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UNITED STATES
P i NUCLEAR REGULATORY COMMISSION
3 . CASHINGTcN, D. C. 20555

,

%+, . . . p JAN 3 0 1981-

General Electric Company
ATTN: Dr. G. G. Sherwood, Manager

Safety and Licensing
175 Curtner Avenue
San Jose, California 95114

Dear Dr. Sherwood:

SUBJECT: ACCEPTANCE FOR REFERENCING TOPICAL REPORT NE00-24712
CORE SPRAY DESIGN METHODOLOGY CONFIRMATION TESTS

The Nuclear Regulatory Comission has completed its review of the General
Electric Company Licensing Topical Report NEDO-27412 entitled " Core Spray
Design Methodology Confirmation Tests." Although neither the report nor
the transmittal letter indicated that GE was submitting it under the NRC
licensing topical report program with the intent that it would be refer-
enced in Itcense applications, subsequent phone conversations with your
representatives have so indicated. It has therefore been reviewed there-
under. The sumary of our evaluation is attached.

The report provides a summary and conclusions developed from the program,
the test objectives, the test facility description, identification of test
parameters and test matrix, description of test operation and shakedown,
the Steam Sector Test Facility (SSTF) test results compared to the pre-
test prediction, description of the extension of the pre-test prediction,
and test results with parameter variations.

t

As a result of our review we concluded the SSTF tests constitute an
adequate confirmation of the GE spray distribution methodology for BWR/6
type spargers. Additional tests will be required to confirm the design
methodology for other.sparger designs. Further we concluded application'

of the methodology to actual plant configurations, including treatment
of prediction uncertainties, remain unresolved.

We find the report NED0-24712 is acceptable for referencing in licensing
| actions to the extent that the applicability is prescribed in the report

and within the limitations stated in the attached Topical Report Evaluation.!

We do not intend to repeat the review of the safety features described int

| the topical report and found acceptable in the attachment. Our acceptance
|

|
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applies only to the features described in the topical report and under
the conditions discussed in the attachment.

In accordance with established procedure, it is requested that General
Electric Company publish an approved version of this report, within
three months of receipt of this letter. The revision is to inccrp-
orate this letter and the attached topical report evaluation following
the title page and thus just in front of the abstract. The report
identifications of the approved reports are to have a -A suffix.

Should Nuclear Regulatory Commission criteria or regulations change
such that our conclusions as to the acceptability of the report are
invalidated, General Electric Company and/or the applicants refer-
encing the topical report will be expected to revise and resubmit
their respective documentation or submit justification for the con-
tinued effective applicability of the topical report without revision
of their respective docur.entation.

Sincerely, ,

h SScAU
Robert L. Tedesco, Assistant Director

for Licensing
Division of Licensing

Enclosure:
Topical Report

Evaluation
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TOPICAL REPORT EVALUATION

REPORT NUMBER AND TITLE: NED0-24712, " Core Spray Design Methodology
Confirmation Tests," August 1979.

Originating Organization: General Electric Company

Reviewed by: Reactor Systems Branch
Core Performance Branch

BACKGROUND

The core spray (CS) systems are one component of the Emergency Core Cooling System,

(ECCS) for all BWRs. CS systems have a nozzle or a set of nozzles arranged to

distribute water over the top of the core following a postulated loss of coolant

accident (LOCA). A typical BWR/6 spray sparger arrangement is shown schematically
,

in Figure 1 where the spray from only two of many nozzles is depicted. ~Each

fuel bundle must receive a specified minimum amount of coolant from the CS

system to provide the post-LOCA spray cooling assumed in the LOCA analyses.

During tests conducted in Europe (the results of which were later confirmed

by tests conducted by the General Electric Company), it was discovered that

the presence of steam and/or increased pressure in and above the upper core region

could adversely affect the distribution of flow from certain types of core spray

nozzles.

Prior to this discovery, GE had conducted full scale spray distribution tests

in air at abnospheric pressure for all BWR/2 and later designs to ensure that the

necessary minimum coolant flow would be provided to each' fuel bundle. Those

tests were performed in a full scale test facility which used the actual core

spray nozzle geometry (Spacing, type, arrangement and alignnent) spraying

water over a mockup of the top of the reactor core. Core spray flow into

mockup " fuel bundles" was collected and measured.
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Open literature data and data obtained by GE for nozzles spraying into a

steam environment show that beyond a few nozzle diameters, the spray water

becomes saturated provided sufficient steam is available to saturate the

water. This led GE to postulate that spray water from the nozzles was

influenced by the steam near the nozzle but interaction effects where the,

i spray jets intermix is essentially hydrodynamic. Therefore, steam and

hydrodynamic effects are separable.

