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- AP600 LONG TERM COOLING TEST SPECIFICATION, REV.1
|

.

1

1.0 BACKGROUND INFORMATION

:
This test was initially designed to demonstrate the low pressue (<50 psig)long-tenn

,

!cooling phenomenon of AP600 with a quartz model. Quartz material was selected '

because it would provide visual resulta and because Portland General Electrie (PGE)

1

would contribute in funding such a program ;

However, some concerns associated with the quartz model were raised about the !

i

model cost, the safe operation of the test and the limitation on the system pressure. !

!
Consequently, stainless steel was selected for the followmg reasons: :

(A) Quartz model can only be run at low pressure, about 65 psia. It was felt that
|

' at this low a system pressure Automatic Depressunzation system (ADS) can ;

not be adequately simulated. With stainless steel model the system pressure
!

.

can be much higher, hence ADS actuation can be simulated accurately.
!

(B) Since the pressure limit on the quartz material is so low and the water

temperature in the test is relatively high, the margin for the safe operation of

the test is very nmall |
l

(C) The cost of the major components such as the reactor vessel,if made of quartz, {

would be appronmately 30% of the entire test model cost. The cost ofstainless
i

|steel vessel would be sigmficantly less.
J|

(D) With stamless steel model, the origmal test scope can be fulfilled, and !
|
|

additional scope can be added.-
,

.
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1.0

BACKGROUND INFORMATION (Continued)
,

Since the initiation of the proposed quartz model
, additional test scope was I

; - incorporated to pmperly address the AP600 long term cooling p
.

the stainless steel model was selected in favor of th
mcess. Consequently,

! e quartz model.

This test shall be made of stainless steel and the original f
.est ecope with the quartz

'

model shall be maintained, except flow visualization is elimi
, '

nated. The test model
shall include reactor coolant system, passive core cooling

syh, steam generator
system, chemical and volume control system and n

4

system. ormal residual heat removal,

,

Since the NRC review of the AP600 pmgram has begun th
e scope of this test shall

be expanded to help address their concerns. Finally th
,

e entire test facility shall be,

a cornplete and scaled representation of the AP600 ;

integr'al system test of AP600 since the test
. The test is now a low pressure)

model consists of the entire AP600
.

Reactor Coolant System and Passive Safety Systems
.

.

1
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2.0 PURPOSE
.

This test is draigned to provide valid thermal hydraulic data to verify the AP600
.

- thermal hydraulie computer codes. The data shall capture key AP600 phenomena
,

such as gravity injection, natural convection and post-accident long term core moling

behavior at various modes of operations.

To validate the AP600 thermal hydraulic computer mdee, the following features shall

be incorporated in the test: '

The AP600 Reactor Coolant System including the reactor vessel and internals,
*

two steam generators, two reactor coolant pumps, the pressurizer and the

connecting hot and cold legs.

AP600 passive safety features including the steam generator system (SGS) the
*

passive core cooling systems (PXS) and the automatic depressurization system
,

.
'(ADS) shall be simulated in the test. The non-safety systems connecting to the

passive safety system:, also shall be simulated. These non-safety systems
~

include normal residual heat removal system (RNS) and chemical and volume

control system (CVS).

The intersetion between the passive safety features and the non-safety systems

shall be investigated.

The AP600 containment sump and floodup volume shall be simulated in the
*

test to investigate sump recirculation behavior.
i

Small break lost-of-coolant-accidents (SBLOCA) and inadvertent ADS
t*

'

operation shall be simulated in the test to investigate the operation process of

, the AP600 passive safety features. Each of these accidents shall be simulated-

.

from the onset of the accident to the final long term core cooling mode operation.
,

W4WAN
|

3

.__ . - _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - .



WESTih3GrIOU55 CLASS 3

.

2.0 PURPOSE (Continued)
{

Each operation shall provide data to characterize the cooling Bow paths into the- -

,

,
simulated reactor, through the core, to and out the ADS valves, steam generators, the

ADS valves on the hot legs and the break in the loop piping, and other loops in the
!,

test facility. ,

Since this test is a low pressure integral system test, it will provide data to validate

the low pressure range of the computer code. The high pressure data will be provided

by the SPES test in Italy. However, this test shall provide data at a pressure i

! overlapping the SPES test.

.

I
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3.0 TEST OBJECTIVES
!,

-

The overall objective of the test program is to obtain test data at various modes of
.

!
,

!
'

operations of a 1/4 height scale model of the AP600 Reactor Coolant System (RCS) and

applicable portions of the AP600 PXS, Steam Generator System, ADS, Chemical and ' !

Volume Control System (CVS) and Normal Residual Heat Removal System (NRS). :

The test is designed to operate at 400 psia and 400"F. !
4

a

This scaled experiment shall be made of stainless steel material. Tne RCS model
f
:

shall include the reactor vessel (RV) and the internals, pressunzer (PZR), two (2)
J

'

steam generators (SG), two (2) hot legs, four (4) cold legs and the associate valves and

pipes. The lower contamment structure shall be modeled to include the RV cavity and ',-

j other lower conta mment volumes that will flood up durmg the transient and the lower

icontamment rectreulation operations. The portions of the PXS to be modeled shall ;

!
| include the ADS, two (2) accumulators, two (2) core makeup tanka (CMTs), one (1)

e f

. passive RHR heat exchanger, and one (1)incontamment reactor water storage tank
i
.

-

(IRWST) as well as allinterconnectmg valves and piping. One (1) makeup pump and !

the associated makeup piping loop of the CVS and one (1) normal residual heat !

,

j removal pump and the associated pipe from the IRWST to RCS cold leg also shall be
;

modeled.
!

