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QUESTION 1.1

An approximation for the conservation of momentum equation is given in equations
3 through 8. Provide a detailed derivation of this equation. Discuss and

justify all assumptions. Compare this method to that used in the SATAN-VI
code.



Answer 1,1

The basic one-dimensional momentum equation is -
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Also, if the frictional losses are functions only of W, and W is wniform -
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where Lk = d1pitial length of the flow channel
W o= time deriviative of the flow rate
Z = elevation
L = equivalent frictional length for the flow chamnel
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where vg and V_ are the phase velocities. However -
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If both the demsity and flow area are variable over the length of the channel

equation (12) can be approximated by
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Substituting this result into equation (7)
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where FD = equivalent '%E for non-recoverable pressure losses in the

channel due to obstructions, area changes, etc,

Approximating F by the Blasius equation [Reference 9] F = 0,316 Re-l/4
gives
L
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Equation (19) with appropriate conversion constants introduced for dimen-
sional consistency is identical to equation (3) on page 3-1 of WCAP-8821.

(16)

7)

(18)

(19)

This equation is essentia~ly the same equation that has been used effectively

by Nahavandi (1) (10), Margolis (11), Meyer and many others to predict tran-

sient flow situations in two-phase steam/water systems,

Chief differences between the above equation and that used in SATAN are
listed below (8):



1

2)

3)

4)

E . 10° 1/3
SATAN defines F = 0,0055 {1+ (20000 B + i‘f'-) ] for single phase
e

friction Factors.

SATAN uses the HTFS correlation for two-phase friction multipliers
which are then used to modify the single phase frictional loss to
account for the higher pressure drops in two-phase situations,

The acceleration pressure drop due to density and area changes are
developed in an entirely different manner in SATAN as can be seen by
reviewing pages 2-26 through 2-29 of Reference 9.

SATAN also includes pressure drop due to mixing, compressibility, and
pump elements which are not included in the TRANFL@ equation,



QUESTION 1.2

Page 2-12 of WCAP-8822 states that the heat transfer correlations used in the
TRANFLO code to calculate primary-to-secondary heat transfer are designed to
underpredict heat flow and thereby minimize entrainment.

A.

For each correjation listed in Section 3.4 of WCAP-8821, provide justification
that heat transfer to the steam generator is conservative for caiculation of
entrainment. '

Provide additional details on the use of each correlation for heat transfer
between (1) the primary system and the steam generator tubes and (2) the
steam generator tubes and the secondary secondary for both the broken and
intact loop steam generators. Provide the criteria for switching between
correlations used in the TRANFLO code.

Discuss the form of the Westinghouse transition boiiing correlation used in
the TRANFLO code. We understand that the correlation exists in a best
estimate form and also in a form for ECCS LOCA calculations.



Answer 1.2

Page 2-12 of WCAP-8822 does not state that the heat transfer correlations
used in TRANFLO are designed to underpredict heat flow. Instead, the
statement is made that the primary temperature transients (input to
TRANFLO) were selected such that energy transfer to the secondary side

of the steam generator is conservatively low. Minimizing the energy
transfer to the secondary side during a blowdown results in a lower steam
pressure, and therefore, a lower blowdown flowrate. The lower flowrate,

in turn, results in a higher average quality of the blowdown effluent.

The heat transfer rela:ionships described in Section 3.4 of WCAP-8821 were
chosen because they are commonly used, accepted, and appropriate empirical
correlations to predict heat transfer in steam, steam/water, and com-
pressed water systems, They are not selected to either overpredict or
underpredict heat transfer, but were selected instead to predict accu-
rately the actual energy transfer for a given set of thermodynamic condi-
tions. Selection of the appropriate correlation from among those des-
cribed in WCAP-8821 is accomplished using the logic illustrated on the'
attached flow chart. Also shown on the flow chart is the manner in

which the primary film, tube, and secondary film coefficients are com—

bined to give an overall heat transfer coefficient from the primary to
the secondary.

The calculational methods discussed above and on the attached chart were
used only for the steam generator with the broken steam line, Even then,
the calculation was used only as part of the TRANFLO calculation of mois-
ture entrainment versus time which was later used as input data to the
MARVEL code., The MARVEL code, using the input entrainment information,
then determined the heat transfer to both the steam generators with
intact lines and the steam generator blowing down. The techniques of

determining steam generator heat transfer in MARVEL are discussed in
WCAP-8843, section 2.17. '

Finally, the MARVEL calculated heat transfer to the faulted steam

generator was checked to ensure conservatism with respect to the TRANFLO



calculations (see Section 3.2.1 of WCAP-8822). For clarification, a logic
block diagram of the amalysis steps used for determining the releases from
the various breaks is attached.

Westinghouse Transition Bo_iling Correlation

Although included in the TRANFLO heat transfer logic, tranmsition boiling
is not a factor during steam line break transients. In none of the blow-

downs presented in WCAP-8822 do the calculations indicate operation in
this regime. Therefore, the form of the equation used is not believed
to be important. Nevertheless, the form used in TRANFLO is similar to
the ECCS-10CA correlation, i.e.

— (2a,c)




SEQUENCE OF DATA TRANSFER FROM TRANFLO TO MARVEL

Steam Generator

Initial Assumption of
Tyot Transient Using

MARVEL and Dry Steam
Blowdowns

Input Assumed Conservative
{ THot Transient to TRANFLO

Heat Flux

TRANFLO Run to Determine
x vs t Out of Broken
Line

Conservative x vs t
Input to MARVEL

1

MARVEL Run to Determine
M/E Releases

Verify the
MARVEL Calculated Heat
Flux > TRANFLO

Tabulate, M, h, and P .
versus Time for Blowdown
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QUESTION 1.3

Discuss how the values of primary system temperature, flow rate and pressure at
the steam generator inlet are determined from the MARVEL code so as to be
conservative for use in the entrainment calculations of the TRANFLO code.
Discuss how primary system properties within the steam generator tubes are
determined for use in the TRANFLO nodal heat transfer calculations.



Answer 1.3

The input data to TRANFLO specifying the primary system conditions for
blowdown calculations assumed a constant primary flow equal to nominal
loop flow and a constant primary system pressure of 2250 psia, Two dif-
ferent hot leg temperature histories were used depending upon the break
size. For all the intermediate and small breaks analyzed, a constant
temperature profile was used. For the full double-ended ruptures a decay-
ing temperature history was selected based upon initial MARVEL studies in
which dry steam blowdowns were assumed. The temperature history was
chosen so that it represented the downward trend of the primary hot leg
temperature but was always above the MARVEL predicted temperature. The
attached figure compares the TRANFLO input temperatures with the calcu-

lated MARVEL results for representative cases.

The primary system properties through the steam generator tubes are deter-
mined in TRANFLO from the inlet conditions described above and an energy
balance on each heat transfer segment. The energy balance determines .
the primary fluid temperature for each successive tube segment based

on the energy removed in the preceding segments. The primary fluid is
assumed to be compressed liquid at all times; thus, the flow rate and
pressure are held constant throughout the tube bundle., Fluid properties
are determined for each heat transfer segment based on the temperature

calculated for that segment.



PRIMARY TEMPERATURE TRANSIENT FOR STEAMBREAX
BLOWDOWN CALCULATION

— (a,c)




QUESTION 1.4

Provide a derivation of the equation on page 3-9 for two-phase quality in the
flow paths starting with the work of Armand discussed in reference 5 to
WCAP-8821.



Answer 1.4

The equation for xf on Page 3-9 has a typographical error. The term
shown as the denominator should instead be added to the term shown as

the numerator. The resulting equation, when this change is made, was
derived from Armand’'s original work by W. A. Massena (see References 1
and 2), and includes a correction by Massena to eliminate a discontinuity
in the original work which occurred at x&=0.75. This equation is

generally called the "modified Armand correlation” and has the form:

o = (0.833 + 0.167x)x8
(1-x) + Bx

where

o = void fraction (Xa)
X = quality (xg)
g = slip (Us/vw)

This can be re-arranged as follows to arrive at the subject equation:
X + x {[a+(0.833-0)B8}/0.1678} -~ («/0.1678) = 0

x2 +x {[a+(%- )8] /%} - (6/8) = 0

X< + x {[«(1-8) +%Bl /%} - (6a/B) = 0
x% + x {[6a(1-8) + 58] / B - (6a/B) = O

1 1 1 2 | 2404k
X =-2.5-3‘1(’B—'—1)i§{(6a ('B--l)-l-S) + 8}

=2.5+% (1-DHF{5-%0 Q-+ eez(%)};s

Using B

vslvw, X=X and %=X,

£

Yy ‘ Y, 12 v,
Xe = -2.5+ 3%, (- -i) + {{2.5 -3¢, (1 - -5;)] + 6X, (2)}



The requirement that Xf=0 when Xa=0 requires that the negative sign

on the square root term then be dropped.



QUESTION 1.5

The reference for the two-phase multiplier correlation by Murdock appears to be
in error. Please provide this reference. Discuss the applicability of this
correlation for calculation of friction pressure drops as used in equation

5 and for form loss pressure drops as in equation 6.



Answer 1.5

The reference for the two-phase multiplier correlation by Murdock should
be dated 1962. This reference applies only to the last equation on Page
3-9 of WCAP-8821. You will note in reviewing the reference that the 1.26
in this equation is a multiplier on the (l-xf) term and not an exponent

as it seems to be in WCAP-8821. This is a typographical error in the WCAP.

The applicability of this and the other correction factors shown on Page
3-9 is discussed in Reference 1 and the Murdock paper. The difference in
the exponents on the (l—xf) term occur because the equations in the
reference are expressed in terms of a friction factor which assumes the
total flow is liquid, and those in the WCAP consider only the liquid phase
flowing alone in the channel. The relationship between the two factors is
defined, using the Blasius equation, as




QUESTION 1.6

Special connecting flow paths are discussed in Section 3.3. One of these types.A
is for cross-flow through a regularly spaced tube bundle. Provide the equations
and appropriate justification for this type of flow path. Discuss the reasons

for the use of this type of flow path in modeling MODEL D steam generators and
not MODEL 51 steam generators.



Ansver 1.6

The cross-flow correlation used in the TRANFLO code is the following:

A 12 D
~ £ 0.2 B.0.4 , 0.2 uy:
e =12 Gp T W gy W

P
Pr. 0.4 -0.2 Yeff Icle
or 4p._ . =1.92 (&) (Re) ¢ ———<X
fric T g D
P c H
where
= hydraulic diameter
Tp = tube pitch
Re = Reynold's number
Vs = effective specific volume (see Page 3-9 of WCAP-8821)
X = length along flow path
8. = gravitational constant

Af = flow area
G

= mass flux

This correlation comes from the report "Cooperative Research Program on
Shell and Tube Heat Exchangers", by K. J. Bell, University of Delaware
Engineering Experimental Station, Jume 1963.

A cross-flow correlation is needed in the Model D steam generators to
represent the flow in the preheater cross-flow paths where the prevailing
flow direction is across the tubes rather than along the tubes. In the
Model 51 steam generator a cross flow correlation is not needed because
the flow direction throughout the tube bundie is parallel to the tubes
(see Figure 4.1-1 of WCAP-8821).