GE proposed the following methodology for determining the spray distribution
.

in a BWR with a steam environment:
.

1. Single nozzle, full scale tests are performed in steam for each spray

nozzle type. The horizontal spray facility (HSF) with a collector assembly

as shown in Figure 2 is used for these tests.

| 2. Data from the HSF are used for three purposes: (a) a " simulator" nozzle is

developed which simulates, in air, the spray pattern produced by the actual

nozzle in the HSF in steam, (b) the data are used to calibrate a single

nozzle calculational model which can extend the HSF data base; and (c) the

data are used directly as input to a multiple-nozzle model.

3. Multiple nozzle full-scale tests are conducted in air to determine

nozzle-to-nozzle interaction effects on overall spray distribution patterns.

These tests are conducted using the " simulator" nozzles developed as

described in 2a above. These data obtained are used with the single

nozzle model described in 2b above so that the model predicts spray

distributions from multiple nozzles in steam.

|

|

|

|
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4. A full-reactor representation of core spray distribution in steam is

,

obtained by using the multi-nozzle model described in 3 above in
,

conjunction with a full-scale, 3600 spray test conducted in air using the

" simulator" nozzles previously described.

i

This methodology, which is shown in Figure 3, is confirmed for the BWR/6

sparger design by the data analysis reported in NED0-24712.

SUMMARY OF REPORT

I Core spray system performance for a full-scale 30 sector of a simulated BWR/6-218

was predicted using the methodology described in the previous section and comparison

tests were then run with a typical reactor steam environment in the GE Steam !

Sector Test Facility (SSTF) at Lynn, Massachusetts. Test results confirmed the

capability of GE's core spray design methodology to predict spray distr,1bution

performance of multiple-nozzle core spray systems similar to the BWR/6 design

operating in a steam environment. Pre-test predictions compare well with the'

'

test results.
,

Figure 4 is a schematic representation of that test section components. The
i

upper plenum is a full-scale mockup of a 30' sector of the reference upper

plenum with accurate simulation of geometric shape and shroud head curvature and

height. Standpipes simulating the steam separators extend up from the shroud

head. The upper and lower core spray spargers are full-scale mockups of 30* t;

sectors of the reference HPCS and LPCS spargers with regard to size, curvature,
j

'

location and nozzles. The core region simulation includes both mock fuel bundles
|

|

f
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and bypass region. The core region is. full-scale in cross-section, but is
;

approximately five feet shorter than the BWR reference due to overall facility

height limitations. Fifty-eight mock fuel bundles are included in the 30

sector; 42 complete bundles and 16 partial bundles having removable cover ,

!plates and baffles to simulate the 30 boundary within the partial bundle.,

The bundles use production version hardware for channel, channel fasteners

and spacerm upper tieplate, lower tieplate, and finger springs. Simulated

fuel rods are included in both the upper and lower tieplate regions. Upper

fuel rod simulation includes production version expansion springs, end pins,

locking tab washers, hexagon nuts, and one fuel red spacer. A steam ir.jector

tube is provided in each bundle below the upper rods to deliver the channel

steam from the steam distribution manifold located outside the 30 shroud wall.

A weir-tube measuring device is provided in each bundle above the lower rods

to measure the liquid flow. The bypass region flow area is simulated and

includes dummy control rods mounted on production version fuel support

castings. Leakage and flow path simulation between bundle, bypass, upper

plenum, lower plenum, and guide tube is assured by using production version

hardware in conjunction with accurate representations of the top fuel guide

and core plate. However, there is no steam injection provided in the

bypass region.

.

Figures 5 and 6 are representative of the comparison of pre-test predictions

with test data. Although a wide uncertainty band is attached to the pre-test

prediction, actual data are well within that band. Tests also showed the effects

of pressure and steam upflow variations to be small below the flooding limit

for counter-current flow.
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REGULATORY EVALUATION
i

Although Staff evaluation of the results from the SSTF included many facets

of the spray distribution problem, including adequacy of the flow measuring

system effect of steam flow distribution, characteristics of the steam injectors,

wall effects, uncertainty in aiming angle of nozzles, pressure effects, steam
,

flow rate effects, method of data analysis and fidelity of simulation. The
,

main points of concern were:

1. Considering the large uncertainty bands presented, can meani69ful results

te obtained from the tests?
.

2. Are the variations with pressure and steam flow as small as claimed?

3. Does a shift in the location of minimum bundle flow from single sparger

tests to double sparger tests contradict results obtained from the design

methodology?

