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The USNRC has established a Code Scalability, Applicability and
Uncertainty (CSAU) evaluation methodology to quantify the uncertain-
ty in the prediction of safety parameters by the best estimate
codes. These codes can then be applied to evaluate the Emergency
Core Cooling System (ECCS). The TRAC-PFl/MODl version was selected

as eAe first code to undergo the CSM> analysis £ox \-SUICK S ^ " " - ^ -
tions. It was established through this methodology that break flow
and pump models are among the top ranked models in the code affect-
ing the peak clad temperature (PCI) prediction for LBLOCA..

Tfie break flow model bias or discrepancy and the uncertainty
were determined by modelling the test section near the break for 12
Marviken tests. It was observed that the TRAC-PFl/MODl code consis-
tently underpredicts the break flow rate and that the prediction im-
proved with increasing pipe length (larger L/D). This is true for
both subcooled and two-phase critical flows.

A pump model was developed from Westinghouse (1/3 scale) data.
The data represent the largest available test pump relevant to West-
inghouse PWRs. It was then shown through the analysis of CE and
CREARE pump data that larger pumps degrade less and also that pumps
degrade less at higher pressures. Since the model developed here is
based on the 1/3 scale pump and on low pressure data, it is conser-
vative and will overpredict the degradation when applied to PWRs.

1. INTRODUCTION

Appendix K of 10CFR50 provides the guidelines for evaluating the effec-
tiveness of Emergency Core Cooling System (ECCS). However, it has been recog-
nized from a decade of research in the area of thermal-hydraulics of the reac-
tor system that these guidelines are very conservative and in some cases non-
physical, and a need exists to revise the ECCS evaluation methodology. One of
the alternative acceptable methodologies, which emerged from the attempts to
revise Appendix K, was the use of best estimate codes to analyze the acci-
dents. It is required for such best estimate codes that a quantitative esti-
mate forthe uncertainty of important predicted safety parameters be made for a
particular accident and for a given plant.

The USNRC has established a Code Scalability, Applicability and Un^tJK
tainty (CSAU) evaluation methodology [1] to quantify the uncertainty. TRAC-
PFl/MODl Version 14.3 has been selected to demonstrate the CSAU method for
the Large Break Loss of Coolant Accident (LBLOCA). The CSAU methodology

*Work performed under the auspices of the U.S. Nuclear Regulatory Commission
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requires identifying and ranking of all the important hydraulic processes and
reactor components which affect the primary parameter(s) for the LBLOCA tran-
sients. The primary parameters are: the early (blowdown) peak clad tempera-
ture (PCT), and the late (reflood) peak clad temperature. The break flow and
pump models were among the top-ranked components affecting the early peak.

In this paper the methods and results of the analysis forestimating the
bias and the uncertainty in TRAC-PF1/MOD1 models [2] for the critical flow and
for the pump performance are described.

2. UNCERTAINTY IN CRITICAL FLOW MODEL

The coolant inventory in the reactor system is controlled by the break
flow rate* However, a more significant role of the break flow rate is its in-
fluence on the distribution of the liquiu inventory during the blowdown phase.
The fuel rod clad starts to heat up at the time of break as the flow stagnates
in the core. However, around 2.3 seconds after break initiation, the break
flow decreases below the flow through the pumps in the intact loops, after the
break flow changes from subcooled to two-phase critical flow. This results in
the restoration of some liquid flow into the core, in core-wide rewet, and in
the occurrence of the first peak of the clad temperature in the blowdown
phase.

2.1 The Critical Flow Model in TRAC-PF1

TRAC-PF1/MOD1 has three models for critical flow. One is for subcooled
liquid, the second is for two-phase flow conditions and the third one is for
single-phase vapor. This paper deals with the first and second models, be-
cause the third model is irrelevant for peak clad temperature predictions.

