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fifMORANDUM FOR: Bill M. Morris, Director 8 M/ F

Division of Regulatory Applications, RES

FROM: Brian W. Sheron, Director
~

Division of Reactor and Plant Systems, RES

SUBJECT: LOCA CONCERN OF SCE EMPLOYEE

:
A Mr. Dan Johnson of Southern California Edison (SCE) has recently written two l

letters to a Mr. S. P. Kalra of EPRI expressing concern about steam generator
tube ruptures in conjunction with a large LOCA. The concerns are described in
the enclosure and focus on the possibility of a recriticality due to primary
system dilution with unborated water from the secondary system, with subsequent
containment overpressurization and failure. These concerns are stated to be a
result of Mr. Johnson's review of the proposed Reguiatory Guide on ECCS methods
which accompanies the proposed ECCS rule change.

Although Mr. Johnson sent the enclosures to EPRI, he has also sent copies |,.-

( directly to a number of NRC employees. I have spoken with Mr. Ken Baskin, I

( Vice President for Nuclear at SCE, to determine if Mr. Johnson had a safety
concern but was unaware of how to contact the NRC, or to otherwise understand
his motives for sending selected NRC staff copies of his letters to EPRI.

According to Mr. Baskin, Mr. Johnson is fully aware of his responsibility to
write directly to NRC if he believes a safety deficiency exists. He has
chosen not to. Therefore, I do not believe his letters constitute an I
allegation but rather should be considered as comments on the proposed ECCS ;
rule.

However, in order to ensure the issue is fully evaluated, I believe it is / ,/prudent and in the best interests of the agency to classify the issue as a
generic safety issue and prioritize it consistent with Office Letter #40 of I! 1
the old NRR organization. If the issue is prioritized as " medium" or "high," / /

I believe you should work in cooperation with the Reactor and Plant Systems
Branch to develop a resolution in conjunction with the final ECCS rule.

,

./V%ain ,,|hMW- ~

Brian W. Sheron, Director
;

Division of Reactor and Plant Systems '

Office of Nuclear Regulatory Research

cc: See next page.()
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March 26, 1987 hkIS-p27
P O Boa 128 (
Gan Cwnente. CA 92612 . ,

U $ |2 D D I i

Mr. S. P. Kalra *"8**'*J*h"'*aProject Manager
Safety Technology Department Scms ma i.'2%
Nuclear Power Division
Electric Power Research Institute
3412 Hillview Avenue
Palo Alto, California 94303

Subject: Proposed ECCS Regulatory Change
f%
x

References: 1. Letter from S. P. Kalra EPRI to D. L. Johnson,
Southern California Edison Company, dated March 19, 1987
of Subject: ECCS Regulation Change

2. Emergency Core Cooling Systems; Revisions to Acceptance
Criteria - Proposed Rules Federal Register, Vol. 52,
No. 41, March 3,1987 -

3. Secondary Side Transport and Retention of Radioactive
Species - STARRS Computer Code - Retention of Radionuclides
in U-Tube SG during SGTR events. RP 2453-4, October 20, 1986

Dear Mr. Kalra:

Thank you very much for your response (Reference 1) to my letter
(Attachment 1) pertaining to LBLOCA with consequential SGTR in light of the
proposed rules associated with Emergency Core Cooling Systems; Revision to
Acceptance Criteria (Reference 2).

I have reviewed the BNL Report (Attachment 2) and wculd like to relay several
comments to you which I have also previously discussed with Mr. L Neymotin of

.,BNL,

.O

J
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Mr. 5. P. Kalra -2- March 26, 1987"

|

[ / realistic in a large PWR core undergoing LBLOCA transient with SGTRs.} Briefly, the heat levels (decay heat) used in the BNL experiment are notDuringC ,

this transient, even with all rods in, large portions of the core become
supercritical due to the affected secondary side - steam generator inventory ,

'

discharging unborated steam / water to both the top and bottom of the core.
Local power levels can be enormous. Furthermore, the accumulator inventory ;'

'
' which reaches the core is not adequate in imediately mitigating this

transient. As a result of this, large portions of the core are no longer *

amendable to cooling from either the high or low pressure safety injection
systems. Furthermore, higher than designed containment pressures are reached '

resulting in increased backpressure during the reflood stage of the LOCA.
,

It is obvious that unresolved steam generator integrity safety issues should
be fully resolved such that the margin of safety offered to the general public

;is not lessened in the hypothetical LBLOCA safety analysis.
;

Thank you for the material (Reference 3) which you have provided us.
;

Sincerely yours,

4

y>s#1
;

: D. L. Johnson-

O. Engineer
Southern California Edison Company

Attachment

cc: ECCS Rulemaking Distribution 1

Revised Regulatory Guide /SECY 86-318 {

L. Neymotin, Brookhaven National Labs |

|
|

.
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ATTACHMENT 1>
.

. ,

'

s,
,

,m

(C) .

March 2, 1987-

.

