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COPYRIGHT NOTICE

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted
to make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of a
license, permit, order, or regulation subject to the requirements of 10 CFR 2.790 regarding
restrictions on public disclosure to the extent such information has been identified as proprietary by
Westinghouse, copyright protection notwithstanding. With respect to the non-proprietary versions of
these reports, the NRC is permitted to make the number of copies beyond those necessary for its
internal use which are necessary in order to havz one copy available for public viewing in the
appropriate docket files in the public document rcom in Washington, D.C. and in local public
document rooms as may be required by NRC regulations if the number of copies submitted is

insu' ficient for this purpose. Copies made by the NRC must include the copyright notice in all
instances and the proprietary notice if the original was identified as proprietary.



PROPRIETARY INFORMATION NOTICE

Transmitted herewith are proprietary and/or non-proprietary versions of documents furnished to the
NRC in connection with requests for generic and/or plant specific review and approval.

In order to conform to the requirements of 10 CFR 2.790 of the Commission's regulations concerning
the protection of proprietary information so submitted to the NRC, the information which is
proprietary in the proprietary versions is contained within brackets, and where the proprietary
information has been deleted in the non-proprietary versions, only the brackets remain (the
information that was contained within the brackets in the proprietary versions having been deleted).
The justification for claiming the information so designated as proprietary is indicated in both versions
by means of lower case letters (a) through (f) contained within parentheses located as a superscript
immediately following the brackets enclosing each item of information being identified as proprietary
or in the margin opposite such information. These lower case letters refer to the types of information
Westinghouse customarily holds in confidence identified in Section (4)(ii)(a) through (4)(ii)(f) of the
affidavit accompanying this transmittal pursuant to 10 CFR2.790(b)(1).
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COMMONWEALTH OF PENNSYLVANIA:

§8

COUNTY OF ALLEGHENY:

Before me, the undersigned authority, personally appeared Brian A. Mcintyre, who, being by
me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on
behalf of Westinghouse Electric Corporation ("Westinghouse”) and that the averments of fact set forth
in this Affidavit are true and correct to the best of his kncwledge, information, and belief:

N 2

Brian A. Mcintyre, Manager
Advanced Plant Safety and Licensing

Sworn to and subscribed

before me this M day
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o v Cor Expires May 22, 2900 |

Nomry Public
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| (1) I am Manager, Advanced Plant Safety And Licensing, in the Advanced Technology Business

| Area, of the Westinghouse Electric Corporation and as such, I have been specifically
delegated the function of reviewing the proprietary information sought to be withheld from
public disclosure in connection with nuclear power plant licensing and rulemaking
proceedings, and am authorized to apply for its withholding on behalf of the Westinghouse

Energy Systems Business Unit.

(2) I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission's regulations and in conjunction with the Westinghouse application for

withholding accompanying this Affidavit.

(3) I have personal knowledge of the criteria and procedures utilized by the Westinghouse Energy
Systems Business Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

4) Pursuant to the provisions of paragraph (b)4) of Section 2.790 of the Commission's
regulations, the following is furnished for consideration by the Commission in determining

whether the information souglit to be withheld from public disclosure should be withheld.

(1) The information sought to be withheld from public disclosure is owned and has been

held in confidence by Westinghouse.

(i) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a rational basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information
in confidence. The application of that system and the substance of that system

constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of
several types, the release of which might result in the loss of an existing or potential

competitive advantage, as follows:
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(a)

(b)

(c)

(d)

(e)

(f

AW-96-1026

The information reveals the distinguishing aspects of a process (or component,
structure, tooi, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data
secures a competitive economic advantage, e.g., by optimization or improved
marketability .

Its use by a competitor would reduce his expenditure of resources or improve
his competitive position in the design, manufacture, shipment, installation,

assurance of quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.
It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to

Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

There are sound policy reasons behind the Westinghouse system which include the

following:

(@)

(b)

The use of such information by Westinghouse gives Westinghouse a
competitive advantage over its competitors. It is, therefore, withheld from

disclosure to protect the Westinghouse competitive position.

It is information which is marketable in many ways. The extent to which such
information is available to competitors diminishes the Westinghouse ability to

sell products and services involving the use of the information.
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(i1)

(iv)

v)
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(c) Use by onr competitor would put Westinghouse at a competitive disadvantage
by reducing his expenditure of re . urces at our expense.