One tram of ADS shall be used in the test to represent two independent trains in [

AP600. This simulated ADS tram shall consist of three (3) parallel lines simulating
! !

the first three (3) stages of AP600 ADS, with each line properly scaled to represent '

i

two trains in AP600. The number of 4th stage rains and locations shall be properly

} -modeled in the test. In addition, the 4th stage ADS orientation shall be a@ustable !
I in the test.
,

, .

| cf.eoDoec782
,

;

5
'

.

,
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3.0 TEST OBJECTIVES (Continued) '

,

. Water will be used as the working fluid and the reactor core will be simulated with i

.

electric heater rods scaled to match AP600 core decay heat durmg the long term f

cooling mode. Break locations on both the hot and cold leg loop piping, direct vessel

injection (DVI) lines CMT balances lines to either the pressurizer or the cold leg, will
!

be simulated.
t

Specific objectives are to: i

,

Design and construct a scale model which will provide valid thermal hydraulic*

data including the long term cooling mode for the AP600, ;

Measure flows, pressure drops and temperatures in all loop flow paths and the*

,

simulated nactor vessel.to charactenze the operation of the AP600 dunng the

!
long term cooling mode.to obtain a mass and energy balance on the system,

|
i

' Detennine from the experimenta, the effects ofinjection line size as well as*

,i.

ADS vent line sizes on the core cooling behavior and provide a rationale to
,

~

scale these results to the AP600.
.

1

Provide valid thermal / hydraulic data on the core flow behavior on a scaleda

:

basis for each of the different injection modes: accumulators, Chfr, IRWST
I

: and the lower conumment sump return, .-
.

;

Provide data on the effect of the location of the 4th stage of the ADS on core*

coohng,
1

Investigate a wide range of test conditions to namme the limits of core*

:

coolability for the post accident period.

.

Provide data on the interfacing effect from CVS makeup pump and RNS RHR*

pump on long term core cooling.

0540DCaiO*p2
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3.0 TEST OBJECTIVES (Continued) ;
,

Prende a basis to scale the test result to high pressure core cooling transients.- *

;

.
Measure flows at the ADS and the breaks as well as other loop flow paths.*

These flow measurements shall aid in the estimation of baron buildup in

AP600.
f

i
Provide capability to simulate the injection of nitrogen gas from the FXS

,

*

!

accumulators in order to show that non-condensible gas does not have an i

adverse effect on PXS injection and ADS venting capabilities. r

.
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4.0 REFERENCES-
,

, (A) AP600 Plant Description Document, December,1990.

(B) FLECHT SEASET Program: Final Report, EPRI NP-4112, Project 959-1, '

.

September,1986.

(C) AP600 Reactor Coolant Syskm (RCS) SSD, NSE-92-0081
.

(D) AP600 Passive Core Cooling System (PXS) SSD, NSE-92-0034
t

i (E) AP600 Steam Generator System (SGS) SSD, NSE-92-0036

(F) AP600 Normal Residual Heat Removal System (RNS) SSD, NSE-92-0031

(G) AP600 Chemical & Volume Control System (CVS) SSD, NSE-92-0082
:

(H) Reactor Vessel and Internals Dramngs.

* MV01 V1001, Rev.1

i * MV01 V2 001, Rev.1 '

'

* RXS V2 001, Rev. 2
t.

* MIO1 VI 001, Rev. 2
,

- (I) Steam Generator and Pressurizer Drawmgs:

* MB01 V2101, Rev. 3 |

|
'

* MB01 V1001, Rev. 2
,

* MB01 V2 001

(J) Pnmary Loop Layout Drawings:,

i

a * PLO1 V2 001, Rev. 3 i
i

,

.

O
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!4.0 REFERENCES (Continued) . I

(K) NSSSSysteens Drawings: !, '

r

* RCS M6 001, Rev. 6 I
>

!
'

.

* SGS M6 001, Rev. 4 t

PXS M6 001, Rev. 4

* CVS M6 001, Rev. 5
, - '

i RNS M6 001, Rev. 3
I
.

(L) IMP THRIVE Data, MED-RPV-3403 i
,

;

(M) AP600 Design Parameter List, NSE 90-0334 i
i
:

; (N) PRHR HX Design Document, SEE-FS(9D 0179 .I
:

I(O) AP600 General Arrangement Drawmgs for reactor floodup volume: .{
,

,

i t
t* 1010 P2 001, Rev.1 *

i
'

'
i1020 P2 001, Rev.1, '

i. . 1

i 1020 P2 002, Rev.1 I
-'

t

t1030 P2 001, Rev.1 i
- -

!
i1040 P2 001, Rev.1-
'
4

{'

1000 P2 901, Rev.1
i

-

!
'
F1000 P2 902, Rev.1..

*
41

i1-
,

1000 P2 907, Rev.1
i

.-

T
.

; (P) Containment Volumes and Heat Sinks Calculations,
t#, ,

!
:

s

#

. f
a

'
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5.0 TEST FACILITY RE,QUIREMEhTS

. The test facility for the AP600 Long Term Cooling Test shall model the AP600 RCS, :

.

PXS, ADS, portion of SGS, CVS and RNS and lower containment structures. A -

proposed test facility P&ID is shown in Figure 1. The test facility shall have the

ifollowing capabilities:

:

(A) Provide adequate space for all test components and supportmg systems such '

that the test can be constructed and operated with ease, efficiency and safety. !

The facility shall be constructed indoors. Large tanh,if mquired, may be ,

,.

placed outdoors if adequate protection from freezing or other environmental

damage is pmvided. All test components shall be situated at scaled heights as
,

determined from a scalmg study based on pmtotypical AP600 dimensions. |
!(B) A controlled electrical supply system estimated to be at least [400] (b,c) j

. 4

kilowatts must be provided to power the electrical heater rods in the reactor i
.

core model in order to simulate the core decay heat during long term cooling
.

~

operation. Controls must be such that the decay heat transient can be !
I
'

approximated.