'

.
+

Mr. S. P. Kalra
Project Manager |

Nuclear Power Divisio,n
'

'

,

Electric Power Research Institute- - -

g. 3412 Hillview Avenue
h I., P. O. Box 10412

}- Palo Alto, California 94303 ,

my
: ~~'i Dear Mr. Kalra:
9' After. reviewing in detail the draf t of the ECCS Rulemaking Regulatory Guide, I

.j would like to make the following comments based on FIV problems and other
y, steam generator integrity issues with CE System 80 and 3410 MW vertical

t
p U-tube steam generators.

d 1. 'Specifically, the models should be capable of predicting peak clad
-J temperatures during a LBLOCA with concurrent steam generator tube

[1 .
ruptures. The steam generator tube ruptures are sequential failures

g in the primary to secondary pressure boundary as a result of the
i LOCA and SSE hydroloads. Such tube ruptures can occur due to large *

T volume defects (associated with tube to tube support interaction and
4, wear) and other defects which are located in regions of high
Je rarefaction stress intensity as a result of the depressurization
.J ' wave. Tests performed in the Semiscale Mod 1 System (attachment 1)

~ ;-).
flow from between 12 and 20 tubes) resulting in significantly
identifies an extremely narrow Dand ofTube " rupture flows (that is,

. .- - j;

:1 higher peak cladding temperatures. This was due primarily to the
J+ tube rupture f1w, resulting in a retarded reflooding of the core
d which, in turn, caused later cladding temperature turnaround times i

~'

,

and corresponding higher peak cladding temperatures.
,,1-

J 2. During Engineering reviews of ECT data, for example (attachment 2),I
@3 those tubes identified and characterized as having large volume
R fretting defects (where leak before break criteria does not apply)

'd in excess of their degradation limits governed by LOCA hydroloads,
should be assumed to shear during a LBLOCA safety analysis of the-

Z FIV problem. Peak clad temperatures should then be determined using
; models that take into account ECT uncertainties, i.e., copper

plateout from feedwater heater trains, U-bend uncertainties, etc. ;

ECT frequencies and sample size should be specified in a plant
specific license amendment to assure that peak clad temperatures
will be maintained less than 2200*F with a 95% confidence level.
The reasons are obvious as radiological consequences can be severe

,

ias the clad rupture levels are higher than previously analyzed, and
a direct release patt is developed from the fuel pellet to the

( outside air via the secondary plant and multiple sequential SGTRs.

C

>
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'

Mr. 5. P. Kalra - -2- March 2, 1987.

.

Attachment'3 describts a potential problem should large volume,, fretting defects devosop in regions of high LOCA rarefaction stressi .

intensities.
,

3. ECCS performance and rulemaking should also be assessed based on
MSLB induced SGTRs in essentially the same fashion. ;

Should any further questions exist, feel free to contact me at (714) 368-9793.

Sincerely, ,

a

h W '

U 5 246{ ;

D. L. Johnson
i Engineer

DLJ:40111/sas

cc: ECCS Rulemaking Distribution ,

Revised Regulatory Guide /SECY 86-318 .
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ATTACHMENT _2 ,

w

'
|

i

|

L. Y. Neytnot in and U. S. Rohatgi
55 192. 2100,

Tel.
Bldg. 4758, BNL, Upton, NY 11973

'..
,

|,

STATUS: WORKING VERSION ~

^

4

EFFECT OF STEAM GENERATOR TUBES RUPTURE
3ON pWR LOCA
I
i

a

i

1. Introduction.

2. Dorni nant phenornena.

l

3. Semiscale Tests. 1

i

I

3.1 Description and Main Results.g

3.2 Review of the Mod-1 Scaling

Considerations.
i

3.2.1 Structural Heat Transfer

3.2.2 Critical Flow.
1

3. 2. 3 Downcorner Gap Widt h and Flow Modeling.
)

I
!

J

i

I

!

1

,

-e . - .
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,.

3.3 Typicality of tha Mod-1 Tect o. |

3.3.1 Dumps Running

3.3.2 Broken Loop pump and SG Flow

IResistances.
|

3.3.3 Time of Tube Rupture.

.

4. Simple Calculation of Reflood Delay.

I4.1 The Critical Number Of the Tube Ruptures.

4. 2 Reflood Delay.
t

4

5. Conclusions !

'
1

|

/'' 1. Int roduct i on. )
i 1

i,

The large break loss of coolant accident is a design i

based accident which has been analy:ed for each of the plants
,

operating in USA. Even with the conservative guidelines of the
,

Appendix K of 10CFR50, the peak clad te.wperatures have been
a

shown to be smaller than 2200 F. However, as the existing

plants are aging, a new concern is created due to thes

possibility of steam generator tubes becoming weak .and

rupturing in a course of a hypothetical LOCA.

Steam generator tube ruptures had occurred in many*

existing plants but did not cause any serious abnormal

conditions and plants have been safely operated. However, tube

a-

;

?

, - _ _ _ _ __ ____ ____ ____ _ _
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*
.

,':.-
ruptura ancident could hoppsn during LOCA due to concensation-

induced oscillations expected in Refil/Reflood phases of the ;

P
[ accident. This could increase the severity of the large break

'
\ |

LOCA. In fact, this type of behaviour was observed in some of ;

Ithe semiscale large break LOCA test s with steam generator tube

rupture. The peak clad t eroperat ure in these tests had an !

extremum for a certain critical number of tube ruptures. !

. !