The crossflow paths in the Model D computer simulation are those numbered
i, 3, 5, 7, 9, 11, 13, and 15 in Figure 4.2-2a in WCAP-8821. TFlow paths
2, 4, 6, 8, 10, 12, 14, and 16 in the preheater region represent flow
through the clearance space between the steam generator tubes and the

preheater baffle plates.



QUESTION 1.7

Section 3.5 discusses use of the Davis entrainment threshold correlation. Discuss
how the de-entrained liquid is transferred between control volumes to the lower
regions of the steam generator using this correlation.



Answer 1.7

The two-phase flow model in TRANFLO does not consider counter-current flow
situations. The Davis entrainment threshold is used only to anticipate
cocurrent steam/water flows in a vertical direction. As discussed in
Section 3.5 of WCAP-8821, a flow test is made in each vertical flow path
to determine fluid entrainment. This is done as follows:

1. The calculated flow rate from the matrix solution of the system equa-
tions (see Appendix B of WCAP-8821) is assumed to be saturated steam
and the flow velocity for steam~only flow is determined using the
Davis curve.

2. If the steam-only velocity is below the threshold velocity predicted
by Davis, no entrainment is assumed.

3. If the steam-only velocity is greater thasn 1.8 times the Davis
threshold velocity, the Armand correlation is used to predict the flow
composition.

4, If the steam-only velocity is between 1.0 and 1.8 times the Davis
threshold, a linear transition in flow quality between no entrainment

and the Armand predicted value is assumed.

Since the model does not account for counter-current flow situations, it
does not transfer liquid from az higher to a lower control volume when the
net flow is from the lower to the higher volume. Fluid will be trans-
ferred to a lower volume from a higher volume only when the flow direction

is calculated to be downward.



QUESTION 1.8

The equation for calculating swirl vane efficiency on page 4-20 is not consistent
with the equation on Figure 4.3.1-2a. Please provide the proper equation. The
swirl vane efficiency equation appears to be independent of pressure. Discuss
the cause of the pressure dependency exhibited in Figure 4.3.1-2b.



Answer 1,8

The equation of Figure 4,3.1-2a is in error. The denominator on the

right-hand side of the equation should be 1.0 - 0,7 (l-xa). This change
i

makes the equations on Page 4-20 and Figure 4.3.1-2a comsistent.

The swirl vane efficiency equation is in terms of inlet and outlet void
fraction, and as such is independent of system pressure. For any given
inlet void fraction there is only one outlet value. However, the swirl
vane inlet and outlet void fractions are related to flow quality via the
Armand correlation. Using that correlation, a specific inlet void frac-
tion may be associated with any given inlet quality and pressure. The
outlet void fraction from the swirl vanes can then be determined via the
efficiency relation, and outlet quality then determined by again applying
the Armand f61ationship. Because of the pressure dependency of the modi-
fied Armand correlation (see Question 1.4), the relationship of inlet to
outlet quality is also pressure dependent. This magnitude of the depen-

dency is shown in Figure 4.3.1-2b.



QUESTION 1.9

Figure 4.2-2a indicates the direction of flow in the’ MODEL D steam generator is
from the lower tube sheet into the downcomer. DBiscuss the indicated direction
of this flow path in relation to normal operation of the steam generator.



Answer 1.9

The flow direction indicated for flow paths 23 and 25 on Figure 4.2-2a3 are

chosen for convience to provide mathematical definition to flow direc-
tion. During normal operation of the steam generator, the flow in these

paths would be opposite of the direction indicated on the drawing. During

a large steam break event, however, the flow direction during the early

part of the blowdown will be positive, i.e. in the direction shown, and

later will return to the reverse, or negative direction.



QUESTION 1.10

Provide the results of noding sensitivity studies used to select the nodal
arrangement for the MODEL 51 and MODEL D steam generator.



ANSWER 1.10

No nodalization sensitivity studies were performed to select the model
arrangements specified in WCAP-8821 for Model 51 and D steam generators.
The construction of the steam generators dictates a reasonable
nodalization from both an analytical and engineering viewpoint. For
example, the tube support plates in the tube region, which are physical
barriers to flow, seemed logical choices for nodal limits in this
region. Similarly, the deck plates in the upper head of the steam
generator were natural choices for defining fluid nodes. Finally,

the steam/water separators and drains, and the downcomer, because

of their physiéa] construction, were convenient and logical choices
for structuring the node model. This philosophy of allowing obvious
geometerical and structural aspects of the steam generator define

the computer model was applied in the development of both the 51

and D nodal schemes.

Subsequent to the writing of WCAP-8822 some nodalization sensitivity
studies have been performed for other purposes. One exampie is a study
performed to support ATWT analyses. In this case models with both

eight and twenty-four nodes were used in the steam generator tube

bundle to predict heat transfer capability. The results of these
studies showed the heat transfer in the steam generator during dryout

is essentially unaffected by the noding. A second study was conducted
to determine the capability of TRANFLO to do steamline depressurization
calculations. In this study 100 feet of steamline was modeled using
both 10 and 20 nodes and a depressurization transient was analyzed.

with each. The results were found to be essentially the same. Although
no nodalization sensitivity studies have been performed directly related
to WCAP-8822, the results of the two studies mentioned above we feel,
indicate that the results bresented in WCAP-8822 would not be effected
significantly by changes in the models.



QUESTION 1.11

On page 4-20 the quality of the mass flow in the swirl vane drains is stated to
increase linearly for high quality flow entering the swirl vanes.

Justify that
this assumption is conservative for containment analysis.



Answer l.il

The original model for the swirl vame drains assumed that the fluid
moving through the drains was saturated liquid whenever the flow direc-
tion was downward. However, this model often resulted in excessive
computational times. The problem resulted from the convergence cri-
terion in the TRANFLO code which limits the maximum time step based oﬁ
the ratio of the change in mass over one time step to the total

mass for the most limiting control volume. In general the limiting
node, with the original model, became the upper swirl vane region (nodes
4 or 23 as described in Section 4,1 and 4.2 of WCAP-8821) when the void
fréction in this area became large. Because the upper swirl vane
volumes are relatively small, forcing the drain flow to be.all water
when the upper swirl vane volumes are highly voided resulted in a large
fraction of the total mass of. the region being extracted from the node
in one time step. To prevent this, the TRANFLO code would automatically
reduce the time step so that the specified convergence criteria waé met,

Often the reduction resulted in time steps of less than ZI.O-'5 second.

To eliminate this problem, the drain model was modified such that once
the void fraction in the upper swirl vane node reaches a threshold value,
steam is\also allowed to flow in the drains. The threshold values of

void fraction were established as indicated by the following sketch.

[ 7 (a,C)

Swirl Vane Blade



vD§H/4

B 1 (ac)

Upper Swirl Vane Volume

Threshold Void Fraction =

el —

Once the threshold void is reached, the void fraction propagated through
the drain is assumed to increase linearly to 1.0 as the void in the swirl

=(a

vane approaches 1.0, i.e. udrain

sv uthreshold) / a.0- uthreshold)
Semsitivity studies were conducted to determine if this model change
impacted the calculated blowdown results. The studies indicated that
impact was minimal as is indicated on the attached figures, The figures
show the amount of entrained moisture in two full power blowdowns using

both the original and the modified drain models. As can be seen, there

is no change in the large break results and only minimal changes to the
small break results.



EFFECTS OF SWIRL VANE DRAIN MODEL CHANGE

= (a,c)




QUESTION 1.12

Provide and justify the equations used to calculate the centrifugal force that is
used in the swirl vane drain head calculations described on page 4-20. Discuss

the assumptions made for flow out of the swirl vanes when the swirl vane drains
become filled with water.



Answer 1.12

A. The centrifugal force head added to the swirl vane drain is

8P =[ ](a’c)

where

Ro = swirl vane outer radius

Ri = swirl vane hub radius

= drain flow rate

W
B = gwirl vane blade angle
p = density

A

n

flow area of drains

The equation is derived by considering an elemental fluid volume as shown

The centrifugal force acting on the ¢~z surface at R.o is

7 (a,c)




which is the additional pressure head in the drains due to centrifugal
force.

B'

-In the TRANF1O steam generator models, the volumes which constitute

the swirl vane drains are included as part of the upper downcomer
nodes (node 16 for the Model 51 steam generator and node 21 for the
Model D steam generator ~ see Figures 4.1-2a and 4.2-1), and the
drain flow is then assumed to go from the imner swirl vane barrel
directly into this downcomer volume. Therefore, “the "drains", as

such, will not £11l with water during a transient calculation. The

7 (a,c)




logic by which the characteristics of flow out of the swirl vanes
are determined keys not on the drain volume but on the calculated
flows. That is, if the calculated drain flow is from the swirl
vanes to the downcomer, the models described on Page 4-20 of WCAP-
8821 are used. However, if the flow in the drains is from the
downcomer to the swirl vane barrels, the characteristics of the
flow out of the swirl vanes will not be corrected to reflect any
steam/water separation in the blades. Obviously, with this reverse
flow in the drains, any steam/water separation in the blades will
be cancelled when the drain mixes with the swirl vane barrel flow

at the top of the barrels.



QUESTION 1.13

Use of the Armand correlation does not appear to be appropriate to predict
the quality of steam-water mixtures at high pressures flowing in a vertical
direction. The correlation was derived for air-water flow, at atmospheric
pressure, flowing in a horizontal direction. The use of horizontal flow
data will result in a greater degree of entrainment since the downward
gravitational forces on the liquid are not taken into account. This effect
is illustrated by the inability of the TRANFLO code to predict the two-phase
level measured in Battelle Northwest Test B53B. We believe that .the TRANFLO
code should be modified to incorporate a two-phase entrainment correlation
based on vertical upflow data to replace the Armand correlation. Provide
analyses showing the effect of using vertical filow correlations such as those
of Wilson and Yeh. '



Answer 1.13

Though originally developed from horizontal, two-phase flow experiments,
the Armand correlation has been shown to be an adequate empirical correla-
tion for use in vertical flow situations. The ability of the correlation
to predict both two-phase pressure drops and void fractions in wvertical

flow channels can be verified by review of references 2, 4, 5, 6, and 7.

In particular, Reference 2 demonstrates,using data from Reference 5 and 6,
that the Armand correlation of void fraction gives good agreement with
experimental data for vertical flow over a wide pressure range for both
adiabatic and diabatic situations. Additionally, Reference 2 indicates
that in the pressure range of 100 - 600 psia with heat addition, the
Armand correlation generally overpredicts void fraction. This particular
situation, i.e. pressures around 600 psia accompanied by heat addition, is
very characteristic of steam generators during blowdown. Thus use of the
Armand correlation will result in higher mass fraction of steam being
calculated to rise though the steam generator tubes and less liquid being
carried to the top of the steam generator where it may exit in the blow;

down.

The adequacy of the Armand correlation to predict two-phase pressﬁre drops
is also addressed in the above references as well as in Reference 7, and
is generally found to be acceptgble in comparison with other well-known
correlations. It is important to note that Reference 7 also indicates
that, for ranges of data typical of boiling water reactors, the Armand
pressure drop correlation resulted in the least rms error from measured
data when the entire range of data variation was considered. Again the
operating conditions in a BWR are very similar to those in the steam

generator of a pressurized water reactor.