(C) A cold water supply capable of providing uncontammated cold water at

adequate rates for system and equipment fill, CVS makeup, and SG feedwater !

supply. Pumped fill and dram capability must be installed. !;

!

(D) Adequate dramage systems must be provided to remove water fmm the test i
i

; loop as well as any spillages or overflows such that the test facility will not be {

advenely afected.
*

-

os4cDes37:2
|
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5.0

TEST FACILITY RE,QUIREMENTS (Continued)
\

)
(E)

A system to condense steam and measure the cond-

discharge pipes must be pmvided. ensate orflows from selected
i

,

i

(F)
Adequate ventilation must be provided to r

i

!

discharged fmm the test facility. emove steam or water vapor
;

(G)2

A data collection system (DAS) to record up tob,c

sources such as thermocouples, pressure sens
-;from variousu

;

pmvided. All data shall be permanently recortledom, flow meters, shall bei

,

on an acceptable electronic
media (such as floppy diskettes) for transmission {!

;

Section 8.0.) a Westmghouse. (See
!I

i (H)
Mgior operating parameters such as system pressu

.

1
!

!

visually displayed independent to the DAS sy t
re and temperature shallbe!

! ;<

sem.(D
i , An instrumentation plan shall be developed a dn

used which will permit ;

accurate calculations of transient mass and ener
The facility shall be capable of performmg stead gy balances for the systems.

. (J) :

!

transient blowdown tests. y-state experiments as well as
;

The test vendor is to perform detail scahng anal
Facility, instrumentation design, steam gener tysis of the Long Term Cooling Testi

;

control room design, supportmg structure design and ta or design, PRER HX loop design,a

vendor must submit all designs to Westinghouo operate the test facility. The

approval prior to pmeurement and fabrication se Test Engineering for Irview and
facility design and the reactor vessel and inte . Westinghouse is to supply the test-

rnals design. A preliminary set of
.

1

e
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i

11
,

,



WESTihGHOUSE CLASS 3

:

i

. -

-
.

,

!

,
5.0 TEST PACIIIIY REQUIREMENTS (Continued)

drawings are attached in Appendix A for review. In addition, the vendor has the
,

_

responsibility of procurement and fabrication of the entire test facility which includes

instnamentation calibration. Bench testing of instrumentation is permitted if

necessary subject to AP600 Test Engineering approval.
.

9

1

i

A !

e
b

to

e

-

i

t

I

s

.
l

i

*

12 ;
1

!

|

|
.



WESTINGHOUSE CLASS 3

6.0 TEST ARTICLES
.

All test articles and interconnecting piping shall be sized and located at the proper
-

. elevations based on the scalmg study using prototypical AP600 dimensions to the

manmum extent possible. The following test articles are to be provided for the AP600

Long Term Cooling Test:

(A) Reactor Vessel

The RV shall be constructed of stamless steel matenal and include a model

representation of the upper and lower reactor in6xnals, the core barrel and

downeomer, the reactor core (using electrically heated rods) and the upper

head region. Connections for the hot and cold legs and PXS irdection nozzles

shall be provided. Heat losses from the vessel shall be minimi M.

Westinghouse is to provide the design of the reactor vessel and internals. The
.

.
vender is to fabricate and assemble it.

(B) Resetor Coolant Loon Pipine

Both the hot and cold leg (of the RCS) pipes shall be made of stainless steel

material. Heat losses from the loop piping shell be mimmned.
-

- a,.c

!

__ -

Westinghouse is to provide the design of the rear'ar coolant loop piping

, including pipe routing. The vendor is responsible for the actual fabrication of
-

the loop.
.

0140 Dea 1*p2
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6.0 TEST ARTICLES (Continued)

- (C) Stasm Generator

.
The two steam generators shall be made of stainless steel. While the SG channel

head shall be sized according to the scaling study fmm prototypical AP600

dimensions, the upper body of the SG need not be of prototypical scale but shall

s.ppmrimate the AP600 to the maximum extent possible. A heat exchanger shall

be pmvided to remove the heat from the secondary side of each steam generator
i

or dump the steam directly to an existing steam line. Although steam generator

tube rupture (SGTR)is not tested at this time, the SG design must incorporate

pmvisions to allow testing of SGTR oonditions. The vendor is to design and

construct the steam generators. Westinghouse will review and approve the design

prior to actual fabrication.

(D) ' Pressurizer (PZR)
.

One (1) pressurizer with pressurizer spray shall be used in the test. It shall be
~

made of stainless steel material. A heater shall be used for level and pmasure

contml. Vendor is to design and fabricate the PZR. Westinghouse shall review

and approve the design.

(E) Automatie Depressurization System

Valves and pipes shall be provided off the top of the PZR and to the simulated

sparger in IRWST to simulate the first three stages of the ADS.

The two (2) independent trains of 1-3 stage ADS in AP600 shall be modeled with

one (1) train in the test. However, the total rate of each stage ofAP600 ADS shall

. be properly scaled in the test, i.e. the line size and valve size in each stage in the-

test shall be properly scaled to represent 2 trains of each stage in AP600. |

|

Iuusm
'

i

14 '
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d0 TEST ARTICLES (Continued)

-

The fourth stage of the ADS shall be represented by two valves; one located off

each hot leg and discharge into the simulated lower contamment compartment

tank. The fourth strie lines shall be capable of connecting to both the top and

bottom of each hot leg. Westinghouse is to design the ADS and the vendor is to

fabricate and assemble the ADS.