However, these observation can not be directly extrapolated to

a full scale plant due to enany scaling cornprotnises inade in ,

fdesigning the semiscala facility. Nevertheless, it remains to

be shown whether similar behavior will be observed in the full ,

'

;

scale plant and what would be the degree of severity of this :

;

scenario,
l

i- 1

I
4

The objective of this report is two-told. The first l

l

[''N objective is to briefly overview the main featuren of the
g

accident scenario relating it to the semiscale steam generator |-
.

tube rupture experiments. The analysis is done from the

standpoint of th e experiments representativeness of a typical

pWR in terms of modeling the accident sequence as well as

scaling the therrnal hydraulic phenomena. Secondly, after the

dominant phenomena controlling the accident are established, a

conservative estirnate of the ef fect of st earn generat or t ubes

| rupture on the reflood progression and peak clad temperature ;

i

will be performed. I

Dominant thermal hydraulics phenomena are described in j

] Chapter 2. A brief description of the semiscale test facility,
4

transient scenario, and analysis of results and scaling

%

|
'

|
.

- -
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A

conzadcration3 con by found in Chapter 3. This chaptee also
,

d'scusses some questions of the typicality of the setniscalei
'

/ Mod-1 experiments vs. the real pWR systern transient scenario.
\

Finally, a syrnplified analysis predicting the critical nurnber

of tube rupt ures and the reflood delay due to steam generator

tube ruptures is presented in Chapter 4

2. Dominant Dhenomena.

Description of dorninant phenornena can be started frorn

the tiroe Just following the blowdown stage of a LOCA after the

ernergency core cooling (ECC) systern had been initiated. Until

the ECC water fills up the lower plenurn, the stearn from the

f-~s secondary of the ruptured stearn generator can follow two paths
,

escaping the vessels d through the lower plenum, downcorners ,,

(CCFL and downcomer gap width are A rnport ant ) and through the
2-

cold leg break, and yd through the broken loop SG, and through
the RCp. The distribution of the flows depends on the relative

,

hydraulic rosistances along the two paths. During this period
,

the flow in the core is negative.
*

As soon as the lower plenutn is filled, the first path
,

can be blocked. The water level in the downcorner rises, and

the reflood stage may begin. The reflood will start only if

the upper plenuta pressure increase due to the flow resistance

of path 2 does not overcorne the downcorner stat ic head.
;

However, depending on the rupture flow rate and the

s

,

;

!

- , , ,_
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O

rosietancao of the af raulated SG ond RCp in the broken loop,

pressure can increase and the core flow reverse which will
,

1("'% 'i retard the onset of the reflood stage. As it will be seen3

Ik-s
later, resistances of these two simulated components have been'

!

larger than expected frorn the point of view of the intact vs.

broken loop scaling considerations. '

Af ter the reflood begins, the vapor generation in tne
. i

core will begin. The effect of this is equivalent to an

increase in the rupture flow rates both lead to increase in

the upper plenuta pressure. The increase in pressure will

eventually decrease the reflood rate and increase PCT.,

After the ECC injection is initiated, the cold water
,

in all four cold legs (mostly in the intact loops) comes into )
I

contact with the steam flowing either from the core tegion
1

through the downcomer or through the hot le0 and the steam j
!

generator primary. The condensation has a balancing effect on

the vessel upper head pressure by offsetting the upper plenurn

1 pressere increase due to the SG rupture steam flowing into the

vessel.

The arnount of steam leaving the upper plenurn and so
;

the upper plenum pressure depend both on the condensation rate

in the cold legs and downcomer as well as on the pressure

losses in the intact loop stearn generator and RCp (scaling ofa

1

pressure losses in these cornponent s). Distortions in enodeling

of the loop resistances (on the higher side, in particular)

can lead to increased pressure losses in the intact loop or in
i

l

the s' mulated SG and RCp result ing in the upper * plenuma

pressure increase and reflood retardation.

-w g
,

n ,/

.
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'
.

The phonoroor.,= in the ecwncomer regser, cer,be importart

for the lower pl enum and dowr. comer filling rate. All 2CC water
/N

) is injected into the intact loop cold teg. The scaling of the

DC and modeling of injection only through o r.e integrated

intact loop will distort the real flom pattern which is

expected to develop in t he dowr. comer when the injection is

provided through the three intact loops. Also, boiling in the

downcorner (increased area-to-volume scaling) will be over-

modelled thus potentially reducing the filling rate through

the steam-liquid interaction phenomena (CCFL). The downcorner
,

,

wat_er level history becomes an irnportant parameter together

with the upper plenum pressure by controlling the reflood

progression.
,

Vapor generation in the ECC and steam g e r. erat or

secondary water heated by the metal structures in the

[ \ downcomer and upper plenum regions has also sorne impact on the .

5
'

downcomer and upper plenum pressure histories. Vapori:ation in.

'

the dowrecomer may have a favorable ef fect on reflood by

increasing the reflooding driving pressure head. However,

pressure increase due to vaporization in the upper plenurn can

retard the reflood phase.
1

1

l

1

!

3. Semiscale Test s. |

|

|

|

3.1 Description and Main Re s i,t i t s.

!
; |'

\
Nm/

|
.
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Tno CGriOO Sv1S of the Sama scale Mod-1 exparamants

simulated the phenomena in a pWR during a large break LOCA

/''N followed by the steam generator t ube rupt ure. The objective of

5\s / the experiments was to evaluate tPe ef fects of the SG tube

rupture on progression of the core reflood and, eventually, on

the core peak clad temperature (PCT) history. The results of

these ex periment s were published in 1977 and 1978 C1,2,3]. .

4 .

a .