The Armand correlation has also been used satisfactorily by others to
evaluate voiding in two-phase vertical flow situations (Reference 1) as
well as to define the distribution parameter in calculations using the

drift flux correlation of Zuber and Wallis (Reference 12). The success



of these efforts, along with the results presented in the referenced
papers, we feel is sufficient justification for using the Armand correla-

tion in a vertical flow geometry.

Concerning the Battelle 53B test, we agree that Wilson's or Yeh's correla-
tion might provide better results for this particular test due to the low
phase velocities, but we do not agree that they are appropriate for steam
line break analyses. The phase velocities expected are much higher than
those used by either Wilson or Yeh to develop their results., In fact, if
either correlation is applied to conditions typical of those occurring in
the steam generator tubes during the first 20 - 30 seconds of a large
steam line break, they will generally predict void fractions greater than
1.0.



QUESTION 1.14

To provide an upper limit on the effect on the swirl vanes in increasing the
break quality, extend the sensitivity study presented in Figures 5.3.2-1a,
b and c to include analyses for a swirl vane efficiency of 100%.



Answer 1.14

The attached figures provide a graphical illustration of the effects of
swirl vane efficiency on break quality for the three breaks presented in
Figures 5.3.2-1la, b, and ¢ of WCAP-8821. As should be expected, the

effects on large breaks are negligible while the effects on small breaks

are important with the importance being more pronounced at higher power
levels.



QUALITY OF BREAK EFFLUENT

ENTRAINMENT SENSITIVITY TO gy

BREAK QUALITY VS. TIME FOR A 0.7 FT° DER AT 102% POWER

(a,c)
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(a,c)



QUALITY OF BREAK EFFLUENT

ENTRAINMENT SENSITIVITY T0 ey

BREAK QUALITY VS. TIME FOR A 0.5 FT2 DER AT 30% POWER

= (a,c)
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QUESTION 1.15

The sensitivity study presented in Figures 5.3.2-1a, b and ¢ indicates that the
quality leaving the break is relatively insensitive to assumed values of

swirl vane separation efficiency. These results do not appear to be consistent
with the comparisons presented in Figures 5.3.2-6, 7 and 8, which exhibit a
large sensitivity to swirl vane efficiency predicted by the Steady State
Experimental Model. Discuss the reasons for this apparent inconsistency.
Provide the empirical correlations discussed on page 5-46 used to generate

the comparison with the computer model and discuss the differences between
these correlations and the TRANFLO correlation presented on page 4-20. Discuss
which empirical correlation was used for each comparison.



Answer 1.15

Figures 5.3.2-1a, b, ¢ are not inconsistent with Figures 5.3.2-6, 7, 8.
Figures 5.3.2-la, b, ¢ are intended to illustrate the insensitivity of the
blowdown entrainment to the value used for Moy in the swirl vane model
described on Page 4-20. Figures 5.3.2-6, 7, 8 are intended to show the
conservative margin between blowdown quality calculated using the model
described on Page 4-20 (with n,,=0.7) and the blowdown quality predicted
when the model described by Figures 5.3.2-4 ang 5.3.2-5 is- used.

Stated differently, Figures 5.3.2-1a, b, ¢ indicate that the value chosen
for Mgy in the standard TRANFLO swirl vane model has little impact on
the entrainment that results. This mwodel was used to generate the blow-
downs which were used to develop the data presented in Appendix A of
WCAP-8822. Figures 5.3.2-6, 7, 8 are only used to illustrate that, were
the model used in TRANFLO developed from steady-state separator data, the
entrainment calculated to result from the blowdown would be much greater.
Thus, from the viewpoint of specific energy of the effluent, the standard

swirl vane model gives conservative results for containment analyses.

TRANFLO Versus Experimental Swirl Vane Model

The experimental correlation discussed on Page 5-U46 is explained in the
attached report, "Moisture Carryover Calculation Procedure™, by A. W.
Bjorkedal. As indicated, the steam generator data used in the development
of the correlation is from Model 44 and Model 51 steam generators at
numerous Westinghouse plants. The orifice to blade tip diameter ratios
for these plants were[. :} Differences between this approach to
modeling separator performance and the TRANFLO model can be understood by
comparing this report with Sections 4.3.1 and 4.3.2 of WCAP-8821.

The comparisons shown on Figures 5.3.2-2, 3, 6, 7, 8 and the separator
performance curves shown in Figures 5.3.2-4, 5 are all derived from the
attached report. The data points shown on Figure 5.3.2-2 are derived from

the circulation ratios and the values of swirl vane exit quality reported

(a,c)



in the data tables. The modified Armand correlation was used to convert

quality values to values of void fraction. Data points on Figure 5.3.2-3

were derived by substituting the values for swirl vane inlef and oulet

void fraction from Figure 5.3.2-2 into the TRANFLO swirl vane equation

shown on Page 4-20 and determining nsv' Figures 5.2.2-4 and 5 are

simple parametric plots of the equations presented in the report. A value

of orifice to tip diameter of[' ]uas used to generate these curves since (a,c)
it closely matches the value of[ ]for Model D swirl vanes. Figures

5.3.2-6, 7, and 8, as explained earlier, simply compare the calculated

blowdown results for a selection of postulated steam line breaks using

first, the TRANFLO model and second, the equations from the attached reporﬁ

to specify separator effectiveness. A value of orifice to tip diameter

ratio of[‘ ]uas used for these comparisons also. - (&,c)
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ne £low area, fr2
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sarator unflow arez, ft

i
Swirl vane hud dizmeter, in.
Swirl vanec tip d
NMumber of risers
Orifice foztor
Orifice

Steam pressure, psia

efficiency factor

Secondary separator upflow dynamic head, psi
Swirl vazme liquid velocity, ft/sec

Minimum swirl vane liquid velocity., ft/sec
Secondary separator upflow velocity, ft/sec
Specific volume saturated vapor, ££3/1bm ”
Specific volume saturated liquid, ft3/1bn
Steam flow, 1bm/hr

Void fraction inﬁo primary separators

Steam quality into primary separators.
Steam quality into secondary separators
Slip factor .

Actual vapor - liquid energy difference
Minimum vapor - liquid energy difference
Actual primary separator efficiency
Corrected primary separator efficiency
Normalized primary separator efficiency
Preliminary primary separator efficiency
Density saturated vapor, lbm/ft3

Density saturated liquid, 1bm/ft3



Separator pericrmance tests have been coaducted soth in the laborato
and in the field. These tezts have provided moisture carryover data
as a function of the secondery side operating parameters. Employing
an approach which considers the vapor and liquid phases of the flow

separately, a mcisture carryover prediction method which accurately

predicts sepavator performance has been developed. The following pages

delineate this method. A szmple calculation is included in Appendix

A,



Theory

Ezrly efforts in analyzing moisture separator performance concentrased
on the average fluvid properties of the liguid-vapor flow. For the
second—-stage separators, this approach yields accurzte results. However,
for the swirl vance separators, an approach considering the vapor and

liquid phases separately has greatly improved separator analysis.

To coasider the vapor and liquid phases se?arately, a model for void
fraction and slip ratio must be selected. Thon's model is used due to
its ease of application. Thom's model specifies that at any given pres-
sure, the sl;p ratio and the slip factor are comstant. Value of slip

factor are given in Table 1.

Table 1

'Siip Factor Vs. Pressure

Pressure, psia 14.7 250 600 1250 2100 3000 3206
Slip Factor " 246 . 40.0 20.0 9.80 4.95 2.15 i.00

These points can be fitted to a curve defined by:

¥ = exp (5.732629 — 1.92757075 x 10~2 (Pg) +
7.50059652 x 10™> (Pg)2 ~ 1.65676214 x 1077 (Pg)3 +
1.96115024 x 10710 (p)* - 1.16848286 = 10713 @ )5 +
2.74824248 x 10717 (5)9).
This curve is plotted on Figure 1.

Knowing the circulation'ratio of the steam generator, the quality of
‘the flow leaving the tube bundle and entering the primary separator can

be determined by:

_ "
With the slip factor and the quality into the primary separator known,
the void fraction of the flow into the primary separator can be deter- °

wmined by: oy Ca)
Y
14 (v=-1) Zn)

Xq =
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The 1iguid velocity into the swirl vane can bz determined:

v (1 - X)) (Fs) (vi).
i T g - Xa) (dgv) () (3600)

Knowing the flow conditions into the primary separators, the efficiency

of the separators must be determzined.

Efficiency is defined as water removed divided by water entering. Field
and laboratory data were reviewed to determine what combination of perfor-
mance parameters would ccuse the efficiency curves at 200 psia and 509

psia to ceincide. Of the terms investigated, only the momentun difference

and tho enerew differonca tarmg arce mnlickhad sha doarnirad offons | -
ener T ed Larms azacc

--— ———- - —— - ———— - - —i———y

difference is defined as:

2 2
AE = p3 V] - pg Vg

The liguid and vapor velocities can be related by:

-

o}
Vg = s V,, where s = slip ratio = Lt
ng

Thus, AE = (P1 - Pg ( ) ) Vl, or

AE = (density difference) (1iquid velocity)?

The density difference term of the liquid and vapor phases can be defined
by: '
¥ Py
- D -
1 pg (pg Y)
'Since densities of the vapor-liquid phases vary solely as a function of

pressure, a D/D200 ratio can be defined as a function of pressure, where:

D200 = density difference at 200 psia = 50 1b/ft2
P = density difference at Pg, psia

. D/D200 = 1.10962495 - (3.86208791 x 10~%) (p)
+ (7.63413057 x 1078) (p,)2
This, ratio is plotted on Figure 2.
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2
AEact = (dansity ¢ifiercmce) {Iizuid velscity)

(50) (2/D203) (vi)?

[

The test data was reviewed to determine a normzlized separator efficiency
at 200 psia. It was found that a minimum liquid velocity into thz primary

separators could be defined as a function of void fraction:

Vigin = exp’ (-1.63506342 x 101 + 1.38683516 x 102 (%)
~ 4.53364597 x 102 (X2)2 + 7.42282031 x 102 (%,)3
- 5.97630475 x 102 (X5)% + 1.89936449 x 102 (X,)5),
plotted on Figure 3.

From this value, a miniruwr enersy difference can be determinad:
9 o

= BBpin = - 3.839976 - 1.1335 (Vipin) + 0.60088 x 102 (Vipia)?
- 0.41024 x 10T (Vigip)> + 0.45988 (Vipsn)% - 0.18828 x 1071

(Vimin)® + 0.24690 x 1073 (Vipig)®
- This curve is plotted on Figure 4.

The normalized primary separator efficiency is then givenm as a function

of AEpin? an = 1.0 - 0.16209 x 10™% (AEp;,) + 0.25513 x 1077 (AEgip)2
. - 0.11782 x 10710 (aEy; )3 + 0.18616 x 10714 (aEy; )4
L - 0.11761 x 10718 (AEnin)> + 0.24673 x 10723 (AERin)©

for AEmin < 10000;
np is plotted on Figure 5.

Frém these facters, a preliminary primary separator efficiency can be
determined based on the pressure and velocity terms.

