the break for steam from cold leg-B2 for the rest of the test.

Throughout the PDP, the PRIIR HX removed energy from the primary system. The PRHR HX ,

cooling and the cold injection flow from CMT-A were insufficient to subcool the core during this

period. The observed void fraction in the core oscillated from [ ](**#' percent (data

plots 30 and 31).

Automatic Depressurization System Phase ([ ]''*'' Seconds)*

The automatic depressurization system (ADS) phase began approximately 65 seconds after the

actuation of ADS-1 (when accumulator-A injection began) and ended wi 5 the actuation of ADS-4

(Figure 4.2.8-1).

Facility Response during the ADS Phase:

With the actuation of ADS-1, followed by ADS-2 and ADS-3 within 186 seconds, the rate

of system depressurization increased from [ ](***) psi /sec. at the end of the PDP to

i ]''*') psi /sec. during the early part of the ADS phase. This depressurization rate gradually

decreased as the primary system pressure decreased. During the rapid depressurization from [

](**') seconds, flashing occurred in the annular and the tubular downcomers (data plot 25).

O This resulted in increased break flow through the downcomer side of the break as downcomer
G water was lifted to the break elevator.

A high rate of water injection was provided from accumulator- A (data plot 39) and draindown of ;

the CMT-A continued (data plot 33). Accumulator-A injected cold water into the downcomer for j
approximately [ ](**#1 seconds (from [ ](**') seconds) and was then drained. The j
accumulator injection was insufficient to maintain / restore the water level in the downcomer. The j

water in the tubular downcomer flashed and level decreased during accumulator injection. j
l

The pressurizer began to refill after ADS-1 actuation occurred and reached a collapsed liquid

level of about [ ](***) seconds. Pressurizer level (and ADS-1, -2, and -3 flow)

decreased through [ ](**') seconds. The pressurizer remained partially filled until about

[ ](***) seconds, and there was little or no steam flow through ADS-1, -2, and -3, after

ADS-4 occurred (at [ ]('*#' seconds).

l

During the ADS phase, the break flow from the downcomer side of the break consisted mostly of j
steam with some water from the flashing downcomer. The break flow from the CMT side of the

'

break included steam from cold leg-B2 (via CMT-B), accumulator-B water, and a small amount of

IRWST water.

(
\
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Post-Automatic Depressurization System Phase ([ ]''*" Seconds to End of Test).

The post-automatic depressurization system (post ADS) phase began when ADS-4 occurred (at

I ]''** seconds) and continued to the end of the test (Figure 4.2.8-1).

System Response during the Post-ADS Phase:

The accumulator A delivery continued into the post ADS period and ended at approximately

[ ](**" seconds. Near the end of the accumulator delivery, the water level in the downcomer

dropped to a level [ ]('*" ft. below the hot-leg elevation at [ ](*** seconds ([ ]('**) pm

of tubular downcomer was drained, data plot 25), since the accumulator-A and CMT-A injection

could not keep up with the ADS and break flows. During the accumulator-A injection, the CMT-

A injection was partially suppressed, until the accumulator injection ended.

Concurrent with the decrease in water level in the downcomer, the steam fraction of the fluid in

the rod bundle region increased to a maximum of [ ]''A" percent (data plots 30 and 31) and the

lower-upper plenum steam fraction almost reached [ ](*** percent; however, there was no

indication of heater rod heat up due to lack of cooling. The maximum rod bundle steam fraction

and minimum water level in the tubular downcomer occurred at [ ]''A4 seconds.

After ADS-4 was actuated (at [ ](**" seconds), only a small amount of saturated steam was

vented through ADS-1, -2, and -3.

Ble primary system pressure was [ ]''A" psia when ADS-4 was actuated, and it was reduced to

approximately [ ](**" psia when the IRWST injection through the DVI-A nozzle into the

downcomer started at [ ]''A" seconds (data plot 40). The combined effect of the IRWST-A and

the CMT-A injection began to refill the downcomer and simultaneously reduced the steam fraction

of flow through the rod bundle, through the upper plenum and into the hot legs.

The PRilR HX stopped flowing at approximately [ ]('** seconds; however, as the IRWST flow

decreased the steam fraction of fluid leaving the power channel, flow restarted at approximately

[ ]''*" seconds. The cold flow from the IRWST and the PRHR gradually reduced boiling in

the rod bundle and refilled the downcomer to the eles ation of die broken DVI line. This steady-
state condition was considered the end of the test.

Component Responses

Power Channel=

The power channel consists of 5 volumes: the lower plenum, the riser with the heater rod bundle,

the lower upper-plenum below hot leg, the upper-upper plenum above hot leg, and the upper head.

When the break occurred, the system pressure decreased to the R trip point (1800 psia) and die S
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trip point of 1700 psia. Ilowever, since all the water in the primary system was below the
m
/' saturation temperature for the system pressure, no boiling or flashing occurred up to this point.
(

Nothing significant happened in the power channel until the core power had been reduced to
.

20 percent (1000 kW) at [ ]"*" seconds. At this time, the AT across the rod bundle decreased

due to the reduced power flow ratio (still full flow), and the lower upper-plenum temperature

decreased toward the lower-plenum temperature (Figure 4.2.8-2). The upper-upper plenum water,

which was at [ }"**' fluid temperature, flashed when the primary system pressure dropped

below [ ]"*#' psia and decreased to [ ]t'*#'at[ ]"*#) seconds. When the RCPs coasted

down (from [ 1"*#' seconds into the event), the power flow ratio increased and the power

channel outlet temperature again increased. Boiling in the rod bundle and the flashing in the

upper plenum produced sufficient amounts of steam to temporarily increase the system pressure;

and the lower upper-plenum temperature increased momentarily until the upper-upper plenum was

drained down to the hot leg elevation at [ ]"*" seconds (data plot 30 and 31). De primary

system pressure reached [ ]"*" psia at [ ]"*#) seconds.

At [ ]"**' seconds, the temperature of the fluid in the lower-upper plenum dictated the primary

system pressure (data plot 4 and Figure 4.2.8-2). A short period of oscillations of the fluid in the

rod bundle (period of [ ]"*" seconds) began when the RCPs had coasted down and disappeared ;

at about [ ]"*" seconds into the test.

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel

during the S00706 test.

De upper head started to drain when the system pressure reached the saturation pressure of the

fluid temperature in the upper head (at about [ ]''*') seconds). The upper head fluid

temperature was initially only [ ]"*" and was, therefore, considerably cooler than the upper-

upper plenum fluid temperature. Fluid flashing in the upper head caused its wate' level to

decrease and it had drained completely by [ ]"*" seconds (data plot 4).

The upper-upper plenum started to flash at [ ]"*#) seconds rad continued to flash during the RCP

coast down. The level dropped to the hot leg elevation by ( ]"*#' seconds (Figure 4.2.8-3). The

upper-upper plenum level never recovered during this test and it stayed at or below the hot-leg

elevation until the end of this test (temperatures in data plot 4).

The steam fraction in the rod bundle increased from the time the RCPs coasted down to

[ J''**' seconds (data plots 30 and 31). At this time, the steam fraction reached [ ]" **'
percent, and the collapsed liquid level in the lower-upper plenum decreased below the top of the

unheated portion of the rod bundle. However, the top of the heated portion of the rod bundle ,was
covered by two-phase mixture, and there was no indication of heater rod heat-up due to lack of l

l

cooling (data plot 3).

O
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Concurrent with the increase in rod bundle steam fraction and decrease in fluid level in the lower-

upper plenum, the water level in the downcomer decreased to [ ]''*#' ft. (hot-leg elevation is 0)

at [ ]''**' seconds. '

Data plot 30 shows that the collapsed levels in the rod bundle exhibited a short period of

oscillations following the RCP coastdown, with apparent steam fractions in the rod bundle ranging

from [ ](**#' percent. The injection from accumulator-A ([ ]''*#8 seconds)
did not reduce the steam fraction in the rod bundle, and the maximum steam fraction (minimum

collapsed liquid level) occurred near the end of the injection. When the IRWST-A injection

started at [ ]''*#' seconds, combined with the CMT-A injection, the water level in the

downcomer started to recover. The tubular downcomer was refilled by approximately

I l''*") seconds, and the level continued to rise into the annular downcomer. The steam

fraction of flow through the rod bundle decreased steadily, and the two-phase mixture level in the

lower-upper plenum increased to the hot-leg elevadon. However, the flow through the rod bundle

remained two-phase (steam fraction about [ ]''*#) percent) for the rest of the test.

'Ilds test resulted in a [ ](**#'in the rod bundle; however, there was no

indication of a temperature increase in the rod thermocouples. Also, this test was more severe

than intended due to the ldgher than specified rod bundle power simulation.

Pressurizer*

De pressurizer started to drain when the break occurred and was completely drained in

18 seconds (data plot 32). De water in the pressurizer Hashed due to the loss of system pressure,

and the temperature of the water dropped from [ ]''*#) during this initial depressurization (data

plot 18). The hot water exiting the pressurizer surge line into the hot leg-A caused a slight

increase in the hot leg temperature, since it mixed with the flow from the power channel / upper

plenum. He pressurizer remained empty until ADS-1 occurred, at which time it partially refilled
to a collapsed liquid level of about [ ]('*#' seconds, and discharged some two-phase

mixture from the top via the ADS. He pressurizer level decreased to approximately [
]4'**' seconds as ADS-1, -2, and -3 flow decreased to almost zero. At [ ]''*#8 seconds the

pressurizer again drained completely.

Steam Generator*

he steam generators acted as the heat sink until the MSLIV closed and prevented further energy

removal from the secondary side. His caused the temperature of the steam generator secondary-
side fluid to increase toward the primary system hot leg temperature, which at the same time was

dropping due to the reduced power / flow ratio.

For the first part of the PDP, the pressure on the primary side of the steam generators U-tubes was

higher than the steam generator secondary-side, indicating that some heat transfer from the primary

to secondary side occurred and causing some condensing of the two-phase fluid coming from the

l

!
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hot leg. The primary system pressure dropped below the steam Eenerator secondary-side pressure

( ) at approximately [ ]''*#) seconds. At this time, the cold side of the U-tubes was completely

drained, and the hot side was partially drained. Data plot A indicates that there was some heat

transfer from the steam generators to the primary system fluid, which was rapidly reducing in

temperature due to the rapid depressurization of the primary system.

At the end of the pump coastdown, flow oscillations started to occur in the tubular downcomer

and through the power channel. His caused oscillations of the density of the two-phase flow

through the rod bundle into the hot legs and to the steam generators. These flow oscillations were

sustained as long as there was flow through the steam generators and ended at approximately

[ ]''*#' seconds.

Steam generator-B U-tubes began to drain at [ ]('*#' seconds. The level on the hot-leg side of the

U-tubes dropped to the [ ]''*#) percent elevation in [ ]''*'' seconds and were completely

drained after [ ]'*6') seconds. Steam generator-1 U-tubes began to drain at 105 seconds. De

level on the hot-leg side and dropped to the [ J'** percent elevation after [ ]''**) seconds and

were drained at [ ]''**) seconds. The cold-leg siG M the U-tubes were drained for both steam

generators at [ ]''*') seconds (data plots 20 through 23).

Ilot Legs-

The hot legs were full of two-phase fluid until about [ ]''##) seconds (data plots 20 and 21).
' Ilot leg-A and hot leg-B collapsed liquid levels decreased when the steam generator U-tubes

drained on the hot-leg side. Hot leg-B was drained at [ ](***) seconds, and hot leg-A completely

drained at [ l''*'' seconds (after ADS-4 occurred). Both hot legs started to partially refill at

[ ]''*#' seconds, when IRWST-A and CMT-A injection was refilling the power channel.

There was a slight difference in the observed steam fraction in hot legs-A and -B before they

drained, due to the fact that the PRHR HX preferentially removed steam from hot leg-A (as seen

in the very high steam fraction in the fluid at the PRHR HX inlet). His reduced the steam

fraction of the fluid in hot leg-A as compared with hot leg-B. De hot leg void fraction affected

the steam generator U-tube draining, resulting in earlier draining in steam generator-B than m
|

steam generator-A. |
!
;

'

Cold Legs (including Tubular Downcomer and Annular Downcomer)*

he cold legs remained full until [ ]''*'' seconds and then quickly drained. De loop-B cold legs
emptied at [ ]''**) seconds, and the loop-A cold leg-A were drained to the cold leg nozzle

elevation at [ ]''**' seconds. All four cold legs remained completely drained for the duration of
the event (data plots 22 through 27).

De annular downcomer started to drain (through the broken DVI-B nozzle) at [ ]''*"' seconds,
I and its level decreased to the DVI nozzle elevation by [ ]''**' seconds. Flashing in the I

i

l
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downcomer started at [ ](***) seconds and continued through [ ](**') seconds, when the level

began to be restored.

The tubular downcomer reached a collapsed level of [ ](**") ft. ([ ]''*#) percent of tubular

downcomer empty at [ ]"*#) seconds) before the injection flow from the CMT-A and the

IRWST started to refill the downcomer and power channel. He tubular downcomer was refilled

at [ ]"*#' seconds, and the annular downcomer was refilled to the DVI nozzle elevation at

approximately [ ]"*4 seconds.

PRHR and IRWST*

At the initiation of the break, the PRHR subsystem was filled with subcooled liquid. When the

S signal occurred, the PRHR return line isolation valve opened, and a high flow rate started

through the HX due to the still operating RCP. When the RCPs were shut off and the upper

plenum and the hot leg filled with two-phase fluid, a large portion of the steam in hot leg-A
flowed to the PRHR HX (average fluid steam fraction is [ }"** percent based on data plot

29). Bis high steam fraction enhanced the PRHR HX heat removal from the primary system.

De two-phase mixture was condensed and subcooled in the PRHR HX (data plot 28). When the
primary system flow stabilized after the initial flow oscillations a PRHR HX heat removal rate of

[ ](*** kW was calculated at [ ]"** seconds. His calculation was based on the average

steam fraction of the fluid in the PRHR supply line (as calculated from the dP instrument readings

in data plot 29), the average steam flow rate, the HX inlet and outlet temperatures, and the
pressure.

For the first [ ]"** seconds of test S00706, the fluid flow to the PRHR HX inlet consisted of a

nearly uniform two-phase mixture of steam and water. His two-phase mixture was created by

flashing in the power channel and hot leg that occurred as a result of the rapid depressurization of

the primary system. The steam fraction of the two-phase mixture increased as primary pressure

decreased; and the PRHR HX measured return flow rate decreased, apparently as the inlet fluid
density decreased. From [ ](*** seconds slightly superheated steam flowed to the PRHR

HX. When ADS-4 occurred (at approximately [ }"** seconds), severe flashing in the upper
plenum filled the hot leg with very high steam fraction mixture, which flowed to the PRHR HX

for a period of approximately [ ]"** seconds. When the flashing subsided (approximately at

[ ]"*4 seconds), the PRHR flow again converted to slightly superheated steam. De mass flow

rate through the PRHR was very low from [ ]"*d until approximately [ ]"*# seconds, at

which time the PRHR HX started to refill and alternating steam then water slug flow, typical of
the LOCA events began. At [ ]"** seconds the hot leg was refilled to the elevation of the

PRHR nozzle and the slug flow through the PRHR was replaced by a more uniform two-phase
flow which lasted until the test was terminated.

He PRilR HX was submerged in the IRWST (heatup of the water within the IRWST is shown in

data plot 17). Following ADS 4, the primary system pressure decreased to near ambient, and

gravity flow due to the water elevation head in the IRWST started to inject water into the DVI-A

m:\ap60m1625 w\l 625 w-5toon:I b-N0295 4.2.8-12



line. His flow was sufficient to help partially refill the primary system (data plots 30,31,32,

.(V) and 40).

Core Makeup Tanks (CMTs).

The CMT injection was initiated [ ]"A*) seconds after the 4 signal by opening the CMT injection

line isolation valves. CMT-B injection spilled to the CMT side of the double-ended DVI line
break and was collected in a weigh tank.

Initially, the injection flow from the CMT-A was by natural circulation with hot water from the

cold leg B1 flowing through the CLBL to the top of the CMT-A, and cold water from the bottom
of CMT-A flowing into the downcomer via DVI-A line.

When cold legs-B1 and -B2 drained to the level of the cold leg downcomer nozzles, steam flowed

through the CLBL to the top of CMT-A, resulting in a free-water surface. This increased the

driving head for the injection flow and resulted in an increase in injection flow approximately

[ ]"*') seconds. (Data plot 38).

CMT-A was heated first by the hot fluid from the CLBL, and later by steam from the cold leg

condensing on the free-water and metal surfaces in the upper part of the CMT. A stable stratified

thermal gradient was established in the CMT-A water (data plot 15), where the free-water surface
/ temperature was at or near saturation temperature; and water at the bottom of the tank was cold.

As the CMT drained the heated water moved lower in the tank. '

The recirculation flow-through the CMT-A was approximately [ ]"^*)lbm/sec. The draindown
injection began at [ ]"^*)lbm/sec. and gradually decreased with time. During the accumulator

'

injection, the draindown rate from the CMT-A was temporarily reduced due to back pressure in

the common DVI line A piping. The CMT-A injection flow steadily decreased until the end of the

test, at which time CMT-A still had some water inventory (data plot 33).

Accumulators=

The accumulators provided water injection by a polytropic expansion of a compressed air

volume at the top of the accumulater. Water flowed from accumulator-A when the primary
system pressure decreased below [ ]"A*' psia at about [ ]"*'' seconds, and lasted until

[ ]"*'' seconds, (data plot 39). The accumulator-A injection for the S00706 test lasted

approximately [ ]"A*' seconds, and accumulator-A was completely drained when the injection j

ended (data plot 34). Accumulator-B flow spilled to the CMT side of the DVI line-B break and !

was collected in a weigh tank. Accumulator B flow to the break stopped from about [

]"^*) seconds.

O
V
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Mass Discharge and Mass Balance

'The catch tank weight measurements are shown in data plot 43 for the break flows, and for the

ADS-1, -2, -3, and -4 flows. IF040P collected the water from CMT-B and accumulator-B and the

IRWST-B flow. Also, the steam from cold leg-B2 (flowing through CMT-B) was condensed and
collected, and when ADS-4 occurred the additional flow from ADS-4 was also collected in this tank.

Die downcomer side DVI line break flow, which started when the test was initiated, was stable until

the downcomer level decreased to the DVI nozzle elevation. Then the flow decreased as it changed to

two-phase flow. Increases in the break flow during the time when the downcomer fluid was flashing

indicated that some downcomer water was lifted to the break clevation. When the system refilled to

the DVI nozzle elevation water again flowed from the break.

De discharge flow through ADS-1, -2, and -3 started out low because the primary pressure had

already decreased and the steam fraction of fluid leaving the power channel was high. After ADS-4,

the ADS-1, -2, and -3 flow decreased rapidly as it converted to pure steam. The discharged masses

are shown in Table 4.2.8-4.

De mass balance results for test S00706 were calculated based on the water inventory before and after

the test. Table 4.2.8-2 gives a detailed listing of the inventories of water in the various components

before the test. Table 4.2.8-3 lists the inventories after the test and the amount of water injected into

the downcomer from the IRWST. The water level in the power channel was determined by the

DP-BISP measurement to be below the hot-leg centerline at the end of the test (at the DVI line nozzle

elevation). Table 4.2.8-4 compares the mass balance for the system before and after the test and

shows agreement (within 1.1 percent) of the measurements.

i

!

l
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TABLE 4.2.81.p
SEQUENCE OF EVENTS FOR TEST S00706'

Event Specified Instrument Channel Actual Time
~ ~ #''

Break Opens 0

R Signal P = 1800 psia P-027P

MSL IV Closure R + 2 sec. Z_ANSO, F_ANS

Z_B04SO, F_BMS ;

S Signal P = 1700 psia P-027P

MFW IV Closure S + 2 sec. Z_B02SO, F_BOIS

Z_A02SO, F A01S

CMT IV Opening S + 2 sec. Z_ANOEC, F-A40E

Z_BNOEC, F-B40E

RCPs Tripped S + 16.2 sec. 1-AIP,S-A1P

l-BIP, S-BIP

Q PRHR llX Actuation S + 2 sec. Z_A81EC, F_A80E

ADS-1 CMT level 67% L B40E

+30 sec. Z_00lPC

Accumulators P-027P = 710 psia F_A20E
i

F_B20E

ADS-2 CMT level 67% L_B40E

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS-4 CMT level 20% L_B40E

+60 sec. Z_0NPC, F-NOP

IRWST Injection P-027P = 26 psia F_A60E

. F_B60E _ _
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TABLE 4.2.8-2
WATER INVENTORY BEFORE TFST S00706

Volume Net Volume Temp Relative

Component (ft.'/(I)) (0 (*F) Density Mass (ll>)

Loops 8.97 ft.' 8.97 ft.'
~ - *

(254.0 0 (254.0 0

Pressurizer 3.37 f t.' l.89 ft.'
(95.4 I) (53.5 0

Surge Line 0.34 ft.' O.34 ft.'

(9.6 I) (9.6 0

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1I) (39.1I)

Annular Downcomer + 0.54 ft.' O.54 ft.'

High-Pressure Bypass (15.3 0 (15.3 I)

Core Bypass 0.44 ft.' O.44 ft.'

(12.4 I) (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'

(22.8 0 (22.8 l)

Riser 1.M ft ' l .M ft.'
(46.4 I) (46.4 0

Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 I) (41.3 0

Upper licad 1.90 ft.' l.90 ft.'
(53.8 0 (53.8 0

CMTs 10.1 ft.' 10.1 ft.'

(286.0 0 (286.0 0

Accumulator 10.1 ft.' 7.84 ft.'

(286.0 0 (222.0 0

IRWST Injection Line 0.18 ft.' O.18 ft.' |

(5.10 (5.1 0 I
,,.-e

1

TOTAL INVENTORY
_ _

O
|
|

|
|
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q TABLE 4.2.L3

Q WATER INVENTORY AFTER TEST S00706 WAS COMPLETED |
!

Net Volume Relative i
|Component Volume (L) (L) Temp ('F) Density Mass (Ib)

Loops 8.97 ft.' O.0 ft.'
~ ~ "'''

(254.0 0 (0.0 l)
i

)
Pressurizer 337 ft.' O.0 ft.'

(95.4 I) (0.0 I)

Surge Line 034 ft.' O.0 ft.' !

(9.6 0 (0.0 l) !

Tubular Downcomer 138 ft.' 138 ft.' |
l(39.1I) (39.1 I)
i

Annular Downcomer + 0.54 ft.' O.15 ft.' )
HPBP (153 4) (43 0 j

1

Core Bypass 0.44 f'' O.44 ft.' j
(12.4 0 (12.4 I) j

,

Lower Plenum 0.81 ft.' O.81 ft.'

(22.8 0 (22.8 I)

Riser 1.64 ft.' l.64 ft.'
(46.4 I) (46.4 l)

Upper Plenum 1.46 ft.' 132 ft.'
(41.3 0 (373 I)

Upper Head 1.90 ft.' O.0 ft.'

(53.8 I) (0.00

CMTs 10.1 ft.' O.74 ft.'

(286.0 D (21.0 I)

Accumulator 10.1 ft.' O.0 ft.'

(286.0 D (0.00

IRWST Injection Line 0.18 ft.' O.18 ft.'

(5.1 l) (5.1 I)

TOTAL INVENTOR.Y
_ _

WATER INJECTED FROM THE IRWST DURING EVENT
|
|

IRWST Injection dP (psi) Area (in') Temp (*F) Relative Mass (Ib) ;

Density |
*

i

{ ] kb.c) I
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TAllLE 4.2.8-4
MASS IIAI.ANCE FOR TEST S00706

'

i

Starting Inventory Ending imentory
(livm) (llvm)

Total Primary System
- - "**'

|
|IRWST Injection

Power Channel Side Break

ADS ,1, -2. -3

ADS-4 + CMT-Side Break
'

TOTAL

Ending Inventory / Starting Inventory (thm)

i

Ending Inventory / Starting Inventory (%) '

.-. --- j
!
i

O
i

e
mwun1625w\1625w.5a sua;1Muo295 4.2.8-18



. . .. . . . , . . . . - - = . . - .- -. -. ..-.-.-. . . - - ------.-- - . . -. . . . - . -. .-

-i
!
L

i
i

t
I*
'

,

;
i

!

i
i
1

e

:i

i
i

!
-

:
:
:

;

,

!
.

!
.

!

.i
!

.'

4

I

. q.

.

I

i
i

The following figures have been intentionally deleted I

from this document due to their propnetary nature,

t
,

4

K

a

i

m:\apNul625w\secI01.noa:1b 040395*

I

k e. .. n=- w u-e r. --r-w.w---,e . , . , ,--..w. ,,- ...w ...--,,,,--s ...--,4, .,anz-c..--- c.. .,, , .m,. ,~. . . - - -- -y. ., ,-e-.,-g me , r---,r._. ,-- ry



TEST S00706 PLOT PACKAGE
CIIANNEL LIST llY COh1PONENT

COh1PONENT CllANNEL UNITS PLOT COhth1ENT

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30FLW lbm/sec. 44 Flow rate derived from IF030P

ADS 1, 2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40FLW lbm/sec. 44 Flow rate derived from IRM0P

ADS 4 & SG IRM0P lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2

ANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2

BREAK LINE IR)5FLW lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IF005P lbm 43 Catch tank

CLA DP A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction

CLA T- A10P 'F 11 Stean) generator outlet

CLAl F._A0lP lbm/sec. 36

CLAl T-A021PL 'F 13 Downcomer inlet

CLAl T- AllP *F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B00lP psi 26 To cold leg-B1

|
;

l
1

e;
mvawis25.u625w-su=1Muo295 4.2.8-22



_ _ _ -_ . . ._. _ . - - . .

.

TEST DATA PLOT PACKAGE-

& CHANNEL LIST HY COMPONENT (Cont.) ,

COMPONENT CIIANNEL UNITS PLOT COMMENT

CLB DP-B002P psi 27 To cold leg-B2 '

'

CLB DP-B09P psi 23 Pump suction

CLB T-B10P *F 12 Steam generator outlet

CLB1 F_BulP lbm/sec. 36

CLB1 T-B021PL *F 14 Downcomer inlet
1

CLB1 T-BilP *F 12 Pump outlet

CLB2 F_B02P lbm/sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.O CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T- A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom (0 in.)

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-B403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.

CMTB T B409E *F 16 140.25 in.

CMTB T B411E *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in,

mwpeox1625.us2sw-suoo:iboso295 4.2.8 23
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TEST DATA PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CilANNEL UNITS PLOT COMMENT

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E 'F 16 38.25 in.

CMTB T-B420E 'F 16 Bottom (0 in.)

CVCS F-(X)1 A psi 42

DVIA T-A00E *F 13

DVIB T-B00E 'F 14

HLA DP-A04P psi 20

IILA T-A03PL *F 5 Vertical, near power channel

IILA T-A03PO 'F 5 Horizontal, near power channel

liLA T-A04P 'F 5 Near steam generator inlet

HLB DP-B(MP psi 21

IILB T-B03PL 'F 6 Vertical, near power channel

IILB T-B03PO 'F 6 Horizontal, near power channel

IILB T-B04P *F 6 Near steat., generator inlet

IRWST F A60E lbm/sec. 40

IRWST F_B60E lbm/sec. 40

IRWST L_060E ft 32

1RWST T-061E *F 17 Bottom

IRWST T-062E *F 17 Below middle

IRWST T-063E 'F 17 Middle

IRWST T-064E *F 17 Above middle

IRWST T-065E *F 17 Top

PC W 00P kW l._

PC-HB L_000P ft 30 Heater bundle

PC-HR TW018P20 'F 3 11 eater rod

PC-HR TW018P48 'F 3 Heater rod

PC-HR TWO20P87 'F 3 Heater rod !

PC-Uli T-016P 'F 4 Upper head

PC-UP L_AISP ft. 30 Lower-upper plenum

mAap60m1625 w\l 625 w -S a.mm : l t>-G40295 4.2.8-24,
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TEST DATA PLOT PACKAGE

O CHANNEL LIST ltY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

PC-UP L_A16P ft. 31 Upper-upper plenum

PC-UP T-015P *F 4 Upper plenum

PC-UH L_017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of the heated length

PRHR DP-A81 AE psi 29 Supply line inverted U-tube

PRilR DP-A81 BE psi 29 Supply line inverted U-tube

PRHR DP-A81E psi 28 Supply line

PRHR DP-A82E psi 28 Heat exchanger |

PRHR DP-A83E psi 28 Return line

PRIIR F_A80E lbm/sec. 37 Return line i

PRHR T-A82E *F 19 Inlet

PRHR T-A83E *F 19 Exit

PRZ L_010P ft. 32O PRZ P-027P psia 2 !

PRZ T-026P *F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 Hot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41 Main feed

SGA F_A20A lbm/sec. 41 Secondary feed

SGA L_A10S* ft. 35 Overall level

SGA P-A04S psia 2 Secondary system I
I

SGA T-A0lS *F 10 MFW-A j
SGA T-A05P *F 7 Hot side !

SGA T-A05S *F 9 Hot side - riser

SGA T-A06P *F 7 Hot side

SGA T-A08P *F 11 Cold side

SGA TW-A06S *F 7 Hot side

m%uais25.us25. 5taan;ihuo295 4.2.8-25
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TEST DATA PLOT PACKAGE
CHANNEL LIST BY COh1PONENT (Cont.)

COh1PONENT CIIANNEL UNITS PLOT COhlh1ENT

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

SGB F_BOIS lbm/sec. 41 Main feed

SGB F_B20A lbm/sec. 41 Secondary feed

SGB L_ BIOS * ft. 35 Overall level

SGB P-B(MS psia 2 Secondary system

SGB T-BOIS *F 10 MFW-B

SGB T-BOSP *F 8 Hot side

SGB T-BOSS *F 9 Hot side - riser

SGB T-B06P 'F 8 Hot side

SGB T-B07P *F 8 U-tube top

SGB T-808P 'F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P 'F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

TDC DP-00?P psi 24,25,26,27 Bottom
|

TDC T-00lPL *F 13,14 Top

| TDC T-003P *F 4,13,14 Bottom

TSAT-PRZ n/a 'F 18,19 Based on P-027P

TSAT-Uli n/a *F 4 Based on P-017P

* Failed channels |

9
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4.2.9 Two In. Cold Leg / Core Makeup Tank Balance Line lireak without Nonsafety Systems

(Ns)
(S01007)

This matrix test simulated a 2-in. break in cold leg-B2/CMT-B balance line. The test b:gan with the

initiation of the break in the cold-leg / core makeup tank (CMT) balance line. This brean was located

between the balance line isolation valve and the CMT-B. This test was performed without any

nonsafety systems (chemical and volume control system [CVCS) makeup pumps, steam generator

startup feedwater [SFW) pumps, and normal residual heat removal system [NRHR] pumps) operating.

Results are provided in the data plot package at the end of this section. The sequence of events for

S01007 is listed in Table 4.2.9-1.

The tests in SPES-2 were marked by distinctly different phases. These phases were characterized by

the rate at which the primary system pressure decreased and the thermal-hydraulic phenomena

occurring within the primary and safety systems. The phases selected for the purpose of detailed

evaluation of this LOCA are shown in Figure 4.2.9-1 and are as follows:

Initial depressurization phase (IDP)-Point I to 2-

Pressure decay phase (PDP)-Point 2 to 3 |-

Automatic depressurization system (ADS) phase-Point 3 to 4 |-

O Post-automatic depressurization system (post-ADS) phase-Point 4 to 5-

O l

Overall Test Observations :

Figure 4.2.9-1 shows plant primary system pressure during test S01007 (as measured at the top of the

pressurizer), with selected component actuations and plant responses shown in relation to primary

system pressure.

The IDP began with the initiation of the break, which resulted in a rapid reduction in pressure. The

reactor trip (R) signal initiated at 1800 psia, and the safety systems actuation (S) signal initiated at

1700 psia. The R and the S signals initiated in the following actions:

Decay power simulation (with heat loss compensation)..

Main steamline isolation valves (MSLIVs) closed.=

Main feedwater isolation valves (MFWlVs) closed.*

CMT injection line isolation valves opened.=

Passive residual heat removal (PRHR) return flow isolation valve opened.*

Reactor coolant pumps (RCPs) shut off.*

Recirculati;n flow through the CMT-A and PRHR heat exchanger (HX) flow started immediately after j
their isolation valves opened. Boiling occurred in the rod bundle and the upper-upper plenum fluid '

flashed due to the rapid decrease in primary pressure. The measured fluid level in the upper-upper
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plenum dropped to the hot leg elevation. ' Die flashing on the hot-leg side of the primary system

stopped the rapid drop in primary system pressure. When the RCPs were shut off (at [ ]''**)
seconds), the flow through the primary system began to oscillate (with a period of approximately

[ ]('A') seconds). Tids resulted in oscillations in the rod bundle and lower-upper plenum Duid steam

fraction, the lower-upper plenum fluid temperature, and primary system pressum.

During the initial stages of the PDP, the rod bundle fluid steam fraction increased. This resulted in

increasing steam fractions in the lower-upper plenum and the hot leg fluid. Both hot legs contained

two-phase fluid. The hot leg-B fluid had a steam fraction close to that observed in the lower-upper

plenum. However, the steam fraction in hot leg-A was much lower due to the selective removal of

steam from the hot leg into the PRHR HX inlet line.

Two-phase flow in the hot legs initiated draining of the steam generator U-tubes, as steam from the

two-phase mixture collected in the top of the U-tubes. This stopped the primary system flow through

the steam generators so that the power channel flow was composed predominantly of the flow through

the PRHR HX. The steam fraction oscillations observed in the rod bundle and in the upper-upper

plenum stopped when the steam generator U tubes drained. At approximately [ ]"A*) seconds into
the event, the steam generator-B U-tubes began to drain. This occurred earlier in steam generator-B

than steam generator-A due to tle higher steam fraction in hot leg-B fluid. Approximately
[ j''*" seconds later, the steam generator-A U-tubes drained.

The flow to the PRHR HX, consisting of alternating slugs of steam and water, hao a average steam

fraction significantly greater than the fluid in the lower-upper plenum. Due to boiling in the rod

bundle (data plots 30 and 31), two-phase flow entered the hot leg from the lower-upper plenun and

flowed to the PRIIR HX. The average steam fraction at the PRHR inlet was as high as [ ]"A"to
[ 7'^" percent, which enhanced the PRHR HX heat removal from the primary system, as compared

its heat remval capability with single-phase saturated or subcooled water. When the primary system
flow stn"lind after the initial flow oscillations, e PRHR HX heat removal rate of [ ]"A" kW was
calculated. 'ntis calculation was based on the steam fraction of the flow in the PRHR supply line (as

calculated from the dP instrument readings in data plot 29), the average return flow rate, the HX inlet

and outlet temperatures, and the pressure. It assumes a slip coefficient of 1 between steam and water,

and may theefore give slightly lower values than the actual heat tlansfer. It should be used only for

test-to-test comparison.

Whe1 the loop-B cold lefs had partially emptied, CMT-A transitioned from the recirculation mode to
the dra#wn mode of operation. This increased the CMT discharge flow and the rate of primary

system pressure decay. This occurred at approximately [ ]'' A4 seconds for CMT-A and

[ ]"*" seconds for CMT-B. When tM primary system pressure dropped to the saturation pressure

of the water in the upper head, the upper head began to drain (at [ ]''*" sece. ids).

During the first [ ]"*" Acconds of this event. [ ]"A" Ibm of steam / water were expelled through

the break while draining the pressurizer, the steam generater 9-tubes, the power channel upper head,

the power channel upper-upper plenum, most of the cold legs, and approximately [ ]"*" percent of
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the CMTs. Ec heated rods in the power channel that simulated the AP600 core decay heat reduced

the power level to approximately 260 kW at 1070 seconds. Bis value consisted of 110-kW decay

heat and 150-kW hea: loss comper.sation. He break flow had decreased smoothly as primary pressure

decreased, but had not sharply dropped in flow rate, indicating that cold leg-B2 was not yet empty.

The ADS phase began with the actuation of ADS-1 (at 1072 seconds). ADS-2 and -3 occurred within

the next [ J''** seconds. The heat loss compensation was terminated from the decay heat

simulation during ADS-1, and the rod bundle power level was reduced to approximately 110 kW.

The ADS actuation increased the rate of primary system depressurization and resulted in high injection

flow from the accumulators. The rapid injection of cold fluid from the accumulators ([
l''** seconds) temporarily refilled the power channel rod bundle and lower-upper plenum with

subcooled water and partially filled the pressurizer. When the accumulator discharge ended, the flow

through the heater bundle was reduced to the injection rate of the CMTs and the PRIIR IIX flow, and

boiling occurred again in the heater bundle. Two-phase flow occurred again in hot leg-A, the PRiiR

llX, and to the ADS via the pressurizer.
1

He liquid discharge through the break was replaced by saturated steam at approximately

i l''** seconds. During the ADS phase, approximately ( l''** lbm of water were discharged
from ADS-1, -2, and -3. This water was supplied primarily by the accumulators.

The post-ADS phase began when ADS-4 was actuated at [ l''** seconds. De fluid discharge
'

through ADS-1, -2, and -3 ended, and pressurizer water level decreased as fluid was discharged

through the ADS-4 flow paths. A sma] amount of CMT flow was still provided to the downcomer
until approximately [ J''"# seconds. When primary system pressure had been reduced below the

pressure corresp(mding to the water elevation head of the IRWST, flow from the IRWST into the

downcomer began and shortly thereafter the CMT flow ended. The flow from the IRWST refilled the

primary system with subcooled water as boiling in the rod bundle slowly ended, and the upper plenum

partially refilled. The PRIIR llX flow stopped at approximately [ ]''** seconds and was no longer
effective. A steady flow of subcooled water then flowed from the IRWST into the downcomer,

through the power channel, and left the primary system / mugh the ADS-4 flow paths.

Bis test demonstrated that tbc heater bundle (active core) was fully covered by a single-phase water,

or cooled by two-phase fluid at all times during this test (data plots 30 and 31). Ecre was no

indication of an increase in heater rod temperatures due to a lack of cooling (data plot 3). Key
parameters describing the S01007 event are listed in Table 5-1 in Section 5.0.

Disemsion of Test Transient Phases j

!
Initial Depressurization Phase ([ ]''** Seconds)

'=

1

De initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

continued until primary system pressure reached saturation pressure of the fluid in the upper
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plenum and the hot legs (Figure 4.2.9-1). His phase included the following events: initiation of

the break, R signal at 1800 psia (decay power simulation initiated and the MSLIV closed), and S

signal at 1700 psia (the MFWlV closed, the CMT injection line isolation valves opened, an I the

PRHR IIX return line isolation valve opened-all with a 2-second delay, and RCP coastdown was

initiated after a 16.2-second delay). See Table 4.2.9-1.

Facility Response during the IDP:

The bre. '. as initiated at time 0. From time 0 until the R signal occurred, the system lost

pressure as a result of the expansion of the pressurizer steam volume due to the fluid loss throttgh

the break. De pressurizer partially compensated for the loss of pressure by flashing; however, it

drained within the first [ l''*" seconds of the test (data plot 32). De R (at [ ]('*" seconds) and

the S (at ( ]"*" seconds) signals were based on pressurizer pressure only. When the R signal

occurred the MSLIV was closed, and the rod bundle power was reduced to 20 percent of full

power after a 5.75-second delay and began to decay after a 14.5-second delay.

As a result of the power reduction without flow reduction, the core AT decreased due to the low

power / flow ratio, and the upper-plenum temperature decreased toward the lower-plenum

temperature ([ ]"*"*F). System prassure dropped down to a pressure of about [ ]''# " psi a

in [ J''*" seconds and was dictated by the temperature ([ ]''*"*F) of the saturated vapor in the

pressurizer and the fluid in the surge line since the pressurizer at this time was drained. When 4he

RCPs were shut off at [ }"*" seconds, the rod bundle and the upper-plenum temperatures

increased due to the increased power / flow ratio at the lower primary system flow (Figure 4.2.9-2).

System pressure increased temporarily until decreasing rod bundle power and the. decreasing

lower-plenum temperature (due to CMT injection into the downcomer) started reducing the rod

bundle exit and lower-upper plenum temperatures. System pressure resulted from the balance

between the steam generation rate (from flashing primary fluid), the volumetric flow of fluid out

the break, and the steam condensation in the PRHR HX. Steam was continually generated by rod

bundle boiling due to the heater power. As system pressure continued to fall, more fluid reached

its saturation pressure and began to flash. Primary system pressure stabilized at the saturation

pressure for the fluid in the hot-leg side of the power channel (approximately [ ]''*"*F). This
ended the IDP.

Pressure Decay Phase ([ ]''** Seconds)*

he pressure decay phase (PDP) began when the primary system pressure (Figure 4.2.9-1) reached

saturation pressure for the fluid in the hot-leg side of the power channel. This phase ended when

ADS-1 was opened on low CMT level and augmented the system depressurization. This phase

was characterized by a slow decrease in overall primary system pressure and temperature. De rod
bundle power (decay heat plus heat loss compensation) was reduced from 330 kW to 260 kW
(data plot 1). At [ ]"*" seconds the rod bundle power was 280 kW. The PRHR HX heat

removal rate was approximately [ ]"*'" kW. Additional heat removal was provided by the CMT
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recirculation / draining, the break flow, and facility heat losses resulting in the observed slow
n
| ; decrease in primary pressure.
\ /

De initial CMT-A natural circulation operating mode was followed by draindown injection when

the U-tubes of the steam generators were completely drained and cold leg-B1 partially emptied

(data plot 38). The drained steam generators did not affect the rest of the test. He accumulator

injection was initiated when system pressure dropped below 711 psia at approximately

[ ]''**' seconds just prior to ADS-1 actuation. liowever, the initial injection rate was low (less

than [ J''*') Ibm /sec.) until after ADS was actuated (data plot 39).
|

|

| Fncility Response during the PDP:
,

The oscillating flow observed in the primary system, following RCP coastdown, continued into the

PDP. De flow oscillations resulted in wide oscillations of the steam fraction of the two-phase
mixture exiting the rod bundle and flowing into the hot legs (data plots 30 to 31). These

oscillations in steam fraction had a significant effect on the buoyancy that drove natural circulation

flow through the primary system at this time. De steam fraction oscillations were observed

through the hot leg and the steam generators (data plots 20 and 21). However, since the two-

phase mixture entering the steam generators left the steam generators as saturated water, the steam

fraction oscillations on the hot-leg side of the power channel were observed as flow oscillations in

the cold legs (data plots 24 through 27). Some of the steam was condensed in the U-tubes (the
/

( primary-side pressure was higher than the secondary-side pressure at this time, allowing some heat,

to be transferred to the secondary-side fluid), while the remaining steam was separated from the

two-phase mixture in the high point of the U-tubct,(due to the low velocity); eventually allowing
the U-tubes to drain. For steam generator-A, continuous U-tube ilow was maintained until

I l''*'' seconds into the transient. From [ ]''*#5 seconds, intermittent flow was

observed through the steam generator-A (data plots 20 and 22), when a free-water surface

appeared at the top of the U-tubes. However, the buoyancy head in the hot leg caused water to

spill over the top of the U-tubes at the peaks of the oscillations. At [ ](**'' seconds, the U-tubes

drainec' in steam generator-A, since the free-water surface had fallen too low to be overcome by

the buoyancy oscillations. Oscillations were also seen in temperatures and pressures throughout

the primary system. When the steam generator U-tubes were completely drained (about [ ]''*''
seconds), the oscillations in the prirnary system stopped. The steam generator-B U-tubes were

completely drained at approximately [ ]''*') seconds, which was earlier than steam generator-A,
;

due to the higher steam fraction in the fluid from hot leg-B.

1

System pressure decrease during the PDP started at a slow rate of [ ]''**) psi /sec. At
approximately [ ]''*'' seconds, the pressure decay rate increased to [ ]''*#) psi /sec.

(Figure 4.2.9-1). De increased rate of pressure decrease was due to the increased injection rate of,

f the cold liquid from CMT-A and because the break flow was transitioning from water to steam.

j[ Ris occurred after the steam generator-B U-tubes drained and cold leg-B1 partially emptied,
i allowing the CMT-A balance line to drain and resulting in CMT-A transition from its recirculation

V
|
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mode to its draindown mode of operation. Since the break was located in the cold leg to CMT

balance line for CMT-B, CMT-B performance was marked by different than CMT-A.

CMT-A began injecting cold fluid into the downcomer when the S signal occurred. Initially this
injection was by natural circulation at approximately [ ]''*"' Ibm /sec., with hot wster flowing
from the cold leg through the cold leg balance line (CLBL) into the top of the CMT as cold water

flowed from the bottom of the CMT. After cold leg-B1 was partly drained at about
: [ ]"*#) seconds, the CMT-A CLBL flashed / drained and CMT-A transitioned to its draindown

mode. This transition occmred from [ ]"*') seconds (data plot 38) when a free-water

surface developed in the top of the CMT-A as the level began to drop (data plot 33). Between

[ f***' seconds, the CMT-A transition to injection mode was interrupted, as cold-leg

water appo mtly covered the balance line inleL The injection flow, once draindown flow began,
increased ts ; ]"*'' lbm/sec. and then decreased as the CMT-A level decreased (reducing the
driving head). See data plot 38.

Natural circulation flow did not occur through CMT-B following the S signal because of the break

was located in the cold leg-B2 balance line. A small amount ofinjection flow from CMT-B
staned at 400 seconds when two-phase conditions occurred in the CMT-B balance line. At

: }"**' seconds CMT-B draindown began when the CLBL was voided due to depressurization
after ADS-1, and the CMT-B injection flow rate increased to [ ]"*'' lbm/sec. ADS
depressurization also caused flashing in the CMTs due to the high temperature (saturation

'

temperature) of the fluid in the top of the CMTs (data plots 15 and 16) and the decreasing system

pressure. Flashing occurred to keep the water temperature at saturation while the system pressure
decayed.

The accumulators began to inject fluid into the DVI lines when system pressure dropped below
711 psia (at approximately [ ]"**) seconds); however, the injection rate was very low prior to
ADS-1 (data plot 39).

Throughout the PDP, the combined effect of the PRHR liX cooling the primary fluid and the cold

injection flow from the CMTs was sufficient to limit the steam fniction of the two-phase fluid
i

cooling the rod bundle to less than approximately [ ]''*'' percent (data plots 30 and 31). |
|

Automatic Depressurization System Phase ([ ]'**'' Seconds) |
*

The automatic depressurization system (ADS) phase began with the actuation of ADS-1 and ended

with the actuation of AU-4 (Figure 4.2.9-1).

(

O
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Facility Response during the ADS Phase:

,
'

The actuation of ADS-1, followed by ADS-2 and ADS-3 within approximately [ ]''*#) seconds,"

increased the rate of primary system depressarization to [ ]''*#) psi /sec. This depressurization

rate gradually decreased as system pressure decreased.

De primary system depressurization after ADS actuation resulted in a high rate of water injection

from accumulators-A and -B (data plot 39). He accumulators injected cold water into the primary

system for approximately [ ]''*#) seconds (from [ ](**4 seconds) and were
completely emptied. The accumulator injection refilled the rod bundle region and the lower-upper

plenum with subcooled water. The high accumulator injection flow rate partly suppressed the

CMT-A injection, since a CMT and accumulator share a common DVI line.

The pressurizer immediately began to refill when ADS-1 occurred, and steam and water were

vented from the pressurizer through the ADS (data plot 32). The pressurizer collapsed liquid level

increased to approximately [ ]''** ft. by the time accumulator injection ended. This level
subsequently decreased to [ ]('*'' ft. in apparent agreement with the increasing steam fraction of

fluid flowing from the power channel to hot leg-A, into the pressurizer and out through the

ADS-1, -2, and -3 flow paths.

Prior to the ADS phase, the break flow leaving the primary system through the break in the CMT

( balance line was water then a water / steam mixture. After the actuation of the ADS, the mass flow
'

through the break decreased sharply since the break fluid converted from liquid to steam as the

cold leg-B2 completely emptied (data plot 43).

Post Automatic Depressurization System Phase (2090 Seconds to End of Test).

The post-automatic depressurization system (post-ADS) phase began when ADS-4 occurred
(Figure 4.2.9-1) and continued to the end of the event.

Facility Response during the Post ADS Phase:

The system pressure rapidly decreased to near atmospheric pressure when ADS-4 was actuated.

This resulted in a significant increase in the steam fraction in the rod bundle, and upper-plenum

fluid and the water level in the downcomer decreased rapid;y into the tubular downcomer. Gravity
flow from the IRWST into the downcomer began at approximately [ ]''*#' seconds. (data
plot 40). The cold flow from the IRWST refilled the power channel with subcooled water

including the downcomer, rod bundle, lower-upper plenum, and the hot legs. At approximately

[ l**" seconds, the upper-upper plenum became subcooled and partially refilled. This steady-
stat condition was considered the end of the test.

(A~)l When ADS-4 was actuated, flow through ADS-1,2, and -3 stopped and the pressurizer water levelv
decreased to approximately [ 1"*" ft. in apparent manometric agreement with the primary system.
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Re PRHR stopped flowing at approximately [ ]''** seconds (data plot 37).

OComponent Responses

Power Channel.

The power channel consisted of five volumes: the lower plenum, the riser with the heated rod

bundle, the lower-upper plenum below the hot leg, the upper-upper plenum above the hot leg, and

the upper head. When the break occurred, system pressure decreased to the R trip point

(1800 psia) and the S trip point (1700 psia). However, since the water in the power channel was

subcooled relative 'e system pressure, no boiling or flashing occurred up to this point. When the

rod bundle power was reduced to 20 percent (5.75 seconds after the R signal), the temperature

gradient across the core rapidly decreased due to the reduced power / flow ratio (still full flow), and

the power channel outlet temperature dropped toward the lower-plenum inlet temperature

(Figure 4.2.9-2). The upper-upper plenum still contained [ ]"** F water and began to flash

when the system pressure dropped below [ ]"** psia. When the RCPs were shut off

(16.2 seconds after the S signal), the power / flow ratio increased and the power channel outlet

temperature increased, resulting in boiling in the rod bundle. This boiling together with the

flashing in the upper-upper plenum produced sufficient steam to stop the system pressure decrease.

Both temperature and pressure increased momentarily until the upper-upper plenum had drained

down to the hot leg elevation (data plots 30 and 31). The lower-upper plenum fluid :cmperati're

reached a peak and then began to decrease, responding to the increasing natural circulation flow

through the primary system. He hot-leg side of the power channel stabilized at a temperature of
approximately [ ]"*"*F and a pressure of approximately [ ]"** psia (the hot-leg saturation
pressure) at the end of the IDP.

The temperature of the fluid in the hot-leg side of the power channel controlled the system

pressure during the PDP (data plot 4). Flow oscillations began in the primary system (with a
]"*# second period) when the RCPs had coasted down, and continued until about[ -

[ ]""# seconds. The flow oscillations led to oscillations in the rod bundle steam fraction and,

therefore, in the collapsed liquid level measured in the heater bundle, lower-upper plenum, and hot
leg (data plots 30 and 31). When the downcomer flow decreased, steam fractions increased,

resulting in an increase of the overall system pressure and in the rod bundle exit temperature

(Figure 4.2.9-2). The overall system pressure oscillations were therefore out of phase with the
tubular downcomer flow oscillations.

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel
during the S01007 test.

The upper head began to drain when the system pressure decreased to the saturation pressure of
the water in the upper head (at about [ ]"** seconds). The upper-head fluid temperature
initially was about [ ]"***F, and primary pressure was approximately [ ]"** psia when
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i
1

. flashing started at [ f'** seconds. The upper head quickly emptied when ADS-1 occurred at

approximately [ f*** seconds (data plot 31). i
'(

Re upper-upper plenum water level which had decreased to the elevation of the hot legs after the

RCPs had coasted down, stayed at the hot-leg elevation until the end of the accumulator injection.

When the rod bundle and lower-upper plenum were refilled with subcooled water, the steam i

bubble in the upper-upper plenum was partially condensed (see temperatures in data plot 4).
'

liowever, when the accumulator injection ended, the level again decreased to the hot-leg elevation

or below. At [ f*** seconds, the water injected from the IRWST again condensed tle steam

bubble in the upper-upper plenum and it refilled (plot 31).

De collapsed level measured just above the top of rod bundle (data plot 31) provides a good
indication of the steam fraction of the two-phase fluid exiting the top of the rod bundle. This

measurement indicates that the maximum steam fraction of this fluid was [ ]''** percent prior to
accumulator, and reached [ f*** percent prior to IRWST injection.

Data plot 30 shows the collapsed levels in the rod bundle oscillating following the coastdown of

the RCPs. This indicated apparent steam fractions in the rod bundle ranging from [ f'** percent i

to [ f'** percent with a period of approximately [ ]'*** seconds. The oscillations ended at a
'

maximum floid steam fraction of [ f*** percent before the accumulator injection. The

accumulator injection completely refilled and subcooled the rod bundle. However, when the i

injection ended, the boiling began again and reached a maximum ([ ]"## percent steam fraction)
' just before the IRWST injection started. De lower-upper plenum level indicates a steam fraction

of[ ]''** percent just prior to IRWST injection. His high steam fraction was due to the two- ;

phase mixture level in the upper-upper plenum temporarily dropped below the hot-leg elevation.

Pressurizer-

he pressurizer began to drain when the break occurred and was completely drained in
approximately [ f*** seconds (data plot 32). De water in the pressurizer flashed due to the loss

of system pressure, and the temperature of the water dropped from [ f'***F during this initial
depressurization (data plot 18). The pressurizer remained drained until ADS-1 occurred. At this

time, the collapsed liquid level increased to about [ f*** ft. during the time the accumulator was
injecting. His level then decreased to [ f*** ft. by the time IRWST injection started, apparentiy
in response to the increasing steam fraction of the fluid flowing from the power channel to hot

leg-A; into the pressurizer; and out through the ADS-1, -2, and -3 flow paths. After ADS-4
actuation, the pressurizer level decreased to [ f'*# ft. where it reached manometric agreement with |
the primary system.

( |

L) |

1
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Steam Generator.

The steam generators acted as the heat sink until the MSLIV closed and prevented further energy

removal from the secondary side. This caused the temperature (and pressure) of the secondary

side to increase toward the primary system hot-leg temperature. The steam generators stabilized at

approximately [ ]"*'*F (and [ ]('*#' psia) at the end of the IDP.

For the first part of the PDP, the primary system pressure was higher than the steam generator

secondary-side pressure (data plot 2). This indicated that some heat transfer from the primary to

secondary side occurred and caused some condensation of the steam in the two-phase fluid coming

from the hot leg. The primary system pressure did not drop below the steam generator

secondary-side pressure until approximately [ ]"##' seconds into the event, at which time the

U-tubes had already nearly drained.

At the end of the RCP coastdown, flow oscillations began in the primary system. This caused

wide variations m the collapsed liquid level (fluid steam fraction) in the core and, consequently, in

the density of the two-phase flow from the rod bundle into the hot legs and to the steam

generators (data plots 20 and 21).

These hot-leg steam fraction oscillations reached the steam generators. In steam generator-A, the

U-tubes began to have a free-water surface at the top of the U-tubes, at approximately

[ ]""#) seconds due primarily to the separation of steam from the two-phase mixture at the low-

flow vek> cities existing at the natural circulation flow conditions. Ilowever, as the fluid level on

the hot-leg side dropped below the top of the U-tubes the oscillation from the hot leg would refill

the tube. At [ ]"^*' seconds the top of the hot-leg side of the steam generator-A U-tubes
;

remained filled with saturated vapor and primary system flow through the steam generator-A

stopped. The cold-leg side of the steam generator-A U-tubes showed significant level oscillations

from about [ ]"*'' seconds until they were completely drained at about [ ]"**) seconds and
affected the draindown of the steam generator U-tubes.

|

The steam fraction / flow oscillations in steam generator-B were reduced, due to the higher steam

fraction of the fluid in the hot leg-B. Consequently, the steam generator-B U-tubes started
draining earlier (at about [ ]"**) seconds) since it took less time to fill the top of steam |

generator-B U-tubes with steam. )

The level in the hot-leg side of the steam generator-B U-tubes decreased to nearly zero in about

[ ]"*'' seconds. The cold-leg side of the steam generator-B U-tubes was nearly drained at

[ ]"^') seconds (data plots 22 and 23).

Ilot Legs=

flot legs-A and -B were full of two-phase mixture unt'l ADS-1 (data plots 20 and 21). Prior to '

ADS-1, the observed collapsed liquid levels in the hot legs indicated that the PRHR preferentially
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removed steam from hot leg-A (as seen in the very high voici fraction for the PRHR inbt flow),

() thereby reducing the steam fraction of the fluid in hot leg-A as compared with hot leg-B. The

higher steam fraction in hot leg-B resulted in earlier U-tube draindown in steam generator-B than

in steam generator-A. After ADS-1 was actuated, the levels in both hot legs decreased with hot

leg-A remaining filled with two-phase mixture to the elevation of the surge line connection. The
hot legs were nearly drained at ADS-4 ([ l''**) seconds) and were partially refilled after

,

IRWST injection staned.

Cold Legs*

Cold legs-Al and -A2 remained full until ADS-1 (data plots 22 through 27). Then the level

decreased until the horizontal pipes temporarily drained at about [ ]''*') seconds. Significant
level oscillations were observed. When ADS-4 occurred, the fluid collapsed level in the tubular

'

downcomer temporarily dropped [ ]''** ft below the hot-leg elevation at [ ](***) seconds
(data plot 24). After IRWST injection began at [ ]''**) seconds into the event, the annular

downcomer was refilled, and the cold legs wem partially refilled to the level of [ ]''*# ft. above 1

the hot leg.

After the steam generator-B U-tubes on the cold-leg side drained at [ ]''6') seconds, the RCP-B

suction pipe drained and emptied at about [ ]''*4 seconds. At [ ]'*'' seconds, both cold

legs-B1 and -B2 drained rapidly to the level of their horizontal pipe sections. At this time, CMT-
O A began to transition to its downcomer operating mode. Cold legs-B1 and -B2 remained empty

until [ l''^" seconds when they were refilled by IRWST irgection to [ l''^'' ft. above the hot-
leg elevation at the end of the test. After [ ]''** seconds, the cold-leg-to-CMT balance lines

were partially filled.

PRIIR and IRWST*

|
.

At the initiation of the event, the PRIIR IIX was filled with subcooled liquid. When the S signal
occurred, the PRilR return flow isolation valve opened, and a high flowrate began through the llX

due to the still operating RCPs. When the RCPs were shut off and the upper plenum and the hot

legs filled with two-phase fluid, a large portion of the steam in hot leg-A flowed to the PRIIR liX

(void fraction was [ 1"^*' percent based on data plot 29). The two-phase mixture,
consisting of slugs of steam and water, was condensed and subcooled in the PRIIR IIX (data !

plot 28). During the PDP (ptior to ADS-1), a significant variation in the flow through the PRHR
llX was caused by the variation in the void fraction of the fluid in hot leg-A. !

|

Steam condensation in the PRilR HX resulted in a wide variations in the differential pressure (dP)
la data shown in plots 28,29, and 37. After the primary system flow / steam fraction oscillations

ended the flow and level in the PRHR IIX stabilized, and a well behaved condensation process

was observed in the IIX for the rest of the PDP with an average return flow rate of approximately

(d [ ]('** lbm/sec.
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When the ADS initiated, the power channel and the hot legs were gradually refilled with

subcooled water by the cold flow fror' ' 3 accumulators. The driving head for the flow in the

PRllR decreased (provided by the de difference between the fluid in the PRilR supply line

and the return line), and the flow decreased to approximately [ l''*" lbm/sec. The subcooled
fluid in the hot leg never filled the PRIIR supply line, and hot fluid in this line flashed as system

pressure decreased. The simultaneous flashing in the supply line and condensation in the HX

resulted in a wide variations in the flow measured in the PRHR return line.

After the accumulator injection ended, the rod bundle, lower-upper plenum and hot legs again

reached saturation contained two-phase fluid and PRIIR HX flow increased te r. bout [
]''*"lbm/sec. The flow rate was observed to decrease until ADS-4 ac.uation, and then

increase. After ADS-4 depressurized the system and the IRWST flow commenced and refilled the

core rod bundle and the hot leg with subcooled water, the flow in the PRHR HX stopped for the

remainder of the test.

The heatup of the water within the IRWST due to PRHR HX operation is shown in data plot 17.
Following ADS-4 at [ ]''A" seconds, the primary system pressure decreased to near ambient

and gravity. Driven injection from the IRWST started at about [ ]''** seconds. The IRWST
flows gradually refilled the power channel and single-phase water flow was established through the

power channel,into the hot legs and through the ADS-4 flow paths. The primary system began to

cool below the saturation temperature for pressure inside the primary system (data plots 32

and 40).

Core Makeup Tanks*

The CMT injection wa; initiated [ l''*" seconds after the S signal by opening the CMT injection

line isolation valve. Initially, the injection flow from the CMT-A was by natural circulation, with
hot water from cold leg-B1 flowing through the cold leg balance line to the top of CMT-A, and

the cold the CMT water flowing into the downcomer and into the power channel. This
recirculation rate was approximately [ ]''*"lbm/sec. from CMT-A.

After cold legs-B1 and -B2 drained to the icvel of the horizontal pipes (at [ ]''*" seconds),

flashing began in the CLBLs. When the temperature at the top of the CMT reached the saturation
temperature for primary system pressure, a free-water surface was established in CMT-A due to

the separation of saturated vapor from two-phase fluid in the balance line. This increased the
.

driving hesd for the injection flow and resulted in a higher draindown flow. For CMT-A, this !
occurred at [ ]''*" seconds when the flow increased to [ ](**" lbm/sec. j

For the SuiOO7 test, the break was k>cated in the cold leg-B2 balance line; and therefore, there

was no recin ulation through CMT-B. A small amount of flow started from CMT-B at
,

[ ]('*" seconds as the break flow from cold leg-B2 transitioned from single-phase liquid to a !
two-phase mixture. Some steam reached the top of CMT-B initiating heatup of the CMT fluid
(data plot 16). The CMT-B balance line voided and drained at [ l''*" seconds (ADS-1). This

mwt625 6.non:n>.oxu95 4.2.9-12
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resulted in a transition to the CMT-B draindown injection of flow rate [ ]''*#)lbm/sec. Duringn
-( the accumulator injection ([ ](**#' seconds), the CMTs' injection was reduced to
'

[ ]''*#) Ibm /sec. for CMT-A, and [ ]''*#) lbm/sec. for CMT-B.

De CMTs were heated by the hot liquid from the loop-B cold legs. Later, the CMTs were heated

by the condensation of steam from the cold leg on the free-water and metal surfaces in the upper

part of the CMTs. A stratified temperature gradient was established in the CMTs (data plots 15

and 16), where the free-water surface water temperature was at (or near) saturation temperature,

and the bottom temperature remained cold.

After ADS-4 (at [ ](**') seconds), the CMTs injection decreased and stopped at approximately

[ ]''*'' seconds. CMTs were never drained completely.

Accumulators.

The accumulators provided water injection into the downcomer by a polytropic expansion of a

compressed air volume stored within the accumulator. Water from the accumulators was injected

when the primary system pressure dropped below 711 psia. De accumulator injection began

shortly before ADS-1 at a very low flow rate. Ilowever, when ADS-1 occurred, the injection rate

became high (data plot 39). The accumulator injection for the S01007 event lasted approximately

[ ]''** seconds. The accumuktors were completely drained when the injection ended (data
im
I plot 34).

The effective polytropic coefficient of expansion was calculated for the accumulators

(Figures 4.2.9-3 and 4.2.9-4) to be [ ]''*'' for accumulator-A and [ ](*** for accumulator-B.
This was near the midpoint between isothermal expansion (k = 1) and adiabatic expansion

(k = 1.4) and showed that some heat was picked up by the air from the internal metal surfaces of
the accumulator during the expansion.

Mass Discharge and Mass Halance

ne catch tank weight measurements are shown in data plot 43 for the break flow, for the ADS-1, -2,
and -3 flows, and for the ADS-4 flow.

De break flow, which started when the test was initiated, was stable with a decreasing flow rate as
the system pressure dropped during the IDP and the PDP. When ADS occurred, the break location

voided and further discharge from the break was primarily saturated steam until the IRWST injection
refilled the cold leg after ADS-4.

.

Tae discharge from ADS-1, -2, and -3 was stable throughout the accumulator injection and decreased

temporarily when the accumulator injection ended. When ADS-4 occurred, the discharge of fluid from
:he top of the pressurizer ended, and the fluid discharge from ADS-4 started. The ADS-4 fluid

discharge was relatively stable but was affected l'y filling / draining of upper-upper plenum.
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The discharged masses are shown in Table 4.2.9-3.

The mass balance results for test S01007 were calculated based on water inventory before and after the

S01007 test. Table 4.2.9-1 gives a detailed listing of the inventories of water in the various

components before the test. Table 4.2.9-2 lists the inventories after the test and the amount of water

injected into the power channel from the IRWST. The water level in the power channel was

determined by the DP-B16P measurement to be [ ]"*#' in. ([ ]"*") mm) above the hot-leg

centerline at the end of the test. Table 4.2.9-3 compares the mass balance for the system before and

after the test and shows that measured masses are within [ ]"*#) percent.

O

.