The simplified schematic of the test facility is shown

on Fig. 1. The pWR core is simulated using 40 electrically

heated rods with 36 rods actually powered with an average

power of 1.4 MWt in all S-28 series tests. The heated length

of the rods was about 168 cm. One of the facility's loops
1

: (intact loop) represents the plant's three intact loops

combined, and the second loop represents the plant's broken
;

loop. The intact loop contained an activa steam generator and

the RCp, while the steam generator and RCp were simulated as

passive flow resistances in the broken loop.
,

Initially the system was filled with water, warmed up

to about 542 F in the cold legs using the core heater rods,

and pressurized to about 2300 psi (158 Mpa). The double ended

cold leg break transients were initiated by breaking two;

rupture discs separating the vessel inlet and the simulated

RCD outlet of the broken loop (2004 break) from the

suppression pool. pressure in the pressure suppression tank

t-epresented the containment back-pressure of about 32.6 psi

(2.25 Mpa). At approximately 5 seconds into the transient the,

hiseter power was tripped to the decay heat level.

.

v



_ - . _ . __ . _-

.

.

The HpCI oyb $ cid was initiated 1:ntandlately af ter

blowdown, while LpIS was triggered by the systern pressure

(
decaping to a set point of 1034 psi (71.3 Mpa). The ECC water

N
teenperat ure was 102.6 F (25 C). The HpCI injection flow rates

in the intact loop were around 0.025 kg/s except for the test

S-28-2 C23 (6 tubes rupture) where for en unspecified reason

it was 0.17 kg/m (see, for exarnple, Figs. 2 and 3 showing the

'HpCI voluenetric flow rat es for t est s S-28-2 and S-28-3 C43

i

LpIS flow rate was approxirnately 0. 3 kg/s for all tests (a
'

typical L'p!S history is shown on Fig. 4). It could be expected |

that the increased HPCI injection rate in the 6 tube rupture
.

case would result in faster reflood and lower PCT.
4

There were 12 experimants in the S-28 series which

differed rnainly by the nurnber of ruptured tubes in the intact

loops steam generators. Key pararneters of these experiments;

. /'' are shown in Table 1.
.

(- The steam generator secondary-to-prirnary flow caused by the

. .

rupture was simulated by injecting pressurized water f rorn a

heated accuinulator at a fixed rnetered rate into the hot let
,

piping of the intact loop steam generator. The injection 1.ne

was connected to the hot leg pipinD between the SG hot pl e ourn

and vessel.
>

The injection flow rates varied in different test s of

the Series S-28 frorn 0.054 kg/s to 0.544 kg/s which, as surni ng

that the HEM model was applicable for the choked flow

calculations, corresponded to single-ended ruptura of between

E to 60 tubes in the three intact PWR loops C53. Core area

scaling was chosen for the above calculations of

C
1

k.

;

._,. _ . - - _ _ ___ -. -
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e

.

c.a tes peno'er.ca be t ween t hw anjected r' l ow r a t e a r.c ert.i u s v a l o r, t,

number of tube ruptures. Implicattons of this choice are

f''N discussed later in 3.2.
t )

,

'

\s_/ Beside the variations imposed on the SG rupture flow

rate, sensitivity of the peak clad temperature to the time of

the rupture was also-investigated. Two sets of experiment s

have been performed with the tube rupture at 40 and 60 secones

after the blowdown; these times are supposed'to correspond to

the,beginning of refill and reflood, respectively. Comments on

-these sensitivity tests can be found in 3.3. .

The principal objective of the S-28 series of

experments was to the obtain infortnation on the peak clad

temperature magnitude and history during a LOCA complicated by ;

1
4. SG t ube rupt ure occuring after the blowdown stage. Since the

main parameter changing in these tests was the secondary-to-

primary flow rate presented through an equivalent number of
*

V) the ruptured SG tubes, the plot showing the PCT as a functiont,

of the number of ruptured tubes (Fig. 5) C53.

The two conclusions from the results were: a) the 1

|
1

cladding temperature dess not reach " . . . the temperature '

necessary to impar the structural integrity of pWR fuel rod

cladding" C53 and b) there is a fairly narrow band of the

secondary-to-primary flow rates when PCT reaches a high value

of 1250 K as seen in Fig.5. The range of the tube rupture flow

rates where the PCT has a potential of reaching high values

correspond to rupture of between 12 and 20 SG tubes.

The main purpose of this report is to review the

resulto and conclusions and attempt to evaluate the l

A
f b
\ /V
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!*

;.
'

applicabs11ty of the,.latter to a' full scale PWR wytt eed
'

undergoing a LOCA with a sien21ar scenario.

),

s/<

i
;

i

3. 2. Review of the Mod-l Scaline '

|
~

Consideretier.s ,s

i

;

There have been basically two alternatives in scaling4 .

!

the Serniscale test facility - linear and volurne scaling. The

linear scaling has certain positive features; for exarnple, it

i

preserves the loop transit tirne which is irnport ant in
,

representation of the acoustic wave propagation as well as
i

fluid transit t i rne. However, a nutnber of drawbacks in this

approach make it less appropriate when cordparing with the
i .

'

j volurne scaling. Some of the snajor disadvantages in linear
|

( scaling is a need in sealing of accelerations also, linear j

j scaling of lengths, areas, and volutnes leads to a very sena11-

! si:ed test's geotnetry and very high values of the core power
1.

density. I

Among the advantages of the volume scaling principle

followed in designing of the Mod-1 facility are preservation

of length (correct elevation representation is important in

the gravit y driven t ransient s)', preservation of the core

g eornet ri ca l pararnet ers (rod diarnet ers and pitch; the heated

length was not preserved), preservat ion of t irne, velocities,
;And acceleration.