Npre = f (pressure effects) £ (velocity effects)
tpre = (D/D200) (ng) where AEacy > AEpy

or

npre = (D/D200) (np x AEaft) where AEjet < AEpin-
' AEmin k

All of these calculations have been based on priﬁary scparators with orifice
to tip diameter ratios of 0.85. For primary separators with orifice to tip
diameter ratios of less than 0.85, a correction factor must be applied to the
scparator efficiency. This correction factor varies both with primary sep-
arator liquid velocity and with diameter ratio.

ORFE = 1.0 + (ORF - 1.0) (52 Yi1g

-k

)



where ORF = 1.20 for a 0.6 diameter ratio,
ORF = 1.08 for a 0.7 diameter rétio,
ORF = 1.0 for a 0.85 diameter ratio.

Thus, the primary separator efficiency is corrected by:

Nicor = (ORFE) (npre)

In reviewing field data, it was determined that moisture carryover could
be more accurately predicted using the following definition for actual
primary separator efficiency:

CP\-'3.5

Nag = (ncor) (1.0 - 3.5 )

Using this separator efficiency, the quality of the flow leaving the
primary separator can be determined by:

- 1.0 -
1.0 + (1.0 - nz) (CR - 1)

Knowing the quzlity leaving the primary separators, the inlet quality into

Xs

the secondary separators is assumed to pe the same. 1In order to predict
sécondary separator performance, the performance of the various secondary
separators was defined by a family of curves of moisture carryover versus
upflow dynamic head (based on vapor) for various approach qualities. These
curves are given on Figures 6 thru 9, Figure 6 for the single-tier separator
with peerless vanes, Figure 7 for the two-tier separator with peerless vanes,
Figure 8 for the two-tier separator with formed vanes and Figure 9 for the

two-tier separator with formed vanes and perforated plates.

Kpnowing the secondary separator upflow area, the upflow velocity can be

determined by:

N ) ()
up (Aup) (36G0)

and the upflow dynamic head by:

Poo = ()
vg = [64.36) (144) (vg)

Entering the appropriate figure with Pvg and Xg, the expected moisture

carryover can be extracted.



4ppendix A

Sample Calculation






(a.c)




Appendix B

, Figures
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Moisture Carryover, %

Figure 6
Single-Tier - Peerless
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For Data, see Appendix C
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Figure 7
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For_Data, see Appendix C



Two-Tier Formed
Moisture Carryover
Figure 8 vs.
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Two-Tier Formed with Pérforatéd Plate
' Moiéture Carryover |
Figure 9 Vs
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TABLE 1 ,
Single Tier Peerless Data (0,0)
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TABLE 1 -~ Continued

A
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(a,0)




TABLE 2

Two Tiei‘ Peerless Vanes

( d,c)
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TABLE 3

Two Tier Formed Vanes
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TABLE 4 ,
Two Tier Formed Vanes with Perforated Plates

(a,c)




QUESTION 1.16

Describe the test program used to obtain the separation efficiency for the swir
vanes in operating steam generators discussed on page 5-41 and 5-46. Provide
the test procedure and discuss the instrumentation used to moritor significant
parameters. There appear to be two types of swirl vane separators in
Westinghouse plants; those for the MODEL 51 steam generator and a smaller
version used in the MODEL D steam generator. For each test, indicate which
type of separator was being tested. Justify that data for the MODEL 5]
separators are applicable for the MODEL D separators.



Answer 1.16

The procedures and test instrumentation used to determine the steady-state
separator efficiency of operating steam generators is described in the
attached report. These procedures are consistent with accepted industry
practices for measuring carry-over in steam drying and generation equip-
ment.

A description of the type of swirl vanes for which the tést data exists is
given in the answer to question 1.15. The applicability of the data to
Model D type separators is based on the fact that range of orifice-to-tip
diameter ratios covered by the correlations includes the orifice-to-tip

diameter ratio of the Model D swirl vanes.



Approved.

Z M’@Lﬁv’n
R. P. Wedler, Manager =~
Pressurized Water

Equipment Engineering

General Procedure for Determining the
M01sture Carryover Performance of the 51 Series Steam Generators

in a 3 Loop Pressurized Water Nuclear Plant

- . ° - ) - ' by

. . Albert W. Bjorkedal

May, 1972

Westinghouse Electric.Corporation
Tampa Division

Tampa, Florida
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Nomenclature (Cont'd)

:

n = Number of feedwater pumps

Feedwater temperature

TFW "=

| W%ﬁ = Feedwater flow rate
WFW_ = Feedvater flow rate of Loop A
WFWb = Feedwater flow rate of Loop B
WFWC = Fee@water flo@ rate of Loop C
W; = Steam flow rate |
Wsa = Steam f;ow rate of Loop A
st = Steam flow rate of Loop B
Wsc = Steam flow rate of Loop C

”

iv.



\

1.0 Introduction

Westinghouse Electric Corporation's Tampa Division has adopted
g P p P

the sodium tracer technique as the most accurate method of deter-

mining moisture carryover performance of a steam generator. Under

this technique, sodium is added to the steam generator in the form
of sodium phosphates which dissolve in the circulating water and
remain dissolved in the water carried out of the vessel by the
steam. Tﬁe moisture carryover can be computed from sodium con-
centration of the steam and recirculating water. The sodium
concentrations are determined from the analysis of.water samples
by flame spectometry. The methods presented in this procedure

are considered the most advanced techniques in the industry.

The procedure delineated in this report has been prepared specifically
for use at a 3 loop pressurized water nuclear plant using 51 series

steam generators. This is a general procedure which includes use of

steam probes and an unspecified number of pumps. ‘ .



- N < . .
3 : 2.0 '. Theory . ' IR . . .
2.1 Derivation of Fquations oo - K
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Stcan = (1-CO) WS
. /Water = (CO)WS

Recirculated Water = (CR-1)WS

=1
RezcdIR: —

‘_Feeduater = WFW = WS
. (Steam = WS
( © - Mater = (CR-1)VS

. ¥ Entrance Water = {(CR)WS

.. . - hd
. S~y

T e
b
-

The moisture carryover is determined from the dilution of the sodiunm

concentration of the steam sample due to the steam condensing. Since the

total mass of the dissolved sodium remains constant, the carryover equation
is derived by a mass balance.

* The carryover is defined as: T T ' ’
L 4 ‘ . PR
e ‘ V'CO - water mass in steam
T . ' . T total steam rass
The mass of water present in the steam s (CO) (\\’s) .
3 The mass of sodium in the moisture =\~.N.‘ = CL(CO)(L!‘_)

m

. -~ -
The mass of codiun in condensed steam sample = 3!:1 = Cs(\-ls) '
<.
L%

a—
~



By a mass balance

I+ mo o+ ' o o
R~ =N : (1)
m S
' ¢ (COY(W) = C_(W.) S @)
=% . , | 3
.Ct ' ’

Equation (3) is the general form for moisture carryover. For a
_three loop plant the important moisture carryover calculation is the

average moisture carryover delivered to the.turbine and is defined as:

€ = 1/3 (Co_ + Co, + o) ‘ ‘ (4)_
R
. . - . Turbines
Condenser
Feedwater
I s 1 2 N
! ) . £l £2 £3
. 4 [' .
. W
2pl
Feedwater 2
Heaters wiDN




+ ‘ '
INa, = Csawsa + Csbwsb + Cscwsc = amount of s.cdiun; ion in steam
+ 2 -
tNa = % C. W. amount of sodium ion in condensate
w p=l fn fn
* ot
}:NaB- ZNaw
n .
Csawsa + csbwsb + Cscwsc = ::z=1 Cfnwfn _ )
c let Csa = Rlcsb = chsc (5a)
CsaWs;b Csawsc ol .
csawsa R + R = z cfnwfn
1 2 n=
n
z C_W
} =1 n fn
5e Ws‘b Wsc:
e+ = o 22 s (6)
' sa Rl Rz .
From Equations (3) and (4)
o C c
W = [lgO] csa + Csb - csc: K
‘ ta Ttbh Tte :
\‘:‘f'vhich becomes
T — oo 1 11
B - [9] e [+t ik ®
. : L3 sa (_:ta Rlctlb chtc
Substituting Equation (6) into Equation (8)
n - — - -
Z C. W
_ fn fn
co = [lgo] = W W c1 + c1 R +“lc
sb sc ta tb™1  "27te
W o+ =2 + ==
sa Rl R2

9



During Equilibrium Conditions

W

Wsa = fwa
Yoy T Ve
Vsc = wac

Substituting these values into Equation (9) the final form of the
moisture carryover euqation is derived if steam probes are available

in each steam line.

- o - _
r C_W ’ )
_ fn £fn .
co = Pgo] = W W <:1 37 é + clz (10)
W + fwb + fwe ta 17tb RZ te .
fwa R
1 R

If steam probes are not present it must be assumed that the carryovers

from the steam generators are identical.

coa. = COb = COc
Also:_

CS
CO = o x 100

t
Therefore
. Loy .
sa (100) [-
-+ {co3(cC )
c tb

sb - T (100)

» o) (c, ) @)
D sc = Too) o



Substituting Equaticns 11 into Equation 5a

R = cta
1 Ty
c : - _
ta :
= ¢ . (12)
) Cre .

These R values are employed in Equation 10 if steam probes are

unavailable.

- - - - *n - :-f

For computational ease, d-fime:

W W
fwb fwe

Term 1l = W + —= 4 (13)

fwa Rl Rz

1 1 1 :
Term 2 = —— + + = (14)

Cta RiCp . Bee

Consequently Equation 18 becomes:
n .

Y 1001 | £ C. W Term 2 :
* {3] w1 Tern 1 oW

The circuilation ratio can be determined by a mass balance of the

sodium entering and leaving the tube bundle.

Amount of sodium entering tube bundle = ,/C-:-b(CR) (Ws)

The boiling pressure reduces the water mass by Wes
so Amount of water leaving tube bundle = (CR-I)(W;)

and Amount of sodium leaving tube bundle = Ct(CR-l) W)



2.2 Sampliﬁg Points

3
Stéam . Turbines
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Generator
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Steam Generator Bottom Blowdown

Steam Drum Sampling Point

Steam Pipe Sampling Point

Feédwater Pump Discharge Sampling Point

Condenser Hotwell Sampling Point

r



3
-

so Cb(CR) (ws) = CC(CR-l) (Ws)'

CR = Ct

%~ %
Since the reliability of the carryover equation rests on the accuracy
of the steam and recirculating water samples, it is essential that
the samples are representative. Sampling of the recirculating water
presents little difficulty since the recirculating water is a homo-

geneous condensed flow, However, the acquisition of a representative

steam sample is extremely difficult.

2.3 Circulating Water Sample

2.3.1 Bottom Blowdown

A representative sample of the stean generator water can be obtained
from the_bottbﬁ blowdown. Due to the conéentrating effects of circu-
. latioﬁ and boiling, this water sample does not represent the true
".. sodium concentration of the moisture in the steam.

-

2.4 Recirculating Water Samplé

“2.4.1 Steam Drum Sam»ling Tap

The steam drum sampling tap provides a sampling of the water separated
from the steam in the separation equipment. This water sample represents

the true sodium concentration of the moisture in the steam.