1

l

1

9
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'N TABLE 4.2.91
SEQUENCE OF EVENTS FOR TEST S01007

Event Specified Instrument Channel Actual Time (sec.)
_ ._

**Break Opens 0

R Signal P = 1800 psia P-027P

MSL IV Closure R signal +2 sec. Z_ANSO, F_ANS

Z_B04SO, F_BMS ,

S Signal P = 1700 psia P-027P

MFW IV Closure S signal + 2 sec. Z_B02SO, F_B0IS

Z_A02SO, F_A0lS

CMT IV Opening S signal + 2 sec. Z_ANOEC, F-A40E

Z_BN0EC. F-B40E

RCPs Tripped S signal + 16.2 sec. I-alp,S-alp

I-BIP, S-BIP

PRHR Heat Exchanger S signal + 2 sec. Z_A81EC, F_A80E
Actuation

ADS-1 CMT level 67% L_B40E |

+30 sec. Z_00lPC

Accumulators P-027P = 710 psia F_A20E

F_B20E |
|

ADS-2 CMT level 67% L_B40E j

+125 sec. Z_002PC

ADS-3 CMT level 67% L_B40E

+245 sec. Z_003PC

ADS-4 CMT level 20% L_B40E

+60 sec. Z_0NPC, F-NOP

IRWST Injection P-027P = 26 psia F_A60E

F_B60E - - j

O !
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TABLE 4.2.9-2
WATER INVENTORY BEFORE TEST S01007

Component Volume Net Volume Temp (*F) Relative Mass (thm)
(ft.')/(I) (ft.')/(I) Density

Loops 8.97 ft.' 8.97 ft.' "**'

(254.0 0 (254.0 0

Pressuriier 3.37 ft.' l.78 ft.'
(95.4 0 (50.5 I)

Surge Lme 0.34 ft.' O.34 ft.'
(9.6 () (9.6 I)

Tubular 1.38 ft.' l.38 ft.'
Downcomer (39.1 () (39.1 I)

Annular 0.54 ft.' O.54 ft.'
Downcomer + (15.3 0 (15.3 0
High-Pn ssure
Bypass

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 I) (12.4 0

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 0 (22.8 0

Riser 1.M ft.' l.M ft.'
(46.4 0 (46.4 I)

Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 I) (41.3 0

Upper Head 1.90 ft ' l.90 ft.'
(53.8 I) (53.8 0

CMTs 10.1 ft.' 10.1 ft.'
(286.0 0 (286.0 0

Accumulator 10.1 ft.' O.78 ft.'
(286.0 0 (220.9 0

IRWST Injection 0.18 ft.' O.18 ft.'
Line (5.10 (5.10

TOTAL
- -

INVENTORY ;

!

i

O'
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rN TABLE 4.2.9-3
(j WATER INVENTORY AFTER TEST S01007 WAS COMPLETED

Water level as measured by DP-H16P (-0.50 psi) was 19.72 in. (352 mm) alxne Hot Leg

Component Volume Net Volume Temp ('F) Relative Mass
(ft.8)/(f) (ft.')/(I) Density (thm)

_ _

leops 8.97 ft.' l.24 ft.' ***

(254.0 D (35.0 ()

Pressurizer 337 ft.' O.0 ft.' ,

(95.4 I) (0.0 f) ;
i

Surge Line 0.34 ft.' O.0 ft.' |
(9.6 f) (0.0 () |

,

Tubular 1.38 ft.' l .38 ft.' j
Downcomer (39.1 I) (39.1 f) J

Annular 0.54 ft.' O.48 ft.'
Downcomer + (15.3 D (13.7 I)
liigh-Pressure
Bypass

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 () (12.4 l)

1

Lower Plenum 0.81 ft.' O.81 ft.' i
(22.8 l) (22.8 0

' Riser 1.M ft.' l.M ft.'
(46.4 D (46.4 I)

Upper Plenum 1.46 ft.' l.33 ft '
(41.3 0 (37.6 I)

Upper 11ead 1.90 ft.' O.0 ft.'
,

(53.8 0 (0.0 D i

l
CMT-A 0.50 ft.' O.24 ft.' |

(143.0 D (6.90
.|

CMT-B 0.50 ft.' l.10 ft.' =,

(143.0 D (31.3 D

Accumulator 10.1 ft.' O.0 ft.'
(286.0 D (0.0 D

1RWST 0.18 ft.' O.18 ft.' |
Injection Line (5.10 (5.1 D |

TOTAL _ _

INVEN7 DRY

WATER INJECTED FROM THE 1RWST DURING EVENT
|

e IRWST dP (psi) Area (in') Mass (ihm) I

(V Injectiot
-

|1.26 1007.5 [ ]''*4

|
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TAllLE 4.2,9-4

MASS IIALANCE FOR TEST S01007 |

l

Starting Inventory Ending Inventory
(thhn) (lWm)

Total Primary System
-

' * -64 i

IRWST Injection |

Break *

ADS -1,-2 -3

ADS-4 * *

TOTAL

Endmg Inventory / Starting Inventory (th/m)

Ending Inventory / Starting Inventory (%)
_ _

Includes only the break flow from the cold-leg side of the Iveak.*

Includes the break flow from the CMT side of the break plus the ADS-4 flow.**

O

I.

|

|

9
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TEST S01007 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT

'

COMPONENT CIIANNEL UNITS PLOT COMMENT

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34
._

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30flw lbm/sec. 44 Flow rate derived from IF030P

ADS 1,2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40flw lbm/sec. 44 Flow rate derived from IR)40P

ADS 4 & SG IF(MOP lbm 43 Catch tank

ANNDC DP A021P psi 24 To cold leg-Al
l

ANNDC DP-A022P psi 25 To cold leg-A2 j

lANNDC DP-B021P psi 26 To cold leg-B1

ANNDC DP-B022P psi 27 To cold leg-B2

BREAK LINE IF05flw lbm/sec. 44 Flow rate derived from IF005P

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction

CLA T-A10P *F 11 Steam generator outlet

CLAl F-A0lP lbm/sec. 36

CLAl T-A021PL *F 13 Downcomer inlet

CLAI T-AllP *F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet

Cl B DP-B00lP psi 26 To cold leg-B1

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B10P *F 12 Steam generator outlet

CLB1 F B0lP lbm/sec. 36

mvm1625.-6. oo;isomn95 4.2.9-23
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TEST S01007 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

CLB1 T-B021PL *F 14 Downcomer inlet

CLB1 T-B1IP *F 12 Pump outlet

CLB2 F_B02P Ibm /sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T- A413E *F 15 89.25 in.
-

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E F 15 Bottom (0 in.)

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-B403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.

CMTB T-B409E *F 16 140.25 in.

CMTB T-B411E *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E F 16 38.25 in.

CMTB T-B42E *F 16 Bottom (0 in.)

DVIA T-A00E *F 13

|

i
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e TEST S01007 PLOT PACKAGE
( CilANNEL LIST BY COMPOFdNT (Cont.) .

COMPONENT CIIANNEL UNITS PLOT COMMENT

HLA T-A03PL 'F 5 Vertical, near power channel

liLA T-A03PO 'F 5 Horizontal, near power channel

liLA T-ANP F 5 Near steam generator inlet

ilLB DP-BMP psi 21

IILB T-B03PL F 6 Vertical, near power channel

HLB T-B03PO 'F 6 Horizontal, near power channel

IILB T-BNP F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40

IRWST F_B60E lbm/sec. 40

IRWST L_060E ft. 32

IRWST T_061E 'F 17 Bottom

IRWST T-062E 'F 17 Below middle ;

1RWST T-063E 'F 17 Middle
'
'

1RWST T-064E 'F 17 Above middle

IRWST T-065E 'F 17 Top

NRIIRA F-A00E psi 42

NRHRB F-B00E psi 42

PC W 00P kW 1_

PC-IIB L_000P ft. 30 Heater bundle

PC-HR TW018P20 'F 3 Heater rod
i

PC-HR TW018P48 'F 3 Heater rod

PC-HR TWO20P87 'F 3 Heater rod

PC-UP L_AISP ft. 30 Lower-upper plenum

PC-UP L_A16P ft. 31 Upper-upper plenum

PC-UP T-015P 'F- 4 Upper plenum

PC_Ull L_017P ft. 31 Upper head

PC_UP L_A14P ft. 31 Above top of the active fuel

PRIIR DP-A81 AE psi 29 Supply line inverted U-tube

PRHR DP-A81BE psi 29 Supply line inverted U-tube
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TEST S01007 PLOT PACKAGE
CilANNEL LIST BY COMPONENT (Cont.)

COMPONENT CIIANNEL UNITS PLOT COMMENT

PRIIR DP-A83E psi 28 Return line

PRiiR F_A80E lbm/sec. 37 Return line

PRilR T-A82E 'F 19 Inlet

PRIIR T-A83E *F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2
.-

PRZ T-026P *F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 Hot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_AOIS lbm/sec. 41

SGA F_A20A lbm/sec. 41

SGA L_A10S ft. 35 Overall le,.el

SGA P-Ants psia 2 Secondary system

SGA T-A0lS 'F 10 MFW-A

SGA T-A05P 'F 7 Hot side

SGA T-A05S 'F 9 Hot side - riser

SGA TW-A06S 'F 7 Hot side

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

SGB DP-B08P psi 23 Cold side

SGB F_BOIS lbm/sec. 41

SGB F_B20A lbm/sec. 41

SGB L_ BIOS ft. 35 Overall level

SGB P-B04S psia 2 Secondary system

SGB T-BOIS 'F 10 MFW-B
]

SGB T-805P F 8 Hot side
1
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TEST S01007 PLOT PACKAGE

O CHANNEL LIST HY COMPONENT (Cont.)

COMPONENT CHANNEL UNITS PLOT COMMENT

SGB T-B07P *F 8 U-tube top

SGB T-B08P 'F 12 Cold side

SGB TW-B06S *F 8 Hot side

!SL T-020P 'F 18 Surge line near pressurizer

TDC DP4X)lP psi 24,25,26,27 Top ,

TDC DP-002P psi 24,25,26,27 Bottom i

TDC T-00lPL *F 13,14 Top '

TSAT-PRZ 'F 18 Based on P-027P

Ull-TSAT F 4 Based on P-017P

O
,

|

|

O
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- 4.2.10 Double-Ended Gulliotine Cold Leg to CMT Balance Line Break without Nonsafety '

.

Systems (S00908) i

'
. .

his test S00908 was a blind test; therefore, this section has'been intentionally left blank and will be .i

provided later.
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4.2.11 Steam Generator Tube Rupture with Nonsafety Systems Operaticnal and Operator

[] Action (S01309)
V

his matrix test simulated a steam generator tube rupture (SGTR) with both the passive and nonsafety

systems operational and with cperator action for mitigation. Here were two operator actions

simulated for this test: cooldown of the primary system by dumping steam through the intact steam

generator power-operated relief valve (PORV) to obtain hot-leg subcooling (while limiting the overall

. "down rate of the primary system); and subsequent controlled depressurization of the primary

:m to terminate primary to secondary leakage using an ADS-1 valve.

Here was no core makeup tank (CMT) draindown during this test. Herefore then was no actuation

of the automatic depressurization system (ADS) primary system depressurization function, no

in-containment refueling water storage tank (IRWST) injection, and no significant accumulator

injection. The chemical and volume control system (CVCS) and startup feedwater system (SFWS)

were automatically initiated and controlled throughout this test.

Operator actions were simulated using a logic programmed into the SPES-2 plant control computer.

However, during the performance of the test, cold startup feedwater was added to the steam generators

and cold wnter was injected into the primary system. His resulted in lower primary system
temperatures than anticipated and satisfied the overall cooldown rate criteria. Therefore, the plant,

computer did not automatically perform all operations. Plant personnel manually performed the

(O following actions:
/

J

Beginning A approximately [ ]"*#' seconds and re-occurring every [ ]''**) seconds, the.

steam generator-A PORV was creaed for [ ]''**) seconds (Table 4.2.11-1) until it was left
full open at [ l'**#) seconds.

Beginning at [ ]''*#) seconds and re-occurring every [ ]''**' seconds, the ADS-1 valve was.

opened for [ l''*#) seconds (Table 4.2.11-2) until the test was terminated.

From [ ](***) ta [ ](**") seconds at [ ](**") second intervals, the ADS-3 valve was.

mistakenly opened for [ ]''*#) seconds (Table 4.2.11-3) instead of the steam generator-A

PORV.

As in test runs S01110 and S01211, the single SGTR was simulated via a line connected from the

primary side (coolant pump B suction piping) to the secondary side of steam generator-B

(approximately [ ]''*#' ft. above the tube sheet), with a break orifice diameter scaled to simulate

[ l''**' times the area of a single APr.f') steam generator tube diameter.

Results are provided in the data plot package at the end of this section. The sequence of events for

S01309 is listed in Table 4.2.11-4.
,

V Non-loss-of-coolant accident (nen-LOCA) tests at SPES-2, including steam generator tube ruptures and

main steam line break, did not result in ADS actuation and, therefore, include only the first two phases
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observed in LOCA recovery, ne phases identified for the purpose of detailed evaluation of the

thermal-hydraulic phenomena occurring within the primary and safety systems for non-LOCA events

are shown in Figure 4.2.11-1 and we as follows-

Initial depressurization phase (IDP)--- Points 1 to 2.

Pressure decay phase (PDP)-- Points 2 to 3*

Overall Test Observations

his test simulated a steam genemtor tube rupture (SGTR) with nonsafety systems operating with the

operator performing manual actions. Derefore, specific actuation setpoints and anticipated operator

actions were performed that impacted the facility response and made this test different from S01110

(an SGTR with nonsafety systems inoperable and no operator actions). These differences are outlined

in Table 4.2.11-5.

Based on the setpoints and actuations in Table 4.2.11-5, the following overall test observations are

made. Figure 4.2.11-1 shows the facility primary system pressure during matrix test 501309 (as

measured at the top of the pressurizer) with selected component actuations shown in relation to the

primary system pressure.

The IDP began with the opening of the SGTR break valve at time zero seconds and ended at

approximately [ ]''S#) seconds when the primary system pressure had stabilized and when operator

actions to control the primary system heat removal and depressurization began. De pressurizer
pressure did not begin to decrease upon initiation of the SGTR because the pressurizer internal heaters

and pressure control remained on until [ ]('*#) seconds. Pressurizer level (snown in data plot 32)

began to decrease immediately upon break initiation. De reactor trip (R) signal and the safety
systems actuation (S) signal were actuated at [ ](**#) seconds when the pressurizer level reached

[ ](**#) ft. These actuations, combined with the [ ](**#) second delay in the reactor coolant pump-

(RCP) trip, caused an expected sudden cooldown and shrinkage of the primary system inventory. This

was evidenced by the rapid draining of the pressurizer from [ ](**#) ft. to [ ]''*#1 ft., and the rapid
depressurization frons approximately [ ]''*#) psia to [ ]''*#) psia. During the IDP, the water in
the power channel and hot legs remained subcooled.

At[ ](**#) seconds, the pressurizer pressure rapidly decreased from approximately [ J''*#) psia to
approximately [ ]''*#) psia. His was caused by an inadvertent opening of the ADS-1 valve by the
facility control computer. (The control computer was to begin depressurizing the steam generator-A to

obtain and/or increase subcooling in hot leg-A based on T-A04P. The ADS was to actuate only if

[ ]''*#)'F subcooling was present.) After the ADS actuation, there was little or no subcooling

present (shown in data plot 5). The time of this event corresponded to the S signal [ ]''*#) minutes
([ ]''*#) seconds) specified for the automatic functions to start. The combined effect of

both the steam generator-A PORV and the ADS-1 valve actuation was to rapidly reduce the hot leg-A
temperature (as measured by T-A04P) from [ ](**#)'F to [ ](**#)*F, and reduce the primary system

pressure to (or near) the hot-leg saturation pressure.
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During the initial portion of the PDP (from [ ]''**) seconds to [ ]"*') seconds), the primary

/ system depressurized from [ ]"*') psia to [ ]"*') psia and the hot-leg temperature decreased from

[ ]"***F to [ ]"*')*F; that is, the pressure essentially equaled the hot-leg saturation pressure. Tlc

hot-leg temperature decrease closely matched the desired [ ]"*'*F/hr cooldown rate. Therefore, no

actuations of the steam generator-A PORV were performed. After [ ]"##) seconds, the cooldown

rate of hot leg-A became less than [ ]"*'*F/hr apparently due to the automatic isolation of the
startup feedwater flow to the steam generator-A.

In order to restore the desired ho'-leg cooldown rate, test personnel were instructed to manually open
the steam generator-A PORV for [ ]"*#) seconds at [ ]"*'l-second intervals. De test personnel,
however, cycled one of the two ADS-1 valves (orifice sized to simulate one of two ADS-1 valves at

[ ]"*') percent open) at approximately [ ]"*') seconds. His caused a reduction in primary
system pressure, a loss of hot-leg subcooling, and delayed the initiation of steam generator-A PORV

operation until approximately [ ]"*') seconds. From the time the ADS-1 valve was opened until
approximately [ ]"*') seconds, no hot-leg subcooling margin was established--although break flow

was reduced and continued to decrease. After approximately [ ](**') seconds, the CMTs were

becoming felly heated. This resulted in hotter injection flow to the vessel and effectively reducing the

primary system heat removal rate. Opening the steam generator-A PORV for [ ]"*#) second intervals

was not sufficient to maintain the desired [ ]"*'*F/hr cooldown rate. Therefore, at
approximately [ ]"*') seconds, the steam generator-A PORV was opened and left in the open

position. His resulted in a cooldown rate of approximately [ ](**'*F/hr, which established a

D [ ]"*'*F hot-leg subcooling margin at approximately [ ]('*') seconds. De ADS-1 valve was then
J cycled opened and closed to reduce primary system pressure. His resulted in the termination of break

flow from the primary to secondary side.

In conclusion, this test indicated that although the operator actions (which were performed to subcool

the hot leg and reduce pressurizer pressure) were not performed at optimal time intervals, the

nonsafety systems and m:.nual actions did maintain the plant hot legs in a single-phase, nonvoided

condition throughout the transient recovery. Also, from an overall standpoint, the SPES-2 recovery

was very successful in that the break flow was rapidly reduced by the primary system depressurization

during the IDP. However, it was evident that a cooldown rate of [ ]"***F/hr was required at |

SPES-2 to obtain hot-leg subcooling margin and allow the pressurizer to be depressurized more

quickly during the PDP of the transient.

During the entire PDP of this event, the rod bundle and hot legs remained near or below saturation

temperature, as evidenced by the rod bundle collapsed level and PRHR HX supply line differential

pressure (dP) instruments which showed no voiding. De flow from the primary system to the steam
generator-B secondary side via the SGTR is shown in Figure 4.2.11-2.

o
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Discussion of Test Transient Phases

Initial Depressurization Phase ([ ]''*') to [ ]'**') Seconds)=

The initial depressurization phase (IDP) began with the initiation of the break at time zero and

continued until [ ](**#) seconds when the primary system depressurization was slowed (that is,

when primary system pressure was supported by the saturation pressure of the upper plenum and

hot legs). This period included the following major events: initiation of CVCS makeup flow to
the primary system when pressurizer level decreased to the low level setpoint of [ ]('*#) ft. at
[ ]('*#) seconds; shut-off of the one operating PZR internal heater when pressurizer level

decreased to [ ](***) ft. at [ ](**') seconds; and simultaneous R and S signal initiation when

pressurizer level decreased to the low-low level setpoint of [ J''**) ft. at [ ](**#) seconds.
The R and S signals initiated the following actions: the main steamline isolation valves (MSLIVs)
and (MFWlVs) closed; the CMT injection line isolation valves and the PRHR HX return line

isolation valve were opened- all with a [ ](***)-second delay; decay power simulation was

initiated after a [ ](***)-second delay; RCP coastdown was initiated after a [ ](**#' second-

delay; and the CVCS setpoints were reset to ON when pressurizer level was less than

[ ]''**) percent ([ ]('A*) ft.) and to OFF when pressurizer level was greater than [ ]''**) percent

([ ]('*#) ft.). Also during the IDP, operator action to isolate stanup feedwater flow from the
faulted steam generator-B was simulated at [ J''A') seconds (S signal [ ](**') minutes), and

operator action to initiate additional primary system cooling by opening the steam generator-A
PORV was simulated beginning at S signal [ ]''A') minutes. As pointed out above, the ADS-1

valve was inadvertently opened with the steam generator-A PORV at approximately [ ](***)
seconds.

Facility Response during the IDP:

The overall response of the primary system following break initiation was as expected with no

unusual occurrences until the ADS-1 valve was inadvertently opened at approximately
1 ]'**#) seconds at the end of the IDP.

Pressurizer level began to decrease when the break valve vas opened and decreased at a steady

rate until the R and S signal were actuated on low-low presstrizer level ([ ](***) ft.) at
[ ](**') seconds. Following the initiation of the rod bundle power decay and before the

delayed trip of the RCPs, the low power / flow ratio caused a r'apid reduction in the rod bundle
outlet temperature from approximately [ ]''***F to approximsely [ ](**#*F. The resultant
shrinkage in RCS fluid volume, combined with the break flow, rapid |) emptied the pressurizer and ;
level was not restored until approximately [ ](***) seconds during the PDP. CVCS makeup

|
flow to the primary system was initiated at [ ](***) seconds However, since CVCS injection rate |

was small at only [ ]('*#) lbm/sec. ([ j''^*) gpm in AP600) compared to the break flow, the
CVCS injection had little effect on the pressurizer level decrease.

The primary system temperatures responded as expected during the IDP; for example, the hot-leg

temperatures responded to the reduced power / flow ratio prior to RCP trip-dropping momentarily
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and then recovering prior to establishing natural circulation flow. The cold leg-A temperatures
,,

( ) dropped due to the PRHR heat exchanger operation, and the downcomer temperature decreased
'' due to the addition of cold CMT water. However, cold leg-B temperatures (without the PRHR

heat exchanger) momentarily increased at the time of the trip in response to steam generator

MSLIV closure and remained relatively constant as dictated by steam generator-B pressure. The

overall temperature decrease of the rod bundle inlet and outlet during the IDP was

approximately [ ]''*')*F ([ l''*'''F to [ ]''*'' F).

From time zero until the pressurizer internal heater was shut off at [ ]('*') seconds, the primary

system pressure was maintained at normal operating pressure. This was to be expected, since the

single pressurizer internal heater was rated at [ ]''*') kW maximum, which is equivalent to

approximately [ ]''*#) kW in the AP600 plant and was controlled to maintain normal plant

pressure. Once the pressurizer internal heater was shutoff, the primary pressure decreased slowly

due to the ontinued expansion of the pressurizer steam bubble since there was still a net fluid loss

through the break. 'Ihe initiation of CVCS makeup flow into the primary system at

[ ]''*') lbm/sec. beginning at [ ](**') seconds was smaller than the initial break flow and had
Ihtle effect on the pressurizer pressure (or level discussed above) which was

approximately [ ](**#) psia just prior to the R and S signals. When the R and S signals were

generated at [ ]''##) seconds (by pressurizer low-low level), the power decay was initiated and

safety injection actuations occurred. As a result of the rod bundle power reduction without flow

reduction, the primary pressure dropped suddenly to approximately [ ]''*') psia. Pressure

O decay was then smooth in response to the decreasing primary system temperature with the
k/ pressurizer pressure equaling the hot leg saturation pressure ([ ](**') psia) at [ ]('*') seconds.

After the R and the S signals, the CVCS makeup flow and CMT net injection flow almost
matched the average break flow.

Pressure Decay Phase ([ ];**') Seconds to End-of-Test).

'Ihe pressure decay phase (PDP) began at approximately [ ]''*') seconds when the system

pressure (Figure 4.2.11-1) was initially supponed at the saturation pressure determined by the rod

bundle outlet temperature. As discussed previously, the ADS-1 valve was opened by the facility
control computer at approximately [ ]'**#) seconds causing a drop in pressure from

approximately [ ]''**) psia to[ ]''** psia.

This phase of the test was characterized by a slow decrease in overall system pressure and

temperature. As discussed previously, operator actions to obtain hot-leg subcooling margin and to

reduce the primary system temperature and pressure were not effectively initiated until
approximately [ ]''** seconds and [ ]''** seconds, respectively. As a result, throughout
most of the PDP the hot-leg side of the primary system was close to or below saturation with

primary pressure primarily dictated by the pressurizer steam bubble pressure.

A
t i
%)

l
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Facility Response during the PDP:

De system responses during this phase were very predictable since level, temperature, and

pressure responses were typically slow.

The pressurizer level versus time (data plot 32) shows that the pressurizer level began to recover at

approximately [ ](**#) seconds and increased smoothly to approximately 1 ft. at

[ ]''A*) seconds. During this initial pan of the PDP ([ ]('A*) to [ ]('^') seconds), break

flow to the faulted steam generator-B was approximately [ ]('**)lbm/sec. and was more than
offset by the CVCS makeup flow of [ ]('*#) lbm/sec. and the CMT net injection of

ap1roximately [ ]('##) Ibm /sec. during this same time period. Since the primary system

temperature in the cold legs, power channel, and hot legs only decreased by

approximately [ ]''***F, the shrinkage of the primary-side fluid was limited.

From approximately [ ]''*#)to[ l''^') seconds, the ADS-1 valve was cycled open and

closed. Due to the decrease in primary pressure, the upper-head temperature reached saturation

and began to drain, decreasing in level from [ ](***) ft. to [ ](**#) ft., while the pressurizer level

increased from approximately [ l''**) ft. to [ l''**) ft. This pressurizer level

(approximately [ ]''*') percent) resulted in the shutoff of the CVCS makeup pump. Pressurizer
]('*#) second interval with the CMT net injectionlevel decreased very slowly throughout a [ -

closely matching break flow and primary system shrinkage. When the steam generator-A PORV

remained open at approximately [ ]''*#) seconds (reducing primary fluid temperature) and the

CMTs became fully heated (minimizing their net injection), pressurizer level decreased at a faster

rate reaching approximately [ ]'**') ft. at [ ](***) seconds (even though break flow was close

to zero after [ ]''**) seconds). At approximately [ ](**#) seconds, the ADS-1 valve was

opened intermittently to reduce primary system pressure since hot leg-A was [ ](****F subcooled
thereby terminating the break flow. This resulted in some accumulator flow causing an increase in

pressurizer level.

The primary system temperatures responded predictably throughout the PDP. The primary system

remained at or belo, saturation temperature. Increases in the cooldown rate can be attributed to

when the steam generator-A PORV was opened or when steam generator-A startup feedwater flow

was on. Decreases in the cooldown rate can be attributed to when steam generator-A startup

feedwater was isolated or when the CMT outlet temperatures increased. Data plot 5 shows the hot

leg-A temperature versus time.

Primary system pressure decreased smoothly throughout the PDP averaging approximately

[ ]'***) psi /sec., with small rapid decreases in pressure caused by ADS-1 actuation. The

secondary-side pressures also behaved predictably; for example, the isolated steam generator-B

pressure closely followed the primary system pressure, and steam generator-A pressure decreases

resulted from steam generator-A PORV actuations.

O
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Component Responses j

I

Power Channel' *
.

The primary-side fluid flow path appears to remain single phase throughout this event (exceptions ,

were the upper head upper-upper plenum). The lower-upper plenum, the heater rod bundle, and

the bottom of the upper plenum to the hot leg show no evidence of voiding based on the dP
,

instruments. Derefore, only key responses for selected parameterL are discussed below. !

!

De heater rod power versus time is shown in data plot 1. Because there was no ADS actuation

on low CMT level, the heat loss compensation of [ ]''*#) kW was maintained through the event.

Review of the decay power curve showed that the actual heater rod power closely matched the i

decay heat versus time specified plus [ l''**) kW. !
'

he heater rod temperatures (data plot 3) closely followed the fluid temperatures throughout the

event, and there were no unexpected increases in rod temperature, t

!
'

The upper head level (plot 31) began to drain at approximately [ ]''*#) seconds when the
primary system pressure dropped to the upper-head saturation pressure ([ ]''*#)*M ]''*#) psiah

,

This draindown corresponded to when one of the ADS-1 valves were cycled opened and closed i

from [ ]''*#) seconds to approximately [ ]'***) seconds. This draindown also corresponded !
''

to the increase in pressurizer level observed at this time. This resulted in shutoff of the CVCS

makeup to the primary system. After secondary-side cooling was established by opening the steam

generator-A PORV at approximately [ ]('*#) seconds, the upper-head level continued to '

decrease in response to the decreasing primary pressure. This resulted in nearly stable pressurizer
sevels until approximately [ l''**) seconds. At [ ]''*#) seconds, the ADS-1 valve was .

opened to reduce primary system pressure and terminate break flow. The resulting sudden

decreases in primary system pressure were observed to cause further decreases in upper-head level.

As evidenced by the upper-upper plenum level, the upper-head steam bubble expanded into the
,

upper-upper plenum. t

The fluid level in the upper-upper plenum of the power channel (data plot 31) appeared to be

constant throughout the event until approximately [ ]''*#) seconds. As discussed above, after

[ l''*" seconds the upper-upper plenum level showed oscillations and a decrease as a result of

the continued expansion of the steam in the power channel upper head. No level decrease was

observed in the lower-upper plenum level instrument, suggesting that the upper head steam bubble

did not expand down to the hot legs (plot 30).

Pressurizer*

The pressurizer behavior was described earlier in this section.
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Steam Generator.

The two steam generators showed very distinct and expected differences because of the nature of

the steam generator tube rupture and the operator actions taken during the tube rupture recovery.

Prior to and just after the R and S signals were initiated, both steam generators operated

identically. Data plots 2 and 35 show the steam generator-A and steam generator-B pressves and

levels. Two seconds after the R and S signals, the main steam line isolation valve for each seam

generator was closed, and the rod bundle power was maintained for approximately [ ]"*#) seconis

longer. This resulted in a rapid increase in steam generator pressure from the normal operating
pressure of [ ]"##) psia to [ ]"*#) psia. Following the decrease in rod bundle power, the

decrease and subsequent increase in hot-leg temperature that occurred due to the delayed RCP

shutoff was reflected as a small pressure decrease and recovery in both steam generators. Steam

generator pressures equilibrated until after the operator completed the isolation of the faulted steam

generator-B. At approximately [ ]"*#) seconds when the steam generator-A PORV was cycled

opened and closed, steam generator A pressure decreased as expected, and steam generator-B

pressure remained equal to the saturation pressure corresponding to the primary fluid temperature.

Steam generator-A pressure remained slightly below steam generator-B through [ ]"*#5 seconds
since more cold startup feedwater was added to steam generator-A.

Steam generator-A and steam generator-B level responses were nearly identical until

approximately [ ]"*#) seconds after the steam generator tube rupture initiation. At the tims sf

the reactor trip at [ ]''*') seconds, both steam generator levels oscillated rapidly from [ ]"*') ft.
to [ ]"##' ft, due to the collapse of voids, and both quickly recovered to

approximately [ 1"*') ft. at [ ]''*#) seconds (as shown in data plot 35).

At [ ](**#) minutes after the S signal ([ ]"*#) seconds), the startup feedwater to the faulted steam

generator-B was isolated. This isolation was to simulate quick and accurate operator identification
of the faulted steam generator.

The observed level response of steam generator-B (the faulted steam generator) was affected by an

incomplete isolation of startup feedwater. Operator action to isolate startup feedwater at

approximately [ ]"*') seconds only reduced startup feedwater flow to steam generator-B from

approximately [ ]"*') Ibm /sec. to approximately [ ]"*')Ihm/sec. (Figure 4.2.11-4). This
startup feedwater flow was significant since break flow from [ }"##' seconds through

[ ]"*'' seconds was only approximately [ ]"*')lbm/sec. Startup feedwater to steam
generator-B was fully isolated at approximately [ ]"*#) seconds when steam generator-A level

reached approximately [ ]''*') ft. (high level control setpoint) terminating startup feedwater pump
operation. Steam generator-B level was steady from [ ]"*#) seconds until
approximately [ ]"**) seconds even though break flow into steam generator-B averaged

approximately [ ]"*') Ibm /sec. (approximately [ ]"*')lbs total) during this time. Steam
generator-B level increased again starting at [ J''**) seconds, apparently responding to startup

feedwater injection initiation to steam generator-A. After [ ]"*#) seconds, the level is above

[ ]"**' ft., which is the top of the level instrument range.

m Aap6(Xbec4\l 625 w-6h.non : 1 b-040295 4.2.I1-8
i



It was apparent that the startup feedwater isolation valve for steam generator-B was not fully

() closing and that complete startup feedwater isolation only occurred when no startup feedwater was
U required by either steam generator (that is, common startup feedwater supply was OFF). As a i

result, the steam generator-B level exceeded the instmmentation range in this test.

Steam generator-A level and pressure responses throughout the remainder of the event were as

expected. After startup feedwater flow to steam generator B was reduced at approximately

[ ]"*#) seconds, steam generator-A level was increased at a faster rate than steam generator-B,

and therefore, steam generator-A level was higher than steam generator-B level from ,

[ ](**#) seconds to [ ]"**) seconds. Startup feedwater addition refilled steam generator-A to

approximately [ ]"*#) ft. at approximately [ ]''*#) seconds and startup feedwater was then

isolated. Steam generator-A level was reduced from [ ]"*#) ft. to [ ]"*#) ft. by the cycling of
the PORV beginning at [ ]"*#) seconds. At [ ]""#) seconds, startup feedwater was resumed

and steam generator-A level was restored to [ ]"*#) ft. at approximately [ ](**#) seconds, and

startup feedwater was terminated. Between [ ]''*#) and approximately [ ]''*#) seconds when
the PORV was being cycled, each PORV actuation caused a level instrumentation oscillation.

After approximately [ ]"*#) seconds when the PORV was left open, steam generator-A level

quickly decreased, causing startup feedwater injection, and then increased until startup feedwater

isolation as dictated by the level control system. Steam generator-A pressure decreased whenever

the PORV was opened.

O Ilot Legs*

V
llot legs-A and -B were maintained full of liquid throughout the test. Data plots 5 and 6 illustrate

the hot-leg temperatures versus time and were discussed in previous subsections.

Cold Legs* .

Cold legs were filled with subcooled water throughout the test. Data plots 13 and 14 illustrate the

cold-leg temperatures versus time. The effect of the PRHR heat exchanger heat removal and

steam generator-A PORV operation on cold legs-Al and A-2 can be observed and compared to

cold legs-B1 and -B2. Since there was essentially no heat removal by the steam generator-B

during the transient, the loop B cold-leg temperatures remained within approximately [ ]"##)*F of
*

the hot-leg temperatures.

Data plot 36 illustrates the cold-leg flow versus time that occurs after RCPs have been tripped and
the primary system flow was only by natural circulation. Cold legs-Al and -A2 flows included

the PRHR heat exchanger return flow. Also, although there was no heat removal (steaming) from
the steam generators until the steam generator-A PORV was opened at

,

approximately [ ]"*#) seconds, significant natural circulation flows were indicated I

(approximately 1 lbm/sec. per cold leg at [ ]''*#) seconds; [ ]"*#) percent to [ ]"*#) percent of

b]/ full flow). After [ ]"*#) seconds, cold legs-Al and -A2 natural circulation flows increased in

response to steam generator-A depressurization via the PORV, reaching
|

approximately [ ]"*#) lbm/sec. after [ }"**) seconds when the PORV was left open. Flows '
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from cold legs-B1 and -B2 decreased during this time as steam generator-B became a heat source

as primary system cooldown occurred.

'
Passive Residual Heat Removal Heat Exchanger=

At the initiation of the event, the PRHR subsystem was filled with subcooled liquid. When the

S signal occurred, the PRHR return valve opened after a [ ](**#)-second delay, and a high level of

flow through the heat exchanger occurred since the RCPs were still operating. When the pumps
were shutoff, the PRHR flow rate decreased to the recirculation flow rate of about

[ ]'**#) Ibm /sec. The PRHR flow decreased steadily during the event and ended at [ ]''**)
lbm/sec. at [ ]''*#) seconds. Single-phase water flow in the PRHR supply line was maintained

throughout the event. The PRHR heat exchanger fluid return temperature was initially [ ](**#)*F

and decreased only slightly to [ ]('**)*F at[ ](**#) seconds. The PRHR heat exchanger heat

removal rate decreased steadily; [ ](**#) kW at [ ](***) seconds, [ ](**#) kW at

[ ]''**) seconds, [ ](***) kW at [ ]''*') seconds, and [ ](***) kW at [ ]''A*) seconds.

The IRWST temperature increased with time, resulting from PRHR operation (data plot 17). The

IRWST water temperature at the top of the tank (T-065E) was only [ ]'*^*)*F M

[ ](***) seconds.

Core Makeup Tanks (CMTs)-

CMT recirculation started [ ](**#' seconds after the S signal occurred. The flow from the CMTs

occurred due to natural circulation. Hot water from cold legs-B1 and -B2 flowed to the top of the

CMT-A and CMT-B, respectively, via their balance lines. And cold water from the bottom of the

CMTs flowed into the power channel. In this test, where the cold legs remained full and
subcooled, no CMT draindown occurred and the CMTs continued to recirculate with the

recirculation flow rate, decreasing with time. As shown in data plot 42, the initiat CMT injection

rate was [ ](***)lbm/sec. and it decreased to approximately [ ]''*') Ibm /sec. at

[ ]''**) seconds. The net total mass increase to the primary system from the observed CMT

recirculation rates and CMT temperatures were approximately [ ]('**) lbm/sec. from

[ ](*6') seconds to [ ](**') seconds, approximately [ ]('*#) Ibm /sec. at [ ](**#) seconds,

approximately [ ]''*') Ibm /sec. at [ ]''**) seconds, approximately [ ](**#)lbm/sec. at
'

[ ](***) seconds, approximately [ ]''**)lbm/sec. at [ ]''*#) seconds, and approximately

[ ](***) lbm/sec. at [ l''**) seconds. The effective heat removed from the primary system

by the recirculating CMTs at time [ ]''6'' seconds was approximately [ ](**') kW.

The decrease in CMT recirculation flow rate versus time was due to decreasing buoyancy driving

head caused by CMT heatup and, to a lesser extent, by decreasing cold-leg temperature. A

stratified temperature gradient was established in the CMTs (data plots 15 and 16) where the water

temperature at the top of the CMTs was near that of the cold leg temperature, and the water

temperature at the bottom of the CMT remained cold. As the CMTs continued to recirculate, the

heated water layer was observed to move downward (to get thicker) in the tank with time. The

continuously decreasing temperature of the leading edge of the hot water layer, moving down the

tank, was caused by the cooling effect of the cold CMT metal mass it encountered and due to heat
,

|

|
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losses from the uninsulated tank walls. The heated layer of water reached the bottom oithe CMT

( \ at approximately [ I'** seconds.G)
In this SGTR event, the CMTs recirculated for a long enough time to completely heat up, reaching

an almost steady-state condition at approximately [ ]''** seconds. The heat losses from each
CMT at this time was approximately [ ]''** kW,

Mass Discharge and Mass Halance

Due to the use of the steam generator-A PORV and ADS-1 and ADS-3 valves, there was some
,

discharged mass in this test (as shown in data plot 44 and listed in Table 4.2.11-6). The discharged

mass to the ADS-1, -2, and -3 catch ta'ik through the ADS-1 and -3 valves was only [ f'** lbm.
The discharged mass to the ADS-4 steam generator catch tank through the steam generator-A PORV

was [ ]''** lbm. The break mass flow (from primary side to secondary side) began when the break

valve was opened at time zero (Figure 4.2.11-3). The flow rate rapidly decreased throughout the IDP

([ l''** seconds). During the first [ ]''** seconds until the MSLIV and MFWIV were closed,

about [ ](**"lbm of liquid were lost from the primary system (Figure 4.2.11-3) to the secondary

system. A small amount of flow continued until the primary-side pressure was reduced to the steam

generator-B secondary-side pressure at about [ ]''*# seconds. Additionally, there was mass added

to the primary system from the CVCS and to the secondary system from the startup feedwater during

the transient (data plot 42 and Figure 4.2.11-4, respectively).

O The primary system mass balance results for test S01309 were calculated based on water inventory

before and after the S01309 test. Table 4.2.11-6 gives a detailed listing of the inventories of water in

the various components before the test. Table 4.2.11-7 lists the inventories after the test. The primary
system remained water solid throughout the transient with the exception of voiding in the upper head

and upper-upper plenum region of the power channel. Table 4.2.11-8 provides a mass balance for the

system before and after the test, and shows excellent agreement of the measurements before and after

testing. The mass inventory at the end of the test is within 1.8 percent of the starting inventory.

Note that the Quick Look Report (Reference 2, PXS-T2R-029), which incorporated a rough estimate of

the steam generator secondary side mass, did not include the flow through the SGTR break line in the

mass balance calculation. 'Iherefore, a primary side only calculation, which includes the integrated

SGTR break flow, lessens the amount of uncertainty in the mass balance and best assures the validity
of pertinent test data.

(
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TABLE 4.2.112 |

ADS-1 Valve
(Z 001PO)

*
;

I

At (s) At (s)
Opened (s) Closed (s) Opened Closed

,
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TABLE 4.2.113

ADS.3 Valve
(Z_003PO)

,

At(s) At (s)
Opened (s) Closed (s) Opened Closed

__

j
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!

1
.

_ _._

O
|
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TABLE 4.2.11-4 !

1O SEQUENCE OF EVENTS FOR TEST S01309, 4

.

Event Specified Instrument Channel A ctual Time (sec.)

Break Opens 0 Z-00280 W I

CVCS On PZR level = 10.0 ft. L-010P

Pressurizer Internal PZR level = 6.6 ft.
Heater Off

'
Pressurizer Low Level PZR low level = L-010P
(R, S Signals) 0.676 m

MSLIV Closure PZR LL + 2 sec. Z_ANSO, F_ANS

Z_BMSO, F_BMS

MFWIV Closure PZR LL + 2 sec. Z._B02SO, F_B0IS

Z_A02SO, F_AOIS

CMT IV Opening PZR LL + 2 sec. Z__AN0EC, F-A40E

Z_B040EC, F-B40E

PRHR HX Actuation PZR LL + 2 sec. Z_.A81EC, F_ A80EG

Scram PZR LL & 5.7 sec. -

Startup feedwater L-010P = 0.676 m L-010P

RCPs Tripped PZR LL + 16.2 sec. DP-A00P
,

DP BOOP

SFW Isolation to Steam S + 5 mm.
Generator.B

ADS-1 CMT level 67% L_B40E Note 1

+30 sec. Z_001PC Note i

Steam Generator-A S + 7 min. :
PORV Open Permission i

Accumulators P-027P = 710 psia F_A20EG Note 1

F_B20EG Note 1

ADS-2 CMT level 67% L_B40E Note 1

+125 sec. Z 002PC Note 1 !

ADS-3 CMT level 67% L_B40E Note 1 |
I+245 sec. Z_003PC Note 1
'

ADS.4 CMT level 20% L_B40E Note 1

+60 sec. Z_0NPC, F440P Note 1

IRWST Injection P-027P = 26 psia F_A60EG Note 1

F_B60EG Note 1 |

-
-

NOTE 1:

-
_
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TAllLE 4.2.115
ACTION /EFFECT DURING TEST S01309

Setpoints/Actuations Obsened/ Desired Effect

PZR intemal beater remains on until PZR level = Pressurizer pressure remained at

[ J'** ft approximately [ ]'** psia until pirssurizer level
dropped to [ ]'*" ft. High PZR pressure
resulted in high break flow. Trips occurred at

[ J'*4 psia rather than at [ ]'*d psia as in
test S01110.

Two of six PZR extemal heaters remained on No apparent effect. Pressurizer level was
throughout the transient after S signal, maintained below heaters.

Prior to S signal, CVCS pump started when PZR CVCS flow small compared to break flow, but
level [ ]'*" ft and injects [ ]'*4 lbs/sec. slowed rate of PZR level decrease.

The R and S signals were actuated on low PZR level Similar to S01110.
([ ]"** ft) rather than low PZR pressure as in
LOCA tests.

The S signal resets CVCS pump setpoints to CVCS pump ON/OFF based on PZR level.

maintain PZR level between [ ]'*d and
[ ]'*" ft.

Startup feedwater started on S signal. Both steam generator levels increase after initial

level collapse that occurs after trip.

ADS-1 orifice re-ized to represent one of two Represented one ADS valve opened to

ADS 1 valves ciuned at [ ]'*" percent and [ ](*4 percent ([ J'** percent open for [ l' **
progmmmed to automatically open if RCS hot leg-A seconds out of every [ ]'** second intenal).
is subcooled.

ADS-3 orifice resized to represent one of two Provided the ability to manually perfonn the same
ADS-1 valves opened at [ ](*" percent. function as ADS 1 valve above.
Controlled manually.

Steam generator-A PORV programmed to Provides PORV capacity similar to AP600. Manual
automatically open for [ ]'*" seconds every over-ride provides capability for operator to dump
[ J'*d second interval, as required, to cooldown additional secondary-side steam.
and achieve a [ ]'**"F hot leg temperature at
[ ](*d seconds. Steam generator-A PORV has
manual over ride capability.

Operator identifies faulted steam generator at At [ J'*" minutes after S, the faulted steam
5 minutes after S signal ([ ]'*" seconds) and generator level is higher than the intact steam
isolates startup feedwater to faulted steam generator. generator level. Note: startup feedwater injection to

intact steam generator causes its level to be higher

from [ ]'** to [ ]'*d seconds.

O
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/~ N. TAllLE 4.2.115 (Continued)() ACTION /EFFECT DURING TEST S01309

Setpoints/Actuations Observed / Desired Effect

At[]"*d minutes after S signal, the facility control This was intended to mimic operator action to
computer was set to automatically open the steam establish a subcooled condition in hot leg-A.
genera'or-A PORV for [ ]"*" seconds to
initiare/ maintain a [ ]"*" F/hr cooldown rate.
Cocadown rate checked every [ ]''*4 seconds.

When hot leg-1 was subcooled by [ ]''*" F, the This was intended to mimic operator action to
$ acility control computer was set to open the ADS-1 minimize RCS pressure in order to equalize RCSf

f valve for [ ]"*" seconds (subcooling checked every and faulted steam generator-B pressure (terminate

[ ]"*d seconds). break flow).

O
V
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TABLE 4.2.116
WATER INVENTORY BEFORE TEST S01309

Net Vol Relative
Component Volume (ft.*y(I) (ft.'y(t) Temp ('F) Density Mass (ihm)

Loops 8.97 ft.' 8.97 ft.' po

(254.0 () (254.0 0

Pressurizer 337 ft.' l.82 ft.'
(95.4 I) (51.6 I)

Surge Line 0.34 ft.' O.34 ft.'

(9.6 I) (9.6 I)

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1 I) (39.1 I)

Annular Downcomer 0.54 ft.' O.54 ft.'
+ High Pressure (15.3 I) (15.3 0
Bypass

Core Bypass 0.44 ft.' O.44 ft.'

(12.4 D (12.4 f)

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 l) (22.8 0

Riser 1.64 ft.' l.64 ft.'
(46.4 0 (46.4 I)

Upper Plenum 1.46 ft.' l.46 ft.'
(41.3 D (413 0

Upper Head 1.90 ft.' l.90 ft.'
(53.8 0 (53.8 0

CMT-A 5.05 ft.' 5.05 ft.'
(143.0 l) (143.0 0

CMT-B 5.05 ft.' 5.05 ft.'
(143.0 h (143.0 h

Accumulator-A 5.05 ft.' 3.97 ft.'
(143.0 0 (112.4 0

Accumulator-B 5.05 ft.' 3.99 ft.'
(143.0 I) (112.9 h

IRWST Injection Line 0.18 ft.' O.18 ft.'

(5.1 I) (5.1 I)

TOTAL
INVENTORY

- -
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TABLE 4.2.11-7
-(]Q WATER LNVENTORY AFTER TEST S01309

Water level as measured by DP.H16P (-0.58 psi) is 16.28 in. (407 mm) abose hot leg

Net Vol Temp Relative
Component Volume (ft.')/(1) (ft.')/(f) ('F) Density Mass (lbm)

Loops 8.97 ft.' 8.97 ft.' ***

(254.0 D (254.0 0

Pressurizer 3.37 ft.' O.81 ft.'
(95.4 0 (22.8 D

Surge Line 0.34 ft.' O.34 ft.'
(9.6 0 (9.6 0

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1 D (39.1 0

Annular Downcomer + 0.54 ft.' O.45 ft.'
High-Pressure Bypass (15.3 D (12.8 0

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 0 (12.4 0

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 D (22.8 0

Riser 1.64 ft.' l.M ft.'
(46.4 D (46.4 D

( Upper Plenum 1.46 ft.' l.27 ft.'
(41.3 0 (36.6 D

Upper Head 1.90 ft.' O.0 ft.'
(53.8 D (0.00

CMT-A 5.05 ft.' 5.05 ft.'
(143.0 D (143.0 D ,

CMT-B 5.05 ft.' 5.05 ft.' t

(143.0 D (143.0 0

Accumulator-A 5.05 ft.' 3.47 ft.' !

(143.0 D (98.3 D

Accumulator-B 5.05 ft.' 3.M ft.'
(143.0 D (103.1 D

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 o (5.1 D

TOTAL INVENTORY
_ _

WATER INJECTED FROM THE IRWST DURING EVENT

IRWSf injection dP (psi) Area (in') Mass (th)

|Note 1 0.0 0.0
,

Note 1: The IRWST did not inject for this transient. |
)
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TABLE 4.2.118
MASS BALANCE FOR TEST S01309

Starting Inventory Ending Inventory
(thm) (Ibm)

-

'**Total Primary System

CVCS Make-up During Transient

IRWST Injection During Transient

Break Catch Tank

ADS-1, -2, and -3 Catch Tank

Break Flow to Secondary Side

TOTAL

Ending Inventory / Starting Inventory (thm) - -

Ending Inventory / Starting Inventory ( percent) 98.2 %

O

O
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TlWF S01309 PLOT PACKAGEs

CHANNEL LIST BY COMPONENT

Component Channel Units Plot Comment

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34 ;

ADS 1, 2, & 3 F_030P lbm/sec. 44 Flow rate derived r

ADS 1, 2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG F_640P lbm/sec. 44 Flow rate derived r

ADS 4 & SG IFG40P lbm 43 Catch tank
.

ANNDC DP-A021P psi 24 To cold leg-Al |

ANNDC DP-A022P psi 25 To cold leg-A2
i
'ANNDC DP-B021P psi 26 To cold leg-B1
!

ANNDC DP-B022P psi 27 To cold leg-B2

BREAKLINE F_005P lbm/sec. 44 Flow rate derived

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al :

CLA DP-A002P psi 25 To cold leg-A2 i

CLA DP-A09P psi 22 Pump suction ;

CLA T A10P *F 11 Steam generator outlet

CLAl F-A0lP lbm/sec. 36 :

CLAl T-A021PL *F 13 Downcomer inlet i

CLA1 T-Ai1P *F i1 Pump outiet

CLA2 F_A02P lbm/sec. 36

CLA2 T-A022PL *F 13 Downcomer inlet !

CLB DP-B001P psi 26 To cold leg-B1

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction

CLB T-B10P *F 12 Steam generator outlet

CLB1 F_B0lP lbm/sec. 36

CLB1 T-B021PL *F 14 Downcomer inlet ;

l
.

)
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TEST S01309 PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Continued)

Component Channel Units Plot Comment

CLB1 T-BilP *F 12 Pump outlet

CLB2 F-B02P lbm/sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E Ft 33

CMTA T-A401E *F 15 Top 242.25 in.

CMTA T-A403E F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A411E *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

CMTA T-A415E *F 15 63.75 in.

CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom 0 in.

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top 242.25 in.

CMTB T-B403E *F 16 216.75 in.

CMTB T B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.

CMTB T-B409E *F 16 140.25 in.

CMTB T-B411E "F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E *F 16 38.25 in.

CMTB T-B420E *F 16 Bottom 0 in.

CVCS F-001 A psi 42 l
1

DVIA T-A00E *F 13

DVIB T-B00E *F 14 j

maammec4u 625.-tanon:tbe40295 4.2.11-26
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r~3 TEST S01309 PLOT PACKAGE |
( ) CHANNEL LIST BY COMPONENT (Continued)
\_d !

Component Channel Units Plot Comment

HLA DP-ANP psi 20
i

HLA T.A03PL *F 5 Vertical, near power channel

HLA T-A03PO F 5 Horizontal, near power channel

HLA T-AN P *F 5 Near steam generator inlet

HLB DP-BNP psi 21

HLB T-B03PL *F 6 Venical, near power channel

HLB T-B03PO 'F 6 }{orizontal, near power channel

HLB T-BN P "F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40 F_A61E for S00303

IRWST F_B60E lbm/sec. 40 F_B61E for S00303

IRWST L_060E Ft. 32

IRWST T_06]E *F 17 Bottom

IRWST T-062E *F 17 Below mid
gs
; ) IRWST T-063E *F 17 Middle
%.J

IRWST T-0ME *F 17 Above mid

IRWST T-065E *F 17 Top

NRHRA F-A00E psi 42

NRHRB F-B00E psi 42

PC W 00P kW l_

PC-IIB L_000P ft. 30 Heater bundle

PC-HR TW018P20 *F 3 Heater rod

PC-HR TW018P48 'F 3 Heater rod

IC-HR TW019P82 "F 3 Heater rod

PC-HR TWO20P24 *F 3 Heater rod

PC-HR TWO20P61 *F 3 Heater rod

PC-HR TWO20P87 F 3 Heater nxl

PC-UH T-016P "F 4 Upper head

PC-UP L_A15P ft. 30 Lower upper plenum

O PC-UP L_A16P ft. 31 Upper upper plenum
'

PC-UP T-015P *F 4 Upper plenum

i
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TEST S01309 PLOT PACKAGE
CHANNEL LIST BY COMPONENT (Continued)

Component Channel Units Plot Comment

PC_UH L_017P ft. 31 Upper bead

PC_UP L_A14P ft. 31 Above top of the active fuel )

PRHR DP-A81 AE psi 29 Supply line inv U-tube

PRHR DP-A81BE psi 29 Supply line inv U-tube

PRHR DP-A81E psi 28 Supply line

PRHR DP-A82E psi 28 Heat exchanger

PRHR DP-A83E psi 28 Return line

PRHR F_A80E lbm/sec. 37 Return line

PRHR T-A82E *F 19 Inlet

PRHR T-A83E F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P 'F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A%P psi 20 Hot side

SGA DP-A07P psi 22 Cold side

SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41

SGA F_A20S lbm/sec. 41

SGA L_A10S ft. 35 Overall level

SGA P-ANS psia 2 Secondary system

SGA T-A0lS *F 10 MFW-A

SGA T-A05P *F 7 Hot side

SGA T-AOSS *F 9 Hot side - riser

SGA T-A06P "F 7 Hot side

SGA T-A08P 'F 11 Cold side

SGA TW-A06S *F 7 Hot side

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

mh;wwc4u615--thnonwo40295 4.2.11-28
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TEST S01309 PLOT PACKAGE
CHANNEL LIST BY COMPONENT (Continued)

Component Channel Units Plot Comment

SGB DP-B08P psi 23 Cold side

SGB F._BOIS lbm/sec. 41

SGB F._B20S lbm/sec. 41

SGB L._ BIOS ft. 35 Overall level
,

SGB P-B04S psia 2 Secondary system

SGB T-BOIS *F 10 MFW-B

SGB T-BOSP 'F 8 Hot side

SGB T-BOSS *F 9 Hot side - riser

SGB T-B06P 'F 8 Hot side

SGB T-B07P F 8 U-tube top
,

SGB T-808P F 12 Cold side

SGB TW-B06S 'F 8 Hot side

SL T-020P 'F 18 Surge line near pressurizer

TDC DP-00lP psi 25 Top

TDC DP-00lP psi 26 Top
t

TDC DP-002P psi 24 Bottom

TDC DP-002P psi 27 Bottom

TDC DP-002P psi 26 Bottom

TDC DP-002P psi 25 Bonom

TDC T-00lPL 'F 13 Top

TDC T-00lPL 'F 14 Top

TDC T-003P 'F 13 Bottom i

,

'
TDC T-003P 'F 14 Bottom

TSAT-PRZ 'F 18 Based on P-027P
|

UH-TSAT *F 4 Based on P-017P

i

O
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4.2.12 Steam Generator Tube Rupture without Nonsafety Systems (S0ll10)

' This matrix test simulated a steam generator tube rupture (SGTR) without any nonsafety systems

operating or operator actions, and with only the automade passive safety systems used for accident

mitigation. The pressurizer internal heaters were shut-off at break initiation and the chemical and

volume control system (CVCS), normal residual heat removal (NRHR) function, and startup feedwater

system (SFWS) were shut-off for this test. The single SGTR is simulated via a line connected from

the primary side (reactor coolant pump (RCP) B suction piping) to the secondary side of steam

generator-A (approximately [ ]''** ft. above the tube sheet), with a break orifice diameter scaled to

simulate [ l''**) times the area of a AP600 steam generator tube.

Results are provided in the data plot package at the end of this section. The sequence of events for

S01110 is listed in Table 4.2.12-1. During mitigation of the SGTR, there was no core makeup tank

(CMT) draindown, and no accumulator or in-containment refueling water storage tank (IRWST)

injection throughout the transient.

Since this SGTR test did not result in automatic depressurization system (ADS) actuation only the first

two event phases observed in loss-of-coolant accident (LOCA) recovery occurred. The event phases

selected for purpose of detailed evaluation of the non-LOCA events are shown ie Figure 4.2.12-1 and

are as follows:

f) Initial depressurization phase (IDP) - Point 1 to 2.

V Pressure decay phase (PDP)- Point 2 to 3=

Overall Test Observations

Figure 4.2.12-1 shows the facility primary system pressure during matrix test S01110 (as measured at

the top of the pressurizer) in relation to selected component actuations and other facility responses.

The 1DP began with the opening of the break valve between the primary and secondary side, causing

the pressurizer to drain. Because the pressurizer heaters were not on after break initiation, there was a

reduction in pressure due to pressurizer steam expansion.

When the pressurizer level dropped to [ l''## ft. at [ ]'*** seconds, the reactor trip (R) and safety
system actuation (S) signals were actoated. [ ]''**' seconds later, the main steam line isolation

valves (MSLIVs) and main feedwater isolation valves (MFWlVs) were closed, the CMT and passive

residual heat removal (PRIIR) heat exchanger (HX) return line isolation valves were opened, and the
l''"# second delay (at [ l''**' seconds into the event). Rod bundleRCPs coasted down with a [ -

power was reduced to [ ]''*# percent of full power after a [ ]'**# second delay (at-

[ ]''** seconds), and the simulated power decay began after a [ l''*# second delay. The bundle-

power was m intained 150 kW above the scaled decay power to compensate for facility heat losses.
1

LJ
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The recirculation flow through the CMTs and the PRHR flow began immediately after the isolation

valves were opened. The changing rod bundle power to flow ratio caused by the time delays between |
rod bundle power was reduced. When the RCPs were trigged and coasted down, this reduction caused

a sharp decrease, then increase in the hot leg temperature. This reduction also caused a rapid decrease

in pressurizer pressure from [ ]''*') to [ ]''*') psia followed by a slight increase in pressure.

Primary pressure then decreased to the steam generator saturation pressure due to heat transfer to the

steam generators. The IDP cnded at [ ]''*') seconds, when hot leg / upper plenum temperature

([ ]''*'' F) started to control the primary system pressure; and break flow stabilized at approximately

[ ]"**) lb/sec. (Figure 4.2.12-5). Data plot 31 shows that the level of the upper-upper plenum

above die hot legs began to decrease.

During the initial portion of the PDP (up to [ ]''*#) seconds), the primary system, with the

exception of the upper-upper plenum and upper head, remained wa.ter solid. Primary system cooling

was provided by the PRHR HX, CMT recirculation, break flow, and facility heat losses. At

[ ]''*') seconds, these were 83 k% ,84 kW,7 kW and appmximately 125 kW, respectively

(approximately 300 kW total), as compared to the heated rod power of 245 kW at [ ]''**) seconds.
Thus, the primary and secondary system temperature and pressure slowly decreased throughout the

PDP. The above PRHR HX heat removal rate was based on the steam fraction of the flow in die

PRHR supply line (calculated to be low at this time, as determined from the dP instrument readings in

data plot 29) and the PRHR flow rate, HX inlet and outlet temperatures, and pressure.

As shown in data plot 31, at approximately [ ]''*') seconds the upper-upper plenum and the upper

head began to drain at a significant rate. This resulted in an increasing pressurizer level (data plot 32).

The upper-upper plenum drained rapidly from approximately [ ](**') seconds nid was completely
drained to the hot leg elevation st approximately [ ]''**) seconds.

At this time, primary system and secondary system pressures were essentially equalized and several

events occurred almost simultar.cously:

The break flow to steam generator-B decreased from approximately [ ]''*#) Ibm /sec. at*

[ J''*') secc..ds to approximately [ ]''**) at [ ]''*#) seconds (Figure 4.2.12-5). Total

break flow mass from the p:imary system to secondary side of steam generator-B was
approximately [ ]''*'' lbm (Figure 4.2.12-3).

The steam generator-B tubes began to drain at approximately [ ]''*#) seconds.*

The loop-B cold leg flows decreased and loop-A flows increased momentarily.*

Steam voiding began in the rod bundle resulting in two-phase flow through the lower-upper-

plenum, hot legs, PRHR supply line, etc.

The pressurizer level rapidly increased in response to the draining steam genera:or-B tubes,*

upper head, and primary system steam generation.
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His resulted in oscillations of temperature, steam fraction, tubular downcomer flow, and system
m

(V)
pressure, all of which continued throughout the test. De pressurizer was completely filled at

[ ]''*#) seconds and remained filled until the test was terminated. De CMT natural recirculation
flow continued, but the flow rate was decreasing. De upper head was completely drained at

[ ]''*#2 seconds, and the level never recovered. Tlu primary system pressure oscillated about die

secondary system pressure and there was a small alternating flow in the break line.

Due to periodic boiling in the heater rod bundle (data plots 30 and 31), two-phase mixture widi wide

variations in steam fraction entered the hot leg and flowed to the steam generators and PR11R liX.

His resulted in alternating slugs of steam and water in the PR11R IIX supply line, which resulted in
oscillations in the PRiiR heat removal rate and return flow rate. The oscillating return to flow :nto the

cold legs and tubular downcomer caused small heater rod temperature oscillations.

liot leg-B fluid had a steam fraction close to that in the lower-upper plenum. However, the steam

fraction in hot leg-A was lower due to the selective removal of steam from the hot leg into the PRilR
| inlet line. The steam fraction at the PRiiR IIX inlet oscillated and reached high peaks, which

enhanced the PR11R heat removal from the primary system as compared to the heat removal with

single-phase saturated or subcooled water before [ l''*#) seconds.

As stated above, the steam generator-B U-tubes began draining at approximately [ ](**#) seconds

into the event. At the end of the event, the steam generator-B U-tubes were drained, including part of

the pump B suction line. The U-tubes steam generator-A never drained; however, there was an

oscillating flow with wide variations in steam fraction in the upper section of the U-tubes.

his test demonstrated that the heater rod bundle was fully covered (single-phase or two-phase

mixture) at all times during this test (data plots 30 and 31) and that there was no indication of heater

rod temperatures increasing due to lack of cooling (data plot 3). Also, the passive safety system

functions were shown to mitigate the consequences of a SGTR with no operator actions or use of

nonsafety systems. Key parameters comparing the S01110 test with other tests are listed in Table 5-1

in Section 5.0. |

Discussion of Test Transient Phases

Initial Depressurization Phase (0 to 1050 Seconds)*

De initial depressurization phase (IDP) began with the initiation of the break (at time 0) and

| lasted until the primary system pressure decreased to the saturation pressure for the upper plenum

and the hot legs (Figure 4.2.12-1). This period included the following events: initiation of die

break, the actuation of the R and S signals, closure of the MSLIV and MFWIV, opening of die

CMT injection line isolation valves, and opening of the PRiiR 11X return line isolation valve; all
with a [ ]''*#'second delay Rod bundle power was reduced to [ ]''**) percent with a-

A
]''*#'second delay, the rod bundle decay power was initiated with a [ ]('*#2 second delay,t n [ -

]''*#'second delay.and RCP coastdown was initiated after a [ -

|
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System Response during the IDP:

De break was initiated at time 0. From time 0 until the R and S signals were activated (at

[ ](***) seconds), the system lost pressure due to the fluid loss through the break resulting in a

decreased pressurizer level and an expansion of the pressurizer steam bubble. When the trip

signals were activated, the power was reduced to [ ]"#) percent of full power after

[ ]''*#' seconds. At [ ]''*#) seconds, the SPES-2 integrated power from the time of the R

signal simulates the AP600 post-trip integrated power. The SPES-2 power was then decreased to

simulate the AP600 decay heat plus 150 kW for facility heat loss compensation, which was

maintained throughout this transient. He MSLIV was closed at [ ]('*#) seconds. As a result of
the power reduction without flow reduction, the rod bundle AT decreased, and lower-upper plenum

temperature dropped temporarily to the lower plenum temperature of [ ](***) F. The system

pressure decreased to [ l''*#) psia at [ ]''*#) seconds (Figure 4.2.12-2). At this time, the

pressurizer drained and the system pressure was controlled by the temperature of the saturated

fluid ([ ]('*#)*O h h sup lim Wb & EPs wm @ut off @ [ ]''*#) seconds), the rod

bundle and the lower-upper plenum temperatures increased to [ ](*****F, - a result of the

increased power / flow ratio for the rod bundle at the lower flow. The system pressure increased

temporarily to [ l''*#) psia until there was a drop in the decay power and there was a reduction

in the plenum temperature. De lower plenum temperature was affected by the CMT cold fluid
injection into the downcomer and the PRHR HX flow into cold leg. The pressure decreased at a

rate of [ ]('*#) psia /sec in this time period (at ! J''"#' seconds). The CMT recirculation flow
and the PRHR flow, break flow, and facility heat losses were sufficient to keep the flow through

the power channel subcooled.

He PRHR flow started before the RCPs were shut off and continued by natural circulation after

RCP coastdown (data plot 37). The primary system pressure stabilized at the saturation pressure

for the bulk temperature of fluid on the hot-leg side of the power channel (approximately 540 F)

at [ ]''*" seconds. His ended the IDP.

Pressure Decay Phase (1050 Seconds to End-of-Test)*

The pressure decay phase (PDP) began when the primary system pressure (Figure 4.2.12-2) was

dictated by the saturation pressure for the hot-leg fluid temperature, and continued until the end of

the test. His phase was characterized by a slow decrease in the overall system pressure and

temperature. De rod bundle power (decay power plus heat loss compensation) reduced from

[ l''6#) kW to [ ](***) kW (data plot 1).

At| ](*** seconds (bundle power [ ]''**) kW), the PRHR HX heat removal rate was

approximately [ J''*# kW, the CMTs provided approximately [ ]('*# kW effective heat removal
due to the cold CMT water replacing the hot water entering the CMTs through the balance lines,

the break flow removed approximately [ ](*** kW, and facility heat losses were approximately
,

| [ ]''** kW. Thus, the total heat removal exceeded heat input (299 kW versus 245 kW), there

| was no boiling ia the rod bundle, and primary system pressure decreased slowly.
i
,
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From [ ]''*#) to approximately [ l''**) seconds the upper-upper plenum and upper head
n
( drained and partially refilled the pressurizer.G) i

At[ J''*') seconds into the test, the primary- and secondary-side pressures equalized, the steam

generator U-tubes began to drain, and the break flow and the heat transfer to the secondary side

decreased. Periodic boiling in the rod bundle and related temperature, steam fraction flow, and

pressure oscillations began and continued throughout the test.

De ' 'ubes of steam generator-B were drained and the RCP-B suction line was partly drained at :

about t ]''*#) seconds into the event (data plots 21 and 23). The test was terminated at about

[ ]''*#) seconds.