Unavoidable cornor ornises, however, had to be snade since '

it was impossible to strictly follow the volutae scaling,

eh
1(\_J' ,

i

|

,

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

princip10 or.d at t h e ,.w amst t i m2, for 1r st ance, maar.taan

pressure losses representation in the pipess the lengths had
i

|

[ to be reduced to avoid excessively large pressure drops in the '4

*

\ss/ loop components.

1

Two st udies of the Serniscale Mod-1 and bod-3 tRst

facility scaling effects have been performed at INEL in 1973 |

and 1980 CE-83. Main issues considered problematic by these
^

studies are the followings
J

!a) Surface area to fluid volume ratios as well as the

pressure losses are larger in the model components than in the

full scale systemt
,

b) Structural heat transfer is not represented

) properly; "

c) progression of very slow transients will be

influenced by the oversi:ed SG secondary;

- d) Loop pumps do not have properly scaled l ocked-rot or

resistancess they also do not have properly scaled performance

curves. Degradation was much earlier than in the full scale
,

pumpst

el Heated length for the rod bundle is not scaled

correctly
3

'
|

f) The stemen generator and pump in the broken loop are
,

modeled as passive pressure loss components;
,

g) The downcomer gap is not scaled properly and is too
,

narrow.

!

A few selected scaling issues are discussed below.
,

9

k
:

4

4

, -
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2., 2. } St ract n al %t Trar+rer. <

O) It is recogni:ed that a large distortion (on the( I%
higher side) in the heat transfer area to the licuid volume

ratio is introduced as compared to the full-scale system when ,

~

t

a volume scaling is adopted. Thas would lead to inaccuracies j

in modeling of the heat transfer associated with the test,

~

f acility's metal structures. So that the course of the fast
,

transients (blowdowns) overly large amounts of heat will be
,i

,

deposited into the system liquid inventory, while in the case "

of slow transients, losses to the environment would be

unreasonably large.

Because of the surface area-to-volume ratio in
[

Semiscale facility is larger than in a real reactor, the vapor

generation and condensation phenomena will b,e distorted. The

('' oversealed vapor generation (or condensation) in the downcomer

k '}/ region will influence the system pressure responce ands-

!

'distribution which are important factors in the reflood

progression.a

.

3.2.2 Criticel Flow.

There are two basic issues related to modeling of the

tube rupture (secondary-to primary) flow rates estimation of

the critical flow rate and dependency of this flow rate on the

break location. As follows from [5] the HEM for choked flow

was used to find correspondence between the flow rate injected

into the SG hot leg in the experiment s and the number of t ubes
I

|
\ l

s ,

|
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*

b.

r u p'. u tw o i re thO real,.syntom wh1cn would provace the

corresponding flow rate. It sh'ould be pointed out that the HEM
A
l I model can sinnificantiv underpredict the critical flow rate
N

which would lead to misinterpretation of the PCT vs. number of

rupture tubes results.

The core area scaling was used for the secondary-to-

primary flow scaling in these evaluations. The alternatives

for scaling are the core power, system volume, and system

hydraulic resistance (C53, p. 99); the corresponding flow rate

ratios (assuming the ratio to be unit in the case of the core

'

area scaling) have been predicted to equal 0.43, 0.66, and

1.57, respectively.

This means that depending on the scaling criterion

chosen for the SG break flow rate, the inject 1on rate in the
!
'experiments simulating the SG primary-to-secondary flow can

[''' correspond to a different number of tubes ruptured in the real ),

\ I
PWR SG. For example, the 16 tubes rupt ure test (S-28-8) with

the rupture flow rate of 0.145 kg/s can be interpreted as 7 or

25 tubes break depending on whether the reactor power or

system hydraulic resistance is chosen for the break flow

scaling, respectively.

The uncertainty in the tube rupture flow rate scaling
1
'

and modeling would produce uncertainty in interpretation of

the locetion of the maximum on the PCT vs. number of rupt ures

curve (Fig. 5): the PCT curve could shift along the axis

either to the right or to the left. This would make the
1

conclusion on the band of secondary-to-primary flow rate which

produces maximum PCT (12 to 20 tubes ruptures in the tests)

s

v

)

|
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e

o

r.o u appropr38te f or' $he full scale extrapolation.

Location of the SG tube ruptures can also influer.ce
[',, \4

( ) the prirnary-to-second.ry flow rate history.

'

t

|
3.2.3 Dowr.coraar Geo Width a rid Flow Mod e l i rin . !

,

The downeorner region representation can significantly

j irapact t he core reflood developrnent. Irnportance of the
,

downcorner hydraulics has been ernphasi:ed in another series of
i

the Serni scale ex perirnents *** foot not e***) . The volurne scaling ,

8

approach together with preservation of the vertical size

utill:ed in the Mod-i test facility would have resulted in a r

very narrow downcoraer. However, in the facility the downcomer

gap area is approxirnately three t ienes larger than would be

needed to satisfy the volume scaling requireteent.

f*
t It should be pointed out here that in case of the

liquid flow in narrow gaps (like the downcorner annulus of a
q

scaled-down experimental facility) the wall friction pressure

losses and Helinholt z instability are the phenomena controlling
,

the liquid propagation in the theta and vertical directions

(as opposite to the cases when the CCFL ef fects play the raajor

role). The two former phenornena will begin to control the flow

at sorne point as the width of the annulus decreases.