(F) Core Makeup Tank

Two (2) closed vessels made of stainless steel material shall be provided to gravity

dram into the RV through the safety ikiection nozzles. Water level and flow rates
a'

shall be measured. Control logic stall be provided to actuate ADS valves via the

CMT levels. See P&ID (Figure 1) for more instrumentation. Westmghouse is to

provide CMT design and piping design for fabrication by the vendor.
~

(G) In-Containment Refueling Water Storare Tank (IRWST)

A closed vessel shall be provided to simulate the IRWST. This vessel shall be
.

capable of venting to atmospheric pressure or pressurized to a given pressure

simulating contamment pressure in AP600. This tank shall be equipped with

sufficient venting capacity to prevent over-pressurization. The vent / relief valvec

shall be capable of mamtammt a desired pressure rangmg from atmospheric

pressure to 40 psig (contamment pressure). The discharge line frem the first three

stages of ADS valves located on the top of the PZR shall lead to a simulated

sparger located in the IRWST. The elevation of the simulated sparger in the

IRWST shall be made adjustable such that the sparger lines can be discharged at

'

different levels below the normal IRWST water level The vendor is to design and

fabricate the IRWST, and the design must be approved by Westinghouse.

cssoven

15

1

__ ____ _ _ _ _ _ _ - _ _ _ _ _ - - - _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - "__ _
_ _ _



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

WESTifeGHOUSE Ci. ASS 3

6.0 TEST ARTICLES (Condnued)

- (H) Lower Contamment Structure

.

A vessel shall be pmvided to simulate the flooded volumes in the lower

contamment. This vessel shall be sized to contain all water fmm the RCS, ACCS,

CMTs and IRWST. A return line to each DVIinjection pipe shall be prodded to

represent the lower contamment return rumps. The inlet elevation of the return

line in the vessel shall be scaled prototypically. The vessel shall be able to cperate

at atmospheric pressure or be pressunzed to simulate

contamment pressure. Venting and pressure contal dedce shall be used to

prevent over-pressurization. Westmghouse shall design the lower contamment

structure for fabrication by the vendor.

; (I) Accumulators
,

5

.

Two (2) water tanira representing the accumulators shall be designed and made

of stamless steel material. It shall be designed to full system pressure and will

be pressurized with nitrogen. Vendor is to design and fabricate the accumulators.

(J) Pasrive RHR Heat Exchanger PRHR HX)

One (1) 100% capacity of AP600 PRHR HX shall be modeled in the test. The

PRHR HX shall be made of stainless steel material and of C-tube type. The heat

tmnsfer shall be n rly modeled. Westmghouse shall supply information for

vendor to design aad .abricate the PRHR HX.

(K) Normal RHR Svstem

Part of the normal RHR System shall be modeled in this facility. SpeciScally, one

. (1) RHR pump and lines connecting from IRWST to DVI shall be modelled.-

Westinghouse is to provide the design for fabrication by vendor.
.

Of40Dt83*t2
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6.0 TEST ARTICLES (Continued)

. (L) Chemical and Volume Control Svetem (CVS)

.
Portion of the CVS shall be modeled. SpeciScally, the CVS makeup pump and the

associated lines to the steam generator channel head (cold leg side) shall be

modeled with stainless steel material. Westmghouse is to prnvide detail design

and the vendor is to fabricate it.

(M) Interconnectine Pipinz

All interconnecting piping shall be designed to be of proper size based on the

scalmg analysis. Adequate pipe strength, support and flexibility shall be provided

to insure the integrity of the system. All pipe lines shall be designed and routed

to avoid water hammer and shall be capable of being completely dramed and

cleared. Injection lines and vent lines shall contain replaceable oriSces[for

' simulating the efective pipe sir.e. Westinghouse is to provide detail design of the

piping for fabrication by the vendor.
.

The vendor is to perform the work required to scale, fabricate and mstall these test

articles and submit the design to Westinghouse Test Engineering for review / approval

prior to their procurement.
s

[

,

a

e

Of40DC8D?r2
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.

7.0 INSTRUMENTATION AND CONTROL REQUIREMENTS

. Proposed instrumentation and control locations are identiSed and superimposed on the

.

test P&ID as shown in Figure 1, Instrumentation on the reactor vessel is shown in Figure

2. These instruments and their locations are shown only to provide a basis for a final
,

instrumentation and control plan. They have been chosen to obtain data needed to

perform an overall mass / energy balance of the primary loop dunng both transient and
,

steady state conditions.

(A) Troes of Instrumentation

It is important to define all the mrtrumentation that may be reqmred to obtain
t

a mass / energy balance in the test facility prior to constnietion of the loop.

Allowances for installation of instrumentation, such as taps for differential

pressure transducers, can then be installed durmg construction in the event they
~

' are reqmred in the future. Table 1 is a praliminary list of the instrumentation.
.

It is by no maans a complete list since more may be added in the future as needed.
-

However, it does serve the measunng purpose for those tests listed in Section 9.0.

The following types ofinstrumentation are to be provided for the AP600 Long

Term Cooling Test:

Thertnocouples (T/C's) ahall be used to measure the temperature of the*

coolant in the primary and secondary systems as well as any supply or

component cooling water. They also measure selected component wall and.

msulation temperature in ortler to complete mass / energy balance on the

; component.

- i
.

*
{

Of40 Dea:Y'B2 I
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;

i

.

|
t7.0 INSTRUMENTATION AND CONTROL REQUIREMENTS (Continued)
,

3 - T/C's shall also be used to measure the temperature distribution in the '

, beater core. Locations shall be :hosen within selected heater rods to obtain
,

both the arial and radial temperature dirtribution within the heater core.

Premium grade thermocouples shall be used and connected through

controlled purity ertension wire to a low level volt meter and analog to

; digital conversion ctreuit in the data acquisition system (DAS).

Recordmg flowmeters shall be used to measure all single phase water mass*

Dow rates. Tne range of these meters must be carefully selected to

mmimun error.

!

Pressure transducers shall record the absolute pressures within various*

;

tanka and at selected location in the test loops.
;

'

Differential pressure transducers shall be used to record pressure drops and
*

liquid levels in the various tanka and vessels in the test loops as well as the |
.

liquid inventory in various pipes in the primary loop-
'

b,c
i
1

.