\o



2.5 Steam Sample

2.5.1, Steam Probe

Although Tampa Division does not recognize sampling from a steanm

probe as being a valid or representative sample, if properly installed
and utilized, it will indicate realistic trends but not realistic
magnitudes. The steam probe must sample a two-phase flow and in doing
so introduces a flow disturbance which can result in more water entering

the nozzle than is representative.

Unless a very uniform mist flow exists in the steam pipe, it is

improbable that a few holes iﬁ a cylindrical probe will extract a

uniform sample. Even if a mist flow exists, the probe acts as a

flow disturbance which appears to result in the flow entering the

probe entraining greater moisture than the free stream as a result

of the flow pattern around the probe. In addition, if the steam probe
sample is to be realistic, then the sample must be extracted isokinetically.
During isokinetic sampling, the velocity entering the probe ports

is the same as the stream velocity in the pipe.

of Reference 1 and installed in a straight run of pipe of a length

"equal to at least ten pipe diameters not located immediately after

/" .

valves or bends. Additional installation instructions are given by

Paragraph 10 of Reference 1.



2.5.2. Feedwater Pump Discharge Piping

The feedwater éump discgarge pipe sampling ﬁoint represents the

total flow 6f the condensed steam. The sample is extracted through

; ﬁréssure tap at an arbitrary rate. This point is recognized as

the official steam sampling point since it répresents the only total
flow homogeneous liquid phase sample point present in the plant.
Consequenfly, Tampg Division considers this as the most representative\

steam sampling point.

2.5.3. Condenser Hotwell

In lieu of the feedwater pump discharge piping sampling point, Tampa

Division will recognize a condemser hotwell water sample. The condenser

hotwell contains a homogeneous liquid phase but does'ﬁot represent
total flow since steam is extracted for feedwater heating and steam
reheating. Sgparétion between high and low pressure furbines also
influencés the validty of the saﬁple. Consequently, the errors

introduced by hotwell sampling can be significant.

3.0 Sampling Procedure

: 3.1 Water Chemistry

" The water chemistry of the stgam generatJ:-liquid shall be as
" normally specified for plant operatio; excepting the sodium level
which shall be adjusted to 20 - 30 ppm by the addition of sodium
ifa phosphates in a molar ratio of 2.6 Na/POA or less. Generally, the

chemicals should be added to the feedyater downstream of the feed-



water control valve. Care must be taken to insu?e that all.points
of sodium addition to the secondary system do not fall between the
steam generator pqtlet'gnd any of the stegm'sampliné points. Prior
‘to testing, the steam generator should be operated at a constant load
for a minimum of three hours following the addition of.chemicals to
attain chemical equilibrium in the circulating water as determined

by sodium and/or phosphate analyses.

3.2 Preparation of Steam Generators

Prior to comducting a carry~over measurement, the steam genérators
should bé operated at a low load (10 - 20%) for a period of approxi-

mately 24 hours with heavy, hourly blowdowns and éhosphate additions

to compensate for the phosphate lost as a result of the blowdowns.
buring this period, blowdown samples are to be taken periodically

and checked for impurities such as cil, syndets, and suspended solids.

The blowdowns‘are to be terminated with the absence of impurities and

suspended solids concentration of 5 ppm or less.

Do not commence the carry-over test until it has been confirmed

+
that the phosphates fed to the steam

as determined by phosphate amnalysis.

3.3 Sawmpling Apparatus o ['

" The épparatus required for extracting the sample from the sampling
point is described by Paragraphs 13 through 19 of Reference 1.
In addition, the sample cooler must be leak free to insure reliable

sampling.



3.4 Sampling Technique (Reference 2)

Considerable care must be exercised in obtaining the water samples
since the samples are easily contaminated by atmospheric dust and

other extraneous sources. To prevent touching the neck and reduce

" ambient contamination, an overflow bottle with a plastic shield-

should be employed. The 16 ounce polyethylene bottlas must be ™
rinsed free of any sodium, and the neck and the inside of the cap

should not be touched.

Ostain the sample through rubber tubing attached to the effluent of
the sample cooler and directed toward the overflow bottle. An
inverted polyethylene funnel attached to the end of the tubing is
intended to act as a contaminatiom shield by resting on the neck ofi
the overflow bottle. When ready to sample, merely 1lift the funnel
from the overflow bottle to the neck of the sample bottle, taking
care to'avoid.touching the ends of the tube or the bottle neck with

your fingers. After filling the saﬁple bottle, transfer the funnel

back to the overflow bottle and immediately cap the sample bottle.

The sampling lines should be permitied to flow for at least oné

hour (or greater if required to 6btain a flow that is visuelly --

'cIean) prior to saﬁpling'to flush the extraction system. Also,

one hour of steady state operation should elapse prior to sampling

following any load change. -



3.5 Sampling Rates

The following sampling rates should be observed during testing.

T

Steam probe sampling shall be adjusted to give isokinetic
sawpling (i.e. the velocity entering the ports of the
sample probe shall be the same as the velocity of tﬁe
stream that is being sampled.)

Steam drum sampling rate is arbitrary and need only be
adjusted to maintain a continuous riﬁsing of the éampling
system.

Feedwater pump discharge sampling rate is arbitrary and
need only be adjusted to maintain a continuous rinsing

of the sampling system.

Condenser hotwell sampling réte is arbitrary_and need

only be adjusted to maintain a continuous rinsing of

. the sampling system,

Bottom blowdown sampling rate is .arbitrary and need only
be adjusted to maintain a continuous rinsing of the

sampling system.

3.6 Sample Analysis

"Obtain three representative samples from each sample point for

each data point and analyze for sodium by means of flame emission

'8pectroscopy.‘ In addition to the samples collected for sodium

analysis, collect a steam generator sample at each data point

and analyze the sample for pH, conductivity, phosphate and chloride

concentration.



W.J

A

3.7 Data to be Collected

The following-data should be collected at the time that any set

of samples is collected. It is reccomended that data be taken

at 30%, 70%, QOZ and 100% load. |
1. TFeedwater flow rate of each steam generator

2. TFeedwater temperature of each steam generator

. Steam generator water level of each steam generator

2

3, Steam genergtor steam pressure of each steam generafor
4
5

. Flow rates and temperature in each ;ample pipe line of
each steam generator .
6. Date
7. Time

8. Electrical load

9. Three 16 ounce water samples each from the bettom blowdown,

from each of the steam drum taps, and from each of the

steam sampling points. (minimum recommended number samples
36, 3 bottom blowdown from each steam generator, 3 steam probe

samples from each steam generator, 3 samples from each feed-

water pump discharge, and 3 steam drum samples from each

generator).

-

3;8 Final Adjustment of Steam Generator/ Chemistry

"At the conclusion of the carryover test, adjust the -steam generator

water chemistry back to the prescribed limits.

R A



4.0 Calculation Procedure

Moisture carryover determinations using steam sampling probes are
considered unreliabie because of the difficulties involved in obtaining
a sample that is representative of the steam-water mixture flowing

in the pipe. The carryover determined should be based on the feed~
water pump discharge piping sample, but since this sample is unavail-

able it will be based on the condenser hotwell samples.

The moisture carryover is computed by employing the relations derived
in Section II. The following page presents a calculation sheet which
if completed will result in the moisture carryover being calculated

according to accepted Tampa Division procedures.



3-LOOP MOISTURE CARRYOVER CALCULATION SHEET 1

Data o Calculated By
Date
Time
MWe
Steam Generator A
Feedwater Flow Rate 1 (V. )
, : . R fwa
Feedwater Temperature . - _2 ('rfwa)
Steam Pressure : ' 3 @ >
_ sa
Water Level 4 - (WLa)
Stéam Generator B
Fefadwater Flow Rate _ 5 (wab)
- Feedwater Temperature 6 (wab)
- Steam Pressure ‘ 4 . 7 @)
Water Level ' ‘ 8 (WL,)
Steam Generator C
Feedwater Flow Rate 9 W)
Feedwater Temperature ' 10 ' (Teyo)
_ Steam Pressure : - : ' 11 '. . (¢_)
Water Level : - S ' 12 . (WL )




3-L0OP MOISTURE CARRYOVER CALCULATION SHEET 2

R Values Calculation Without Steam Probes

. Date

Time
MWe
Water Level

Bottom Blowdown Sodium Concentration Steam Generator A
Bottom Blowdown Scdium Concentration Steam Generator B

Bottom Blowdown Sodium Cdncentration Steam Generator c

Steam Drum Tap Sodium Concentration Steam Generator A
Steam Drum Tap Sodium Concentration Steam Generator B

Steam Drum Tap Sodium Concentration Steam Generator C

Calculate Rl Term: R1—= cta
, Cep
) ' c
Calculate R2 Term: R2 = ta
C
tc

-—— e -

Calculated By

1 (Cb a)
2 (Cpy)
3 (cbc)
4 (Ct 8)
> ©€.p)
. 6 (th)
7 ®))
8 . (Ré)



::; . 3-LOOP MOISTURE CARRYOVER CALCULATIOY SHEET 3

Term 1 and Term 2 Calculation

Date : Calculated By
Time
Mwe

Water Level

- e e B B W Ee Ga e e e G e e e S G S G G G em G A e @r Y= G Y S e es G de @ T e em e E s e e -

Feedwater Flow Rate Steam Generator A , (

waa) 1
Feedwater Flow Rate Steam Generator B w fwb) 2
Feedwater Flow Rate Steam Gemerator C . (wac) 3
R Term _ A (R)) 4L
R, Term . : (RZ) 5
3 Steam Drum Tap Sodium Concentration Steam Gemerator A (Cta) 6
Steam Drum Tap Sodium Concentration Steam Generator B (Ctb) 7
Steam Drum Tap Sodium Concentration Steam Generator C (th) 8
Bottom Blowdown Sodium Concentration Steam Generator A (Cba) 9
Bottom Blowdown Sodium Concentration Steam Generator B (be) 10
Bottom Blowdown Sodium Concentration Steam Generator Cc (Cbc) 11

Calcuiate Term 1l

r

j Wfwb wac -
Tem 1= Ve T yS7 R, ‘ . 12 (Tern 1)
Calculate Term 2
.y - 1 1 1 _ “
*—j Term 2 C + R.C + R.C 13 (Term 2}




.. 3-LOOP MOISTURE CARRYOVER CALCULATION SHEET 4

N
Plant Average Moisture Carrjover Calculatlon

Déte : - | P S Calculated By
Mie — } - ' - o

" Water Level

Sodium Concentration Feedwater Pump 1 Discharge Sample (C

S
.. Sodium Concentration Feedwater Pump 1 Discharge Sample T TR
% Load : - ] '
. at 30 : oa | . o (Cflc)
Sodium Concentration Feedwater Pump 2 Discharge Sample (sz) 3
Sodium Concentration Feedwater Pump 2 Discharge Sample
0% Lload : : - .
at 30%Z Loa . (szc)
Sodium Concentration Feedwater Pump 3 Discharge Sample (C£3) 5
- Sodium Concentration Feedwater Purp 3 Discharge Sample : S _ L
"-at 30% Load o | I : | ¢ | | :
- LT _ e - ‘ L _=——-—~—————(Cf3c) 6
NOTE: Imsert zero for all values relating to pumps )
- that do not exist.” S _ '
Feedwater Pump 1 Flow Rate . - ; - W) 7
Feedwater Pump 2 Flow Rate e ': T (sz) 8
Feedwater Pump 3 Flow Rate R : (Wf3) 9
. n p
. Célculage ZE:(Cfn—Cfnc)an
-+ m o .n=1
T Ve (Cepmlep MWy + (CpyCey MWy