(d) Each component of proprietary information pertinent to a particular
competitive advantage is potentially as valuable as tiic total competitive
advantage. If competitors acquire components of proprietary information, any
one component may be the key to the entire puzzle, thereby depriving

Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give a market advantage to the

competition of those countries.

(fH The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a
competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method
to the best of our knowledge and belief.

Enclosed is Letter NSD-NRC-96-4863, October 28, 1996 being transmitted by
Westinghouse Electric Corporation (W) letter and Application for Withholding
Proprietary Information from Public Disclosure, Brian A. Mclntyre (W), to

Mr. T. R. Ouay, Office of NRR. The proprietary information as submitted for use by
Westinghouse Electric Corporation is in response to questions concerning the AP600
plant and the associated design certification application and is expected to be
applicable in other licensee submittals in response to certain NRC requirements for

justification of licensing advanced nuclear power plant designs.
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This information is part of that which will enable Westinghouse to:

(a)

(b)

()

(d

(e)

Demonstrate the design and safety of the AP600 Passive Safety Systems.

Establish applicable verification tesiing methods.

Design Advanced Nuclear Power Plants that meet NRC requirements.

Establish technical and licensing approaches for the AP600 that will ultimately
result in a certified design.

Assist customers in obtaining NRC approval for future plants.

Further this information has substantial commercial value as follows:

(a)

(b)

Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for advanced piant licenses.

Westinghouse can sell support and defense of the technology to its customers
in the licensing process.

Public disclosure of this proprietary information is likely to cause substantial harm to

the competitive position of Westinghouse because it would enhance the ability of

competitors to provide similar advanced nuclear power designs and licensing defense

services for commercial power reactors without commensurate expenses. Also, public

disclosure of the information would enable others to use the information to meet NRC

require ments for licensing documentation without purchasing the right to use the

information.

| 297T7A
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The development of the technology described in part by the information is the result of
applying the results of many vears of experience in an intensive Westinghouse effori

and the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar
technical programs would have to be performed and a significant manpower effort,
having the requisite talent and experience, would have to be expended for developing
analytical methods and receiving NRC approval for those methods.

Further the deponent sayeth not.
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& NOTRUMP ANALYSIS OF THE AUTOMATIC DEPRESSURIZATION SYSTEM TESTS
5.1 Introduction

This section contains the companisons of the NOTRUMP predictions to the automatic depressurization
system (ADS) stages | to 3 (1-3) full-scale tests from the VAPORE facility. The objectives of the
analysis are to confirm that the flow models in NOTRUMP are appropnate for modeling the AP600
ADS.

The phenomena identification and ranking table (PIRT) ranking for the ADS 1-3 phenomena is shown
in Table 1.1-1. The ADS 1-3 are key components that should be accurately simulated in the AP600
small-break transient. The phenomena of interest include the choking or cntical flow behavior of the
valves and the sparger, the two-ph- e pressure drop through the ADS piping, the valve loss coefficient,
and the subcritical flow behavior f the ADS once IRWST injection begins.

The ADS !-3 is ranked high during the blowdown, natural circulation phase of the transient to address
the inadvertent opening of an ADS valve. In this case, the valve becomes the break and the cntical
flow through the valve determines the blowdown of the system. For the majority of the other small-
break LOCA transients, the ADS 1-3 is ranked high during the ADS blowdown phase, where the break
in another location has depressurized and drained the RCS down to the ADS setpoint in the CMT. At
this time, the ADS valves open and control the system depressurization. Once the ADS blowdown
phase is complete, ADS 1-3 is less important, because the ADS stage 4 valves will have opened and
the primary vent path out of the RCS is through the fourth-stage valves. ADS 1-3 still provides a
secondary vent path, which is availabie for the long-term cooling of the reactor.

m \apeOM28E Lw-S wpf 1b-102896 5.1-1



5.2 NOTRUMP Automatic Depressurization System Validation Approach
5.2.1 NOTRUMP Model of the Automatic Depressurization System Phase B Test Facility

The NOTRUMP ADS 1-3 model uses the facility dimensions given by the drawings in the ADS
Phase B Test Facility Description Report (Reference 5-1). Figure 5.2-1 is the schematic of the test
facility with the major instruments indicated.