-|,

'

,
'

.

!

'

!

- '

|-

Turbine meters can be used to measure single phase steam Dow or liquid
*

flow. For low rate liquid flow, a magnetic flow meter or other applicable

flow meters can be used.
!

.t

_ Instrumentation is required to measure and record the ambient air' *

i

I
conditions including barometric pressure, temperature and humidity.(.

i
'Of.e0DW92
t
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WESTINGHOUSE CLASS 3
|t

-

!
;

i
7.0 INSTRUMENTATION AND CONTROL REQUIREMENTS (Continued) i

,

, ,

, . (B) Tynes of Contmis
1 !

t

he test shall model the AP600 process mntrol where ever necessary. Controle
~

.

>shall be utilized in the test facility to aid the smooth operation of test runs. I

;

Following is a preliminary list of process controls to be used in the test.
!
;

Additional mntrols may be added if necessary subject to approval by AP600 Test
;

!

Engineering: I
-

8

'

* Steam Generntor Level Contal
- ,

.
!

Water level in the steam generator shall be mntrolled. This is performed
|
:

7
by monitoring the steam generator level which is interlocking with the feed |

i

a ,; water control valve. A Programmable Logic Contmiler (PLC) can be used

ifor this purpose. '

.
.

'

Steam Generator Main Steam Thmttle Contml
-

.

:

Main steam flow is controlled with throttle valve and PLC.1

l ,
' '

- ADS Actuation ,

'

i
'

The ADS valves are interlocked to open at selected CMT water levels. i

t

!i Valves included in this operation are 1-3 stage ADS valves and 2 fourth |

l

!stage ADS valves.
I

J
.1

CMT Actuation*
-

: ,-
!

!

he CMT irdeetion line isolation valves and the CMT to cold leg balance hne
1 ,

,

! isolation valves are nonnally closed and are interlocked to open i

I

simultaneously. %ey are controlled by PLC to open at simulated "S* signal,

ji
,

-

g. - or low pressuriser water level. The isolation valves at the CMT to pressurizer !
.

-

:.

!balance lines are normally opened and no interlocking required.
;

.

hDWJW43
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INSTRlbdENTATIGN AND CONTROL REQUIREMENTS (Continued)7.0

. Steam Generator Steam Isolation Valve Contml*

On/off control of each steam generator steam line isolation valve. Valve
.

is normally open and is interlocked to close.

Reactor Vessel Hester Rod Contml*

Power to heater rods is interlocked to shut off at high heater and sheath

temperature, high reactor vessel pressum or low reactor vessel water level.

PRHR Discharge Line On/Off Control*

PRHR discharge line isolation valve is interlocked to open at the actuation

of the first stage ADS valve.

Other on/off valves are CVS and RHR pump discharge isolation valves.*

,

b

e

4

1

1 !

l

-

4

064DDckr?Ir2

21

i



f* ff f- l I. . .
-

S/ '"O

-

h

.

.- ~,

. . _ . _ _ . -



-- _ - -

g}/Y - _

WESTINGHOUSE CLASS 3

|

.

.

'

SI '
APERTURE
CARD (

'gtso Availabic On
Aperture Card

%Mlb256-dl

_ _ _ _ _
)W M LKL 2 2L3 g y, ,

i .r',,;, "* ~ ,

c._,



p

''

.

e

i

l
r

I

|
|

|
|

|

|

|

|

|
'

WESTINGHOUSE CLASS 3,

|

. _ _ _ . - _ - _ _ _ _ . _ _ . . .



,

-- -

/REUMINARY
- -

7 a boCr--__

SI
APERTURE

CARD ,
,

Also Available On
Aperture Card

I,

670
AP600 LONG TERM COOLING TEST

P & ID - PRIMARY LOOP
DVG.NO. LKL 920203 REV.1

SHEET 2 OF
_ FILE: INSTRMNT LAYER: INSTRU2

,_._ ,

. . _ - _ _ _ _ ._ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . . . .

. . ..



., -

PRFI It~- '

WESTINGHOUSE CLASS 3

.

W

I

% "^*%f



-

g py
_

e.d.c ,
_ ,,_

SI
APERTURE
CARD

Also Avaitable On
Aperture Card

q3BM0230-
,

Desion Eno'ri AP600 LONG TERu COOUNG TEST
Anorover i P & ID
Approval ( QG NO. LKL 920203 RE V. 2
Approvol | | SHEET 3 or

File: Pipina PiDS
~

_
.

'
-.-.,



WESTINGHOUSE CLASS 3

0
2
-

N
Ct
N
v

. M

C

.
* >

G
12:

>

>

p

b

N
6

O
k

. I-

,

'
,

'?

6

e

i

;

4

f

;

I

l

i
i
I

-
i

25 1

'



'

WESTINGHOUSE CLASS 3

u.

N
I O ,

N .

e i

e4
*

- N
to ,

.

.
> .

@
Z

t

>

t

i

I

'

l

e

O

*O ,

N
1-

C
_

-m
,

C
O

U .
* e ,

e
een g

h t
W

-4

-N
3
-g

CC >< G-H La
r

U
O

,

b- .

M

M ,

C

C l
-
S j
e -

rA

h.e
'>

C ,

r

C I
M

~ C
*J

.C =

& '
. C

C
C
C r

*J
Q
Z .

|
.

Z

26

. _ - - _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ - _ _ - - - - _ _ - _ _ - _ _ _ _ _



v0C3e4Nbt1UUCC L e C3 J
i

U
=

and

N
2
\ >

e
.

\
C

*
.

* >
@
= r

1

6

m

E
.

O
"
w

U
&w
F

e.= 4

0
= "
-
< C
H w

> .

O !

no

44
O i

i

C

.E
I

&

M !
C

3
-w
A
C
ce
M

N a

> 1
0 .'
6
M !