- . Y o . n
. .- - B " n=1 .
Insert Term.l _ 11 “(Term 1)

ﬁlnsert Term 2 12 (Term 2)

Calculate Plant Average Moisture Carrjover

- _ — ‘
— 100 TERM 2 S :
co [ (E fnwfn_] [sz—“;t = = ‘
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QUESTION 1.17

In Figures 5.3.2-4 and 5.3.2-5 the values for pressure given under “Data Ranges"
and "Legend" do not correspond. The inlet quality range does not correspond

to the curves on the figures. Please correct these inconsistencies. The
curves in Figure 5.3.2-4 indicate that swirl vane effiency increases with

flow rate while Figure 5.3.2-5 indicates that the efficiency decreases with
flow rate. Discuss the reasons for this inconsistency. Provide the actual

data points for each curve and discuss the test procedure by which the data
was obtained. i



Answer 1.17

There are no inconsistencies between the ™Data Ranges™ and the "Legend" on
either Figure 5.3.2-4 or 5.3.2-5. The information supplied under the
heading "Data Ranges" specifies the range of thermodynamic variables over
which data was taken to arrive at the empirical correlation depicted by
the graph. The "Legend" simply identifies the parametric values of pres-
sure which were chosen for plotting.

There also is no inconsistency in the trend indiecated in Figures 5.3.2-4
and 5.3.2-5. It must be noted that different separator devices are being
addressed in each graph. Because of the different design of the two
devices, the trends exhibited by each should not be expected to be the

same.

As discussed in the response to question 1.15, the graphs are parametric
plots of an empirical, steady-state test of separator performance. The
data is also presented in that response.



QUESTION 1.18

Page 8-3 and 8-4 indicate there are seven types of flow paths plus two special =
flow paths which are calculated by subroutine SCONN. Provide a complete
description of the calculations made for special flow paths in subroutine

SCONN and discuss their usage in steam generator analysis.



Answer 1.18

The seven standard flow links used in the TRANFLO code are:

1.

Regular connector -~

Regardless of flow direction, this type of flow path is assumed to be
composed of single-phase or two-phase flow as determined by using the
Armand correlation and the thermodynamic conditions in the source
node. Flow rate is determined by the momentum equation described in
Section 3 of the WCAP and the emergy transported by the flow is deter-
mined by the flow quality.

Saturated steam flow only -

Same as a regular connector except that the flow quality is always 1.
If the source node is either subcooled or superheated, the flow type

reverts to a regular connector and the flow is subcooled water or

' superheated steam as is appropriate.

Saturated liquid flow only -

Same as saturated steam only connector except the flow composition is

saturated liquid rather than saturated steam.

Steam flow in positive flow direction and water flow in negative flow

direction -

Combination of the preceding two flow types with flow direction con-
trolling type selection.

Steam flow in positive flow direction and regular flow in negative

flow direction -~

Combination of flow types 1 and 2 above with type selection determined

by flow direction.



6. Water flow in positive direction regular flow in negative direction -~

Combination of flow types 1 and 3 above with type selection deter-
mined by flow direction.

7. Cross flow through a tube bundle -

Regular flow path which uses a crossflow friction factor for a
regular spaced tube bundle to determine the friction pressure

loss in the momentum equation (see response to Question 1,5).

Generally, when modeling steanm generators, only two of the above con-
nector types would be used. Those are the type 1 regular connectors
and the type T crossflow connectors. The crossflow types are used in
the U-bend region of the tube bundle and in the preheater crossflow

passages in the Model D steam generator,

The subroutine SCONN is used only to define the characteristics of the
separator models that are discussed in Section 4.3 of WCAP-8821. These
connectors are the swirl vanes, the chevrons, the swirl vane drains,

and the chevron drains. The manner in which these flow links are modeled-
in SCONN is also explained in Section 4.3. The sign option on XFT = +4
as shown on Page 8-4 was originally provided to allow the user greater
flexibility in specifying which thermodynamic variables of a flow are

to be established in SCONN (i.e. the separator related flow paths) “'Tﬁis
option is not used and currently values of quality, void fractlon and

specific enthalpy are each specified in SCONN.

In the case of the drain paths, an elevation correction is also made,

In the swirl vanes, this correction is the centrifugal term (see response
to Question 1.,12). The correction to the chevron drain head is based

on the amount of water which resides in the drains (see Page 4.24 of
WCAP-8821).



QUESTION 1.19

Section 5.2 describes an analysis of a steamline break using the SATAN VI code.
Provide a comparison of significant assumptions made by the SATAN VI code and
the TRANFLO code. Include comparisons of two-phase pressure losses, slip
velocity and primary-to-secondary heat transfer. Discuss the differences in
assumptions for the parallel flow paths illustrated in Figure 5.2-1 (i.e.,
paths 15-A and 15-B).



Answer 1.19

The SATAN model used to produce the results presented in Section 5.2 was
identical in noding scheme to that of the TRANFLO model. The primary
heat were also set up to duplicate the scheme in TRANFLO. However, the

codes do differ in some methods of calculatioms.

The relative phase velocities or phase slip is taken into account by the
use of the modified Armand correlation in the flow comnectors of the
TRANFLO code while the SATAN code uses the Zuber drift flux model. The
drift flux model is completely discussed in Section 2.2.2 of WCAP-8302.

The major differences between these two models are as follows:

1. The drift flux model is 2 non-homogeneous model while the Armand

correlation is homogeneous,

2. In regions where velocities are low in a vertical flow path, the
drift flux model allows counter-current flow to occur. This is
not possible with Armand.

3. The prediction of the entrainment threshold is inherent in the
drift flux medel while a separate correlation (the Davis correla-

tion) must be used in conjunction with Armand.

4, The drift flux model is only used in flow paths with elevation
change., Satan models the rest of the paths as homogenous without

slip. TRANFLO assumes slip in all two phase flow paths.

The pressure drop calculations are done using different methods in the
two codes. The TRANFLO method is to calculate the pressure drop using
the well known Darcy formula and adjust the value of pressure drop

by calculating an effective specific volume based on flowing quality
from the Armand void correlation as shown in Section 3 of WCAP-8821
(See response to Question 1l.1). The SATAN method is to calculate

a two phase multiplier as illustrated in Appendix C of WCAP-8302

using the BIFS two phase pressure drop correlation. The quality used



in this correlation is also flowing quality from the modified Armand
correlation, Table 1 shows a comparison of predicted delta P calculated

by each code for 100 feat of a 1 inch pipe at various flowrates.

The two codes handle primary to secondary heat transfer in essentially
the same way., Table 2 summarizes the heat transfer correlation ased

in the two codes, Note that all correlﬁtions are the same with the
exception of that for forced convection to superheated steam. SATAN
uses the McEligot correlation. This difference, however, should have
2 negligible effect on the results since this condition would not be
expected to exist during the first eight seconds of transient for which
the comparison in WCAP-8821 is presented.

The flow paths 15-A and 15-B in Figure 5.2-1 of WCAP-8821 use no dif-
ferent assumptions., They merely represent two separate flow paths from
node 15 to node 16, Path 15-A represents the flow through node 15 and
then up through the five windows in the baffle plate which open to node
16. Path 15-B represents the leakage flow path from node 15 to node 16
through the tube holes (leakage around the tubes),



TABLE 1

SATAN/TRANFLO AP COMPARISON

QUALITY PRESSURE DROP
9 , (PSI)
SATAN TRANFLO
1 1b/sec 2 1b/sec 1 1b/sec 2 1b/sec

0 ol «5 .1 N/
10 .9 3.1 4 1.5
20 1.4 5.1 °9 2.8
30 1.9 6.6 1.2 4,1
40 2.3 7.9 1.6 5.4
50 2.6 8.9 2.0 6.7
60 C 2.7 9.5 2.3 7.7
70 2.8 9.9 2.3 7.9
80 2.8 9.9 2.1 7.1
90 2.7 : 9.5 2.6 838

100 2.4 8.7 3.1 10,5



TABLE 2
COMPARISON OF HEAT TRANSFER CORRELATIONS

FLUID CONDITIONS TRANFLO SATAN

Subcooled Forced Convection Dittus Boelter | Dittus Boelter

Forced Convection to Superheate Heiﬁéman McEligot*

- Steam :

Nucleate Boiling Thom Thom

Transition Boiling Westinghouse Transition Westinghouse Transition
Boiling Correlation Boiling Correlation

Fiim 60111ng Dduga11 & Rohsenow Dougall & Rohsenow

Subcooled Film Boiling | Sandberg, Bishop & Tong Sandberg, Bishop & Tong

s oy e g . A s G D A sy S N oD 0 ot o

*See page 2-88 of WCAP-8302



QUESTION 2.1

On page 1-2 it is stated that the break quality versus time data generated by
the TRANFLO code is input to the MARVEL code which is then used to generate
mass and energy release data for containment analysis. It is further stated
that the initial fluid mass in the steam generator is minimized in the TRANFLO
analyses and maximized in the MARVEL analyses. Use of quality versus time
data from the TRANFLO code would appear to cause the mass of entrained liquid
released by the MARVEL code to be greater than that predicted by the TRANFLO
code. For each break analyzed provide a comparison of the entrained 1iquid
mass predicted by the TRANFLO code to that calculated by the MARVEL code.



Answer 2.1

The amount of entrained liquid calculated by the MARVEL code is, in fact,
less than the amount predicted by the TRANFLO code. This is due to
increasing the flow quality versus time data from TRANFLO by 0.1 before
inputting it to the MARVEL code (see Section 3.2.2 of WCAP-8822). This
effect is demonstrated in the following approximates of the integral water
relief during blowdown from each code:

Total Entrained Water (1b)

TRANFLO MARVEL
I. 102% Power _ — (a,c)
1.4 ft%, DER
0.7 ft°, DER

II. T70% Power
1.4 ft2, DER
0.6 ft2, DER

ITI. 30% Power
1.4 ft2, DER
0.5 ft2, DER

IVv. 0% Power
1.4 £t2, DER
0.2 ft2, DER




QUESTION 2.2

The version of the MARVEL code (WCAP-7635) which you reference has not been
submitted to the NRC. Some of the calculations to which you refer in WCAP-8822

are not present in the version of MARVEL that we are reviewing.
this document.

Please provide



Answer 2.2

The updated MARVEL report has been submitted for review as WCAP-8843.



QUESTION 2.3

Provide the calculational model used to calculate heat transfer from the primary
metal to the primary fluid that is discussed on page 3-6.



Answer 2.3

See section 2-34 of WCAP-8843,



QUESTION 2.4

Provide and justify the heat transfer coefficients used in the MARVEL code to
calculate heat flow from the steam generator tubes to the steam generator
fluid for the regions above and below the two-phase level. When the two-
phase level drops sufficiently to uncover the steam generator tubes,
additional heat transfer to the steam will produce superheating.