Although error bands on the pre-test predictions are quite large, actual data

; comparet very well with predicted points. Close scrutiry of the data show pressure

and steam flow effects to be small but not negligible. Interaction effects obtained

from air tests with simulator nozzles do prcdict the shift in location of minimum

bundle flow from single sparger tests to double sparger tests and actually predicti

!
'

the correct radius for minimum bundle flow.
,

1
'

Therefore, the SSTF tests constitute a confirmation of the GE spray distribution

design methodology for BWR/6 type spargers. Additional tests will be required for
'

other sparger designs.
1

i

l

(
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REGULATORY POSITION

The SSTF tests conducted at Lynn, Passachusetts, constitute an adequate
,

confirmation of the GE spray distribution methodology for BWR/6 type sparger

designs. Additional tests will be required to confirm the design methodology

for other sparger designs. Further, application of the methodology to

actual plant configurations, including treatment of prediction uncertainties,

remain unresolved.
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ABSTRACT

Core spray system performance for a full-scale 30* eector was predicted
I and comparison tests then run with a typical reactor steam environment

in the General Electric Steam Sector Test Facility at Lynn,
Massachusette. Test resulta confirmed the capability of General
Electric's core spray design methodology to predict spray distribution
performance of multiple-nonale core spray eyetema operating in a steam
environmen'. Core steam updraft flou variatione vere shown to have
very little influence on the spray distribution and preceure effects
were small.
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1. SUMMARY AND CONCLUSIONS

The General Electric core spray design methodology is used to predict spray

distribution performance of multiple-nozzle core spray systems operating in

a steam environment. Measurements of single nozzle spray distribution in

steam and measurements of single and multiple nozzle sprays in air are used

to account for both thermodynamic and hydrodynamic effects. To confirm the

methodology, spray performance for a full-scale 30* sector system was predicted
and comparison tests then run with a typical reactor steam environment in the

General Electric Steam Sector Test Facility (SSTF) at Lynn, Massachusetts.

1 The present report demonstrates that the pre-test prediction compares well
with the test results. The data fall within the acceptance bounds defined

with the pre-test predictions and, hence, confirm the capability of the

methodology to predict steam environment effects on spray distribution

performance. The results substantiate the key assumption of separability of

thermodynamic and hydrodynamic effects. The data show that there is a very

small influence on the spray distribution by core steam updraft flow variations

over the realistic simulation range of this test facility. Pressure effects,

as expected, are small with individual nozzle spray patterns contracting

slightly due to the increased condensation, and negligible effects on the

interactions among nozzles.

I
.

,
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;

,

2. TEST OBJECTIVES

The objective of the test program was to confirm the core spray design

methodology for reactor steam environments. The primary confirmation was made

at system pressure of 29.5 psia and spray water temperature of 145'F. Additional

objectives were to evaluate the generality of the predicted distribution through

systematic sensitivity studies with varying steam updraft and system pressure,

and double sparger operation. The following specific test objectives were

defined.
,

s. To compare the multi-nozzle spray distribution measured in steam

i with that previously predicted with the GE methodology.

1

b. To evaluate system pressure effects on spray distribution.

c. To evaluate steam updraft effects on spray distribution.

d. To evaluate double sparger performance.
;

,

|

|

.

! ,
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2-1/2-2

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



__ . .

NEDO-24712-A

3. TEST FACILITY DESCRIPTION

The 30' Steam Sector Test Facility (SSTF) is located at General Electric's
gas turbine / jet engine installation in Lynn, Massachusetts. Facility construc-
tion was initiated in 1977, with the first tests performed early in 1979.

Following is a description of the SSTF categorized in terms of 30* sector
internals, pressure vessel, control and instrumentation, facility services and

loop hardware, and vapor injection simulation.

3.1 30* SECTOR INTERNALS

The 30* Sector Internals provide accurate representation of the reference

BWR/6-218 (624 bundle) reactor through the use of prototypical hardware and

geometry. Figure 3-1 is a schematic representation of the test section

components. The upper plenum is a full-scale mockup of a 30* sector of the
reference upper plenum with accurate simulation of geometric shape, and throud
head curvature and height. Standpipes simulcting the steam separators extend

up from the shroud head. The upper and lower core spray spargers are full-scale
mockups of 30* sectors of the reference HPCS and LPCS spargers with regard to
size, curvature, location and nozzles. The core region simulation includes both
mock fuel bundles and bypass region. The core region is full-scale in cross-

section, but is approximately five feet shorter than the BWR reference due to
overall facility height limitations. Fif ty-eight mock fuel bundles are included
in the 30* sector; 42 complete bundles and 16 partial bundles having removable
cover plates and baffles to simulate the 30* boundary within the partial bundle.
The bundles utilize production version hardware for channel, channel fasteners
and spacer, upper tieplate, lower tieplate, and finger springs. Simulated fuel

rods are included in both the upper and lower tieplate regions. Upper fuel rod
simulation includes production version expansion springs, end pins, locking tab

|
washers, hexagon nuts, and one fuel rod spacer. A steam injector tube is provided
in each bundle below the upper rods to deliver the channel steam from the steam
distribution manifold located outside the 30' shroud wall. A weir-tube measuring

device is provided in each bundle above the lower rods to measure the liquid
flow. The bypass region flow area is simulated and includes dummy control rods
mounted on production version fuel support castings. Leakage and flow path

|

3-1



s ; - | ' l '