2.1.1 Subcooled Critical Flow is computed in TRAC from a modified Bernoulli
equation, as described in Appendix D on page 530 of Reference [2]. This TRAC
code document gives in Eq. (D-9) the critical velocity for subcooled liquid,
calculated for the break plane location, as the velocity Ve:

Ve " MaX (aHE ̂ l + * (pc " Pe)/poJ • (2'1}

where ajjg is the sound speed of homogeneous two-phase mixtures, Vc and pc are
the velocity and pressure at the nearest upstream computational cell center,
while pe and p m are the break plane pressure and the mixture density at a lo-
cation not specified in the TRAC documentation. A number of questionable ex-
planations are given to justify Eq. (2.1). They can be found in Section II-B
of Appendix D, in Reference [2]. Particularly, the second argument of the
maximizing function in Eq. (2.1) produces a velocity which is neither related
to the pressure wave propagation velocity, nor does it satisfy a mass flux
maximizing condition. Therefore, it is not clear why Eq. (2.1) should always
produce a critical mass flow rate.

Equation (2.1) applies in TRAC, whenever the void fraction otc at the up-
stream cell center nearest to the break satisfies <xc < 0.01. The break plane
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pressure pe is computed in TRAC on Che basis of the nonequilibrium flashing
model by Jones [3] (who used Alamgir and Lienhard's earlier work). The pres
sure pe is computed from Eq. (D-10) of Reference [21 according to!

p - p - Max {0,Ap} . (2.2)
6 S

Here ps is the saturation pressure (at unspecified location), and:

j1'5 r 11 ^ 1 3 » 7 6

. 0.258 — S ^ £ J[l + 13.25
1.01325X1C

-0.070 ( ^) 2 pz V* , (2.3)

where a, k, T and p designate surface tension, Boltzmann constant, temperature
and density, respectively, all quantities being expressed in S.I. units. Sub-
scripts g, I and crit designate gas, liquid and thermodynamic critical, while
subscripts e and c are, as before, designating break plane and upstream cell
center locations. The locations associated with subscripts g and & are also
not specified in Reference [2].

Notice that Eq. (2.3) contains the limiting critical velocity Ve , that
substitution of Eq. (2.3) first into Eq. (2.2) and then into Eq. (2.1) renders
Eq. (2.1) implicit in the velocity Ve. The TRAC code document [2] fails to
indicate the method by which Ve is computed from Eqs. (2.1, 2 and 3), with T^,
P£ snd ps all dependent on Ve.

Notice also that Reference [2] fails to specify the method for computing
the substantial derivative Dp/Dt. The RELAP5 code documentation shows the
same model for critical flow of subcooled liquid* [22, p. 79] as TRAC and
specifies:

Dp/Dt - (p,vf/Aj(dA/dxl , (2.4)

where (dA/dx)e is the variation of cross sectional area with respect to axial
distance at the break. Obviously, Eq. (2.4) fails to produce nonequilibrium
pressure undershoot for breaks in straight pipes.

*Aside from a factor of 2 discrepancy in the last term of Eq. (2.3).
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Finally, it must be pointed out that Reference [2] fails to Indicate how
Ve , as computed from Eq. (2.1), limits the mrss flux as computed from the
field equations in TRAC.

2.1.2 Two-Phase Critical Flow is computed in TRAC from the condition that the
maximum value of the real part of the characteristic roots X^, associated
with the field equations:

A3U/3t + B3U/3x - C (2.5)

is zero [2, p. 528]. The field equations are the mass balances of an inert
gas and the two-phase mixture, the phasic momentum balances and the mixture
entropy balance for isentropic flow. A and B in Eq. (2.5) are 5x5 matrices
and the state variable vector U has the components of inert gas pressure p ,
vapor pressure pv, void fraction a and phasic velocities va and Vg. The
source vector C is unimportant for all but the entropy equation* In TRAC it
is completely ignored.

The characteristic roots \± are computed numerically from the character-
istic equation:

det [AX + B] - 0. (2.6)

The numerical scheme [2, p. 530] involves also the maximization of the mass
flux at the location of the break plane. Thus, the two-phase critical flow
model in TRAC contains two independent choking criteria, but not the standard
compatibility criteria of quasi-steady critical flow (see Reocreux, NUREG-tr-
0002, Vol. 1, p. 75).