- C
'J

b

.

3 ?

0 -

\
..

O
O ,

E |

5

4
1 2.

27



. . . ..

TAlli.E 1 (Continued) '"

-

O
ft -
Em
F-
O

(.
C
U
tt:
O

,'
us
u.

-

N* Not enough data avalinblo at time of revlulon.
ROV. 8/14/92

- . . - _ . - _ _ . _ _ . . _ , _ _ _ _, .. , . . _. _ , _ . . . ._. _. _



WESTINGHOUSE CLASS 3

u.

t

es
m
N
v

~ m
\
as

.
* >

C
E

C
z
C

*.m

M.e
5s !

'

~ ;
i

Q i.

l- O
w
I
-<
>
9
L

u
O

4

- .

Y
r

G
C

C
m
b
c

m
eung

2
>
S

C
*J i*
4
C

i-

7'
,

3
0 i
: i

C

4 i
O r

Z

|
+

'

E
29 !



. . . . ..

TABl.E I (Contirused) b,c

w
* >

rn

"N
F
O
I
O
C
w
m
O
hw
w
w

M* Not enough data available at tlane of revision.
Itov. U/14/92



anb7OIOCmUO wW1
r

e,
b

2
9
/
4

.
1
/
0

.
, v

o
l
I

)
deun
i

,
t
no
C
(

.
I n.

o
E. i
l

B s
A i

T v
e
r

f
o
e
m
i

t

t
a

e
l

b
a
l

l

n
v
a
a

.
t
a
d

h
J

. H
t

o
n
o

t
o
N

*
N

U



WE5TtNGHOUSE CLA$5 3

u
2
-

m
\

. w
M

\
co

*
.

>
G
%

i.

I

i
r

#
#

,

m

I=
c >

!
=

w

~ U '|w -

W

r e
# $

b
e

i- e +

f-e
> r

C
k

u
O |

!

e :
E

'

-
&

4)
C ,

t

C

S
e
m
emme

C
> >

C

C
. M

C
"3

1*
- &

3
0
C

.

'

C !

a
O
|C

,

e
I .

32



WESTINGHOUSE CLASS 3

.

_

h,.

i

N
>
N
w
n
N !

*

@

.

~ >
c
m

P

M

.S-

5v
v

w

-

Q -

r e
O.

w
E

m
>
G
k

u
O

h
-
U

M
C

i

@
'

s
O
e
m
M
C
>
C

*

. C
J

. O
C
-

-.
d

O
C
C

'
d
O ,

Z

e
E

33

_



_ _ . . . . .

. * . . ,

TAlli.li I (Cont inucil)
b,c

3
us rt

?**

F
O.
I
O
C
u.
(11 -

O

in

u

N* Not enough data available at tivne of revision.
Hov. 8/24/92,

. .

- - . . e.,e---,.- ,--, . - - - - , - -,.e. - - - , -- w ., - ,. , - -n., . .r-- % -..., e.,,, ,- - -, . - - , . ,,, .,-. - - . --,. ...m_ _ . ___



Ab5T NGHOU5E CLASS 3
,

I

[

.

f4 *

*t|h
\
v +

W.

h
C

.
'. )

Q 6

%

i.

!
,

M

i
- ,
*"

.

M
C
O >

5
m ,

o

%
.

. H O
w
3
-A
>
G
44

,

O i

D
E
.4
b)

,

C

C .Im
$ a

a e i
M ,

d f

4
>
C

C
sa i

!S
' 'U |

'
a*

@
. 3

0 i*
:

C
i4

O
'E

e
Z

.
--

35 .

t

--,



.

ktUdzOIOCUr O v@ u -
-

ni
,l

t

.

e, .

b
-

2
9
/ .

4
. 1

/
D

.
. v

e
R .

.

.

-

_

.

.

.

)
i

.

t .

use
.

r
i

t
.n -o

C
(

.

1

i

il. .
l nl

. A
- T o .

.

i .

s
i .v
e .

r .

f .

o
e. .m

. i .

t

t
.a .

e .
l

b .a
.l
-

i

a -

v
.

-a
-

a
t
a-

d -
.

h -
g

. u
o -

n
e -

t
o
H

.

a
H

wD -C

-
:!! [' i.I||||||| |r | | l



voce nNGnou6E class 3

u

I g
Cl
\
v

s M
\
m

.

>-

@
E

P

h

t

i

+

$

O
7 '

R
a
m

*p3

&
E
O
U- v

+

M

e

ci e
2 O

*

E *
1 m

w
>
S
ka

W
O

Y

4
C

3
m
M P

c
M
M
C I

> ,

8 !
'
,

c
&
C b,

O
r

M
&
.I .

.

0 i>

C ,

G
~

43
0 !

% ;

e
E

37
,



evtohNGMOU5E CLASS 3

|

5
-

,

N
m
\
v
pase

cm

.
. >

C ,

=

,

m

.3
2
?
O

,

-

*-
m C

.

E<- 0
*
m

w
>
@
Le

%
0

$
-
M

M
C

C
m
eG
G

m
aug

S
>
c

P

C.

U ,

C
- T

h
3.
O
C
C

J *

O
2

4
2

38



.. -

. . . . , .

TABIE 1 (Continued) b,c
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Note 13-
pressure as the tanks are charged with nitrogen.The gauges on the tops of the accumulators are necessary for the operator to determine tank

No Not enough data available at time of revision.
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8.0 DATA ACQUISITION

The data acqmsition system shall include the equipment necessary to receive,,

>

transmit, process and record the voltage or current signals output from the individual
.

sensing instrumenta including ampliners, signal conditioners, transmitters,
;

interconnectmg winng, analog to digital converters, interfacing boards, smtchmg

panels, computers, displays and other recordmg devices as needed.