.

eC> >ztn ,
D

61
9

p s 2
0

- 9

|

f/f, -
-

"j /
' -v'*..

- *
-

_- (3

,. s
, (u

- , u a ; n aw, A o e
T, E v2 i r

-
.

3 Ss e2- T A7 Ts s A D WA o'r
g %el t

Eu T L
AEu luu uF

%~'
' n ur t

u $ $
=A l

Ne
r

~ nf |
1 o

W ~ .:* |

h k* . Q \. , ,
..

> s i
' .

t( q 1 c
'

<-

e
S

|f;s-

,- t
(i s

'
|! j el

T_

.

. r
o
t

- c
e.

S

_. m.

3 a
_62 e

t
r o S

cos
-

'

-
| _ h/ 0

.

c 3oN
_

i

4 .

N
12 L

u Eu -u Na

TU3 h 3n Nr
_ eu At P2

tA Hs R ePe

Ce
[ rat r

|
gs s uT A

W - gr
e

i
F

/ RNr1q s. /e9 EIx 8, 0ARrAc o 5
- i i Qs

- # d WD

%
| ,J* #. S

V' _ ||i ,. ' ''
r-c Er L Gu P

Q R Me

fg Av uIl 4\ # H ,
P'

]- u a 3yS1
C

- ' A I 0
D3, 0;-

'' | N !' Re.gaa, '- y' : I ',- s
. y * , ETO,' A T

,

.yi e ' W'
i

yp {~ y |0y t
sI

i [h ygfr-

s
e

cn Ar
W<

[ -

ysr a eo c R n

Tre sE
t A cT
W P A A

W "WL

e
wda

d . i ] | ;



.--- . -
_

NED0-24712-A

simulation between bundle, bypass, upper plenum, lower plenum, and guide tube
is assured by using production version hardware in conjunction with accurate

representations of the top fuel guide and core plate. However, there is no

steam injection provided in the bypass region. Twelve volume-scaled guide tube
regions are provided (one for each of the twelve centrally located side-entry
fuel supports). The lower plenum volume represents the scaled volume of the
reference lower plenum region outside the guide tubes.

An overview of the 30* sector core region and ECCS sparger location is shown
in Figure 3-2, displaying the relationship between the fifty-eight bundles and

the core spray nozzle locations. Elbows, nipples and header orifices are used

to connect the spray nozzles to the spray header, as shown in Figure 3-3. The

nozzle assemblies are aligned as shown in Figure 3-3, with the inclination <

angles and header orifices shown in Table 3-1. Figures 3-4 and 3-5 are photo-
graphs of the core region and nozzle arrangement, respectively. The relation-

ship between the nozzle aiming and the bundle row serving as a centerline

" target" is shown for each nozzle in Appendix A.

3.2 PRESSURE VESSEL

The SSTF pressure vessel (14-foot inside diameter and 27-foot inside height)
serves as a pressure envelope for the 30* sector internals. The vessel is

desi ned with numerous nozzles and penetrations to permit attaching the6

various process lines which service the internals and to provide routing for the

various instrumentation lines and cables. The vessel is surrounded by service

platforms and walkways and is serviced by a traveling overhead crane.

!

! 3.3 CONTROL AND INSTRUMENTATION
;

; An air-conditioned control room' houses the process control equipment and data

acquisition system (DAS). Process instrumentation and valves are provided to
monitor and control temperature, pressure and flow in the steam supply headers,
. water recirculation lines, ECCS lines, and vent system. Figure 3-6 is a sche-

matic of this hardware. The DAS utilizes a Hewlett-Packard processor with 32K

memory, 256 channels of multiplexer input, and a 50 megabyte disc pack. This DAS

|

3-3

__ _ _ _ _ _



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

Table 3-1
1

N0ZZLE CONFIGURATION SPECIFICATIONS

Upper Sparger Header Orifice
'