System Response during the PDP:

De system pressure decreased during this phase ([ ]('*#)to[ ]('*#) seconds) at a rate of

[ ](**#) pWm

After [ ]''*#) seconds when the primary- and secondary-side pressures equalized, and the CMT

outlet water temperature increased and boiling began to occur in the rod bundle, the steam fraction

of the two-phase fluid leaving the rod bundle and the single-phase flow in the rod bundle

oscillated (data plots 30 and 31). These oscillations in the void fraction had a significant effect on

the thermal buoyancy head that drove the flow through the primary system at this time, since there

were also oscillations in the steam fraction of the fluid flowing through the hot legs and the steam

generators (data plots 20 and 21). The two-phase mixture entering the steam generators left du

steam generators as saturated water. Some of the steam condensed in the cold-leg side of the

U-tubes, and the remaining steam was separated from the two-phase mixture in the high point of

the steam generator U-tubes (due to the low velocity). The steam generator-B U-tubes began to

drain at this time and the cold-leg side U-tubes were drained at [ ](**#) seconds, and the

U-tubes on the hot-leg side drained at [ ](***) seconds into the event. The primary system

flow / steam fraction oscillations were seen as level fraction oscillations in pump suction B.

For steam generator-A, the flow continued until the end of the te.ct; however, there was an

oscillating steam fraction at the top of steam generator-A U-tube.s (data plots 20 and 22).

The CMT recirculation flow rate decreased throughout the test due to demasing buoyancy head as
the CMT became heated and, to a lesser extent, as cold-leg temperaiures dicreased. The water

flowing from the bottom of the CMTs began to increase in temperature at [ ](**#' seconds.

O
|

|
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Component Responses

OPower Ch nnel.

De power channel consisted of five volumes: the lower plenum, the heater rod bundle, the

lower-upper plenum (below the hot teg), the upper-upper plenum (above the hot leg), and the

upper head. When the break occurred, the system pressure began to drop, and the pressurizer

began to drain. Nothing significant occurred in the power channel until the power was reduced to

[ ](**'' percent by die R signal, after a [ ]''**'-second delay. At this time, the AT across the rod

bundle decreased due to the reduced power / flow ratio (still full flow), and the rod bundle outlet ;

temperature decreased toward the lower plenum temperature of [ ]('*''*F (Figure 4.2.12-2). |
When the RCPs were shut off, the power / flow ratio increased and the power channel outlet |

temperature increased. The lower-upper plenum temperature reached a peak ([ ]''A*)*F) and |
began to decrease due to decreasing rod bundle power and lower plenum temperature. The !
primary system pressure decrease stopped at [ ]''**' psig, corresponding to the saturation

pressure of the fluid in the hot-leg side of the power channel (approximately [ ]('*')*F). This
marked the end of the IDP ([ J''*'' seconds). Since the coolant everywhere in the power

channel was at or below the saturation temperature for the system pressure, no boiling or flashing

) occurred in the power channel during the IDP (Figure 4.2.12-2).
!

he temperature of the fluid on the hot-leg side of the power channel dictated the system pressure

during the PDP (data plot 4). The primary system was sufficiently cooled by steady PRHR flow,

natural CMT recirculation, and facility heat losses, and no boiling occurred until [ ]''*#)
seconds into the event. The upper-upper plenum and upper head began to drain at about

[ ](*^'' seconds. The upper-upper plenum was drained to the hot leg elevation at about |

[ l''**) seconds and the level never recovered (data plots 30 and 31). |
|
4

| Re upper head began to drain when the system pressure reached the saturation pressure for the

| fluid temperature in the upper head (at [ ]''*'' seconds) and it was completely drained at

[ ]''**) seconds. The upper-head fluid temperature was initially only [ l''*") F. After this
j time, the upper-head temperature followed the saturation temperature for system pressure

throughout the remainder of the test.

Flow oscillations with a [ ]''**'-second period were observed in the tubular downcomer. These

oscillations began at about [ ]''**' seconds and continued until the test ended at about

[ ]'***' seconds. The flow oscillations led to oscillations of the collapsed liquid levels in the

rod bundle, upper plenum, hot leg, steam generators, and PRHR HX supply line. When the
Idowncomer flow decreased, rod bundle f Mam fraction increased. The boiling resulted in an

( increase of the overall system pressure and temperature (Figure 4.2.12-2). The overall system

pressure oscillations were therefore out of phase with the tubular downcomer flow oscillations.

Data plots 30 and 31 show the collapsed liquid levels at various sections of the power channel.

Data plot 30 show:; the collapsed level in the heater rod bundle oscillating after
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[ ]"*#) seconds, indicating apparent void fractions in the bundle from [ ]('**) to

h [ ]"*#) percent with a period of approximately [ ]''**) seconds. De collapsed level measured

just above the heated portion of the rod bundle (above TAF, data plot 31), provided an indication

of the steam fraction of the fluid leaving the rod bundle ([ ]"**) to [ ]"**) percent), he steam

fraction variations are temporarily reduced at approximately [ ]"**) seconds due to draining of

the steam generator-B tubes.

Pressurizer.

The pressurizer began to drain when the break occurred and was completely drained in

approximately [ }"**' seconds (data plot 32). The water in the pressurizer flashed due to the

loss of system pressure, and the temperature of the water dropped from [ ]"*#)*F during this

initial depressurization (data plot 18). The hot water leaving the pressurizer surge line into hot

leg-A caused a slight increase in the hot-leg temperature during this period, since it mixed with the

flow from the power channe; upper plenum. The pressurizer remained drained until [ ]""#)
seconds, at which time it began to refill in response to draining of the upper-upper plenum and

upper head. The pressurizer was completely filled to [ ]"*#) ft. at [ ](**') seconds and
remained filled for the rest of the test. 1

Steam Generator.

[ Because of the break, fluid was lost from the primary system to the secondary side of steam

generator-B. He steam generators acted as the heat sink until the MSLIV closed and prevented

further energy removal from the secondary side. His caused the temperature of the secondary

side to increase until [ ]"**) seconds toward the primary system hot-leg temperature, which at

the same time was dropping due to the reduced power / flow ratio. When the RCPs had coasted

down, a temporary temperature increase occurred on the steam generator's primary side due to the

increased power / flow ratio at the natural circulation flow condition. The temperature then

stabilized at approximately [ ]"*#)*F at the end of the IDP.

The secondary-side B temperature was lower than that on secondary-side A. Both secondary-side

temperatures decreased after [ ]"**' seconds to approximately [ ]"**'*F at the end of the test.
The water level in steam generator-A was almost unchanged, while on side B it had increased by

[ ]"**' ft. at the end of test due to the break flow into steam generator-B (Figures 4.2.12-4 and

4.2.12-5). This level began to oscillate after [ ]"*#) seconds following pressure oscillations on i

!the primary side (data plot 35).

For the IDP and the first part of the PDP (until [ ]"##) seconds), the pressure in the primary j
system was higher than the steam generator secondary side pressure (data plot 2). His indicated j
that some heat transfer (in addition to break flow) was occurring from the primary to secondary
side of the steam generators.

.O 1

,Y

!
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At approximately [ ]('*" seconds, flow oscillations began to occur in the tubular downcomer.

As the same time, oscillations occurred in the collapsed liquid level measured in the bundle, which

indicated there were oscillations of the steam fraction of the two-phase liquid flowing through the

rod bundle into the hot legs and to the steam generators (data plots 20 and 21). Thus the driving

forces for the natural circulation flow, the density difference between the single-phase fluid in the

cold legs and downcomer to the power channel and the two-phase mixture leaving the rod bundle

and filling the hot legs, were oscillating.

The two-phase mixture entering the steam generators left the steam generators as water. Some of

the steam was condensed in the U-tubes, and the rest of the steam was separated from the

two-phase mixture in the high point of the stearn generator-B U-tubes (due to the low flow

velocity). This resulted in oscillating steam fractions in the upper part of the U-tubes of both

steam generators. Since the fluid steam fraction in the hot leg-B was higher (steam from

two-phase mixture was selectively drawn into the PRHR supply line from hot leg-A) the steam

generator-B U-tubes were filled with steam and drained.

From [ ]('A" seconds until [ ]''* 0 seconds, intermittent flow was observed through steam

generator-B. At [ ]''A" seconds, the flow through steam generator-B stopped, and the U-tubes

cold-leg side were drained at [ ]'*** seconds, and the U-tubes hot-leg side were drained at

[ ]''** seconds. After this time, water level oscillations occurred in the RCP-B suction piping

(data plots 21 and 23).

O
Also at [ l'**" spconds until the end of the test, significant temperature oscillations were

observed in both cold legs-A and -B from the RCP suction piping into the annular downcomer.

Hot Legs*

Hot legs-A and -B contained single-phase water (data plots 20 and 21) until [ ]''Ad seconds.
Starting at [ ]'' A0 seconds, the steam fraction of the fluid in the hot legs began to oscillate

with the same frequency as in the power channel. The PRHR preferentially removed steam from

the two-phase mixture in the hot leg-A, which reduced the steam fraction of fluid in hot leg-A to

[ l''*" to [ ]''** percent. The steam fraction in hot leg-B was similar to that in the lower-upper

plenum and varied between [ ]''*4 and [ ]''*" percent.

Cold Legs*

lhe cold legs contained subcooled water throughout the test (data plots 22 through 27). After

[ ]''** seconds, the flow in the cold legs oscillated (greater amplitude was seen in cold leg-A

because of oscillating flow in the PRHR return line). In addition, the temperature in both cold
legs also oscillated.

O
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PRHR and IRWST=

/] i

At the initiation of the test, the PRHR HX and piping were filled with subcooled liquid. When the
R and S signals were actuated, the PRHR HX return valve opened after a [ ](***)-second delay,

and a high flow started through the HX due to the still-operating RCP. When the RCPs had

coasted down the PRHR HX flow rate decreased to the recirculation flow rate of about

[ ](***) Ibm /sec. Single-phase water flowed in the PRHR HX supply line and was subcooled to

about [ ](***)*F at the PRHR HX exit. When pressure, flow, and steam fraction oscillations

staned in the power channel and the hot leg filled with two-phase mixture, a very large portion of

the steam in hot leg-A flowed to the PRHR HX (data plot 29) and intermittent water and steam

flowed from the hot leg-A to the PRHR HX. The two-phase mixture was condensed and

subcooled in the PRHR HX heat exchanger (data plot 28). Oscillations in the primary system void
fraction resulted in wide PRHR HX flow rate oscillations. The maximum flow rate was as high as I

j [ ]''A'' lbm/sec., and the average flow rate was about [ ]''**)lbm/sec. The PRHR HX exit
|

temperature (oscillating) increased by about [ ]''**)*F after [ ]('A') seconds.

The high average steam fraction of the fluid in the PRHR HX supply line enhanced the PRHR HX |
heat removal from the primary system. After [ ]''A*) seconds, the tubular downcomer I

temperature (oscillating) decreased by approximately [ ]''**)'F.i

}
)

he PRHR HX was submerged in the IRWST (heatup of the water within the IRWST is shown in
O data plot 17).
V

Core Makeup Tanks (CMTs)-

| CMTs started injecting cold fluid into the direct vessel injection line [ ]''**) seconds after the

l R and S signals occurred. The injection flow from the CMT was by natural circulation, with hot

water from the loop-B cold legs flowing through the cold leg balance lines (CLBLs) to the top of

the CMTs, and cold water from the bottom of the CMTs flowing to the downcomer and into the

| power channel.

!
The CMT flow rate (data plot 38) decreased throughout the test (from about [ ]''^*) lbm/sec. to
[ ]('A'' lbm/sec.) due to decreasing buoyancy driving head as the cold CMT water was replaced

with hot water from the cold legs. The hot water remained thermally stratified in the CMTs (data

plots 15 and 16), where the water temperature at the top of the CMTs was near to the loop-B cold
leg water temperature, while the water temperature at the bottom of the tank remained cold. Data

plots 15 and 16 also show that the layer of heated water in CMT-A ani -B increased in depth as
recirculation continued, with the leading water being cooled as it came in contact with cold CMT

surfaces at lower elevations. The water being discharged from CMT-A and -B began to increase
in temperature at approximately [ ](***) and [ l''**) seconds, respectively. At the same |
time, the CMT recirculation flow rates (data plot 38) began to decrease at a faster rate. At

[ ]''^*) seconds, when the test was terminated, the CMT recirculation flow and temperatures

were almost constant. These flows and CMT AT's are most likely exaggerated in SPES-2 due to

mantei625wi1625.-7. mon: Iso 40295 4.2.12-9

_ _ _ _ _ _ _ _ _ - _ - _ - _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ - _ _ _ _ . _ _ _ _ _ _ _ _ _ - _ - _ _ ______-



!

l
i

l
1

the larger-than-scaled metal surface area of the SPES-2 CMT. The indicated steady state heat loss ;

from the SPES-2 CMTs at this time was approximately 9 kW per CMT.

Mass Discharge and Mass Italance

The break mass flow (from primary side to secondary side) started when the break valve was opened

at "0" time. The flow rate rapidly decreased throughout the IDP ([ ](**#) seconds). A small
amount of flow continued until the primary and secondary-side pressures equalized at about

[ ]''**) seconds. After that time, alternating flow was seen in the break line responding to

oscilladng primary system pressure (data plot 45). The total mass discharged to the secondary side

due to the break was about [ ]''**' lbm (Figure 4.2.12-3).

The mass balance results for test S01110 were calculated based on primary side water inventory before

and after the S0ll10 event taking into account the SGTR break flow between the primary and

secondary side. Table 4.2.12-1 gives a detailed listing of the inventories of water in the various

comp (ments before the test. Table 4.2.12-2 lists the inventories after the event. The water level in the

vessel was determined by the DP-BISP measurement to be [ ]''6#)im G ]''*#) mm) above the hot
leg centerline at the end of the test. Table 4.2.12-3 provides a the mass balance of all the primary side

components before and after the test and shows that these masses agreed to within [ ]''**) percent.

Note that the Quick Look Report (Reference 2, PXS-T2R-026), which incorporated a rough estimate of

the steam generator secondary side mass, did not include the flow through the SGTR break line in the

mass balance calculation. Therefore, a primary side only calculation, which includes the integrated

SGTR break flow, lessens the amount of uncertainty in the mass balance and best assures the validity

of pertinent test data.

O
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( TABLE 4.2.121

Q SEQUENCE OF EVENTS FOR TEST S01110

Event Specified Instrument Channel Actual Time (Sec.)

Break Opens O P-027P *

Pressurizer Low Level R PZR low level = 0.38 m L-010P

MSLIV Closure PZR LL + 2 sec. Z_A04SO, F_ANS

Z_B04SO, F_BNS

MFWlV Closure PZR LL + 2 sec. Z_B02SO, F_BOIS

Z_A02SO, F_AOIS

CMT-IV Opening PZR LL + 2 sec. Z_AN0EC, F-A40E

Z_BN0EC, F-B40E

PRHR lleat Exchanger PZR LL + 2 sec. Z_A81EC, F_A80EG
Actuation

Scram PZR LL + 5.7 sec. -

RCPs Tripped PZR LL + 16.2 sec. I-AIP. S-AIP

I-BIP, S-B IP

ADS-1 CMT level 67% L_B40E Note 1
3

+30 sec. Z_00lPC Note 1

Accumulators P-027P = 710 psia F_A20EG Note 1
-

,

F_B20EG Note 1

ADS-2 CMT level 67% L_B40E Note 1

+125 sec. Z_002PC Note 1

ADS-3 CMT level 67% L_B40E Note 1

+245 sec. Z_003PC Note 1

ADS-4 CMT level 20% L_B40E Note 1 '

+60 sec. Z_0NPC, F-MOP Note 1 .
_

IRWST Injection P-027P = 26 psia F_A60EG Note 1 |
~

!

F_B60EG Note 1 ,

NOTE 1: ADS, Accumulators, and IRWST did not actuate or inject throughout this transient.

,

O !

O
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TABLE 4.2.12-2 I

WATER INVENTORY BEFORE TEST S01110
,

1

(ft.') (ft.') Temp Relative M ass |
Component Volume!(I) Net Vol/(0 ('F) Density (thm/sec.)

Loops 8.97 ft.' 8.97 ft.' ' * * *

(254.0 A (254.0 0

Pressurizer 3.3 7 ft.' l.85 ft.'
(95.4 I) (51.4 ()

Surge Line 034 ft.' 034 ft.'
(9.60 (9.6 0

Tubular Downcomer 138 ft.' 138 ft.'
(39.1 0 (39.1 D

Annular Downcomer + 0.54 ft.' O.54 ft.'
High-Pressure Bypass (153 0 (153 D

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 () (12.4 I)

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 I) (22.8 I)

Riser 1.64 ft.' l .M f t.'>

(46.4 I) (46.4 h

Upper Plenum 1.46 ft.' l.46 ft.'
(413 I) (413 0

Upper Head 1.90 ft.' l.90 ft.'
(53.8 () (53.8 0

CMTs 10.1 ft.' 10.1 ft.'
(286.0 l) (286.0 I)

Accumulator 10.1 ft.' 7.M ft.'
(286.0 () (222.7 D

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 I) (5.10 - -

Total Inventory [ ]'**"

,

!i

O'
,

|
1
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~x TABLE 4.2.12-3
WATER INVENTORY AFTER TEST Soll10 IS COMPLETED

Water Level as Measured by DP-HISP (0.90 psi) was 7.68 in. (192 mm) Helow Hot Leg '

Temp Relative Mass
Component Vr' ,e (4 Net Vol (0 (*19 Density Ohm /sec.)

Loops 8.97 ft.' 7.10 ft.' (***)

(254.0 0 (201.0 0

Pressurizer 3.37 ft' 3.17 ft.'
(95.4 0 (89.8 0

Surge Line 0.34 ft' O.34 ft.'
(9.6 0 (9.6 0

Tubular Downcomer 1.38 ft.' l.38 ft.'
(39.1 0 (39.1 0

Annular Downcomer + 0.54 ft.' O.24 fL'
High-Pressure Bypass (15.3 0 (6.90

Core Bypass 0.44 ft.' O.44 ft.'
(12.4 0 (12.4 0

Lower Plenum 0.81 ft.' O.81 ft.'
(22.8 0 (22.8 0

( Riser 1.M ft.' l.64 ft.'
$ (46.4 0 (46.4 0

Upper Plenum 1.46 ft.' O.86 ft.'
(41.3 0 (24.4 0

Upper Head 1.90 ft.' O.0 ft.'
(53.8 0 (0.00

CMTs 10.1 ft.' 10.1 ft.'
(286.0 0 (286.0 0

Accumulator 10.1 ft.' 7.64 ft.'
(286.0 0 (222.7 0

IRWST Injection Line 0.18 ft.' O.18 ft.'
(5.1 0 (5.10 - -

Total Inventory [ ]< ***)

i

O
i
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ITABLE 4.2.12-4
MASS BALANCE FOR TEST S01110

Starting Inventory (Ibm) Ending Inventory (lhm)
_

Total Primary System "**

IRWST Injection

Net Mass Through SGTR Break

TOTAL

MASS DIFFERENCE _ _
_

ACCURACY 99.6 %

O

O
l
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from this document due to their proprietary nature.
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TEST DATA PLOT PACKAGE
| CIIANNEL LIST BY COMPONENT
|

| Component Channel Units Plot Comment

ACCA F_A20E lbm/sec. 39

ACCA L_A20E ft. 34

ACCB F_B20E lbm/sec. 39

ACCB L_B20E ft. 34

ADS 1,2, & 3 IF30FLW lbm/sec. 44 Flow rate derived

ADS 1, 2, & 3 IF030P lbm 43 Catch tank

ADS 4 & SG IF40FLW lbm/sec. 44 Flow rate derived

ADS 4 & SG IRMOP lbm 43 Catch tank

ANNDC DP-A021P psi 24 To cold leg-Al

ANNDC DP-A022P psi 25 To cold leg-A2

ANNDC DP-B021P psi 26 To cold leg B1

ANNDC DP-B022P psi 27 To cold leg B2

BREAK LINE IF05FLW Ibm /sec. 44 Flow rate derived

BREAK LINE IF005P lbm 43 Catch tank

CLA DP-A00lP psi 24 To cold leg-Al

CLA DP-A002P psi 25 To cold leg-A2

CLA DP-A09P psi 22 Pump suction

CLA T-A10P *F 11 Steam generator outlet

CLAl F_A0lP lbm/sec. 36

CLA1 T-A021PL "F 13 Downcomer inlet
_

CLA1 T-AllP "F 11 Pump outlet

CLA2 F_A02P lbm/sec. 36 |

CLA2 T-A022PL *F 13 Downcomer inlet

CLB DP-B00lP psi 26 To cold leg-B1

CLB DP-B002P psi 27 To cold leg-B2

CLB DP-B09P psi 23 Pump suction |

CLB T-BIOP F 12 Steam generator outlet

CLB1 F_B01P lbm/sec. 36

O
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;

(~g TEST DATA PLOT PACKAGE

!] CIIANNEL LIST BY COMPONENT (Cont.)

Component Channel Units Plot Comment

CLB1 T-B021PL F 14 Downcomer intet

CLB1 T-B1IP 'F 12 Pump outlet

CLB2 F_B02P thm/sec. 36

CLB2 T-B022PL *F 14 Downcomer inlet

CMTA F_A40E lbm/sec. 38

CMTA L_A40E ft. 33

CMTA T-A401E *F 15 Top (242.25 in.)

CMTA T-A403E *F 15 216.75 in.

CMTA T-A405E *F 15 191.25 in.

CMTA T-A407E *F 15 165.75 in.

CMTA T-A409E *F 15 140.25 in.

CMTA T-A41 IE *F 15 114.75 in.

CMTA T-A413E *F 15 89.25 in.

t CMTA T A415E *F 15 63.75 in.G
CMTA T-A417E *F 15 38.25 in.

CMTA T-A420E *F 15 Bottom (0 in.)

CMTB F_B40E lbm/sec. 38

CMTB L_B40E ft. 33

CMTB T-B401E *F 16 Top (242.25 in.)

CMTB T-B403E *F 16 216.75 in.

CMTB T-B405E *F 16 191.25 in.

CMTB T-B407E *F 16 165.75 in.

CMTB T-B409E *F 16 140.25 in.

CMTB T-B411E *F 16 114.75 in.

CMTB T-B413E *F 16 89.25 in.

CMTB T-B415E *F 16 63.75 in.

CMTB T-B417E *F 16 38.25 in.

CMTB T-B420E *F 16 Bottom (0 in.)

CVCS F-001 A psi 42

DVIA T-A00E *F 13

m Aa:WxA1625 w\l 625 w-7.non: I b-040295 4.2.12-21
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TEST DATA PLOT PACKAGE |
CHANNEL LIST BY COMPONENT (Cont.) !

Component Channel Units Plot Comment

DVIB T-B00E *F 14

HLA DP-ANP psi 20

HLA T-A03PL *F 5 Venical, near power channel

HLA T-A03PO *F .5 Horizontal, near power channel

HLA T-ANP *F 5 Near steam generator inlet

HLB DP-B04P psi 21

HLB T-B03PL *F 6 Vertical, near power channel

HLB T-803PO 'F 6 Horizontal, near power channel

HLB T-BNP *F 6 Near steam generator inlet

IRWST F_A60E lbm/sec. 40 F_A61E for S00303

IRWST F_B60E lbm/sec. 40 F_B61E for S00303

1RWST L_060E ft 32

IRWST T-061E *F 17 Bottom

IRWST T-062E *F 17 Below middle

IRWST T-063E *F 17 Middle

IRWST T-0ME F 17 Above middle

IRWST T-065E *F 17 Top

PC W 00P kW I_

PC-HB L_000P ft 30 Heater bundle

PC-HR TW018P20 *F 3 Heater rod

PC-HR TOOL 8P48 *F 3 Heater rod

PC-HR TW019P82 *F 3 Heater rod

PC-HR TWO20P24 *F 3 Heater rod

PC-HR TWO20P87 *F 3 Heater rod

PC-UH T-016P *F 4 Upper head

PC-UP L_A15P ft. 30 Lower-upper plenum

| PC-UP L_A16P ft. 31 Upper-upper plenum

PC-UP T-015P "F 4 Upper plenum

PC-UH L_017P ft. 31 Upper head

PC-UP L_A14P ft. 31 Above top of the active fuel

m.wxA16:5 wx1625 *-7.non: 1 b-040295 4.2.12-22
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ex TEST DATA PLOT PACKAGE
CIIANNEL LIST BY COMPONENT (Cont.)

Component Channel Units Plot Comment

PRHR DP-A81 AE psi 29 Supply line invened U-tube

PRHR DP-A81BE psi 29 Supply line invened U-tube

PRHR DP-A8]E psi 28 Supply line

PRHR DP-A82E psi 28 Heat exchanger

PRHR DP-A83E psi 28 Retum line

PRHR F_A80E lbm/sec. 37 Retum line

PRHR T-A82E *F 19 Inlet

PRHR T-A83E 'F 19 Exit

PRZ L_010P ft. 32

PRZ P-027P psia 2

PRZ T-026P 'F 18 487 in.

SGA DP-A05P psi 20 Hot side

SGA DP-A06P psi 20 Hot side

b SGA DP-A07P psi 22 Cold sideO
SGA DP-A08P psi 22 Cold side

SGA F_A0lS lbm/sec. 41 Main feed

SGA F_A20A lbm/sec. 41 Secondary feed

SGA L_A105 ft. 35 Overall level

SGA P-A04S psia 2 Secondary system

SGA T-A0lS 'F 10 MFW-A

SGA T-A05P 'F 7 Hot side

SGA T-AOSS *F 9 Hot side - riser

SGA T-A06P F 7 Hot side

SGA T-A08P *F 11 Cold side

SGA TW-A06S 'F 7 Hot side
$

SGB DP-B05P psi 21 Hot side

SGB DP-B06P psi 21 Hot side

SGB DP-B07P psi 23 Cold side

/7 SGB DP-B08P psi 23 Cold side
b

SGB F_BOIS lbm/sec. 41 Main feed
1

!
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TEST DATA PLOT PACKAGE
CilANNEL LIST BY COMPONENT (Cont.)

,

Component Channel Units Plot Comment

SGB F B20A lbm/sec. 41 Secondary feed

SGB L_ BIOS ft. 35 Overall level

SGB P-B(MS psia 2 Secondary system

SGB T-B0IS *F 10 MFW-B

SGB T-B05P F 8 Hot side

SGB T-BOSS *F 9 Hot side - riser

SGB T-B06P *F 8 Mot side

SGB T-B07P *F 8 U-tuoc top

SGB T-B08P *F 12 Cold side

SGB TW-B06S *F 8 Hot side

SL T-020P *F 18 Surge line near pressurizer

TDC DP-00lP psi 25,26 Top

TDC DP-002P psi 24,25,26,27 Bottom

TDC T-00lPL *F 13,14 Top

TDC T-003P *F 4,13,14 Bottom

TSAT-PRZ n/a *F 18,19 Based on P-027P

TSAT-UH n/a *F 4 Based on P-017P

I

|

9
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4.2.13 Steam Generators Tube Rupture without Nonsafety Systems, with Inadvedent ADS

(S01211)'

This test S01211 was a blind test; therefore, this section has been intentionally left blank and will be
provided later--
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4.2.14 ~ Large Steam Line Break at Hot Standby Conditions without Nonsafety Systems (S01512)

b 'Ihis test S01512 was a blind test; therefore, this section has been intentionally left blank and will be
provided later.
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5.0 TEST DATA COMPARISON
13
'j,

This section compares the results from the plant transients simulated in SPES-2 to highlight differences

in the primary system conditions that occur and the resulting differences in the safety systems

responses. The test matrix for SPES-2 consisted of nine primary system pipe breaks or loss of coolant

accidents (LOCAs), three steam generator tube ruptures (SGTRs), and one steam line break (SLB).

The nine LOCA transients were performed at three different break locations: 1) cold leg-B2 between

the cold leg-B2 to CMT-B balance line and the reactor vessel,2) direct vessel injection (DVI) line B

between the CMT, accumulator, in-containment refueling water storage tank (IRWST) discharge lines

and the reactor vessel DVI nozzle, and 3) the cold leg-B2 to CMT-B pressure balance line near the
balance line isolation valve. At each break location two break sizes were simulated; for the cold-leg
location, two 1-in. and three 2-in. breaks were simulated; for the DVI line and the balance line

locations; one 2-in. break and one double-ended guillotine (DEG) break were simulated.

The three SGTR transients were simulations of a complete break of one steam generator tube. One

SGTR used only passive systems for mitigation, and one used passive systems combined with operator

actions and active nonsafety systems. The third SGTR included ADS actuation shortly after the start

of the event. The SGTR with subsequent ADS and the SLB transients will not be discussed in this

section. These are standalone simulations which are fully discussed in Section 4.0, and they are not

comparable to any other transients simulated.

O
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5.1 Comparison Hasis for LOCAs

n)(

he reference for comparison for all LOCA transients is test S00303, the 2-in. cold-leg break.

Table 5.1-1 lists 33 parameters to compare / characterize the primary system and passive safety system

response during each test.

He important conditions w; thin the SPES-2 power channel for comparing the passive safety system

responses for the various tests are heater rod temperatures, the steam fraction of fluid in the rod bundle

region, and the water level in the downcomer. However, for all the events simulated in SPES-2, no

uncovery of the active rod bundle or significant heater rod temperature increases due to lack of cooling

were observed, even for the most severe test (S00706). Since no rod bundle dryout occurred, the

parameters used for determining the severity of conditions inside the power channel were 1) the fluid

steam fraction in the heater rod bundle region and 2) the downcomer minimum water level (fluid

inventory).

Important comparisons outside the power channel include the times at which the core makeup tanks

(CMTs) transition from their recirculation to draindown mode of operation, when the steam generator

U-tubes drained, and the passive residual heat removal (PRHR) heat exchanger (HX) performance.

Table 5.1-1 shows two periods of high fluid steam fraction for the rod bundle. De first is at the end

of the pressure decay phase (PDP) (typically just before ADS-1 actuation and accumulator injectior

De second is during the (post-ADS) phase (typically just before the IRWST injection starts). Figm

5.1-1 shows the rod bundle fluid steam fraction estimated from the collapsed levels near the end of the

PDP plotted against the rate of primary system pressure decay (slope 2 in Table 5.1-1) for all the

LOCA tests. He relationship between the steam fraction and the rate of depressurization indicates

that flashing is a major contributor to the two phase fluid steam fraction in the rod bundle at this time,

in addition to boiling. Rus, the rod bundle fluid steam fraction seen prior to the accumulator
injection is break-size dependent.

Figure 5.1-2 shows the general relationship between the steam fractions in and above the rod bundle

with the minimum downcomer level just prior to the IRWST injection. The low water level in the

downcomer is a consequence of reduced water inventory in the primary system at this time. More

fluid has been lost from the system than injected by the accumulators and the CMTs leading up the

ADS-4 actuation. His results in downcomer water levels that are below the elevation of the top of
the rod bundle for many events (see Table 5.1-1). Despite the low downcomer water level, the rod

bundle remains fully covered with a two-phase mixture due to its much lower density. Figure 5.1-2

shows that the high rod bundle fluid steam fraction, which occurs just prior to IRWST injection, is
largely dependent on the downcomer water level at that time. This water level is a result of the water

inventory at the end of the accumulator delivery, and the net fluid losses during the subsequent time

delay until ADS-4 actuation. This time delay is relatively fixed by the CMT draindown rate.

It should be noted that the two large breaks (DEG) behave differently than the small breaks (1 and 2

} inch). Dese differences will be evaluated in a specified comparison of the results for the break sizes
tested,

mspmi6:swwinrpooshtr.noo:it o4ci95 5.1-1



De PRHR HX performance is largely dependent on the conditions in hot leg-A. If the hot leg has
two-phase flow, enhanced PRHR performance is observed as compared to when there is single-phase

fluid in the hot leg, In general, the LOCA tests result in two-phase flow through hot legs and the

PRHR HX, and accordingly the PRHR HX performance is enhanced. In the SGTR test (S01110) and

the SLB test (S01412), single phase flow through the hot leg and PRHR HX resulted in lower PRHR

heat removal rates at any given inlet temperature.

O

O
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5.2 Comparison liasis for Non LOCAs

V Only two of the four non-LOCA transients simulated at SPES-2 are directly cor.iparable. Rese two

tests are test S01309 (a single tube SGTR with the passive safety systems, chtmical and volume

control system [CVCS], and startup feedwater system [SFWS] and operate: actions for mitigation) and

test S01110 (a single tube SGTR with only the passive safety synems operating and no operator

actions).

De remaining two non-LOCA tests, test S01211 (a single SGTR with only passive safety systems

operating and no operator actions, but with inadvertent ADS) and test S01512 (a large single-ended

SLB with only safety systems operating) were each unique. Rese two tests were performed to

demonstrate the response of the passive safety systems and overall plant to specific / limiting events. |

|
ne results for test S01211 are discuased in Section 4.2.13 and, the results for the test S01512 are

| discussed in Section 4.2.14.
|

|
,

f3G
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5.3 Comparison of Break Locations
.

The effect of break location can be examined by comparing the base test S00303 (2-in. LOCA in the

bottom of cold leg-B2) with tests S00605 (2-in. break in the DVI nozzle B) and S01007 (2-in. LOCA

in the cold leg-B2 to CMT-B balance line).

In evaluating the effect of break location, two imponant characteristics are the elevation of the break

and the affected line. The break elevation primarily affects the amount of coolant lost through the

break, while the line in which the break occurs affects the CMT performance, and as a consequence

the ADS initiation timing.

These three break locations and their elevations are:

S00303 2-in. break located at the bottom of

cold leg-B2, at elevation 1.46 ft. (hot-
leg centerline is elevation 0 ft.)

S00605 2-in. break at DVI nozzle-B, at

elevation -1.67 ft.

S01007 2-in. break located in the cold leg-B2
to CMT-B balance line, at elevation

'
19.4 ft. (from the top of cold leg-B2)

In all three tests, the draindown of the primary system stans with the pressurizer and the upper-upper

plenum followed by the steam generator U-tubes (Table 5.1-1). The steam generator-B U-tube

draindown occurs at comparable times for all three events, as expected, since the initial break flows

are essentially equal for all three break locations (see Figure 5.3-1). The loop-B cold legs begin to
'

drain after the steam generator-B U-tubes and this water level affects the break mass flow rate.

In general, the break flow continues at a high mass flow rate (subcooled water) until the primary

system water level drains to the break clevation. The break flow converts to two-phase flow or steam

with a lower mass flow rate. The DVI line break is at the lowest elevation in the primary system (at

! ]('" ft), and the break flow continues to be subcooled water (see subsection 4.2.7, data plot 14)

until the fluid level in the annular downcomer reaches the DVI nozzle elevation. As seen in Figure

5.3-1, more water is lost from the primary system before the break flow converts to two-phase fluid
for the DVI line break than for the two other breaks. Similarly, more water is lost in test S00303 than

in test S01007, since the break for S01007 is supplied from the top of the cold leg.

Figure 5.3-1 shows a decrease in the slope of the S01007 breakline catch tank curve at approximately
[ ]''" seconds, which is the time the cold leg-B water level has decreased to 'ha top of the cold-leg
nozzle elevation. This change in slope indicates the conversion of breakflow from subcooled water

(from a full cold-leg pipe) to two-phase flow. There is a similar but less pronounced change in the
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curve for test S00303 at [ ](***) seconds and in test S00605 no change in break flow is indicated

undl after ADS actuation.

After ADS actuation the slope of the integrated break mass curve changes for all three tests. In tests

S00303 and S01007, the slope of the curve becomes almost horizontal, approximately [ ]('A*)

seconds after ADS-1 indicating that mostly steam is being vented. Test S00605 however, finally

transitions to two-phase flow after ADS.

Since the break flows for all three breaks are initially similar, the water level in the loop-B cold legs

decreases to the top of the reactor vessel cold-leg nozzle elevation at similar times for die three tests

(about [ l''*'' seconds). His is important for the CMT draindown initiation. He loop-A cold legs
drain slower dian the loop B cold legs for all tests due to the effect of the PRHR. He PRHR

preferentially removes steam from hot leg-A, thereby delaying the draindown of steam generator-A

U-tubes and the subsequent draindown of the loop-A cold legs.

He transition from CMT natural circulation to draindown mode of operation is a direct response to

when the break flow begins to drain cold leg-B1 (for CMT-A) and -B2 (for CMT-B). The DVI line
break (S00605) drains both cold legs at the same time (draining the two CMT pressure balance lines at

[ l('**) seconds, thereby initiating a simultaneous transition to draindown in both CMTs. For

S00303, the break flow shows a conversion to two-phase flow at approximately [ ]''*') seconds
(Figure 5.3-1). His indicates diat cold leg-B2 is no longer full of water, allowing steam to enter the
cold-leg balance line (CLBL) and initiating draindown mode of operation for CMT-B. However, the

CMT-A transition to draindown lags CMT-B, indicating that cold leg-B1 drains after cold leg -B2
where the break is located.

In test S01007, the transition from natural circulation to draindown for CMT-A occurs at

[ ]''**' seconds, when the cold leg-B1 drains. His is similar to the CMT transitions for tests

S00303 and S00605. Ilowever, the CMT-B pressure balance line break location affects the CMT-B

operation. He natural recirculation flow through the CMT-B is suppressed in test S01007 as long as
*he break flow consists of single-phase fluid (for about [ ]''^') seconds). Apparently, the 2-in. break

flo v is high enough to make the single-phase pressure drop from the cold leg greater than the

buoyancy head for CMT recirculation and there is no flow from the break h> cation to the top of the
CMT. When two-phase break flow starts (after [ ]('A'' seconds), some of the two-phase mixture

flows to the top of the CMT-B, where the steam is condensed by the cold water in the CMT. This

results in an unstable natural circulation flow (Subsection 4.2.9, data plot 38). Full transition to the

draindown mode of operation from CMT-B is delayed until cold leg-B2 is completely drained and the
break flow is pure steam at approximately [ ]''A*) seconds. Figure 5.3-2 shows the differential

pressure for the balance line to CMT-B for tests S00303 and S01007. Due to the breakflow in the

balance line for S01007, the differential pressure (dP) increases approximately [ ]('A'' psi, which is

sufficient to overcome the buoyancy head from the cold water in CMT-B. When the two-phase flow

stans in the balance line (see subst-ction 4.2.9 data plot 26), the differential pressure decreases

sufficiently to allow unstable natr/al circulation flow until approximately [ ]''^'' seconds. At this
time, steam tills the balance line and CMT-B draindown is initiated.
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The rod bundle steam fraction and the downcomer level are listed in Table 5.1-1 for these tests. The

b rod bundle steam fraction is estimated from the measured dP at three periods: 1) the flow oscillation '

period, which starts after the RCPs have coasted down,2) the period just prior to the accumulator

injection, and 3) the period just prior to IRWST injection.

The rod bundle steam fractions during the oscillation period are very similar for the three break

locations. As discus. sed in Section 5.4, the void fraction range is primarily determined by the

depressurization rate at this time and is, therefore, related to the break size.

The pre-accumulator injection period is charuerized in Table 5.1-1 lists the steam fractions that

occuaed in the rod bundle, in the rod bundle exit (TAF) and in the lower-upper plenum, during the

pre-accumulator injection period. The most notable difference between these events is that the rod

bundle steam fraction for the DVI line break is higher ([ ]''** percent) than for the cold-leg and

balance-line breaks ([ ]''** percent and [ ]''** percent). This indicates that the flow through the

rod bundle and the fluid inventory is lowest for S00605 (DVI line), and highest for S01007 (balance

line). Figure 5.1-1 shows that this is the reverse of the break flow rates and that the flow through

breaks on the cold-leg side of the power channel directly reduce coolant flow to the rod bundle.

Figure 5.3-3 shows that the downcomer level (measured as @) for S00605 is rapidly decreasing to the

DVI nozzle level before accumulator injection starts at approximately [ ]''** seconds. The annular
downcomer is full for S00303 and S01007 prior to accumulator injection at [ ]''** seconds.

The high steam fractions that occur in the rod bundle, rod bundle outlet, and lower-upper plenum prior

to IRWST injection are listed in Table 5.1-1 as is the minimum level in the downcomer. For these

three tests the level in the lower-upper plenum drops below the hot-leg nozzle elevation (most for the
:

DVI line break) and therefore do not reflect the actual fluid steam fraction. The rod bundle, and rod
,

bundle eutlet steam fractions for test S00303 (cold leg break) and test S01007 (balance line break) are

very similar, as are the minimum downcomer levels. Test S00605 (DVI line break) shows nearly

twice the rod bundle fluid steam fraction, higher rod bundle outlet steam fraction, and a much lower

minimum level (measured as a dP) in the tubular downcomer, as shown in Figure 5.3-4. This low

water inventory in test S00605 is due in part to the fact that there is less downcomer and power

channel water inventory after accumulator injection, than in S00303 and S01007. During the
accumulator injection for the cold leg and the balance line breaks, the rod bundle is subcooled and

completely refilled, as seen in the increasing collapsed level for the rod bundle shown in Figure 5.3-5. ,

llowever for the DVI line break, the collapsed level in the rod bundle indicates two-phase flow with |
approximately a [ ]"** percent void fraction ([ ](*** psi lower than S00303) still exists at the end
of accumulator injection.

Table 5.3-1 shows the instantaneous fluid losses and injection flows from/to the primary system for

S00303 and S00605 at three times: during accumulator injection, after accumulator injection, and

during IRWST injection. The table shows that the changes in collapsed level in the rod bundle shown

in Figure 5.3-5 are in direct response to the net change in the primary system water inventory. During
i

the accumulator injection, more water is injected into the primary system than is ejected through the )
break and the ADS. The rod bundle collapsed level (measured as differential pressure) increases and

m Aap600(1625 wibitstrp005 ttr.non :l bm0195 5.3-3
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the void fraction for the rod bundle fluid decreases as the tystem water inventory increases.

Conversely, after the accumulator injection ends [ ]''*#' seconds for S00605, [ l''*#) seconds for
S00303), the water inventory decreases, the rod bundle void fraction increases, and the downcomer

level decreases into the tubular downcomer. When the IRWST flow begins ([ ]''**' seconds for

S00605,[ ]''*'' seconds for S00303), there is a net gain in water inventory, and the rod bundle

collapsed level again increases.

Figures 5.3-6 through 5.3-11 show the coolant inventory for the primary system (consisting of the

power channel, hot legs and cold legs, and the steam generators) for the three 2-in. break events. The

first figure for each event shows separately the coolant mass loss and the injected fluid mass from/to

the primary system (Figure 5.3-6 for S00303). The second figure shows the change in coolant

inventory (coolant deficit) during the test from the initiation of the break (Figure 5.3-7). It takes
approximately [ ]''*#)lbm of coolant deficit to completely empty the power channel. These figures

show that the minimum coolant inventory occurs at the same time as the minimum level is observed in

the downcomer and correlates well with the downcomer level and the rod bundle void fraction

(Table 5.1-1).

The PRilR performance, as calculated after the oscillation period, is very similar for these three

events. The PRiiR heat removal rates are similar, despite the some differences in the average steam

fraction.

In summary, the break location had a significant impact on the simulated 2-in. LOCAs. The break

elevation affected the amount of reactor coolant loss through the break, which significantly influences

the power channel coolant inventory prior to start of IRWST injection. Also, a 2-in. break in the cold

leg to CMT balance line will initially prevent CMT recirculation and delay the transition to draindown

of the affected CMTs. liowever, this did not greatly affect overall coolant inventory or the ADS-4
timing, since it is actuated by the level of the unaffected CMT.

:

)

O

mwuni625-mtmmste.nwn>mo195 5.3-4



- -- . .-.

;

/"'g TABLE 5.3-1

V COMPARISON OF S00605 AND S00303

S00605 S00605 S00605 S00303 S00303 S00303

1200s 1900s 2000s 1000s 2000s 2200s

Break Flow lbm/sec.
- - "##'

ADS-1, 2, -3 Flow Ibm /sec.

ADS 4 Flow lbm/sec.

Total Out ihm/sec. '

-.- _

_ _
(a,bs) ,

Accumulators ihm/sec.
!

CMTs Ibm /sec.
,

IRWST lbm/sec.

Total in Ibm /sec.
_ _

>

.

.

)

i
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5.4 Comparison of Break Sizes
,3,

i)
U Be LOCA events listed in Table 5.1-1 include four break sizes: the 1-inch, the 2-inch, and two

DEGs. He 2-in. and the DEG breaks were performed at two or more break locations.

The effect of break size will be examined by a direct comparison of the baseline test S00303 (2-in.

LOCA in the bottom of CLB-2) with test S0(M01 (1-in. LOCA in the bottom of the CLB-2). His
comparison will be extended to evaluate other break locations. A separate comparison will be made

between tests S00706 (DEG break of the DVI nozzle B) and S00908 (DEG break of the cold leg-B2

to CMT-B balance line). Rese two tests are both DEG breaks, but they are very different in terms of
effective break size, break location, and injection capability of the passive safety system components.

Figure 5.4-1 shows the coolant inventory for the primary system (except pressurizer) during S00303

and S0(M01. For the 2-in. break (S00303), the coolant inventory rapidly decreases to the [ j'* b ')

lbm level (corresponding to the elevation of cold-leg nozzles on the vessel) and the CMT draindown

mode of operation is initiated. Since the CMT draindown flow rate (approximately [ ]***' lbm/sec.)
is less than the break flow rate (approximately [ ]"A*) lbm/sec.), the CMT draindown is

uninterrupted and ADS-1 actuates at [ ]"A'' seconds. Although the primary system pressure has
dropped to approximately [ ]"^'' psia before ADS-1, there is very little discharge of coolant from
the accumulators. When ADS-1 occurs, the coolant inventory is still near [ ]"A*) lbm and
essentially all of the accumulator water inventory is still available for refilling the power channel. The
mininmm coolant inventory is [ ]"A''lbm, and occurred at [ ]"A*) seconds just prior to IRWST
injectmn.

Test SO(M01, the 1-in. break, is four times smaller than the S00303 2-in. break, and therefore, the

inventory decreases to the [ J''**)lbm net coolant inventory level at a slower rate. As the
inventory approaches [ ]"A*)lbm, the cold legs begin to void, causing the CMT balance lines to

drain. De CMTs dien st * : period of natural circulation combined with intermittent periods of
draindown, which increases their overall injection rate sufficiently to keep the water level at the cold-
leg nozzle elevation. At this time, the break flow is less than the overall injection from the CMTs and
accumulator injection. (Because of the long time for draindown, the primary system pressure had
dropped below [ ]*^'' psia, and the accumulators provided a small amount of injection and

delivered [ ]''^') percent of their water inventory). Following ADS-1 (about [ ](***) seconds), the

accumulators have less coolant inventory to inject. Berefore, the minimum coolant inventory prior to
IRWST injection at [ ]"A'' seconds is [ l''*** lbm. His is [ ]"A*)lbm less than the minimum
inventory for S00303 and resulted from the expenditure of accumulator inventory prior to ADS-1; so
less water was available for injection between ADS-1 and ADS-4. Herefore, a lower minimum

coolant inventory accurs for the 1-in. break (SOCM01) compared to the 2-in. break (S00303). The

lower mih ' aventory is also reflected in the higher rod bundle steam fraction poor to IRWST
injectht, at the time of the minimum inventory for the 1-in. break.

Figure 5.4-2 shows the coolant inventory for S00908 (DEG of the CMT-B balance line) and S00706

O' (DEG of the DVI-B line). Rese two large-break events are very different from the small breaks and
also from each other. S00908 is effectively a single-ended break, since the check valve in the CMT-B

ndap60m1625 wNtstrpN15 ttr.non :I bw0195 5.4-1
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discharge line prevented break flow from the CMT side of the break. The average total break flows

for the first [ ]''*#) sec. were [ ](***)lbm/sec. for S00908 and [ l'**#) lbm/sec. for S00706.
Additionally, the break elevations are different. In S00908, the break location is effectively on the top
of cold-leg B2 at [ ]''*#' ft.; and in S00706, it is at [ l''*#) ft., referenced to hot-leg

centerline elevation. The discussion in Section 5.3 shows that the break elevation has an impact on

the break flow and coolant inventory.

In S00706, there is a complete loss of injection from CMT-B, accumulator-B, and only one of two
IRWST injection lines. This, in addition to the high break flow, resulted in the lowest minimum
coolant inventory of all the tests performed at SPES-2. The coolant inventory in the power channel at

[ l''*#' seconds is calculated to be approxima:cly J J''*#) Ibm, which still provided cooling of the
rod handle with a high steam fraction ([ )'*#' percent) two-phase fluid flow (see subsection 4.2.8,

data plots 30 and 31). Figure 5.4-3 demonstrates that rod bundle cooling is adequate. This figure
shows the difference between the temperature of heater rod no. 87 (at the highest elevation in the core

(TWO20P87) and the saturation temperature corresponding to primary system pressure for S0070o and

S00303. In S00706, the rod temperature exceeded saturation temperature by approximately [ ]''*#*F
when the highest void fraction occurred in the rod bundle and was about [ ]''*#*F above saturation
when minimum coolant inventory occurred. This compares to test S00303, shown in Figure 5.4-5.

The S00706 rod temperature was not much different from the reference test S00303, despite the much
higher void fraction in the rod bundle.

*In test S00908 (the DEG balance line break), the break flow was greater than the injection flows until

[ ]''*#) seconds, and the inventory to decreased to [ ]''*#'lbm (below the [ ]''*#' lbm seen for
the smaller breaks). The injection flow from CMT-A and from both accumulators was greater than the

break flow from [ ]''*#) seconds until [ ]''*#' seconds, and the coolant inventory increased to

[ ]''**)lbm by the end of the accumulator injection. The break location for S00908 in the CMT-B
balance line climinates normal injection from CMT-B. Comparison of coolant inventory of S00908
(Figure 5.4-2) with S00303 (Figure 5.3-7) shows that the S00908 inventory was only [ ]''*#' lbm
lower for S00908 after the accumulator injection. Also, the minimum inventory (occurring at

[ f***) seconds for S00908) was only [ ]''*#'lbm lower than S00303. Test S00908, in terms of

severity (power channel inventory), was more similar to Test S00303 than Test S00706. This
similarity is also reflected in the minimum downcomer level and steam fraction in the rod bundle

shown in Table 5.1-1.

In summary, the 2-in. breaks at or above the cold-leg elevation, with only passive safety systems,

resuhed in minimum downcomer levels near [ ]''*#) ft. The 1-in. break, at or above the cold-leg
elevation, resulted in a downcomer levels near [ ]''*#) ft. due to the delayed ADS-1 actuation, which
resulted in the expenditure of accumulator inventory prior to ADS-1.*

Test S00706 (the DEG of the DVI-B), had a minimum downcomer level below [ ](**#' ft. This low
level was the combined result of the high break flow, the complete loss of the B side passive safety
systems injection, and the low elevation of the break location. Comparison of S00706 with S00605
(2-in. DVI break) indicates that the larger break size of S00706 results in a downcomer level that is

[ ]''*#' ft lower at the time of minimum invento.y cWe to the IRWST injection).

m Aap6(KA1625 = Wtstr)W15ttr .non : l t> N0195 5,4-2

- _ _ _ _ __



, ,. . . . , _ _ . . _ . _ . . _ . . _ - . _ . _ . . _ _ . . -- - _. _ . _ _ _ . . _ - . _ . . ..
. - . _ . . _ _ . . . _ . _ . . ;

-

- ,

-i
1 . ;

,

1

.. 1

]

,

;
I

. ,

,

4

d

|
!

!
t

!
!
,

I
!
,

i
:
)
i

i
4

!

l
.

,

!-

'

;
I
.

I
i,

t
!

!

!-

>

i
l
i

l
'Ihe following figures have been intentionally deleted i

from this document due to their proprietary nature, j
;
l

'.
t

.|
i

i
;

1

3

1

.I

I
,

|

'
i
;

J

1
<

1

-

m:W1625wWc101.non:ll>040395.

1

~ , ~ , . , , . . - . . . - . - , .- . - - , , - . - . . . - - . . . . . . - . . - . .___.--- ---



5.5 Effects of Nonsafety Systems

d The effect of nonsafety systems operation on the passive safety system response and overall plant

response can be assessed by comparing the baseline test S00303 with test S005N. S00504 is a 2-in.

break in the bottom of cold leg B-2, with the CVCS and NRHR pumped injection and SFWS addition

to the steam generators simulated. The CVCS injection started on the safety systems actuation (S)

signal, and the NRIIR started to inject coolant after ADS-3 when the primary system pressure was

reduced to less than the NRilR pump discharge pressure.

Table 5.1-1 shows that S005N is very similar to S00303 had until ADS-1 was actuated. The reactor

trip (R) and the S signals occurred at nearly identical times, and the pressare decay curves had similar

slopes. The rod bundle stem fraction prior to ADS were very similar for the two tests. The CVCS

injection did not seem to have significant impact on the initial part of the test although the maximum

pose" ole i|cw from two CVCS pumps was simulated. However, the water addition by the CVCS did

impact the initiation of the Ch1T draindown mode of operation, which was delayed by approximately

[ ]''^" seconds for Ch1T-B and [ ]('*" seconds for Ch1T-A relative to S00303. Therefore,

ADS-1 occurred approximately [ ]''^'' seconds later for S005N. He NRHR flows started at
approximately [ ]''^0 seconds when the primary pressure was approximately [ ]''*" psia and
reached full flow at [ ](*^" seconds. As seen in subsection 4.2.4, data plot 33, the Ch1Ts'
draindown stopped when the NRHR flow started (at [ ]''#" seconds) due to the backpressure the

NRilR flow imposes on the Ch1T discharge line. ADS-4 never occurs since the Ch1T draindown
O stopped before reaching the [ l''*" percent trip level. The CMTs started to refill at approximately

[ ]''^" seconds. Due to the injection provided by the CVCS and the NRHR., the level in the

annular downcomer only dropped to [ ]''*" ft below the hot-leg centerline before refilling,
compared with a minimum level of [ ]''*" ft for S00303.

Figure 5.5-1 shows the coolant inventory for S00504 and S00303. The CVCS injection affected the

coolant inventory during the first part of the S005N event, maintaining it close to [ ]''*" h M1
ADS-1 occurred. De accumulator injection then increased the coolant inventory to [ ]''*" lbm,
approximately [ l''^"lbm more than S00303, The inventory losses after the accumulator delivery
are similar for the two events, until the NRHR injection matched the primary system inventory loss
out the break (approximately [ ]('*0 seconds), and then refill of the system started. De minimum
inventory for the S005N was [ ]''A"lbm and occurred when the minimum downcomer level of
[ l''*" ft occurs.

The nonsafety systems bad a significant and ameliorating effect on the SPES-2 LOCA events. The

additional coolant injection provided by the CVCS increased the coolant inventory prior to ADS-1,

although the core steam fractions was not noticeably affected. The NRHR injection limited the

minimum coolant inventory after the accumulator injection, and in fact refilled the primary system and

subcooled the rod bundle. The high rod bundle steam fraction that occurred in test S00303, prior to
IRWST injection did not occur in test S005N.

v
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5.6 Other Key Test Results
p

his section discusses some of the special purpose LOCA tests that were performed in SPES, and the

non-LOCA events (steam generator tube ruptures and SLB).

5.6.1 Comparison of PRHR Performance

he effect of additional PRHR capability on the LOCA mitigation can be assessed by comparing test

S(XK401 (performed with one PRHR tube) with test S01613 (performed with 3 PRHR tubes). Both of

these tests are 1-in. breaks in the bottom of cold leg-B2.

Table 5.1-1 indicates only a few differences between S01613 and S(X)*01 that exceed expected normal

test data scatter. The PRHR performance measured for S01613 is [ ](*^'' percent higher than for
S00401, which shows that the [ ]''A*' percent increase in heat transfer area for the PRHR HX

yielded some additional heat transfer. He PRHR flow is slightly higher for S01613; however, the

biggest difference is that the PRHR HX exit temperature is [ ](**')*F to [ ]''*'' F lower for S01613

than for S00401. ADS-1 occurred [ J''^'' seconds later for S01613, which showed that the CMTs

drained at a slower rate during the time when alternating recirculation /draindown was occurring, than

S(X)401. De minimum downcomer level was [ ]''^') ft. lower in S00401.

Figure 5.6-1 shows the primary system pressures for the two tests and clearly shows that S01613

O pressure is decreasing more rapidly than S00401. This is a result of the higher PRHR heat removal

for S01613. The faster pressure decrease resulted in more accumulator injection, which delayed the

full transition to draindown injection from the CMTs and accordingly delayed the ADS-1 actuation.

Figure 5.6-2 shows the coolant inventory for tests S00401 and S01613. Both tests spend an extended

time period at the [ ]''**' lbm inventory level, in S01613, however, the CMTs expended less

inventory maintaining the coolant inventory at the [ ]''**) lbm level, due to the additional injection

from the accumulators caused by the lower system pressure. ADS-1 was therefore delayed for S01613

relative to S00401. When ADS-1,2, and 3 occur, approximately [ ]('A''lbm less fluid was
discharged through ADS for S0i613 due to the lower initial system pressure at the start of ADS.

Acrefore, S01613 had more coolant inventory than S00401 after the accumulator delivery, as shown

in Figure 5.6-2. The net coolant losses from the end of accumulator delivery until the start of IRWST

injection were very similar for the two events. However, since S01613 started this period with more

coolant inventory, it also ended with more inventory than S00401, at the point of minimum coolant

inventory in the vessel.

De greater PRHR heat removal in S01613 increased the primary system pressure decrease relative to

son 401 prior to ADS-1. The overall effect of the lower system pressure mitigated the severity of
the test.

OV
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5.6.2 Test Repeatability

The repeatability of the SPES-2 facility is demonstrated by a comparison of baseline test S00303,

which was the first matrix test performed, with test S01703. Matrix test S01703 was the last matrix

test and was performed at the conclusion of the SPES-2 test program. Test S01703 was performed at

initial conditions as similar as possible to S00303.

Subsection 4.2.3 provides a detailed comparison of S01703 and S00303. Dere are very small

differences shown in the comparison, and those that are shown can be explained as slight differences

in initial conditions (Figure 5.6-3). Table 5.1-1 shows that there are no significant differences between

the two tests, beyond what would be expected based on normal data scatter. De test facility

repeatability demonstrated by tests S00303 and S01703 is clearly very good, and gives good

confidence that the test to test differences observed in the matrix tests (as shown in Table 5.1-1), are

real differences resulting from the differences in the transients being simulated.

5.6.3 Comparison of Steam Generator Tube Rupture

The steam generator tube rupture events S01110 (SGTR without nonsafety systems) and S01309
,

(SGTR with nonnfety systems and operator actions) are individually discussed in subsections 4.2.12

and 4.2.11 respeedvely, here were significant differences between the two tests and these are

attributable to the effects of the nonsafety systems operating for S01309. Specifically the use of the

SFW system and the steam generator-A PORV to maintain the primary system cooldown rate provided

sufficient heat removal to maintain single-phase flow conditions in the primary system. Also, the

pressurizer heater operation was maintained in S01309 until low pressurizer level occurred.

Figure 5.6-4 shows the primary system pressure for the two tests, depicting the S01309 pressure to be

lower than S01110 due to the additional cooling provided by CVCS injection, SFWS addition, and

steam generator-A PORV actuation. Figure 5.6-5 shows that the primary system pressure is higher

than the steam generator-A pressure throughout the test for S01309. The steam generator-A provides

sufficient heat removal from the primary system to maintain the primary system at single phase flow

conditions. His, as seen in the dPs in the steam generator-A U-tubes, showing that primary system
natural circulation flow was maintained through steam generator-A.

Figure 5.6-6 compares the rod bundle differential pressure for the two transients, showing that

significant two-phase flow conditions started at approximately [ ](***'seconas for S01110, while

S01309 maintained single phase flow through the core until the test ternination.

Figure 5.6-7 shows that the pressurizer levels differed greatly between the two tests. In S0ll10 the
pressurizer refills completely by approximately [ ]"^'' seconds, at which time the only steam7

volume in the primary system is in the upper head. In S01309, the pressurizer partially refilled at

[ ]***' seconds in response to venting through the ADS-1 flow path by operator action, and a low

level was maintained for the rest of the test. De measured temperatures in the pressurizer in S01110
indicated that the pressurizer was subcooled at [ ]"^*' seconds, at which time the pressurizer

m:\np6(KA1625 wthstrptV5ttr .non : l tW0195 $.6 2
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completely filled. In S01309, the top of the pressurizer was superheated throughout the test, which is

3 the reason it never fills completely. This occurred in part, because in S01309, the pressurizer heater(d was kept on and maintained full pressure / temperature until the pressurizer water level decreased to

approximately [ ]''** ft. at [ ]"*# seconds. In test S01110, the heater power was not sufficient to

maintain pressurizer pressure and temperature. In addition since the pressure is significantly lower for

S01309 (due to the additional heat removal), and the cooldown of the metal mass in the pressurizer

lags the TSAT for the system. '

In both of these tests the ADS was not actuated since the CMTs remained in their natural recirculation

mode throughout the test.
,

i
\

,r

.
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--. 6.0 OBSERVATIONS AND CONCLUSIONS
m

' >

The primary purpose of the test data discussed in this report is to provide a basis for validating

computer codes developed for analysis of transients in the AP600 plant. The observations and

conclusions made in this document are only applicable to the SPES-2 facility.

Key observations and conclusions are made from the SPES-2 testing in the following categories:

Overall Test Observations

1. *

*

2. *

.

3. * *

4. *

O *

5. *

.

Specific Observations for Small Break Loss-of-Coolant Accident Tests -

6. Following a 2-in. LOCA, operation of the active, nonsafety chemical and volume control system

(CVCS) and/or normal residual heat removal system (NRHR) had little effect prior to ADS-1
actuation; however, increased primary system inventory was observed after ADS-1, due to the

active safety systems.

7. Following a 2-in. LOCA, operation of the active, nonsafety NRHR system prevented CMT
draindown and ADS-4 actuation.

8. The 1-in. cold leg-B break resulted in higher void fraction / lower water inventory in the vessel than
all 2-in breaks simulated.

9. *

*

O ,

|
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10 *

O.

11. Increasing the PRilR HX heat transfer area by 200 percent (from one tube to three tubes) resulted

in only a [ ]''**) percent increase in heat transfer rate with two-phase flow inlet conditions.

Specific Observations for Steam Generator Tube Rupture Steam Line Ilreak Tests

12.*
*

13. Nonsafety system operation and operator actions following the SGTR maintained the primary

system in a subcooled condition and prevented hot leg voiding.

Test and Data Quality Conclusions

14. Thineen of 17 tests performed in SPES-2 were determined to be acceptable for code validation

pumoses.

15. 'Ihe repeatability of the facility and measured data was excellent, as evidenced by the comparison

of S00303 with repeat test S01703 and by the consistency of test initial and boundary conditions.

16. The SPES-2 upper-head initial temperature was approximately [ ]''**' *F lower than the

temperature originally specified in the test specification; however, consistent upper-head initial

temperatures were maintained from test to test.

17. The gamma-densitometer and turbine flow meters did not provide useful data. The use of

gamma-densitometers in small, heavy walled piping caused alignment and signal strength

problems. Flow slugs /high flow vek> city resulted in damage to the turbine flow meters. Electro-

magnetic interference from the heater rods and power source caused problems with the signals

from both the gamma-densitometer and the turbine meters.

18. The failure rate of the heated rod thermocouples was very high, but a sufficient number of

thermocouples were operational to monitor the bundle temperature.

O
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A-1 Introduction
.n

+ i

ne overall data reduction and data validation process is described in Section 3.0. This appendix

describes the specific details of how the data was reduced and validated. It also provides examples of

some data reduction and validation steps.

A2 Day-of Test Report

Be first step in the data validation process, writing the Day-of Test Report, was performed by the test

site personnel immediately following the test. (A sample of the format for the report is shown in

Figure A-1.) he Day-of-Test Report was issued with the electronic data files to the Westinglause

Energy Center within a couple of days of the test. Typically, the Day-of-Test Report was reviev/ed in

parallel with processing the data files and plotting the data at Westinghouse.

Communications between the test site and Westinghouse Energy Center were not limited to the

Day of-Test Repon. Frequent telecommunications were held between the two sites. Additionally,

there was always a Westinghouse test engineer at the site when a test was performed.

A-3 SPES_ REDUCE Software

ne electronic data file received from SIET contained test data in metric engineering units.

[ ) Immediately following receipt of the data file, this data were converted at Westinghouse to English

engineering units using the SPES_ REDUCE program. The conversion factors used were as follows:

Measurements Units Conversion Factors

Differential pressure kPa to psid divide by 6.894

Mass flow kg/sec. to Ibm /sec. divide by 0.454
Mass flow g/sec. to Ibm /sec. divide by 454 (for those channels which

end in g)

Mass kg to Ibm divide by 0.454

Pressure mPa to psia divide by 0.00689

Temperature 'C to *F multiply by (1.8'C) +32
Volumetric flow dm'/sec to ft.'/sec. divide by 28.32

Fluid height m to ft, divide by 0.3048

Other units (such as amps, volts, kilowatts, or rpm) did not need to be converted.

SPES_ REDUCE also assigned a 0 time to the data corresponding to the break initiation time. This

was necessary since the data acquisition system (DAS) at the SPES-2 facility was started well in
advance of the start of the test. Berefore, the recorded time was not relative to the test initiation.

The break initiation time for each test was provided by SIET and input by Westinghouse to the
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SPES_ REDUCE software. De break initiation time was subtracted from each recorded time, which

created some negative time data (about 5 minutes of pre-test data).

The output file from SPES_ REDUCE was named SXXXYY.: inter. Data, where XXX was the test

sequence number and YY was the matrix number. His file was transmitted to the Nuclear Regulatory

Commission (NRC) along with the Quick Look Report (QLR).

A-4 SPES_ CORRECT Software

In several instances,it was necessary to modify the data received from SIET. He SPES_ CORRECT

software was used to modify the data by the following formula:

NEW = a * (OLD + b)d +c

where:

NEW newly created data=

OLD data to be modified or corrected=

a,b,c,d = constants

The test data in Appendix A-4.1 and A-4.2 were modified using the above formula.

A-4.1 Test S00303

Since the in-containment refueling water storage tank (IRWST) flow differential pressure (dP) cells

(F-A60E/F-860E) were over-ranged, an alternate dP cell in the IRWST flow line could be used

(DP-A61E/DP-B61E). De dP measurement was converted to flow using the calibration coefficients

from the cold flow pre-operational tests.

For IRWST line A:

F_A61E = [ j '* 6 * * (DP-A61E + [ ) )]'* 6')*

where:
_

""a =
b =

c =

d =
__
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I
For IRWST line B: !

s.
,

(/
F_B61E = [ ]*#) (DP-B61E + [ ) ](**#)*

,

where:
_ -

< ass), ,

|b =

c =

d =
_.- _

De respective data for IRWST line A are shown in Figure A-2; and the data for IRWST line B are

shown in Figure A-3. F-A60E and F-B60E are the over-ranged dP cells; and F_A60E and F_B60E

are the corresponding calculated flow rates. DP-A61E and DP-B61E are the measured dP

measurements; and F_A61E and F_B61E are the respective calculated flow rates.