The above two-phase flow choking criterion is imposed in TRAC for ac> 0.1
at the nearest upstream cell center. In the range of 0.01 jC ac _< 0.1, a lin-
ear interpolation with respect to ccc is used between the critical flows calcu-
lated from Eq. (2.1) and from Eq. (2.6).

2.2 Purpose of Critical Flow Model Evaluation

The objective of the present study is to quantify the modeling deficiency
and uncertainty in the TRAC-PF1/MOD1 critical flow model [2], as applied to
PWR and LBLOCA conditions. The deficiency measuie of the model is defined as
the multiplier CQ, which is a ratio of measured over predicted critical flow
rates:

measured flow rate
C • - — ^ — — — — — — — —

D predicted flow rate

The uncertainty in the model is represented by the standard deviation of CQ.

2.3 Procedure
Abdollahian et al. [4], in a study of Marviken Critical Flow tests,

concluded that for large size pipes (D > 0.3m and L/D > 1.5), the subcooled
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crltical flow was independent of diameter (D) and length (L), and only depend-
ed on the inlet stagnation conditions as shown here:

Gc -f C V V
where Gc, Po, To are critical mass flux, stagnation pressure and temper-
ature at the inlet to the pipe. However, for small pipes, the subcooled cri-
tical mass flux does depend upon L/D. For PWRs, the cold leg diameter is
around 0.7m and the distance between the RC pump discharge to the vessel is on
the order of 8D (L/D •• 8). This implies that if the break is located anywhere
between L/D « 1.5 to 6.5 from either the vessel or the pump, the break flow
will only depend upon the conditions of the fluid entering the broken pipes
and not on the pipe length or diameter, and CQ will reflect any dependence
of TRAC-PF1 critical flow models on the pipe geometry (L,D).

As the purpose of the study is to quantify the uncertainty in the criti-
cal flow model of TRAC-PF1/MOD1 as applied to PWRs, it was decided to investi-
gate the largest size tests which are available. The Marviken test matrix
satisfied the requirement as it contained tests for diameters varying from
0.2m to 0.5m, nozzle lengths varying from 0.3D to 3.7D and inlet subcooling
temperatures varying from 5K to 50K. Furthermore, these tests produced mea-
surements of pressure and temperatures at 0.7m above the nozzle entrance,
which makes it possible to model only the test section near the break. Then
the break flow prediction will not be affected by phenomena taking place in
the rest of the test facility. The mass flux data were obtained from a
pitot-static method. The errors in the mass flux measurements were _+3 to 10%
for the subcooled flow and +8 to 15% for two-phase flow. For the current
task, 12 tests [5-16] were selected and are listed in Table 1.

Separate TRAC-PF1/MOD1 models for each test were set up. These models
consisted of two cells (0.35m each) in the discharge pipe, one cell for the
converging section, a number of equal size cells in the straight section of
the nozzle. The cell lengths in the straight section varied between 0.2 and
0.5 m. They were approximately equal to the test section diameter and also
equal to the cell length used in standard PWR plant simulation.

Marviken Critical Flow tests are transient tests (blowdown) and the mass
flow rate data are available at every 0.1 second interval up to 1.0 second,
then at every 0.5 second up to 3.0 seconds, and at every second thereafter.
The first ten seconds of these tests, for which the inlet fluid was subcooled,
were predicted by the TRAC code. Comparisons between the predicted mass flow
rates with the experimental mass flow rates were made for the times for which
the void fraction in the last cell before the BREAK component was less than
0.03. This generated a number of CQ values per test for subcooled critical
flow. A mean value for CQ and standard deviation were computed for each
test from this set. Similarly, a set of Cps for two phase choking were com-
puted for each test from the cases for which the void fraction in the last
cell before the BREAK component was greater than 0.07. The mean value for
CD and the standard deviation were computed from each set of each test for
two-phase choking. Only one-fourth to one-third of all data points fell into
the two-phase choking regime. It should also be noted that some of the inlet
temperature data were spurious and the corresponding data were omitted.
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2.4 Results and Conclusions

As the purpose of this study is to provide a mean value of CQ and
standard deviation for application to PWRs, the mean values for CQ were
plotted as a function of D, inlet subcooling and L/D. It was observed from
these plots that the mean CQ for subcooled choking and two phase choking had
no discernable trend when plotted with D or subcooling, but it did show a
trend with L/D. This can be verified from Table 1.