, - -

1 Nozzle Type Nozz.le Position Inclination Angle *- Thread X Length x I.D., In. -/ j

j SPRACO 2935M** UEl, UI3, UBS -37.* 1.00 x 1.85 x 1.00 ;

i- 1 in. 0.E. (street) UB2, UB4 - 8.* 1.00 x 1.33 x 0.75
; -- 1 in. 0.E. w/ nipple UF1, UF2, UF3, UF4 -64.* 1.00 x 2.30 x 0.62
;

i
,

Lower Sparger '
_

] SPRACO 2935M** LB1, LB3, LB5 -25.* 1.00 x 1.33 x 1.00,

i
~

l in. O.E. (street) LB2, LB4 - 3.* 1.00 x 1.33 x 0.75 g
- e3/4 in. 0.E. (regular) LF1, LF2, LF3, LF4 -50.* 0.75 x 1.33 x 0.62 o

u o-
E C';.

- -

Y
>.

,V,
7

* Angle from the horizontal direction. A negative angle means a downward aiming " ' '

(see Figure 3-3).
**SPRACO currently designates this nozzle design as 518620.

! !

!

~

t .-
#

.

|L L: s

\

,

. I

i

1
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l
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085 OR LB5 (SPRACO
2935 M)

LF 4 (0.75 in. O.E.)
0 112.08

'~
~ UF4 (1 in. O.E. (ST.)

W/ NIP.) \/ {. 4 5f 8.75 _

UB4 OR L84 (1 in.
' & 17 % 7 23 3+

0 E.(ST.ll
,

6 N7 8 9
%

LF3 (0.75 in. O.E.)
. N ROW

2.08
~ - D k Q ( j / N "'% 2N10 11 12 g3s

UF3 (1 in. O.E. (ST.) \ / g / - '3' M
~

W/ NIP.) %
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N
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'
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i,
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~

sr V " 7 &, w O' _ } y V

h /| \ / \ / (-"W' 92-.'-'
.bP': CU83 08 L83 (SPR ACO-- 8 / #

$.
2935 M) o 'g gpy 4,58

-- ,0 -
54,4 ,4 ,

yw
J7 './ ] g - 8 / , , - .

5 g} '] /
LF2 (0.75 in. O.E*)-

- =
I'f ,,I

- - N
" e

d \ 38 4 *4 > A50 >o 2""
( RADIUSi

UF2 (1 in. O.E. (ST.) I M V X P: si:-:rs 45 39 33

|S
W/ NIP.) p+

6733 / N 28 34 j

11.17
UB2 or L82 (1 in. O.E. ' 63 57*

IU II y 8 y
14.5 g 81 75LF 1 (0.75 in. O.E.)

UF 1 (1 in. O.E. (ST.)
W/ NIP.)

U81 OR L81 (SPRACO
2935 M)

Figure 3-2. Core Spray Nozzle Location (30 SSTF)
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hardware in conjunction with the associated data acquisition and reduction
software provides quick-look capability in engineering units through the use
of the operator's terminal with graphics features and two color television

monitors for displaying the results of on-line data handling. On-site genera-
tion of hard copy test results is provided by a Versatec printer / plotter.

Permanent raw data storage is provided by a nine-track magnetic tape recorder
in a format compatible with G.E. 's (San Jose) Honeywell 6000 computer for
additional post-test data processing. Test instrumentation and signal condi-

tioning include pressure and differential pressure transducers, and thermo-

couples as shown in Figure 3-1. The ECCS spray distribution is determined

from individual bundle flow measurements provided by weir flow elements

internal to each mock fuel bundle. The weir flow element (weir tube - see
Figure 3-7) relates flow to the liquid level sustained in the weir element.

Two precision differential pressure transducers sequentially measure the liquid

level in the 58 individual weirs through a multiport scanivalve interface.
,

Integral to the weir measurement system is a DAS-sequenced water purge sub-
system which prevents flashing of the measurement line fluid. Figure 3-7

schematically depicts the principal elements of the weir tube flow measutement

system.

An inplace weir calibration system provides controlled and measured water

flows to thirteen weir tubes selected from the 58 bundle array, allowing on-

line calibration checks under pressurized operating conditions. Two portable

lines allow calibration of the remaining weirs under ambient conditions. A

complete description of the bundle flow measurement system, including calibra-

tion data, is available in Reference 1.

,

3.4 FACILITY SERVICES AND LOOP HARDWARE

The SSTF is located in the central region of an existing turbine hall, to which

! the necessary process equipment and loop hardware have been installed to provide

the required services to the facility. Figure 3-6 is a schematic of facility
|
I and external loop hardware. A steam supply of 110,000 lbm/hr at 150 psia and
| 388*F is available. Steam is routed to the pressure vessel through ten-inch

| headers to an upper plenum supply nozzle (60,000 lbm/hr maximum) and to a
,

.