(A) Input Channels

The ability to receive up to [1000) (b.c.) analog signals from the various

thermocouples, pressure sensors, flow meters and other instrumentation and

record them digitally wiD be reqmred. Shielded leads shall be used for all

signal input leads to mimmin noise.

(B) Samuling Rates '

.

' Total system input for the reqmred data acquisition system shall be a

mmimum of[70 channels scanned per second](b,c). Higher input rates are
-

allowable.

(C) System Accuraev

Digitizing errors for the various channels from sensor to DAS shall meet or

exceed the followmg requirements: b,e
_

-Thermocouples
_*

.

Flow Meters*

Pressure Transducers*

All other instrumentation*

-
_

d

a-

%

0540DC80702
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!,

!
!

8.0 DATA ACQUISITION (Continued) !

(D) Si-n=1 Innut Levels.

"

The data acquisition system must be capable ofprocessing the following signal,

i
levels for the various instrumentation channels: -

b,C k, _

Thermocouples*

:

Flow Meters*

I
Pressure Transducers*

i

All other inetrumentation*

~

(E) On-Line Data Storare
t

!
The capacity of the data acquisition system must be capable of storing and !

'

maintaming all data ntrieved and recorded dunng a single test. Steady state |
,

tests are expected to run for up to three houn or longer. Transient testa may
;

.

run for up to 8 hours or longer. .

!

(F) On Line Monitorin-
~

The data acquisition system must have the capability of validating test surnals '

while testing is in operation. For example, dynamic strip chart displays, CRT

displays, channel snapshots or other acceptable displays shall be available for !

verification ,

(G) Post Test Remnrements
'

Parmanent storage of all test data shall be an electronic media such as t

computer diskettes or magnetic tapes to be delivered to Westinghouse Electric
.

'

,

Corporation follomng each series of tests.

!
> t

-

.

.

0 M $
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- ;

i

9.0 TEST OPERATION
.

The operation of the test facility shall be established and documented in the Test
.

Operating Procedures. These Operating Procedures shall include, but not be limited

to:

t(A) Facility Shakedown

A series of pre-operational tests will be performed to assure that the model has

been built to the specifications defined herem and that the facility can be

operated safely and reliably. As a minimum, the followmg types of Pre-

Operational Tests shall be performed:
3,c >

T ,

,

F

f

i

!

.

)

4

)

e

L

e
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|
!

!

9.0 TEST OPERATION (Continued) b,c

I !
.

-

!

Detailed Shakedown Test Operation Procedures shall be developed and approved by
,

Westmghouse in advance of the tests.,

(B) Calibration

All matrwnentation and the DAS shall be calibrated to traceable national

standards under controlled conditions to assure their operability and accuracy.

A series of instrumentation readings under controlled conditions shall be

documented.

(C) Interral System Testin-

Steady state and transient integral system tests shall be performed to eramme:

the operation of the long term gravity makeup path from the in-contamment
*

P

refueling water storage tank (IRWST),
'

the long term core cooling via gravity makeup and the natural curulation*.

. flow path from the flooded reactor vessel cavity, and

47
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+

~

:
i
!

!9.0 TEST OPERATION (Continued)
f;-

the operation of the ACCs and CMTs during different types of SBLOCAs
= 1

,

i

-

combined with, ;

,

- Single failurse of ADS valves
I

e

- Active or inactive PRHR
,

- Active or inactive Non-nafety RHR or CVS systems

The test.s shall provide data to characterise the cooling flow paths into the mactor,
.

through the com, into and out of the Automatic Depmesurization System (ADS) valves, (
steam generators (SG), the ADS valves on'the hot leg and the break in the mactor

;

coolant system piping. These testa shall be dermed and delineated in a test matrix to i

be provided by AP600 Test Engineering. Attention shall be given to the initial
i

conditions of the test loop prior te lditiation'of the test. This includes initial system
i

inven[ory, power, pressure, flows, and tempentums. !
'

.

Two main categories of testa shall be perfortned in the OSU AP600 Test facility:
-

- Small Break LOCA Testa :
*

'

Ieng Term Cooling Tests*

These testa shall be grouped into series as follows:
I

Series h Cold Ler SBIhCA b,e
4

e

i

t

1

f

, .

'

f

WOWM

!
4B .

!

.

:
,

e ~



WESTiteGHOUSE CLASS 3

9.0 TEST OPERATION (Continued) :

Series 2: CMT - Cold Ier Balance Line SBLOCA b,c -
.

8

1

!

Series 3: DVIInieetion Line SBLOCA
_ b,c .

_

Series 4: Inadvertent Fint Stare ADS Operation

beC

.
.

_

- Series 5: Hot Ler SBLOCA
b,c

>

>

_

Series 6: PZR/CMT Rm1mnce Line Break
b,c

.

e

06e0DC8:t*f2
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WESTINGHOUSE CLASS 3

.

9.0 TEST OPERATION (Continued)

Series 7: Lone Term Cooline 3,e,

-

?'

l

|

Series 8: Other testa shall be added if noosemary as detennined by AP600 Test

Engineering.

i

''e.

,

4

.

,

e

$

d

e
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-

i

r

.

10.0 TEST REPORTS AND DATA REQUIREMENTS

All test data shall be the property of Westmghouse Electric Corporation. A series of.

.
reports and procedures ah all be submitted as deliverables in order to pmperly document

the test facility design, operation and data reportmg.
.

(A) Facility Design Report
,

A facility design report describing the facility, test articles, instrumentation and

data acquisition system used to meet the requirements of this spec:fication shall i

be prepared by Westmghouse with the help of the Test Vendor.
,

(B) Instrumentation Bench Test Report

A summary report shall be provi r.: by the vendor if bench testmg of certam

Itypes of matrumentation is nc>eacy. The vendor shall provide '

recommendation to Westmghouse Test Engineermg on instrumentation selection i
i,

.

for the test program
i

(C) Test Operating Procedures
|

'

A series of Test Operating Procedures describing the operation ofthe acility and
,

r

the test matrix shall be prepared by the test vendor in accordance with the

applicable QA reqmrements of Section 11.0 and shall be submitted for review
;

and approval by Westinghouse Test Engineermg prior to the start of testing. ;

Instrumentation check shall be included in the procedures prior to the start of

each test.