A-4.2 Test S01512
,

'
,

he startup feedwater flow (SFW) was not provided directly by SIET on the data tape; however, the
calibration coefficients were provided. Rese coefficients were used in the SPES_ CORRECT software j
to calculate the respective flow rates from the dP cells.0, ,

:

',For SFW-A:

F_A20A = [ ]*#) * (F-A20A)! f"

,

where:

4*"#)a =

b =

i
C =

',
,

d =

_
3

The same equation applies to SFW-B. |
I

A-4.3 Tests S00303, S00401, S00504, S00605, S00908, S01007, Soll10

I
After these tests were run, SIET determined that the reference leg on DP-000P was incorrect in the

calibration file. A value of [ ]'**#) psi was subtracted from channel DP-000P for these seven tests,

since the elevation between the pressure taps was [ ](**#) ft. ([ ]''"#) m) instead of
[ ]"#) ft. ([ ]''*#) m), which was previously used. For tests completed after the S0ll10 test,

the calibration file was corrected at the SPES-2 facility.
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An example of the corrected and uncorrected data is shown in Figure A-4. The output file from |

SPES_ REDUCE was modified by the SPES_ CORRECT software.

1

A-4.4 Test S00504 1

The normal residual heat removal (NRHR) flows were not provided directly by SIET in the data tape; i

however, the calibration coefficients were provided in the SPES-2 Facility Description Report. Thesc
;

coefficients were used in the SPES_ CORRECT software to calculate the respective flow rate from the
dP cells.

For NRilR-A:

F_A00E = [ ](**#'* (F A00E)I l''##'

For NRHR-B:

F_B00E = [ J''*'' * (F-B00E)I l''##'

After test S005G4 was performed, it was determined that channel T-A021PL (cold leg-Al to

downcomer inlet temperature) was reading [ ]''*'*C too high, therefore SPES_ CORRECT was used

to subtract [ ]''*#*F from each recorded value.

OA-4.5 Test S00706

In the detailed review of the data, it was determined that the calculation of the accumulator-B level

(L_B20E) for test S00706 was incorrect for a portion of the test. This was attributed to a temperature
used in the fluid level calculation measuring lower than [ ]''*#*F for a short period of time. The
SPES_ CORRECT software was used to calculate the fluid level based upon the measured differential

pressure and average accumulator temperature.

A-5 Initial Condition Validation Plots

To verify that the conditions prior to test initiation were properly established and within the acceptable

tolerances, the NSA plot program was used to plot the actual data for the pre-test time period and the

average of the respective data. The plot of the actual data with the average allowed the analyst to

directly review the pre-test variations. The average of the data was also printed on these plots for
tabulation in the QLRs. The following initial test conditions were assessed in this fashion:

|

Rod power (W-00P).

Pressurizer pressure (P-027P) |
.

Hot leg temperatures (T-A03PL, T-A03PO, T-B03PL, T-B03PO).

Vessel inlet temperature (T-003P) ;.

Vessel flow rate (IM)03P) |.

|
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Cold-leg flow rate (F-A0lP, F-A02P, F-B0lP, F-B02P).

[ ') Downcomer/ upper-head bypass flow rate (F-014P)* i

'' Pressurizer level (L_010P)*

Accumulator level (L_A20E, L_B20E).

Accumulator water temperature (T-A22E, T-B22E)=

Accumulator pressure (P-A20E, P-B20E).

IRWST level (L._060E).

IRWST water temperature (T-063E)=

PRHR supply line temperature (T-A82E)*

Upper-head average temperature (T-015P/r-016P)*

Cold-leg balance line (CLBL) temperature (T-A142PL, T-B142PL)=

CMT level (L_A40E, L_B40E)*

CMT temperature (T-A411E, T-B411E)*

Steam generator level (L_A20S, L_B20S)*

Steam generator main feedwater (MFW) temperature (T-A0lS, T-BOIS)*

Steam generator pressure (P-AMS, P-BNS)*

An example of this initial condition validation plot for test S00303 is shown in Figure A-5 for the

pressurizer level.

A-6 Power Decay Curve Validation

To verify that the measured power decay curve was the same as the specified power decay curve, the

NSA plot program was used to plot the specified normalized power against the corresponding

measured normalized power. The measured power was normalized by calculating the ratio of the

actual measured power by the average pre-test measured power as a function of time. An example of

these specified and measured power decay curves for test S00303 are shown in Figure A-6.

The specified power decay curve is from Table 2.5-1 in Section 2.0.

A-7 NRC Notification

As a result of the ongoing SPES-2 data validation process, letters were issued to the NRC regarding

any errors that were discovered in the previously published QLR. Two such letters were issued on the

following subjects:

1. NTD-NRC-94-4310, "AP600 SPES-2 Test Quick Look Report Erratta," October 10, '994.

This letter documented that channel DP-000P was too high by a value of [ l''* psi in the
Quick Look Report due to a calibration file error for eight tests (S00303, SOM01, S00504,
S00605, S00706, S00908, S01007, and S01110).

'd
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2. NTD-NRC-94-4334, "AP600 SPES-2 Test Quick Look Report Erratta No. 2,"
October 31,1994.

This letter documented that eleven additional instruments were found to be failed due to an
instrument card malfunction for three tests (S00605, S00706, and S00908 blind test).

O

1

I

O|
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h g(g DAY-OF-TEST P"? ORT.

Test Facility:

Test No. Date Time !

Initial Conditions: ;

Specified Actual

i

Facility Configuration-
r

Specified, Actual
!

Any Observations, Unexpected Events During Test?

Any Failed Instruments Ob ed Prior to or During Test?
,

. Any Deviation from Test Procedures?
.

!

Any Critical Instruments Functional? Plot Critical Instruments. |

Any Facility Maintenance Performed Since Last Test?

Data Tape File Name(s):

.

Facility Engineer

Facility Manager
,_

Figure A-1
C\
L
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APPENDIX 11

[v} DATA VALIDATION

Blis appendix lists the results of the data validation review process described in Section 3.2.

Table B-1 gives an overview of the results on a test-by-test basis. Table B-2 gives the mass balance

results for for each test. Tables B-3 through B-15 give the results of the test initial conditions. At the

end of the appendix, detailed plots of the measured power (W-00P) versus the specified power are
given for each test.

s

i

O l
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TAllLE 11-1 J
DATA VALIDATION PROCESS RESULTS |

|
Day of Test

Test Run Test Report Quick Look Final Report
Number Date Review Report Review Review Comments

S00103 2/5/94 Accepted Not Accepted N/A Not accepted due to setpoints
change.

S00203 4/9/94 Accepted Accepted Not Accepted Not accepted due to deletion of
PZR to CMT balance line from
AP600 design. QLR not issued.

S00303 4/30/94 Accepted Accepted Accepted Data valid

SO(M01 5/6/94 Accepted Accepted Accepted Data valid

S00504 5/18/94 Accepted Accepted Accepted Data valid

S00605 5/27/94 Accepted Accepted Accepted Data valid

S00706 6/10/94 Accepted See comment Accepted QLR review revealed a deviation
from specified power
requirement. See subsection
4.2.8 for specifics.

S00807 6/15/94 Not Accepted N/A N/A Data unacceptable. Day of test
report revealed equipment failure
nullified test results.

S00908 6/23/94 Accepted Accepted Accepted Data valid
(blind) 1

1

S01007 7D/94 Accepted Accepted Accepted Data valid

S01110 7/14/94 Accep'ed Accepted Accepted Data valid I
!

S01211 9/7/94 Accepted Accepted Accepted Data valid |
(blind) j

i

S01309 9/22/94 Accepted Accepted Accepted Data valid )
S01412 106/94 Not Accepted N/A N/A Data unacceptable. Day of test

report revealed equipment failure l
nullified test results. )

S01512 10/11/94 Accepted Accepted Accepted Data valid
(blind)

S01613 10/15/94 Accepted Accepted Accepted Data valid

S01703 11/11/94 Accepted Accepted Accepted Data valid

'

I
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TAllLE 11-2
Af ASS BALANCE RESULTS

Test Run Final Afass/ Initial
Number Test Date Afass * 100 (%) Acceptable within 10%
S00303 4/30/94 **

~

Yes

SO(401 5/6/94 Yet
S00504 5/18/94

Yes. Injection of water by non-safety
systems contributes to discrepancy in

,
'

mass balance.
S(X)605 5/27/94

Yes

SM7Go n/10/94 Yes

S00908 6/23/94 Yes(blind)

S01007 7n/94
Yes

S01110 7/14/94 Yes

501211 9U/94
Yes(blind)

S01309 9/22/94

O Yes. Injection of water by non-safety
systems contributes to discrepancy in
mass balance.

S01512
(blind)l0/11/94 No. The complex geometries of the

steam generators may contribute to the
discrepancy in the mass balance.

S01613 10/15/94 Yes

S01703 11/11/94
- Yes

mAa;Nul625w\appttnoo:IM40195
B.5
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TABLE 113

COMPARISON OF SPECIFIED AND ACTUAL TFliT CONDITIONS FOR S00303

Condition (Instruments)
Specified Actual Comment

OK
4991.6 z 100 kW*

Rod Power (W-00P)
OK

Pressurizer Pressure (P-027P)
2250 2 29 psia

OK
599.9 2 9 FAverage llot-Leg Temperature

(T-A03PO/T-A03PU
T-B03PO/T-B03PL) OK

OK

OK
Reactor Vessel (Core) Inlet 529.5 9'F

Temperature (T-003P)
OK

Core Flow Rate (F-003P) 51.26 i 0.55 lbm/sec.

OK
12.92 0.22 lbm/sec.Cold-Leg Flow Rate

(F- A0lP/F- A02P/F-B0lP/ ^'"E ^ * "#E' ' E

F-B02P) A flow is 12.95 lbm/sec.

OK

OK

Downcomer Upper-llcad 0,4020.11 lbm/sec. OK

Bypass Flow Rate (F-014P)
OK

Pressurizer Level (L-010P) 12.411.25 ft.

OK
Accumulator Level 7.64 2 0.36 ft.

(L-A20E/L-B20E) OK

OK
Accumulator Water 6819 F

Temperature (T-A22E/ OK
T-B22E)

OK
Accumulator Pressure

711214.5 psia

(P-A20F1P-B20E) OK

OK
IRWST Level (L-060E) 27.9 2 0.33 ft.

OK
1RWST Water Temperature 68 9'F

- -

(T-063E)

O
f

'4893.7 kW before O time

mAap60m1625wWttoon:Ib-040195
B-6
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TABLE B-3 (Cont.)
(m) COMPARISON OF SPECIFIED AND ALTUAL TEST CONDITIONS FOR S00303

-

v

Condition (Instruments) Specified Actual Comment

PRHR Supply Line 347 2 45 F Accepted. Sufficient to ensure

Temperature (T-A82E) initiation of natural circulation

flow.

Upper Head Average 564.8 2 9*F Accepted. Facility design limits
Temperature (T-015P/r-016P) inaximum temperature to s cold-

leg temperature.

PR to CMT Balance Line M4 + 45 F N/A
Temperature (T-A28P/

T-B28P)

Cold-Leg Balance Line 509 9F Accepted. Sufficient to ensure
Temperature initiation of natural circulation
(T-A 142PLff-B142PL) flow.

Accepted (T-B142PL).

Sufficient to ensure initiation of

natural circulation flow.

CMT level (L-A40E/ full OK
L-B40E)

OK

CMT Temperature 68 9F OK
(T-A411 Err-B411E)

OK

Steam Generator Ixvel 4.86 t 0.49 ft. Accepted (L-A20S).
(L-A20S/L-B20S) Will not impact test results.
Narrow Range

OK

Steam Generator MFW 439 212.6 F OK
Temperature (T-AOISfr-B0IS)

OK

Steam Generator Pressure 7112 29 psia OK
(P-ANS/P-BNS)

_ _
OK

n

mAapNXA1625w\npp-hoon:lh040195 B-7
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TAllLE B-4
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00401

Condition (Instruments) Specified Actual Comment

Rod Power (W-00P) 4991.6 2100 kW* OK

Pressurizer Pressure (P-027P) 2250 2 29 psia OK

Average llot-LeF Temperature 599.9 2 9 F OK
(T-A03PO/T-A03PU

T-B03PO/r-B03PL)

OK

OK

Reactor Vessel (Core) Inlet 529.5 2 9 F OK
Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 2 0.55 lbm/sec. OK

Cold-Leg Flow Rate 12.92 0.22 lbm/sec. Accepted (F-A0lP), avg. Icop

(F-A0lP/F-A02P/F-B0lP/ A flow is 12.88 lbm/sec.

F-B02P)
OK

OK

OK

Downcomer Upper-IIcad 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L-010P) 12.4 21.25 ft. OK

Accumulator Level 7.M 2 0.36 ft. OK

(L-A20E/L-B20E)
OK

Accumulator Water 6819"F OK
Temperature (T-A22E/

T-B22E) OK

Accumulator Pressure 711214.5 psia OK

(P-A20E/P-B20E)
OK

IRWST Level (L-060E) 27.9 2 .33 ft. OK

IRWST Water Temperature 68 2 9 F OK
(T-063E) - -

O
'4893.7 kW before O time

m:\atuXAl625w\ary-b non:Ib040195 B-8
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O TABLE B-4 (Cont.)
) COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00401

Condition (Instruments) Specified Actual Comment

PRliR Supply Line 347 2 45*F Accepted. Sufficient to ensure
Temperature (T-A82E) initiation of natural circulation

flow.

Upper-Head Average SM.8 t 9 F Accepted. . Facility design limits
Temperature (T-016P) maximum temperature to 5 cold

leg temperature.

PR to CMT Balance Line 644 + 45 F N/A
Temperature (T-A28P/

T-B28P)

Cold-Leg Balance Line 509 9F Accepted. Sufficient to ensure
Temperature initiation of natural circulation
(T-A142PL/T-B142PL) flow.

A ccepted (T-B142PL).

Sufficient to ensure initiation of

natural circulation flow.

CMT level (L-A40E/ full OK
'

L-B40E)
OK

CMT Temperature 68 t 9 F OK
(T-A411Eff-B411E)

OK

Steam Generator Level 4.86 0.49 ft. OK
(L-A20S/L-B205)

OK

Steam Generator MFW 439 212.6 F OK i

Temperature (T-AOIStr-BOIS)
OK

Steam Generator Pressure 7112 29 psia OK
(P-ANS/P BNS)

- - OK

l

p

|

I
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TABLEB-5
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00504

Condition (Instruments) Specified Actual Comrnent

Rod Power (W-00P) 4991.6 2100 kW* OK

Pressurizer Pressure (P-027P) 2250 29 psia OK

Average Hot-Leg Temperature 599.9 9'F OK
(T-A03PO/T-A03Pil
T-803POfr-B03PL)

OK

OK

Reactor Vessel (Core) Inlet 529.5 x 9'F Accepted

Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 0.55 lbm/sec. OK

Cold-Leg Flow Rate 12.92 0.22 lbm/sec. OK
,

(F-A0lP/F-A02P/F-B0lP/
Accepted (F-A02P), avg. loop

F-B02P)
A flow is 12.95 lbm/sec.

OK

OK

Downcomer-Upper Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L-010P) 12.4 z 1.25 ft. OK

Accumulator Level 7.6410.36 ft. OK

(L-A20E/L-B20E)
OK

Accumulator Water 68 2 9 F OK
Temperature (T-A22E/

T-B22E) OK

Accumulator Pressure 711 14.5 psia OK

(P-A20E/P-B20E)
OK

IRWST Level (L-060E) 27.9 2.33 ft OK

IRWST Water Temperature 68 2 9 F OK

(T-063E) - -

O
'4893.7 kW before time 0

.
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TABLE B 5 (Cont.)e '

COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00504

Condition (Instruments) Specified Actual Comment

PRHR Supply Line 347 45'F Accepted. Suf0cient to ensure
Temperature (T-A82E) initiation of natural circulation

flow.
,

Upper-Head Average 561.8 9*F Accepted. Facility design limits
Temperature (T-016P) maximum temperature to 5 cold

leg temperature.

PR to CMT Balance Line 644 + 45'F N/A
Temperature '

(T-A28P/T-B28P)

Cold-Leg Balance Line 509 9F Accepted. Suf0cient to ensure ,

Temperature initiation of natural circulation ;

(T-A142PL/T-B142PL) flow. (T-A142PL)

Accepted (T-B142PL). -

Suf0cient to ensure initiation of j
natural circulation flow. ,

CMT Level (L-A40E/ full OK {
L-B40E)

OK

CMT Temperature 68 2 9 F OK
(T-A41IEfr-B41IE) v

Accepted (T-B41IE) ff

Steam Generator Level 4.86 2 0.49 ft. OK I

(L-A20S/L-B20S)
OK

Steam Generator MFW 439 12.6'F OK
Temperature (T-A0IS/T-B0IS)

OK

Steam Generator Pressure 711 29 psia OK
(P-A(MS/P-B04S)

_ _
OK

|

O
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TABLE H-6
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00605

Condition (Instruments) Specified Actual Comment

Rod Power (W-00P) 4991.6 2100 kW* OK

Pressurizer Pressure (P-027P) 2250 2 29 psia OK

Average Hot-l.cg Temperature 599.9 2 9 F OK

(T-A03PO/T A03PL/
T-B03POff-B03PL)

OK

OK

Reactor Vessel (Core) Inlet 529.5 9*F OK

Temperature (T-003P)

t Core Flow Rate (F-003P) 51.26 2 0.55 lbm/sec. OK
|

Cold-Leg Flow Rate 12.92 0.22 lbm/sec. OK
(F-A01P/F-A02P/F-B01P/

F-B02P)

OK

OK

Downcomer Upper-Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L-010P) 12.4 21.25 ft. OK

| Accumulator Level 7.M * 0.36 ft. OK
|

(L-A20E/L-B20E)
OK

Accumulator Water 6819 F OK
Temperature (T-A22E/

T-B22E) OK

Accumulator Pressure 711 14.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L-060E) 27.9 2 0.33 ft. OK

IRWST Water Temperature 6819 F OK

(T-063E)
- -

O
'4893.7 kW before time 0
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r* TABLE B-6 (Cont-)
|

COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00605
'

i

Condition (Instruments) Specified Actual Comment

PRHR Supply Line 347 45'F Accepted. Sufficient to ensure

Temperature (T-A82E) initiation of natural circulation

flow.

Upper-Head Average SM.8 9F Accepted. Facility design limits
Temperature (T-015Pfr-016P) maximum temperature to s cold

;

leg temperature.

PR to CMT Balance Line 644 + 45'F N/A
Temperature (T A28P/

T-B28P)

'Cold-Leg Balance Line 509 z 9'F Accapted. Sufficient to ensure
Temperature initiation of natural circulation

(T-A142PLfr-B142PL) flow.

Accepted (T-B142PL).
,

Sufficient to ensure initiation of

natural circulation flow.

CMT Level (L-A40E/ full OK -

L-B40E)
OK.

i

CMT Temperature 68 2 9'F OK
'

(T A411 eft-B411E)
Accepted

Steam Generator Level 4.86 2 0.49 ft. OK
(L-A20S/L-B20S)

Accepted (L-B20S). Will not
impact test results.

,

Steam Generator MFW 439 212.6'F OK
Temperature (T-A0ISfr-BOIS) t

OK !

Steam Generator Pressure 711 t 29 psia OK
(P-A(MS/P-B04S)

OK
_

|

.

!
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TAllLE 117
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00706 i

Condition (Instruments) Specified Actual Comment
_ ,,

Rod Power (W-00P) 4991.6 21(K) kW*
- -"~

OK

Pressurizer Pressure (P-027P) 2250 2 29 psia OK

Average flot-Leg Temperature 599.9 9*F OK !

(T-A03POfr-A03Pl>
1

T-B03PO/T-B03PL) OK 4

OK

OK

Reactor Vessel (Core) Inlet 529.5 2 9 F OK
Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 2 0.55 lbm/sec. OK

Cold Leg Flow Rate 12.92 0.22 lbm/sec. OK
(F-A0lP/F-A02P/F-B0lP/
F-B02P) Accepted (F-A02P), avg. loop

A flow is 12.95 lbm/sec.

OK

OK

Downcomer Upper-Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L-010P) 12.4 21.25 ft. OK

Accumulator Izvel 7.64 t 0.36 ft. OK
(L-A20E/L-B20E)

OK

Accumulator Water 68 2 9"F OK
Temperature (T-A22E/
T-B22E) OK

Accumulator Pressure 711214.5 psia OK
(P-A20E/P-B20E)

OK

IRWST level (L-060E) 27.9 * 0.33 ft. OK

IRWST Water Temperature 68 2 9'F Accepted.
(T-063E)

_ _

'4893.7 kW before time 0.

O
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TABLE B-7 (Cont.)

Q COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00706

Condition (Instruments) Specified Actual Comment

PRHR Supply Line > 212'F OK
Temperature (T-A82E)

s

'

Upper-Head Average SM.8 2 9 F Accepted. Facility design limits
Temperature (T-015Pfr-016P) maximum temperature to 5 cold

leg temperature.

PR to CMT Balance Line M4 45'F N/A
Temperature (T-A28P/

T-B28P)
t

Cold-Leg Balance Line >329 F OK
Temperature

(T-A142PL/T-B142PL) OK

CMT Level (L-A40E/ full OK
L-B40E)

OK

CMT Temperature 68 9F OK
' (T-A411Efr-B41 tE)

.

Accepted i

Steam Generator level 4.86 2 0.49 ft. OK t

(L-A20S/L-B20S)
OK -

Steam Generator MFW 439 * 12.6*F OK
Temperature (T-A0IStT-B0IS)

OK

Steam Generator Pressure 711129 psia OK
(P-A04S/P-BMS) i

._.
OK

,

O
t
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TAllLE B-8
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00908

Condition (Instruments) Specified Actual Comment

Rod Power (W-00P) 4991.6 100 kW* OK

Pressuriter Pressure (P-027P) 2250 29 psia OK

Average Hot-Leg Temperature 599.9 2 9'F OK
(T-A03PO/T-A03PL/

OK
T-B03PO/T-B03PL)

OK

OK

Reactor Vessel (Core) Inlet 529.5 2 9 F Accepted

Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 2 0.55 lbm/sec. OK

Cold-Leg Flow Rate 12.92 2 0.22 lbm/sec. OK
(F-A0lP/F-A02P/F-B0lP/

OK
F-B02P)

OK

OK

Downcomer Upper-Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L-010P) 12.4 21.25 ft. OK

Accumulator Level 7.M 2 0.36 ft. OKg

(L-A20E/L-B20E)
OK ,

1

Accumulator Water 68 * 9 F OK
Temperature (T-A22E/

T-B22E) OK

Accumulator Pressure 711214.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L-060E) 27.9 2 0.33 ft. OK |

IRWST Water Temperature 68 2 9 F Accepted

(T-063E)
_ _

*4893.7 kW before time 0.
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,e TABLE B 8 (Cont.)(y) COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S00908

Condition (Instruments) Specified Actual Comment

PRHR Supply Line > 212 F OK
Temperature (T-A82E)

Upper-llcad Average SM.8 9F Accepted. Facility design limits
Temperature (T-016P ) maximum temperature to 5 cold

leg temperature.

PR to CMT Balance Line M4 + 45*F N/A
Temperature (T-A28P/

T-B28P)

Cold-Leg Balance Line > 329 F OK
Temperature

(T-A142PI1T-B142PL) OK

CMT Level (L-A40FJ full OK
L-B40E)

OK

CMT Temperature 68 9F Accepted (T-A41IE)
/~ (T-A411E/T-B411E)
( Accepted (T-B411E)

Steam Generator Level 4.86 2 0.49 ft. Accepted (L-A20S). Will not
(L-A20S/L-B20S) impr.ct test results.

Accepted (L-B20S). Will not
impact test results.

Steam Generator MFW 439 t 12.6*F OK
Temperature (T-AOIS/T-BOIS)

OK

Steam Generator Pressure 711 29 psia OK
(P-AG4S/P-Bn4S)

_
OK

|

|

|

|
i

|

/3
I 4

Q)
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TAllLE Il-9
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01007

Condition (Instruments? Specified Actual Commentg,g,

Rod Power (W-00P) 4991.6 21(X) kW* OK

Pressurizer Pressure (P-027P) 2250 29 psia OK

Average flot-Leg Temperature 599.9 2 9*F OK
(T-A03PO/T-A03PL/
T-B03PO/T-B03PL) OK

OK

OK

Reactor Vessel (Core) Inlet 529.5 2 9 F Accepted
Temperature (T-003P)

Core Flow Rate (F4X)3P) 51.26 2 0.55 lbmhec. OK

Cold-Leg Flow Rate 12.92 2 0.22 lbm/sec. Accepted (F-A01P), avg. loop
(F-A0lP/F-A02P/F-B0lP/ A flow is 12.85 lbm/sec.
F-B02P)

OK

OK

OK

Downcomer. Upper IIcad 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

Pressurizer Level (L4)l0P) 12.4 21.25 ft. OK

Accumulator Level 7.M 2 0.36 ft. OK
(L-A20E/L-B20E)

OK

Accumulator Water 68 2 9 F Accepted
Temperature (T-A22E/
T-B22E) Accepted

Accumulator Pressure 711214.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L-060E) 27.9 2 0.33 ft. OK

1RWST Water Temperature 68 2 9 F Accepted
(T-063E) - -

* 4893.7 kW before time 0.

O
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eg TABLE B 9 (Cont.)
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01007

Condition (Instruments) Specined Actual Comment

PRHR Supply Linc > 212'F OK
Temperature (T-A82E)

Upper-Head Average 564.819 F Accepted. Facility design limits
Temperature (T-015P/T-016P) maximum temperature to s cold

leg temperature.

PR to CMT Balance Line 644 + 45'F N/A
Temperature (T-A28P/

T B28P)

Cold-Leg Balance Line > 329'F OK
Temperature

(T A142PLfr-B142PL) OK

CMT Level (L-A40E/ full OK
L-B40E)

OK

CMT Temperature 68 2 9 F Accepted (T-A411E)
(T-A411E/T-B411E)

Accepted (T-B41IE)

Steam Generator Level 4.86 0.49 ft. Accepted (L-A20S). Will not
(L-A20S/L-D20S) impact test results.

OK

Steam Generator MFW 439 12.6*F Accepted (T A0lS). Avg.
Temperature (T-AOIS/T-BOIS) temperature between A and B is

451.5'F.

OK

Steam Generator Pressure 7112 29 psia OK
(P-ANS/P-B(MS)

_
OK

O
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TABLE B 10
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01110

Condition (Instruments) Specified Actual Commentof

Rod Power (W-00P) 4991.6 2100 kW* - - OK

Pressurizer Pressure (P-027P) 2250 2 29 psia OK

,
Average llot-Leg Temperature 599.9 2 9*F OK
(T-A03PO/T-A03PL/

OKT-B03PO/T-B03PL)

} OK

OK

Reactor Vessel (Core) Inlet 529.5 t 9 F Accepted
Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 0.55 lbm/sec. OK

Cold-Leg Flow Rate 12.92 t 0.22 lbm/sec. Accepted (F-A0lP), avg. loop
(F-A0lP/F-A02P/F-B0lP/ A flow is 12.92 lbm/sec.
F-B02P)

Accepted (F-A02P), avg. loop j

A flow is 12.92 lbm/sec. ]
OK

OK

Downcomer Upper-Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F-014P)

' '

Pressurizer Level (L-010P) 12.4 1.25 ft. OK

Accumulator Level 7.64 2 0.36 ft. OK
(L-A20E/L-B20E)

OK-

Accumulator Water 6819 F Accepted (T-A22E)
Temperature (T-A22E/ Note 1
T-B22E)

Accepted (T-B22E)
Note 1

Accumulator Pressure 711 14.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L-060E) 27.9 2 0.32 ft. _ OK

'4893.7 kW before time 0.

NOTE 1: Ambient air temperature in facility was unusually high due to plant heat-up and hot summer
weather.
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rw TABLE B-10 (Cont.)
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01110 !

Condition (Instruments) Specified Actual Comrnent

IRWST Water Temperature 68 2 9 F Accepted
(T-063E) Note 1

PRIIR Supply Linc > 212 F OK
Temperature (T-A82E)

Upper-licad Average 564.8 2 9 F Accepted
,

Temperature (T-016P) '

PR to CMT Balance Line M4 + 45 F N/A
Temperature (T-A28P/
T-B28P)

Cold-Leg Balance Line > 329 F OK
Temperature

(T-A142PL/T-B142PL) OK

CMT Level (L-A40E/ 20.5 ft.. (full) OK
L-B40E)

OK

CMT Temperature 68 2 9 F Accepted (T-A411E)
(T-A41IEfr-B41lE) Note 1

(p) Accepted (T-B41IE)
Note 1

i

Steam Generator Level 4.36 2 0.49 ft Accepted (L-A20S). Will not '

(L-A20S/L-B20S) impact test results.

'
OK

,

Steam Generator MFW 439 212.6*F OK |
Temperature (T-AOISfr-BOIS) l

Steam Generator Pressure 7112 29 psia OK
(P-ANS/P-BNS)

- - OK j
l

NOTE 1: Ambient air temperature in facility was unusually high due to plant heat-up and hot summer |

weather.

|

0
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TABLE B 11
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01211

Condition (Instruments) Specified Actual Commentgi,3

Rod Power (W-00P) 4991.6 m 100 kW* OK

Pressurizer Pressure (P-027P) 2250 29 psia OK

Average Hot-Irg Temperature 599.9 9F OK
(T-A03POfr-A03PL/

OKT-B03PO/T-B03PL)

OK

OK

Reactor Vessel (Core) Inlet 529.5 * 9 F Accepted
Temperature (T-003P)

Core Flow Rate (F-003P) 51.26 0.55 lbm/sec. OK !

Cold Leg Flow Rate 12.92 1 0.22 lbm/sec. Accepted (F-A0lP), avg. loop
| (F-A0lP/F-A02P/F-B0lP/ A flow is 12.87 lbm/sec. j
I

F-B02P) l

OK

OK

OK

Downcomer Upper-Head 0.40 z 0.11 lbm/sec. OK
Bypass Flow Rate (F-014Ps

Pressurizer Level (L-010P) 12.4 1.25 ft. OK

Accumulator Level 7.64 2 0.36 ft. OK
(L-A20E/L-B20E)

|
OK

Accumulator Water 6819 F Accepted (T-A22E)
Temperature (T-A22E/
T-B22E) Accepted (T-B22E)

Accumulator Pressure 711214.5 psia OK '

(P-A20E/P-B20E)
OK

1RWST Level (L-060E) 27.9 2 0.33 ft. _ _ OK

'4893.7 kW before time 0.

O
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rx TABLE B 11 (Cont.)
( ) COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01211
V

Condition (Instruments) Specified Actual Commentgg

IRWST Water Temperature 68 t 9 F Accepted

(T-063E)

PRHR Supply Line >212 F Accepted. Suf0cient to ensure
Temperature (T-A82E) initiation of natural circulation

flow.

Upper-Head Average 529.5 z 9 F Accepted. Facility design limits
Temperature (T-016P) maximum temperature to s cold

leg temperature.

PR to CMT Balance Line 644 + 45 F N/A
Temperature (T-A28P/
T-B28P) N/A

Cold-Leg Balance Line >329 F OK
Temperature
(T-A142PLfr-B142PL) OK

CMT Level (L-A40E/ 20.5 ft.. (full) OK
L-B40E)

OK

c., CMT Temperature 68 2 9'F Accepted (T-A411E)
'

( (T-A411E/T-B411E)( Accepted (T-B411E)

Steam Geneator Level 4.86 2 0.49 ft. Accepted (L-A20S). Will not
(L-A20S/L-B20S) impact test results.

OK

Steam Generator MFW 439 12.6'F OK
Temperature FT-AOIS/T-BOIS)

OK

Steam Generator Pressure 711 29 psia OK
(P-ANS/P-BNS)

- - OK

O.
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TABLE 11-12
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01309

Condition (Instruments) Specified Actual Commento.h.c)

Rod Power (W-00P) 4991.6 2100 kW' I ~

OK

Pressurizer Pressure (P4)27P) 2250 2 29 psia OK

Average flot-Leg Temperature 599.919 F OK
(T-A03POfr-A03PI)
T-803POfr-B03PL) OK

OK

OK

Reactor Vessel (Core) Inlet 529.5 9F OK
Temperature (T4X)3P)

Core Flow Rate (F_003P) 51.26 * 0.55 lbm/sec. Accepted. Sum of cold-leg flow
rates in conjunctions with core
inlet /out temperatures were all
within acceptable limits.

Cold-Leg Flow Rate 12.92 1 0.22 lbm/sec. OK
(F_A0lP/F_A02P/F_B0lP/
F_B02P) OK

Accepted (F_F01P), avg. loop
B flow is 13.09 lbm/sec.

OK

Downcomer l'pper-Head 0.4020.11 lbm/sec. OK
Bypass Flow llate (F_014P)

Pressunier Level (L_010P) 12.4 21.25 ft. OK

Accumulator Level 7.M i 0.36 ft. OK
(L_A20E/L_B20E)

OK

Accumulator Water 6819 F OK
Temperature (T-A22E/
T-B22E) OK

Accumulator Pressure 711214.5 psia OK
(P-A20E/P-B20E)

OK

1RWST Ievel (L_060E) 27.9 2 0.33 f1. _ ._. OK

'4893.7 kW before time O.

NOTE 1: Ambient air temperature in facility was unusually high due to plant heat-up and hot summer
weather,
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, - ~3 TABLE B 12 (Cont.)
( ) COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01309

Condition (Instruments) Specified Actual Commentg,, ,

IRWST Water Temperature 68 2 9 F OK
(T-063E)

PRHR Supply Line > 212 F OK
Temperature (T-A82E)

Upper Head Average 529.5 2 9 F OK
Temperature (T-016P)

PR to CMT Balance Line M4 + 45 F N/A
Temperature (T-A28P/
T-B28P) N/A

Cold-Leg Balance Line > 329"F OK
Temperature

(T-A142PL/T-B142PL) OK

CMT Level (L_A40E/ 20.5 ft.. t 0.1 ft. OK
L_B40E)

OK

CMT Temperature 68 9F OK
(T-A411E/T-B411E)

OK
/ \
( / Steam Generator Level 4.86 2 0.49 ft. OK'~'

(L_A20S/L_B20S)
OK

Steam Generator MFW 439 212.6"F OK
Temperature (T AOISfr-BOIS)

OK

Steam Generator Pressure 711 29 psia OK
(P-A04S/P-BtMS)

- - OK
-

/~'s
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TABLE B-13 >

COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01512

Condition (Instruments) Specified Actual Commentg ,g

Rod Power (W-00P) -150 OK

Pressurizer Pressure (P-027P) 2250129 psia OK

Average Hot-Leg Temperature 545.0 2 9#F* Accepted, avg Hot-leg is 554.3
(T-A03PO/T-A03PL/
T-B03PO/T-B03PL) Accepted, avg Hot-leg is 554.3

OK

Accepted, avg Hot-Leg is 554.3

Reactor Vessel (Core) Inlet 543.2 2 9 F' Accepted, avg core AT is -l'F
Temperature (T-003P) as expected.

Core Flow Rate (F_003P) 51.26 2 0.55 lbm/sec. Accepted, cold-leg total flow is
51.6 |bm/sec.

Cold-Leg Flow Rate 12.92 2 0.22 lbm/sec. OK
(F_A01P/F_A02P/F B01P/

OKF_B02P)

Accepted, avg Loop B flow is
13.05 lbm/sec.

OK

Downcomer Upper-Head 0.4020.11 lbm/sec. OK
! Bypass Flow Rate (F_014P)
|

Pressuriier Level (L_.010P) 6.56 ft. < PZR level' OK
$ 8.2 ft.

Accumulator Level 7.6410.36 ft. OK
(L_A20E/L_B20E)

OK

Accumulator Water 68 2 9*F OK
Temperature (T-A22E/
T-B22E) OK

Accumulator Pressure 711 * 14.5 psia OK
(P-A20E/P-B20E)

OK

IRWST level (L_060E) 27.9 2 .32 ft. _ _ OK

' Specific to this test only; test simulated zero power, hot-standby condinons.

O
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A; TABLE B-13 (Cont.) |

.Q COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01512
'

Condition (Instrunwnts) Specified Actual . Comment '

g ,g
,

IRWST Water Temperature 68 2 9*F OK
(T-063E) !

:

PRHR Supply Line > 212 F OK
Temperature (T-A82E)

Upper Head Average 543.2 2 9 F* Accepted. Facility design limits
Temperature (T-016P) maximum temperature.to s cold

'

leg temperature

PR to CMT Balance Line 644 + 45"F N/A
Temperature (T-A28P/

,

T-B28P) N/A i

Cold-Leg Balance Line > 329"F OK
Temperature
(T-A142P11f-Bl42PL) OK |

CMT Level (L_A40E/ 20.5 ft.10.1 ft. OK
L_B40E)

OK

CMT Temperature 68 * 9*F OK j
(T-A411Efr-B411E)

OK

Steam Generator Level 4.86 2 0.49 ft. OK ,

(L_A20S/L_B20S)
OK

Steam Generator MFW N/A for this test
Temperature (T A0IS/T-BOIS)

N/A for this test

Steam Generator Pressure 1001129 psia * OK
(P-ANS/P-BNS)

__ ._ OK

!

* Specific to this test only. i

O
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TABLE B 14
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01613

Condition (Instruments) Specified Actual Comment(s.hs)

Rod Power (W4X)P) 4910 * 100 kW*
- -

OK

Pressurizer Pressure (P-027P) 2241129 psia OK

Average Hot-Leg Temperature 602.2 2 9'F OK
(T-A03PO/T-A03PU
T-B03PO/T-803PL) OK

OK

OK

Reactor Vessel (Core) Inlet 527.2 2 9 F OK
Ten.nerature (T-(X)3P)

Core how Rate (F_003P) 51.54 2 0.55 lbm/sec. OK

Cold-Leg Flow Rate 12.85 2 0.22 lbm/sec. OK
(F_A0lP/F A02P/F_B0lP/

OKF_B02P)

Accepted, avg. k>op B flow is
13.01 lbm/sec.

OK

Downcomer-Upper Head 0.4020.11 lbm/sec. OK
Bypass Flow Rate (F_014P)

Pressurizer Level (L_010P) 12.24 21.25 ft.. OK

Accumulator level 7.55 2 0.36 ft. OK
(L_A20E/L_B20E)

OK

Accumulator Water 6819"F OK
Temperature (T-A22E/
T-B22E) OK

Accumulator Pressure 711 14.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L_060E) 27.9 2 0.32 ft. _ __ OK

'4893.7 kW before time 0.

I
I

O
!

1
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r~s TABLE B 14 (Cont.)
( ) COMPARISON OF SPECIFIED AND ACTUAL TFST CONDITIONS FOR S01613
w/

Condition (Instruments) Specified Actual Commentof

IRWST Water Temperature 68 t 9 F
- -

OK
(T-063E)

PRHR Supply Line 242.6 * 45'F OK
Temperature (T-A82E)

Upper Head Average 511 t 9 F Accepted. Facility design limits
!

Temperature (T-016P) maximum temperature to 5 cold
leg temperature.

l

PR to CMT Balance Line M4 45"F N/A I

Tempera ure (T-A28P/
T-B28P) N/A

Cold-Leg Balance Line 453 2 9 F Accepted. Sufficient to ensure
Temperature initiation of natural circulation
(T-AI42PL/r-B142PL) flow.

Accepted. Sufficient to ensure
initiation of natural circulation
flow. |

CMT Level (L_A40E/ 20.5 ft 2 0.1 ft. OK
A L_B40E)

OKV _ |

CMT Temperature 68 2 9 F OK
(T-A411E/T-B41]E)

OK

Steam Generator Level 4.92 0.49 ft. OK
(L_A20S/L_B20S)

OK

Steam Generator MFW 432 213 F OK
Temperature (T-A0IS/T-BOIS)

OK

Steam Generator Pressure 7112 29 psia OK
(P-ANS/P-BNS)

_ _
OK

,

eO
V
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TABLE B 15
COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01703

Condition (Instruments) Specified Actual . (s.h,c) Comment

Rod Power (W-00P) 4980 2100 kW'
- -

OK

Pressurizer Pressure (P-027P) 2245 2 29 psia OK

Average Hot-leg Temperature 603.3 2 9 F OK
(T-A03POff-A03PU
T-B03PO/T-B03PL) OK

OK

OK

Reactor Vessel (Core) Inlet 538.0 2 9 F OK
Temperature (T-003P)

Core Flow Rate (F_003P) 51.59 U.55 lbm/sec. OK

Cold-Leg Flow Rate 12.90 0.22 lbm/sec. OK
(F._A0l P/F_A02P/F_B0lP/
F_B02P) OK

OK

OK

Downcomer Upper-Head 0.40 t 0.11 lbm/sec. OK
Bypass Flow Rate (F 014P)

Pressurizer Level (L_010P) 12.63 21.25 ft.. OK

Accumulator Ixvel 7.55 2 0.36 ft. OK
(L_A20E/L_B20E)

OK

Accumulator Water 69 2 9 F OK
Temperature (T-A22E/
T-B22E) Accepted

Accumulator Pressurr 711114.5 psia OK
(P-A20E/P-B20E)

OK

IRWST Level (L_060E) 27.9 2 0.33 ft. _ OK

'4893.7 kW before time 0.

O
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TABLE B 15 (Cont.) ;

COMPARISON OF SPECIFIED AND ACTUAL TEST CONDITIONS FOR S01703 j
|

Condition (Instruments) Specified Actual Comment |
*

g,g

IRWST Water Temperature 74.7 2 9 F
- ~~

Accepted

(T-063E)

PRIIR Supply Line 230.5122.5'F OK
Temperature (T-A82E)

Upper-Head Average 519.8 9F OK
Temperature (T-016P)

PR to CMT Balance Line 644 t 45 F N/A
Temperature (T-A28P/
T-B28P) N/A.,

t

Cold-Leg Balance Line 428 9F Accepted. Sufficient to ensure
Temperature initiation of natural circulation
(T-A142PL/T-B142PL) flow.

Accepted. Sufficient to ensure
initiation of natural circulation
flow.

.

CMT Level (L_A40E/ 20.5 ft.10.1 ft. OK
L_B40E)

OK

CMT Temperature 69.819 F Accepted
(T-A41? Efr-B411E)

Accepted

Steam Generator Level 4.1 0.49 ft. OK
(L_A20S/L_B20S)

OK
i

Stearn Generator MFW 446 212.6*F OK >

Temperature (T-AOIS/T-BOIS)
OK

Steam Generator Pressure 696129 psia OK ,

(P-ANS/P-BNS)
_ OK

;

t

a

;

'

O
!

i
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The data plots are found in the proprietary version of this document.
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APPENDIX C. !
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SPES-2 INSTRUMENT LIST -;.
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- . _ _ . .. .. .
.

C-1 Explanation of the Instrument Plant Code

Each instrument has been identified by means of a plant code (TAG) as:

X - WNYZ

'Ihe letters X, W, N Y, Z have the following meaning:

X = Physical Parameter Y = Plant System Identifier

DE = density P = primary system
_

DP = differential pressure S = secondary system

F = flow rate E = primary emergency system
I = electrical current A = auxiliary system
IF = integral flow rate
L = level Z = Special Tac

P = absolute pressure
S = speed E = external
T = fluid temperature Eli = external high position
TW = wall temperature EL = external low position
V = voltage EM = external medium position
W = electric power 11 = from the top
Z = valve position 1 = internal

L = from the bottom
W = Loop Identifier O = horizontal

0-C = open/close
A = loop with pressurizer V = vertical
B = loop without pressurizer NUMBER = power channel heated rod
0 = component / circuit belonging to number

both loops A.B.C. = gammadensitometer beam

identifier

N = Measurement Tae Number
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C-2 Instrument List Explanation

he main characteristics of the instmments are reported in Table C-1. The columns have the

following meaning:

PLANT CODE SPES-2 instrument identification code

INSTRUMENT TYPE Type ofinstrument used for the measurement

LOCATION Position of the instmment in the plant

MANUFACTURER instrument manufacturer

MODEL Instrument model

SIET CODE SIET instrument identification code

SPAN Instmment span

M.U. Engineering unit of the physical measurement

h licight difference between pressure tap and instrument for

absolute pressure measurement, pressure tap elevation difference

for differential pressure (dP) measurement (m)

K( *) Instrument hydraulic head = pu, * g * h (kPa)

M(*) Instrument conversion constant (M.U. / mV) or (UNI 7938,

UNI 7937) conversion matrix for thermocouples and

thermoresistances
1

Q Additional instrument constant (M.U.)

MANU. ACCURACY Instrument accuracy given by manufacturer in percent or in
engineering unit

|

O
(*) Ftv differennal pressure (dP) transnuners, the sign type (poss6ve or nega6ve) of these parameters depends on the instrument instalianon

on the plant.

mAmp60mit,25=Wc.non:Hv040105 C-4



The main characteristics of the Venturi tubes and of the orifices used to measure the SPES-2 flow

( ) rates are reported in Table C-2. The columns have the following meaning:
\J

TAG SPES 2 instrument identification code
,

D Pipe inside diameter (mm)

d Nozzle throat diameter (mm)

2a, Calibrated or calculated nozzle flux coefficient (m )

2Aa, Maximum error of the nozzle flux coefficient (t m )

2ca, Standard deviation of the nozzle flux coefficient ( m)

TYPE Type of the nozzle

f
(

r
t

\
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" TABLE C-1

> SPES-2 INSTRUMENT LLST
~

ntAw-
PLANT SIET b K M Q ACC1' RACY
CODE INSTRL' MENT I,0 CATION SMNITACTt'RER MODEL (TMIE SPAN SLLL tml ikPat St.I'JtaV) ole) i

p DE401PA Venturi /DP-Transa Break line GAMMATOM AM den 01 1 : 1000 kg/m' - - 0.125 -123.68 5%
8
88 DE40lI% Gannaden. Break line GAMMATOM AM DE001 1 : 1000 kg/m' - - 0.125 -123.68 5%
-

f ka m' - - 0.125 -123.68 5%DE-030PA Gammadea ADS-1,-2,-3 header GAMMATOM CS DE002 1 : 1000 r

~ DE430I3 Gammadea ADS-1,-2.-3 header GAMMATOM CS DE002 1 : 1000 kg/m' - - 0 125 -12168 5%

DE430PC Gammaden. ADS-1.-2,-3 header GAmtATOM CS DE002 1 : 1000 kg/m' - 0.125 -123.68 5%

DE440PA Garrinaden. ADS-4 header GAMMATOM CS D0003 1 : 1000 kghn' - 0.125 -123.68 5%

DE-040FS Ganansdea ADS-4 header GAMMATOM CS DE003 1 : 1000 kg/m' - - 0.125 -123.6E 5%

DE-040lt Gammaden. ADS-4 header GAMMATOM CS DE003 1 : 1000 kg/m' - - 0.125 -12168 5%

DE-A0lPA Gammades HI A GAMMA 1UM CS DE-004 1 : 1000 kg/m' - - 0.125 -123.68 5%

DE A0lPB Gammades fileA GAMMATOM CS DE404 1 : 1000 kg/m' - - 0.125 -123.68 5%

DE-A0llt Gammaden. fileA GANLMATOM CS DE-004 1 : 1000 kg/m' - - 0.125 -123.68 5%

O DP-00rE Dp . Transd DVI-A/DVI-B SENSOTEC Z/1901-12 TSD 038 -34 : 34 kPa 0 0 1.7647 0.21194 0.25 %

DP40np pp. Trsasm It riser IIONEYwn l SID130 TMD 110 -60 : 60 kPa 441 43.551 0.03 46.449 0.10 %

DP-001P DP - Transa PC tubular DC llONEY%T11 STD120 TMD 057 0 : 100 kPa 2.555 -25.05 0.025 -50.05 0.10%

DP.002P DP - Transa IC subular DC llONEY%UL STD120 TMD 068 0 : 100 kPa 2.71 -26.576 0.025 -51.576 0.10 %

DP-001P DP - Transa DC la!ct/IC LP IlONEYHH L STD120 TMD 053 0 : 70 kPa 0.242 -2.373 0.0175 -19.873 0.10%

DP-004P DP-T-asa PC LP llONEY%TIL STD120 TMD 114 -30 : 30 kPa 0.932 9.14 -0.015 54 14 0.10%

DP405P DP - Transa PC river IIONEY%TIL STD120 TMD 120 -20 : 20 kPa 0.741 7.27 -0.01 37.27 0.10 %

DP-OllP DP - Transm PC riser IIONEY%H.1 STD120 TMD 121 15 : 35 kPa 1.48 14.514 0.0125 -12.986 0.10 %

DP-012P DP - Transm PC riser llONEYDH L STD120 TMD itt 15 : 35 kPa 1.11 10.885 0.0125 -16.615 0.10%

DP-013P DP - Transa PC riser IlONEY%TIL STD120 TMD 189 -15 : 35 kPs 1.11 10 885 0.0125 -16.615 0.10 %

DP-014P DP - Transa PC riser flONEY%HL STD120 TMD 127 -10: 10 kPa 0865 8.679 0.005 -6.321 0.10 %

DP-017P DP - Transa PC Ull IIONEY%EL STD120 TMD 122 0 : 50 kPa 1.889 -18325 0.0125 -31.025 0.10 %

DP 01BP DP - Transa til A/SL llONEY%H L STD120 TMD 129 -10: 10 kPa 0.899 8.816 0.005 -6.184 0.10%

DP.019P DP - Transm SL IfONEYWHL S1D120 TMD l40 -25 : 25 kPa 0.741 7.267 -0 0125 44.767 0.10 %

O O O
--
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g TABLE C-1
g SPES-2 INSTRUMENT LIST (Cont.)
-

g MANU.
g PLANT SIET la K M Q ACC1' RACY

CODE INSTRUMENT LOCATION hlANLTAcitRER MODEL CODE SPAN hlU. (m) (kPa) (%1.U/mV) 1%LU.) +

p DP-020P DP - Transa SL HONEY %'E11 STD120 ntD 085 50 : 50 kPa 3.426 33.598 -0.025 108.598 0.10 %
8
R DP-021P DP - Tramn PR IIONEYHT11 STD120 B1D 047 -20 : 20 kPa 1.444 14.161 4.01 4 .161 0.10 %
.

DP-022P DP - Transa PR HONEY %T1L STD120 ntD 076 -] : 20 kPa 1444 14 161 -0.01 44161 0.10 %

- DP.023P DP - Transa PR IIONEY%ILL STD120 BID 073 -20 : 20 kPa 1.444 14.161 0.01 44.161 0.10 %

DP424P DP - Transa PR HONEY %TIL STD120 BtD 074 -20 : 20 kPa 1.444 14.161 -0.01 44.161 0 10 %

DP425P DP - Transa PR HONEY %TLL STD120 TMDI41 -10 : 10 Wa 0.43 4.217 -0.005 19.217 0.10%

DP-026P DP - Transa PR HONEY %T1L STD120 BID 034 -10 : 10 kPa 0.32 3.138 -0.005 18.138 0.10 %

DP-027P DP - Transa PR llONEY%TIL STD120 ntD 036 -10 : 10 kPa 0.235 2.305 -0.005 17.305 0.10 %

DP-041P DP - Trend CleAX/BI SEN50TEC Z/1901-12 TSD G40 -34 : 34 kPa 0 0 L7533 0.45007 0.25 %

DP-042P DP - Transd C1,A2/B2 SENSOTEC Z/1901-12 TSD 941 -34 : 34 kPa 0 0 1.7371 I.45048 0.25 %

DP-00P DP - Transd CT Bt/B2 SENSOTIC A.5/1901-12 TSD 042 -34 : 34 kPa 0 0 1.7975 -0.256? 0.25 %

O DP-044P DP - Transd GeA1/A2 SENSOTEC Z/1901-12 TSD 039 -34 : 34 kPa 0 0 1.7599 0.13164 0.25 %

DP-A00!P DP - Transa Cl- Al ilONEY%Ill STD120 BtD 124 0 : 50 kPa 1.051 -10.297 0.0125 -22.797 0.10%

DP-An02P DP - Tramn Cl-A2 HONEY %Til STD120 TMD 126 0 : 50 kPa 1.051 -10.297 0.0125 -22.797 0.10%

DP-A00P DP - Tramn PCP-A IlONEY%Ill STD130 BtD 132 0 : 700 kPa 0.339 -3.325 -0.175 171.675 0.10 %

DP-AnOS DP - Transa SG-A baffle GOULD PD3000-030 BID 029 -2.5 : 2.5 kPa 0 0 0.00125 -3.75 0.25 %

DP-A0llP DP - Transa Cl Al HONEY %ILL STD120 TMD 046 -25 : 25 kPa 0 0 0.0125 -37.5 kl0%

DP. A012P DP - Transa GeA2 IIONEY%ILL STD120 ntD 043 -25 : 25 kPa 0 0 0.0125 -37.* 0.10 %

DP- A015 DP - Trnnan SG- A riser GOULD PD3000'200 TMD1% 0 : 50 kPa 3.98 39.03 -0.0125 51.53 - 0.25%

DP-A021P DP - Tramn Cl Al/PC DC llONEY%ILL STD120 TMD 138 0 : 70 kPa 1.245 -12.209 0 0175 -29.709 0.10 %

DP-A022P DP - Transn CL-A2/PC DC IIONEYDT11 STD120 TMD 039 0 : 70 kPa 1.245 -12.209 0.0175 -29.709 0.10 %

DP-A025 DP - Transa SG- A riser IIONEY%Til STD120 TMD 054 0 : 70 kPa 6.5 63.743 -0.0175 81.243 0.10 %

DP.A03P DP - hansa SG-A in/out IIONEYHT11 STD130 ntD 055 -100 : 400 kPa 0 0 0.125 -225 0.10 %

DP A335 DP - Trama SG-A serarator IIONEY%TIL STD120 TMD 087 -50 : 50 kPa 3.2 31.381 -0.025 106.381 0.10%

DP- ANP DP - Transa HI A IIONEY%ILL STD120 TMD 115 40 : 60 kPa 3.603 35.334 0.025 -29.666 0.10 %

. _ _ . _ , . _ . _ _ _ _ . . _ _ - _ _ , ._ _ __ _ ~ _ . . _ _ . . _ _ _ _ _ _ _ _
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# TABLE C-1) SPES-2 INSTRUMENT LIST (Cont.)
E
y AL%NU.
, PLANT SIET h K M Q ACCTRACYg (UDE INSTRL3fENT LOCATION %L4NITACITRER MODEL CUDE SPAN %LU. (un) (kPal 61.UJmV) SLLLI 1
5 DP-A045 DP - Transm. SG. A separator SalLtJMBERGER BD*GA-3 BtD 013 -10 : 10 kPa 0 675 6 619 -0 005 21.619 0.2%
R
= DP-A05P DP - Transa U-nee SG-A IIONEY%Ill STD130 TMD 037 -60 : 120 kPa 5 125 50.2575 0.045 -54.74 0.10 %

DP A05S DP - Transa SG-A dryers llONEY%TLL S E 120 TMD 056 0:10 kPa 0.69 6.766 -0.0025 9 266 0.10%$
DP-An6P DP - Transa U-ahe SG-A IIONEY%T11 STD120 B O 113 -40 : 60 kPs 3.75 % 775 0.025 -28.225 0.10%

DP-A%S DP - Transa SG- A riser GOULD ID300M00 B1D 199 0 : 30 kPa 2 15 21.084 4.0075 28.584 0.25 %

DP-A07P DP - Transa U-tube SG-A IlONEY%T11 STD120 TMD 081 40: 70 kPa 3.75 -36.775 0.025 -91.775 0.10 %

DP A08P DP - Transa U-tube SG-A liONTY%T11 STD?lo UtD 105 -60 : 100 kPa 5.125 -50.259 0.M -150.26 0 10 %

DP- An9p DP . Transa PS-A IlONEY%ILL STD120 DtD il6 0 : 100 kPa 1.768 -17.338 0.025 42.338 0.10%

DP-AISP DP - Transa IC t'P/Ill, A liONEY%Til STD120 TMD 048 -15 : 15 kPa 1.014 9 M4 0 0075 -12 556 0.10 %

DP.A16P DP - Transm IG A/PC UP IlONTYDT11 STD120 UtD 049 0 : 20 kPa 0.666 -6.5 0.005 -11.531 0.10%

DP- A20E DP - Treesm AT- A imi. line IIONEYDT11 STD130 Th O 104 -50 : 200 kPa 3.M 32.754 0.0625 -79.746 0.10 %

O DP. A28P DP - Transa GR-A PR bal. line IIONEY%Ill STD130 BtD 107 0 : 100 kPa 4.637 -45 47 0.025 -70.47 0.10%

DP- Adr'E DP - Transa GR- A ini. line IIONEY%Ill STD130 UtD 093 -25 : 105 kPa 2.615 -25.644 0.0325 -83.144 0.10%

DP- A41E DP - Tramm G R-A 110NTY%T1L STD120 ntD 139 0 : 18 U's 1.555 15.249 -0 0045 19.749 0.10 %

DP- A42E DP - Transa G R-A IlONEYHT11 STD120 TMD 040 0:18 kPa 1.555 15.249 -0.0N5 19.749 0.10%

DP- A43E DP - Transa G R-A llONEY%T11 STD120 nm 052 0 : 18 LPa 1.555 15.249 -0.0045 19.749 0.10 %

DP-AS4E DP - Transa G R-A IIONEYHT1L STD120 TMD 062 0:18 kPa 1.555 15.249 -0.0045 19.749 0.10 %

DP. A45 E DP - Transa GR-A CL+at line 110NEY%I11 STD120 ntD 063 -20 : 80 kPa 7.225 90 853 0.025 115.853 0.10 %

DP- A6t E DP - Transa IRWST ini. line A IlONEY%TIL STD120 TMD 117 0 : 100 kPa 1.015 -9.954 0 025 -34.954 0.10 %

DP- ASI AE DP - Transa PRitR Supply Line IlONEY%111 STD120 D1D 032 -50 : 50 kPa 2.629 25.782 0.025 -49.218 0.10 %

DP- A81BE DP - Transa ITdlR Surply Line 110NEYRT11 STD130 B1D 099 -50 : 50 kPa 2.629 -25.782 0.025 -100.78 0 10 %

DP-AB1E DP - Transa PRIIR supply line IIONEY%T21 STD120 B1D 188 -20 : 80 kPa 8.006 78.512 4 025 123.512 0.10%

DP-A82E DP - Transm PRIIR ouphet. IlONEY%Til STD120 TMD 066 -40 : 60 kPa 5.38 -52.76 0.025 -117.76 0.10 %

DP- A83E DP - Transa PRIIR return line llONEY%T11 STD120 B1D 041 0 : 50 kPa 1.13 -11.082 0.0125 -23.582 0.10 %

DP-B00lP DP - Transa C1 Bt IIONEY%'E11 STD120 BtD 080 0 : 50 kPa 1.051 -10.297 0.0125 -22.797 0.10 %

O O O
- - - - - - -
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g TABLE C-1
g SPES-2 INSTRUMENT LIST (Cont.)