3-10
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mock fuel bundle supply nozzle (50,000 lbm/hr maximum). Water is supplied to
the facility from a 10,000 gallon condensate tank and retained in an 18,000

gallon supply tank which.is part of the ECCS water supply and recirculation loop.

The temperature of the water in the tank can be controlled by recirculating

through a 500 gpm heat exchanger loop. Water from the lower plenum of the test

section is pumped back to the supply tank via a single pass heat exchanger unit

capable of reducing the temperature of 600 gpm of loop water from 320"F to 110*F.
The ECCS supply system provides flows representative of the reference BWR/6-218

reactor. The system consists of three 600 gpm pumps connected in parallel to

provide up to 1800 gpm at 130 psi to the ten-inch main ECC3 header. This main

header in turn supplies a six-inch HPCS line with up to 533 gpm, a six-inch

LPCS line with up to 533 gpm, and an eight-inch LPCI line with up to 1333 gpm.

The three individual ECCS lines are routed te separate nozzles on the pressure

vessel. A 12-inch steam vent located at the top of the pressure vessel is

capable of handling up to 75,000 lbm/hr at 125 psi vessel pressure.

3.5 VAPOR INJECTION SIMULATION-

The facility simulates vapor generation in the core, but does not simulate the

flashing vapor flow in the bypass. The core steam updraft into the upper

plenum is, thus, supplied by injection into each individual fuel channel, but

not into the surrounding bypass region. As a result, it is expected for high

steam flows that the stagnant bypass would act as an atypical sink to collect

the small drops that are levitated and diverted by the high vapor velocities

through the upper tieplate openings *. This phenomenon can be approximately

predicted with a first order analysis (c.f. Appendix B).

The facility design with no vapor injection into the bypass region is judged

acceptable. For this core spray distribution investigation the steam updraft

*In a reactor with flashing vapor updraft in the bypass, the small drops would
continue to be levitated until they either coalesce and fall down or contact

I surfaces and run down as liquid films. For that condition, the levitated

| small drops would be distributed between the fuel bundles and the bypass,
rather than favoring a stagnant bypass.

3-12
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,

range for which the droplet diversion is negligible covers the full range of

interest for single header operation (i.e., from zero updraft to balanced

updraft /downdraft), which is the critical condition to confirm the prediction
methodology. The compromise does, however, limit the methodology confirmation

i comparisons for two header operation to core flows below the balanced updraft /
downdraft point. These conclusions are confirmed by the analysis of Appendix B
and the :alibration testa discussed in Section 5.

.i
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:

4. TEST PARAMETERS AND TEST MATRIX

The SSTF was sized to provide a spray distribution as similar to a full 360*
core spray distribution as possible. Before design of the facility, tests-

were run in the Vallecitos Spray Facility (VSF) using sector sizes from

27* to 360*. Data from these tests are shown in Figure 4-1. These data show

that spray distribution is not sensitive to sector size except for the 2 ft

radial region of the central core. Since the core center region cannot be

ma'tched by any sector size short of 360*, 30* was selected for the SSTF design.

In order to properly model the vapor flow paths, walls must be used on the

sides of the 30* sector. Tests were run in the VSF with and without the
sector walls in place. The test results, shown in Figure 4-2, demonstrate that

the influence of the walls is also confined to the center two feet of the core.

4

: Steam can enter the reactor upper plenum from the core and/or from the steam
separators, as shown in Figure 4-3. If all the steam required for condensation

on the spray entered from the core, the spray flow to some bundles would be
,

l limited by the vapor updraft through the bundle upper tieplates, and the

resulting measured distribution would include both core spray distribution

and counter-current flow effects. Therefore, it would not be possible to
,

determine the success or failure of the core spray methodology. The nominal

test used for methodology confirmation was with balanced updraft /downdraft
(i.e., half the steam required for condensation in the spray comes from the

core and half down through the separators). This was achieved in the SSTF

(see Figure 4-4) by injecting one-half the required steam flow into the
I

simulated fuel bundles and allowing the remaining steam to be drawn down
|

through the separators from the steam dome. The jet pump flow path, which
! would allow steam to flow from the core back through the jet pumps and

f annulus to the upper plenum, was closed off by raising the water level in the

! lower plenum to cover the jet pump exit.
!

,

The steam flow through the fuel bundles is individually set for each bundle
by using appropriate orifices in the steam manifold. The steam flow through
the steam separators is supplied as demanded by condensation on the spray

|

|'
<
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to maintain steady-state pressure in the upper plenum. Therefore, only the
fuel bundle steam flux can be regarded as an independent test parameter. The
total steam inlet flow (sum of bundle and plenum steam) and vent flow are not

independent at steady-state. The steam vent flow was nominally 10% of
total steam inlet flow for the tests.