The irnplication of the said above is that deperding on

scaling of the diameter of the cold leg pipe, ECC flow rate,

and the downcorner gap width oree can find, for exaraple, a CCFL

controlled phenornena in the full scale systern, and the wall

friction and Helenholt: instability controlled phonornena - in a

/%
{
(
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s

scaled-cown test fae;11ty. i

Although a CCFL analysis can be performed for the cose,_,,

/
in consideration, it has.to be reali:ed that the available

!
Wallis-type correlations C93 were developed for the ideali:ec

flow conditions and geometries. Applicability of those
-

correlations to the three dimensional flow which develops wnen

a Jet enters an annulus normally to the channel walls is '

questionable. Depending on the flow parameters and geometry, |
1

4 one can conjecture development of an oscillatory flow pattern

phenomenologically different from those in the Wallis
,

correlation data base tests.
.

i

Theoretically, however, if one were to assume that the-

| ?

j stable counter current flow conditions do develop in the
'

downcomer annulus, the following correlation had to be

considered
,

d

(Wallis corr.),

.

; 1

.

:

It follows from the correlation that at the fixed steam upflow

rates, the liquid downflow rate will increase with the !

downcomer gap diameter. This indicates that having a too
I

J narrow gap would delay the lower plenum and downcomer fill-up, i

i

retard the reflood, and potentially elevate the ACT. )
i

I

*** FOOTNOTE ***) 1

|

The alternative ECC injection testu [1], p.12, series
i

4

.

.

:

|

i

1
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L have sh ow rs tnat tng loww' pl enurn t raj ec t i on 5. c''%acere:a/ 4

adore ef fect ive than the downcorner injection in terms of the
/,,s'

,
,

i

I( core.coolireg and everit ual quenching. Note, that swatening to
.

the lower plenum ECC water inject ion essent ially elitninats

ef feet s of t he downcotaer fIow prienornena a red, to a great

extent, of the inter-phase reass trarisfer effects.

Although the latter t est s have not been dor.e with the

simultaneous SG tube rupture, the results are representative

in terrns of tne influence of the flow conditions and inter-
4

phase mass transfer phenomena in the downcomer region on the !

core reflood.

***END OF FOOTNOTE ***

i
f

Finally, it should be noted that although the bundle

heated length was smaller then in the prototype (168 cm vs.

300 cm), the linear power density in the experiments was
,

preserved. In the S-28 series, the value for liriear power

der sity was approximately 21 kW/m. It can be expected that !
,

.l
'

shortening of the heating length will result in a cuicker

quench. This, together with the fact that the bundle power

should have been 1.9 MWt in order to agree with the volume

scaling (it was about 1.4 MWt in the twsts), will bring

another degree of uncertainty in the issue of extrapolation.

3. 3. TvDicality of the Mod-1 S-28 Test Serses. ,

4

!

|
!

; '

N '

s_ .

!
<

i
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It has been emphas2:ed in all reports on tne Serni sca 4 e
'

;

Mod-1 experiments that the tests have been conceived prirnarily
7_,

k es a data base for the nuclear safety code a ss e s stne r.t

application 1. The authors caut ion the poter t ial data users

frora direct extrapolations of the result s cont ained in the

reports to full scale C1,5,83. With this i n rn a nd , we consider *

below a few issues related to typicality of the SG t ube;
, ;

; rupture series of experimants. The typicality in this context

refers to accuracy of the real reactors' cornponent s I

'

representat ion as well as of the scenario and boundary

conditions rnodeled in the experirnents.

.

3.3.1 Purces Runnino

,

As it has been rnentioned earlier, the intact loop RCp t

. [ \ is left running at 1470 rpm thus providing positive driving 1

Y~s
,

force for the stearn or two-phase flow. At t he sarne t irne, the |

l
broken loop RCp is modeled as a passive resistance component. ]

There is no clear justification for this differentiation in
_

representing the intact and broken loop RCp's behavior. The

pot e nt i a l effect of this scenario selection as a loss of

typicality in the plant representation. It also provides an i
1
!

additional driving head for reflood which enn enhance core I

cooling and bring the core ACT down.

3. 3. 2 Proben Looo purno erid SG Flow

Resistances.

A
. / T

\s_ / !
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One of the syst ern's dist ri but oc ver t aol es roos t

A rnport a nt for the reflood progression during the transient isr
fs
i b
Tg_,/ the pressure distribution in the sessel; this pressure

d14tribution controls the water flow frorn t,he downcorner region

through the lower plenum into the core. The reflood driving

!
pressure head (RDPH) is defined as the difference between the

.

sum of the cold leg pressure and the downeorner water static

head, and the sum of the upper plenum pressure and the core

static head. It is this pressure head in the vessel what

affects the core inlet flow rate.

There are many system raodeling pararnet ers which

control the sign and magnitude of RDPH. However the two major

contributors to RDPH are the hydraulic resistances of the snaan

circulation pumps and the prirnary sides of the steam
a

generators,

b
i Following the facility design, it should be expected
\

that the steam generator and pump simulators (which are

passive resistance devices in the tests) should have had the j

hydraulic resistance nine tirnes bigger (9:11 t'han CMa

corresponding values for the explicitly modeled stearn

generator and pump in the intact loop (we refer here to the

locked-rotor resistances of the RCps). This resistance

distribution follows from the fact that the intact loop in the

ex pe ri rnent s is actually rnodeling three intact loops of the

real system which implies that the flow rate through the

test's intact loop primary has to be equal to three cuarters

of the total core exit flow. 1
1

In reality, however, the rataos between the
,

J

- - -
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;

<. .

corresponding resistances were 24 to 1 for the steam

,/ generators and 41.5 to 1 for the main recareulatton pumps in

k 'ntact loops, respectively [13. Thisthe broken and i
i

distortion, together.with the fact that the intact Icop pump
'

was left on running throughout the transient may cont ribute

significantly to the uncertainty in extrapolating the results

to a real pWR. From the qualitative point of view, an increase

in the broken loop resistance can lead to elevated values of |

the upper plenum pressure and, consequently, to a delay of the '

reflood phase.
.