I htANif.
g PLANT SIET h K %f Q Aft 1' RACY

RIDE INSTRI? MENT LOCATION MANI.TACTt:RER %f0 DEL G)DE SPAN M U. (ml dra) 61 UJumV) 0111-) +

p DP.Bno:p De . Tramn Cl B2 IIONEYHTIL STD120 TMD 069 0 : 50 Wa 1.051 -10.297 0.0125 -22.797 0.10%
7
N DP-BoDP DP - Tramn PCPB llONEY%Ill STD130 BID 133 0 : 700 kPa 0.339 -3.325 -0.175 171.675 0.10 %

DP B005 DP - Transa SG-B baffle GOL.1D PD3nno 030-12 TMD 225 -2.5 : 2.5 kPa 0 0 0.00125 -3.75 0.25 %' 5 \

$ DP BollP DP - Tramm G B1 IIONTY%Ill STD120 TMD071 -25 : 25 kPa 0 0 0.0125 -37.5 0.10 % )m
i

DP. B012P DP - Transa G B2 IIONEY%TIL STD120 TMD 072 -25 : 25 kPa 0 0 0.0125 -37.5 0.10 %

DP-Bot S DP - Trarsm SG B riser YOKOGAWA EJ110 TMD 205 0:50 kPa 3 98 39.03 -o 0125 51.53 0.25 %

DP-B021P DP - Transm Cl B1/IT DC llONEY%TIL STD120 nG) 051 0 : 70 kPa 1.245 -!2.209 00175 -29.709 0.10 %

DP-8022P DP - Transa C1,B2,TC DC IIONEYwT11 STD120 nG) 061 0:70 kPa 1245 12.200 0.0175 -29.709 0.10 %

DP-B025 DP - Transm SGB rmer IIONEYuT11 STD120 ntD 060 0 : 70 kPa 6.5 63 743 -0.0175 81.243 0.10 %

DP.B03P DP - Transa SG-B in/out IIONEY%T11 STD130 TMD ing -100 : 400 kPa 0 0 0.125 -225 0.10%

DP-B035 DP - Transa SG-B separstre IIONEYHT11 STD120 ntD 086 -50 : 50 kPa 3. 2 41.381 -0.025 106 381 0.10%

O DP Bn4P DP - Transa Ill A IlONEYHT11 51D120 TMD 050 -40 : 60 kPa 3 603 45.3M 0.025 -29.666 0.10 % l

| DP-Bo4s DP - Transa SC-B serarstar floNEY%III STD120 TMD 088 -10 : 10 kPa 0.675 9.9525 -0.005 21.619 0.10 %

DP-P ,$P DP - Transa U-tube SG-B IIONEY%Til STD130 ntD 131 -60: 120 kPa 5.125 -9.741 0.045 -54.741 0.10 %

DP-B055 DP - Transm SG-B dryers GOLID PD3000-200 B1D 144 0 : 10 kPa 0.69 2.766 -0.0025 9 266 0.25 %

DP-BrMP DP - Transa U-tube SG-B llONEY%TIL STD120 B1D 089 -40 : 60 kPa 3.75 -3.225 0.025 -28.225 0.10 %

DP B065 DP - Transa SG-B riser GOllD PD3000 200 TMD 154 0 : 30 kPa 2.15 21.084 -0.0075 28.584 0.25 %

DP Bn7P DP - Transu U-tube SG-B IIONEY%Ill STD120 BfD 084 -30 : 70 kPa 3.75 -36.775 0.025 -91.775 0.10 %

DP-B08P DP - Transa U-tube SG-B llONEY%T11 STD130 B1D In6 -60 : 100 kPa 5.125 -50.250 0.04 -150.26 0.10%

DP B09P DP - Transa ISB IIONEY%TIL STV120 TMD 119 0 : 100 kPa 1.76 8 -17.338 0.025 -42.338 0.10 %

DP-B15P DP - Transa IGeB/IC UP llONEY%Ill STD120 ntD 075 -15 : 15 kPa 1.014 9.944 0.0075 -12.556 0 10 %

DP-B16P DP - Transa In B,TC UP IIONEY%TIL STD120 TMD 137 0 : 20 kPa 0.666 4.531 0.005 -11.53 t 0.10 %

DP-B20E DP - Transa ACC-B inj. line IIONEY%Til STD130 TMD 097 -50 : 200 kPa 3.34 32.754 0.0625 -79.746 0.10 %

DP-B28P DP - Transa CMT-B PR bai. line llONEY%T11 STD120 TMD 143 0 : 100 kPa 4.637 -45.47 0.025 -70.47 0.10 %

DP-Bane DP - Tramm C%ma inj. line ilONEY%LL STD130 DID 098 -25 : 105 kPa 2.615 -25.644 0 0325 -83.144 0.10 %

________________._______;
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TABLE C-1
SPES-2 INSTRUMENT LL5T (Cont.),

2
g M.6 U.
g PLANT S!ET h K M Q ACCURACY

{ CODE INSTRDTENT LOCATTON %t6tTAC"ITRER MODEL CODE SPAN htU. (m) (kPa) (M.0/mV) (M U.) +

h DP-B41E DP - Transa CMT-B IIONEY%TLL STD120 ThE) 090 0:18 kPa 1.555 15.249 -0.0045 19.749 0.10 %

DP-B42E DP - Tranam CMT-B llONEYWELL STD120 TMD 130 0:I8 LPa t.555 15.249 -0.0045 19.749 0.10 %
v DP B4'lE DP - Transa CMT-B flONEY%H L STV120 TMD 091 0:18 kPa 1.555 15.249 0.0045 19.749 0.10%g

DP B44E Dr - Transa 0%ft'-B flONEY%UL STD120 TMD 038 0 : I8 kPa 1.555 15.249 -0.0045 19 749 0.10 %

DP B45E DP - Transa CNfr-B Cl bal. hne llONEY%TLL STD120 ThE) 042 - 20 : 80 kPa 7.225 70 853 -0.025 115.853 0.10 %

DP B6tE DP - Transa IRWST inj. line B SCl{LUMBERGFR BTBFN A3 TMD 016 0 : 100 kPa 1.015 -9 954 0 025 -M 954 0.25 %

FelBP V emurVDP.Transa IlONEY%Til STD120 TMD 142 0: 40 kPa 0 0 0.01 -10 0.10%

F-On t BS Vemuri/DP-Transm. IlONEY%HL STD624 TMD 230 0 : 20 kPa 0 0 0.005 -5 0.10 %

F-001 A DP-Transa CVS BALEY BC2521515 BID IM 0 : 30 kPa 0 0 0.0075 -75 0.10 %

F-002P Turbine it tutvlar DC CENG r - N/A dmW - - 0.007 -0.00M7 0.1%

F@v VenturbDP-Transa PC tubular DC llONEY%H L STD120 n1D 082 0:80 kPa 0.161 -I.578 0.02 -21.574 0.10 %

F-001P VesurVDP-Trsesa PC tuimlar DC IIONEYHUL STD120 TMD 082 0:6 kPa 0.161 -1.578 0.0015 -3.103 0.10 %

C F n05P Ttrbine Break hne CING 2" - N/A dmh - - 0.0066 -0.0066 0.1%

F-014P Venturi /DP-Transm. DC-Ull hypass IIONEY%U1 STD120 DID 112 0 : 100 kPa 0.057 0.559 0.025 -24 441 0.10 %

F-015P Turbine SL CENG l.5" - N/A dm3A - - 0.00038 A 3725 0.1%

F-030P Turbine ADS-1.-2,-3 header M1 3" - N/A - - - - - 0.1%

F4 rP Twbine ADS-4 header CTNG 3* - N/A dm3A - - 1 0 0.1%

F-A00E Orifice /DP-Transa NRIIR A IlONEY%HL STD130 TMD 035 0 : 700 kPa 0 0 0.175 -175 0.10 %

F-A01 P VenturVDP-Transa Cl Al IIONEY%HL STD120 TMD 077 0 : 60 kPa 0 0 0.015 -15 0.10 %

F-A0l P VenturVDP-Transa Cl Al llONEY%H L STD120 TMD 077 0:5 kPa 0 0 0.00125 -1.2588 0.10 %

F- A015 Orifice /DP-Transa MFW-A IIONEY%TIL STD130 TMD 095 0 : 250 kPa 0 0 0.0625 -62.5 0.10%

F A02P VenturVDP-Transm. CT A2 flONEY%HL STD120 BID 078 0:5 kPa 0 0 0 00125 1.2483 0.10%

F A02P VenturVDP-Transa CT A2 ItONEY%U1 STD120 TMD 078 0 : 60 kPa 0 0 0.015 -13 0.10 %

F-A02S Veoruri/DP-Transa SG-ADC SCIILUMBERGER BTBF5GA-3 TMD 202 0 : 100 kPa 0.085 -0 834 0.025 -25.8M 0.25 %

F-A035 Venturi,UP-Traesa SG-ADC YOKOGAWA FJ110 TMD 200 0 : 100 kPa 0.085 -0.8 M 0.025 -25 8M 0.25 %

O O O
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/ TAHLE C-1

SPES-2 INSTRUMENT LIST (Cont-)
-_

{ %MNU.
g PLANT SIET h K M Q ACCURACY
g CODE INSTRUMENT LOCATION MANETACITRER MODEL CI)DE SPAN M.U. tant (kPal (M U.haV) 01114 +

| [ I-04P Shunt Powa b ber CGE A 12000 DCPO4 0 : 10n00 A . - 120.43 0 0.20 %
T
N 145P Shunt Poww bber CUE A.120n0 DCP05 0 : 100n0 A - - 120.6 0 0.20 %

l-0AP Shunt Ibwer busbar TAMINI A.3n000 DCpn6 0 : 30n00 A - 310 824 0 0.20 %

l-AIP Ammerer ITP-A SCS - - -140: 140 A - - 0 028 0 -

I-BIP Anrneter ITP-B SCS - - -140 : 140 A - - 0,028 0 -

IF005P Catch tank Break line BCS Zion 0 GTT02 0 : 14n0 kB - - 153.152 -550 0.10 %

IF03T CA tank ADS-1.-2.-3 header BCS ZION O TT01 0 : 1400 kg - - 150.141 -550 0.10%

IINOP Catch tank ADS 4 header BCS Zin00 CITTC) 0 : 14n0 kg - . 151924 -550 0.10 %

IA10P DP - Trsran PR IlONEY%T1L STDI30 TMD 092 0 : 66.3 kPa 6.206 60.8526 -0.01658 77.4126 0.10 4

1060E DP - Transm IRWST IIONTY%II.1 STD120 TMD 083 0 : 100 kPa 8.75 85.8 0.025 110 8 0.10%

L A105 DP - Trama SG-A IIONEY%Til STD130 TMD IOO 0:IMI6 kPa 13.68 134 155 -0.03354 167.695 0.10 %

1 A20E DP - Transm ACC-A IIONEY%T11 STD120 TMD 067 0 : 70 kPa 2.5% -22.143 0.0175 -39.643 0.10%

N 1 A20S DP - Transa SG- A IlONEY%TIL STD120 TMD 058 0 : 26.09 kPa 2.66 26.088 -0.00652 32.608 0.10 %

tea 40E DP - Transa GfT-A IlONEY%T11 STD120 TMD 059 0 : 61 kPs 6.22 60.997 -0 01525 76.247 0.10 %

1 BIOS DP - Transa SCeB IIONEY%ILL STD130 TMD 101 0 : IR16 kPa 13.68 134 155 -0.03354 167.695 0.10%

L-B nE DP - Transa ACC-B IIONEY%Til STD120 TMD 044 0 : 70 kPa 25% -22.143 0.0175 -39 643 0.10%

L-B 205 DP - Transa SG-B IlONEY%Ill STD130 TMD 103 0: 26.09 kPa 2.66 26.108 -00065 32.608 0.10 %

l B40E DP - Transa oft-B IIONEY%Ill STD120 TMD 070 0 : 61 kPa 6.22 60.997 -c.01525 76.247 0.10 %

P.00lP P transmitter PC tubular DC 110NEY%T11 STGl80 TMR 065 0.1 : 20.1 MPa 1.755 -17.211 0.005 -4 9172 0.10'4

PAO?P P transmitter ADS-1.-2.-3 header ilONEY%TIL STG180 TMR ct2 0.1 : 20.1 MPa 11.34 -111.178 0 005 -3.0112 0.10 %

P417P P transmitter PC Ull llONEY%Ill STG180 TMR 047 0.1 : 20.t MPa 8.426 -82.631 0.005 -4.9826 0.10 4

P.027P P transmitter PR llONEY%TIL STG180 TMR 051 0.1 : 20.1 MPa 8.299 -81.385 0.005 4 9814 0.10 %,

P-03& P transmitter ADS-l.-2.-3 header ROSDifRNT IAP6E22MB TMA 042 100 : 800 kPa 10.74 { -105.294 0.175 -180.3 0.25 %

P-os0P P transmitter ADS-4 header ROSEMOUNT I AP6E22MB TMA 413 100 : 800 kPa 8.6* -84.729 0.175 -159.73 0.25 %

P A015 P transmitter MFW-A IIONEYuTIL STG180 TMR 058 0.1 : 10.1 MPa 8 858 -86 867 0.0025 -2.4869 0.10%

O O O
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b P-A04P P transm ter IILA flONEY%11L STG180 BIR 419 0.1 : 20.1 MPa 8674 -85 063 0.005 -4 9871 0.10%a

8
ss P- A045 P transmeter MSI,A IlONEY%II.1 STG180 htR 055 0.1 : 10.1 MPs 9.783 05.938 0.0025 -2.4959 0.10%

5 P-A20E P trammitter A T-A IIONEY%T11 STG180 BIR 064 0.1 : 10.1 MPs 3.865 -37.903 0.0025 -2.43N 0.10 %g
-- P A40A P transmitter CMT.A SGILUMBERGER BDtPlGA2 TMR 076 0.1 : 10.1 MPa 0 0 0.0025 -2.4 0.10 %

P A40E P transmitter CMT.A IlOSTYHTLL STGISO TMR 4t8 r;.1 : 20.1 MPa 4.102 -40.227 0.005 -4.9402 0.10 %

P.BOIS P transmitter Mlv-B IIONTY%Ill STG180 BtR 059 0.1 : 10.1 MPa 8.458 -82.945 0.0025 -2.4829 0.10%

P B04P P transmnter IG B If0NEY%T11 STG180 TMR 050 0.1 : 20.1 MPa 9.074 -88.986 0.005 -4.9879 0.10 %

P.B045 P transmmer MSIB IlONEYRTti STGIBO BtR 062 0.1 : 10.1 MPa 9.783 95.938 0 0025 -2.4959 0.10%

P-B20E P transmitter ACC-B IIONEYRT11 STG180 B1R 054 0.1 : 10.1 MPs 4.265 -41.825 0.0025 -2.4418 0.10 %

P-B40A P transmitter CMT-D SGILUMBERGER BBtNIGA2 BfR 069 0.1 : 10.I MPa 0 0 0.0025 -2.4 0.10%

P-B4nE P transmitter CMT-B IIONEY%Ill STG180 htR 057 0.1 : 20.1 MPs 3 302 -32.382 0.005 -4.9324 0.10 %

S-AIP Tachymeter PCP-A RADIOENERGIE REO444N1 a v. -6000 : 6000 RPM - - 1.2075 8.18187 1.5%

W S-BIP Tachymeter PCP-B RADIOEATRGIE REO444N1 a v. -6000 : 6000 RPM - - 1.1749 9.60263 L5%

T401 A K thermocouple CVCS NUOVA 1TRhDCS ANSI MC96.1 TCK 405 50 : 400 T - - I N 7938 - ANSI SPEG AL

T401B K thermocouple BREAK llNE NUOVA 1TRMICS ANSI MC961 TCK 411 50 :400 T - - L N 7938 - ANSI SWG AL

T.00l P K thermncouple PC tubular DC NUOVA TERMICS ANSI MC96.1 TCK 320 50 : 400 T - - I N 7938 - >LNSI SPEGAL

T40llit K thermocouple It tubular DC NUOVA TIRhBCS ANSI MC96.I TCK 332 50 : 400 T - - UNI 7938 - ANSI SITGAL

T 00 lit. K thermocouple it tubular DC NUOVA TERhDCS ANSI MC96.1 TCK 331 50 :400 T - - I N 7938 - ANSI SPECI AL

T402P K thermocouple It tubular DC NUOVA TERMICS ANSI MC96.1 TCK 369 50 : 400 T - - t M 7938 - ANSI SPECI AL

T403P K thermocouple IT tubular DC NUDVA 1TRMICS ANSI MC96.1 TCK 361 50 :400 T - - US17938 - ANSI SPECIAL

T403Pli K thermoccuple PC tubular DC NUOVA 1TRh0CS ANSI MC96.1 TCK 334 50 : 400 T - - UNI 7938 - ANSI SPEC 1 AL

T40311- K thermocourte PC tubular DC NUOVA TERMICS ANSI MC961 TCK 333 50 :400 T - - UNI 7938 - ANSI SPEG AL

Te4P K thermocouple PC LP NUOVA TERMICS ANSI MC9&l TCK 366 50 :400 T - - L N 7938 - ANSI SPEGAL

l T414P K thermocouple it DC-LH bypass NUOVA 1TRMICS ANSI MC96.1 TCK 367 50 : 400 T - - UNI 7938 - ANSI SPEGAL

T415P K thermocouple PC UP NUOVA TERh0CS ANSI MC96.1 TCK 429 50 : 400 T - - UNI 7938 -- ANSI SPEG AL

|
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[ T416P K thermr> couple it lli NLOVA TIRMICS ANSIh M I TU16P 50 :400 T LN 7938 - ANSI SITG AL
E
g T4tBP K thenmcowie 5L NLOVA TIRhDC5 ANSI MC96.1 TCK 4M 50:*M T - L N 7918 - ANSI SEGAL

f T419th K thenmcourle SL NIOVA TIRhDCS ANSI %KM i TCK 322 50 : Ano *C . - LN 7938 - ANSI SITGAL

T419PL K th-le SL NIUVA TTRhDCS ANSIh M I TCK 335 50 : an0 T - - I M 7948 - ANSI SEG AL

T420P K thermnecurie SL NLUVA TIRhCCS ANSIh M I TCK 323 50 :400 T - - L N 7918 - ANSI SEG AL

T421P K thermoccurie PR NUOVA TIRNUCS ANSI NKW1 TCK 451 50 : 400 *C - - L M 7938 - ANSI SITG AL

T422P K thermncourle PR NUOV A TIRMICS ANSI MCMI TCK 325 50 : 400 T - I N 7918 - ANSI SEG AL

T 023P K thermncouple PR Nt? OVA TIRhDCS ANSI %K%I TCK 326 50 :400 *C - UNI 7938 - ANSI SITG AL

T424P K thermncoupee fit NLUVA TIRhDC5 ANSI hK%I TCK 327 50 :An0 T . - I N 7938 - ANSI SPEG AL

T 025P K the-mocouple PR NUOVA TTRhBCS ANSI MC96 I TrK 328 50 : An0 T - - L M 7918 - ANSI SITCIAL

T426P K thermncourle PR NIOVA TTRhDCS ANSI hMI TCK 329 50 : an0 T - - L M 7918 - ANSI SEG AL

9 T430P K thermocouple AD5-1.-2.-3 heeder NLUVA TTRMICS ANSIhK %I TCK 330 50 : 4no T - - LN 7938 - ANSI SPECIAL

TJt31P K thermncouple ir DC NLOVA TIRhCCS ANSI hKN 1 TCK 363 50 : an0 *C - LM 7938 - ANSI SITG AL

T432P K thermncouple ITDC NtOVA TIRSUCS ANSIk N 1 TCK %0 50 : Ann *C - - L N 7938 - ANSI SEGAL

T433P K thermocouple IT DC NUOVA 1TRNUC5 ANSI AMI TCK 363 50 : an0 T - - L N 7938 - ANSI SPEG AL

T41L*P K thermncouple PC DC S10VA TTRAUCS ANSI MC96 I TLK 368 50 :400 T - - LS17938 - ANSI SITGAL

T435P K thermoccurle PC DC NUOVA TIRhDCS ANSIhK%1 TCK 370 50 :Ano T - - LM 7938 - ANSI SPEG AL

T4MP K thermneouple IC DC Nt0VA TIRhDCS ANSI AK%I TCK 371 50 :An0 *C - - LN 7938 - ANSI SITGAL

T44nP K thermneourle AD54 leader NUOVA TIRhDCS ANSI MC96.1 TCK 372 50 :400 T - - LN 7938 - ANSI SPEGAL

T441P K thermoccurie PC DC NtOVA TIRMICS ANSI MCMI TCK 373 50 : 400 *C - - L N 7938 - ANSI siTGAL

T-042P K thermoccuple IC DC NUOVA TIRhBCS ANSI MCM1 TCK 374 50 :An0 *C - - UNI 7938 - ANSI 5PECIAL

T443P K thermocouple IC DC Nt' OVA 1TR50CS ANSI MCMI TCK 375 50 :400 T - - LM 7938 - ANSI SITGAL

T44sP K thermncouple PC DC N10VA TIRhDC5 AN51 MC96.1 TCK 376 50 :400 *C - LM 7938 - ANSI slTGAL

T445P K thermncourle IC DC N10VA TIRh0C5 ANSI MCM1 TCK 377 50 : 400 *C - - LM 7938 - ANSI SPECI AL

T4465P K thermoccuple IC DC NUOV A 1TRMICS ANSIk N 1 TCK 378 50 : 400 *C - - LM 7938 - ANSI SPEG AL

O O O
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-5
n T A00E K thermocouple DVIA NUOV A IIRhUCS ANSINK M I TCK 399 50 : 400 "C - - LS1 7938 - A%I SITG AL
E
-.

T-A0llP K thermoemple CleAl NL' OVA URMICs ANSI MC96.1 TCK 380 50 : 400 T - - UNI 7938 - ANSI S!TCIALe

f T-A012P K thermncarle G A2 NLUVA HRSUCS ANSI NK'961 TCK 381 50 : ano =C - - UNI 7938 - ANSI SMGAL
- T-A0lr K thermncouple CL-A ptmp outlet NtUVA TERNUCS ANSI MC96.1 TCK 382 50 : 400 T - - UNI 7938 - ANSI SITGAL

T-A015 K thermocmple MIV-A h"UOVA 1TRMICS ANSI MC96.1 TCK 383 50 : Ano =C - - Lw17938 . ANSI SPEG AL

T-A021It K thermocnurie Cl, Al OC inlet NUOVA 1TRMICS ANSI 14.M1 TCK 384 50 :400 T - - UNI 7938 - ANSI SWG AL

T A02110 K thermoemyne G, A1/DC inlet NUOVA TIRNUCS ANSI MC96 i TCK 385 50 : Ano T - th1 7938 . ANSI SITO AL

T-A022ft K thermocouple C1 A2/ DC islet NUOVA HRAUCS ANSI MC961 1CK 386 50 : 400 "C - - UNI 7938 - ANSI SPEG AL

T-A022PO K thermnemple C1, A2/DC intet NUOV A TERNUCS ANSI MC96.1 TCK 187 50 :400 T - US1 7938 - ANSI SITGAL

T.A02E K thermnemele NRIIR A NUOVA TERNUCS ANSI MC961 TCK 388 50 : ano *C - - UNI 7938 - ANSI SPEG AL

T-A025 K thermnemple SG-AI)C NUOVA 1TRMICS ANSI MC96.1 TCK 389 50 :400 *C - - UN17938 - ANSI SITG AL

T-A031It K thermoccele deal NUOV A 11RMICS ANSI MC96.1 TCK 404 50 : Ano "C - - I'NI 7938 - ANSI SPEG AL

M T.A032it K therencmyle G A2 NPOVA TTRMICS ANSI MC96.1 TCK 403 50 : 400 T - - UNI 7938 - ANSI SEC AL

T-A0 Tit K thermocarte IR-A NUOVA ITRMICS ANSI MC96.1 TCK 390 50 : 400 *C - - UNI 7938 - ANSI SPEC 1 AL

T-A03fD K thermocowle IR A NUOVA IIRNUCS ANSI hKM1 TCK 391 50 :400 'C - - L%1 7938 - ANSI SPEG AL

T A03S K thermocouple SG- A IT NUOVA TERMICS ANSI MC961 TCK 392 50 : 400 T - - Uh17938 - ANSI SITGAL

T-An4P K thermoccurie IR A NUOVA 11RMICS ANSI MC961 TCK 193 50 : ano =C - - UNI 7938 - ANSI SPEGAL

T A04S K thermncouple MSt<A NUOV A 1TRSUCS ANSI MC96.1 TCK 394 50 :400 T - - LHI7938 - ANSI SPEGAL

T-A03P K thermocouple SG-A U-tube NUOVAITRNUCS ANSI MC96.1 T205P 50 : 400 't - - UNI 7938 - ANSI SITGAL

T- A05 S K thermocourte SG-A riser NUOVA TIRMICS ANSI MC96.1 T2055 50 : an0 T - - UNI 7938 - ANSI SEO AL

T-A06P K thermocouple SG- A U-tube NUUVA TERMICS ANSI MC96.1 T206P 50 :400 T - - UNI 7938 - ANSI SITG AL

T.A06S K thermocouple SG- A tiser NUOVA 1TRMICS ANSI MC96.1 T206S M : 400 *C - - UNI 7938 - ANSI SKGAL

T-A075 K thermocmyle SG- A riser NUOVA TTRMICS ANSI MC96.1 TCK 397 50 :400 T - - UNI 7938 - ANSI SPEG AL

T-AOSP K thermocouple SG-A U-tube NUOVAITRhUCS ANSI MC96.1 T208P 50 :400 T - - US1 7938 - ANSI SITG AL

T-An85 K thermocouple SG-A riser NUOVA HRNUCS ANSI MC96.1 T2085 50 :400 T - UNI 7938 - ANSI SrECIAL

_ .
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0 T-A99P K thermocouple SG-A U-tube NLUVA TIRSUCS ANSIMC%1 T200P 50 :400 T - - LN 7938 - ANSI SPEGAL
R

{ T-A005 K thermocouple SCrA nser NUOVA TTRMICS ANSI MC96.1 T2005 50 :Ano T - - L N 7938 - ANSI SPEGAL

f T-A10P K thernmenwie PS-A NUOVA TIR%CCS ANSIMCM1 TCKAn0 50 : an0 T - - ( N 7938 - ANSI SEGAL

1-Al1P K thermocouple PS-A NUOVA TIRMICS ANSI MC961 TCK 401 50 :400 T - l'NI 7938 - ANSI SEGAL

T-A141P K thermoccurie Off A CL-bel hne NUOVA TIRAUCS ANSI MC96.1 TCK 336 50 :400 T - - L M 7938 - ANSI SEGAL

T-A142Pil K the-mncmple Off A CLbal. hee NUOVA TIRAUCS ANSI MC96 I TCK 337 50 :400 "C - - I N 7938 ANSI SPEGAL

T-A142ft K thermocowie ChfT A Cl bat hoe NUOVA TIRhDCS ANSI MC96.1 TCK M5 50 :400 *C - L%17918 - ANSI SPEGAL

T-A143P K thermocouple Gir-A C1 bal. line NUOVA TTRAUCS ANSI MC96 I TCK 338 50 :4% *C - - LN 7938 - ANSI SEG AL

T-Al81E K thermocourle PRIIR NUOVA TIRVJCS ANSI MCM1 TCK 222 50 : an0 T - . LN 7938 - ANSI SPEGAL

T-A182E K thermncouple PRHR NUOVA TIRAUCS ANSI MC96.1 TCK 223 50 : ano =C - - L N 7938 - ANSI SEGAL
(

T-A20A K thermnecuple SFW NUOVA TTRNUCS ANSI MC%I TCK 402 50 :Ano T - - (N 7918 - ANSI SECIAL,

T-A21E K thermocouple ACC-A NUOVA 11RMICS ANSIMCMI TCK 339 50 :400 T - - UNI 7938 - ANSI SPEG AL

7 T-A22E K thermncouple AW-A inj. line NLOVA TERMICS ANSI MC96.1 TCK MO 50 :Ano aC - - LN 7938 - ANSI SPEGAL

T-A23E K thermocouple ACC-A inj. line NUOVA11159C5 ANSI MC96.1 TCK M1 50 : 400 *C - L N 7938 - ANSI SPEGAL,

!

T-A27P K thermocouple GTT-A PR bal. hne NUOVA TIRSUCS ANSI MC961 TCK M2 50 :400 T - UN17938 - ANSI SPEGAL
! T-A281E K thermneouple PRIIR NUOV A TERMICS ANSI MC96.1 TCK 224 50 :400 T - - L N 7938 - ANSI SPECI AL

T-A28P K thermocouple GfT-A I R bal. line NtOVA TIRMICS ANSI MC96.1 TCK M3 50 :400 "C - - UNI 7918 - ANSI SEGAL

T-A29P K thermocouple CMT-A PR bat, hne NUOVA TIRhDCS ANSI MC96.1 TCK 344 50 :400 "C - L N 7938 - ANSI SPEGAL

T-A40lE K thermncouple G ir-A NUOVA TERMICS ANSI MCMI TCK 216 50 :400 T - - L M 7918 - ANSI SPEG AL

T-A402E K thermocouple oft-A NUOVA TIRSUCS ANSI MC96.1 TCK 215 50 :400 *C - - L N 7938 - ANSI SPEGAL

T-A40tE K thermocowie GfT-A NUOVA 11RMICS ANSI MCMI TCK 213 50 :Ano T - - ( M 7938 - ANSI SPEGAL

T-A404E K thermncouple GTT-A NUOVA TIRAUCS ANSI MC96.1 TCK 212 50 : 400 *C - - UNI 7938 - ANSI SITCIAL

T-A40E K thermocouple oft-A N10VA 1TRAUCS ANSI MC96.1 TCK 210 50 : 400 "C - - LN 7938 - ANSI SPEGAL

T-A4n6E K thermocourle oft-A NUOVA1TRhDCS ANSI MC96.1 TCK 209 50 :400 T - - UNI 7938 - ANSI SPEGAL

T-A407E K thermocourle GfT-A Nt' OVA 1TRMICS ANSI MC96.1 TCK 207 50 : 400 T - - L N 7938 - ANSI SPEGAL

v
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o T-A4^8E K thernewrie oft-A NUOV A 1TRAUCS ANSIMC961 TCK 2M 50 : 400 T - L N 7938 - ANSI SITGAL
5
= T A4n9E K the-mocouple Gif-A STOV A ITRACCS ANSI MC96.1 TCK 204 50 : 400 *C - L N 7938 ANSI SPEG AL

.f T-A410E K thermocouple oft-A NPOVA HRMICS ANSI MC961 TCK 203 50 : 400 *C - t M 7938 - ANSI SITG AL

| $ T A4tlE K thermocouple Ofr A NUOVA 11RAUCS ANSI MC96.1 TCK 201 50 : 400 "C - tJNI 7938 - ANSI SITG AL
1

*

| T-A412E K thermocouple oft-A NUOVA TERMICS ANSI MC96.1 TCK 2n0 50 : 400 *C - LN 7938 - ANSI SITGAL

T-A413E K thermocouple oft A NUOVA TERMICS ANSI AKM1 TCK 198 50 : 400 *C UNI 7938 - ANSI SITGAL

T-A414E K therwrourle Ofr-A NUOVA URh*!CS ANSI MC96.1 TCK l97 50 :4n0 =C . - L N 7938 - ANSI SPECIAL

T A415E K thermocouple GfT-A NUOVA URMICS ANSI MC96 i TCK 195 50 : an0 aC - L M 7938 ANSI SITG AL

T A416E K therwrouple oft-A NUOVA URMICS ANSI MC9&I TCK 194 50 : 400 T - I N 7938 - ANSI SITGAL

T A417E K thermocourle GTT-A hTOVA TIRNUCS ANSI MG6.1 TCK 192 50 :400 T LN 7938 - ANSI SITG AL

T.A418E K thermocouple oft-A NUOV A 1TRMICS ANM MC961 TCK l91 50 :400 "C - L M 7938 - ANSI SITGAL

T-A419E K thermocouple CMT-A NUOVA TIRh0CS ANSI MC96.1 TCK 190 50 :400 *C L M 79T8 - ANSI SITGAL
'J T-A41 A K thermocourle Off-A air NUOVA ITRMICS ANSI MC96.1 TCK 172 50 : 400 T - - UNI 7938 - ANSI SITGAL

T-A42nE K therwrouple Gir A NUOVA 11RhCCS ANSI MC96.1 TCK 188 50 : 400 "C - - UNI 7938 - ANSI SPEG AL

T-A42tE K thermocourle oft- A inj line STOV A TERhDCS ANSI MC96.1 TCK M6 50 : 400 "C - L N 7938 - ANSI SITCIAL

T-A422E K thermocouple GfT- A ini. line NUOVA 11RAUCS ANSI MC961 TCK M7 50 :4no at . LN 7938 . ANSI SITG AL

1-A42A K thermocouple Gir-A air NUOVA 11RhDCS ANSI MC96.1 TUK 173 50 :400 'C - - UNI 7938 - ANSI SITGAL

T-A66E K thermocouple IRWST inj. line A NUOVA TIRhDCS ANSI MC96.1 TCK 406 50 :400 *C - - UNI 7938 - ANSI SITGAL

T-A8IE K thermocouple 11GIR supply line NUOVA TIRAUCS ANSI MC96.I TCK 407 50 :400 "C - L M 7938 - ANSI SITCI AL

T-A82E K thermocouple PRilR suTply line NUOVA TIRMICS ANSI MC961 TCK 533 50 : 400 *C - - UNI 7938 - ANSI SITCIAL

T-A83E K thermocourle PRJIR retura line NUOVA HRAUCS ANSI MC96.I TUK 409 50 :400 "C - - L N 7938 - ANSI SPEGAL

T AS4E K thermocourle PittlR retura line NUOV A 11RAUCS ANSI MC96.1 TCK 457 50 : 400 *C - I N 7938 - ANSI SPEGAL

T-Bore K thermocouple DVIB NUOVA TERAUCS ANSI MC96.1 TCK 463 50 :400 "C - - IINI 7938 - ANSI SPECI AL

T-BollP K thermocouple Cl B1 NUOVA ITRhBCS ANSI MC96.1 TCK 412 50 :400 *C - - L N 7938 - ANSI SPEGAL

T B012P K thermocourle Cl B2 NUOVA TUtMICS ANSI MC96.1 TCK 413 50 :400 *C - - L N 7938 - ANSI SITGAL

I
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0 T-B0lP K therwxouple GeB pump outlet NTOV A TERNUCS ANSI hE%I TCK 414 50 : 4n0 =C - - ( M 7938 - ANSI SITG AL
8
88 T-Bois K therwxouple MTWB NUOVA 1TXNGCS ANSI MC96.1 TCK 415 50 :400 T - - L M 7938 - ANSI SPEG ALi

f T-B021PL K therwxnuple CL-BIOC inlet NUOVA 11RNUCS ANSI MC96.1 TCK 416 50 :400 *C - - UNI 7918 - ANSI SITG AL

T-B021PO K ihermoccuple Cl BIOC ialet hTOVA 11.RNGC3 ANSI MC96.1 TCK 417 50 :400 T - LM 7938 - ANSI SEGAL

T-B022PL K therwxouple G B20Cinlet STOVA TERhDCS ANSI MC96 i TCK 418 50 : 400 *C - l'N17938 - ANSI SEGAL
! T-8022PO K therwxcwle G B20C inlet NUOVA TERhECS ANSI MC96.1 TCK 419 50 : 400 T - - L M 7938 - ANSI SPEG AL

T-B02E K therwrouple NIUIR B NUOVA TIRAUCS ANSI MC96.1 TCK 420 50 : 400 T - - UN: 7938 - ANSI SPECIALj

T-B02S K thernxourte SG-B DC STOVA TER%UCS ANSIhK % I TCK 421 50 : 400 T - UNI 7938 - ANSI SPEGAL

T B031PL K thermoccuple GeBI NUOVA TERMICS ANSI MC96.1 TCK 428 50 : 400 "C - LSl7918 - ANSI SPECIAL

T-8032PL K thermncouple Cl B2 NUOVA TERMICS ANSIKK % I TCK 431 50 : 400 "C - - UNI 7938 - ANSI SITG AL

T-B03PL K therwrouple lil B NUOVA TTRMIC5 ANSI MC%1 TCK 422 50 :400 T - - LN 7938 - ANSI SPEGAL

T-803PO K therwxourle III,B NUOVA TIRNUC3 ANSI MC96.1 TCK 423 50 : 400 T - UNI 7938 - ANSI SPEGAL
00 T-B03S K thermncouple SG-B DC NUOVA 1TRhCCS ANSIMC%1 TCK 424 50 :400 T - - Uh17938 - ANSI SPEGAL

T-BosP K therexcurle III B NUOVA TERMICS ANSI MC%I TCK 425 50 :400 T - LM 7938 - ANSI SPEGAL

T-B04S K thermocourle MSleB NUOVA TERNGCS ANSI MC96.1 TOC 426 50 : 400 T - - L M 7938 - ANSI SPEG AL

T-B05P K therwrouple SG-B U-tube NUOVA TIRNUCS ANSI MC96.1 T305P 50 :400 T - - LN 7938 - ANSI SPEGAL

T-BO5S K thermocouple SG-B riser NUOV A1TRNUCS ANSIEK % 1 T3055 50 :400 T - - UNI 7938 - ANSI SITG AL

1-B06P K thermocouple SG-B U-tube NUOV A TERMICS ANSIMC%I T306P 50 : 400 *C - - L M 7938 - ANSI SPEGAL

T-8065 K thermocouple SG B riser NUOV A TER&BCS ANSI MC%1 T3065 50 :400 T - - Uh17938 - ANSI SPEG AL

T-B07P K thermocouple SG-B U-tube NUOVA TERMICS ANSIkK % 1 T307P 50 : 400 T - - L M 7938 - ANSI SITCI AL

T-B075 K thermocouple SG-B riser NUOVA TERMICS ANSI MC96.1 T3075 50 : 400 T - - LM 7938 - ANSI SPECI AL

T-B08P K thermncowle SG-B U-tube NUOVA TERNUCS ANSI McM1 T308P 50 :400 *C - - LM 7938 ANSI SPEG AL

T-Bo8s K thermxouple SG-B riser NUOVA 1TRhDCS ANSI MC96.1 T308S 50 :400 "C - - L M 7938 - ANSI SPEGAL

T-B09P K thermocouple SG-B U-tube NUOVA TIRhBCE ANSIhE W1 T309P 50 : 400 *C - - UNI 7938 - ANSI SPEGAL

T-Bo95 K thernrouple SG-B riser NUOVA TERh0CS ANSI MC96.1 T3095 50 : 400 *C - - I M 7938 - ANSI SPEGAL

O O O
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$ MANU.
[ PLANT SIET b K hl Q ACCURACY
g CODE INSTRU%fENT LOCATION MANLTACITRER MODEL CODE SPAN M th (mi (kPa) (M.lL4nV) IM tL) 1

T-BIOP K thermocogle PS-B NUOVA TIRhSCS ANSI MC96.1 TCK 432 50 :400 T - - L M 7938 - ANSI SPEG AL

T-B11P K thermocouple PS-B NUOV A 1TRMICS ANSI MC961 TCK 396 50 : 400 T - - I M 7938 - ANSI SPEGAL

T BI41P K thermoccuple Off-B C1 bal. line NUOVA 1TRMICS ANSI MC961 TCK A48 50 :400 *C - - L M 7938 - ANSI SPEGAL

2 T-B142Pil K thermocouple GfT-B G bal. line NUOVA TTR40CS ANSI MC96.1 TCK 349 50 : 400 C - - LM 7938 - ANSI SPEGAL

T-B142PL K thermocouple oft-B Cicbal. line NUOVA 1TRhDCS ANSI MC96.1 TCK 458 50 :400 T - - LM 7938 - ANSI SPEGAL

T-B143P K thermocouple GfT-B Q bal. line STOVA TIRMICS ANSI hK%I TCK 350 50 :400 "C - - LM 7938 - ANSI SPEGAL

T-B20A K thermocouple SfW NUOVA HRMICS ANSI MC961 TCK 427 50 :400 "C - - LM 7938 - ANSI SEGAL

T-B21E K thermocouple ACC-B NUOVA TIRM!CS ANSI MC96.1 TCK 351 50 : 400 "C - - t N 7938 - ANSI SPEGAL

T-B22E K thermoenuple ACC-B ini. line NUOVA TERMICS ANSI MC96.1 1CK 353 50 : 400 *C - - IN 7938 - ANSI SPECIAL

T-B23E K thmnoccuple ACC-B inj. line NUOVA TIRMICS ANSI MC961 TCK 354 50 :400 *C - - UNI 7938 - ANSI SPEGAL

T-B27P K thermocouple Off B PR bal. line NUOVA URhECS ANSI MC96.1 TCK 355 50 :400 T - - LM 7938 - ANSI SEGAL

t} T-B28P K thermoccuple Off-B PR bal. hee NUOVA HRMICS ANSI MC96.1 TCK 356 50 :400 "C - - L N 7938 - ANSI SPEGAL

@ T-B29P K thermocogle Off-B PR bal. line NUOVA HRAECS ANSI MC961 TCK 357 50 : 400 "C - - LM 7938 - ANSI SPEGAL

T-B401E K thermocouple git B hTOVA 1TRhDCS ANSI MC96.1 1CK 217 50 :400 T - - IN 7938 - ANSI SPEGAL

T-B403E K thermocouple Off-B NUOVA 11RAHCS ANS! MC96.1 TCK 214 50 : 400 *C - - LM 7938 - ANSI SEGAL

T-B405E K thernucouple git-B NUOVA TIRAUCS ANSIMC9&1 TCK 211 50 :400 *C - - IN 7938 - ANSI SEG AL i

i
T-B407E K thermocouple Gfr-B NUOVA TERAUCS ANSI MC96.1 TCK 208 50 :400 T - - UNI 7938 - ANSI SPEGAL

T-B409E K thermocouple Off-B NUOVA TERMICS ANSI MC96.1 TCK 205 50 : 400 "C - - I N 7938 - ANSI SEGAL |
T-B4tlE K thermocouple GtT-B NUOVA 1TRMICS ANSI MC96.1 TCK 202 50 : 400 "C - - I N 7938 - ANSI SPEGAL

T-B413E K thermocouple Gff-B NUOVA TIRhUCS ANSIhK W 1 TCK 199 50 : 400 T - - UNI 7938 - ANSI SPEG AL

T-B415E K thermocouple GfT-B NUOVA HRMICS ANSI MC96.1 TCK 1% 50 : 400 "C - UNI 7938 - ANSI SPEG AL

T.B417E K thermocouple oft-B NUOVA1TJLMICS ANSI MC96.1 TCK 193 50 : 400 "C - - LM 7938 - ANSI SECIAL

T-B41 A K thermocouple oft-B air NUOVA TIRhDCS ANSI MC96.1 TCK l'74 50 : 400 T - - LM 7938 - ANSI SECI AL

T-B420E K thermocouple GfT-B NUOVA TIRhDCS ANSI MC9&l TCKI89 50 : 400 *C - - UNI 7938 - ANSI SPEGAL

T-B421E K :1.-wle oft-B inj. line NUOVA 1T2MICS ANSI MC96.1 TCK 358 50 : 400 *C - IN 7938 - ANSI SPEG AL

T.B422E K thermocouple GfT-B inj. line NUOVA TIRMICS ANSI MC96,1 TCK 359 50 : 400 *C - - UNI 7938 - ANSI SPEGAL j

|
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p T-B42A K thermoccuple ChfT B air NUOVA 1TEUCS ANSI hMI TCK 175 50 :400 *C - - L M 7938 ANSI SPEGAL
R
n T-B66E K thermocouple IRWST inj- line B NUOVA TERMICS ANSIMC%I TCK 321 50 : 4n0 *C - - UNI 7938 - ANSI SKCI AL

1W-00lP K thermocouple IC DC NUOVA TIRAGCS ANSIMC%1 TCK 434 50 :400 *C - - LM 7938 - ANSI SPEGAL

TW 002P K thermncouple PC DC NUOVA TIRMICS ANSIMC%I TCK 435 50 :400 *C - - UNI 7938 - ANSI SPEG AL

TW-003P K thermocouple It DC NUOVA TERh0CS ANSI MC%I TCK 436 50 : 400 *C - - L M 7938 - ANSI SPEGAL

TW 004P K thermocouple PC DC NUOVA 1TRh0CS ANSI MC%1 TCK 437 50 :J00 *C - - L M 7938 - ANSI SPEG AL

TW-005P
_

K thermocouple ITDC NUOVA TIRMICS ANSI MC%1 TCK 438 50 :400 *C - - L M 7938 - ANSI SPEGAL

TW-006P K thermncouple IC DC NUOVA TIRhDCS ANSIMC%I TCK 439 50 : 400 "C - - Lwl7938 - ANSI SPEGAL

TW 007P K thermocouple PC DC NUOVA TIRh0CS ANSI MC%1 TCK 440 50 :400 T - - UNI 7938 - ANSI SPEGAL

TW-008P K thermocouple PC DC STOVA TIRMICS ANSI MC%I TCK 411 50 : 400 *C - - L M 7938 - ANS! SEG AL

TW 416P K thermocouple Upper head NUOVA TIRMICS ANSI MC%1 TCK 453 50 : 400 *C - - UNI 7938 ANSI SPEGAL

9 TW-023P K thermocouple PR NUOVA 1TRhDCS ANSI ENn TCK 462 50 : 400 T - UNI 7938 - ANSI SPEGAL
M
C TW A03IT. K ther nocouple ID A NUOYA TIRMICS ANSIh M I TCK 364 50 : 400 T - - UNI 7938 - ANSI SPEGAL

TW A055 K thermocouple SG- A U-tube NUOVA 11RMICS ANSIh M 1 1W2055 50 : 400 *C - - UNI 7938 - ANSI SPEGAL

TW A%S K thermoccupte SG-A U4ube NUOVA TERMICS ANSI MC96.1 TW2065 50 : 400 *C - - L M 7938 - ANSI SPEGAL

TW- A08S K thermocouple SG-A U4ube NUOVA 1TRNUCS ANSI MC%I TW2085 50 :400 T - - L M 7938 - ANSI SPECI AL

TW- A105 K thermocouple SG-A DC NUOVA 11RNECS ANSI MC96.1 TCK 482 50 :400 T - - LM 7938 - ANSI SPEGAL

TW-Alls K thermocouple SG-A riser NUOVA TERNGCS ANSI MC96.1 TCK 443 50 :400 "C - - UNI 7938 - ANSI SPEGAL

TW- Al25 K thermocouple SG-A NUOVA TIRAUCS ANSIMC%I TCK 455 50:400 *C - - UNI 7938 - ANSI SPEGAL

TW-A181E K thermoccuple IVliR NUOVA 11RMICS ANSt hM1 TCK 218 50 : 400 *C - - UN17938 - ANSI SPEGAL

TW-A182E K thermocouple IRIIR NUOVA 11RMICS ANSI MC96.1 TCK 220 50 : 400 T - - UNI 7938 - ANSI SPEGAL

TW- A183E K thermocouple PRIIR NUOVA TIRhDCS ANSIMC%I TCK 219 50 : 400 *C - - UNI 7938 - ANSI SPEG AL

TW A281E K thermncouple PRIIR NUOVA TDthECS ANSI MC%1 TCK 221 50 : 400 T - - UNI 7938 - ANSI SPEG AL

TW- A41 AE K thermocouple ChfT A cont. NUOVA 1TRMICS ANSI MC%I TCK 164 50 :400 *C - - UNI 7938 - ANSI SPEGAL

TW A41 Al K thermocouple Chff-A cont. NUOVA 1TRMICS ANSI MC96.1 TCK 168 50 : 400 T - - LM 7938 ANSI SPEGAL

O O O
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TW- A41E K Om.-m|e Off-A NLUVA TTRMIC5 ANSI MC%I TCK 186 50 : 400 T - - L N 7938 - ANSI SPECIAL
, s

m! TW-A42AE K ;- We oft. A coat. NUUVA 1TA4GC5 ANS: hKM1 TCK 165 50 : 400 T - - 11NI 7938 - ANSI SPEGAL
'

5 TW- A42 AI K thermncouple Off A coat. NtDVA TERhDC5 ANSI MC96.1 KK 169 30 : 400 T - - LM 7938 - ANSI SITOALg
TW-A42E K thermocouple GfT-A N10VA TERMICS ANSI MC%1 TCK 185 50 :400 T - - LM 7938 - ANSI SITCIAL

TW-A43E K thermncowle oft A NUOVA TERhSC5 ANSIMC%I TCK 184 50 :400 T - - UN17938 - ANSI SITd AL

1W-A44E K thermncourte GUA Nt0VA TERMICS AN51 hKMI TCK I82 50 :400 T - - L M 7938 - ANSI SITG AL

TW-A45E K thermacourte Off-A NUOVA TERh0C5 ANSI MCMI TCK 181 50 :400 T - - L M 7918 - ANSI SITGAL

TW AEE K thermaccurie oft-A N10VA TERMICS AN51 MCMI TCK 179 50 :400 *C - - LN 7938 - ANSI SITGAL

TW-A47E K ;~ ., ,-i Off-A NUOVA TERNUC5 ANSI hKNI TCK 178 50 :400 T L M 7938 - ANSI SITO AL

TW A43E K thermocouple oft-A NUOVA TULAUCS ANSI MC96.I TCK 176 50 : 400 T - - L M 7938 - ANSI SPEGAL

TW- A8IE K thermocogle PRHR surrty line NUOVATTRh0C5 ANSI MCMI N AllE 50:400 T - - L M 7938 - ANSI SITCI AL

9 TW B055 C thermocouple SG-B U-tube NUOVA TTRhGC5 ANSI MC96.1 TW3055 50 : 400 "C - - LN 7938 ANSI SITCI AL
bJ
~ TW-B065 K thermncouple SG-B U-tube NUOVA TERAUC5 ANSI MC%l 1W3065 50 : 400 T - LN 7938 - ANst SPEGAL

TW-B085 K thermocowie SG-B U-tube NUOVA TIRMICS ANSI MCMI TW3085 50 :400 "C - - LM 7938 - AN51 SPEG AL

TW-B095 K thermocouple SG-B U-tube NUOVA TTRhBCS ANSI MC%I TW3095 50 : 400 "C - - UNI 7938 - ANSI SITCI AL

TW-BIOS K thermncowle SG-B DC NUOVA TERMICS AN51 MC%I TCK 444 50 : 400 T - - LM 7938 - ANSI SPECIAL

TW-Bi t s K thermocowie SG-B ruer NUOVA TTRMICS ANSI MC%I TCK 485 50 : 400 "C - - UNI 7938 - ANSI SITCI AL

TW-B41 AE K thermncogle GR-B cost- NUOVA TERh0C5 ANSI MC%1 TCK 166 50 :Ano =C - . UNI 7938 - AN51 SITCIAL

TW B41 AI K ;-.-,4- CMT-B cont- NUOVA TERh0C5 ANSI MC96.1 1rK 170 50 : an0 T . - LM 7938 - ANSI SITUAL

TW-B41E K thermoccuple oft-B NUOVA TTRhBC5 ANSI MCMI TCK 187 50 : 400 "C - - L M 7938 - AN51 SPECIAL

TW-B42AE K thermnemq le oft-B cont. NUOVA TIRh6C5 AN51MCMI TCK 167 50 : 400 T - - UNI 7938 - ANSI SPECI AL

TW-B42A1 K thermocrvie ChfT-D cont. NUGVA TIRMICS ANSI MC96.1 TCK 171 50 t 400 T - - UNI 7938 - ANSI SPEGAL

TW-B44E K ;- . .,.,mie oft-B NUOVA *TRhBCS ANSI MC96.1 TCK183 50 :Ano =C . - LM 7938 . ANSI SECIAL

TW-B46E K thermncouple Off-B coat. NUOVA TTRMICS ANSI MC%1 TCK 180 50 :400 "C - UNI 7938 - AN51 SITCI AL

TW-B48E K thermocourte Off-B NUOVA TTRMICS ANSI MC96.1 TCK 177 50 : 400 "C - - UNI 7938 - ANSI SPECI AL
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e TW0llPJ7 K th-wuple RM bundle NUOVA TERMICS ANSI MC96 i Twilit 7 100 : 6no "C - - L N 7938 - ANSI SEGAL
3
p 1 T011P1I K thermourle Rod bunde NLOVA TIRAUCS ANSI MC96 i TW11Pil 100 : 600 *C - - L M 7938 - ANSI SITGAL
7 TW0llP53 K thermncouple Rod buede NLUVA TTRAUCS ANSI AD6 i TW11P53 100 :600 *C - LM M38 ANSI SEGAL

7 TW0llPR2 K thwmoccuple Rod bunde STOV A 1TRMICS ANSI MC96.I TW11P82 100 : 6&) *C - - L M 7938 - ANSI SEG AL
v

TW0llP8 5 K thermocogle Rod bundle STOVA TIRNUCS ANSI MC96.1 TW11P83 100 : 600 "C - - L M 7938 - ANSI SPEG AL

TWollP91 K thermnemple Rod bundle NUOVA TER%BCS ANSI MC96.1 TWl1P91 100 : 6no "C - L N 7938 - ANSI SITGAL

TWO12N7 K the mocouple Rod bundle NUOVA TtRNUCS ANSI hD6.I TW12P47 100 : 600 *C - - L N 7938 - ANSI SEGAL

1WD12P71 K thermoccuple Rod bundle Nt' OVA 1TRMICS ANSI MC96.1 TW12P71 100 : 6n0 T - - L M 7938 ANSI SEGAL

T Wol3P61 K thermoccuple Rod bunde Nt0V A liRMICS ANSI MC96.1 TWl3M1 100 : 600 "C - - L M 7918 - ANSI SPEGAL

TW011M8 K $crmocouple Rod bundle NLOVA TIRhDCS ANSI MC96.1 TW13N8 100 : 600 *C - - tNI 7918 - ANSI SPEG AL

TWO14NI K thermncouple Red bundle STOVA TIRNUCS ANSI MC96.1 TW14NI 100 : 600 *C - LN 7938 - ANSI SITGAL

9 TWO14P44 K thermocouple Rod bundle SUOVA TERNUCS ANSI MC96.1 TW14N4 100 : 600 "C - - L N 7938 - ANSI SITGAL
N
N TWO14N9 K thermocouple Rod bundle NUOV A 1TRh0CS ANSI MC96.1 TW14N9 100 : 6no *C - - L M 7933 - ANSI SITGAL

TWD14M8 K thermncocple Rod bundle NUOV A 1TRMICS ANSI MC96.I TW14I58 100 :6no *C - - INI 7938 - ANSI SPEG AL

TWol5P07 K thermocouple R4 bundle N1"W A TERhDCS ANSI MC96.1 TW15P07 100 : 600 *C - - LM 7938 - ANSI SITG AL

TWO15Pil K thermocouple i<A bundle NLUV A ITRMICS ANSI MC96.1 TW15P11 100 : 600 *C - - p UN! 7938 - ANSI SEGAL

TWO15P23 K thermacouple Rod bundle STOVA TERMIL3 ANSI MC96.1 TW15P23 100 : 6no *C - - L N 7938 - ANSI SPEGAL

TWO15P39 K thermocouple Rod bundle NUGVA TIRMIO ANSI MC96.1 TW15P39 100 : 600 T - - I N 7938 - ANSI SPEGAL

TWO15P53 K thermocouple Rod bundle NUOVA TERMICS ANSI MCo6 I TW15P53 100 : 600 *C - - LM 7938 - ANSI SEGAL

TWol5P83 K thermocourle Rod bundle NUOVA TTRMICS ANSI MC9nt TW15P83 100 : 600 T - LN 7938 ANSI SITGAL

TWOl5P91 K thermocouple Rod bundle NUOVA ITRMICS ANSI MC96.1 TW15P91 100 : 6n0 t - LM 7938 - ANSI SPEG AL

TW016Pl4 K thermocouple Rod bundle NTOVA TERMICS ANSI MC96.1 TW16P14 100 : 600 *C - - L N 7938 ANSI SEGAL

TW016P37 K thermocouple Rod bundle NPOVA TERMICS ANSI MC96.1 1W16P37 100 : 600 *C - - LM 7938 - ANSI SPLGAL

TW016N1 K thermoccurie Rod buedle NUOVA TERhDCS ANSI MC96.1 TW16N1 100 : 600 *C - LN 7938 - ANSI SPEG AL

TWDl6N4 K thermncouple Rod bundle NUOVA TTRhtfCS ANSI MC96 i TWl6N4 100 : 600 *C - - L M 7938 - ANSI SITG AL

e O O
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b TWol6I%8 K thermocouple Rod kdle NUOVA TIRhDCS ANSI MC96.1 TW16t%8 100 :600 T - LM 7938 - ANSI SPECIAL
8
P TW016P82 K thermocouple Rod bundle NUOVA TYRAUCS ANSI MC96.1 TW16P82 100 : 600 T - - UNI 7938 - ANSI SEGAL

TW017P03 K thermocouple Rod M dle NUOVA 11Rh0CS ANSI MCu6.I TW17IV3 100 : 600 *C - - L N 7938 - ANSI SPEG AL

h. TWO17P27 K thermocouple Rod bundle NUOVA TIRhDCS ANSI MC96.1 TW17P27 100 : 600 T - - L M 7938 - ANSI SPEGALv -

TW0171%4 K thermocouple Rod banae NUOVA 1TRNUCS ANSI MC96.1 TW17P64 100 : 600 T - - LM 7938 - ANSI SPEG AL

TWOl7P79 K thermocouple Rod bundle NUOVA TERMICS ANSI MC96.1 TW17P79 100 : 600 T - - L M 7938 - ANSI SEGAL
TWOl8P03 K thermocouple Rod bundle NUOVA 1TRh0CS ANSI MC96.I TW18P03 100 : 600 *C - - L M 7938 - ANSI SPEGAL

1W018PU7 K thermocouple Rod bundle NUOV A TTRMICS ANSI MC96.1 TW18197 100 : 6no T - . OM 7938 - ANSI SPEGAL

TW018P20 K thermocouple Rod bundle NUOVA TERMICS ANSI MC96.1 TW18P20 100 : 600 *C - - I N 7938 - ANSI SPEGAL *

TWOl8P37 K thermocouple Rod bundle NUOVA ITRMICS ANSI MC96.1 TW1BP37 100 : 600 "C - - LM 7938 - ANSI SEGAL
Two18P44 K thermocouple Rod bundle NUOVA TERMICS ANSI MC96.1 TWIBN4 100 : 600 *C - - UNI 7938 - ANSI SPECI AL

9 TW018N8 K thermocouple Rod bundle NUOVA TERMICS ANSI MC96.1 1WI8P48 100 : 600 T - - UNI 7938 - ANSI SPECI ALM
W TW0181%4 K thermocouple Rod bundle NUOVA TIRMICS ANSI MC96.1 TW18P64 100 : 600 *C - LM 7938 - ANSI SPECIAL

T wo18P91 K thermocouple Rod bundle NUOVA 1TRAUCS ANSI MC96 i TW18P91 100 : 600 *C - - UNI 7938 - ANSI SECIAL

TW019f93 K thermoccuple Rod bundle NUOVA TERNUCS ANSI MC96.1 TW19P03 100 : 600 *C - - LM 7938 - ANSI SPEG AL

TW019P37 K thermocouple Rod bunee NUOVA TIRMICS ANSI MC96.1 TWl9P37 100 : 600 *C - - UNI 7938 - ANSI SPECI AL

TWOl9P41 K thermocouple Rod bundle NUOVA 11RMICS ANSI MC96.1 TW19P41 100 : 600 T - - LM 7938 - ANSI SPECI AL

1W019P64 K thermocouple Rod bundle NUOVA TIRhDCS ANSI MC96.1 TW19f%4 100 : 600 *C - - UNI 7938 - ANSI SEG AL

1W019P82 K thermocouple Rod bundle NUOVA 11RAUCS ANSI MC96.1 TWl9P82 100 : 600 T - - L M 7938 - ANSI SPEGAL

TWO20P03 K ther nocouple Rod bundle NUOVA 1TRhDCS ANSI MC96.1 TW20003 100 : 600 *C - - UNI 7938 - ANSI SECI AL

TWO20007 K thermocouple Rod bundle NUOV A 1TRMICS ANSI MC96.1 TW20I97 100 : 600 *C - - UNI 7938 - ANSI SPECIAL

TWO20P24 K t!wrmocouple Rod bundie NUOVA TIRNUCS ANSI MC96.I TW20P24 100 : 600 *C - - UNI 7938 - ANSI SPECIAL

TWO20P27 K thermoccuple Rod bundle NUOVA TIRMICS ANSI MC96.1 TW20P27 100 : 600 *C - - LM 7938 - ANL SPECIAL

TWO20P37 K thermocouple Rod bundle NUOVA TI'RMICS ANSI MC96.1 TW20P37 100 : 600 - *C - - LM 7938 - /ASI SPECI AL

TWO20P41 K thermocouple Rod bundle NUOVA 11RMICS ANSI MC96.1 TW20P41 100 : 600 *C - - UN17938 - , ANSI SECIAL
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o TWO20P44 K thermocouple Rod bundle NUOVA TTRhCCS ANSI MC96.1 TW20f44 100 :600 *C - - LN 7938 - ANSI SPEGAL
3
o T%V20FM9 K thermaccurie Rod bundle NUOVA TTRMICS ANSI MC96.1 TW20P49 100 : 600 *C - - LWI 7938 - ANSI SPFCAL

TWO20P53 K thermocouple Rod bundle NUOVA TERMICS ANSI MC96.I TW20P53 100 : 600 T - - LM 7933 - ANS1 SEGAL
~ TWO20lw4 K thermncouple Rod bundle NLUVA 1TRMICS ANSI MC96.1 TW2r4%4 100 : 6no "C - - L M 7938 - ANSI SEO AL

TWO20l%8 K thermocouple Rod eundle NUOVA TIRAUCS ANSI MC96.I TW20lV8 100 : 600 *C - - LM 7918 - ANSI SEGAL

TWO20P79 K thermneouple Rod bundle NUOVA TTRMICS ANSI MC96.1 TW20P79 100 : 600 *C - - L M 7938 - ANSI SEG AL

TWO20PN2 K the mocourle Rod bundle NUOVA TTRMICS ANSI MC96.1 1W20P82 100 : 600 T - - UNI 7938 - ANSI SEGAL

TWO137 K thermm.ouple Rod bunde NUOVA TIRAUCS ANSI MC96.1 TW20P87 100 : 6n0 *C - - L M 7938 - ANSI SEG AL

TWO2nP91 K thermocouple Rod bundle NUOVA TERhCCS ANSI MC96.1 1W20P91 100 : 6n0 *C - LS1 7938 - ANSI SPEG AL

TWA031fH K thermocouple G Al NUOVA TERNUCS ANSI MC96 i TCK 457 30 :400 T - - LWI7938 - ANSI SEG AL

TWA031It K thermocouple G Al Nt' OVA TIRNUCS ANSI MC96.1 TCK 446 50 :400 T - - L M 7938 ANSI SPEGAL

h TWA032ft K thermocouple GeA2 NUOVA TERMICS ANSI MC96.1 TCK 454 50 : 400 T - - L M 7938 - ANSI SPEG AL
N
A TWA142P K thermocouple CMT- A Clebat. line NUOVA TTRhCCS ANSI MC96.1 TCK 449 50 : 400 *C - - UNI 7938 - ANSI SPEGAL

TWA28P K thermncouple PR CMT A bal. line NUOVA TERNJCS ANSI MC96.1 TCK 467 50 :400 *C - - L M 7938 - ANSI SPEGAL

TWB142P K thermocouple Off-B Cl bal. line NUOVA TIRhSCS ANSI MC96.1 TCK 450 50 : 400 *C - - L M 7938 - ANSI SEGAL
T%Tl25P K thermocouple PR CMT-B bal. line NUOVA TTRhBCS ANSI MC96.1 TCK 466 50 : 400 *C - - UNI 7938 - ANSI SEG AL

T 062EA RTI) IRWST NUOVA TTRNUCS PT100 TR 116 0 : 100 *C - - UN17937 - 0.35

T W EA RTD IRWST NtX)VA TIRMICS PT100 TR I19 0 : 100 *C - - UNI 7937 - 0.35

T W EA RTD IRWST NUOVA TIRMICS PT100 TR 120 0 : 100 T - - UN17937 - 0.35
^

T-064EB RII) IRWST NUOVA TERMICS PT100 TR121 0 : 100 *C - - L M 7927 - 0.35

T W EC RTD IRWST NUOVA TTRNUCS IT100 TRil8 0 : 100 *C - LWI7937 - 0.35

T &5EA RTD IRWST NUOVA TIRMICS PT100 TR 122 0 : 100 "C - - UNI 7937 j - 0.35

f - 0.35T &5EB RTI) IRWST NUOVA TTRh0CS PT100 TR 123 0 : 100 *C - - UNI 7917

T &5EC RTD IRWST NUOVA TTRMICS PT100 TR 117 0 : 100 *C - - LWI793? - 0.35

T-PLANT R1T) Environment NUOVA TTRNUCS ITl00 TR124 0 : 50 *C - - UN17937 - 0.25

O O O
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a
sr TABLE C-1

SPES-2 INSTRUMENT LLST (Cont-)

g MANU-
g PLANT SET h K M Q ACCUIL4CY( U NpE INSTRUMENT LOCATION %%NETACTURER MODEL n)DE SPAN htU- tm) (kPa) (M U hnV) (M U l 3
f) Z A0450 Unt switch M' ' A isol. TT2B1ECAMQtT: . Z A04SO O:I flag - - - -

8
R.- Z-A06SC Limit switch SG-A N)RV U1DfECAMQUE - Z-A06SC 0:I flag - - - -

f Z A06SO Unit switch SG- A M)RY 1TlDECANIQUE - Z-An6SO O:I flag - - - - -

Z A40fr Umit switch oft A inj. line TIlh1ECANIQUE - Z-A40EC 0:I flag - - - -

Z-A4nfX) Linut switch Off-A inj. line TIIDfECAMQUE Z-A40E0 0:I flag - - - - -

Z-A45PC Lint switch Off A CL bat line TT11.MECAN1QUE - Z-A45PC 0:I f!ag - - - -

Z-A45 M) Limit switch GIT-A CL bel line TTLEMECAMQUE - Z-A45N) 0:I flag - - - - -

Z- A81 l'C Limit switch PRIIR sunly line TUBTECANIQUE - Z-A81EC 0:I flag - - - - -

Z-A81EO Limit switch PRlIR supply line TTLEMECANQUE - Z-AtlEO O:I flag - - - - -

Z B02SC Limit switch MIW-B isol IT1BECAMQUE - Z-B02SC 0:1 flag - - - - -

Z B02SO Umit switch MI'W- B isol- TILEMECANIQUE Z-802SO O: I nag - - - -

9 Z-BMfC Limit switch ADS-4 B TIIB1ECANIQUE - Z-BMPC 0:I flag - - -

M
O Z-B04PO Linut switch ADS-4 B TUDIECANIQUE Z-B04PO O:I nas - - - - -

Z-BMSC Limit switch MSt B isol TIIDtECANQUE - Z B04SC 0:I flag - - - - -

Z-B0450 Limit switch MSL-B imol TI1DfECANIQUE - Z-BMSO O:I flag - - - - -

Z B06SC Limit switch SG-B FORY TT1B1ECANIQUE - Z-B065C 0:I flag - - - -

Z-Bn6SO Umit switch SG-B M)RV TUB 1ECANIQUE - Z B06to 0:I flag - - - - -

Z-B4nEC Limit switch oft-B ini line TUBIECAMQUE - Z-B40EC 0:I flag - - - - -

Z-B4)EO Limit switch Off-B ini line TUDIECANIQUE - Z-B40E0 0:I flag - - - - -

Z B45ft Umit switch CMT-B CL bat line TTLEMECANIQUE - Z-B45PC 0:I flag - - - - -

Z-B45PO Umit switch CMT-B CL bal. line TUDIECANIQUE - Z-B45PO O:I flag - - - - -

N/A w Not Applicable

O O O
_ _ - - -
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TABLE C 2

y VENTURI TUHE AND ORIFICE CHARACTERISTICS
j

1

D d ac bac cac '

TAG LOCATION (mm) (mm) (m') (zm ) (im*) 'ITPE2

F.A01P (*) CL-1/A 53.98 29.7 1.0236 E-3 (*) 1.02 E-5 (*) 1.02 E-5 (*) VENTURI

F- A02P (*) CL-2/A 53.98 29.7 1.0236 E-3 (*) 1.02 E-5 (*) 1.02 E-5 (*) VENTURI

F.Bol P (*) CL-1/B 53.98 29.7 1.0236 E-3 (*) 1.02 E-5 (*) 1.02 E-5 (*) VENTURI

F.B02P (*) CL-2/B 53.98 29.7 1.0236 E-3 (*) 1.02 E-5 (*) 1.02 E-5 (*) VENTURI

F-003P (*) PC IX)WNCOMER 8732 53.8 3.46216 E-3(*) 3.46 E-5 (*) 3.46 E-5 (*) VENTURI

F-014P DC-UH BYPASS 24 3 9 8.89314 E-5 3.24 E-7 1.91 E-7 VENTURI

F A20E ACC A INJECTION LINE 24 3 7.8 6.52794 E-5 3.1 E-7 1.46 E-7 VENTURI

F-B20E ACC-B INJECTION LINE 24 3 7.8 6.61016 E-5 3.06 E-7 1.41 E-7 VENTURI

F-A40E CMT-A INIECTION LINE 15.59 7.93 6.76155 E-5 2.75 E-7 1.8 E-7 VENTURI

F-B40E CMT-B INJECTION LINE 15.59 7.93 6.5513 E-5 2.74E-07 1.74 E-7 VENTURI

F A80E PRHR LINE 15.59 535 3.14071 E-5 1.02 E-7 6.59 E-8 VENTURI

F-A60E IRWST DISCHARGE A 11.84 53 3.0594 E-5 1.24 E-7 8.09 E-8 VENTURI

F B60E IRWST DISCHARGE B 11.84 53 3.14324 E-5 132 E-7 7.05 E-8 VENTURI

F-A02S SG A DOWNCOMER 42.8 21.4 5.07167 E-4 2.53 E-6 1.91 E-6 VENTURI

F-A03S SG-A DOWNCOMER 42.8 21.4 5.08755 E-4 2.93 E-6 2.08 E-6 VENTURI i

F-B02S SG-B DOWNCOMER 42.8 21.4 5.06692 E-4 1.82 E-6 9.7 E-7 VENTURI

F-B035 SG.B DOWNCOMER 42.8 21.4 5.08287 E-4 2.(M E-6 1.27 E-6 VENTURI -

F- A(MS (*) SG-A MSL 73.7 19.7 430003 E-4(*) 43 E-6 (*) 43 E-6 (*) VENTURI '

F-B(MS (*) SG-B MSL 73.7 19.7 430003 E-4(*) 43 E-6 (*) 43 E-6 (*) VENTURI

F-AmE NRHR LOOP A 24 3 3.42 8.45843 E-6 3.18 E-8 2.17 E-8 ORIFICE

F-B00E NRHR LOOP B 243 3.42 8.40930 E-6 339 E-8 2.18 E-8 ORIFICE

F- AOIS SG-A FWL 38.1 15 1.63445 E-4 1.1 E-6 5.83 E-7 ORIFICE

F-BOIS SG-B FWL 38.1 15 1.66985 E-4 539 E-7 2.57 E-7 ORIFICE ,

F A20A SG-A SFWL 13.9 4 1.1986 E-5 536 E-8 3.79 E-8 ORIFICE

F-B20A SG B SFWL 13.9 4 1.15846 E-5 6.16 E-8 4.21 E-8 ORIFICE

F-001 A CVCS 13.9 3 6.66312 E-6 3.19 E-8 1.63 E-8 ORIFICE

F-001BP SGTR LINE 20.7 4 1.822(M E-5 1.46E-07 9.13 E-8 VENTURI

F-001 BS SGTR LINE 20.7 4 1.73298 E-5 1.54 E 7 1.0 E-7 VENTURI

(*) Not cabbrated nonles; flux coefficients and errors calculated in accordance with UNI-10023 specifications.

m Aap6(n1625 wiapp-c. non : l t> (u0195 C.27
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _
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Table D-1 summarizes the instruments that were failed or inoperable for the acceptable SPES-2 matrix

.Ot tests. The gamma-densitometers were inoperable for the entire test program due to unstable

electronics. De turbine meters were inoperable for the entire test program due to magnetic

noise--except for F-030P, which failed mechanically. Most of these instrument channels were

previously identified as failed in the quick look reports (QLR), or notification was provided to the
NRC after issuance of the QLR De data for the inoperable channels has not been included in the

electronic data files for this final data report.

Table D-2 identifies the channels that were out of range for the acceptable tests and the time period

that these channels were out of range. Those channels which were out of range for less than 2

seconds were not identified in this table since this shon duration has minimal impact on the data. The

instrument modifications for the acceptable tests are also shown in Table D-2. These modifications

represent changes from the instrumentation list as shown in Appendix C. He instruments listed in

Appendix C represent those instmments recorded at the end of the tests.

1

m:\np60tA1625w\amd nce:lt@0195 D-3
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TABLE D-2
' - OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST

$
g Oes-af-Range Instrument "Zero" Modified

TIN Instrument Comments Out of Spedficatine Instrument Reasrm for Mellfkatkm Cwrective Acthm
8- Sn0 M3 F-Ants Nor21e pressure drop too high. DP- A005 (22 2 mV) F-A00E Measure the antal ACC-A discharge line Moved from NRI{R and located on ACC-A
{ F-B045 Nor21e pressure drop too higit DP-A065 (-37.6 mV) dP from ACC-A lower tap to DVI. discharge line (kPa only).