The nominal condition of zero net steam velocity in the upper plenum was met

by controlling the total core steam flow at a value corresponding to half-
condensing steam flow, i.e., one-half of the steam which is condensed by the

spray water as determined by energy balance considerations. The balance of
the steam was then free to enter the plenum through the standpipes. The
calculated values of half-condensing steam flow are summarized in Table 4-1.

The fuel bundle steam flux is specified with two parameters: (1) the sum
of individual fuel bundle steam flows, and (2) the profile of the fuel bundle
steam flow distribution. Of these two parameters, the first parameter was

an independent test parameter and the second one was fixed for all tests.
The steam profile simulates expected heat generation rates in the bundles,
specified from calculated bundle radial power factors. A typical BWR/6-218
(624) end-of-cycle core radial power distribution was selected. To calculate
steam flows from steam manifold branches to individual bundles (full or partial)
of the SSTF, the steam flow distribution was averaged circumferentially for the
whole core with the radial power distribution. Then, each branch of the steam
manifold was assigned a steam flow according to the core radius of its
corresponding fuel bundle with adjustment for whether the bundle section
is complete or partial. The steam manifold branch flows thus calculated and
normalized to the average branch flow are shown in Figure 4-5.

The reference case chosen for qualifying the core spray distribution
methodology utilized system conditions of 29.5 psia, spray water temperature
of 145*F, and 525 gpm spray flow for each sparger in operation.

!

To meet the objectives of the test program, tests were performed with each
spray header operating individually and with both headers operating
simultaneously. A spray flow rate of 525 gpm for each operating header

4-6
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Table 4-1

HALF-CONDENSING STEAM FLOWS (1bm/hr)

Single Header Double Header

525 gpm per Header at 145'F

29.5 psia 14,000 28,000

44.1 psia 18,000 36,000

73.5 psia 23,000 46,000

525 gpm per Header at 185*F

29.5 psia 8,500 17,000

44.1 psia 12,000 24,000

73.5 psia 17,000 34,000

|

,

4-7
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4

was used for all tests. System pressures of 44.1 psia and 73.5 psia were

tested in addition to the 29.5 psia reference pressure. Core steam flow

rates were varied from zero to 46,000 lb/hr during the test series. In,

addition to updraft tests in the range of applicable flow rates, which were

performed at a spray temperature of 145"F, a number of calibration tests
extending beyond the applicable range of flows were performed at 185*F spray
temperature to evaluate the drop diversion effect of an open bypass without

steam injection. All of these tests are summarized in matrix format in

Figure 4-6.

,

i

4

' 4-9
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|

~l
!

|

|.
Calibration Tests Cbre Spray Distribution Tests at 145'F

at 185'F
i '[btal upper Header (HPCS) l'pper Header (HPCS) Lower Header (LPCS) Double Header
j Core Steam

Flow 14 ate 29.5 44.1 73.5 29.5 44.1 73.5 29.5 44.1 73.5 29.5 44.1 73.5
(1b/hr) (psia) (psia) (psia) (psia) (psla) (psla) (psia) (psia) (psia) (psia) (psia) (psia)

|
*

3-2 1-3l-1 3-1 f2i 0 G-2F 1 1A , 2A , 1-3A*
4 14,000 G-2A CS-3.2 CS-3.1

18,000 CS-22A CS-30 CS-41 G-37

20,000 CS-2B G-27 CS-35

1 22,500 CS-29 CS-36

f 24,000 CS-22B CS-34A CS-31 CS-38

25,000 CS-2C

27,500 CS-2D

28,000 CS-33

) 30,000 Gr-2E CS-22C G-34B CS-28 C!HO G-45

i 35,000 CS-34C

36,000 G-39
,

46,000 G-44
;

1

l

!

* Reference case tests for otmparison with pre-test prediction.,

I

;

|

i
i

;

,

i

! Figure 4-6. Test Matrix

i

l
i
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5. TEST OPERATION AND SHAKEDOWN4

Care was taken.throughout the testing to assure the quality of the data and

to verify test conditions and results. Verification sheets were completed

for each block of tests to ensure that the instrumentation required for the

measurements were properly calibrated, that the necessary systems were opera-
tional and verified, and that required shakedown tests were performed. Any

i deviation noted or corrective actions taken were documented. A master

instrument list and a work file provided documentation to describe the

measurements made and the manner in which the measurements were displayed.