;

'
3.3.3 Time of tube rupture.

Time of the tubes rupture occurence is another-

parameter which introduces uncertainity in the Mod-1 t est sgs

( scenarios. The results of the rupture timing sensitivity stedy

showed that the time of initiation of the nitrogen inject 1on ;
1

into the intact loop cold leg was an equally (if not more) |

important parameter as the time of the SG rupture initiation. ]
'

Another differentiating parameter was the SG flow rate.

l
Figures 6,7, and 8 show typical cladding temperature 1

histories. Also, a large scatter in the measured PCTs was

observed even within the same range of test parameters and |
1

timing of the boundary conditions events.

Another issue related to typicality of the experiments

is the choice of location of the tube ruptures: intact vs.

broken loops. Although the latter choice should be less

smposing in terms of the steam binding, its consequences have

, v

,
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to ba investigatec.
1

|
s

, ,
,

4 Simole Celeulation of Aeflood Delev. !

,

1

,

The semisce '' test s have shown that when the steam j

tube rupture occures turing a large break LOCA, the course of,

the transient is cignificantly influenced by the number. time I
l

and location of the tube ruptures. The semi-scale facility has
j1

been designed with many scaling compromises so that only

qualitative conclusions about the course of the transient and

the dominant phenomena can be made. However, evaluation of
;results of the semiscale tests along with the available best

estimate code calculations for the large break LOCA can help
O to estimate limiting values of the import ant parameters suchjV)

as critical number of the tube ruptures and the consequent

peak clad temperature in case of a full-scale plant.

It is generally understood that if there exists any
possibility of steam tube rupture during a large break LOCA,
it is most likely to occur during the refill or reflood stage

of the transient because of the mechanical vibrations induced
by condensation. The number of the tubes ruptured at that time

can significantly affect the transient progression. The
.

critical number of the tube ruptures is a function of the
quality and flow rate at the location of tube break, and the
capacity of the heat structures in the upper head and upper

V
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plonurn. Tho host stored in the structures will vapori:e tne

liquid corning into the vessel frord the SG-secondary through

()
( ) the tube breaks. For the current ent itaat e, it as assurned that ,

%/
the tube breaks occur at the end of the refill stage; the

plant conditions at that t irne are t aken frorn a previous best
" t

estitaate calculation (Rchatgi, 1986) for a Westinghouse four- '

loop PWR. The end of refill occurred at 29 seconds in that

calculatuion.

J 4.1 The Critical Nurnber Of the Tube Ru ot ures.

The flow rate from the steam generator secondary side

to the prirnary side is estimated uhing the subcooled critical
,

flow data. This approach as used because the secondary side

has subcooled liquid; possible overestirnation of the break

flow rate is expected to make these calculations enore
1

'
1 conservative. The flow rate frorn one tube is

' Wtube=A*Gerit,

,

where Gerit is given as

The flow quality of the two phase mixture corning frorn

the break is esimated frorn an isentropic expansion frorn the

secondary side liquid conditions to the prirnary side

conditions.
,

x= (H11q, sec-Hf, pr a rn) /Hf g, prirn

(

.
_ _
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,

The ardount of liquid reaching the upper part of the
ff:

vessel frern the stearn genarator secondary per tube as given

as.
.

|

|

Wtube,11g=Wtube*(1-x)

I
|

\
'

The critical nurnber of the tubes will depend upon the j

,.

heat capacity of the structures in the upper part of the j
1
'

vessel that provide heat for evaporization of the i ncorning

liquid. The heat structure conditions _such as the teperature,

surface area, and the heat transfee ce ef ficient' are taken frorn

the previous best estirnate calculation.

1

Q= Aht st *H+ (Tht st-Tsat , prirn)

(s)_/
f>

!
The nurnber of the tubes than can be esirdated from Q i,

and Wtube,lig as

I
!

N=Q/ (wt ube,11g*Hf g, prim) J

ii

Here N is the number of tubes whose liquid portion of

|the break flow can be vapori:ed by the heat structures. For

the larger nuinber of the tube breaks the excess liquid will

Just flow down in the core region and assist in cooling the j

rods; for sinaller nuraber of the tube breaks the heat stored in
;

the structures will vapori:e all the liquid and, possibly,
i

.buperheat vapor.

O
N~>]

'

. . -
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!