T401 A FMIA Measurement act required. DP-BOSS (-300.8 mV) F-B00E Measure the total ACC-B discharge line Moved from NRHR and located on ACC-B-

7 T-A02E F-A00E Measuremem not required DP-B065 ( 231 mV) dP from ACC-B lower tap to DVL discharge line (kPa only)-

~h T-B02E F-B00E Measurement not required. DP-000P Error in S AD database. Suttract 8.48 kPa to the values-
T-A20A F-A20A Measurement not required. T46tE Error la drawing. Must be read as T465E.*
T-B20A F-B 20A Measurement not required T-062E Error in drawing. Must be read as T46tE.
DP-00lP OOR-11(2372s + 238n ) T465E Error in drawing Must be read as T461E.s

DP-002P OOR 11(2372s + 2412s) T 064E Error in drawing Must be read as T462E-
DP-00'LP OOR-Ilt83s + EUT) DP-CllP To avoid instrument limiting. Permanently modirmi span
DP-018P OOR-lE t63s + 72s) from 0-30 kPa to 15+35 kPa .

OOR 11(993s + 1000s) DP-012P To avoid instrument limiting. Permanently modified span
DP-019P OOR-11(64s + 69s) from 0-40 kPa to 15+35 kPa .

OOR-lE (991s + 1002s) DP-013P To avoid instrument limiting. Permanently modired span
DP-A00P OOR-lE (140s + 218s) fromn-35 kPa to -15+35 kPa
DP-A05S OOR-lE (-300s * 5%)
DP-A20E OOR-IIL (99(e + 1392s)

g DP-A2BP OOR-11(-3nn + Sh)s

g OOR-IIL (166s + 188s)
OOR-IIL (360s + $88s)
OOR-11(991s + 2028s)

DP-A4nE OOR-11(1383s + 1386s)
DP-A41E OOR-IIL (63s + Ets)
DP-A42E OOR-ilL (2s + 150s)
DP-A4tE OOR-IIL (63s + 71s)
DP- A81E OOR 11(ll5s + 14tos)

OOR-11(1549s + 1934s)
OOR-I1(2321s + 2402s)

DP-A52E OOR-11(-300s + S4s)
DP-A83E OOR-IIL (68s + 86s)

OOR-I1(1074s + 2005s1
OOR-11(2261s + EOT)

DP-BOOP OOR-IIL (138s + 148s)
OOR-IIL (1737s + 1760s)
OOR-IIL (2502s + 2548s)
OOR-IIL (2969s + 3050s)

Note-

Out of range fw instrument high limit dat least for 2s); OOR-11 = Out of range for instrument low limit (at least for 2s); EUT = End of test

O O O
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} TABLE D-2
- OU~-OF-RA.NGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)
G '=
g Out-of-Range lasermanent "Zero" Modified

TIN Instrainent CounawnN Out of fp : -- lastranwnt Reason far MadtAcation Carrective Action

P- S00303 DP-BOOS OOR IIL (-300s + 402s)

| (Cont) OOR-11(404s + EOT)
L DP-BO5S OOR-Ill,(-300s + 57s)
Y DP-B%P OOR-11(1293s + 1297s)
h DP-B08P OOR-IL (1294s + 1296s)
*3 DP-B20E OOR-IIL (998s + 1387s)"

DP-B28P OOR-Li(-300s + 82s)
OOR-IIL (168s + 378s)
OOR-11(991s + 1467s)
OOR-11(1683s + 2028s)

DP-EM0E OOR-11(1382s + 1384s)
DP-B41E OOR-Ill(Is + 85s)
DP-B42E OOR-lO (40s + 83s)
DP-B43E OOR-IIL (33s + 84s)
DP-IM4E OOR-IL (64s + 72 )
F-003P OOR-11(351s + 371s)
F-014P OOR-11(64s + BH)

g F-A60E OOR-IIL (2088s + EOT)
* F-A80E OOR-IIL (67s + ll34s)

OOR-IIL (1439 + 1442s)
OOR-IL (1601s + 16a2s)
OOR-IIL (IB23s + 1940s)

F-B60E OOR-IIL (2088s + EOT)

Note:

Out of range for instrument high limit (at leant for 2s); OOR-11 = Out of range for instrument low firnit (at least for 2s); EDT = End of test-

i

|
|

!
!

I
.

i
i

I
_ . . . . _ - - - - . - , . _ , _ . _ _ __ _, _ - . - . ._



,| j|

.

.

.

_

_
.
.

_

_ n a a t a d t d to d t O
.
.

_

_ d d e
n n h s u o

tod e e
a iP iP

ie_ a R R r a r a i P
a

_ l
I P I BP

f
c

I nn
_ t I A a e

R L R 1 P r d k dk dk_

A o o o
N T (e N T (e k e m3 0 00

8 b -
m2 m3e

v - -
i

o a l
man 4mA i
o n l 8 u

ly0 ly0 ly0n
i t

tn
t s

f o e ma
t

m a.
t

m a.c n ne r c e r

_ r dd r dd r
t m.e ef eg g oP oPr oP n r n rc E

fr k af k af ka a s2
_ o te a
_ a e 1 e ta c y t uh h t r ee

6 n0 mn0 mn0C v a c y v_
b 4 . a8 r a6 r a8c sl o c sl u la p - e p - % p4n nd oS vTns0P

.

Ml_ d oMloi
.

oi s 0I s
_

_
_

e A B
-

-
. . .

m C C g g g
n ni

C C i in ita A
- m .

i
l

i8 - A BA
im

i
l

t t
c

t

im
i

m
i Cm Tm

e
a

lsd C o_ e b tn tn
t

_ M l
.

Af
_

Ar n_ f
. a e e ePI m m m m

_ o
tap 1 laDV_

. r d% t

eD D ts ts ts

d u u u
. f to eD to r r r

ne in o e i o A n n na sl t hl t

S i i i) m e p t e p d d d.
a e g at n e g t

ua in i i ion e r a r r t o oruR s r r v v vr s h e o a a ao a ch e a c
r o o oe is w e i w rC s

Mdl Mdl E T T To o(
_

T
S
E t.aT de e

f
i

Y i m
diur P t.B ot E E 0 E E E sMas

l c 0 0 6 6 8 teP 0 0 0 0 0
S A B - f

F
-

P A B A oT -

F D F F F d
- - -

- N n
EE =

M T

U Ot EeR
2T u

);t
s

_
- O 2

DS r
mN "o h

- LD Z i V VVV
t O
o
f

EI rt ) ) )e a ) s
c ae

B E i m mmm l" f

t c 3 9 5 t
a

AI n ee p 21
5 2 3 4

(8 4

T F nS 2 - - -
t

I u ( ( ( (
in n

D ir 5S S5 l
ts 0S 6%0 wO n 0 O

ABBA oI

. M P P- P P-
l

_
- -

. DDDD tn
e_

. D m_

uN trs
A i

n
rE o
f

G hh ge
N

. . dd. d t ) ) )

) ) 2 )

6
) ) )

ig ig n
a

A dd . .h h ) )

) ) 7 ) 2 2 )s6 02 )s2 3
tu

s s s 46 s s s s
) ) ) ) ) ) ) ) r
s s s s s s s ss e e e e e o o ) 5 0 ) 6468 8 s

f0 0 s s 6 1 1 5 60 8 s
R.

or r r r o)t

iiiaio spO6 65 8 5 662 5 7 57 775 1 62 671 7 5 67 3 6 6u a- u u ut T s 9 7 s s s s 0064 3 6n 36 008 2 6 4 3 0 6 5 72 27 4 7 4 6 7 51 3 3 8e q q qqqp 0F m e e e e e o oE2 8 2

O.
r r r r r r r + + + + + + + +2 22 2 7+ + + + + + + + + +nO u t t dad + + +d d + + + + + +4 h +s 0 1 2 s 9 6s s s s s sc o o s s s s s s s s s s s

O n n n < r r s s6 3 s5 0 60 9 s7 s s s 2 s 0 0e e-

- 77 0 - 5(7( 4
1 03 81 2 1

n .

n. ;a u u4 4 4 4 5 0 6 6 9 0T 8 2 2 4 007 0 7 3 8 1 0 8 0s s7 5 091 8 2 64 2 6 0 95 5 5 5 6 6 1
-

1 ( ( ( ( 1 3 2 1 2( ( 677 4 6( RU
t

: tn .

me s2 C6( 4( 8( 5 6( 6( LLRILLLLL11I
e . e . . s ( ( 4( ( Q2( 21 45

( LLLLR11lllLL O
( g ( ( (

-

m.m m n(.rO pL L L L L L L R I
- - - - - - -

pe e , er . r

__l
l - - - - - - - -

OI I I I I

e l.
I I I I I I I I I I I !

s
-

I l I I I I
- -

I
- -

I I l L1 1
_

I I I I - - I iI Iu u - - - - - -

nnRRRRRRRRRRRRRRRRRRRRRRRRRRRR );sa a
.

so oOOOOOOOOOOOOOOOOOOOOOOOOOOOO 2e e e
MMMMMNNOOOOOOOOOOOOOOOOOOOOOOOOOOOO r

o
f
t
s
a
e

l

e
t
a

gt A EE AA (

0 0 0 0 tn n
0

i2 2a e 1 0 n
R m 0 AB AB im

r F
- - -

4t - F- F FF
lu

P h
g5EP EEEEE E E Ps PP P P 1 5 0 8 1 2 t 5 l

8 8 O
tu n AEEAA5S3 1 0A A A. AA A A A A. A A A B t

8 9 0 2 2 3 O ih
0 002 2 G00 0

1 0 0 02 2 4 4 44 loI 1 2 2 00 4 4 0 n
0 A8ABAB PP PP PPPP P P- PPP P- P P m

- - - - - - - - - - - - e
- - - - - - -TTTTTFFDD DD DDDD DDDDD D D D ur

t
sn

i

ro
f

eN g
I n

S te t 9T 01 a
4 r
0
0 -

f
o

o u
NO

s 4|L7h~" gg9$g &(A

I(- |[1 ||! ,



_

)

((v i _

-
n
o
t
c
A
e
v
i

_t
c
e
r
e
C

.

_
_

_

_

a _

k
t

ac
i
f
i

d
o
M
r
o
f

n
) o

. s
t a
n e

Ro
C
(

T
S
E t

d nT
l n
e w
fY d u
t

B a r t.t
s sMn t

e
S I f

T o
dN n

E E
=

M T

U Uf
a ER

2T
t hu s

- O 2

D S n r

N "o l f
o/ a

v EI ri
e t

ZW i

s
aLD- e" l-

,k B E n
t
aAI w
(

TF n t

mI u
lD t
ir

s wO n
I o

M
l

tne
D m

uN trsA i
n
rE of

G e
g

N
) ) ) ) ) r

na
A t

3 s s s s) s

R.
ts )sT ) 1 5

) 7 8 ) ) ) ) 1 8 T
) ) ) f3 9 99 ) os s2 6n MO5 00 l 7 6 5 5 627 O7 76 t3 s s s s s s s
6 2 2e 4 7e 8 E2 5 5 d5 777 655 uF n 2 2222 E2 2 2 O+ + + +O m + + + + + + + + + + + + + + =e s s s s s s s s ss- C 0 9 08 8 8 0 s s s s21 s s s s LT 02 0 1 9 0 0 0 22 ! 5 7 65 5 5 5 L5 08 4 8 7 503 4 3 06'l 9 65 5 5U

( 1( LL{L1IL L.llLLLLL1tLLL O
- (-5 - 22( 22 4(5 22 22

-

LRI ( 4( ( 2( 4(
( ( ( ( ( ( ( ( R

O I I t I I t t OI - - LI 4I 4i4I I LL1 1i4- - - - - - - - - - -

RRRRRRRRRRRRRRRRRR h
sOOOOOOOOOOOOOOOOOO 2

OOOOOOOOOOOOOOOOOO r
o
f
t
s
ae

l

e
t
a
(gt

n n ia e tmR m lu
i

4tr h
g

t s 5 5 PEP EEEEE ihu n 0 5 6 0S 1 2 3 4 5 EEE
tn

I 0 0022 4 4 4 4 4 PO 4 0 0 0
B. B B B. B BBBBB 1 8 4 4- - - - - - e
P PPPP P P P- P P- 0 A. A B m- - -D DDDD DDDDD FFI I

r
u
t
sn

i

ro
f

eN g
1 1 ) n

/ T 0 tn r

G

. a
4

4 o - f0C o
S ( te t(I o u

NO

s(s A { e 7 h ~e* gbAM

_



!!
c
1 TABLE D-2
2 OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)
$
s Out-er-Range lastrument "Zero* Out of Modified

11N Instrument Cinnments Wthgs Instrument Remsnm for MediSeatka Carectise Arthm

F S00504 F-AMS Nonle pressure dmp too higA DP-A065 (-48.2 mV) DP-On0P Error in S AD database. Suttract 8 48 kPa to the

{ F-B045 Nonle preuure drop too high. DP-BO5S (-41.2 mV) values-
2. DP-003P OOR 11(84s + EOT) DP A00P (27.3 mV) DP-A20E To avoid the instrument limit and INrneneer3y modified
7 DP-018P OOR-IIL (64s + 74s) measwe the total ACC-A span frem -50+50 kPa to

~h OOR-11(1055s + 1057s) discharge line dP from ACC-A -50+200 kPa and
c OOR 11(1447s + 1483s) lower tap to DVL permanently modified*

DP-019P OOR-il(66s + 70s) the hydraulic instal-
OOR-IIL (1053s + 1059s) DP-B20E To avoid the instrument limit and lation.
OOR-IIL (1448s + 148%) menstre the total ACC-B Permanently modified

DP- A02 t P OOR-li(130% + 13%) discharge hoe DP from ACC-B span from -50+50 kPa to
OOR-11(3788s + 3797s) lower tap to DVL -50+200 kPa and

DP-A022P OOR-LL (378h + 3798s) permanently nuxiified
DP.AOSS OOR-IIL (-300s + 53s) DP-A81 E To avoid the instrument limit. the hydraulic instal-
DP-A06 P OOR-11(14% + 1457s) lation.
DP-A20E OOR-11(-3nOs + 750s) Permanently modified

OOR-IIL (1227s + 1236s1 span from -50+50 kPa to
OOR LL(3732s + 4326s) -20+80 kPa and perman-

O DP- A28P OOR-11(-100s + 84s) ently changed hydraulic
,f OOR-IIL (174sa 200s) installation of the instru-
O OOR-IIL (635s + 674s) ment in the plant con-

OOR-Lit 1052s + EOT) necting the instrumem
DP-A40E OOR-11(1448s + 1457s) positive side to the

OOR-11(2560s 4 2887s) DP-A82E To avoid the insuument limit. rpjIR intet and the

DP-A41E OOR-IIL (64s + %) segative to the lit A.
DP-A42E OOR-IIL (Os + 1%) Permanently modified
DP-A44E OOR IIL (65s + 68s) T-A021PL DAS arrylifier noise. spaa from -50+50 kPa
DP-A45E OOR IIL (2809s ' 2869s) -40+60 kPa.
DP-A82E OOR-l[L (-300s + EOT) F-A00E Measure NRHR Gow rare. Subtract 10*C to the
DP-A83E OOR-IIL (69s + 88s) F Bone Measure NRJIR flow rate. values-

OOR-11(1073s + 1730s) Relocated on NRilR-
OOR-11(2308s + 2316s) Relocated on NRIIR.
OOR-11(3787s + 3813s)
OOR-11(4300s + 4V)ls)

DP B0nP OOR-IIL (1562s + 1567s)
DP-B005 OOR-IIL (-300s + 452s)

OOR-11(453s + EOT)
DP-8021P OOR-L1(3790s + 3798s)
DP-BOSS OOR-IIL (-300s + 59s)

N<te:

Out of range for instrument high limit (at least for 2s); OOR-11 = Out of range for instrument low limit (at least for 2s) EOT = End of test--

O O O
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3

TABLE D-2
- OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)e
d
a Det of-Range Instrumer:t "Tero" Our m' Med! fled
i TIN Instement Cesuments Wtion Instrument Renue for Modificattem Carrective Actlan

& Sn0605 F-A045 Nonle presswe drnp too hig t DP-A065 (-46 8 mV) DP-000P Error in SAD database. Sutenct 8.48 kPa to thes

| F-BrMS Nonle Presswe drop too high. DP-A005 (32.0 mV) values.
e T@l A F 001 A Measwement act requred. DP-BOSS (-39.3 mV) T-A021ft SAD arylifier damaged. Acquired as T- A02E-

T-A02E F-A00E Measurement not required. DE-00lPA Instrument ace available. Nd insta!!ed on break
o T-BC2E F-B00E Measur-rwat not requeed. line.
3 T A20A F- A20A Measuremem not required. DE-00ll'B lastrument not availeNe. Not installed on tweak"

T-B20A F-B20A Measwement not required. line-
DP-002P OOR-11(2237s + 2231s)
DP-003P OOR-LL (91s + EUT)
DP-01BP OOR-ill (70s + 30s)

OOR-11(22%s + 2249s)
DP-019P OOR-11(72s + 77s)

OOR-IIL (904s + 908s)
OOR-11(2237s + 2244s)

DP-A05P OOR 11(1962: + 1%5s)
DP-A055 OOR-lIL (-300s + 61s)
DP-A06P OOR-11(1855s + 1870s)

C DP-A20E OOR.IL (-300s + 807s)
L OOR-IIL (970s + 996s)
N DP A2BP OOR-11(-300s + 90s)

OOR-IIL (181: + 381s)
OOR-11(903s + 1023s)
OOR-11(1218s + 1222s)

| OOR-1L (1316s + 1376s)
OOR-11(1491s + 1747s)

DP- A41E OOR-IIL 60s + 92s)
DP-A42E OOR-ill(Os + 155s)
DP- A44E OOR-IIL 02s + 90s)
DP-A82E DOR-ilL (-300s + 90s)
DP-A83E OOR-IIL (75s + 93s)

OOR-LL (1193s + 2903s)

Note:

Out of reage for instmment high limit (at least for 2sk OOR-11 = Out of range for instrument low limit (at least for 2s): EOT = End of test.

O O O
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g TABLE D-2
- OUr-OF. RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)
$
q Ou M Range Instrunnent "Zero" Out af Moened

TIN Inseresswet Cesnaients bL _t insernement Rennen for ModtScot6me Carrective Actlen

A 50n605 DP BOOP OOR-IIL (129s + 1W)

| (Cont) OOR-IE (990s + 1080s)
:.:. OOR.lO(1205s + 3090s)

DP-BOOS OOR-11L (-300s + 404s)

o OOR-1.1(405: + 432s)
G OOR-IIL (439s + 452s)

' "
OOR-11(4h + EOT)

DP-BOSS OOR-IIL (-300s + 65s)
DP-B20E OOR-11(-300s + 800s)

OOR-IIL (995s + 1138s)
DP-B2AP OOR-LL (-300s + 90s)

OOR-flL (183s + 419s)
OOR-LL (903s + 1765s)

DP-B40E (X)R-ill G98s + 801s)
DP-B41E OOR-IIL (1s + 400s)
DP-B42E OOR-IIL(70s + 81s)
DP-B43E OOR-IIL 60s + 92s)

U DP-B44E OOR-11L G2s + 79s)
i F-014P OOR-11(71s + IIIT)
W F-A02S OOR-11(I14s + 28W)

F-ABOE OOR-11L G5s + 94s)
F-BOIS OOR-IIL (-300s + 57s)
1 840E OOR-IIL Gls + 77s)

*

N<te:

Out of range for instrument high limit (at least for 2sh OOR-IL = Out of range for instrument low linst (at least for 2s); EUT = End of test
'
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$ TABLE D-2
2 OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)&
Ja

o Out-ef Range lastrument "Zeeo" Out af Modified
11N lastrument Camewnts Specirkathm Instrument Reason fae Medalcatha Careeetive Action

A SW808 F-A045 Neule Pressure drop too high. DP-B005 (29.3 mV) DP-000P Error in S AD database. Subtract &48 kPa to the

| F-D045 Nonle pressure drnp too high. DP-B055 (-R3 mV) values.

e T401 A FMI A Measurement not required. DP. A%S (-54 4 mV) T-A021It SAD arrq lifier damaged. Acquired as T-A02E.
7 T-A02E F- A0r E Measurement u muired. DP-A005 (432 mV) DE40lPA Instrument not availaNe. N<a installed om breelt

h T-802E F-Bf0E Mewerement not required DP-AS45 (-26.5 mV) hee.

3 T-A20A F-A20A Mea arement not required DE40llS lastrument not available- Not installed on break
*

TB20A F-B20A Ms.asurement act required line.

DPJY)lP 0)R-IL t%5s + 9n03)
DP-002P OJR-11(%5s + 17N)
DP-003P OOR-11(20s + IITT)
DP-OlRP OOR-IE (Os + 19s)
DP-019P OOR-11(Os + 17s)
DP-02nP OOR-11(Os + 95)
DP-AWP OOR-IIL (35s + 45s)

OOR-lE t627s + 2628s)
DP-A05S OOR-lE (-300s + Bs)
DP-A06P OOR-IL (178ts + 1802s)

C DP-A20E OOR-11(-300s + 180s)
L DP-A28P OOR-11(-300s + Os)
@ OOR-lE Os + Bs)

OOR-LL (10s + 98s)
OOR-11(722s + 1122)
OOR-l.1(1425s + 1691s)

DP- A40E OOR-LL(989s + 992s)
DP-A4t E OOR-IIL (Os + 20s)
DP-A42E OOR-IE (Os + 27s)

OOR-IIL Ol7s + 119s)
DP- A44E OOR-lE Os + 22s)
DP-A82E OOR-IIL (-300s + 26s)
DP- A83E OOR-IIL 00s + 29s)

OOR-LL (675s + EUT)
DP-BOOP OOR-lE (29s + 2651s)
DP-B022P OOR-11(717s + 986s)
DP-BO5S OOR-IIL (-300s + Bs)
DP-B20E OOR-11(.3nn + 183s)s

DP-B28P OOR-LL (-300s + 0:1
OOR-IIL (1s + 1675s)

Neme-

Out of range for instrument high hmit (at least for 2sk OOR-IL = Out of range for instrument low timet (at least for 2sh EOT = End of test-

@ O O
- - - - - .
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ft TABLE D-2
E OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)0
[ Ost4 Range Imtrement "Zero"(he cf Madined

TIN imtrument Cnements Specincation Intrument Remsca for Malincatka Carrective Actlan

r- S01007 F-ANS Noule pressure drnp toc high DP-B055 (400 0 mV) DP-000P Enr in 5 AD database- Subeset 8 48 kPa to the

| F B045 Nonle pressure dmp too high. values.
L T.Ont A F@l A Measurenst act required. T-A021il. SAD anpiifier darnaged Acquired as T-A02E-

{ T-A02E F-An0E Measurement not required. DE-00lPA lastrument not available. Nd innalled on break
T-802E F-B00E Measurement act required. line,o

G T-A20A F. A20A Measurement not requird DE MIPB Instrument not available. Not instaffed on break"
T-D20A F-B20A Measurement not requred. line
DP41)1P OOR 11(2603s + 26053) F- A015 To avoid the instrument limit, Span modified from
DP noT OOR-11(88s * EOT) 0 200 kPa to 0-500 kPa.
DP-018P OOR-IIL (6Bs + 76s) F Bols To avoid the instrument limit. Sras modified from

OOR-11(1168s + ll78s) 42fv) kPa to 0-500 kPa.
DP-019P OOR-11(68s + 74s) F-A04S To avoid the instrument limit. Span modified from

OOR-IIL (1168: + 1178s) 0 200 kPa to
DP-An0P OOR ltL f214s + 224s) 0w1000 kPa.

OOR-IIL (1251: + 3628s) F-fM4s To avoid the instrument limit. Instrument substitution
DP-A20E OUR-11( 300s + 9873) difference 1 etween
DP-A28P OOR-11( 30n + 87s) absolute transmitterss

Q OOR llL (201s + 582s) F-B04SP to-60no kPa)
i OOR-11(1167s + 216k) and F-BNSM
00 DP- A41E OOR-IIL (68, + 9n ) (0-6000 kPats

DP A42E OOR-flL (68s + 81s)
DP-A44E OOR-IIL (68s + 76s)
DP- A82E OOR-IIL (-300s + 88s)
DP-A83E OOR-IIL (73s + 91s)

OOR-11(1319s + 3851s)
DP BonP OOR-IIL (105s + 3636s)
DP-BOSS OOR-11(63s + EOT)
DP-B20E OOR 11(-300s + 984s)
DP-Il28P OOR-11( 300m + Os)

OOR-IIL (89s + 1092s)
OOR-11(ll68s + 2163s)

DP-B40E OOR-Il(1s + 689s)

Note:
Out of range for instrument high limit (at least for 2sh OOR-LL = Out of range for instrument low limit (at least for 2sk EOT = End of test.

O O O
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TABLE D-2-
2' OUT-OF RANGE AND MODIFIED INSTRUMENTS IW TEST (Cont.)S
[ Out-of-Range Instrurnent "Zero" Out of Modified

{ TIN instrantent Canments %peci5catica lustrument Ressan for MadP.catkui Carrective Action

b S01110 F-A045 Noule pressure drnp too high. DP-B065 (49.2 mV) DP-00nP Error in S AD database. Suteract 8 48 kPa to the

| F-B045 Nonle presune drop 'o0 high. DP-A%S (22.9 mV) values.
L T-001 A F-001 A Measurement act required DP-BOOS (-32.4 mV) DE40lPA Instrunent not available. Not installed on break

{ T-A02E F-A00E Measurement not required. line-
o T-B02E F-D00E Measurement act required. DE40llP Instrument cet available. Na installed on break
3 T-A20A F-A20A Measurement act required line."

T-B20A F-R20A Measurement not required F-001BP Measure the break flow Installed on SGTR with
DP-003P OOR 11(512= + EOT) from 50 primary side spaa 0-40 kt'a.
DP-A00P OOR-IIL (55% + 598s) to secondary side.

OOR4tL (301s + 1Il2s) F-001BS Measure the break flow Installed on SGTR with
DP-AOSS OOR-itL 002s + 441s) from SG secondary side span 0 40 kPat
DP- A20E OOR-LL (-300s + EOT) to piimary side.
DP-A28P OOR-LL (-300s + 512s) TW-016P Westinghouse request. Installed on Illt
DP-A41E OOR4tL (498s + 503s) TWA031Pil Westinghouse request. Installed on Cl Al.
DP-A42E OOR-HL (498s + 503s) TWA031It Westinghouse request. Installed on CL- AI.
DP-A82E OOR-IIL (-300s + 512s) TWA032ft Westinghouse request. Installed ou Cl A2.
DP-A83E OOR4IL (495s + 515s) 1W-A12S Westinghouse request. Installed on steam dome.

O DP-BOOP OOR4tL (550s + 1338s) TW A03pL Westinghouse request. Installed on III A.
L OOR4IL (3309s + 3314s) T401B Break flow measurement. Installed on STGR break
O DP-BOSS OOR-lIL (-300s + 493s) line.

DP-B20E OOR41(-100s + EUT) TW-023P Westinghouse request. Installed on pressurizer.
DP-B28P OOR-LL (-300s + 5123)
DP-B41E OOR-IIL (499: + 626s)
DP-B42E OOR-lIL (499: + 502s)
DP-B43E OOR-IIL (499 + 503s)
F-014P OOR-LL (514s + EUT)
F-A02S OOR-LL (512s + EDT)

Note:

Out of range for instrument high limit (at least for 2s); OOR-11 Out of range for instranent low limit (at least for 2sh EOT = End of test.

O O O
- -
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g TABLE D-2

OUT-OF-RANGE AND MOD!FIED INSTRUMENTS BY TFST (Cont.)-

$
g Out-of-Range Instrument "Zero" Out d Modified

11N Insermeent Censments spec'Jtenties Insernment Remsem for Madelkatha Carrective Actbim

A S01211 F-A045 Norzte pressure drop too high. DP-BOOS (28.9 mV) DE40!PA lastrument not available. Not installed as break

| F-B045 Norzle pressure drop too high. DP-A065 (22.6 mV) line.
:.:. T401A F-001 A Measurement act required. DE-00lPB Instrument not available. Not installed on break
-7 T-A02E F-A00E Measuremem not required line.
k T-802E F-B00E Measuremem not required.
3 T-A20A F-A20A - '!--. 2% not requred."

T #20A F-B20A Measurement not required.
DP403P OOR-11(4% + EOT)
DP-018P OOR-11634s + 744s)

- OOR-11(844a + 849s)
OOR-IE (2700s + 2713s)

DP-019P OOR-lE G24s + 987s)
DP-A00P OOR-lE (1359s + I361s)

OOR-IE (1670s + 1673s)
OOR-lE 0453s + 3693s)
OOR-IE (4033s + 5283s)
OOR-IIL (5607s + 5632s)

C DP-A20E OOR-11(-300s + 505s)
h OOR-IE (887s + 982s)
~ DP A28P OOR-11(-3n0s + 496s)

OOR-11 G23s + 1747s)
DP-A40E OOR-11(6900s + 6922s)

OOR-11 G237s + EOT)
DP-A41E OOR-IL (483s + 487s)

OOR-IE (627s + 645s)
DP-A42E OOR-lE (483s + 487s)

OOR-lE (628s + 644s) -
DP-A82E . OOR-IIL (-300s + 496s)
DP-A83E OOR-lE (480s + 499s)

OOR-11(979s + 983s) -
OOR-11(1228s + 7576s)

DP-BOOP OOR-lE 699: + 8895s)
DP-BOSS OOR-lE (-300s + 478s)
DP-B06P OOR-11(Il39s + ll43s)

OOR-11(2168s + 2476s)
DP-B07P OOR-lE (ll39: + 1141s)
DP B20E OOR-11(-300s + 808s)

OOR-lE (8875 + 982s)

Note-

Out of re,ge for instrument high limit (at least for 2s); OOR-11 = Out of range for instrument low limit (at least for 2s); EOT = End of test-

. . . , .- . .- . - - _ . . - . - . - - - . - - . - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ - . _ _ _ . _-
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TABLE D-2
OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)-

h w:rz-
s Det-et-Range histrument "Zero" Out d Modified

11N lastrument Comments Wtlem Instris ment Renom for Madtflention Cerrective Action

F $013n9 F- A'MS Norrie pressure drap soo high. DP-BMS (22 8 mV) DE401PA lastrument not available. Nat installed on tweak

| F-Dass Nonle pressure dmp too high. DP- An65 (11.4 mV) line.
L T-A02E F-A00E Measurerrent ont required DE40!PB insrument not available. Nce. installed on break

{ T-B92E F-Bone Measurement eat required. line.
o DP 003P OOR-11(489s + EDT) F-001 A To avoid instrument limit. Span modified fmm
E DP-A055 OOR-IIL (-yh + 470s) 4180 kPa w 0-30 kPa*

DP- A20E OOR-11(.3nn + 3847s) F-A8nE To avoid instrument limit. Span modified fmms

(X)R-11(5662s + 5997s) 0-190 kPa to 0 30 kPa
DP-A28P OOR-11(-3nos + 4885)
DP- A41E OOR-l!L (476s + 90%)

OOR-IIL (238% + 2385s)
DP-A42E (X)R-IIL (4h + 480s)

OOR itL (890s + 903s)
DP-AR2E OOR-IEL (-30n + 488s)s

DP-A83E OOR IIL (472s + 491s)
DP-B055 OOR Ill(-910s + 47n ) 's

DP-B20E OOR-11(-300s + 379ts)
U OOR-11(5662s + 5997s)
U DP-B28P OOR-11(-3ngs + 4895)
W DP-B41E OOR-ill 1476s + 48n )s

OOR-l!L (62Ss + 663s)
OOR IIL (899: + 903s)

DP-B42E (X)R-IIL (475: + 4go js

OOR IIL (899sa 901s)
DP-D43E OOR-IIL (475s + 450s)

OOR-IIL (899s + 903s)
F414P OOR-LL (490s + 4000s)
F A20A OOR-11(-3nn 4 M6s)s

(X)R 11(443s + 465n )s

OOR-11(546h + 5632s)
(X)R 11(595h * EUil

F-A8nE OOR-IIL (472: + 491s)
F-B20A OOR-11(471s + 485s)

OOR-11(2158s 4 218%)

Nwe:
Out of range for insavment high limit tat least for 2st (Xm-11 = Out of range for istrument low limit tat least for 2s); EUT = End of test.

. - . _ _ - - - . _ _ - _ - . _ _ _ _ _ _ . _ . _. .. .. - - . . -_ - - . -- - _ - __ _
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$ TAllLE D-2
2 OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)
$

| s Ou M Range Instrument '7ero" Out et Medined
i TIN lastrument Cnements 9pectflcatlan Instrunnent Reamm for MedlScation Certective Actlan

A S01512 T401A F401 A Measursment act required. PP-BOOS 690 mV) DE40fPA Instrarrnt not availeNe. Not insta!!cd en treak

| T-A02E F-An0E Meamn-wnt ad requeed. DP- A005 (27.8 mV) line.
2. T 802E F-B00E Measurement Det reqmred. DP-An65 (20.3 mV) DE-00!I11 Instrument not availaNe. Not installed en break7 T-A20A FA2nA Measurement act reqmred. Iine.

k T-D20A F-B20A Measurenwns oce requw F-001 A To avoid instrument limit. Span modined from
3 DP403P OOR-ill Cls + EDT) 4150 kPa to 0-30 kPa."

DP-A055 OOR-IIL (7s + 47s) F-A80E To avoid inamment limit. Span modined fmm
DP A2nE OOR-LL ( 300s + 2095s) 480 kPa to 43n0 kPa.
DP-A2SP OOR-IJ.,(-300s + 21s) T-A52E Gange of location. Moved upstream of

OOR-IIL (533s + 12Ms) 11tHR U ipe.t
DP- A41E OOR-IIL (12s + 22s) IF030P Osnge of use. Used is addition with
DP-A52E OOR-ilL (-300s + 6 ) (ids 0P to entled
DP. A83E OOR-IIL (6s + 24s) cendensed steam from
DP-BonP OOR-!IL (ll7s + 154s) laak.
DP-BOSS OOR-IIL Gs + 9s) F- AMS Westinghouse request, Venturi tube removed.
DP-B2rE OOR 11(-300s + 214.ss) F-B045 Westinghouse requea. Venturi tube remowd.
DP-B28P OOR-LL (-3nos + 21s)

C OOR-IIL (607s + 1319s)
k DP-B41E OOR-IIL (5s + 22s)
4* F-014P OOR-LL (22: + EUT)

F-A30E OOR-IIL (5s + 23s)

1%te-

Out of range fw instrument high limit (at least for 2s); OOR-11 = Out of range for instrument low limit (at least for 2st EOT = End of test-

O O O
--
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f
g TABLE D-2

OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)r-.
$ -

[ Out4 Range lastrument "Zero" Out af Modified
TIM instrument Cnements Speelficatlas Imtrument Reamm for Modiflestka Cerective Actlan

A 501613 T-001 A F401 A Measurement act eequred DP-A065 (23.2 mV) DE40lPA Instrument not availaNe. Not inmalled ce break

| T-A02E F-ArmyE Measurement eat required line.
:.:. T-802E F-B00E Measurement act required DE-001PB Instrument not available. Not installed on break7 T-A20A F-A20A Measwement am required. line.

T-B20A F-B20A Measurement act required T-A82E Oange of location. Moved ureeeam of
5 DP-002P OOR-11(6153s + 6191s) U-pipe-"

DP403P OOR-11(270s + EUT) T.001B Genge of location. Moved upstream break
DP-018P OOR-lH. (250s + 258s) valse.

OOR-11(4889s + 4891st T-B02E Gange of location. Moved downstream
OOR IIL (6147s + 6158s) break valve.

DP-019P OOR-11(251s + 254s)
OOR-LL (6148s + 6152s)

DP-A00P OOR-lO (31% + 848s)
OOR-IIL (4902s + 6768s)

DP- A021P OOR-11(4000s + 5069n)
DP-A04P OOR-IIL (-300s + 270s)
DP-A20E OOR LL t-300s + 2286s)

C DP-A28P OOR-11(-100s + 269s)
[a OOR-ill(742s + 1211s)
M OOR-11L (2423s + 4758s)

OOR-11(4885s + 5764s)
DP- A41E OOR-IIL G49s + 272s)
DP-A42E OOR-IIL G49s + 271s)
DP-A44E OOR-IIL (250s + 273s)
DP-A45E OOR-11(4900s + SM4s)

OOR-11(5708s + 5756s)
DP-A32E OOR-IIL(-300s + 255s)
DP. A83E OOR-11L (255s + 273s)

OOR-HL (599s + 601s)
OOR-ilL (774s + %5s)
OOR-IIL (1023s + 1182s)
OOR-11(4545s + 6398s)

DP-BOOP OOR-IIL (295s + 6802s)
DP-BOSS OOR-IIL (-30n + 2Ats)s

DP-B20E OOR-11(-300s + 2297s)

be:
Out of range for instrument high limit (at least for 2st OOR-LL = Out of range for instrument low limit (at least for 2sh EDT = End of test-

I
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lb TABLE D-2
h OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)
u
se Out-et-Range Instrument " Zee " the of Madirled

T1N Instrument Carnments Spectrication Instrunnent Resum for Madificatha Carrective Action

4 $01613 DP-B2*P OOR Lif 'l00 + 270s)

| tCont.) OOR4tL (743s + 8896)
e OOR-IIL (1013s + ll?6s)
7 OORJIL C423s + 4788s)
h OOR-11(4884s + 591fs)
G DP-841E OOR-IIL C49s + 273s)*

DP-B4 E OOR-IIL C49s + 270s)
DP B4?E (X)R4tL Q49s + 271s)
DP-B44E OOR-ItL C51s + 256s)
DP-B45E OOR-11(48% + 5366s)

OOR-11(5701s + 5912s)
F-014P OOR-11(252s + 983s)
F-A80E OOR-IIL (255s + 273s)
1 B4C OOR-IIL C51s + 255s)
F-001BP OOR41(250s + 256s)
DP- A055 OOR-IIL (-3fDs + 24N

U
/J Nde:
* Out of range for irstrument high limit (at least for 2s); OOR-Il = Out of range for instrument low limit (at least for 2sk EOT = End of test.

O O O
.
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TAllLE D-2
OUT-OF-RANGE AND MODIFIED INSTRUMENTS BY TEST (Cont.)

$
s Out-nf-Range intrument "7ne" Out of Modified

TIN Instrument Cernments Specificatke Imtrument Reews for MedtScatbe Corrective Actka

A 501703 T401 A F401 A Measurement act required. DP A045 (35 6 mV) DE40lPA Instrument not available. NM installed on break

| T-A02E F-AmE Measuremem not required. DP-B045 (24 2 mV) line-
e T-B02E F-B00E Measurement not required. DE40lPB Instrument not available. Not installed on tweak

{ T-A20A F-A20A Measurement not required line.

j T-B20A F B20A Measurement am reqmred T.062EA Westinghouse request. Installed in IRWST.o
| *3 DP ts)lP OOR I.1(238% + 2391st T463EA Westinghouse request. Installed in IRWST.
| "

DP-002P OOR LL (238% + 2391st T464EA Westinghouse requed Inmalled in IRWST.
DP-003P OOR-LL(82s + EDT) T464EB Westinghouse request. Installed in IRWST.
DP-01 BP OOR-IIL #62s + 70s) T-06 8EC Westinghouse request. Installed in IRWST.

OOR-LL (992s + 1000s) T465EA Westinghouse request Installed in IRWST.
DP-010P OOR-I L (63= + 6Rs) T-065EB Westinghouse request installed in IRWST,

|
; OOR-IIL (991s a 1001s) T465EC Westinghouse request. Installed in IRWST. '

( DP-An0P OOR liL (211s + 216s)
| OOR IIL (1662: + 3140s)

DP- AOS S OOR-IIL (-300s + $5s)
! DP A20E OOR-LL (-300s + 744sl

OOR-IIL (ll30s + 1298s)
U OOR-LL (2434s + 2416s)
[a DP-A28P OOR-LL (-300s + BIst
M OOR-IIL fl64s + 58%)

OOR-LL (91Is + 2052s)
DP-A40E OOR LL (1375 + 1378s)
DP-A41E OOR-IIL (Is + 84s)
DP A42E OOR-lIL (52s + G4s)
DP-A44E OOR-IIL (62s a 76s)
DP-A82E OOR-IIL (-3nOs + B2s)
DP-A83E OOR-IIL (67s + 85s)

OOR-11(100% + 1040s)
OOR-LL (ll63s + 2687s)

DP-BOOP OOR-IIL (99s + 147s)
OOR-IIL (436s + 32%)

DP-BOSS OOR-IIL (-3an + 57s)s

DP-B20E OOR-11( 100s + 745s)
OOR-flL (1126s + 1321)
OOR-11(2433s + 2437s)

DP-B28P OOR LL (-300s + B2s)
OOR HL (1644 + 376s)
OOR-11(991s + 2053s)

DP-B40E OOR-11(1350s + 1354s)

Note:

Out of range for instrument high Irmit (at least for 2sh OOR-11= Out of range for instrument low limit (at least for 2sk EOT = End of test.

- - - _ _ _ _ ___--_ ____ __ _______.____ __ ______________ ___________ - .. .. .. . . . .- . _ . .-
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E-1 Objectives
-

De objectives of the error analysis are as follows:

To describe the errors of the measurements performed during the SPES-2 test program..

To give the results of the error analysis calculations.*

The error analysis was performed in metric units; however, the final results are reported in English

units.

E-2 Error Evaluation

During the test, all measured instrumentation data of the primary and secondary circuit were recorded

at a sampling frequency of 1.0 Hz. The recorded data were converted to engineering units (SI) and

then plotted versus time. The engineering values were also recorded on magnetic tape in order to

transmit the data to Westinghouse Electric Corporation.

E-2.1 Direct Measured Quantities

The direct measured quantities (such as absolute pressures, pressure drops, fluid speed, voltages,

current, etc.), acquired and recorded by data acquisition system (DAS), were converted into

engineering (SI) units using linear formulas:

Y= M * (mV - q) 2 K = M* mV + Q

where:

signal coming from instrumentmV =

calibration constants (q = instrument zero)M,q =

instrument hydraulic head = pw * g * hK =

Q M*q K=

and where:

water density assumed at ambient temperature = 1000 (kg/m')pw =

h pressure tap height difference (m)=

acceleration due to gravity = 9.80665 (m/sec.2)g =

To verify that the instrument will meet the required accuracy for test, the instruments were controlled

and calibrated in the laboratory before installation in the facility. In the facility, the instrument was

mAnp6000625wWE.non:lt>440195 E-3



checked just before the beginning of the experiment in order to control all the DAS recording

channels. The instrument zero was verified daily before starting the test.

Temperatures

The temperature of the fluid, piping, components, and in<ontainment refueling water storage tank

(IRWST) pool water were measured in degrees Celsius by using the following:

Sheated thermocouples type K Cromel-Alumel,0.5- to 1.5-mm OD*

Resistance thermal detector (RTD) thermoresistances type PT 100=

A matrix E (mV), T ('C), for K-type thermocouples was generated by the following formula
(UNI-7938 specifications):

E=( d, T + 125 exp [-1/2 * (T - 127/65)2])/1000
h*l)

where:

E clectrical signal (mV)=

T temperature (*C)=

d, = -1.853306 * 10''
3.891834 * 10''d =i

1.664515 * 10-2d =
2

-7.870237 * 105d =
3

4d = 2.283579 * 104

d = -3.570023 * 1(T5

2.993291 * 10~"d =
6

-1.284985 * 1(r''d =
7

d, = 2.223997 * 10-20

The value of temperature T ('C) was obtained from the signals coming from thermocouples E (mV),

performing a linear interpolation of the matrix E, T. In the same way, the signals coming from

thermoresistances (O) were converted to engineering units (*C) performing the linear interpolation of

the PTIC3 type thermoresistance data characteristics generated by the following formula
(UNI-7937 specifications):

2R = 100 * (1 + 3.90802E-3 * T - 0.5802E-6 * T )

O
l

m:\ap(4KA1625=WE.non:ltwo40195 E-4 :
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1

$

where: !

__ I i
\

temperature (*C)T =
,

'
R measured RTD resistance (D)=

!

'Ihermoresistances and thermocouples were calibrated in the laboratory to verify their accuracy. f
Before testing, a check to control the correspondence between the DAS recording channels and the [
instruments was also performed. t

!
E 2.2 Derived Quantities !

t

,

Flow Rates Measured by Nozzles (kg/sec.)

:
>

IF = a' * c * (APc * p) 5

i
where:

APc = AP 2 p * g * h

i

For orifices, the following applies:

:

c = 1 - (0.41 + 0.35 * ') * APc/(o * P1) !

I

For Venturi tubes, the following applies: ;

i
I

03f T o-1

P 7
r 32 1- _2

.'

P, F P, > 1 p4oc= _ * * < *

P o-1 ' '2' '
i P P 7( s

l- _2 1-p'*
*

2

P's _P
( 8; .- t

,

where: !

P

r

flux coefficient i
' n =

xd2calibrated or calculated flux coefficient (m ) , g , *(2).52o, =

4
compressibility coefficient equal to one for liquidt =

APc local pressure drop across the nonje (Pa)=

fluid density (kg/m')p =

f

!

m:\n;60lA1625wWE.non:lt>040195 E-5
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AP measured pressure drop across the nozzle (Pa)=

P1 absolute pressure upstream the nozzle (Pa)=

gravity acceleration = 9.80665 (m/sec.2)g =

pressure tap height difference (m)h =

ratio of outlet to inlet static pressureP2/P1 =

1.265 saturated steam iscentropic exponent at 4.9 MPao =

p d/D diameter ratio of the nozzle=

The main characteristics of the nozzles are reported in Table C-2 of Appendix C.

The values of nozzle flux coefficients reported in the table were corrected, taking account of the fluid

temperature measured upstream the nozzle using the following thermal expansion formula:

a' = a, * (1 + A * (T - T,))2

where:

T operating temperature=

calibration temperatureT =
oi

A linear thermal expansion coefficient = 1.2E-05 (1/ C)=

Power Channel Electrical Power (kW)

W-000P = (I, + 1 + I +I +I5+I)*Vec * 10-32 3 4 s

where:

l+1+I+I+I+I = direct current feeding the rod bundle measured using six shunts (A)i 2 3 4 5 6

Vpc = voltage drop across the rod bundle (V)

1.evels

The pressurizer, steam generator, and core makeup tank (CMT) collapsed levels were computed in
meters using the following formula:

AP - g * p, * hg,
8 * (P t. - P J

O

m \mptdXA1625w\npp-E.non:lt>o40195 E-6
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__

where:
,/

\ /
p, = steam density in saturation condition (kg/m')''

4

liquid density (kg/m') computed at the following conditions:pt =

saturation conditions for steam generators and for pressurizere

average temperature for CMTa

AP = measured pressure drop between the taps (Pa)

total pressure tap height difference (m)h =

NOTE: For IRWST level, p, = 0 and pl = IRWST water density.

The accumulator levels were calculated using the following formula:

AP, - g * hl * (ptc - p ,)
,

g * (p t - p ,)

where:

P/(R*T) = air density (kg/m')p, =

2liquid density at operating conditions (kg/m )g3 pt =

() hl height difference between the accumulator lower tap and the instmment positive side (m)=

pressure drop (Pa) measured by instrument; the measurement has been performed with theAP , =

negative hydraulic line full of air at the same pressure of the accumulator and the positive

hydraulic line full of water
water density at ambient temperature assumed to equal 1000 (kg/m')pg =

and where:

gas constant of air = 287.037 (J/kg-K)R =

air temperature (K)T =

P air pressure (Pa)=

E 23 Measurement Errors

The absolute maximum error (A) and the standard deviation (c) of the directly measured physical

quantities (absolute and differential pressures, temperature, etc.) are defined as follows:

A= (A + AK + A,y +A)
3 g

7.~
.

mNg60tA1625whE.non:1b-040195 E-7
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l

where:

O1A z (Ac + A, + Am) = SIET assigned instrument error j
=

3

Ac maximum value between the manufacturer error and the maximum error of the performed=

calibrations for absolute and differential transmitters; maximum value between the ANSI

special error and the maximum error of the performed calibrations for thermocouples;

maximum value between the UNI-7937 error and the maximum error of the performed
calibrations for thermoresistances

A,,3 crror of the reference primary standard (pressure gauge, reference thermocouple, reference=

thermoresistance) used in calibration

Am error of the voltmeter used to acquire the instrument output signal during the calibration=

AK maximum error of the instrument hydraulic head=

acquisition card A/D converter bit value (acquisition card error)Av =
3

Au maximum error of the cold junction (only for thermocouples)=

2 2 2(A . 3 K + A'ay + Ao) 5o=

The absolute maximum error and the standard deviation of the derived quantities (flow rate,

levels, etc.) were calculated using the following error propagation formulas:

AY = 1 f | * AX,|

where.

Y - Y (X,) with i = 1...n j

|

" "
0.5

r M

f.i
SY 2oY = ,g X'

S X, > -- r
_

|
where: 1

i
1

Axi= maximum error of the quantities X,
o,= standard deviation of the quantities X,

O)
x

|
1

m:\ap60lA1625whE.non:Ib-040195 E-8
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The error calculations were carried out using,in a conservative way, the upper value range of the
7'N I.

( j mstrument. '

\_/

E-3 Absolute and Differential Pressure Transmitters )
i

i
iAn absolute or differential pressure measurement was calculated as a derived parameter given by the

following:

Y= P, K

where:

I
absolute pressure (P) or differential pressure (AP) to be measured jY =

'

( P. absolute pressure or differential pressure directly measured by the instrument=

Poc * g * h = instrument hydraulic head due to the presence of cold water inside theK =

hydraulic connections between pressure taps and instrument

water density at ambient temperature assume to equal 1000 (kg/m')Poc =

gravity acceleration = 9.80665 (m/sec.2)g =

pressure taps elevation difference for AP measurements or height difference between| h =

pressure tap and instrument for P measurements (m)

m
I(,-) In the case of absolute pressure measurement, the above equation becomes the following because the

instrument is always installed below the facility pressure tap.

P=+P,-K

where:

P, M * (mV - q) = absolute pressure measured by instrument=

and where:

mV signal coming from instrument=

instrument calibration constants (q = instrument zero)M,q =

Therefore +M and -K were obtained using the DAS conversion constant data (see Table C-1 of

L Appendix C).

in the case of differential pressure measurement, the above equation assumes four different7 /~Ni

(/J configurations--<lepending on the installation of the instrument (differential pressure cell) in the plant.|

j x_

mhp60m1625w\mpp E.non:IM40195 E-9
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Configuration 1

If the normal direction of the flow is in the UP vertical direction and the negative (low-pressure) side

of the instrument is the upper tap, then the equation becomes the following:

AP = + P, + K

where:

P, M * (mV - q) = differential pressure measured by instrument equal to the (positive tap=

pressure) minus (negative tap pressure)

and where:

mV signal coming from instrument=

instrument calibration constants (q = instrument zero)M,q =

Therefore, +M and +K were obtained using the DAS conversion constant data sheet (see Table C-1 of

Appendix C).

Conficuration 2

If the normal direction of the flow is in the UP vertical direction (or when flow = 0 for water level
measurements) and the positive (high-pressure) side of the instrument is connected to the upper tap,

then the equation becomes the following:

AP = - P, + K

where:

P, M * (mV - q) = differential pressure measured by instrument equal to the (positive tap=

pressure) minus (negative tap pressure)

and where:

instrument calibration constantmV =

M,q instrument calibration constant (q = instrument zero)=

Therefore, -M and +K were obtained using the DAS conversion constant data sheet (see Tabic C-1 of

Appendix C).

m:\apNXA1625 w\npp-t:.non: t h040195 E-10
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Configuration 3
~

'

p
'If the normal direction of the flow is in the DOWN vertical direction and the negative (low-pressure)

side of the instrument is the bottom tap, then the equation becomes the following:

.

AP = + P, - K

t

where:

P. M * (mV - q) = differential pressure measured by instrument equal to the (positive tap=

pressure) minus (negative tap pressure)

;

and where:

mV signal coming from instrument=

instrument calibration constants (q = instrument zero)M,q =

Therefore, +M and -K were obtained using the DAS conversion constant data sheet (see Table C-1 of

Appendix C).

Configuration 4

If the normal direction of flow is in the DOWN vertical direction and the negative (low-pressure) side -

,

of the instrument is the upper tap, then the equation becomes the following: ,

AP = - P, - K

where:

P. M * (mV - q) = differential pressure measured by instmment equal to the (positive tap i=

pressure) minus (negative tap pressure)
i

and where: ;

mV signal coming from instrument=

instrument calibration constants (q = instrument zero)M,q =

Therefore, -M and K were obtained using the DAS conversion constant data sheet (see Table C-1 of
Appendix C).

mvm1625wh;5*E.non:ltM195 E-11
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E-3.1 Absolute or Differential Pressure Error Analysis

The absolute or differential pressure maximum error (AY) and the standard deviation (oY) are dermed

as follows:

AY = (A, + AK + A,y)

where:

(Ac + Ars + Amn) = SIET assigned instrument errorA =i

maximum error of the instrument hydraulic headAK =

acquisition card A/D converter bit value (acquisition card error)Aav =

and where:

maximum value between the manufacturer error and the maximum error of theAc =

performed calibrations

maximum error of the reference primary standard (pressure gauge) used for theAps =

calibration

maximum error of the voltmeter used to acquire the instrument output signalAwn =

during the calibration

Neglecting the error contribution of the gravity acceleration and applying the error propagation

formula AK results in the following:

AK = 1 (g * h * Apw + pg * g * Ah)

In data reduction, it is assumed that pw = 1000 kg/m', but the density changes versus room

temperature and the tests have been performed at different environment temperature (from 15'C to

30*C). For this reason, the following was assumed:

8Apw = 4 kg/m

9

m:\aptaA1625w\ app E.aon.ll*N0195 E-12



The error contribution of the heights of the hydraulic lines (Ah) versus the h values had been assumed

['') as follows:
LJ

Ah = 0.002 m for 0m <hs0.5 m
,

Ah = 0.003 m for 0.5 m <h $2 m
Ah = 0.005 m for 2m <h 54 m
Ah = i0.007 m for 4m <h 55 m
Ah = 10.009 m for 5m <h 58 m
Ah = 0.010 m for h>8 m

2 2 2oY= (A + A K + Asv) e

E-3.2 Example of Absolute and Differential Pressure Error Calculation

The example of the error calculation is presented for the pressurizer absolute pressure P-027P and

power channel pressure drop DP-000P measurements.

Quantities and primary errors used in the error calculations of the absolute pressure P-027P (see.

Table E-3 and Section E-3)

/~N
]

h = 8.299 m (27.2 ft.) Ah = 0.010 m ( .032 ft.) g = 9.80665 m/sec.2

pw = 1(XX) kg/m' Apoc = 4 kg/m' Av= 12207 Pa (i 1.77 psi)3

Ac = 20000 Pa ( 2.90 psi) A, = 210050 Pa ( 1.45 psi) Aa = 502 Pa ( 0.072 psi)

F

Therefore,

A, = (A, + A, + Am)= 30552 Pa ( 4.43 psi)

AK = (g * h * Apoc * g * Ah)
(9.80665 * 8.299 * 4 + 1000 * 9.80665 * 0.01) = 424 Pa ( 0.061 psi)=

|

l

!
i

m:\aqWOA1625whE.non:Ib-040195 E-13 I
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and:

O
A(P-027P) = (A, + AK + A,y) = 1 (30552 + 424 + 12207)

= 143183 Pa = 0.043 MPa (16.2 psi)

c(P-027P) = (A + A2K + A,y)" = ( (30552)2 + (424)2 + (12207)2 ]"
2

32903 Pa = 0.033 MPa ( 4.7 psi)-

Quantities and primary errors used in the error calculation of the differential pressure measurement*

DP-000P (see Table E-3)

h = 4,441 m (14.57 ft.) Ah = 0.007 m ( 0.023 ft.) g = 9.80665 m/sec.2

poc = 1000 kg/m' Apoc= 4 kg/m' A,y = 73 Pa ( .010 psi)

Ac = 240 Pa (1.034 psi) Ars = 18 Pa ( .003 psi) A en = 2 Pa (2.0003 psi)t ,

Therefore,

O
A, = (Ac+Aps + Accg) = (240 + 18 + 2) = 260 Pa (10.037 psi)

AK = 1 (g * h * Apg + * p te * g * Ab)
(9.80665 * 4.441 * 4 + 1000 * 9.80665 * 0.007) = 2 243 Pa ( 0.035 psi)=

and:

A (DP-(X)0P) = (A, + AK + A,y) = @ + M + W = 1 m Pa
0.576 kPa (10.083 psi)=

o (DP-000P) = 2 (A2 + A K + A ,y) " = [(260)2 + (243)2 + (73)2je2 2

= 1 363 Pa = 0.363 kPa (t 0.053 psi)

O
|

|
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The results of the absolute and differential pressure error calculations are reported in Table E-3. The !

, ,j columns are defined as follows: |
,

|

LJ
PLANT CODE SPES-2 instrument identification code

h Pressure tap elevation difference for differential pressure j

transmitters or height difference between pressure tap and ]
instrument for absolute pressure transmitters (ft.)

Ah Maximum error of the heights of the hydraulic lines ( ft.);

I

AK Maximum error of the instrument hydraulic head ( psi) for
absolute pressure transmitters, ( psi) for differential pressure

transmitters

Ac Maximum value between the manufacturer error and the maximum

error of the calibrations performed ( psi) for absolute pressure

transmitters, ( psi) for differential pressure transmitters

Ars Maximum error of the reference primary standard (pressure gauge)

used for the calibrations ( psi) for absolute trensmitters, (z psi)
,m

( ) for differential pressure transmitters
v

Awu maximum error of the voltmeter used to acquire the instrument

output signal during the calibrations (2 psi) for absolute pressure

transmitters, ( psi) for differential pressure transmitters

Any Acquisition card A/D converter bit value (acquisition card error)

( psi) for absolute pressure transmitters, ( psi) for differential
pressure transmitters

A = 1 (Ac + Ars + Aum) SIET assigned instrument error ( psi) for absolute pressure

transmitters, (i psi) for differential pressure transmitters

A Measurement maximum error ( psi) for absolute pressure

transmitters, ( psi) for differential pressure transmitters

a Measurement standard deviation ( psi) for absolute pressure

y transm.itters, ( psi) for differential pressure transmitters

(3o)t
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E-4 Temperatures

The temperature of the fluid, piping, components, and IRWST pool water were measured by using:

Sheated thermocouples type K Cromel-Alumel,0.5- to 1.5-mm OD*

RTD thermoresistances type PT 100
,

e

1

A matrix E (mV), T (*C), for K-type thermocouples was generated by the following formula j
(UNI-7938 specifications).

i

r S

E= d, T + 125 exp [-1/2 * (T - 127/65)2] /1000 |

td)
j

where:

electrical signal (mV)E =

T = temperature ( C)

-1.853306 * 10'do =

d 3.891834 * la=
3

2d 1.664515 * 1&=
2

5d -7.870237 * 16=
3

2.283579 * 10-7d =
4

-3.570023 * la'd =3

2.993291 * 1&''do =

d, = -1.284985 * la''
d, = 2.223997 * 1020

The value of temperature T (*C) was obtained from the signals coming from thermocouples E (mV),

performing a linear interpolation of the matrix E, T. In the same way, the signals coming from

thermoresistances (D) were converted in eng:neering units ( C) performing the linear interpolation of

the PT100 type thermoresistance data characteristics generated by the following formula (UNI-7937

specifications):

2R = 100 * (1 + 3.90802E-3 * T - 0.5802E-6 * T )

O
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|

!

where: )
,

* 1
'

temperature (*C)T =

measured RTD resistance (D)R =

Thermoresistances and thermocouples were calibrated in laboratory to verify accuracy. Before testing,

a check to control the correspondence between the DAS recording channels and the instnaments was

also performed.

E-4.1 Temperature Error Analysis

'Ihe temperature maximum error (AT) and the standard deviation (OT) are defined as follows:

!AT = (A, + A,y + A,o)

where:

(Ac + Ap3 + A cu) = SIET assigned errorA, =
t

acquisition card A/D converter bit value (acquisition card error)Av =
3

maximum error of the cold junction (only for thermocouples)Au =i

O
\j and where:

maximum value between the ANSI special error and the maximum error of theAc =

performed calibrations for thermocouples; maximum value between the UNI-7937

error and the maximum error of the performed calibrations for thermoresistances

error of the reference primary standard (reference thermocouple, referenceArx =

thermoresistance) used in calibration
error of the voltmeter used to acquire the instrument output signal during theAmi =

calibration

OT = (A} + A[v + A|u)"

NOTE: The ANSI special error for K-type thermocouples is defined as follows:

1.1 *C or 0.4%, whichever is greater

lhe UNI-7937 error for PT100 type thermoresistances is defined as follows:

1 (0.15 + 0.002 * T,.) *C

mhrun16254mlinon:n>m0195 E-17



where:

achievable maximum temperature ( C)T,,, =

E-4.2 Example of Error Calculations for Temperature Measurements

The example of the error calculation is presented for the temperature measurement T-03P (K-type

thermocouple instrument) and the temperature measurement T-061E (PT100-type RTD instrument).

Primary errors (see Table E-4) used in the error calculations of the temperature measurement-

T-003P (K-type thermocouple instrument):

Ac = 1 1.14*C ( 2.05'F) Ars = 0.12*C (t .22*F) A cu = 0.Ol*C ( .02'F)t

A v = 1 0.l*C ( .18*F) Ao = 10.l*C ( .18 F)3

Therefore,

A= (Ac+Ars+Acca) = (1.14 + 0.12 + 0.01) = 2 1.27 C ( 2.28'F)j

A (T-003P) = (A + A,y + A ) = 2 (1.27 + 0.1 + 0.1) = z 1.47 C (* 2.65'F)j u

o (T-003P) = (A[ + A v + A|u)" = [(1.27)2 + (0.1)2 + (0.1)2j u = 1.28*C ( 2.30*F)
2

3

Primary errors (see Table E-4) used in the error calculations of the temperature measurement=

T-061E (FT100-type RTD instrument):

Ac = 0.35*C (1.63'F) Ae3 = 0.12*C ( .22*F) Ami = 2 0.01 C ( .02'F)
'

Av= 0.05 C (1.09'F)3

| O
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Therefore, - }
'

A, = 2 (Ac+A,+A ,= (0.35 + 0.12 + 0.01) = 0.48'C ( 0.86*F).y

. . !
A (T--061E) = (A + A,y) = 2 (0.48 + 0.05) = 0.53*C (* 0.95*F) {3

l.
+

a (T-061E) = t (A* + A*ay)" = [(0.48)2 + (0.05)2]" = 0.48*C (2' O.86*F) '!
;

The results of the temperature error calculations are repolted in Table E-4. 'Ihe columns are defined {
as follows:

,

<

|
PLANT CODE SPES-2 instrument identification code

!'Ac Maximum value between the ANSI special error and the' maximum

error of the performed calibrations for thermocouples (i *F);

fmaximum value between the UNI-7937 error and the maximum

enor of the performed calibrations for thermoresistances (i *F) )
'I

;

Ars Error of the reference primary standard (reference thermocouple,. ,

reference thermoresistance) used in calibration (2 *F)
'

1

Am Error of the voltmeter used to acquire the instrument output signal

during the calibration (i *F)

Ay Acquisition card A/D converter bit value (acquisition card error)

(i*F)

Asu Maximum error of the cold junction (only for thermocouples)

(t*F)

A = t (Ac + Ars + Am) SIET assigned instrument error ( *F)

i

A Measurement maximum error ( *F)

o Measurement standard deviation ( *F)
:-

:,

,

'
.i

,

f
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E-5 Load Cells

O|The masses discharged by break, ADS-1, -2, -3 and -4 valves, and steam generator's power-operated
'

relief valve (PORV) were collected using three catch tanks and measured using a load cell system.

Each catch tank was equipped with three load cells electrically connected in parallel mode (maximum

load = 3000 kg; accuracy = 0.1 %).

|

E-5.1 Load Cells Error Analysis |

The maximum error (AIF) and the standard deviation (alF) of the mass collected and weighed by

catch tank were defined as follows:

AIF = (A, + A3y)

where:

A (Ac + Aes + A ni) = SIET assigned error=
i t

Aav acquisition card A/D converter bit value (acquisition card error)=

and where:

maximum value between the manufacturer error and the maximum error of theAc =

performed calibrations

Ap3 maximum error of the reference primary standard (set of weights and scale) used=

for die calibration

A ni maximum error of the voltmeter used to acquire the output signal of the load cell=t

system

oIF = 1 (A! + A$v)"

E-5.2 Example of Load Cell Error Calculations

The example of the error calculations concerns the integral mass flow rate measurement IF005P.

Primary errors used in the error calculations (see Table E-5):

Ac = 13 kg ( 6.61 lb) Ars = 2 0.19 kg ( 0.42 lb) A ai = 0.34 kg ( 0.74 lb)t

Aav = 2.24 kg (14.94 lb)

O
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Therefore,
m.7

() A, = 2 (Ac+Ars + A ) = 2 (3 + 0.19 + 0.34) = 3.53 kg ( 7.78 lb) ,

A (IF005P) = 2 (A, + A,y) = (3.53 + 2.24) = 5.77 kg ( 12.72 lb)
,

o (IF005P) = (A2 + A*3v)" = [(3.53)2 + (2.24)2ju = 4.18 kg ( 9.22 lb)

The results of the load cell error calculations are reported in Table E-5 are defined as follows:

PI, ANT CODE SPES-2 instrument identification code

Ac Maximum value between the manufacturer error and the maximum

error of the performed calibrations (t Ib)

Ars Maximum error of the reference primary standard (set of weights

and scale) used for the calibrations (t lb)

/^\
(,,/ A ai Maximum error of the voltmeter used to acquire the output signalt

of the load cell system during the calibration ( lb)

A,y Acquisition card A/D converter bit value (acquisition card error)

( lb)

A, = 1 (Ac + Ars + A ai) SIET assigned instrument error ( lb)t

A Measurement maximum error ( lb)

o Measurement standard deviation (i Ib)

E-6 Data Acquisition System (DAS)

'Ihis paragraph reports the accidental and systematic (recoverable) errors of the DAS. The accidental

errors are as follows:

Av acquisition card A/D converter bit value (acquisition card error)=
3

Au maximum error of the cold junction (only for thermocouples)=

^

/ \

,

I
.
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There are eight types of cards used in the DAS:

AMUX (analogical multiplexer) used to acquire absolute and differential pressure*

(32 channels / card)

RTD (resistance thermal detector) used to acquire thermoresistances (8 channels / card)*

SG (strain gauge) used to acquire load cells, differential pressure transducers (8 channels / card)*

TC (thermocouple) used to acquire thermocouples (8 channels / card)*

TCX - 400 (thermocouple) used to acquire ti ;.nocouples (8 channels / card)* -

KS - 800 (thermocouple) used to acquire the rod bundle thermocouples (8 channels / card)*

TCX - 100 (low voltage signal) used to acquire the shunts (8 channels / card)*

TCX - 5000 (high voltage signal) used to acquire the voltage drop across the rod bundle*

(8 channels / card)

The error Aav depends on the characteristics of the card and on the characteristics of the channel. It is

defined as follows:

AA *M=
av 2" * G

where:

A/D converter full scale = 10000 (mV)A =

number of bits used by A/D converter = 12n =
G channel amplifier gain having the following values:=

G 1 for AMUX card=

G = 131.86 for RTD card
G 166.67 for SG card=

G 609.9 for TC card=

G 304.9 for TCX-400 card=

G 150.25 for TCX-800 card=

G 50 for TCX-100 card=

1 for TCX-50(X) card
~ G =

M= Instrument conversion constant or conversion matrix for thermocouples and thermoresistances

%e values of the errors A,y for each measurement are reported in the tables of this appendix.
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Re maximum error of the cold junction Ao is given by manufacturer and is:

'w)
A = 10.1 ( C)g

The systematic (recoverable) DAS errors nre:

1. De thermocouples amplifier shifts. These values are reported in Table E-11.

2. The difference between the fluid density values calculated by DAS subroutines (Ptors. PVDAS) 00d

the values given by water-steam tables (pt743, pyria).