The noding scheme used to represent the ADS Phase B test facility is shown in Figure 5.2-2. All
main components are simulated with the code. The quench tank is not directly simulated, but its effect
is modeled using the pressure boundary condition in boundary node 1.

The whole ADS valve package is modeled with a single flowlink. The effective loss coefficient of the
ADS package 1s not needed unless it appears that the flow is not choked for the tests that are analyzed.
The VLI-1 valve is simulated with a flowlink with the flow area ramped to open in 30 seconds. The
loss coefficient for the fully open area is used, which is converted from the manufacturer-supplied C,
value.

In the tests, VLI-2 valve is partially open at a different area for each test to provide the pressure drop
needed to increase the flow quality. The loss coefficient for the valve is obtained from water tests and
1s used when flow is not choked at the valve.

The four arms of the sparger are modeled as one node. The loss coefficient between the sparger arms
and the surrounding water in the quench tank is taken from the measurement in the ADS Phase A test.

5.2.2 Method Used to Simulate the Automatic Depressurization System Phase B Tests

The measured supply tank water level, pressure, and temperature are input as the initial conditions for
a given transient. Since VLI-1 valve is initially closed, the pipes upstream of VLI-1 valve are filled
with saturation water under the same pressure as that in the supply tank. The pressure in the boundary
node that simulates the quench tank is assumed to be the atmospheric pressure plus the water head
above the sparger arms. All pipes and the ADS valve downstream of VLI-2 valve are imitially filled
with saturation steam at the same pressure as the steam pressure in the boundary node at the sparger.
In the actual test, the lines downstream of valve VLI-2 are initially filled with air. However,
NOTRUMP cannot model the air field, so the pipes and valves are assumed to be filled with saturated
steam. Since the air is immediately blown out of the piping once the test begins, it has no impact on
the flows and pressure drops predicted by NOTRUMP.

The VLI-2 valve is set at a specific flow area for each test. To simulate a test, the VLI-1 valve area is
modeled as a ramp to simulate the opening of the valve. The high-pressure, high-temperature water
discharges from the supply tank, through the VLI-1 valve, and flows through restnctive flow areas,
such as the VLI-2 valve, the ADS valve, and the sparger, and discharges to the boundary node. The

m \apbOO2ES | w5 wpf 1b- 102896 5.2-1



boundary node 1s at a much lower pressure, and flashing and choked flow is calculated at various
locations along the piping. The resulting calculated mixture flow rate due to choking and flow
resistance and the calculated quality due to flashing are then used to assess the NOTRUMP code’s
capability to model the ADS phenomena.

The ADS 1-3 configurations have different combinations of valves and onfices that hydraulically
model the additional ADS valves since the ADS has two valves in series. Both the valves and the
orifices have abrupt entrance geometries, which result in a vena contra that reduces the effective flow
area through the component. The reduced flow area, divided by the nominal flow area, is an effective
discharge coefficient for the valve or orifice. The flow and pressure drop data from the single-phase
stearn and water tests were examined for the ADS 1-3 components to determine a discharge
coefficient. In addition, data from valve manufacturers were also checked to confirm the effective
discharge coefficient, which is calculated from the single-phase ADS tests. The analysis of the steam
data from the ADS test series indicates that there should be a discharge coefficient of approximately
0.62 applied to the true flow area to compensate for the vena contra that occurs when the flow is
choked in the valves or orifices. Similar results were found from the valve manufacturer's data jor a
discharge coefficient.

The value of approximately 0.62 agrees with the classical discharge coefficient normally used in
single-phase orifice calculations and is the value recommended by Zaloudek (Reference 5-2) for
subcooled flow through short orifices; his value 1s also approximately the value recommended by
Henry (Reference 5-3) for critical flow through short orifices and pipes.

Therefore, when modeling the ADS valve; and onfices in the ADS piping in NOTRUMP, a discharge
coefficient of 0.62 is used to multiply the true flow area to obtain the effective flow area through the
component. This is applied to all ADS components as well as the upstream control valve when that
valve chokes and controls the flow through the ADS valve package.