,

This apprach was applied to a Westinghouse four-looo,

\ plant, where the total area of the heat structure surface in

the upper part of the vessel is about 350 m2. The heat

i

structures and the saturation temperature in the primary sice

wore assumed to be equal to'500 K and 410 K, respectively. The

heat transfer coefficient for film boiling was 3000 J/M2-K-5. l

For- the calculat ion of the break flow from the tubes, the

assumed secondary side conditions where as followings

|

'|
i

|

Tsec=530. K
|

psec=57.1 Bar

|

Atube=0.OOO1862 M2 |

|

[
'

The critical number of tubes predicted following this

approach was estimated to be 6, which is close to the

semiscale result. However, it is coincidental as the semi-

scale facility is very atypical. Furthermore, the critical

number of tubes will strongly depend upon the location of the

breaks since the steam generator secondary side has a large

variation of the fluid conditions and the amount of licuid per

tube coming into the primary side will be very different. For

breaks at the top of the U-tubes the liquid flow through the

break will be smaller and so the critical number of tubes
will be larger. It was also assumed in this calculation that

only the fluid from one side of the break will enter the uoper

part of the vessel and that the fluid will not acquire any

O

-
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hebt f r-c ra the hot leg walls.

<

|j

v
4. 2 Reflood Delav.

It has been shown in the previous discussion that the

stearn generat ed in the upper part of the vessel tends to
,

increase the pressure which irnpeades the liquid flow into the

core. However, if there is enough liquid in the downcomer so

that the hydrostatic head can overcome the pressure in the

core / upper plenum region, reflood will begin. Frorn the best

estimate calculations, the equivalent loss coefficients for ;
4

'

the total fluid path frorn the vessel to the loop breaks were
;

est iraat ed and used to estirnate the break flow. The upper

plenuta pressure was assurned to stabili:e when the stearn

I
( generation was equal to tite break flow. This is conservative
\M

as the reduction in the stearn generation due to the structures

cool-down and also decrease in the flow frota the secondary

side to the prirnary side due to the decrease in the pressure

drop has not been accounted here.

Two different times were cornputed. Firstly, the t irne

needed to fill the downcomer was computed assuming that only

three cold leg inject ion flows were corning into the downcorner

and that 50% of this injection was leaving through the break

as was predicted in the best estirnat e calculat ion at 39

seconds. Dirnensions of the vessel, downcorner, and upper part

of the vessel were corresponding to the Westinghouse plant s

\

1
!

|
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s

Volums of Verssis 123.5 m3

Volume of the Downcomer: 16.82 m3

f Volume of the Cores 41.63 m3
v

Volume of the Lower plenum: 23.2 m34

|-

| Downcomer Height: 5.64 m

Loss Coefficient from Upper plenum to Break 16.0

!
*

Total ECC Flow per Loop 168.8kg/s |
; . !

1
The larger of the two calculated times was selected as '

the delay in reflood due to the exra steam generation. In the
J i

present calculation the larger time period was 84 seconds. |

|-
#

This can be assumed to be the time by which the clad I

temperature turn-around will be delayed. Figure.... shows the

clad temperat ure for the hot rod as predicted by TRAC-pD2

|
'

(Rohatgi,1986). The peak clad temperature occurred in the 1

blowdown phase and the temperature turn around took place

around 30 secands due the flow esci11ations at the core inlet.
,

In the present estimate, this temperature turn-around in the
i

refill phase will be neglected, and it will be assumed that

the cladding continues to heat up at the rate predicted prior

to the turn-around. Figure shows the clad temperatures for
;

middle locations as extrapolated up to 84 seconds beyond the
,

e end of refill phase at 39 seconds. The peak clad temperature

in the reflood phase as estimated here will be 825 K which is
!

still smaller than the upper limit of 1478 K (2200 F) set in
:

the Appendix K of 10CFR50. |
I

Based on the simple and conservative anal'ysis it can j

|

1

i
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be concludac that withan tha assumptions applied an the model

described Jbove, the peak clad temperature for a large break

- [ LOCA coupled with steam generator tubes rupture will most
(''' l'ikely be below the 1478 K limit suggested in Appendix M.

5. Conclusions.

!
!
>

The bottom line of the evaluations of the semiscale >

experiments was answering the question whether the rate of the

steam leaving the upper plenum and the phenomena controlling

this flow rate are represented (scaled) adequately. These

phenomena control the upper plenum pressure, and thus the
|

steam binding due to the rupture flow injection. ;

The experirnental curve showing PCT as a function of
|

the equivalent number of tube ruptures (Fig. 9)

results from a superposition of effects of different

\
*

rnodeling features scaling, test facility geometry and details

in cornponent representation, and a number of scenario and

boundary condition choices. Presence of the modeling

atypicalities pointed out above makes it dif_ficult to

confidently extrapolate the conclusions based on the semiscale

results (at least in a quantitative sense) to the real PWR

sys t eras. Also, it appears not attainable to quantify a large

number of cornpet ing ef fect s leading either to increased or

decreased measured core PCT during the experiments.

It has to be pointed out, however, that the data,

obtained in the Mod-1 5-28 series of experiments still can be

used for the code assessraent ourposes as it has been intended

O
(

.
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la
t-

cy the tost dossgners. Unfortunately, tho. tube rupturo
;

E

- ex periment s sirni lar to the S-28 series have not been performed
,

at the more accurately scaled Mod-3 test facility (see for

example CS, 10-113. !

An alternative way of addressing the SG tube rupture I

!

scenario would be to first assess a pWR safety code (TRAC, for I

example) using the experimantal data from selected series of '

the Semiscale program tests and, provided that the code is

found adequate, to run the assessed code for the LOCA and SG-
;

tube-rupture scenarios. *

The. sirnalified conservative estirnates of the reflood

delay have shown that within the assumptions applied, the peak

clad t er.tperat ure for a large break LOCA coupled with st earn

|
generator tubes rupture will most likely be below the 1478 K '

limit suggested in Appendix K.
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