Discuss
how this effect is considered in the MARVEL code.



Answer 2.4

Heat transfer‘to steam is not included in the MARVEL steam generator
model. An input variable specifying the effective tube height is used in
MARVEL and the calculated water level is compared'%o this input height to
determine if the tubes are uncovered during a transient. Water level is
determined based on the bulk quality of the steam generator secondary
fluid, the steam generator secondary volume, and input tables of steam
generator water volume versus height above the tube sheet.. A more
detailed explanation of the water level calculations can be found in
Section 2-18 of WCAP-8843. When the calculated water level drops below
the input value of tube height, heat transfer area is reduced by the ratio
of water level to effective tube height. No heat transfer is assumed to
occur above the calculated water level. Heat transfer is determined using

the Jens-Lottes heat transfer correlation.



QUESTION 2.5

The heat transfer coefficient ffom the steam generator tubes to steam generator
liquid is modified by a multiplier proportional to the two-phase level within
the tubes. Describe how the two-phase level is calculated in the MARVEL code.
Provide justification for this model. For the 0.6 £l break at full power,
provide a comparison of the two-phase level as a function of time predicted

by the MARVEL code with that predicted by the TRANFLO code. Provide the

mass and energy release to the containment for the above break using the

MARVEL code and the two-phase level predicted by the TRANFLO code.



Answer 2.5

The MARVEL calculation of steam generator water level uses an input
table of steam generator secondary side volume versus height above

the tube sheet. At each time step in a transient calculation the
quality determined from the enmergy balance and the total mass deter-

- mined from the mass balance are used to find the amount of liquid and
the amount of vapor in the steam generator shell. The volume of liquid
is then found using the saturation density, This volume is compared to
the volume versus height for the steam generator to give a water level

(See response to Question 2.4).

Loss of heat transfer due to decreasing water level depends upon the
calculated water level and another input variable which specifies the

"effective tube height' of the steam generator. This variable is used

as follows:

1. If calculated water S Veffective tube"
level height

then TA = UA x K
trans nom
where K = correction to account for changes in the primary and
secondary heat transfer coefficients due to changes in

flow, pressure and temperature,

2. If calculated water < Weffective tube"
level height
then UA = UA <K x calc, water level

trans non effective tube height

Thus, this calculation effectively reduces the heat transfer area in
the bundle linearly with decreasing water level once the calculated
level drops below the input value for effective tube height.



Obviously the model is not accurate unless a proper value of effective
tube height is chosen. Also, this model would not be expected to be
adequate to define heat transfer in the steam generator during periods
of rapid depressurization accompanied by high void generation rates and
possible tube dryout or DNB as might be expected to occur in the first
15 - 30 seconds following a break. However, it has been shown (Ref., 3)
that during quasi-~stable pressure/flow conditions in the steam generator,
a linear decay in heat transfer capability with decreasing water level

is an adequate model.

Considering these facts, the MARVEL heat transfer modeling, as used

in the generation of steam line break mass/energy releases, is considered
to be adequate for several reasons. First, during the early part of

the blowdown described in WCAP-8822, the MARVEL model assumes the bulk
UA in the steam generator is equal to the nominal value corrected only
for the effects of pressure, temperature and flow changes. Thus no
credit is taken for possible loss of heat transfer as a result of high
voiding and possible dry-out or DNB in the steam generator tubes during
the initial depressurization following the break. Also, in the analyses
presented in WCAP-8822, loss of heat transfer resulting from inventory
loss occurs only after long delays in the MARVEL calculation., At this
time the depressurization rate and steam flow rates are very low (see

the attached table), and the use of a model such as that in MARVEL should
be adequate for this portion of the blowdown.

The remaining consideration is the value used for tube height, In the
MARVEL calculations, an effective tube height of approximately 27 feet
was used since this is the actual tube height in Model D steam generators,
However, sensitivity studies were performed to determine the effect of
using smaller values of tube height, A comparison between the results
of a 1.4 ft2 break at 1027 power using a tube height of 1' showed the

following differences in break flow, steam pressure, and heat transfer

after 200 seconds:



Variable Magnitude of Difference

Break Flow < 15 1b/sec
Steam Pressure < 15 psi
Heat Transfer < 2.57 nominal heat transfer

Following 200 seconds, these values begin to diverge due to uncovering
of the tubes in the reference case. However, as pointed out on Page

3-11 of WCAP-8822, the difference in total energy release for these
two cases differ by only 2.8%7 after 300 seconds.

Finally, we cannot respond to your request for the two phase level versus
time from the TRANFLO code. As explained in WCAP-8821, the TRANFLO code
uses homogeneous modeling in all fluid nodes, Therefore, it does not

predict a water level in the steam generator.



STEAM GENERATOR CONDITIONS AT TIME REDUCTION IN
UA BEGINS AS A RESULT OF WATER LEVEL REDUCTION

Time UA Reduction* Steam Flow Steam Pressure Power Level

Break Begins (sec) (1b/sec) Decay Rate (psi/sec) %
1.4 ft? DER 90 ‘ 769 0.9 102
1.4 £t° DER 55 833 2.1 70
1.4 £t® DER 78 680 1.1 30
1.4 £t% DER 110 544 0.7 0
0.7 £t pER 130 587 0.9 102
0.6 £¢% DER 160 524 0.7 102
0.6 £t> DER 225 439 0.5 70
0.5 £t> DER > 300 < 372 < 0.5 70
0.5 £t° DER > 300 < 310 < 0.5 ‘ 30
0.4 £t DER . > 300 < 282 < 0.5 30
0.2 £t2 DER . 300 < 112 < 0.7

0.1 £t DER > 300 < 68 < 0.7

water level

effectlve tube height - 0'%°

* Time when




QUESTION 2.6

Page 3-14 states that auxiliary feedwater flow is set equal to 20% of normal
loop flow. Discuss the conservatism of this value for containmentanalysis.



Answer 2.6

The value of 20%Z of nominal loop flow (v 1500 gpm) was selected as a
reasonable upper bound on the maximum auxiliary feed flow which would
be supplied to one steam generator following a steam line break. This
‘ assumptioﬁ is in accordance with current design recommendations to
Westinghouse customers which specify that auxiliary feed system designs
should limit the maximum flow to a depressurized steam generator to
rates in the range of 1100 - 1400 gpm. This recommendation is made
specifically to limit the energy release to containment following a

steam line break.

However, the assumption of 1500 gpm auxiliary feed flow in the analysis
described in WCAP-8822 has little effect on the blowdown releases provided
in Appendix A of that WCAP. As discussed in Section 3.1.5, the effects

of feedwater addition on blowdown flow is small, particularly in the

long term. Thus the assumption of a larger or a smaller flow would not
significantly change the blowdown data presented in Appendix A. If the
blowdown flow is not changed, the only remaining parameter of importance
is the total mass added to the steam generator. For conservatism, this
mass should be large since all the water added by the auxiliary feedwater
system will exit the broken steam line as steam. To insure that this
mass is maximized, the maximum plant auxiliary feed flow is used in the
dryout calculations described in paragraphs I1I.1.D and I1I1.4.D.4 of the
appendix. Additionally, when considering the full double-ended ruptures,
the maximum auxiliary feedwater flow for the plant is also assumed to

be the minimum value for the blowdown rate in the long term (see paragraph
II1I.3 of Appendix A). Both of these calculational assumptions coupled
with the minimal effect of feed water on blowdown flows assure that the
total releases, as determined using Appendix A, are conservative with

respect to auxiliary feed flow.



QUESTION 2.7

Provide and justify the feedwater flashing model in the MARVEL code discussed
on page 3-14.



Answer 2.7

The MARVEL feedline flashing model is described in WCAP-8843, Sectior 2-23



QUESTION 2.8

On page 3-12 the low steamline pressure setpoint is said to be 600 psia for
isolation of the steamlines for the 0.6 ft° break at full power. Figure 4-3
and Table IV-3 indicate that a steam pressure of 600 psia is reached in about
50 seconds following rupture. Table IV-3 indicates that the steamlines are
isolated at 15 seconds following rupture. Discuss this apparent inconsistency
and provide a detailed discussion of the sequence of events which lead to a
main steamline isolation. ‘



Answer 2.8

A discussion of the Westinghouse steam lipne isolation protective system
is provided on Page 2-14 through 2-18 of WCAP-8822, 1In this discussion
it is pointed out that the steam pressure signal used in the isolation
logic is lead/lag compensated. The lead/lag compensation is included
specifically for the purpose of anticipating low steam pressure condi-
tions based on the rate of change of steam pressure. As an indication
of the effectiveness of this circuitry, the following table shows the
time for the compensated pressure to decrease 400 psi from its initial
value given different linear decay rates of the actual steam pressure.
It is this lead/lag compensation which causes the apparent inconsistency
between the steam pressure and the isolation time given in Table IV-3,

In summary, there is no inconsistency.

Effects of Lead/Lag Compensation

on Measured Steam Pressure

Pressure Decay Time for Actual Time for Signal
Raie (psi/sec) Pressure to Drop 400 psia to Drop 400 psia

-1 400 355 sec

-2 200 155

-5 80 35

-10 40 6.73

-15 26.67 3.59

-20 20 2,47

=25 16 1.88

-50 8 0.86

It is important to note, also, that Table IV-3 does not indicate that
the steam lines are isolated in 15 seconds. As discussed in paragraph
IT1.1A of Appendix A of WCAP-8822, and as indicated in the sample
calculations in that appendix, and as pointed out by the footnote to



Table IV-3, isolation results after sufficient time has passed for an
isolation signal to be generated, for the instruments to respond, for
the signal to be processed, and for the isolation valves to close. The
15 seconds indicated in the reverse flow portion of Table IV-3 is not
related to this isolation time, but is an arbitrary time duration which
was judged to be sufficiently long to provide adequate data for all
cases to be analyzed. In general, only a portion of the table is used

to specify reverse flow.

The sequence of events which will result in steamline isolation on a
Westinghouse designed plant is as follows: When the appropriate con-~
ditions in the plant are sensed by the safety grade instrumentation
of the reactor protection system, a signal is generated and transmitted
through redundant circuitry to the main steam stop valves requiring
them to close. The main steam stop valves are fast acting air operated

valves which, in case of failure, would fail closed.



QUESTION 2.9

Provide analyses of a spectrum of split type ruptures at various power levels.
These break types may produce mass and energy release rates to the containment
greater than the double-ended ruptures analyzed in WCAP-8822. For example,
for a four-loop plant, a split type rupture of 2.4 ft2 at full power would
have the same effective area per steam generator as the 0.6 square foot break
which you have analyzed with no entrainment. Following isolation of the
steamlines, the effective area for one steam generator would be 1.4 ft2 which
is the area of the flow restrictor. At this time, the mass of water in the
ruptured steam generator would be less than for the 1.4 ft2 double-ended
rupture which you have analyzed and the amount of entrainment would be reduced

The analysis of only double-ended ruptures, therefore, does not appear to be
conservative for containment analysis.