Applying a discharge coefficient multiplier to the valve as orifice area is a difference between the
preliminary validation report (Reference 5-4) where this multiplier is, in effect, unity, and the current
analysis, which uses a multiplier. The preliminary validation teport shows that NOTRUMP
consistently overpredicts the test-measured flow through the ADS test facility. Use of the discharge
coefficient for the valves and onfices results in more consistent predictions of the tests.
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Figure 5.2-1 Schematic of the Automatic Depressurization System Phase B Test Facility
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Figure 5.2-2 Automatic Depressurization System Phase B Test Facility Noding Diagram
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5.3 NOTRUMP Analysis of the Automatic Depressurization System Test Data
5.3.1 Test Description

The ADS test matrix is shown in Table 5.3-1. There are three different test series. In the 100-series
tests, the steam/water mixture is discharged from the top of the supply tank and flows through a
moisture separator, where the water is separated. The steam then passes through the ADS valves and
the sparger and quenches in the quench tank to give single-phase flow and pressure drop data for the
ADS valve package. Data from the 100-series are used to initially benchmark the NOTRUMP code
for the piping and valve resistances. For the 200- and 300-series tests, the flow is discharged from the
bottom of the supply tank as a hot pressunzed liquid.

The valve VLI-1 (see Figure 5.2-1) on the pipe connecting to the bottom of the supply iank is closed
before the test is started. The supply tank is filled with water to about 60-percent capacity and is
heated to the saturated conditions for the specified pressure. The valve VLI-2 is set to a specified
opening area and stays open at that position once the test begins. The test is started by opening the
valve VLI 1. The high-pressure saturated water in the supply tank flows from the bottom of the
supply tank through valve VLI-1, valve VLI-2, the ADS valves, the sparger, and into the quench tank.
The water flashes into the steam/water mixture as the pressure decreases and flows to the quench tank.
The NOTRUMP calculations of pressure and flow have been compared to the test data. Special
attention is given to the pressure drop across the valves and sparger. If the pressure drop is large, the
critical flow (choke flow) is examined.

The tests that are analyzed are given in Table 5.3-2. The selected tests bound the conditions for the
ADS to indicate the performance of the NOTRUMP code in predicting the phenomena associated with
the ADS 1-3. The tests with the ADS stage | and 3 valves open are not included because they are
similar to the tests with the ADS stage | and 2 valves open.

5.3.2 Possible Locations for Critical Flow

For the NOTRUMP critical flow model of the ADS valves, the Henry-Fauske correlation
(Reference 5-3) for short tubes, nozzles, and orifices 1s used for low quality; and the homogenous
equilibrium (Reference 5-5) model is used for high quality, with the transition between the two
correlations beginning at a static quality of 10 percent. The transition behavior of the correlations is
discussed in Section 2.2.

Figure 5.3-1 from test 212 is a typical pressure plot of the tests. It is a test with ADS stage 1 open,
which indicates that critical flow occurs at the ADS stage 1 valve location because of large pressure
drop. The locations of critical flow are determined by different methods in the ADS Test and
Analysis Report (Reference 5-6). The pressure drop ratios across the valves and onfices were
examined to observe if they are smaller than 0.53, which is a typical critical flow pressure drop ratio.
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Also, the flow conditions, calculated from the data are used in the Henry-Fauske/homogeneous
equilibrium critical flow calculations to compare the flow rate from the data to the value from the
correlations. The potential choked flow for each test is given in the ADS Test and Analysis Report.
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TABLE 5.3-1

AUTOMATIC DEPRESSURIZATION SYSTEM PHASE Bl TEST MATRIX

Supply Tank

A&M Valve Flow

Facility Configuration Matrix Test No. ADS Simulation Pressure Area
Saturated water blowdowns from bottom of 310 Stages 1, 2, & 3 open 2235 psig 7’
supply tank, no onifices n spool pieces, cold
quench tank water
’ 311 Stages |, 2, & 3 open 1200 psig 35’
" 312 Stages 1, 2, & 3 open 500 psig 14 m’
- 330 Stages | & 2 open 1800 psig 7 in?
331 Stages | & 2 open 1200 psig 21 in?
- 340 Stage 2 open (inadvertent 2235 psig 35 in*
opemng}
Saturated water blowdowns from bottom of 250 Stage 2 open (inadvertent 1200 psig 7’
supply tank, onfices installed in spool preces opening)
" 210 Stage | open 2235 psig 14in’
. 21 Stage 1 open 2235 psig 21in’
212 Stage | open 2235 psig 35m?
220 Stages | & 2 open 1200 psig 35’
" 221 Stages | & 2 open 2235 psig 35in’
" 230 Stages | & 3 open 1200 psig 35in’
" 231 Stages | & 3 open 2235 psig 35’
240 Stages 1, 2, & 3 open 1200 psig 35in’
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TABLE 5.3-1 (Cont.)