A curve fit was obtained for mean CQ for subcooled choking as shown in
Figure 1.

<CD> « 0.696exp (0.649 (̂ )

The x *n a H these expressions is L/D.

However, as this curve did not pass through all the data points, a new set of
standard deviations was computed using the mean values from this curve and re-
levant data points at each L/D, These standard deviations have been plotted
in Figure 2 as function of L/D and also show a distinct trend* A curve fit
was generated for the standard deviation as given here:

a - 0.9exp (-1.737 (£)°*227)

A similar procedure was followed for two phase critical flow model and
curve fit for Cp, 20 and standard deviation are shown in Figures 3 an 4 and
are also described by the following expressions:

°20

0.778exP (0.679 ^ )

2.027exp (-2.16 (£)

These <CQS> must be used directly in the input deck through the options
in the NAMELIST. Once the location of the break has been selected, L/D can be
estimated from the distance of the break from the vessel and from the pump
discharge, and Cj)S can be obtained from the curves provided. The perturba-
tion or sensitivity study must be performed by adding to and subtracting one
standard deviation and the measurement errors from Cj). The correction for
the measurement errors of CQ in subcooled choking should be +0.1 and in the
two-phase choking reqime it should be +0.15.

3. UNCERTAINTY IN PUMP MODEL

During a hypothetical large break LOCA in PWR, the reactor coolant pump
plays an important role in determining the timing of restoring the core inlet
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TABLE 1

Test 9

12

13

15

16

17

18

19

20

21

22

24

25

L/D

3.0

3.0

3.6

3.6

3.7

3.7

3.7

1.5

1.5

1.5

0.3

1.7

0.3

0.2

0.5

0.5

0.3

0.3

0.3

0.5

0.5

0.5

0.5

0.3

A T ^

30

30

30

30

30

30

5

5

30

50

30

5

CD,sub

1.115

1.219

1.258

1.146

1.157

1.11

1.364

1.35

1.533

1.18

CD,20

1.111

1.309

1.54

1.92

1.485
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flow after core flow reversal at the time of the pipe rupture. The flow into
the downcomer and finally at the core inlet is a result of the competing in-
fluences of the vessel side cold leg break flow and intact loop cold leg flows
into the downcomer due to the pumps in these loops. The core inlet flow is
restored when the broken cold leg flow decreases below the total flow in the
intact loops. The pump motor could be on or off depending upon the supply of
AC power. In the case of loss of AC power, the pump will start to coast
down. However, the pump has enough stored kinetic energy that it continues
to transfer energy to the fluid, although at a decreasing rate. During the
early part of the transient (up to first peak) the intact loop pump flows are
close to single-phase flows and there will be no appreciable degradation in
the pump performance. The situation changes as the transient proceeds; the
primary system will have more voids leading to two phase flow through the pump
and corresponding performance degradation.

3.1 Pump Model in TRAC

TRAC-PF1/MOD1 has a pump model [2] which is based on the model developed
by Idaho National Engineering Laboratory (INEL) from the Semi-Scale test
data. The model is general enough to apply to any other pump for which single
phase homologous curves, two-phase fully degraded homologous curves and degra-
dation multipliers as a function of void fraction (a) are available for the
head and torque. The head across the pump is computed as follows:

H20 • H10 + M(a) (HDEGRAD " V <3'l>

where H2jj, Hi0, HDEQRAD» M(CO are two phase head, single phase head,
fully degraded head and degradation multiplier respectively. The last three
items in this list have to be supplied through input. The M(ct) function is an
interpolating function for interpolating between the single-phase head curve
and the fully degraded or lowest two-phase head curve. The static pressure
rise across the pump can be computed from the head, H20, and inlet density,
p, as given here:

AP - H 2 0p i n (3.2)

The head curves in the model are in the form of homologous curves with
homologous variables as defined here:

CH/Href)/(Q/qref)
2 vs. <a/nref)/(Q/Qref), <n/nref>/(Q/Qref) < i.o

(H/Href)/(n/nref)
2 vs. (Q/Qref)/(n/nref), <Q/Qref>/<a/aref> < 1.0

A similar description is available for estimating the hydraulic torque
for the pump and is given here:

T20 - T10 + N(a) (TDEGRAD " V
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where T20, T ^ , TDE<JRAQ and N(ct) are two-phase, single-phase, two-phase
fully degraded torques and torque degradation multiplier. T\$ and T
are supplied through input tables or homologous curves. The homologous curves
for torque are of the following form:

8

s/(Q/Qref) vs. <a/aref)/<q/Qref>,

8/(n/nref) vs. (Q/Qref)/(ft/nref>, (Q/Qref

The single-phase torque estimated from the homologous curves is corrected
for the density if that is different from the rated density:

T " Tref ((J/Pref) (8>

The torque obtained from the homologous curves is used to compute the
pump speed in case of loss of AC power.

The TRAC-PF1/MOD1 pump model is very simple and requires most of the in-
formation through the input. However, this model does not allow for the ef-
fect of many important parameters. In general the pump head for two phase
flow is a function of the following variables:

H20 * H20 (Q/Qref' n/jlref • °' *' V

where P, and Ns are pressure and pump specific speed.

Figure 5 shows homologous head curves as a function of void fraction for
various pumps of different specific speeds and sizes at the rated condition of
flow and speed. It can be seen from this figure that there is a significant
effect of pump design. The RSI11 pump, which has the highest specific speed
and is closer to the axial flow pump design, undergoes the least degradation.
However, the effect of the specific speed and geometry can be eliminated from
the expression for the head if the data are available for the right type of
pump:

H20 ' H20 W%ef> n/flref• «• P)

The TRAC-PF1/M0D1 pump model also does not account for pressure effects.
Figure 6 shows the effect of pressure on degradation for CE pump [17]. It is
clear from this figure that degradation increases at low pressures.

The TRAC-PF1/M0D1 model as described earlier interpolates between single
phase head curve and corresponding fully degraded head curve through a degra-
dation multiplier which is only a function of void fraction. It haw been ob-
served that [18] the same degradation multiplier function cannot be used for
all flows and the lack, of accounting for all the influences in the model will
lead to a larger uncertainty in the model.

In summary, the current TRAC model for reactor coolant pumps cannot ac-
count for effects of inlet pressure, specific pump speed and pump size.
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formance of CE Pump
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3.2 Purpose of Pump Model Evaluation

The objective of this study is to provide single-phase and fully degraded
two-phase homologous curves and the degradation multipliers for head and tor-
que for the Westinghouse full-size pump (specific speed 5200 rpm (gpm)^*^/
(ft)0*75) and their uncertainties as required for assessing the TRAC-PF1/
MODI pump model.

3.3 Analysis

The single phase performance curves for the head and the torque for full
size pumps or equivalent (same specific speed) small scale pumps are known
with good accuracy « 2 Z ) . Also for pumps with the same specific speed, the
effect of the size is negligible and the single phase curves from smaller size
pumps could be used for larger size pumps. However, the two phase performance
curves are dependent on many flow parameters and size. A model in the
framework of TRAC-PF1/MOO1 does not account for all these variables
adequately. Therefore, it leads to large uncertainties in the calculated
results. All these uncertainties will be lumped in the degradation
multipliers.

3.3.1 Available Pump Models

There are two semi-empirical models available in the literature; the EPRI
model and the KWU model. The EPRI model [19] consists of a set of two-phase
flow balance equations written in rotating coordinates for the impeller. The
model uses available constitutive relationships for interfacial mass and mo-
mentum transfer, which were developed for the pipe flow. The model predicts
the pump performance for various fluid conditions and pump speeds, but only
near the design conditions for flow rate and pump speed. The EPRI model [19]
has been applied to a variety of pumps and some of the predictions are shown
in Figures 7 and 8 for CREARE and C-E pumps. There is a large spread in the
experimental data for void fractions below 0.5. However, the EPRI model pre-
dicts the trends for head degradation correctly.