Answer 2,9

It is our position that the full double ended rupture blowdowns provide
a2 bounding case for the type of split rupture postulated in Question 2.9,
A justification (using the full power cases as an example) of this

judgement follows,

1. For a 0.6 ftzlloop rupture, the maximum time to genmerate a steam
line isclation signal is no greater than 4.5 secondé, and will
only be delayed this long if there is no increase in feedwater
flow following the rupture, A best estimate calculation of the
delay until isolation indicates times on the order of 1.0 to 1.3
seconds, Allowing five seconds for closure of the steam line
isolation valve, a 2.4 ft2 split break in a 4 loop plant will
look like a 1.4 ft© double-ended rupture to one steam generator
after a delay of only about 6 seconds. The attached figure
demonstrates that this postulated 6 second delay has very little

effect on the calculated entrainment in the blowdown.

Three curves are shown on the figure. Curve 1 is the entrainment
transient for a 1.4 ft2 DER starting at time = 0, Curve 2
represents 0,6 ftzlloop split rupture with steam line isolation
occurring at 6 seconds. (This curve is plotted with the time

scale shifted by 6 seconds to show a direct comparison with the
first curve). As the figure shows, there are only small differences
between the entrainment history for the 1.4 ft2 DER and the entrain-
ment history. for a 1.4 ft2 break which is preceded by 6 seconds

of depressurization through an effective break area of 0.6 ftz.
The final curve on the Figure shows the entraimment history which
was used in the actual calculation of release mass and energy for
the 1.4 ftz DER with the MARVEL code., As explained in Section
3.2.2 of WCAP-8822, this entrainment transient is equivalent to

curve 1 plus 0.1, and, as the figure shows, dounds both curves 1 and 2.



3.

4,

Another factor which contributes to the judgement that the 1.4 ft2
DER is bounding is consideration of the additional inventory added

to the containment from the intact steam generator loops. For the
0.6 fg7loop split, the energy from the intact umits prior to an
isolation at 6 seconds is equal to approximately 25 MBtu for a four
loop plant. Following a l.4 ft2 DER, the energy added from the intact
units is approximately 60 MBtu. Even if the maximum delay time to
isolation is assumed for the smaller break, the energy from the intact
loops due to the additional 4.5 seconds of blowdown totals only about
41 MBtu; still significantly less than the enmergy added in the large
break situation.

The effects of the blowdown from the steam piping should also be

less severe for the 0.6 ftzlloop split rupture. The total piping
inventory for both this break and the large break should be essen-
tially the same; however, the rate at which the energy is added to

containment is lower for the smaller break.

The amount of mass added to the faulted steam generator from the
main feedwater system would also be expected to be higher for the
large double-ended rupture. This can be seen by comparing the
depressurization rate for the two breaks given in Section IV of
WCAP-8822, The DER causes a much larger pressure decay in the
first 10 seconds of blowdown than does the 0.6 ft2 break, Gen-
erally this would result in greater feed flows to the steam
generator prior to feed isolation, and thus greater total energy
release from the full DER., However, even if very conservative
assumptions are made, viz. feed flow to the faulted steam gen~-
erator equal to 200Z of nominal for either break and time to
isolation for the smaller break 5 seconds longer than for the

large break, the energy released by the small break blowdown is
only on the order of 12 - 13 MBtu more than is released by the
large break, This amount of ernergy is not sufficient to compensate
for the additional energy added due to the blowdown from the intact

steam generator units during a large break (see (2) above).



Similar arguments may be made for each of the power levels inves-
tigated in WCAP-8822., Thus, it is our position that an evaluation
of the 1.4 ft2 double-ended steam line rupture provides a bounding

analysis for the largest split rupture without moisture entrainment.



Effluent Quality

COMPARISON OF THE ENTRAINED WATER FROM A
1.4ft2 DER AND A 0.6£t2/LOOP SPLIT

- {a,c)




QUESTION 2.10

Provide analyses for steamline breaks within containment assuming loss of
offsite power and loss of one diesel generator.



Answer 2.10

The assumption of the loss of offsite power at the time of a steam line
rupture and the simultaneous failure of one diesel generator would have
two effects on a mass/energy release calculation. First would be the
reduction and possible delay of safety injection flow due to loss of
the one diesel and starting delays of the operational diesels. The
second effect would be the loss of the forced reactor coolant flow due

to the loss of ac power to the coolant pumps.

The effects of the loss of a safety injection pump train has already been
included in the analysis presented in WCAP-8822 via use of a safety
injection flow curve typical of minimum safeguards capability (see
Figure 3.1.4-1, WCAP-8822). Delays to account for diesel starting were
not incliuded in the analyses since it is believed that the effects of
tripping the reactor coolant pumps is of much greater benefit in reducing
blowdown releases than is the penalty of an additional 5 - 10 seconds
delay in the initiation of safeguards flow. There are several justifi-
cations for this position, one of which is provided in Section 3.1.7 of
WCAP-8822.

A better indication of the total effect of loss of offsite power and
loss of one diesel generator can be found in section 15.4.2 of RESAR-3S.
The analysis described there considers steam line rupture both with and
without offsite power avallable and uses minimum safety injection flows
and approvnriate delays for diesel starting. Inspection of Figures
15.4-20 and 15.4-21 in RESAR-3S indicate the validity of the conclusion
of Section 3.1.7 of WCAP-8822, i.e. for mass/energy release determina-
tions the blowdown release rates are higher when ac power is available,
and,because the core cooldown is more severe with the reactor coolant
pumps running, the power generation in the core is greater with offsite

power available.

The only remaining consideration is the effect of the reduced blowdown

flow rate on entrained liquid. It might be expected that the reduced



flow would result in less water entrainment. This in fact is the case

as is shown in the attached graph which shows the entrainment in the
blowdown from a 1.4 ft2 double—~ended rupture at full power both with

and without the reactor coolant pumps running. The effect on the entrained
water. is small, however, and in either case is bounded by the entrain-
mwent history (also shown on the attached graph) which was used in the
calculations described in WCAP-8822.

As a result, it is our judgement that the blowdown releases provided by
Safety Analysis Standard 12.2, Rev. 1 (Appendix A of WCAP-8822) bound
the mass/energy releases which would result from analyses which consider

the effects of both loss of ac power and loss of one diesel generator.



Effluent Quality

EFFECTS OF RCP TRIP ON ENTRAINMENT

—1(a,c)




QUESTION 2.11

Provide additional details of how the main feedwater flow to the ruptured steam
generator is calculated before isolation. Discuss how the trip times given on
page 4-20 and the five-second isolation time given on page 3-12 are used to
calculate the feedwater isolation times given on page 3-16. Discuss how the
feedwater isolation setpoints and isolation times in the tables of Part IV

of Appendix A were determined. For each break provide the total amount of main
feedwater assumed to flow to the ruptured steam generator. Discuss the methods
by which applicants should calculate containment mass and energy release data
in the event that feedwater flow exceeds the amounts assumed by the MARVEL code.



Answer 2.11

Feedwater flows used to determine the mass/energy releases presented in

WCAP-8821 were not calculated.

As discussed in Section 2.2.3, the TRANFLO
studies to determine entrainment were performed assuming that the feed
flow to the steam generator remained at its initial value for 10 seconds.
This was done to minimize water entrainment since higher feed flows would
have resulted in lower quality blowdowns in the TRANFLO calculations.
However, since quality versus time data from TRANFLO was"input directly

to MARVEL, the MARVEL analyses assumed conservatively large feed flows

to maximize the mass available in the steam generator for blowdowm.
The values of feed flow used in the MARVEL analyses are those quoted
at the top of Page 3-16.

The time during which main feed is supplied to the steam gemerators in

the MARVEL analyses for each of the doubled ended ruptures is also given

on Page 3-16.

entire time period.

The flow was held constant at the specified wvalue for this

times are defined in the sketch below.

Feed Flow
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The values chosen for each of the factors are conservative for several

reasons.

Functional design requirements for protection imstrumentation

and process equipment, for example, require that response and processing

delays be much less than 5 seconds. as is comservatively used in

these analyses.

In general, these times on the order of 0,5 - 1.5



seconds depending upon which protection signal is considered. Also,
though design requirements for isolation valves specify a maximum of

5 seconds for closure following a trip signal, closing times are often
much shorter, and the flow versus time (during closing) follows a trend
much like that shown below rather than the step change in flow used

in the MARVEL analyses.
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Further conservatism is included in tl. The t]js used were determined
with the MARVEL code by analyzing a large number of blowdowns from many
break sizes and power levels to identify the set of input assumptions
resulting in the longest delay prior to reaching a trip setpoint for
isolation. These assumptions were then used to establish tl for the
breaks and power levels of interest. Conditions found to be importamt
were the use of low feedwater flow rates prior to trip, correcting
turbine steam flow for the steam pressure decay prior to turbine trip,
assuming dry steam blowdowns, and using high values of initial steam
generator mass. All of these assumptions tend to increase the rate of
steam pressure decay following the break. Because this process was
used, the values of t1 used to arrive at the times ligted on Page 3-16
are generally gignificantly longer than the actual time that would be

required to reach the isolation setpoint were more appropriate assumptions



made. (It should also be noted that the limiting values of time to
reach the feedwater isolation setpoint quoted in the tables of Section

IV, Appendix A, correspond to the times given on Page 3-16 minus 10,1

seconds).

In comparison, the "time to signal” values on Page 4-20 are the MARVEL
calculated values of t1 for all sixteen breaks using the assumptions
described in Section 3.0 of WCAP-8822, i.e. high feed flow, entrained
moisture, etc. As can be seen, these times are consistently shorter
than the values of t1 used in the determination of isolation times.
Additionally, the times in Table 4~2 were used only to initiate a reactor
trip séquence for the breaks at power and to initiate safety injection
for the zero power cases. They were not used to initiate steam and feed
isolation. Note also, as mentioned in the footnote on Page 4-20, the
differences in the time between Table 4-2 and the times in Appendix A
for the small DER's at zero power are due to a feed isolation signal
being derived from a éoincident reactor trip - low Tavg signal which _

occurs prior to the SI signal generated by low pressurizer pressure,

As a2 fipal comment on isolation times used in WCAP-8822, Table 4=2 was
found to have three typographical errors. The split break entries for
70Z, 30% and hot standy power conditions should be blank. The values
shown are repeats of the entries for the preceding small DER. This

should be corrected in your copies.

The probability of an applicant calculating higher feed flows than were
assumed in the MARVEL analyses is very low. Current design requirements
for Westinghouse plants require two valves in each feed line capable of
closing within 5 seconds following an isolation signal, and typical
system calculations of the maximum possible feed flow during a steam
break event result in flow which are generally much lower than 300%

of nominal flow during the early portion of a steam break depressuriza-

tion transient, However, even 1f a particular plant design does result



ip higher flows, the insensitivity of the blowdown releases to feed flow
during the initial seconds (see Section 3.1.5) indicates that the data
provided will still be applicable. The only requirement is to account

for all of the water added to the steam generator by the feed system so
that the effects on total energy release and steam generator dryout time
are included in the containment analyses. Methods by which the accounting
can be done are explained in Paragraphs III.1.,A, III1,1.D, III1.2.A, and
111.2.C of Appendix A of WCAP-8822,
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