AUTOMATIC DEPRESSURIZATION SYSTEM PHASE Bl TEST MATRIX

Supply Tank
Facility Configurstion Matrix Test Ne. ADS Simulation Pressure A&M Valve Flow Area
Saturated water blowdowns from bottom of 241 Stages 1. 2. & 3 open 500 psig 35in’
supply tank, onfices insialled in spool pieces
N 242 Stages 1, 2, & 3 open 500 psig 7m?
Saturated steam blowdowns from top of supply 110 Stage | open 2500 psig N/A
tank, onfices installed n spool pieces
5 120 Stages | & 2 open 1600 psig N/A
130 Stages | & 3 open 1200 psig N/A
140 Stages 1, 2, & 3 open 1600 psig N/A
Saturated water blowdowns from bottom of 320 Stages 1, 2, & 3 open 2235 psig 7m’
supply tank, no orifices in spool preces, quench
tank water at 2i2°F (100°C)
= 321 Stages 1. 2, & 3 open 1200 psig 84in’
- 322 Stages 1, 2, & 3 open 500 psig 14’
3 350 Stages | & 2 open 1800 psig 14 in’
- Stages | & 2 open 1200 psig 21 inf

351




TABLE §.3-2

AUTOMATIC DEPRESSURIZATION SYSTEM 1-3 TESTS ANALYZED
WITH NOTRUMP, CONFIGURATIONS

Matrix supply Tank | A&M Valve |
Facility Configuration Test No. ADS Simulation Pressure Flow Area

Saturated water blowdowns 210 Stage | open 2235 psig 1.4in°
| from bottom of supply tank,
| orifices installed in spool pieces

212 Stage | open 2235 psig

220 Stages | & 2 open 1200 psig

240 Stages 1, 2, & 3 open 1200 psig 35in}

242 Stages 1, 2, & 3 open 500 psig 35in’

250 Stage 2 open 1200 psig 7in}

(inadvertent opening)

Saturated water blowdowns 320 Stages |, 2, & 3 open 2235 psig 7 in?
from bottom of supply tank, no
orifices in spool pieces, quench
tank water at 212°F

same as above but cold tank 340 Stage 2 open 2235 psig 35 in’
temperature (inadvertent opening)
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5.4 Comparison of NOTRUMP to the 200-Series Automatic Depressurization System Tests

In the NOTRUMP simulation of these tests, the sum of the area of the valves and orifices of the
open stages is used as a single area for the ADS valve package, accounting for the discharge
coefficient of 0.62. In the subsequent figures, NOTRUMP is compared to the ADS flow and pressure
drop test data. The comparisons are made after the initial surge of flow through the system, once the
flow and pressure drops have stabilized. This is usually 10 to 15 seconds into the test after the flow
has been initiated.

5.4.1 Test 210

Figures 54-1 to 5.4-5 compare NOTRUMP predictions to the test data for test 210, which has a single
stage 1 valve opened. Figure 5.4-1 shows that NOTRUMP correctly predicts the ADS flow rate,
except for the hump early in the test, which is due to the filling of the loop downstream of the control
valve. The ADS flow is calculated from the level measurement in the supply tank, whereas the
NOTRUMP flow valves in the figure are given at the ADS valves. There are delay times both in the
valve VL1-1 opening time, as seen in the supply tanx pressure transient in Figure 5.4-2, as well as the
transient time of the flow from the tank to the ADS valves. The level traces from the supply tank,
given in Appendix C of the ADS data report (Reference 5-7), indicate a rapid decrease in the level for
approximately 5 sec. as the flow is established in the facility piping between valve VLI-1 and the
ADS valves. The time required to fill the piping compounds to the volumes between valve VLI1-1 and
the ADS valves divided by the initial volumetric flow from the supply tank. Once the flow reaches
the ADS valves, it becomes checked and the flow is then limited throngh the valves.