The EPRI model can be used to assess the uncertainty in the TRAC pump
model by predicting the pump performance for various possible combinations of
fluid and pump conditions. Each calculation provides one data set for check-
ing out the TRAC-PF1/M0D1 pump model. The difference between the EPRI and
TRAC models will be due to the uncertainties in the constitutive relationships
used in the EPRI model and also due to the inability of properly accounting
for pressure, flow rates and pump speed in TRAC. The difficulty in this
approach is that it requires pump design data which are proprietary and
generally not available.

The second semi-empirical model is the KWU model [18] which was developed
for the Federal Ministry for Research and Technology, West Germany. Unlike
the EPRI model, the KWU model does not imply integration of balance equations
along the rotor channel, but does account for the important phenomena which
cause the performance degradation. The model generates the degradation func-
tions in terms of non-dimensional groups, using test data. The data are gen-
erally available only for small-scale pumps. The model has the potential to
predict the performance of PWR pumps from subscale data. However, the KWU
model does not account for condensation in the impeller, and there is some un-
certainty about the allocation of head degradation among the three phenomena
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of slip, phase separation and compressibility. This model is simple and re-
quires only impeller diameter and the test data from subscale pumps.

The KWU model application requires test data directly in developing the
TRAC-PF1 model parameters. The TRAC uncertainty will still be there because
there is no accounting for pressure, flow rate and pump speed in the TRAC
model. This resulting TRAC code uncertainty is reflected in the large spread
of the computed degradation multipliers which are only functions of inlet void
fraction.

There is an additional uncertainty as the test data are only available
for small size pumps at specific pump speeds which differ from that of the
full-scale FWR pump. Table 2 summarizes all the data available. There are
two possible approaches to develop the KWU model; use the CE (1/5 scale, Ns
- 4200) and KWU (1/5 scale, Ns - 6700) data to bracket the Westinghouse pump
(Ns - 5200), or use the Westinghouse proprietary pun>p (1/3 scale, Ns -
5200) data directly. It was decided to follow the latter approach, as it pro-
duced data for the largest test pump available and at the correct specific
speed. However, the data were taken at low pressure and some for air-water
mixture, which implies that a model developed from these data will overpredict
the degradation for FWR LBLOCA conditions and will be conservative.

3.3.2 Pump Model for TRAC Code Assessment

The model developed from the Westinghouse data consisted of single phase
and fully degraded homologous curves for head and torque and, the mean value
and the standard deviation of degradation multipliers.

Th2 model developed from the Westinghouse pump data is for the correct
specific speed, but it needs a correction for the size effect, before it can
accurately represent the full size pump. In order to estimate the size ef-
fect, the data from CE (1/5 scale) [17] and CREARE (1/20 scale) [20] pumps
were analyzed in the range of 0.0 _< (Q/QR)/(N/NR) <_ 2.0. Here Q and N
designate volumetric flow rate and rotational pump speed, respectively. Sub-
script R denotes the normal operating conditions (design conditions). In or-
der to minimize the uncertainty in determining the size effect, the data were
grouped in the increment of 0.25 for ( Q / Q R ) / ( N / N R ) . For each of these
groups, least-square fit curves for (H/H R)/(N/%)

2 or ( H / H R ) / ( Q / Q R ) 2

were obtained as a function of void fraction, for both the CE and CREARE
pumps, as shown in Figures 9 through 12. The R value in these figures is the
root-mean square value of the differences between the data and the best-fit
curve. The number of data points considered in each curve fit are given in
the bracket (#). The root mean square averages of the difference between the
two curves for each group of (Q/QR)/(N/NR) were also obtained and the con-
clusion from these numbers is that the size effect is smallest near the design
conditions ((Q/QR)/(N/NR) - 1.0), and that the larger pump degrades less.
The difference between the curves would be less if CREARE data were available
at the same higher pressure as CE data.