These differences (Apo, Ap,) are shown in Tables E-1 and E-2.
:

E-7 Flow Venturi / Orifices

F = a' * e * (Alt * p ) "5

where:

A
V APc = AP i p * g * h = AP i Ki

and where:

F flow rate (kg/sec.)=

a, (1 + A * (T - Tw))2 = nozzle flux coefficient corrected by fluid temperaturen' =

compressibility coefficient equal to one for liquidc =

APc local pressure drop across the nozzle (Pa); if the nozzle is installed in an horizontal=

plane APc = AP

Ki internal hydraulic head (only for nozzles installed in vertical plane)=

AP PI - P2 = measured pressure drop between the nozzle pressure taps (Pa)=

fluid density (kg/m')p =

h nozzle pressure tap height difference (m)=

gravity acceleration = 9.80665 (m/sec.2)g =

and where:

2

a, = calibrated or calculated nozzle flux coefficient (m ) = a * xd * (2) as2

a = flux coefficient
d T = operating fluid temperature (*C)
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A linear thermal expansion coefficient = 1.2E-05 (1/ C)=

calibration fluid temperature s 20*CT =
oi

nozzle throat diameter (m)d =

d/D = nozzle diameter ratio=

P1 absolute pressure upstream the nozzle (Pa)=

1 - (0.41 + 0.35 * *) * APc/(c * P1) for orifice:s (UNI-10023 specifications)c =

For Venturi tubes, the following applies (UNI-10023 specifications):

~ -

05r T g .3

P ~3"
r 32 1- _2
P 3 P 1-D'2 o i;c= * * < *_ . ,

p g_] f ' / 12
i P P 3t 2 _21- 14 *

P' s P' s -- t <

where:

steam iscentropic exponent = 1.265 for saturated steam at 4.9 MPao =

'The main characteristics of the nozzles are reported in Table C-2 of Appendix C.

2maximum error of the nozzle flux coefficient ( m)Acxc =

standard deviation of the nozzle flux coefficient ( m')onc =

Ac compressibility factor error (only if e # 1) defined as suggested by UNI-10023=

specifications as:

Ac = z 0.N * c * &c for orifices with 0.23 s 5 0.75
Pi

Ac = 0.08 * c * O fw orifices with 0.75 5 s 0.80
Pi

At = z 0.M * c * A e for Venturi tubes
P,

O
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where:
rm(j,' Atoc =

fluid density maximum crror ( kg/m')Ap =

fluid density standard deviation ( kg/m')op =

A(APc) = maximum error of the nozzle local pressure drop ( Pa)
o(APc) = standard deviation of the nozzle local pressure drop ( Pa)

maximum error of the internal hydraulic head for nozzles installed in vertical plane ( Pa)AKi =

(A, + AK + A,v) = maximum error of the measured pressure drop of the nozzleA(AP) =

* (A,2 + A K + A v )os = standard deviation of the measured pressure drop of the nozzle2 2c(AP) =
3

E-7.1 Flow Rate Error Analysis
|

The flow rate maximum error (AF) and the standard deviation (cF) were calculated applying the

following error propagation formulas:

|
|

f, 5x,
SF with i=1...n*AX,|AF =

,.

l

b -

osd rgp T2a

oF = { * c Xi2

SXi-,. i r > -

where:

Ax,= maximum error of the quantities Xi
o,= standard deviation of the quantities Xix

in the calculation where the standard deviation (o ,) of the variable Xi is not known, the standardx

deviation is assumed equal to the maximum error (Ax,). The error calculations have been performed

assuming the following hypotheses: j

a. The fluid density standard deviation was assumed to be equal to the correspondent maximum

error. Therefore, op = Ap.

b. The error contribution due to the thermal expansion correction of the nozzle flux coefficient was

neglected. Therefore, in the error propagation, formulas were assumed to be:

a' = a , Aa' = A% and ou' = ca,. |r

-

i
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c. The error contribution (AKi) due to the internal hydraulic head for the nozzles installed in vertical
'

plane was neglected. Derefore,in the error propagation, formulas were assumed to be:
APc = AP, A(APc) = A(AP) and c(APc) = c(AP).

d. The error calculation was carried out using,in a conservative way, the span upper value of the

instrument. Therefore, in the crior propagation, the formula was assumed to be: APc = maximum

value of the instrument span.

e. The recoverable error due to the difference between the fluid density value computed by the DAS

subroutine and the value given by the water-steam tables was neglected.

Applying the error propagation formulas to the flow rate expression with the hypothesis reported, the
following was obtained.

AF = [ t * AP[5 * pas * Aa, + a, * AP[5 * pas * Ac
+ a, e c * 0.5 * AP 45 *p * A(AP,) + a, * c * AP,"' * 0.5 * p *5 * Ap]5

Setting:

A + c * AP[5 * p ; B = a, * AP[5 *pas as

C = a, * c * 0.5 * AP,*5 * p ; D = a, * c * AP[5 * 0.5 * p *5as

The following can be written:

AF = 2 [ A * Aa, + B + Ac + C * A(AP,) + D * Ap)

and:

OF = 1 [ A * c'a, + B2 2,ge+C2 2 22 , g ( g p,) . 92 , g p j as

O
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i

( .

where: !
A '

A)-
.

,

'

p(T, + AT, - p(T, - AT,) p(P + AP,) - p(P - AP,) ;
3 3+ * AP -Ap = 2 * AT, 32 * AT, 2 * &, y _ ;

,

,,

!

,

f

i
and where: :

!

reference absolute pressure (MPa) upstream the nozzle !P, =

reference temperature (*C) upstream the nozzle |T =i

i maximum error of the temperature upstream the nozzle !AT =

'
maximum error of the absolute pressure upstream the nozzleAP =

i

Ap = standard deviation of the fluid density iop =

|

NOTE: As consequence of the excessive value of the pressure drop across the venturi tubes used to [
measure the steam flow generated by the steam generators, the measurements F-A04S and j

F-B04S are not valid; therefore, the error calculation of these measures has not been j
performed.

E-7.3 Example of Flow Rate Error Calculations

'Ihe example of the error calculations concerns the cold leg-Al flow rate (F-A0lP). >

|

Reference conditions, measurements, and pr' mary errors used in the calculation of the errors of
,

'

F-A0lP at initial steady-state conditions:

T = T-A01IP = 280 C APc = F - A01P = 60000 Pai
8P = P-A04P = 15.6 MPa p = 764.79 kg/m3

Ac = oc = 0 c=1 I

i

From Tables E-3, E-4 and C-2, the following were obtained:
1

'i
AT,= 1.48'C ( 2.66'F) oT = 1.29'C ( 2.32*F)i

A (APc) = 116 Pa (2.016 psi) o (APc) = 188 Pa (t .012 psi)
API = 2 0.Gt3 MPa (* 6.26 psi) oPI = 0.033 MPa ( 4.77 psi)

2 2a = 1.0236E-3 m Aa = occ = 1.02E-5 mc c c

\
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7herefore using water-steam tables and assuming ap = Ap, the following were obtained:

O
. .

762.06 - 767.24 , 3,47 W .83 - W 74 * 0.043,, .

2*l.48 2 * 0.043
,,, .r, ,

Making calculations, the following were obtained:

Ap = 2.66 kg/m' ( .166 lb/ft.')

op = Ap = 2.66 kg/m3( .166 lb/ft.')

A = c * AP, 5 e p"5 = 1 * (60000) 5 * (764.79) 5 - 6774.02

B=ac * APE * p = 1.0236E-3 * (60000) 5 * (764.79) 5 = 6.93

C=ac*c *0.5 * APc*5 *p 5

= 1.0236E-3 * 1 * 0.5 * (60000)*5 * (764.79) 5 = 5.78E-5

D=ac * e * APj5 * 0.5 * p d5

1.0236E-3 * 1 * (60000) 5 * 0.5 * (764.79)*5 - 4.53E-3=

A (F-A0lP) = 2 [6774.02 * 1.02E-5 + 6.93 * 0 + 5.78E-5 * 116 + 4.53E-3 * 2.66]
0.088 kg/sec. (10.194 lb/sec.)=

,

o (F-A0lP) = [(6774.02)2 * (1.02E-5)2 + (5.78E-5)2 * (88)2 + (4.53E-3)2 * (2.6 6)2 ]05
= 10.070 kg/sec ( 0.154 lb/sec.)

O
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.

NOTE: The error calculation of the steam flow generated by steam generators were not performed

[} because as consequence of the excessive value of the pressure drop across the venturi tubes
Y> used to measure the steam flow, the measurements F-AMS and F-BMS are not valid.

The results of the flow rate error calculation are reported in Table E-6. The columns are defined as
|

follows:

PLANT CODE SPES-2 instrument identification code

| T Fluid reference temperature upstream the nozzle (*F)i

AT, Maximum error of the fluid reference temperature upstream the

nozzle ( 'F)

P, Reference absolute pressure upstream the nozzle (psi)

AP, Maximum error of the reference absolute pressure upstream the

nozzle ( psi) 1
!

p Fluid density (Ib/ft.')

.O Ap * Maximum error of the fluid density ( lb/ft.8)
V

e Compressibility coefficient

Ac Compressibility coefficient maximum error

APc Reference nozzle local pressure drop (psi) assumed equal to the

span upper value of the instrument

A (APc) Maximum error of the nozzle local pressure drop (i psi)

o (APc) Standard deviation of the nozzle local pressure drop ( psi)

a Nozzle flux cocflicic.nt (ft.2)c

Aa Maximum error of the nozzle flux coefficient (2 ft.2)c

ook Standard deviation of the nozzle flux coefficient ( ft.2)

OV *

The fluid density standard deviation (op) was assumed to be equal to the correspondent maximum
error. 'Dierefore, op = Ap.

m:\apfm1625 w\npp- E.non: Ib-o40195 E-29
1



A Measurement maximum error (1 b/sec.)

o Measurement standard deviation ' lb/sec.)

E-8 Power Channel Electrical Power

W-00P = (I, + 1 + I + I +3 +I)*Vec * 10-52 3 4 5 6

where:

W-00P = power channel power (kW)
I,+I+I+I+I direct current feeding the rod bundle generated by the 8 MW group and measured=2 3 4 5

by means of five shunts (A)
1 direct current feeding the rod bundle generated by the 4 MW group and measured=

6

by means of one shunt (A)
V voltage drop across the rod bundle (V)=ee

E-8.1 Power Channel Electrical Power Error Analysis

The power channel electrical power maximum error A (W-00P) and the standard deviation o (W-00P)

were calculated applying the error propagation formulas as:

A(W-00P) (1 + 1 + Is+I +I5 + I ) * AVpc + Vpc * (AI, + A12 + AI + AI + AI + Al.) * 10-33 2 4 6 3 4 5

Setting:

A = I, + 1, + I + I, + 15+I3 6

'Ihe following can be written:

o(W-00P) = [A ,gypc . y,2c , (g 3, . g g, g g, g g, g 3, g g,)) o3 * 10-5
2 2 2 2 2 2 2 2
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The voltage drop across the rod bundle is acquired by DAS through a voltage divider, so that:
,

,

( i
wJ

V,,c = J * Vo33

where:

R, + R2 voltage divider ratio = 32J= =

R,
3125 0 = voltage divider resistanceR =i

96875 0 = voltage divider resistanceR =
2

voltage signal acquired by DASVo43 =

The maximum error AV,,c was defined as follows:

AV c = (Vois * AJ + J * AVo33)i

where:

-O Agy = maximum error of the power channel voltage signal acquired by DAS- AVox3 =

f 4

R_ *AR,+ _12 * AR 0.186AJ = 1 =
2

R, R,
r >

of = AJ; oV = A V ,3 = A,yox3 o

where:

9.38 O = accuracy of the resistance R,AR, =

2 1290.6 O = accuracy of the resistance RAR 2 |=

|

The standard deviation oV was calculated as follows: |ec
|

|
|

2 ,g;.y2,gy9A,)as2 2oV (V=
oA,pc

i j

V ;

i
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The generic maximurn error (AI,) of one of the six currents feeding the rod bundle is defined as
follows:

AI, = (A, + A,y)

where:

A, 2 (A + Aes + Ami) = SIET assigned instrument error=

Ac maximum value between the manufacturer error and the maximum error of the performed=

calibration

Aes maximum error of the reference primary standard (reference shunt) used for the calibration=

Ami maximum error of the voltmeter (DAS) used to acquire the instrument output signal during=

the calibration

The generic standard deviation (ol,) of one of the six currents feeding the rod bundle is defined as
follows:

01, = (A' + A'av)"

E-8.2 Example of Power Channel Electrical Power Error Calculations

The example concerns the error calculations of the power channel power W-00P at initial steady-state
conditions and at reduced power of 1000 kW during decay transient.

Reference conditions, measurement and primary errors used in the calculations of the W-00P crrors=

at initial steady-state conditions:

W-00P = 4991.6 kW Vrc= V-OlP = 99.916 V Vors = 3.122 V
l = I-OlP = 7112 A 1 = I-02P = 7112 Ai 2

1 = I-03P = 7112 A 1 = I-NP = 7112 A3 4

1 = l-05P = 7112 A 1 = l-06P = 14400 A5 6

J = 32 AJ = of = 2 0.186

From Table E-7, the following were obtained:

Al = A (I-OlP) = t 40.76 A cl = c (I-OlP) = 135.37 Ai i

Al = A (1-02P) = 40.76 A c1 = c (I-02P) = 35.37 A2 3

AI = A (I-03P) = 40.82 A c1 = c (I-03P) = 135.41 A3 3

AI, = A (1-04P) = 40.82 A cl = c (I-NP) = 35.41 A
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Als = A (1-05P) = 40.72 A cli = c (1-05P) = 35.35 A
AI = A (I-06P) = 127.22 A c1 = o (I-06P) = 2133.34 A6 6

AV s = Any = 2.44E-3 V oVoxs = A y = 2.44E-3 V"

oi 3

|

Therefore, . I
|
:

|

AV = A (V-OlP) = (3.122 * 0.186 + 32 * 2.44 E-3) = 0.659 Vec

,

oV = c (V-CIP) = [(3.122)2 * (0.186)2 + (32)2 * (2.44 E-3)2je = 10.586 Vrc

,

and:
,

:

'
A (W-00P) = 1 [(7112 * 5 + 14400) * 0.659 + 99.916 * (40.76 + 40.76 + 40.82

+ 40.82 + 40.72 + 127.22)] * 10-8 = 66.01 kW .'
|
i

i

o (W-{)0P) = ((7112 * 5 + 14400)2 * (0.586)2 + (99.916)2 * [(35.37)2 |
+ (35.37)2 + (35.41)2 + (35.41)2 + (35.35)2 + (113.34)2j;u * 10-8 = 32.37 kW

i

Reference conditions, measurement, and primary errors used in the calculations of the W-00P |
*

errors during decay power transient at 1000 kW (only 4 MW group in operation):

|

W-00P = 1000 kW .Vpe = V-OlP = 44.721 V Voss = 1.398 V !
l=1=I=I=1=0 1 = I - 06P = 22360.5 A !
i 2 3 4 5 6

J = 32 AJ = oJ = 2 0.186 ,

!

From Table E-7, the following were obtained: !
I.

Al, = A (I - 06P) = 1 127.22 A

|

al, = o (1 - 06P) = 113.34 A

.

. '

.

!
- !

O |
r

r
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i
Therefore, I

O
AV c = A (V-OlP) = (1.398 * 0.186 + 32 * 2.44 E-3) = 10.338 Vi

o V,,c = c (V-OlP) = [(1.398)2 * (0.186)2 + (32)2 * (2.44 E-3)2ja5 = 0.271 V

and:

A (W-00P) = (22360.5 * 0.338 + 44.721 * 127.22) * 10-5 = * 13.25 kW

o (W-00P) = 2 [(22360.5)2 * (0.271)2 + (44.721)2 * (113.34)2jas * 10-5 = 7.9 kW

' Die results of the power channel electrical measurement error calLtilations are reported in Table E 7.

The columns are defined as follows:

OPLANT CODE SPES-2 instrument identification code

V,.c = V-01 P Reference voltage drop value across the power channel (V)

Vnas Reference power channel voltage signal acquired by DAS (V)

AVo4s = Any Maximum error of the power channel voltage signal acquired by

DAS (t V)

oV , = A,y Standard deviation of the power channel voltage signal acquired by3

DAS (i V)

AR, Accuracy of the resistance R1 of the voltage divider used to

acquire the power channel voltage ( D)

AR Accuracy of the resistance R2 of the voltage divider used to2

acquire the power channel voltage ( D)

J Voltage divider ratio

O
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i

AJ' Maximum error of the voltage divider ratio

M.U. Engineering unit of the measurement
;
.

Ac Maximum value betv/cen the manufacturer error and the maximum
error of the performed calibrations ( M.U.)

;{

A,.s Maximum error of the reference primary standard (reference shunt)

used for the calibration ( M.U.)
,

Ami Maximum error of the voltmeter used to acquire the instrument

output signal during the calibration (2 M.U.)
.

A, = i (Ac + d s + A .cu) SIET assigned instniment error ( M.U.)i t

Any Acquisition card A/D converter bit value (acquisition card error)

( M.U.)

A Measurement maximum error ( M.U.)

o Measurement standard deviation ( M.U.)
[
\

The power channel power errors have been calculated for three power values, at 4991.6 kW (nominal

power),1000 kW, and 200 kW. The results of the power channel power error calculations are
reported in Table E-8. The columns are defined as follows: .

PLANT CODE SPES-2 instrument identification code
.

W = W-00P Reference power channel power value (kW)

1 = l-0IP" Reference current measured by the shunt I-OlP (A) :
3

1 = l-02P" Reference current measured by the shunt 1-02P (A) |2

1 = l-03P" Reference current measured by the shunt 1-03P (A)3

i
|

|

*

The standard deviation of the voltage divider ratio (cJ) was assumed to be equal to the correspondent
maximum error. Therefore, cJ = AJ.

"

These currents are generated by the 8 MW power group. The maximum error and the standard
deviation values are reported in Table E-7.
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I,=104P' Reference current measured by the shunt I-04P (A)

I, = 1-05P' Reference current measured by the shunt I-OSP (A)

I. = I-06P" Reference current measured by the shunt I-06P (A)

Vo4s Reference power channel voltage signal acquired by DAS (V)

AVois Maximum error of the power channel voltage signal acquired by

DAS( V)

V e = V-01P Reference voltage drop across the power channel (V)p

AV c Maximum error of the reference voltage drop across the powerp

channel ( V)

oYpc Standard deviation of the reference voltage drop across the power

channel (t V)

A Measurement maximum error ( kW)

o Measurement standard deviation (2 kW)

E-9 Levels

The pressurizer, steam generator, and CMT collapsed levels were computed in meters using the
following formula:

AP - g * p' * h
(I) L=

g * (pt - p,)

where:

pv = steam density in saturation condition (Irgho
liquid density (kghn') computed 9:pt =

saturation conditions for steran generators and for pressurizer*

average temperature for Chfr*

Ap = measured pressure drop between the taps (Pa)
h = total pressure tap height difference (m)

*

These currents are generated by the 8 MW power group. The maximum error and the standard
deviation values are repo<ted in Table E-7.

**

This current is generated by the 4 MW power group. The maximum error and the standard deviation
values are reported in Table E-7.
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NOTE: For IRWST level, p, = 0 and pt = IRWST water density. ;

O |
d dhe accumulator levels were calculated in meters using the following formula:

!

AP, - g * hl * (ptc - p,) ;

(II)- L=
, 8 * (Pt - P A} |

:

I

where: :,

-!
'

P/(R*T) = air density (kg/m')px- =

liquid density at operating conditions (kg/m') ;pt =

height difference between the accumulator lower tap and the instrument positive side (m)-. |hl =

AP , pressure drop (Pa) measured by instrument; the measurement has been performed with the . ;=

negative hydraulic line full of air at the same pressure of the accumulator and the positive !
hydraulle line full of water -

density of cold water filling the hydraulic line assumed = 1000 (kg/m')pte =

and where: '!

i
R gas constant of air = 287.037 (J/kg-K)= r

air temperature (K)T =

air pressure (Pa)P =

!
JE-9.I. Level Error Analysis

The icvel maximum error (AL) and the standard deviation (oL) were calculated applying the following
error propagation formulas:

AL = 2 | * AX, |

with I = 1,......n 'j
!

)
i

" "
0.5

r 52

f. 6X,j .

Ob tol = * o x'.'

.

.i
,

g(
1

1
,

-

i

|
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where:

maximum error of the quantities X,AX, =

standard deviation of the quantities X,oX, =

in the calculations where the standard deviation oX, was not known, the standard deviation was

assumed equal to the maximum error AX,. The error calculations were performed assuming the

following hypotheses:

a. De standard deviation of the pressure tap height difference was assumed to be equal to the

correspondent maximum error. Therefore, oh = Ah.

b. He error contribution due to the gravity acceleration was neglected, and the gravity acceleration
value was assumed to be: g = 9.80665 m/sec.2,

c. The error calculation as carried out using,in a conservative way, the span upper value of the

instrument; the measured pressure drop between the taps was assumed equal to the pressure drop

measured by the instniment. Therefore, in the error propagation, the formula was assumed to be:

AP = AP, = maximum value of the instrument span.

d. The error contribution due to die gas constant of air was neglected, and the gas constant of air was

assumed to be: R = 287.037 (.1/kg-K).

c. The recoverable error due to the difference between the fluid density values computed by DAS

subroutines, and the values given by water-steam tables were neglected.

f. He fluid density standard deviations were assumed equal to the correspondent maximum error.

Therefore, op = Ap.

Applying the error propagation formulas to the level expression (I) used to calculate the level of the

pressurizer, steam generators, and CMT collapsed level with the hypotheses reported, the following
was obtained:

. .

SL
SL * AP'

0' S L , gp'AL = , 3 (gp) + " * Ah. +

.

S P, Th SP
~

SAP
t

.

O
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Making calculations, the following were obtained:
f3
N./A

0'

W * A(AP) * A(AP) = A * A(AP)=

E * (P t - P,

SL AP - g * h * p'
* AP, = B * Ap,* Ap, =

6 P, g * (p -p,)2g

0L
= -

P'
E * Ah * Ah = C * Ah

(Pt - P,)

SL g * h * p' - AP
* Ap t * Ap t = D * Ap t=

SI,t g * (pt - p ,),

O
V

Therefore,

AL = 1 [ A * A(AP) + B * Ap, + C * Ah + D * Apg]

ol = [A2,g2 (AP) + B2 2 2,gh+D22 ,gptjos2, g p, + C

|

The fluid density errors were calculated as:

|

p, (P + A(P)) - p, (P - A(P))
Ap, = * A(P)

2 * A(P)

P reference absolute pressure (saturation conditions) !=
tm
( A A(P) maximum error of the absolute pressure=

%.)
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saturated steam density maximum errorAp, =

Ap, = saturated steam density standard deviationop, =

For pressurizer and steam generators (saturation conditions):

pt (P + A(P)) - pt - (P - A(P))
Apt =* *A(P)

2 * A(P)

For CMT (subcooled conditions):

.

pt (P + A(P)) - pt - (P - A(P)) pt (T 4 AT) - pt (T -AT)
+ * ATAp t = *A(P)

2 * A(P) 2 * AT
-

7 p

Apt liquid density maximum error calculated in saturation= r

conditions for pressurizer and steam generators and in

subcooled conditions for CMT
cP Apt = liquid density standard deviation=

t

T average temperature of the CMT liquid temperature=

calculated using three temperatures-namely: T-A415E,
T-417E, T-A420E and T-415E, T-B417E, T-B420E.

AT, + AT + AT'2AT = 1 maximum error of the average CMT liquid temperature=
3

AT,AT,AT maximum errors of the three temperatures used to calculate=i 2 3

the CMT liquid average temperature
AP reference pressure drop between the pressure taps assumed=

equal to the span upper value of the instrument

A(AP) maximum error of the pressure drop between the pressure=

taps

c(AP) standard deviation of the pressure drop between the pressure=

taps

Ah maximum error of the pressure tap height difference=

oh Ah = standard deviation of the pressure tap height difference=

Apt CMT subcooled liquid density maximum error=

O
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Applying the error propagation formulas to the level expression (II) used to calculate the level of the

h accumulators with the hypotheses reported, the following was obtained:
uf

.

. .

b 0b Ob Ob' SLAL = 1 * A(AP,")
% * AP* K * Ah' * AP' *AP^+ + + +

,

6AP , SP S P,
,

o

,

Making the calculations, the following were obtained: ,

SL 1* A(AP,) * A (AP,) = A * A (A P )=

6 AI,, g * (pt - p3)

K , g' _ (Poc - P A}SL
* Ah' = B * Ah',

(po - p3) ,

= -
h'6L

*A ptc I* Apoc = C * Aptc
(p _p,

SL * A 8 * h, * (pw - p,) - AP,'

PL *AP L = D * Ap t=

6P g * (po - p,)2t

,

6L APw + g * h * (pt pg)i ;

ApA A = E * A pi* *

OPA 8 * (PL PA)2 ,

!

'

Therefore,

AL = [ A * A(AP ) + B * Ah, + C * Apg + D * Apt + E * Ap,]

t

i
'
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ol = [A ,g2 (AP,) + B 2 , g h, + C2 , g pw , p2 , g pt + E2 , g p A]2 2 2 2 2

where:

AP, pressure drop measured by instmment assumed equal to the span upper value of the=

instrument

A(AP ) (A, + Aav) = maximum error of the pressure drop measured by the instrument=

(A' + A v) 5 = standard deviation of the pressure drop measured by the instrument2c(AP,,,) =
3

The meaning of the quantities A and A y are defined in Section E-3.i 3
.

maximum error of the height difference between the accumulator lower tap and theAh, =

instrument positive side

Ah, = standard deviation of the height difference between the accumulator lower tapch, =

and the instrument positive side
2

APw 14 kg/cm = maximum error of the density of cold water filling the instnament=

hydraulic connections (see Section E-3)

Apoc = standard de'.lation of the density of cold water filling the instmment hydraulicopte =

connections

maximum error of the accumulator liquid densityApt =

Apt = standard deviation of the accumulator liquid densityopt =

.

pt (P + A(P)) - pt (P - A(P)) pt (T + AT) - pt (T - AT)
Apt * A(P) + * AT=

2 * A(P) 2 * AT
-

.r p .

P reference accumulator absolute pressure = 4.9E6 (Pa)=

T reference accumulator liquid temperature = 20 ('C)=

A(P) maximum error of the accumulator absolute pressure=

AT maximum error of the accumulator liquid temperature=

Ap, maximum error of the accumulator air density=

= Ap3 = standard deviation of the accumulator air density )opa =

O
|
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l

. .
I

rx

I) Ap, = * A(P) + * AT,
2w- R*T R*Tx_ 4

. .

where:

293.15 (K) = reference air temperatureT =4

AT, maximum error of the accumulator air temperature (K)=

reference accumulator absolute pressure (Pa)P =

A(P) maximum error of the accumulator absolute pressure (Pa)=

air gas constant = 287.037 (J/kg-K)R =

E-9.2 Example of Level Error Calculations

The example concerns the error calculations of the pressurizer level (L-010P).

Reference conditions, measurement, and primary errors used in the calculations of the errors of L-010P

(see Table E-3)
'

!

P = P-0.27P = 15.51 E6 (Pa) h = 6.206 (m) g = 9.80665 m/sec.2,,

[ l pt = 593.1 (kg/m') pv = 102.06 (kg/m')

| A (P) = A (P-027P) = 43000 (Pa)
Ah = 0.009 (m) ch = Ah = 10.009 (m)
AP = L-010P = 66.3 E3 (Pa)

A (AP) = A (L-010P) = 2 545 (Pa) o (AP) = c (L-010P) = 1376 (Pa)i

1herefore, using water-steam tables:

|

Ap' = 102.51 - 101.6 * 43000 30.46 kg/m=

2 * 43000

|

op, = Ap, = 0.46 kg/m'

593.06 - 594.64 8Ap o = * 43000 0.79 kg/m=

2 * 43000

V
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2op t = Ap t = 0.79 kg/m

IA= = 2.078E - 4=

g * (pt - p,) 9.80665 * (593.1 - 102.06)

~ * *
' 66.3E3-9.80665 e 6.206 * 593.1B= = 0 0128=

g * (pt - p ,)' 9.80665 * (593.1 - 102.06)2

= -
102.06C= -

'
= 0.2078

pt - p, (593.1 - 102.06)

* * ~ 9.80665 * 102.06 * 6.206 - 66.3E3*D= = 0.0254=

g * (p t - p,)2 9.80665 * (593.1 - 102.06)2

O
Therefore,

A (IA)l0P) = 2 (2.078E-4 * 545 + 0.0128 * 0.46 + 0.2078 * 0.009
+ 0.0254 * 0.79) = 10.14 m ( 0.46 ft.)

o (L-010P) = [(2.078E-4)2 * (376)2 + (0.0128)2 * (0.46)2 + (0.2078)2 * (0.009)2
+ (0.0254)2 * (0.79)2joa = 0.08 m ( 0.26 ft.)

The results of the pressurizer, steam genera'. ors, CMT, IRWST, level measurement error calculations

are reported in Table E-9. The columns are defined as follows:

PLANT CODE SPES-2 instrument identification code

P Reference absolute pressure (psi)

O
j A(P) Absolute pressure maximum error ( psi)
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T .~ Reference CMT and IRWST liquid temperature ('F) -|

'

.' \ f

AT* ~ Maximum error of the CMT and IRWST liquid temperature (2 *F) .|
|

p, Saturated steam density (th/ft.')' !
!

!

Apv** Saturated steam density maximum error (* Ib/ft.') j
i

pt Liquid density in saturation conditions for pressurizer and steam |
generators in subcooled conditions for CMT (Ib/ft.8) !

;

!
**Apt Liquid density maximum error calculated in saturation condition a

for pressurizer and steam generators and in subcooled conditions '!
forCMT( lb/ft.') :

;

AP*** Reference pressure drop between the taps (psi) ;

|

!
A(AP) Maximum error of the pressure drop between the taps ( psi) i

.

!
o(AP) Standard deviation of the pressure drop between the taps (i psi) l

t

f
h Pressure tap height difference (ft.) j

'

Ah** Maximum error of the pressure tap height difference ( ft.) .|
|

A Measurement maximum error ( ft.) I
!
t

a Measurement standard deviation ( ft.) {
i
!
!
e

?
!

i

AT, + AT + AT' i. 2For CMT level error calculations AT = ;

3 i

where: *

AT t AT ; AT = maximum errors of the three temperatures (T-A415E, T-417E, T-420E or T-B415E, T- ii 2 3

B417E, T-B420E) used to calculate the CMT liquid averas temperature. j

i

The fluid density standard deviations (oP , cP,) and the pressure tap height difference |
**

t

standard deviation (oh) were assumed to be equal to the correspondent maximum errors. i
\ Therefore, oP = A P ; oP ; oP,= AP,; and ch = Ah. !t t t

r

!

*** The calculations have been performed using the span upper value of the instrument.

i
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The error calculations of the accumulator's level has been performed assuming the following reference

conditions:

P reference accumulator absolute pressure = 4.9 E6 (Pa)=

T reference accumulator liquid tempeuture = 20 (*C)=

T. reference accumulator air temperature = 293.15 (K)=

density of the cold-water filling the instrument hydraulic line = 1000 kg/m'pw =

R air gas constant = 287.037 (J/kg-K)=

The results of the accumulator's level measurement error calculations are reported in the Table E-10.

The columns are defined as follows:

PLANT CODE SPES-2 instrument identification code

A(P) Maximum error of the accumulator's absolute pressure ( psi)

AT Maximum error of the accumulator's liquid temperature ( 'F)

AT(4) Maximum error of the accumulator's air temperature (z 'F)

pt Accumulator's liquid density (lb/ft.')

O*

Apt Maximum error of the accumulator's liquid density ( lb/ft.')

p. Accumulator's air density (lb/ft.')

ApA Maximum Cfror of the accumulator's air density ( lb/ft.')

*
Aptc Density maximum error of the cold water filling the hydraulic line

connecting the accumulator tap and the instrument positive side

(i Ib/ft.')

AP.,,,," Reference pressure drop measured by instrument (psi)

A(AP ) Maximum error of the pressure drop measured by instrument

( psi)

*

The fluid density standard deviations (oP . cP,, oPoc) and the standard deviation of the heightt

difference between the accumulator lower tap and the instrument positive side (ch ) were assumed to bei

. equal to the correspondent maximum errors. Therefore, cP = AP ; cP, = AP,: cP c = AP : and ;t t o te
! ch, = Ah .i

"

The calculations have been performed using the span upper value of the instrument.
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|

c(APw) Standard deviation of the pressure drop measured by |
I 'I instrument ( psi) !'w)'

h Height different between the accumulator lower tap and the 1
i

instrument positive side (ft.)

Ah[ Maximum error of the height difference between the accumulator >

lower tap and the instrument positive side (i ft.)

A Measurement maximum error ( ft.)

o Measurement standard deviation ( ft.)

E-10 Thermocouple Amplifier Shift

During the SPES-2 experiment a check of some thermocouple amplifier channels was performed in

order to verify the amplifier shifts. The check was performed connecting the amplifier input channel

to a reference standard K-type thermocouple and measuring the DAS amplifier output signal

(SIET 00344P094 specification).

'Ihe results of the performed checks are reported in Table E-11. The columns are defined as follows:

PLANT CODE SPES-2 instrument identification code

T r. Reference temperature signal (*F) measured using a calibration I
o

voltmeter

T,,,,, Temperature measurement acquired by DAS (*F)

S III FT=T,,,-T,,,,,, Channel amplifier shift ( F)

DATE Date at which the check has been performed

,

*

The fluid dendty standard deviations (cP , oP,, cPoc) and the standard deviation of the height-

) difference between the accumulator lower tap and the instrument positive side (ch ) were assumed to be
f t

( i'

equid to the correspondent maxunum errors. Therefore, cP = AP ; cP, = M,; cP c = APoc; andt t t

ch = Ah .i i
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TAllLE E-1
SUllCOOLED WATER DENSITY

P T pon4, peri, Apt,

(MPa) ( C) (kg/m'' (kg/m') (kg/m')

15.5 280 751.58 764.64 -13.06

12.5 280 751.58 760.23 -8.65

10.0 280 751.58 756.37 -4.79

10.0 260 783.16 790.64 -7.48

7.0 260 783.16 786.91 -3.75

5.0 260 783.16 784.31 -1.15

5.0 220 839.79 842.74 -2.95

4.0 220 839.79 841.89 -2.1

2.5 220 839.79 840.55 -0.76

2.5 170 897.07 898.39 -1.32

2.0 170 897.07 898.07 -1.0

1.0 170 897.07 897.42 -0.35

1.0 130 933.93 934.93 - 1.0

0.5 130 933.93 934.67 -0.74

0.3 130 933.93 934.58 -0.65

0.1 80 971.96 971.63 +0.33

O
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TABLE E-2

IO WATER AND STEAM DENSITIES AT SATURATION CONDITIONS

P Puus Pt.n, Apt pro 4s pVTAB APv

(MPa) (kg/m') (kg/m') (kg/m') (kg/m') (kg/m') (kg/m')

15.6 592.53 592.21 +0.32 103.1 103.0 +0.1

12.4 648.84 648.26 +0.58 73.18 73.19 -0.01

11.6 662.56 661.68 +0.88 66.91 66.93 -0.02
_

10.0 689.45 688.42 + 1.03 55.42 55.43 -0.01

7.5 730.23 731.15 -0.92 39.57 39.48 +0.09

4.9 780.35 779.73 +0.62 24.86 25.83 +0.03

2.5 832.2 835.28 -3.03 12.49 12.51 -0.02

1.0 887.3 887.0 +0.3 5.14 5.15 -0.01

0.5 916.82 915.08 + 1.74 2.68 2.67 +0.01

.

O

O

m:VpfdKM 625wkpp-E.non:th040195 E-49

, . - . . - - - --- - -_ _ _ . -_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TAllLE E-3
DIFFERENTIAL AND AllSOLLTTE PRESSURE MEASUREMENT ERRORS

Plant Cale h Ah AK AC APS ALCII AllV AI A o
z(ft.) 2(ft.) 2(psi) 2(psi) 2(psi) *(psi) 2(psi) 2(ps0 2(psi) 2(psi)

DP-000E - 0 0 0.0247 0.0015 0.0001 0.0037 0.0262 0.0299 0.0265

DP4XX)P 14.57 0.023 0.0352 0.0348 0.0026 0.(XX)3 0.0106 0.0377 0.0836 0.0527

DP4X)1P 8.38 0.0164 0.0217 0.1088 0.0044 0.(XXM 0.0089 0.1136 0.1441 0.116

DP4X)2P 8.89 0.0164 0.0225 0.0145 0.0044 0.CXXM 0.0089 0.0193 0.0507 0.031

DP 003P 0.79 0.0066 0/XM2 0.0213 0.003 0.0002 0.0062 0.0246 0.035 0.0257

DP4XMP 3.06 0.0098 0.0096 0.0152 0.0013 0.0001 0.0053 0.0166 0.0315 0.0199

DP-005P 2.43 0.0098 0.0085 0.0077 0.0009 0.(XX)] 0.0035 0.0086 0.0207 0.0126

DP-011P 4 86 0.0098 0.0127 0.0181 0.0015 0.0001 0.0(44 0.0198 0.0369 0.0239

DP-012P 3.64 0.0098 0.0106 0.0127 0.0015 0.0001 0.0044 0.0144 0.0294 0.0184

DP013P 3.64 0.0098 0.0106 0.0127 0.0015 0.0001 0.0044 0.0144 0.0294 0.0184

DP-014P 2.84 0.0098 0.0092 0.0073 0.0(XM 0 0.0018 0.0077 0.0187 0.0121

DP-017P 6.2 0.0098 0.015 0.0073 0.(X)22 0.0002 0.0N4 0.0097 0.0291 0.0184

DP-018P 2.95 0.0098 0.0094 0.01N 0.0004 0 0 0018 0.0109 0.022 0.0145

DP-019P 2.43 0.0098 0.0085 0.0181 0.0011 0.0001 0.0044 0.0193 0.0322 0.0215

DP-020P 11.24 0.0164 0.0266 0.0616 0.0022 0.0002 0.0089 0.064 0.0994 0.0699

DP-021P 4.74 0.0098 0.0125 0.0102 0.0009 0.0001 0.0035 0.0111 0.0271 0.0171

DP-022P 4.74 0.0098 0.0125 0.0102 0.0009 0.0001 0.0035 0.0111 0.0271 0.0171

DP-023P 4.74 0.0098 0.0125 0.0058 0.0009 0.0001 0.0035 0.0067 0.0228 0.0146

DP-024P 4.74 0.0098 0.0125 0.0174 0.0009 0.0001 0.0035 0.0183 0.0344 0.0225

DP-025P 1.41 0.0066 0.0053 0.0029 0.0(XM 0 0.0018 0.0034 0.0104 0.0065

DP-026P 1.05 0.0066 0.0N7 0.0029 0.(XXM 0 0.0018 0.0034 0.0098 0.006

DP-027P 0.77 0.0066 0.O N 2 0.0029 0.0004 0 0.0018 0.0034 0.0093 0.0056

DP4MIP - 0 0 0.0247 0.0015 0.0001 0.0037 0.0262 0.03 0.0265

DP-(M2P - 0 0 0.0247 0.0015 0.0001 0.0037 0.0262 0.0299 0.0265

DP4M3P - 0 0 0.024't 0.0015 0.0001 0.0038 0.0262 0.03 0.0265

DP444P - 0 0 0.0247 0.0015 0.0001 0.0037 0.0262 0.0299 0.0265

DP- AlK11P 3.45 0.0098 0.0102 0.008 0.0022 0.0002 0.0044 0.0104 0.025 0.0152 |

DP-A002P 3.45 0.0098 0.0102 0.0145 0.0022 0.0002 0.0044 0.0169 0.0316 0.0202

DP-A00P 1.11 0.0066 0.ON8 0.1726 0.0305 0.0015 0.062 0.2N6 0.2714 0.2138 )
DP-A00S - 0 0 0.0018 0.CXX)1 0 0.0004 0.0019 0.0024 0.002

DP.A0llP - 0 0 0.0174 0.0011 0.0002 0.0N4 0.0187 0.0231 0.0192

DP-A012P - 0 0 0.0288 0.0011 0.0002 0.0(M4 0.0301 0.0345 0.0305

O
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TABLE E-3
DIITERENTIAL AND AHSOLIRE PRESSURE MEASUREMENT ERRORS (Cont.)

\
Plant Code h Ah AK AC APS ALCH ABV AI A o

z(ft.) :(ft) 2(psi) s(psi) 2(psi) 2(psi) z(psi) 2(psi) (psi) z(psi)

DP- A0lS 13.06 0.0164 0.0298 0.0181 0.0022 0 0.0(M4 0.0203 0.0545 0.0363

DP A021P 4.08 0.0098 0.0114 0.0102 0.003 0.0003 0.0062 0.0135 0.031 0.0187

DP-A022P 4.08 0.0098 0.0114 0.0102 0.003 0.0003 0.0062 0.0135 0.031 0.0187

DP A02S 2133 0.0295 0.N98 0.0102 0.003 0 0.0062 0.0132 0.0692 0.0519

DP-A03P - 0 0 0.0725 0.0174 0.0018 0.0443 0.0917 0.136 0.1019

DP-A03S 10.5 0.0164 0.0253 0.0464 0.0022 0.0002 0.(X)89 0.0488 0.0829 0.0556

DP-ANP 11.82 0.0164 0.0276 0.0279 0.0026 0.0003 0.0089 0.0308 0.0673 0.0423

DP-ANS 2.21 0.0098 0.0081 0.0073 0.0004 0 0.0018 0.0077 0.0176 0.0113

DP-A0$P 16.81 0.023 0.0391 0.0261 0.0052 0.0005 0.0159 0.0318 0.0869 0.0529

DP-AOSS 2.26 0.0098 0.0082 0.0016 0.0(XM 0 0.0009 0.002 0.0111 0.0085

DP-A06P 12.3 0.0164 0.0284 0.029 0.0026 0.0003 0.0089 0.0319 0.0692 0.0436

DP-A06S 7.05 0.0164 0.0193 0.0109 0.0013 0 0.0027 0.0122 0.0342 0.023

DP-A07P 12.3 0.0164 0.0284 0.0363 0.003 0.0005 0.0089 0.0398 0.0771 0.0497

DP-A08P 16.81 0.023 0.0391 0.0232 0.0(M4 0.0007 0.0142 0.0283 0.0816 0.0503

DP-A09P 5.8 0.0098 0.0143 0.0145 0.0(M4 0.0004 0.0089 0.0193 0.0425 0.0256

DP-A15P 3.33 0.0098 0.01 0.0091 0.0007 0.0001 0.0027 0.0099 0.0226 0.0143

DP- A16P 2.19 0.0098 0.(X)81 0.0073 0.0009 0.0001 0.0018 0.0082 0.018 0.0116

DP-A20E 10.96 0.0164 0.0261 0.0834 0.0087 0.0008 0.0221 0.0929 0.1412 0.099

DP-A28P 15.21 0.023 0.0363 0.0163 0.0044 0.0005 0.0089 0.0212 0.0663 0.043

DP-A40E 8.58 0.0164 0.022 0.0236 0.ON6 0.0(X)5 0.0115 0.0287 0.0622 0.0379

DP A4IE 5.1 0.0098 0.0131 0.005 0.0(X'S 0 0.0016 0.0058 0.0205 0.0144

DP-A42E 5.1 0.0098 0.0131 0.0065 0.0008 0 0.0016 0.0073 0.022 0.0151

DP-A43E 5.1 0.0098 0.0131 0.0065 0.0008 0 0.0016 0.0073 0.022 0.0151

DP-A44E 5.1 0.0098 0.0131 0.0026 0.0008 0 0.0016 0.0034 0.0181 0.0136

DP-A45E 23.7 0.0295 0.0539 0.0363 0.0035 0.0001 0.0089 0.0398 0.1026 0.0676

DP- A61E 3.33 0.0098 0.01 0.0145 0.0N4 0.0004 0.0089 0.0192 0.0381 0.0234

DP-A81 AE 8.63 0.0164 0.0221 0.0218 0.0035 0.0004 0.0089 0.0256 0.0565 0.035

DP A8iBE 8.63 0.0164 0.0221 0.0145 0.0022 0.0004 0.0089 0.0171 0.(M8 0.0293

DP- ANI E 26.27 0.0328 0.0598 0.0254 0.0035 0.0002 0.0089 0.0291 0.0977 0.0671

DP-A82E 17.65 0.023 0.0406 0.N35 0.0035 0.0006 0.0089 0.N76 0.097 0.0631

DP-A83E 3.71 0.0098 0.0107 0.0091 0.0022 0.0002 0.0(M4 0.0115 0.0266 0.0163

DP B00lP 3.45 0.0098 0.0102 0.0127 0.0022 0.0002 0.0(M4 0.0151 0 0298 0.0188

DP B002P 3.45 0.0098 0.0102 0.0091 0.0022 0.0002 0.0(M4 0.0115 0.0261 0.016

DP BOOP 1.11 0.0066 0.0048 0.1269 0.0305 0.0015 0.062 0.1589 0.2257 0.1706

DP-8005 - 0 0 0.0056 0.0001 0 0.0004 0.0057 0.0062 0.(X)58

DP-B0llP - 0 0 0.0145 0.0011 0.0002 0.0044 0.0!$8 0.0202 0.0164

DP-B012P - 0 0 0.019 0.0011 0.0002 0.0044 0.0203 0.0247 0.0208

DP-B01S I3.06 0.0164 0.0298 0.0181 0.0022 0 0.0044 0.0203 0.0545 0.0363

. O
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TAllLE E-3
DIITERENTIAL AND ABSOLUTE PRESSURE MEASUREMENT ERRORS (Cont-)

Plant Code h Ah AK AC APS ALCil ABV AI A c
*(ft.) 2(ft.) 2(psi) 2(psi) 2(psi) *(psi) t(psi) 2(psi) 2(psi) *(psi)

DP-B021P 4.08 0.0098 0.0114 0.0102 0.003 0.0003 OIX)62 0.0135 0.031 0.0187

DP.B022P 4.08 0.0098 0.01]4 0.0102 0.003 0.0003 0.0062 0.0135 0.031 0.0187

DP.ht)25 21.33 0.0295 0.N98 0.0102 0 003 0 0.0062 0.0132 0.0692 0.0519

DP.B03P - 0 0 0.0725 0.0174 0.0018 0.0443 0.0917 0.136 0.1019

DP.B035 10.5 0.0164 0.0253 0.0326 0.0022 0.0002 0.0089 0.035 0.0691 0.0441

DP BNP 11.82 0.0164 0.0276 0.0145 01026 0.0003 0.0089 0.0174 0.0538 0.0338

DP-B(MS 2.21 098 0.0081 0.0194 OIXXM 0 0.0018 0.0199 0.0297 0.0216

DPB0$P 16.8) 0.023 0.0391 0.0313 0.0052 0.0005 0.0159 0.0371 0.0921 0.0562

DP-BOSS 2.26 OIX)98 0.0082 0.0019 OIXXM 0 0.0009 0.0023 0.0114 OIK)86

DP-B06P 12.3 0.0164 0.0284 0.029 0.0026 0.0003 0.0089 n.0319 0.0692 01436

DP-B065 7.05 0.0164 0.0193 0.0109 0.0013 0 0.0027 0.0122 0.0342 0.023

DP-B07P 12.3 0.0164 0.0284 0.0283 0.003 0.0005 0.0089 0.0318 0.0691 OIM36

DP-B08P 16.81 0.023 0.0391 0.0232 0 0044 0.0007 0.0142 0.0283 0.0816 0.0503

DP-B09P 53 0.0098 0.0143 0.0145 OIKM4 0.(XXM 0.0089 0.0193 0.(M25 0.0256

DP B15P 3 0 0098 0.01 0.0087 0.0007 0.0001 0.0027 0.0094 0.0221 0.014

DP.B16P 2.19 011098 OIX)81 0.0029 OIXX)9 0.0001 0.0018 OIX)39 0.0137 0.0091

DP B20E 10.96 0.0164 0.0261 0.0363 0.0087 0.0008 0.0221 01458 0.094 0.0572

DP-B28P 15.21 0.023 0.0363 0.0145 01044 0.0005 0.0089 0.0194 0.0645 OIM21

DP 840E 8.58 0.0164 0.022 0.0189 OIKM6 0.0005 0.0115 0.024 0.0575 0.0345

DP-84] E 5.1 0.0098 0.0131 OIX)26 0.0008 0 0.0016 0.0034 0.018; 0.0136

DP-B42E 5.1 0.0098 0.0131 OIK)39 0.0008 0 0.0016 0.ON7 0 F494 0.014

DP-B43E 5.1 OIX)98 0 0131 0.0036 0.0008 0 0.0016 0.0043 ' 019 0.0139,.

DP-B44E 5.1 OIX)98 0 0131 0 0052 OIXO8 0 0.0016 0.006 0.0207 0.0145

DP-B45E 23.7 0.0295 0.0539 0.0218 0.0035 0.0001 0.0089 0 0253 0.0881 0.0602

DP-B61E 3.33 0.0098 0.01 0.0363 0.0N4 OIXXM 0.0089 0.041 0.0599 0.0431

F-(Ol B P - 0 0 0.0099 01017 0.0001 0.0035 0.0117 0.0153 0.0123

F-001 B S - 0 0 0.0029 OIKK)9 0.0001 0.0018 0.0038 0.0056 0.0 N 2

F-001 A - 0 0 01X)96 0.0013 OIXX)1 0.0027 0.011 0.0136 0.0113

F-(03 P 0.53 0.0066 OIX)38 0.029 0.0035 OIXX)3 0.0071 0.0328 0.(M36 0.0337

F-003P 0.53 0.0066 0.0038 0.0074 OIKK)3 0 01X)05 0.0077 0.012 0.0086

F-014P 0.19 0.0066 0.0032 0.0181 0.0044 0.0004 0.0089 0.0228 0.0349 0.0247

F-A(CE O O 0.132 0.0305 011025 0.062 0.165 0.227 0.1763

F- A0l P - 0 0 OIX)87 0.0026 0.(KK)2 0.0053 0.0115 0.0168 0.0127

F-A0lP - 0 0 0 0023 OIXO2 0 0.0004 0.0026 0.003 0.0026

F- AOI S - 0 0 0.0725 0.0109 0.0009 0.0221 0.0843 0.1065 0.0872

F-A02P - 0 0 01007 0.0002 0 0.(XX)4 OIX)1 OIX)l4 0.0011

F-A02P - 0 0 OIX187 0 0026 OIXX)2 0.0053 0.0115 0.0168 0.0127

F-A025 0.28 0.0066 OIX)33 0.0363 OIXM4 0.0(XM 0f089 OIMI 0.0531 OIM21

F- A03S 0.28 OIXM6 OIK)33 0.0363 OIMM4 0 00N 0.0089 0.041 0.0531 0.0421

F- AN S - 0 0 0.3626 OIM35 0.0033 0.0443 0.4095 0.4537 0.4118
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TABLE E-3 |g\ DIITERENTIAL AND ABSOLUTE PRESSURE NEASUREMENT ERRORS (Cont.)? 1

U Plant Code b Ah AK AC APS ALCII AHV Al A o
z(ft.) z(ft.) 2(psi) z(psi) z(psi) 2(psi) z(psi) z(psi) :(psi) 2(psi)

F-A20A 0.06 0.0066 0.0029 0.0218 OIXM4 0.0004 0.0089 0.0265 0.0383 0.0281

F.A20E - 0 0 0.0131 0.0022 0.0002 0.0044 0.0154 0.0198 0.016

F-A40E - 0 0 0.0029 OJXX)9 0.0001 0.0018 0.0038 0.0056 0 0042

F-A60E - 0 0 0.0087 0.0026 0.0002 0.0053 0.0115 0.0168 0.0127

F. A80E - 0 0 0.1055 0.0131 0.0011 0.0266 0.1197 0.1462 0.1226

F-HODE - 0 0 0.1015 0.0305 0.0025 0.062 0.1345 0.1965 0.1481

F-HOIP - 0 0 0.0152 0.0026 0.0002 0.0053 0.0181 0.0234 0.0188

F-HOIP - 0 0 0.0007 0.0002 0 0.00rM 0.001 0.0014 0.0011

F-BolS 0 0 0.0725 0.0109 0.0009 0.0221 0.0843 0.1065 0.0872

F-H02P - 0 0 0.0109 0.0026 0.fXX)2 0.0053 0.0137 0.019 0.0147

F H02P - 0 0 OIXM5 01KX)2 0 0.00CM 0.0048 0.0052 U.0(M8

F-H02S 0.28 0.0066 0.0033 0.0145 0.0044 01XXM 0.0089 0.0192 0.0314 0.0214

F-H035 0.28 0.0066 OD033 0.029 0.0044 0.0004 0.0089 0.0337 OIM59 0.035

t MMS - 0 0 0.I813 0.0218 0.0019 01M43 0.205 0.2492 0.2096

F-H20 A 0.06 0.0066 0 0029 0.0218 OIKM4 0.0004 0.0089 0.0265 0.0383 0.0281

F-H20E - 0 0 OAK)73 0.0022 OIKK12 OJKM4 0.0096 0.014 0.0106

F.H40E - 0 0 0.0032 0D009 0.0001 ofX)18 0.0041 0.0059 0.0045

F-H60E - 0 0 0.0183 0.0026 0.0(K)2 OIX)S3 0.0211 0.0264 0.0218

L-010P 20.36 0.0295 OIM81 0.0221 0 0029 0 0.0059 0.025 0.079 0.0546

L-060E 28.71 0 0328 0.064 0.0334 0.0044 0 OXX)89 0.0377 0.1106 0.0748

L-A105 44.88 0.0328 0.0921 0.0234 0.0058 0.0001 0.0119 0.0293 0.1332 0.0973

L. A20E (*) 8.52 0.0164 0.0219 0.0102 0.003 0.0003 OIK)62 0.0135 0.0197 0.0149

L-A20S 8.73 0 0164 0.0222 0.011 0.0011 0 0 0023 0.0121 0.0367 0 0254

L-A40E 20.41 0.0295 0.0482 0.0204 0.0027 0 OIK)S4 0.0231 0.0767 0.0537

L-HIOS 44.88 0.0328 0 0921 0.022 0.0058 0.0001 0.0119 0.028 0.1319 0.097

TL.H20E (*) 8.52 0.0164 OD219 0.0102 0.003 OIXX)3 0.0062 0.0135 0.0197 0.0149

L H20S 8.73 0.0164 0.0222 0.0254 OIK)]1 0 0.0023 0.0265 0.0511 0.0347

L.H40E 20.41 0.0295 0.0482 0.0214 0D027 0 0.0054 0.0241 0.0777 0.0541

F-HfMSM 33.74 0.0328 0.074 2.5384 0.3046 0.0254 0.6197 2.8684 3.5608 2.9355

F-H(MSP 33.74 0.0328 0.074 2.1758 0.2611 0.0218 0.5312 2.4587 3.0625 2.5164

P4X)lP 5.76 0.0098 0.0143 6.5274 1.4578 0.0726 1.7707 8.0578 9.8426 8.25

P4mP 37.19 0 0328 0.0787 2.9011 1.4578 0.0728 1.7707 4.4317 6.2811 4.773

P-017P 27.64 0.0328 0.0622 2.9011 1.4578 0.0728 1.7707 4.4316 6.2646 4.7727

P-027P 27.23 0.0328 0.0614 2.9011 1.4578 0.0728 1.7707 4.4316 6.2639 4.7727

P- AOI S 29.06 0.0328 OfW6 1.4505 0.7325 0.0365 0.8853 2.2196 3.1697 2.3906

P- ACMP 28.46 OD328 0.0636 2.90! ! 1.4578 0.0728 1.7707 4.4316 6.2659 4.7727

P-A(MS 32.1 0.0328 00699 1.4505 0.7325 0.0365 0.8853 2.2196 3.1749 2.3907

P-A20E 12.68 OD164 0.0291 1.4505 0.7325 0.0364 0.8853 2.2194 3.134 2.3897

P-A40E 13.46 0.023 0.0333 2.9011 1.4578 0.0726 1.7707 4.4315 6.2356 4.7723|n\
Q P.H0IS 27.75 0.0328 0.0624 1.8132 0.7325 0.0365 0.8853 2.5822 3.53 2.7305
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TAHLE E-3
'

DIITERENTIAL ANI) A!! SOLUTE PRESSURE MEASUREMENT ERRORS (Cont.)

Plant Code b Ah AK AC APS ALCH ABV AI A c
(ft.) 2(ft.) (psi) *(psi) 2(psi) 2(psi) 2(psi) r(psi) 2(psi) (psi)

Pl#4P 29.77 0.0373 0.0659 2.9011 1.4578 0.0728 1.7707 4.4316 6.2682 4.7728

P-H(45 32.1 0.0328 0.0699 1.4505 0.7325 0.0365 0.8853 2.2196 3.1749 2.3907

P 820E 13.99 0.023 0.0342 1.4505 0.7325 0.0364 0.8853 2.2194 3.13M 2.3898

P.H40E 10 83 0.0164 0.0259 2.9011 1.4578 0.0726 1.7707 4.4315 6.2282 4.7723

P-030P 35.23 0.0328 0.0753 0.2538 0.058 0.0028 0.062 0.3147 0.452 0.3296

P-(40P 28.35 , 0.0328 0.0634 0.2538 0.058 0.m)28 0.062 0.3146 0.4399 0.3268

O

O
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TAllLE E 4
TEMPERATURE ERRORS j

Plant Cale AC APS ALCH ABV ARJ Al A o
2(*D *(*D 2(*O 2(*D 2(*D - (*O 2(*O 1(*D

I
T-001 A 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T 00lli 2.03 0.22 0.02 034 0.18 2.27 2.79 23

T-00lP 2.N 0.22 0.02 0.17 0.18 2.27 2.63 2.28

T-00lPH 2.05 0.21 0.02 0.17 0.18 2.28 2.65 23

T-00lPL 2.05 0.22 0.02 0.17 0.!8 2.29 2.65 23

T-002P 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T-003P 2.N 0.22 0.02 0.17 0.18 2.28 2.65 2.3

I T-003PH 2.02 0.1.2 d.02 034 0.18 2.25 2.77 2.28

T-003PL 2.02 0.22 0.02 034 0.18 2.25 2.77 2.28 ;

TONP 2.06 0.22 0.02 0.17 0.18 23 2.66 232 |

T-014P 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

[ T-015P 2.28 0.22 0.02 034 0.18 2.51 3.04 2.55

'

T-016P 2 0.22 0.02 0.17 0.18 2.23 2.59 2.25

T-018P 2.44 0.22 0.02 0.17 0.18 2.68 3.04 2.69

T-019PH 2.44 0.22 0.03 034 0.18 2.67 3.2 2.71
,

T-019PL 2.41 0.22 0.02 034 0.18 2.64 3.17 2.67

T-020P 2.5 0.22 0.02 0.17 0.18 2.74 3.1 2.75

T-02iP 238 0.22 0.02 0.17 0.18 2.61 2.97 2.62

T-022P 2.52 0.22 0.02 0.17 0.18 2.76 3.11 2.77

T-023P 2.53 0.22 0.02 0.17 0.18 2.76 3.11 2.77

T-024P 2.52 0.22 0.02 0.17 0.18 2.76 3.11 2.77

T-025P 2.53 0.22 0.02 0.17 0.18 2.76 3.13 2.78

T-026P 2.52 0.22 0.02 0.17 0.18 2.75 3.11 2.77

T-030P 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-031P 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

T-032P 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

T-033P 2.06 0.22 0.02 0.17 0.18 23 2.66 232

T-034P 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23 I

T-035P 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T-036P 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

T-040P I 98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-N IP 2.05 0.22 0.02 0.17 0.18 2.25 2.65 23 t

,

!

mhpNEA162$wiapi>E.non:Ib-040195 E-55

_



TAllLE E-8
TEMPERATURE ERRORS (Cont.)

Plant Cmle AC APS ALCll AllV ARJ Al A o
*(*F) 2(*F) 2(*F) *(*F) *(*F) *(*F) 2(*F) 2(*F)

T-(M2P 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T (M3P 2.06 0.22 0.02 0.17 0.18 2.3 2.66 232

T-044P 2.07 0.22 0.02 0.17 0.18 231 2.66 232

T-045P 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T446P 2.08 0.22 0.02 0.17 0.18 231 2.68 234

T-A00E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T A0llP 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T. A012P 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

T-A0lP 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T-Aul5 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T.A021PL 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

T-A021PO 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T-A022PL 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T-A022PO 2.2 0.22 0.02 0.17 0.18 2.43 2.79 2.44

T.A02E 1.98 0.22 0.02 0.17 0.I 8 2.21 2.57 2.23

T-A02S 2.(M 0.22 0.02 0.17 0.18 2.27 2.63 2.28

T-A031PL 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-A032PL 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T-A03PL 2.29 0.22 0 02 0.17 0.18 2.53 2.88 2.53

T- A03PO 23 0.22 0.02 0.17 0.18 2.53 2.9 2.55

T-A03S 2.(M 0.22 0.02 0.17 0.18 2.28 2.65 23

T- A(MP 231 0.22 0.02 0.17 0.18 2.54 2.9 2.55

T-ACMS 2.09 0.22 0.02 0.17 0.18 2.33 2.68 234

T-A0$P 2.27 0.22 0.02 0.17 0.18 2.51 2.86 2.51

T-A05S 1.99 0.22 0.02 0.17 0.18 2.22 2.57 2.23

T A06P 2.2 0.22 0.02 0.17 0.18 2.43 2.79 2.44

T-A06S 2.02 0.22 0.02 0.17 0.18 2.25 2.61 2.26

T-A07S 2.02 0.22 0.02 0.17 0.18 2.26 2.61 2.26

T-A08P 2.09 0.22 0.02 0.17 0.18 232 2.68 234

T-A08S 2.02 9 22 0.02 0.17 0.18 2.25 2.61 2.26

T-A(NP 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

T-A(NS 2.92 0.22 0.0. 0.17 0.18 2.26 2.61 2.26
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- TABLE E 4
TEMPERATURE ERRORS (Cont.)

Plant Code AC APS ALCH AHV ARJ Al A o
*(*D (*D *(*D ('O 2(*D ('O r( O *(*O

T- AIOP 2.1 0.22 0.02 0.17 0.18 233 2.7 235

T-Ai1P 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T-A141P 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

T- A142PH 2.45 0.22 0.02 0.17 0.18 2.68 3.04 2.69

T-A142PL 2.08 0.22 0.02 0.17 0.18 2.25 2.61 2.26

T-A143P 2.02 0.22 0.02 0.17 0.18 2.25 2.61 2.26

T-A181E 2.74 034 0.02 034 0.18 33 3.82 332

T-A182E 2.82 0.54 0.02 034 0.18 339 3.91 3.41

T-A20A 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-A21E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-A22E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-A23E 1.98 0.22 0.02 0.17 0.18 2.21 237 2.23

T-A27P 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-A281E 2.83 0.54 0.02 034 0.18 339 3.91 3.41

T-A28P 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-A29P 2.01 0.22 0.02 034 0.18 2.24 2.75 2.27

T-A401E 1.98 0.54 0.02 034 0.18 234 3.06 237

T-A402E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T A403E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T-A4G4E 1.98 0.54 0.02 034 0.18 2.54 3.06 237

T.A40$E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

T-A406E 1.98 034 0.02 034 0.18 234 3.06 2.57

T-A407E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T-A408E 1.98 034 0.02 034 0.18 234 3 06 2.57

T-A409E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-A410E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

T-A411 E 1.98 034 0.02 034 0.18 234 3.06 2.57

T-A412E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T- A413E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T-A414E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

T- A415E 1.98 034 0.02 034 0.18 234 3.06 2.57

T-A416E 1.98 034 0.02 034 0.18 2.54 3.06 2.57
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TABLE E 4
TEMPERATURE ERRORS (Cont.)

Plant Cmie AC APS ALCil ABV ARJ Al A o
*(*F) 2(*F) 2(*F) 2(*F) *(*F) z(*F) 2(*F) *('F)

T-A417E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T A418E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T-A419E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T- A41 A 2.23 0.22 0.02 034 0.18 2.47 2.99 2.5

T.A420E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T-A421E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-A422E 2.2 0.22 0.02 034 0.18 2.43 2.95 2.46

T A42A 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T- A66E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T- ARIE 2.24 0.22 0.02 034 0.18 2.47 2.99 2.5

T-A82E 2.12 0.22 0.02 034 0.18 235 2.88 239

T-A83E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T- AS4 E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T H00E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-HollP 2.09 0.22 0.02 034 0.18 233 2.84 235

T-Hol2P 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T-HOlP 2.07 0.22 0.02 0.17 0.18 23 2.66 232

T-HOIS 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T H021PL 2.05 0.22 0.02 0.17 0.18 2.28 2.65 23

T-H02]PO 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

T-H022PL 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

T.H022PO 2.2 0.22 0.02 0.17 0.18 2.43 2.79 2.44

T 802E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T-H02S 2.(M 0.22 0.02 0.17 0.18 2.27 2.63 2.28

T-H031PL 2.07 0.22 0.02 0.17 0.18 231 2.66 232

T.H032PL 2.08 0.22 0.02 0.17 0.18 231 2.68 234

T.H03PL 23 0.22 0.02 0.17 0.18 2.54 2.9 2.55

TH03PO 2.28 0.22 0.02 0.17 0.18 2.52 2.88 2.53

T-H03 S 2.03 0.22 0.02 0.17 0 18 2.27 2.63 2.28

T-H(MP 23 0.22 0.02 0.17 0.18 2.54 2.9 2.55

T-H045 2.04 0.22 0.02 0.17 0.18 2.27 2.63 2.28

T HOSP 2.29 0.22 0.02 0.17 0.18 2.52 2.88 233
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f' TABLE E-4
g TEMPERATURE ERRORS (Cont.)
N

Plant Code AC APS ALCH ABV ARJ Al A o
z(*F) (*F) (*F) (*F) z(*F) (*F) *(*F) z(*F)

.