The calculated NOTRUMP flow lies within the uncertainty of the flow data once the flow rate from
the supply tank stabilizes. The comparison is excellent and indicates that NOTRUMP is predicting the
correct flow for the given upstream condition. Figure 5.4-2 shows that NOTRUMP predicts a slower
rate of pressure drop in the supply tank, which lies just outside the data uncertainty. Figure 5.4-3
shows that NOTRUMP overpredicts the VLI-2 valve pressure drop by 5. percent. The pressure drop
across VLI-2 is much less than the pressure drop across the ADS valve, and critical flow does not
occur at this point. Figure 5.4-4 shows that NOTRUMP overpredicts the ADS valve differential
pressure by approximately 4.5 percent. The NOTRUMP-calculated pressure is within the data
uncertainty for the conditions upstream of the ADS package and below the data uncertainty
downstream of the valve package. The calculations do follow the data trend. The high differential
pressure across the ADS valves indicates critical flow at this location. Figure 5.4-5 shows that
NOTRUMP predicts a larger pressure drop across the sparger arms. NOTRUMP predicts the overall
system pressure drop within a few psi, as shown by the plot of sparger arm pressure in Figure 5.4-5.

54.2 Test 212

Figures 5.4-6 to 5.4-10 compare NOTRUMP predictions to the test data for test 212, which has a
stage | valve opened but a larger area for valve VLI-2. Figure 5.4-6 shows that NOTRUMP correctly
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predicts the ADS flow rate within the uncertainty of the data. F.gure 5.4-7 shows that NOTRUMP
predicts a slightly higher pressurizer pressure, but the rate of decrease is identical. Figure 5.4-8 shows
that NOTRUMP overpredicts the VLI-2 valve pressure drop by 36 percent and lies within the data
uncertainty for the downstream pressure, but exceeds data uncerta.nty for the pressure for the
upstream. The pressure drop across VLI-2 is much less than the pressure drop across the ADS valve,
and critical flow does not occur at this point. Figure 5.4-9 shows that NOTRUMP underpredicts the
ADS valve differential pressure by approximately 2 percent. The high differential pressure across the
ADS valves indicates critical flow at this location. The calculation of the pressures is slightly outside
the uncertainty bands on the data but follows the data trend. Figure 5.4-10 shows that NOTRUMP
predicts a larger pressure drop across the sparger arms. NOTRUMP predicts the overall system
pressure drop within a few psi, as shown by the plot of sparger arm pressure in Figure 5.4-10.

543 Test 220

Figures 54-11 to 5.4-15 compare NOTRUMP predictions to the test data for test 220. Figure 54-11
shows that NOTRUMP slightly underpredicts the ADS flow rate and lies outside the data uncertainty.
Figure 5.4-12 shows that NOTRUMP predicts a slightly higher pressurizer pressure, but the rate of
jecrease is identical and is within the data uncertainty. Figure 5.4-13 shows that NOTRUMP
underpredicts the VLI-2 valve pressure drop by 18 percent with the individual pressure values outside
the data uncertainty but following the data trends. The pressure drop across VLI-2 is about the same
as the pressure drop across the ADS valve so that critical flow should be occurring at these points.
Figure 5.4-14 shows that NOTRUMP overpredicts the ADS valve differential pressure by
approximately 69 percent and is outside the range of data uncertainty but is following the data trends.
Figure 5.4-15 shows that NOTRUMP closely predicts the pressure drop across the sparger arms.
NOTRUMP predicts the overall system pressure drop within a few psi, as shown by the plot of
sparger arm pressure in Figure 5.4-15,

5.4.4 Test 240

Figures 5.4-16 to 5.4-20 compare NOTRUMP predictions to the test data for test 240. Figures 5.4-16
shows that NOTRUMP correctly predicts the ADS flow rate and is within the data uncertainty.