(D) Test Data Transmittal

Following each completed set of tests, data is to be transferred to a suitable
.

'
,

electronic media and forwarded to Westmghouse Test Engineering.-

.

f

os.oneann i
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!

i

10.0 TEST REPORTS AND DATA REQUIREMENTS (Continued)
r

- (E) Pr*1iminarv Test Reporta

Following the completion of each test series deSned in Section 9.0 data is to be

collected, verified and transmitted to Westmghouse Test Engineering as a ,

preliminary test report. this report is to include all test calibration data, a
,

verified data reduction calculation and an error analysis of the instrumentation.

(F) Final Test Report

A final test report is to be provided to Test Engineermg which contama a

i

description of the test fanlity and construction, photos and video tapes of the 4

test facility in various operating modes, test results, pre-test and post-test

calibrations, matrumentation error /uncertamty analyses, data reduction, data
j

verification and analyses perfonned. All data stored electronically and all video
.

tapes shall be provided to Westinghouse Test Engineermg with the final test
.

report. This final test report shall be a cooperative effort between Westmghouse
;

'

Test Engineering and the vendor.

Also, included in the final test report shall be a section of detail instrumentation I

and DAS description as well as control logica.
.

|
!

!

|
'

s

:

C540D080*t2
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11.0 QUAIIJYASSURANCE REQUIREMENTS i

.

Testing quality assurance shall conform to ANSI /ASME NQA-1-1986. As this is a.

safety related test, the Code of Federal Regulations title 10 Part 21 (10CFR21) also
.

applies. To incorporate the requirements of NQA-1, the following measures shall be

taken in the detailed test procedure:

1. Provisions for ensuring that those performing the tests are qualified and trained

in the quality assurance requirements of the test specification.

2. Pmvisions for ensuring that changes to the test proedure are reviewed and

appmved to the same extent as the o'riginals.

3. Provisions for ensuring that the latest approved revision of the test pmeedure

is used.
;

4. Pmvision for calibration of test equipment, traceable to recognized national

'standartis. If no such standard exists, a description of the calibration method
.

shall be included.

- 5. Provisions for veri 5 cation and configuration control ofcomputer software (if any)
:

;

used to collect or redcoe data.

6. Provision for reporting and reconciling deviations from the approved test

pmeedure.

7. Provisions (such as a signed checklist) for ensuring that test prerequisites are

anet. Test prerequisites include calibrated instrumentation, appropriate

equipment, trained personnel, condition of test equipment and item (s) to be

tested, suitable environmental conditions, and provisions for data acquisition.

*
-

_

k
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WEST (NGHOUSE CLASS 3
.

:

i

11.0 QUALnY ASSURANCE REQUIREMENTS (Continued).
\.

'

8. Previsions for ensuring that n=a====ry monitoring is performed and that test,
,

conditions are maintained. (A test long containing periodic signed entries that !
*

.'

include any pertinent observations or information not captured elsewhere is l
,

!

recommended.) I

9. Documented evaluation of test results by the test sponsor to ensure that test ,

i

requiremente were met.
f.1

<

10. Identification in the test records of items tested, date of the test,
,

:

instrumentation and data recorders, type of observation, results and

acceptability, action taken in connection with noted deviations, and person who I
'

:evaluates the test resulta, j

.

- -

5.

t

'

.

?

!
!

!

9 ,

#
f

I4

!4

'
i
I

!#

i
'

!
'

d !
t

?

!

!1 -
-

.

.

t

4 .
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|

APPENDDC A - TEST FACILIT'l PRELIMINARY DRAWINGS

.

Drawing List,

LKL 911100 (18 sheets) Reactor Vessel General Assembly '

LKL 911202 (14 sheets) Upper Reactor Vessel Assembly
LKL 911201 ( 5 sheets) Lower Reactor Vessel
LKL 911206 ( 2 sheets) Upper Internal Assembly
LKL 911022 ( 9 sheets) Iower Internal Assembly
LKL 911007 ( 3 sheeta) Grid Ring - Outline and Details
LKL 911004 Top Reflector Hold Down Ring
LKL 911010 Lower Core Plate - Alternate
LKL 911014 Upper Core Plate
LKL 911018 Lower Core Barrel
LKL 911028 Reflector Ring,

LKL 911029 Reflector Liner
LKL 911102 Bottom Support Flange
LKL 911104 Heater Rod Details

-LKL 911105 Barrel Hold Down Rmgs
LKL 911107 Static Tap Tube
LKL 911108, Static Tap and TC Boss
LKL 911109 DP Tool Detail
LKL 911200 Instrument Ring

<

LKL 911203 Alignment Pin & Boss Plate ,

, LKL 911204 Hot Leg Non.le
LKL 911208 Upper Guide Tube Detr 'Is
LKL 911212 Upper Barrel Details
LKL 911205 Upper Vessel Details
LKL 911207 Lower Guide Tube Details
LKL 911209 Upper Support Plate
LKL 911210 Top Barrel Plate
LKL 911214 Top Flange Assembly
LKL 911219 Pnmary coolant Loop Layout

LKL 920200 ( 7 sheets) Test Model Isometric - at 0* side
LKL 920201( 7 sheets) Test Model Isometric - at 180* side

LKL 920203 ( 3 aheeta) P&ID

LKL 911218 ( 2 sheets) Vessel Instrumentation / Hookup

The above drawings cover approximately 90% of the entire test facility. More drawmgs shall' be provided when available.

Of4DDO90792
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