The CE and CREARE pump data were further analyzed by obtaining mean de-
gradation functions which are shown in Figure 13. The CREARE data are avail-
able only for void fractions less than 0.5. This figure reconfirms our
earlier conclusion that the larger size pump degrades less. Furthermore, it
can also be hypothesized that the effect of size will be less for larger pumps



TABLE 2

RATED PUMP PARAMETERS AND OPERATING CONDITIONS AT
FULL-SCALE AND IN VARIOUS TEST PROGRAMS

Paraneter

Scale

Rated Volumetric
Flow Rate (gpn)

Rated Total
Head (ft)

Rated Speed
(rpo)

Specific Speed
rpm (gpa)0'5/
(f tj0./5

Fluid*

Pressure (psla)

Westlnghouse
PWR

1/1

94,600

290

1190

5200

S/W

15-2250

PWR
Prlnary Coolant Pump
(Blnghao-Willianette)

1/1

104,200

397

1190

4319

S/W

15-2250

PUR Primary
Coolant Pump

(Byron-Jackson)

I/I

07,000

252

900

4200

S/W

15-2250

Westlnghouse
Pump

1/3

6210

64.4

1500

5190

A/W & S/W

15-420

B&W Pump

1/3 of Blnghan-
Wllllamette Pump

11,200

390

3580

4317

A/W

20-120

C-E Punp

1/5 of Byron
Jackson Pump

3500

252

4500

4200

S/W

15-1250

Creare pumps

1/20 of Byron-
Jackson Pump

181 (219)

252

18,000

4200

A/W and S/W

A/W at 90
S/W at 400

KWU Puap

1/S, RSI 11

3148

293.7

8480

6700

S/W

435-1305

I

f—»

OS

* A/W la air/water alxture
S/W Is steam/water nlxture
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Figure 9 Comparison of CE and CREARE Pump Performance for
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Figure 10 Comparison of CE and CREARE Pump Performance for
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Figure 12 Comparison of CE and CREARE Pump Performance for
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because the length scale of two-phase flow structure will be much smaller than
the pump dimensions. There is a definite lack of data at proper pressures and
void fractions to make a quantitative estimate of the size effects to correct
the model developed from the Westinghouse data.

A recent study was performed by Fujie and Yaraanouchi [21], to investigate
the similarity rules applicable to two phase flow through centrifugal pumps*
They studied the flow regime transitions and the interfacial transfer func-
tions in the blade channels. They concluded that for flow conditions near the
design point, the single phase similarity laws also apply to two phase flows.
This conclusion also agrees with the conclusion arrived at in the present
study, namely that the effect of the pump size on the two-phase pump degrada-
tion decreases near the design conditions for similar pumps.

Based on the argument presented so far, it can be concluded that the pump
model along with the uncertainties developed from the Westinghouse pump (1/3
scale) data can be used to represent the full-size pump and that the lack of
correction for the size effect and pressure, will tend to predict earlier pump
degradation and higher peak clad temperature in LBLOCA.

3.4 Conclusions

A pump model and its uncertainties in the framework of TRAC-PF1/MOD1 were
developed from the Westinghouse pump data (1/3). It was also shown that
larger pumps will degrade less and that the model developed from low pressure
data will over-predict pump degradation. The model developed here will pre-
dict early degradation for the pump in LBLOCA which will affect the thermal-
hydraulic calculations for the reactor towards estimating higher peak clad
temperatures.

A more realistic pump model is needed than the current TRAC pump model,
which properly accounts for pressure, flow rate, pump speed and the pump
pize. The inability to account for these parameters is the largest
contributor to the TRAC model uncertainty. There are data available for
full-scale CANDU pumps and smaller scale KWU pumps (1/5 scale) which should be
utilized. Furthermore, the EPRI model [19] and KWU semi-empirical [18] model
should be utilized. The current TRAC model also does not account for the
energy transfer from the impeller to the fluid in the energy equation and it
assumes homogeneous fluid conditions at the pump discharge. These two model
weaknesses should also be resolved.
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