Figure 5.4-17 shows that NOTRUMP predicts a slightly higher pressurizer pressure, but the rate of
decrease is identical and is within the data uncertainty. Figure 5.4-18 shows that NOTRUMP predicts
the VLI-2 valve pressure drop within 5 percent. The pressure drop across VLI-2 is larger than the
pressure drop across the ADS valve, and critical flow occurs at VLI-2. Figure 5.4-19 shows that
NOTRUMP overpredicts the ADS valve differential pressure by approximately 120 percent and lies
outside the data uncertainty. The pressure drop across the ADS valves is low, and cnitical flow does
not occur at this point. Figure 54-20 shows that NOTRUMP closely predicts the pressure drop across
the sparger arms. NOTRUMP predicts the overall system pressure drop within a few psi, as shown by
the plot of sparger arm pressure in Figure 5.4-20.
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54.5 Test 242

Figures 54-21 to 5.4-25 compare NOTRUMP predictions to the test data for test 242. Figure 5.4-21
shows that NOTRUMP slightly overpredicts the ADS flow rate but is within the data uncertainty.
Figure 5.4-22 shows that NOTRUMP predicts a slightly higher pressunzer pressure, but the rate of
decrease 1s identical and 1s within the data uncertainty. Figure 54-23 shows that NOTRUMP predicts
the VLI-2 valve pressure drop within 10 percent. The test data indicate that pressure drop across
VLI-2 is larger than the pressure drop across the ADS valve, and critical flow occurs at VLI-2.
Figure 5.4-24 shows that NOTRUMP overpredicts the ADS valve differential pressure by
approximately 150 percent and 1s outside the data uncertainty. The pressure drop across the ADS
valves is low, and critical flow does not occur at this point. Figure 5.4-25 shows that NOTRUMP
closely predicts the pressure drop across the sparger arms. NOTRUMP overpredicts the overall system
pressure drop, as shown by the plot of sparger arm pressure in Figure 5.4-25.

5.4.6 Test 250

Figures 5 4-26 to 5.4-30 compare NOTRUMP predictions to the test data for test 250. Figure 5.4-26
shows that NOTRUMP correctly predicts the ADS flow rate and is within the data uncertainty.
Figure 5.4-27 shows that NOTRUMP accurately predicts the pressurizer pressure with the data
uncertainty. Figure 5.4-28 shows that NOTRUMP underpredicts the VLI-2 valve pressure drop by
32 percent and the calculation lies outside the data uncertainty. The pressure drop across VLI-2 is
smaller than the pressure drop across the ADS valve, and critical flow does not occur at VLI-2.
Figure 5.4-29 shows that NOTRUMP overpredicts the ADS valve differential pressure by
approximately 38 percent and the calculation lies outside the data uncertainty. The pressure drop
across the ADS valves is high, and critical flow occurs at this point. Figure 5.4-30 shows that
NOTRUMP closely predicts the pressure drop across the sparger arms. NOTRUMP predicts the
overall system pressure drop within a few psi, as shown by the plot of sparger arm pressure in
Figure 5.4-30.

5.4.7 Test 320

Figures 54-31 to 5.4-35 compare NOTRUMP predictions to the test data for test 320. Figure 54-31
shows that NOTRUMP correctly predicts the ADS flow rate within the data uncertainty. Figure 5.4-32
shows that NOTRUMP accurately predicts the pressurizer pressure within the data uncertainty.

Figure 5.4-33 shows that NOTRUMP predicts the VLI-2 valve pressure drop within 12 percent but the
predictions are outside the data uncertainty. The pressure drop across VLI-2 is much larger than the
pressure drop across the ADS valve, and critical flow occurs at VLI-2. Figure 5.4-34 shows that
NOTRUMP overpredicts the ADS valve differential pressure by approximately 63 percent.

Figure 5.4-35 shows that NOTRUMP closely predicts the pressure drop across the sparger arms.
NOTRUMP predicts the overall system pressure drop within a few psi, as shown by the plot of
sparger arm pressure in Figure 5.4-35.
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548 Test 340

Figures 5.4-36 to 5.4-40 compare NOTRUMP predictions to the test data for test 340. Figure 5.4-36
shows that NOTRUMP correctly predicts the ADS flow rate usually within the data uncertainty.
Figure 5.4-37 shows that NOTRUMP accurately predicts the pressurizer pressure within the data
uncertainty. Figure 5.4-38 shows that NOTRUMP overpredicts the VLI-2 valve pressure drop by

34 percent. The pressure drop across VLI-2 is smailer than the pressure drop across the ADS valve,
and cnitical flow does not occur at VLI-2. Figure 5.4-39 shows that NOTRUMP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>