I
T H05S 2.02 0.22 0.02 0.17 0.18 2.25 2.61 2.26 ' '

.

T H06P 2.2 0.22 0.02 0.17 0.18 2.44 2.79 2.44

T-806S 2.02 0.22 0.02 0.17 0.18 2.26 2.61 2.26

T-H07P 2.14 0.22 0.02 0.17 0.18 238 2.74 239

T-H07S 2.03 0.22 0.02 0.17 0.18 2.27 2.63 2.28

T-808P 2.11 0.22 0.02 0.17 0.18 234 2.7 235

T-808S 2.03 0.22 0.02 0.17 0.18 2.27 2.63 2.28
'

T-809P 2.07 0.22 0.02 0.17 0.18 231 2.66 232

T-809S 2.02 0.22 0.02 0.17 0.18 2.25 2.61 2.26
-

T-B10P 2.08 s22 0.02 0.17 0.18 232 2.68 234

T-HilP 2.08 0.22 0.02 0.17 0.18 231 2.68 234

T-H141P 2.0f 0.22 0.02 034 0.18 2.28 2.81 232

T.H142PH 2.02 0.22 0.02 034 0.18 2.26 2.77 2.28

T-B142PL 2.01 0.22 0.02 0.17 0.18 2.24 2.61 2.26 ,

T-HI43P 2.03 0.22 0.02 034 0.18 2.26 2.79 23 !

T H20A 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

T.H21E 1.98 0.22 0.02 0.17 0.18 2.21 237 2.23
|

T-H22E 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23 '

T-H23E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25 1

T H27P 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T H28P 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25 l
!

T-H29P 2.02 0.22 0.02 034 0.18 2.25 2.77 2.28

T-H401E 1.98 0.54 0.02 034 0.18 2.54 3.06 237

T-H403E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

'

T-H405E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T-H407E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

T.H409E 1.98 0.54 0.02 034 0.18 2.54 3.06 2 57

T-H411 E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

T-H413E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

|T-H415E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57 j
!

T-H417E I.98 034 0.02 034 0.18 2.54 3.06 2.57
I

'

T.H41 A 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

|
|
!
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TABLE IM
TI:MPERATURE ERRORS (Cont.)

Plant Cmie AC APS ALCII ABV ARJ Al A o
*(*F) z(*F) *(*F) 2(*F) *(*F) z(*F) z(*F) z(*F)

T-H420E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

T-H421E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-H422E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T H42A l.98 0.22 0.02 034 0.18 2.21 2.74 2.25

T-H66E 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

TW410lP 1.99 0.22 0.02 034 0.18 2.22 2.74 2.25

TW.O 2.01 0.22 0.02 034 0.18 2.24 2.77 2.28

TW4KnP 1.99 0.22 0.02 034 0.18 2.22 2.74 2.25

TW404P 1.98 0.22 0.02 034 0.18 2.22 2.74 2.25

TW-005P 2.14 0.22 0.02 0.7 0.18 238 3.26 2.48 |

TW4106P 1.99 0.22 0.02 0.7 0.18 2.23 3.11 235

TW-007P 2 0.22 0.02 0.7 0.18 2.24 3.11 235

TW4X)8P 1.98 0.22 0.02 0.7 0.18 2.22 3.1 233

|TW-016P 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

TW-023P 2.44 0.22 0.02 034 0.18 2.67 3.19 2.69

TW-A03PL 2.25 0.22 0.02 034 0.18 2.48 3.01 2.51 I

TW-A05S 2.07 0.22 0.02 034 0.18 23 2.83 234

TW-A065 2.07 0.22 0.02 034 0.18 23 2.83 234

TW-A08S 2.05 0.22 0.02 0.17 0.18 2.29 2.65 23

TW- A10S 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

TW-Alls 2.01 0.22 0.02 0.17 0.18 2.24 2.61 2.26

TW- Al 2S 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

TW-A181E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

TW-A182E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

TW-A183E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

TW- A281E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

TW.A41 AE 1.98 0.54 0.02 0.17 0.18 2.54 2.9 2.55

TW-A41 AI 1.98 034 0.02 0.17 0.18 2.54 2.9 2.55

TW- A4 ] E 1.98 034 0.02 0.17 0.18 234 79 235

N -A42AE 1.98 034 0.02 034 0.18 234 3)M 2.57
-

TW-A42AI 1.98 0.22 0.02 034 0.18 2.21 2.74 2.25

TW-A42E 1.98 034 0.02 034 0.18 2.54 3.06 2.57
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TABLE E-4p) TEMPERATURE ERRORS (Cont.)
J

Plant Cale AC APS ALCH AHV ARJ Al A o
z(*F) * (* F) z(*F) *(*F) z(*F) *(*19 z(*F) z(*F)

TW-A43E 1.98 0.54 4 02 034 0.18 2.54 3.06 2.57

TW-A44E I 98 0.54 0.02 034 0.18 2.54 3.06 2.57

TW-A45E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

TW A46E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

TW A47E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

TW-A48E I.98 034 0.02 0.34 0.18 234 3.06 2.57

TW- A81 E 2.11 0.22 0.02 0.17 0.18 2.34 2.7 2.35

TW-BOSS 2.09 0.22 0.02 034 0.18 232 2.84 2.35

TW H06S 2.09 0.22 0.02 0.17 0.18 2.32 2.68 234

TW.HOMS 2.06 0.22 0.02 0.17 0.18 2.29 2.65 23

TW H09S 2.02 0.22 0.02 0.17 0.18 2.25 2.61 2.26

TW.H10S 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

TW Hils 2.01 0.22 0.02 0.17 0.18 2.24 2.61 2.26

TW-H41 AE 1.98 034 0.02 0.17 0.18 2.54 2.9 2.55

b TW-H41 AI 1.98 0.54 0.02 0.17 0.18 2.54 2.9 2.55,

TW-H41 E 1.98 0.54 0.02 034 0.18 234 3.06 2.57

TW-H42AE 1.98 034 0.02 034 0.18 2.54 3.06 2.57

TW-H42Al 1,98 034 0.02 034 0.18 2.54 3.06 2.57

TW H44E 1.98 0.54 0.02 034 0.18 2.54 3.06 2.57

TW-H46E 1.98 034 0.02 034 0.18 2.54 3.06 2.57

TW-H4SE 1.98 034 0.02 034 0.18 234 3.06 2.57

TWollP07 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO!!P11 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWOIIP53 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWOIIP82 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWollP83 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWollP91 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO12P50 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO12P71 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW0131-61 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW013P68 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

d TWO14P41 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.R
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TAllLE E-4
TEMPERATURE ERRORS (Cont.)

1
Plant Cale AC APS ALCII AllV ARJ Al A o 1

2("F) 2(*F) 2(*F) 2(*F) 2(*F) 2(*F) 2(*F) (*F) |

TWO14P44 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO14P49 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO14P68 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15PU7 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15Pil 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15P23 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15P39 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15P53 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15P83 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO15P91 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW016Pl4 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW016P37 2.47 - 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW016P37 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW016P41 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

T W016P68 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

T Wol6P82 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW017P03 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8
_

T W ol7P27 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW017P64 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW017P79 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW018P03 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW018P07 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWOl8P20 2.51 0.22 0.02 0.7 0.18 2.75 3.64 2.85

TW018P37 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

T wo18P44 2.47 0.22 0.02 0.7 0.18 2.7 2.8

TW018P48 2.47 0.22 0.02 0.7 0.18 2.7 158 2.8

TW018P64 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW018P91 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

N 019P03 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWOl9P37 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWOI9P41 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TW019P82 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

|

i
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( TABLE E4
( TEMPERATURE ERRORS (Cont.)
y

Plant Code AC APS ALCH AllV ARJ Al A o
2(*F) 2(*F) 2(*F (*F) (*F) 2(*F) 2(*F) 2(*F)

TWO20P03 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P07 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P24 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P27 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P37 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P41 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P44 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P49 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P53 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P61 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8
|

TWO20P64 2.47 0 22 0.02 0.7 0.18 2.7 3.58 2.8 l

TWO20P68 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P79 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWO20P82 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8 i

/ \ l

(v) TWO20P87 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8 1

\

TWO20P91 2.47 0.22 0.02 0.7 0.18 2.7 3.58 2.8

TWA031PH 1.98 0.22 0.02 0.34 0.18 2.22 2.74 2.25

TWA031PL 1.98 0.22 0.02 0.34 0.18 2.21 2.74 2.25

TWA032PL 1.98 0.22 0.02 0.34 0.18 2.21 2.74 2.25

TWA142P 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

TWA28P 1.98 0.22 0.02 0.34 0.18 2.21 2.74 2.25

TWHl42P 1.98 0.22 0.02 0.34 0.18 2.21 2.74 2.25

TWH28P 1.98 0.22 0.02 0.17 0.18 2.21 2.57 2.23

|
T-061 E 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-062E 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-063E 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-064E 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87 j

T-065 E 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-062EA 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-063EA 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87
1

T-0 MEA 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87 I
t
i T-0MEH 0.63 0.22 0.02 0.09 - 0.% 0.95 0.87
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TABLE E4
TEMPERATURE ERRORS (Cont.)

Plant Code AC APS ALCil ABV ARJ Al A a
2(*F) 2(*F) *(*F) z('F) 2(*F) 2(*F) 2(*F) *("F)

T-064EC 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-065EA 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-065EH 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-065EC 0.63 0.22 0.02 0.09 - 0.86 0.95 0.87

T-PLANT 0.45 0.22 0.02 0.09 - 0.68 0.77 0.68

0

9
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_

()j/ TAllLE E-5
LOAD CELL ERRORS

AC APS ALCII Ally al 3 o
Plant Code 20b) 20b) 20b) 20b) 20b) 20b) Ob)

IR105P 6.61 0.42 0.74 4.94 7.78 12.71 9.22

IF030P 6.61 0.33 0.73 4.84 7.67 12.51 9.08

1RMOP 6.61 0.33 0.74 4.93 7.69 12.61 9.13

't
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) TABLE E-6
y HEW RATE (VENTURl/ ORIFICES) ERRORS
ti
* Plant TI ATI PI API p .1p APC A(APC) c(APC) oc ace por a o
f Cnde PF) 2fF) (Pst) (psi) (Ih/ft ') tillw7t.') E AE Mpsi) Mpsi) Mpsi) (ft.') (fL ) *(fL') Mlbhec.) *tibhec.)8

[ F-001BP $36 2.79 2248.332 6.237308 47.45983 0.18212 1 0 5.802147 0.015231 0.01233 0.000196 157E-06 9.83E-07 0.00249 0.001211
a
p F-001BS 536 2.79 928.3435 3.191181 46.83488 0.025572 1 0 2.901073 0.005657 R004:07 a000187 1.66E-06 1.08E-07 0.001777 0.00105

h F-001A 77 2.574 2248.332 6.237308 62.61075 0.025572 1 0 4.35161 0.013635 0.011329 7.17E05 3.43E.07 1.75E 07 0 000528 0.000224
z
* F-003P 536 2.M6 2248.332 fi237308 47.69995 0.165281 1 0 11.60429 0.043661 a033755 0.037268 0.000372 0.000372 0.805888 R605408

F-003P 536 2.M6 2248.332 6.237308 47.69995 0.165281 1 0 0.870322 0.012039 0.008583 0.037268 0.000372 0.000372 0.295984 0.170238

F-014P 536 2.M6 2248.332 6.237308 47.69995 0.165281 1 0 14.50537 0.034813 0.024639 0.030957 3.49E4 2.06E06 0.011285 0.004957

F-A00E 68 2.574 145.0537 6.237308 62.28892 0.0212 % 1 0 101.5376 0.227009 0.176309 9.10E-05 3.42E-07 234E07 0.002487 0.001337

F- A01P $36 2.664 2262.837 6.237308 47.69995 0.165904 1 0 8.70322 0.016826 0.012785 0.011018 0.00011 0 00011 0.193516 0.154899

F-A0lP 536 2.f68 2262.837 6.237M8 47.69995 0.165904 1 0 0.725268 0.003G46 0.002M7 0.011018 0.00011 0.00011 0.065953 0.050359

F- A01S 446 2.574 710.763 3.191181 51.72905 0.124116 1 0 36.26342 0.106469 0.087177 0.001759 1.18E05 6.28E06 0.047577 0.020264

$ F-A02P 536 2.M6 2248.332 6.237308 47.69995 0.165281 1 0 0.725268 0.001451 0.001015 0.011018 0.00011 0.00011 0.061582 0.649913

F-A02P 536 2h46 2248.332 66237308 47.69995 0.165281 1 0 8.70322 0.016826 0.012785 0.011018 a000ll 0.00011 0.193416 0.154882

F-A025 500 2.628 710.763 3.191181 48.90993 0.150935 1 0 14.50537 0.05309 0.082125 0.005459 2.72E-05 2.06E05 0.082522 0.642609

F-A035 500 2 628 710.763 3.191181 48.90993 0.150935 1 0 14.50537 0.05309 0.042125 0.005476 3.15E-05 2.24E05 0.090396 0.045543

F-A20A B6 2.574 1015.376 3.191181 62.29516 0.028067 1 0 14.50537 0.038294 0.027994 0.000129 5.77E07 4.08E-07 0.001588 0.000875

F-A20E 68 2.574 710.763 3.191181 62.40119 0.019335 1 0 7.252683 0.019872 0.016101 0.000703 3.34E-06 1.57E 06 0.00638 0.002544

F-A40E 122 2.736 1160.429 6.237308 61.83798 0.414283 1 0 2.901073 0.005657 0.004207 0.000728 2.96E06 1.94E06 0.003581 0.001845

F-A60E 104 0.954 23.20859 N.A. 61.89349 0.013098 1 0 8.70322 0.016826 0.012785 0.000329 1.33E 06 8.71E-07 0.002665 0.001428

F-A80E 500 2.736 159.559 6t237308 49.39018 0.15343 1 0 43 5161 0.146214 0.122578 0.000338 1.10E06 7.09E07 0.00691 0.003163

F-B00E 68 2.574 145.0537 6.237308 62.28892 0.021206 1 0 101.5376 0.196548 al481 9.05E-05 3.65E07 2.35E-07 0 002532 0.001322

F-BOIP 536 2.844 2248332 6.237308 47.6906 0.177131 1 0 8.70322 0.023354 0.018909 0.011018 0.00011 0.00011 0.201026 0.155683

F-B01P 536 2.844 2248.332 6.237M8 47.6906 0.177131 1 0 0.725268 0.001451 0.001015 0.011018 0.00011 0.00011 0.062189 0.05(at)l7

N.A. = Not allowable

O O O
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TABLE E-6
% FLOW RATE (VENTERl/ ORIFICES) ERROR 3 (Corit.)
!A
E Plant Tl iT1 P1 API p op APC a(APC) o(APC) oc acc por a o
f Cade ('F) *(' F) (psi) *f psi) OMt.') *(11@.') E AE (psi) 2(psi) *(psi) (fl.8) * tit.2) *(11.8) *tIbAcc.) (th/sec.)

[ F-B02P 536 2.664 2248.332 6.237308 47.69995 0.165904 1 0 8.70322 0.019002 0.01465 0.011018 0.00011 0.00011 0.195425 al55026
a
p F-B02P 536 2.664 2248.332 &237308 47.69995 0.165904 1 0 0.725268 0.005222 0.004807 0.011018 0.00011 0.00011 0.071871 0.051528

$ F-B02S 500 2.628 710.763 3.191181 48.00993 0.150935 1 0 14.50537 0.031332 0.0214R5 0.005454 1.%E.05 1.NE-05 0.061256 a025291
2

F-B03S 500 2.628 710.763 3.191181 48.90993 0.150935 1 0 14.50537 0.045837 0.034958 0.005471 2.20E-05 1.37E-05 0.070589 0.031377
*

F-B20A 86 2.574 1015.376 3.191181 62.29516 0.028067 1 0 14.50537 0.033294 0.027994 0.000125 6.63E07 4.53E-07 0.001751 0.000961

F-B20E 68 2.574 710.763 3.191181 62.40119 0.019335 1 0 7.252683 0.01407 0.010577 0.000712 3.29EM l.52E-06 0.005926 0.002327

F-B40E 122 2.736 1160.429 6.237308 61.83798 0.B84283 1 0 2 901073 0.005947 0.004497 0.000705 2.95E-% 1.87E 06 0.003576 0.001793

F-B60E 104 0.954 23.20859 N.A. 61.89349 0.013098 1 0 8.70322 0.0264 0.021758 0.000338 1.42E-06 7.59E-07 0.003084 0.001322

F-A045 504.5 2.682 710.763 3.191181 1.548M7 0.025572 N.C N.C N.V. 0.498259 0.419205 0.004629 4.63E-05 4.63E05 N.C N.C

F-Bats 504.5 2.628 710.763 3.191181 1.548647 0.025572 N.C N.C N.V. 0.490259 0.419205 0.004629 4.63E-05 4.63E05 N.C NCm
5" N.V. = Not valid N C = Na calculated N.A. = Nat allowable

|
1
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h TABLE E-7
;; POWER CllANNEL ELECTRICAL MEASUREMENT ERRORS
ti
'

| Plant VPC VDAS AVDAS OVDAS AR1 AR2 J A.I M.U. AC APS ALCll AI ABV A o
Cale (V) (V) 2(V) (V) e(W) *(W) *(M.U.) *(M.U.) 2(M.U.) 2(M.U.) 2(M.U.) 2(M.U.) t(M.U.)m

h V.0I P 99.916 3.122 0.00244 0.00244 938 290.6 32 0.186 V - - - - 0.00244 0.6594 0.586
s
7 V.0I P 44.721 1397 0.00244 0.00244 938 290.6 32 0.186 V - - - - 0.00244 0.338 0.271
$
g V-OlP 20.000 0.625 0.00244 0.00244 9.38 290.6 32 0.186 V - - - - 0.00244 0.194 1.140

14)1P - - - - - - - - A 24 5 5.88 34.88 5.88 40.76 35.37

102P - - - - - - - - A 24 5 5.88 34.88 5.88 40.76 3537

1-03P - - - - - - - - A 24 5 5.91 34.91 5.91 40.82 35.41

1-GtP - - - - - - - - A 24 5 5.91 34.91 5.91 40.82 35.41

1-05P - - - - - - - - A 24 5 5.86 34.86 5.86 40.72 3535

m I-06P - - - - - - - - A 623 35.2 14.R6 11236 14.86 127.22 11334

O O O
- -
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h TABLE E-9
g PRESSURIZER, SG's, CNfT's, IRWST LEVEL NIEASURENIENT ERRORS
ti
*g Plant P afP) T AT p, ap, A A AP a(aP) otaP) h ah a o
y Code tpsi) sipsi) (T) (T) (IMt.') Nib /ft.') (IMt.') e(IMt.') (psi) upsi) *(psi) (ft.) tttt.) *(ft.) 2(ft.)
t'

"g L-010P 2248.33 6.24 652.57 - 6.365 0 029 36.992 0.049 9.617 0.079 0.055 20.361 0.03 0.463 0.265

7 L-0@E I4.51 - 68 0.95 0 0 62.264 0.007 14.505 O.111 0.075 28.707 0.033 0.26 0.I73
~b
g lea 105 710.76 3.19 504.77 - 1.549 0.007 48.632 0.027 19.46 0.133 0.097 44.882 0.033 0.444 0.299

L-A20S 710.76 3.19 504 77 - 1.549 0.007 48.632 0.027 3.784 0.037 0.025 8.727 0.016 0.12 0.078

L-A40E 1160.43 6 24 122 3.06 2.651 0.016 61.838 0.049 8.848 0.077 0.054 20.407 R03 0.205 0.132

L-BIOS 710.76 3.19 504.77 - 1.549 0.007 48.632 0.027 19.46 0.132 0.097 44.882 0.033 0.44 0.298

L-B205 710.76 3.19 504.77 - 1.549 0.007 48.632 0.027 3.784 0.051 0.035 8.727 0.016 0.164 R098

L-B40E 1160.43 6.24 122 3.06 2.651 0.016 61.838 0.049 8.848 0.078 0.054 20.407 0.03 0.207 0.133

9
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F1 Abstract

O:
The differential pressure (dP) instrumentation in the SPES-2 test facility, in many cases, is used to ia

determine component water levels and to measure dPs due to flow loss. This document is a guide for
. using the SPES-2 dP instrumentation data in order to separately determine both flow loss dP and fluid
3
'

level portions of total measured dP, and to determine the void fraction of a two-phase fluid when
i boiling and flashing occur in the components during testing,
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F-2 Introduction

in order to use the data from the SPES dP instrumentation, it is necessary to understand the

arrangement of the dP cells, to account for the tap-to-tap clevation differences, and to compensate for

fluid densities. With this understanding, the dP cell data can be used to obtain the dP due to friction

losses and to measure level at low or no-flow conditions when the component friction loss due to flow

is approximately O.

The following sections provide a description of each type of dP cell installation used at SIET, a

description of how the raw data should be processed, a list of the dP instruments, and the appropriate

temperature instrument (s) that should be used in determining the density of fluid (s).

Sec Appendix F-7 for a summary of results.

O

O
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F-3 Type I dP Cells
,

(") F-3.1 Installation and Offsets

The installation / characteristics of type 1 dP cells are as follows:

The normal direction of flow is in the UP vertical direction, and the negative (low-pressure).

side of the dP cell is the upper tap.

This causes flow losses to increase the measured dP since flow is from the positive (lower) tap

to the negative (upper) tap.

The data acquisition system (DAS) adds the tap-to-tap elevation difference to the dP at the*

instrument taps, converting this height to force (psi) using the following equation:

p gh/144g,

where:

p, = density of cold water at ambient conditions (62.2 lbsdft.8)

g = acceleration due to gravity (32.2 ft/sec.2)

h = tap-to-tap elevation difference (ft.)

g, = mass to force conversion (32.2 ft. - Ib/sec.2 - Ib,)

F-3.2 Friction Loss Determination

The friction loss portion of the measured dP when the component is full of water is calculated as

follows:

Recorded dP data (psid) = dP at instmment + p gh/144 g,

where the dP at the instrument equals the (positive tap pressure) minus (negative tap pressure).
That is,

dP at instrument = (friction loss + pah/144 g,) - (p gh/144 g )
where:

]
1

p.,is the density of the hot process water in the component which must be determined based on the

existing system pressure and the temperature of the water.

Since the DAS adds p cgh/144 g,, then

('
E ntded dP data (psid) = friction loss (psid) + pah/144 g,

m:\apMi(A1625w\yT4non:lt> 040195 F-5
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and:

Friction loss (psid) = recorded dP data (psid) - p,.,gh/144 g,
|

F-3.3 Component Water Level Determination

The water level that exists between the dP cell taps can be calculated from the recorded dP data when

the friction loss is negligible or when the flow is 0. This is done as follows:

Recorded dP data (psid) = p.,,,Lg/144 g, + p, (h - L) g/144 g,

where:

L = water level of water (ft.)
p, = density of steam

This numerically reduces to the following:

L = [(144) (dP data) - (p,h)] / (p.n - p,)

'ntis level can be converted to percent level using the following:

O
% level = (L/h) * 100%

' Die density of steam (p ) can be ignored (assumed 0) in the above equation, with less than 1% error

introduced, when system pressure is less than 500 psia.

Table F-1, provides a listing of dP instniments that operate as described above. Also listed are the

pressure and ternrature instrument (s) that should be used to determine p., and p, in the above

equations.

O
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F-4 Type 2 dP Cells
~O.

F-4.1 Installation and Offsets

The installation / characteristics of type 2 cells are as follows:

Re normal direction of flow is in the DOWN vertical direction, and the negative |*

(low-pressure) side of the dP cell is the bottom tap.

j nis causes flow losses to increase the measured dP since flow is from the positive (upper) tap

( to the negative (lower) tap.

The DAS subtracts the tap-to-tap elevation difference from the dP at the instrument taps,*

converting this height to force (psi) using the following equation

p gM144 g,

F-4.2 Friction Loss Determination

The friction loss portion of the measured dP when the component is full of water is cal ulated as

follows:

Recorded dP data (psid) = dP at instmment - p.,gM144 g,

where the dP at instrument equals (positive tap pressure) minus (negative tap pressure). That is,

dP at instrument = (Friction loss + p.,gM144 g ) - (p.,gM144 g )

Since the DAS subtracts p cgW144 g,, then

Recorded dP data (psid) = friction loss (psid) - p.,gM144 g,

and:

Friction loss (psid) = recorded dP data (psid) + p.,gM144 g,

F-4.3 Component Water Level Determination

The water level that exists between the dP cell taps can be calculated from the recorded dP cell data,

when flow is approximately 0 (friction losses are 0 or negligible). This is done as follows:

Recorded dP data (psid) = p, cgm 144 g, - (p , gill 44 g, + p,g (h - L)/144 g ) - p.,gW144 g,

mAmpmA1625whF.non:ltvo40195 F-7
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This numerically reduces to the following:

L = [(144) (dP data) + (p,h)) / (p, - p.,)

As stated above, p, can be assumed to be 0 when system pressure is less than 500 psia.

This level can be converted to percent level using the following:

% level = (IA1) * 100%

Table F-2 lists the dP instnaments that operate as described above. Also listed are the pressure and

temperature instrument (s) that should be used to determine p,n and p,in solving above equations.

O

!
1

|

9
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| F 5 Type 3 dP Cells '

F 5.1 Installation and Offsets

'
The instrumentation / characteristics of type 3 dP cells are as follows:

The positive (high-pressure) side of the dP cell is connected to the upper tap.
.

*

The DAS adds the tap to tap elevation difference converting this height of water to force !
.

(psi) using the following equation:

P-c8W144 8 ,

,

F 5.2 Friction Loss Determination

De friction loss portion of the measured dP when the component is full of water is calculated as

follows:
;

Recorded dP data (psid) = dP at instrument + p.,gh/144 g, :

I
Where the dP at the instrument equals the ,wsitive tap pressure minus the negative tap pressure. !

[ That is,
'

dP at instrument = (Fric' ion loss + p.,gh/144 g,) - p ,gM144 g, '

t

Since the DAS adds p cgN144 g,, then

,

Recorded dP data (psid) = friction loss (psid) - p ,gh/144 g, + 2p,,gh/144 g,
!

I

and:
'

Friction loss (psid) = recorded dP data (psid) - 2p ,gh/144 g, + p ,gh/144 g,
|

F 5.3 Component Water Level Determination i

The water level that exists between the dP cell taps can be calculated from the recorded dP data when

the friction loss is negligible (when flow is approximately 0). This is done as follows:

Recorded dP data = p.,gh/144 g, - (p ,gU144 g, + p, (h - L) g/144 g ) + p.,gh/144 g,

his numerically reduces to the following: -

L = [(144) (dP data) + h(p, - 2p )] / (p, - p,J :

:

!
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As stated above, p, can be assumed to be 0 when system pressure is less than 500 psia. Also, this

level can be converted to percent level using the following: '

% level = (llh) * 100%

Table F-3, lists dP instruments that operate as described above. Also listed are the pressure and

temperature instruments that should be used to determine p and p, used in the above equations.

O

|

!

9:
I

!

|
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F-6 Type 4 dP Cells
,

\ )'

F-6.1 Installation and Offsets'"

The installation / characteristics of the type 4 dP cells are as follows:

The positive (high-pressure) side of the dP cell is connected to the upper tap.=

No tap to tap elevation difference is added by the DAS.*

No significant flow or flow losses through the component are expected.=

F-6.2 Friction Loss Determination

No friction losses are expected.

F-6.3 Component Water Level Determination

The water level that exists between the dP cell taps can be calculated from the measured dP data when

the friction loss is negligible (for example, in large components such as tanks where level changes are

relatively slow). Since the DAS does not add any compensation for tap elevations, then
/ 3_O

Recorded dP data = p,yh/144g, - (p,yU144g, + p,(h - L)g/144g,)

This numerically reduces to the following:

L = [(144) (dP data) + h(p, - p,J] / (p, - p.3)

.

A stated above, p, can be assumed to be 0 when system pressure is less than 500 psia. Also, level can

be converted to pc. cent level using

% level = (Uh) * 100%

Table F-4 lists the dP instruments that operate as described above. Also listed are the pressure and

temperature instruments that should be used to determine p., and p, used in the above equations.

J

|
|

\
G |

|
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F-7 Conclusion / Summary

The following equations have been derived for calculating the friction loss (in psi) from the dP data

measured for the SPES-2 tests. These equations (numerically reduced) are as follows:

Type 1 dP cells : friction loss = dP data - p,nh/144=

Type 2 dP cells : friction loss = dP data + p.,h/144*

Type 3 dP cells : friction loss = dP data + h (p.,, - 2p )/144.

Type 4 dP cells : no friction loss is expected.

The following equations have been derived for calculating the water level (in ft.110) from the dP2

data (in psi) measured for the SPES-2 tests.

These equations (numerically reduced) are as follows:

Type I dP cells : water level = [(144) (dP data) - (p,h)] / (p,3 - p )=

Type 2 dP cells : water level = [(144) (dP data) + (p,h)] / (p, - p.3)*

O
Type 3 dP cells : water level = [(144) (dP data) + h(p, - 2p,J] / (p, - p,n)=

Type 4 dP cells : water level = [(144) (dP data) + h(p,- p.,)] / (p, - p,n)*

.

O
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g TABLE F-1
- SPES-2, AP600 FULL-HEIGHT FULI POWER INTEGRAL SYSTEMS TEST
$ SPFS-2 TYPF 1 DP-TRANSMHTERSe

'
Reference

Upper Tap Dev. Insttwnent Range dP Meas. Range lavel Mess. Reference Temp. Preware,
TagNo. Location Tap (+/-) Differ. (ft.) (pgi) (psi) Range (ft.) Instrument (s) (Note 1)g

;.:. DP-000P Power channel riser - 17.41 -8.70 to +8.70 -1.16 to +16.24 0 to 17.41 TimP + T015P7 (overall) 2

DP-011P Power channel riser - 4.86 0 to +435 +2.10 to +645 0 to 4.86 TV03P
3 (bottom)

DP-012P Power channel riser (bottom - 344 0 to 5.80 +1.58 to +7.38 0 to 3.64 TtxBP + 1015P
middle) 2 i

DP-013P Power channel riser (top - 3.64 0 to 5.08 +1.58 to +6.65 0 to 3.64 T1101 + TD15P
middle) 2

DP-014P Power channel riser (top) - 2.84 -1.45 to +1.45 -0.19 to +2.71 0 to 2.84 T015P
DP-018P Ilot leg-A/ surge line - 2.95 -1.45 to +1.45 -0.17 to +2.73 0 to 2.95 IV18P
DP-A04P lid leg- A - 11.82 -5.80 to +8.70 -0.68 to +13.82 0 to 11.82 TA03PO

DP-B04P the leg-B 11.82 -5.80 to +8.70 -0.68 to +13.82 0 to 11.82 TB03PO-

Y DP-A05P U-tube steam generator-A - 16.82 -8.70 to +17.40 -1.41 to +24.69 0 to 16.82 TA06P + TA05P PA04PC (hd-leg side) 2

DP-B05P U-tube steam generator-B - 16.82 -8.70 to +17.40 -1.41 to +24.69 0 to 16.82 D05P + 11406P PB04P
(hd-leg side) 2

DP-A06P U-Tube steam generator-A - 1230 -5.80 to +8.70 -0.47 to +14.03 0 to 1230 TA06P + TAORP PA04P
(llot-leg side to top) 2

, DP-B06P U-tube steam generator.B - 1230 -5.80 to +8.70 -0.47 to +14.03 0 to 12.30 B06P + T1408P PB04P'

(IIL Side to tm) 2

DP-A15P Power channel upper - 3.33 -2.18 to +2.18 -0.73 to +3.62 0 to 333 TUl5P
| plenum / hot leg-A
i

DP-B15P Power channel upper - 3.33 -2.18 to +2.18 -0.73 to +3.62 0 to 333 T015P
plenum / hot Icg-B

DP-A20E Accumulator-A Injection - 12.85 -7.25 to +7.25 -1.68 to +12.82 0 to 12.85 TA23P . PA20E
line

DP-B20E Accumulator-B Injection - 12.85 -7.25 to +7.25 -1.68 to 12.82 0 to 12.85 E 23P PB20E
line

DP-A81E PRIIR supply line - 26.27 -7.25 to +7.25 24.13 to +18.63 0 to 26.27 TA82E + TA81E
2

1. Pressure diannel P027A (pressurizer pressure) shall be used as the reference pressure instrument, unless otherwise noted.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ . . . ~ _ _ _ . . . _ . . _ _ _ _ _ _ _ _ _ . _ _ . . _ _ _ _ _ _
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f
g TAllLE F-2
- SPES-2, AP600 FULI IIEIGIIT FULL POWER INTEGRAL SYSTEMS TEST

'

ti SPES-2 TYPE 2 DP-TRANSMITTERS
e

tvel
t'pper Mens Reference Reference

g Tap Tap Dev- Instrurnent dP Mess. Range Range Temperature Pressure
n Tag Na Insth (+/-) Di!Ter. (ft.) Range (psil (psi) (fl.) Instrument (s) (Note 11
--

7 DP-001P Power channel tubular downcomer (top) + -8.34 0 to +1430 -3 63 to +10.87 1 to il34 TD01P

DP4MCP Power channel tubular downcerner (bottorn) + -8 89 0 to +14.50 -3.85 to +10.65 1 to 8 89 11103P

O DP4)l7P Power channel apper head + -6 20 0 to +7.25 -2.69 to +4.56 ) to 6.20 1T)l6P

DP-A0nt P Cold leg-Al + -3.45 0 to _7.25 -1.49 to +5.76 1 to 3.45 TA31It
DP-B00l P Cold leg-BI + -3.45 0 to +7.25 -1.49 to +5.76 1 to 3.45 TB31PL

DP-A002P Cold leg-A2 + -3.45 0 to +7.25 -1.49 to 45.76 1 to 3.45 TA32ft

DP B002P Cold leg-82 + -3.45 0 to _7.25 -1.49 to +5.76 1 to 3.45 TB32ft

DP-A02t P Cold leg-Al/ power channel downcomer + -t 08 0 to +I0.15 -1.77 to +8.38 1 to 4 08 TA021Po + TDolP
2

DP-B021P Cold leg-BI/ power channel downtomer + -4 08 0 to +1015 -1.77 to +8.38 ) to 4 01 B021PO + TDOIP
2"r!

E DP-A022P Cold leg-A2Apower channel downcomer + -4 08 0 to +1015 -1.77 to +8.38 1 to 4 08 TA022PO + Tnolp
#' 2

DP-B222P Cold leg-B2/ power channel downconser + -4 08 06 + 10.15 -1.776 +8.38 1 to 4.08 TB022PO + TDOIP IvJI7P
2

DP-A07P U-tube stearn generator-A + -12.30 -4 35 to -9.68 to +-1.82 ( to 12.30 TA06P + TA08P
(top to cold-leg side) + 10.15 2

DP-B07P U-tube stearn generatar-B + -12.30 -4 35 to -9.68 to +4 82 c. to 12.30 D06P + TBoltP
(tm so cold-leg side) +10.15 :

DP-A08P U-tube steam generator-A (coki-leg side) + -16.82 -8.70 to I4.5 -15.99 to +7.21 ( to 16.82 TA09P

DP-B08P U-tube steam generator-B (cold-leg side) + -16.82 -8.70 to +14.5 -15.99 to +7.21 ( to 16.82 DMP
DP-A09P 5 team generator-A to RCP A + -5.80 0 to +14.5 -2.51 to +11.99 1 to 5.80 iA10P

DP-B09P Steam generator-B to RCP B + -5.80 0 to +14.5 -2.51 to 11.99 1 to 5.80 DIOP
DP-A16P llot leg-A/ power channel upper head + -2.19 0 to +2.9 -0.95 to +1.95 1 to 219 TU15P

DP-B16P llot leg-I%er channel typer head + -2.19 0 to +2.9 -0.95 to +1.95 ) to 2.I9 TOI5P

DP-A28P CMT-A pressurizer balance line + -15.21 0 to +14.5 -6.59 to +7.91 ( to 15.21 TA28P

1. Pressure channel P027A (Pressurirer Pressure) shall be used as the reference pressure instrurnent, unless otherwise noted.

O O O
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} TABLE F-2
$ SPES-2, AP600 FULL-IIEIGIIT FULL-POWER INTEGRAL SYSTEMS TEST
y SPES-2 TYPE 2 DP-TRANSMilTERS (Cont.)

f Reference Reference
y l'pper Top Elev. Instrument Range dP Meas. Range Level Meas. Temperature Prnsure
g Tag No. tecation Top (+/-l IMffer. tit.) epsi) (psi) Range (fl.) Imtruments (Note 1)

f DP B28P G1T-B pressurizer + -15.21 0 to 14.5 -6.59 to +7.91 0 to 15.21 TB28P
2 balanc- line
o
~ ._

g DP-A40E GC . p on bne + -8.58 -3.63 to 15.25 -734 to +11.51 0 to 8.58 TA42tE PA40E
DP-B40E CMT .2 lajectim line + -8.58 -3.63 to +15.25 -734 to +11.51 0 to 8.58 TB421E PB40E

DP- A61E IRWST injection line A + -333 0 to +14.5 -1.44 to +13.% 0 to 333 T06SE 12.5 psig

DP-B61E IRWST injection line B + -333 0 to +14.5 -1.44 to +13.06 0 to 333 TD65E 12.5 psig

DP-A82E PRinENat exchanger + -17.65 -7.25 to +7.25 -14.90 to +0.40 0 to 17.65 TAR 2E + TA81E
2

DP-A83E PRIIR return line + -3.71 0 to +7.5 -I.61 to +5.64 0 to 3.71 1A83E
,

1. IYessure channel P027A (pressurizer pressure) shall be used as the reference pressure instrument. unless otherwise noted.
~
ts
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h TABLE F-3
g SPES-2, AP600 FULL-IIEIGIIT FULL-POWER INTEGRAL SYSTEMS TFST
a SPES-2 TYPE 3 DP-TRANSMITTERS

n Referencej Cpper Tap Dev. Instnament Range dP Slems. Range Level Slems. Reference Pressure
.. Tag No. Iecation Tap H/-) IHirer. (ft.) (psi) (psi) Range (ft.) Temperature (Note 1)T
k DP403P Dowecomer to power + +0.79 0 to 10.15 +034 to 10.49 0 to 0.79 TD03P
y channel lower plenum

DP-004P Power channel lower plenum + + 3.06 -4.35 to 435 -3.02 to 1.33 0 to 3.06 TTJO*P

DP405P Power channel riser + +2.43 -2.90 to 2.90 -1.85 to 1.05 0 to 2.43 TD03P

DP-019P Surge line + +2.43 -3.63 to 3.63 -2.57 to 4.68 0 to 2.43 TD18P

DP-020P Surge line + +11.24 -7.25 to 7.25 2.38 to 12.12 0to 11.24 T020P

DP-021P hessurizer + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 TD21P

DP-022P hessurizer + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 T022P

#
DP423P Pressurizer + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 T023P

DP D24P Pressurizer + + 4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 TD24P

j DP-025P Pressurizer + + 1.41 -1.45 to 1.45 -0.84 to 2.06 0to 1.41 TD25P
i

DP-026P Pressurizer + + 1.05 -1.45 to 1.45 -0.99 to 1.91 Oto 1.05 TD26P

DP-027P Pressurizer + +0.77 -1.45 to 1.45 -1.12 to 1.78 0 to 0.77 T026P

DP-A03S Steam generator-A separator + + 10.50 -7.25 to 7.25 -2.70 to 11.80 0 to 10.50 TA03S PA04S

1

DP-B03S Steam generator-B separatcv + +10.50 -7.25 to 7.25 -2.70 to 11.80 0 to 10.50 TB03S PBots

DP.AG8S Steam generator-A separatte + +2.21 -1.45 to 1.45 -0.49 to 2.41 0 to 2.21 TA035 PA04S

DP-B04S Steam generator.B separatcr + +2.21 -1.45 to 1.45 -0.49 to 2.41 0 to 2.21 TB035 PB04S

| DP-A81 AE PRllR supply line + + 8.63 -7.25 to 7.25 -3.51 to 10.99 0 to 8 62 TA82E
1

| 1. Pressure channel P027A (pressurizer pressure) shall be used as the reference pressure instrument. unless ctherwise noted.
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TABLE F-4
g SPES-2, AP600 FULL-HEIGHT FULL-POWER INTEGRAL SYSTEMS TEST
e SPFS-2 TYPE 4 DP-TRANSMIITERSX
1 Reference Reference
[ Upper Tap Elev. Instrument Range dP Meas. Ivel Meas. Temperature Pressure"
;;. Tag No. Imation Tap (+/-) Dtfrer. (ft.) (psi) Range (psi) Range (ft.) Instrumenus) (Note 1)

DP-A015 Steam generator.A riser + +13.06 0 to 7.25 -1.59 to 5.66 0 to 13.06 TA05S PA04S
~c
" DP-BOIS Steam generator-B riser + + 13.06 0 to 7.25 -1.59 to 5.66 0 to 13.06 TBOSS PB045

DP-A02S Steam generator A riser + +21.33 0 to 10.15 -0.91 to 9.24 0 to 2133 TA08S PA04S

DP-B025 Steam generator-A riier + +2133 0 to 10.15 -0.91 to 9.24 0 to 2133 TB085 PB045

DP-A05S Steam generator-A dryer + +2.26 0to1.45 -0.47 to 0.98 0 to 2.26 N/A N/A

DP.B055 Steam generator-B dryer + + 2.26 0to 1.45 -0.47 to 0.98 0 to 2.26 N/A N/A

DP-AJ65 Steam generator-A riser + +7.05 0 to 435 -1.29 to 3.06 0 to 7.05 TA075 PA04S
*11 -

d. DP-B06S Steam generator-B riser + + 7.05 0 to 435 -1.29 to 3.06 0 to 7.05 'IB07S PB045w
DP-A41E oft-A (bottom) + +5.10 0 to 2.61 -0.40 to 2.21 O to 5.10 TA415E to TA420E PA40E

6

DP-A42E oft-A Gow middle) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TA41IE to TA415E PA40E
5

DP-A43E oft-A (high middle) + + 5.10 0 :o 2.61 -0.40 to 2.21 0 to 5.10 TA407E to TA4IIE PA40E
5

DP-A44E oft-A (tcp) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TA401E to TA407E PA40E
7

DP-B41E G1T-B (bottom) + +5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TB415E, 417E, 420E PB40E
3

DP B42E oft-B Gow middle) + +5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TB411E + TB413E PB40E
|

2

|
i 1. Pressure channel P027A (pressurizer pressure) shall be used as the reference pressure instrument. unless otherwise noted.
I
l

___ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - . ,. - -
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TABLE F-4
5 SPES 2, AP600 FULL-IIEIGIIT FULL POWER INTEGRAL SYSTEMS TEST
E SPES-2 TYPE 4 DP-TRANSMITTERS (Cont.)

Reference Referencey

g Upper Tap Elev. Imtrument Range dP Meas. Level Meas. Ternperature Pressure
" Tag No. Location Tap (+/-) Differ. (ft.) (pst) Range (psi) Range (ft.) Imtrument(si (Note 1)
T
{ DP-B43E oft-B (high middle) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TB1407E + TB409E PB40E

5
DP-B44E oft-B (top) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 111401E, 403E, 405E PB40E

3

DP-A45E oft-A cold-leg balana line + + 23.71 -2.90 to 11.60 -1.33 to 13.17 0 to 23.71 TA141P + TA141P PA40E
2

DP-B45E oft-B cold-leg talance line + +23.71 -2.90 to 11.60 -1.33 to 13.17 0 to 23.71 TB141P + TA141P PB40E
2

m 1. Pressure channel P027A (pressurizer pressure) shall be used as the reference gressure instrurnent. unless otherwise noted.

O O O
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iG-1 Abstract
irx

(
'

The differential pressure (dP) instrumentation in the SPES-2 test facility, in many cases, is used to .

determine component water levels and to measure dPs due to flow loss. This document is a guide for

using the SPES-2 dP instrumentation data in order to separately determine both flow loss dP and fluid

level portions of total measured dP, and to determine the void fraction of a two-phase fluid when |
boiling and flashing occur in the components during tes ing.

O

,

O
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G-2 Introduction

In order to use the data from the SPES dP instrumentation, it is necessary to understand the

arrangement of the dP cells, to account for the tap-to-tap elevation differences, and to compensate for

fluid densities. With tids understanding, the dP cell data can be used to obtain the dP due to friction

losses and to measure level at low or no-flow conditions when the component friction loss due to flow

is approximately O.

The following sections provide a description of each type of dP cell installation used at SIET, a

description of how the raw data should be processed, a list of the dP instruments, and the appropriate

temperature instrument (s) that should be used in determining the density of fluid (s).

See Appendix G-7 for a summary of results.

O

O
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G-3 Type 1 dP Cells
,/'~N :n- .

G 3.1 Installation and Offsets

The installation / characteristics of type 1 dP cells are as follows:

The normal direction of flow is in the UP vertical direction, and the negative (low-pressure)*

side of the dP cell is the upper tap.

This causes flow losses to increase the measured dP since flow is from the positive (lower) tap
'

to the negative (upper) tap.

The data acquisition system (DAS) adds the tap-to-tap elevation difference to the dP at the*

instrument taps, converting this height to force (psi) using the following equation:

pocgh/144g,

Where:

p., = density of cold water at ambient conditions (62.2 lbs/ft.3)
g = acceleration due to gravity (32.2 ft/sec.2)

h = tap-to-tap elevation difference, (ft.)

g, = mass to force conversion, (32.2 ft.-lb/sec.2 - lb,)

G 3.2 Friction Loss Determination

The friction loss portion of the measured dP when the component is full of water is calculated as
follows:

Recorded dP data (psid) = dP at instmment + p.,gh/144 g,

Where the dP at the instrument equals the (positive tap pressure) minus (negative tap pressure).
That is, ;

(Friction loss + pah/144 g,) - (p ,gh/144 g,)

Where p.,is the density of the hot process water in the component which must be determined based

on the existing system pressure and the temperature of the water.

Since the DAS adds p,J;h/144 g,, then

Recorded dP data (psid) = friction loss (psid) + pah/144 g,

w\np(<KA1625 w\ary-G.non:I b-040195 G-5
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and:

Friction loss = recorded dP data - p,ngh/144 g,

G-3.3 Component Water Level Determination

1he water level that exists between the dP cell taps can be calculated from the recorded dP data when

the friction loss is negligibic or when the flow is 0. This is done as follows:

Recorded dP data (psid) = p Lg/144 g, + p (h - L) g/144 g,

Where:

L = water level of water (ft.)
p, = density of steam

This numerically reduces to the following:

L = (144) (dP data) - (p,h) / (p., - p,)

This level can be converted to percent level using the following:

O
% level = IJh * 100%

The density of steam (p,) can be ignored (assumed 0) in the above equation, with less than 1% error

introduced, when system pressure is less than 500 psia.

Table G 1, provides a listing of dP instruments that operate as described above. Also listed are the

pressure and temperature instrument (s) that should be used to determine p. and p, in the above
equations.

O

m:\ap60m1625 w\npp-G.non : l t>440195 G-6
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G-4 Type 2 dP Cells

\ )'" G-4.1 Installation and Offsets

ne installation / characteristics of type 2 cells are as follows:

The normal direction of flow is in the DOWN vertical direction, and the negative (low*

pressure) side of the dP cell is the bottom tap.

His causes flow losses to increase the measured dP since flow is from the positive (upper) tap
to the negative (lower) tap.

Re DAS subtracts the tap-to-tap elevation difference from the dP at the ir.euument taps,*

converting this height to force (psi) using the following equation

p.,gWl44 ,E

G-4.2 Friction Loss Determination

The friction loss portion of the measured dP when the component is full of water is calculated as
follows:

b
Recorded dP data (psid) = dP at instrument - p sgMW g,

Where the dP at instmment equals (positive tap pressure) minus (negative tap pressure). That is,

(Friction loss + p,,gM144 g,) - (p%gM144 g )

Since the DAS subtracts p.,gN144 g,, then

Recorded dP data = friction loss - p%gM144 g,

and:

Friction loss = recorded dP data + p%gM144 g,

G-4.3 Component Water Level Determination

The water level that exists between the dP cell taps can be calculated from the recorded dP cell data

when flow is approximately 0 (friction losses are 0 or negligible). His is done as follows:

Recorded dP data (psid) = p.,gM144 g, - (p gU144 g, + p,g (h - L)/144 g,) - p. cgm 144 g,

m:\ap60thl 62$ w\ app-G.non:i t440195 G-7
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This numerically reduces to the following:

OL = (144) (dP data) + (p,h) / (p, - p.3)

As stated above, p, can be assumed to be 0 when system pressure is less than 500 psia.

This level can be converted to percent level using the following:

% level = Uh * 100%

Table G-2 lists the dP instruments that operate as described above. Also listed are the pressure and

temperature instrument (s) that should be used to determine p,n and p,in solving above equations.

O

O
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G-5 Type 3 dP Cells
p
s
'

G-5.1 Installation and Offsets

The instrumentation / characteristics of type 3 dP cells are as follows:

The positive (high-pressure) side of the dP cell is connected to the upper tap.*

The DAS adds the tap to tap clevation difference converting this height of water to force*

(psi) using the following equation:

p.,gM144 g,

G-5.2 Friction Loss Determination

The friction loss portion of the measured dP when the component is full of water is calculated as
follows:

Recorded dP data (psid) = dP at instrument + p.,gh/144 g,

Where the dP at the instrument equals the positive tap pressure minus the negative tap pressure.
\' That is,V

(Friction losses + p.,gh/144 g ) - pah/144 g,

Since the DAS adds p.,gh/144 g,, then

Recorded dP data = friction losses p.,,gh/144 g, + 2p.cgh/144 g,

and:

Friction loss = recorded dP data - 2p ,gh/144 g, + p.,,gh/144 g,

G 5.3 Component Water Level Determination

The water level that exists between the dP cell taps can be calcu~ated from the recorded dP data when

the friction loss is negligible (when flow is approximately 0). This is done as follows:

Recorded dP data = p.,gh/144 g, - (p ,,gU144 g, + p (h - L) g/144 g,) + p cgh/144 g,

This numerically reduces to the following:
O
(

L = 144 (dP Data) + p,h - 2p.ch / p, - p.,

|

m%ptaA1625w\ app-G.nce:ltwo40195 G-9 |
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As stated above, p, can be assumed to be 0 when system pressure is less than 500 psia. Also, this

level can be converted to percent level using the following:

% level = 11h x 100%

Table G-3, lists dP instruments that operate as described above. Also listed are the pressure and

temperature instruments that should be used to determine p.3 and p, used in the above equations.

O

O
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G4 Type 4 dP Cells7

.( \

G4.1 Installation and Offsets )
!

The installation / characteristics of the type 4 dP cells are as follows:

I

The positive (high-pressure) side of the dP cell is connected to the upper tap. |.

,

No tap to tap elevation difference is added by the DAS. -a

!

No significant flow or flow losses through the component are expected.*

G4.2 Friction Loss Determination
i

No friction losses are expected. j

t
G4.3 Component Water Level Determination '

'Ihe water level that exists between the dP cell taps can be calculated from the measured dP data when t

the friction loss is negligible (for example, in large components such as tanks where level changes are '

*relatively slow). Since the DAS does not add any compensation for tap elevations, then

O !

Recorded dP data = (p,yh/144g, - (p,ylll44g, + p,(h - L)g/144g,)) [

'Ihis numerically reduces to the following:

L = 144 (dP data) + h(p, - p.,) / p, - p,s !

I
A stated above, p, can be assumed to be 0 when system pressure is less than 500 psia. Also, level can [
be converted to percent level using i

i

% level = IJh * 100% i
>

P

Table G-4 lists the dP instruments that operate as described above. Also listed are the pressure and !
temperature instruments that should be used to determine p., and p, used in the above equations.

i
o

i

!

i
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G-7 Conclusion / Summary

O
The following equations have been derived for calculating the friction loss (in psi) from the dP data

measured for the SPES-2 tests. These equations (numerically reduced) are as follows:

Type 1 dP Cells : Friction loss = dP data - p nMM*

Type 2 dP Cells : Friction loss = dP data - p nM4=

.

Type 3 dP Cells : Friction loss = dP data + h (p.3 - 2p. )/144.

Type 4 dP Cells : No friction loss is expected.

The following equations have been derived for calculating the water level (in ft.110) from the dP2

data (in psi) measured for the SPES-2 tests.

These equations (numerically reduced) are as follows:

Type I dP Cells : Water level = 144 (dP data) - (p,h) / (p.s - p,)-

Type 2 dP Cells : Water level = 144 (dP data) - (p)i) / (p, - p.3)*

O
Type 3 dP Cells : Water level = 144 (dP data) + H(p, - 2p ) / (p, - p,s)-

Type 4 dP Cells : Water level = 144 (dP data) + h(p, - p ) / (p, - p.,)*

O
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B
c
} TABLE G-1
g SPES-2, AP600 FUI.I-HEIGHT FULL POWER INTEGRAL SYSTEMS TEST
M SPES-2 TYPE i DP-TRANSMITTERS
a

Tnp Elev. Reference
Upper Differ. Instrument Rasy dP Slems. Range Level 5 tem. Reference Temp. Pressereg

i. TagNo. Location Tap (+/-) 01-) (pd) (pd) Range 01.) Irmtrument(s) (Note 1)

b DP-000P Power channel riser - 17.41 -8.70 to +8.70 -1.16 to +16.24 0 to 17.41 7D01P + TD15P

{ (overall) 2
,

2 DP-OllP Power channel riser - 4.86 0 to +435 +2.10 to +6.45 0 to 4.86 TD03P
$ (bottom)

DP-012P Power channel riser (bottom - 3.M 0 to 5.80 +1.58 to +738 0 to 3.64 TD03P + T015P
middle) 2

DP-013P Power channel riser (top - 3.M oto 5.08 +1.58 to +6.65 0 to 3.64 T003 + T015P
middle) 2

DP414P Power channel riser (top) - 2.84 -1.45 to +1.45 -0.19 to +2.71 0 to 2.84 TV15P

DP41RP Ilot Icg-A/ surge line - 2.95 -1.45 to +1.45 -0.17 to +2.73 0 to 2.95 T018P

DP.A04P IIM leg-A - 11.82 -5.80 to +8.70 -0.68 to +13.82 0 to 11.82 TA03PO

O DP BNP Ilot leg-B - 11.82 -5.80 to +8.70 -0.68 to +13.82 0 to 11.82 TB03F0

g DP-A05P U-tube steam generator-A - 16.82 -8.70 to +17.40 -1.41 to +24.69 9 to 16.82 TA06P + TA05P PA04P
(hot-les side) 2

DP-B05P U-tube steam generator B - 16.82 -8.70 to +17.40 -1.41 to +24.69 0 to 16.82 TB05P + TB06P PB04P
(hot-leg side) 2

DP-A06P U-Tube steam generator A - 1230 -5.80 to +8.70 -0.47 to +14.03 0 to 1230 TA06P + TA08P PA04P
Olot-leg side to top) 2

DP-B06P U-tube steam generator-B - 1230 -5.80 to +8.70 -0.47 to +14.03 0 to 12.30 B06P + TBORP PBNP
GIL Side to top) 2

DP-AI5P it upper plenum / hot leg-A - 333 -2.18 to +2.18 -0.73 to +3.62 0 to 333 TD15P

DP-BI5P PC upper plenum / hot leg-B - 333 -2.18 to +2.18 -0.73 to +3.62 0 to 333 TUl5P

DP-A20E Accumulator-A Injection - 12.85 -7.25 to +7.25 -1.68 to +12.82 0 to 12.85 TA23P PA20E
line

DP-B20E Accumulator-B Injection - 12.85 -7.25 to +7.25 -1.68 to 12.82 0 to 12.85 TB23P PB20E
line

DP-A81E PRIIR supply line - 26.27 -7.25 to +7.25 24.13 to +18.63 0 to 26.27 TAR 2E + TARIE
2

1. Pressure channel P027A (pressurizer pressure) shall be used as the reference pressure in.orument unless otherwise noted.
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TABLE G-2
h SPES-2 AP600 FULL-IIEIGIIT FULL POWER INTEGRAL SYSTEMS TEST
fl SPES-2 TYPE 2 DP-TRANSMITTERS4

Level
Upper Mess. Reference Reference

h Tap Tap Dev. Instrinnent dP Meas. Range Range Temperature Pressure
E Tag Na Imathm (+/-) Differ. (ft) Range (psi) (psi) (ft.) Instrumento) (Note 1)

{ DP4)0lP Power channel tubular downcomer (topp + -834 0 to +1430 -3.63 to +10 87 'l to 8.34 TU0IP
b
~

DP402P Pbwer chmnet tutmlar downtomer (tmetan) + -8.89 0 to +I430 -3.85 to +10.65 ) to 8.89 T003P
c
u DP-017P Power chmnel upper head + 4.20 0 to +715 -2.69 to +4.56 :) to 6.20 TUI6P

DP-A00lP Cdd leg-Al + -3.45 0 to _7.25 -I.49 to +5.76 :) to 3 45 TA3 tit
DP-B00lP Cold leg Bt + -3 45 0 to +7.25 -1.49 to +5.76 :n to 3.45 TB3 tit
DP-A002P Cold leg-A2 + 3.45 0 to +7.25 -1.49 to +5.76 :) to 3.45 TA32ft
DP-80Q1P Cold leg-B2 + -3.45 0 to _725 -I.49 to +5.76 !) to 3 45 TB32PL

DP-A02t P Cold leg-Altower channel downcaner + -4 08 0 to +10.15 -1.77 to +8.38 :) to 4 03 TA021PO + Tm1P
2

DP-B02t P Cold leg-BI/ power channel domwomer + -4.08 0 to +1015 -1.77 to +8.38 :) to 4.08 B02100 + 1T10lP
Q 2

i DP-A022P Cold leg A2/ power channel downcomer + -4 08 0 to +1015 -1.77 to +8 38 :) to 4 08 TA022PO + TOOIPA
2

DP-B222P Cold leg-B2/ power channel downcomer + -4.08 06 + 10.15 -I.776 +8.38 ') to 4 08 B022PO + TVolP 0017P
2

DP-A07P U-tube steam generatur-A + -12.30 -4.35 to -9 68 to +4.82 i to 12.30 TA06P + TA08P
(tm to CL side) +10.15 2

DP-B07P U-tube steam generator-B + 12.30 -4 35 to -9.68 to +4 82 ( to 12.30 B06P + TR0nP
(top to G. side) +:0.15 2

DP-A08P U-tube steam generator-A (CL Side) + -16.82 -8.70 to 14.5 -15.99 to +7.21 t. to 16.82 TA09P
DP-BOSP U-tube steam generator-B (G. Side) + -16.82 -8.70 to +14.5 -15.99 to +7.28 f to 16.82 TB09P

DP-A09P Steam generator-A to RCP A + -5.80 0 to +14.5 -2.51 to +11.99 :n to 5.80 TA10P

DP-B09P Steam generator-B to RCP R + -5.80 0 to +14.5 -2.51 to 11.99 f) to 5.80 B10P
DP-A16P llot leg-A/ power channel Ull + -2.19 0 to +2 9 -0.95 to +1.95 |} to 2.19 TOISP

DP-Bl6P Ike leg-B5ower channel UII + -2.19 0 to +2.9 -0.95 to +l.95 :) to 2.19 TUISP
DP-A28P CMF-A pressuriier balance line + -I5.21 0 to +14.5 -6.59 to +7.91 ( to 15.21 TA28P

1. Pressure Osannel I%7A (Pressurizer Pressure) shall be used as the reference pressure instrument unless otherwise noted.

O O O
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TAllLE G-2 (Continued)
; SPFS-2, AP600 FULL-IIEIGIIT FULL-POWER INTEGRAL SYSTEMS TEST

y SPES-2 TYPE 2 DP-TRANSMITTERS

f Reference Reference
o l'pper Tap Dev. Irstrument Range dP Sfeas. Range Level Meas. Temperature Pressure

g Tag No. Imation Tap (+/.) Differ. (ft.) (psi) (psi) Range (ft.) Imtruments (Note 1)

p DP.B23P CMT-B PZR balance line + -15.21 0 to 14.5 -6.59 to +7.91 0 to 15.21 TB28P

f DP-A40E OtT- A injection line + -8.58 -3.63 to 15.25 -734 to +11.51 0 to 8.58 TA421E PA40E
* DP-B40E oft-B injection line + -8.58 -3 63 to +15.25 -734 to +11.51 0 to 8.58 1B421E PB40E.

DP-A61E IRWST injection line A + -333 0 to +14.5 -1.44 to +13.06 0 to 333 TV65E 12.5 psig

DP-B61E IRWST injection line B + -333 0 to +14.5 -1.44 to +13.06 0 to 333 T065E 12.5 psig

DP-A82E PRIIR heat exchanger + -17.65 -7.25 to +7.25 -14.90 to +0.40 0 to 17.65 TAR 2E + TAR 1E
2

DP-A83E PRi!R return line + -3.71 0 to +7.5 -1.61 to +5.64 0 to 3.71 TA83E

1. Pressure channel P027A (pressurizer pressure) shall be used as the reference pressure instrument, taless aberwise noted.

h
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y TAllLE G-3
y SPES-2, AP600 FULL-IIEIGIIT FULL-POWER INTEGRAL SYSTEMS TEST

} SPES-2 TYPE 3 I)P-TRANSMI~ITERS
3
h Rek-mce
g Upper Tap Dev. Irtstrument Range dP %Icas. Range Isvel 5 tem- Referetxe Pressere
a Tse No. lecatien Tap (+/-) IMffer. Ift-) (psi) (psil Range ift.) Tempetwata (Note 1)T
h DP-003P Dowecomer to power + +0.79 0 to 10.15 +0.34 to 10.49 0 to 0.79 11103P

6, channel lower plenum

DP-004P Power channel lower plenum + + 3.06 -4.35 to 4.35 -3.02 to 1.33 0 to 3.06 TUG 4P

DP-005P Power channel riser + + 2.43 -2.90 to 2.00 -1.85 to 1.05 0 to 2.43 TD03P

DP-019P Surge hne + +2.43 -3.63 to 3.63 -2.57 to 4.68 0 to 2.43 TV18P

DP-020P Surge line + + 11.24 -7.25 to 7.25 -2.38 to 12.12 0to 11.24 TD20P

DP-021P Nssunzer + + 4.74 -2.90 to 2.90 -0.85 to 4.95 0 t- 4.14 TV2iP

Q DP-022P Pressurizer + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 TV22P

* DP-023P Nssurizer + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 1023P

DP-024P Nssuriier + +4.74 -2.90 to 2.90 -0.85 to 4.95 0 to 4.74 1U24P

DP-025P Nssurizer + +1.41 -1.45 to 1.45 -0.84 to 2.06 0to 1.41 TD25P

DP-026P Nssuriter + +1.05 -1.45 to 1.45 -0.99 s 0to 1.05 TD26P

DP-027P Pressurizer + +0.77 -1.45 to 1.45 -1.12 to i.78 0to 0.77 T026P

DP-A03S Steam generator-A separator + + 10.50 -7.25 to 7.25 -2.70 to 11.80 0 to 10.50 TA03S PA04S

DP-B03S Steam generator-B separator + +10.50 -7.25 to 7.25 -2.70 to 11.80 0 to 10.50 TB035 PDG4S

DP-A045 Steun generator-A separatcv + + 2.21 -1.45 to 1.45 -0.49 to 2.41 0 to 2.21 TA03S PA04S

DP-BG15 Steam generator.B separator + + 2.21 -1.45 to 1.45 -0.49 to 2.41 0 to 2.21 TB035 P14045

DP- A81 AE PRIIR supply line + + 8.63 -7.25 to 7.25 -3.51 to 10.99 0 to 8.62 TA82E

I. Pressure channel P027A (pressuriter gvessire) shall be used as the reference pressure instrument. unless ctherwise noted.

O O O
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h TABLE G-4
g SPES-2, AP600 FULL-IIEIGIIT FULL-M)WER INTEGRAL SYSTEMS TEST

e SPES-2 TYPE 4 I)P-TRANSMFITERS

k, Reference Reference
E Upper Tap Elev. Irmtrument Range dP 5fems. Level Steam. Tempenture Pttssare

[ TagNo. Iscation Tap (+/-) Differ. tit.) (psi) Range tpsi) Range (ft.) tratrument(s) (Note 1)
T

DP- AOIS Steam gen *rator-A nser + + 13.06 0 to 7.25 -1.59 to 5_66 0 to 13.06 TA055 PA04S

S DP-B015 Steam gener=wr-B riser + + 13.06 0 to 7.25 -1.59 to 5.66 0 to 13.06 TB05S PB04S

DP-A025 Steam generator- A riser + +2133 0 to 10.15 -0.91 to 9.24 0 to 2133 TA08S PA04S

DP-B02S Steam generator-A riser + +2133 0 to 10.15 -0.91 to 9 24 0 to 2133 TBORS PB04S

DP A045 Steam generator-A dryer + + 2.26 0to 1.45 -0.47 to 0.98 0 to 2 26 N/A N/A

DP. BOSS Steam generatw-B dryer + +2.26 0to 1.45 -0.47 to 0.98 0 to 2.26 N/A N/A

DP-A065 Steam generator-A riser + +7.05 0 to 435 -1.29 to 3.06 0 to 7.05 TA075 PAGSS

O
f DP.B065 Steam generats-B riser + + 7.05 0 to 435 -1.29 to 3.06 0 to 7.05 TB075 PB045
4

DP- A41E G1T- A (1xwtom) + + 5.10 0 to 2.61 -0.40 to 2.21 Oto5.10 TA415E to TA420E PA40E
6

DP-A42E G1T-A (km middle) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TA411E to TA415E PA40E
5

DP-A43E oft-A (high middle) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TA407E to TA411E PA40E
5

+ + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TA401E to TA407E PA40EDP-A44E GtT-A (tty)
7

DP-B41E G1T-B (bottom) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TB41 E, 417E, 420E PB40E
3

DP-B42E oft-B (low middle) + + 5.10 0 to 2.61 -0.40 to 2.21 0 to 5.10 TB411E + TB413E PB40E
2

1. Pressure channel P027A (pressurizer pressure) shall be used as the reference pressure instrument, unless otherwise noted.
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