Test checklist and run sheets provided assurance that the necessary actions

and operations were performed prior to, during, and following each test, and

that the required conditions were met by the tests. Test operation summary
sheets were prepared immediately following a test to evaluate mass and heat
balances, to verify selected measurements, and to check pre- and posr-test

i condicions of selected instruments. This permitted early determination of

the validity of a test and provided data for evaluation and analysis.

A number of operational checks and pretest verifications were performed

during the shakedown phase of testing to satisfy operational requirements which

were defined as being necessary to ensure meaningful testing in the 30* SSTF.
These included instrument calibrations, test section verifications, data

acquisition system checks, functional checks of flow, heat exchanger and

superheater capabilities, and facility drainage and control characteristics.

l

.
Tests T1 and T4 measured the flow rates for the individual core spray nozzles

| on each header at 525 gpm total core spray header flow. Table 5-1 presents:

| the measured results for the upper and lower headers as well as the specified

I value for each nozzle type. Specified values were obtained from earlier

VSF tests. All data falls within the i10% allowable deviation specified as

an acceptance criteria.
;

!

|
,

5-1
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3

Table 5-1

INDIVIDUAL CORE SPRAY N0ZZLE FLOW RESULTS
2

Specified Measured
Header Nozzle Flow Flow

Location Location Nozzle Type (gpm) (gpm)

SSTF Test T1

j Upper UB1 Spraco 2935M 60.2 60.4

| Upper UF1 1 inch 0.E. (w/ nipple) 48.1 45.9

$ Upper UB2 1 inch 0.E. '(Street) 68.7 66.8

; Upper UF2 1 inch 0.E. (w/ nipple) 48.1 51.8

| Upper UB3 Spraco 2935M 60.2 61.6

Upper UF3 1 inch 0.E. (w/ nipple) 48.1 49.9

Upper UB4 1 inch 0.E. (Street) 68.7 65.6

! Upper UF4 1 inch 0.E. (w/ nipple) 48.1 48.3

| Upper UB5 Spraco 2935M o0.2 61.0

SSTF Test T4

Lower LB1 Spraco 2935M 60.4 64.3

Lower LF1 3/4 inch 0 E. (regular) 47.8 48.0
i

Lower LB2 1 inch 0.E. (Street) 69.6 63.7

i,- Lower LF2 3/4 inch 0.E. (regular) 47.8 48.3

|
Lower LB3 Spraco 2935M 60.4 64.3

Lower LF3 3/4 inch 0.E. (regular) 47.8 49.3

; Lower LB4 1 inch 0.E. (Street) 69.6 64.4

Lower LF4 3/4 inch 0.E. (regular) 47.8 49.1
|

Lower LB5 Spraco 2935M 60.4 61.7

|

!

:

i

f

i

i

i
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Data repeatability was verified several times during testing. Figure 5-1 shows

the results of two tests performed with the lower header in an air atmosphere.

These tests were separated by over two months and include the effect of nozzle

removal, reinstallation, and re-aiming which occurred during that period. The

demonstrated repeatability is very good.

Figure 5-2 shows data from three tests which demonstrates the negligible

effect on distribution from differences in the amount of superheat of the steam
'

environment. The three tests represent 0*F, 5*F, and 24*F superheat. These
tests were all run at 29.5 psia without core steam injection.

A series of tieback tests were performed to verify the similarity of the SSTF

to other facilities used in core spray distribution testing. The verification

was demonstrated by comparing data taken in the SSTF with data from the VSF

and the Horizontal Spray Facility (HSF) under the same test conditions.
Test T10 was a spray distribution test performed in air with the sector walls

and fuel channel cover plates removed. Figure 5-3 compares the SSTF lower

header data from Test T10 with VSF data at identical test conditions and

demonstrates the good tieback achieved.

Tests T7 and T9 were lower header tests performed in air to compare results

with and without the 30' sector walls in place. Figure 5-4 shows the comparison

to be very good (i.e. , negligible wall effect) for Test T7 with walls and

Test T9 without walls. The figure also shows the tieback to a VSF test

performed with walls.
,

Test Tile was a spray distribution measurement test for a single SPRACO 2935M'

i nozzle * on the upper header in a two-atmosphere steam environment. Figure 5-5
i compares data from Test T11E with data from the HSF. This comparison is

j considered to be very good considering the measuremant grid offset between the
SSTF and HSF tests ** and the semi-hollow spray distribution of this nozzle at

some conditions in steam, which results in noticeable changes in distribution

relative to small variations in measurement location.

*SPRACO currently designates this nozzle design as 518620.
**The measurement grid offset occurs because the SSTF header / bundle configuration
did not permit exact duplication of the HSF positioning.
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Drop diversion phenomena at the top of the bundles was investigated in an
's. , e

>

upper plenum geometry to evaluate the impact of having no stead flow in the
x4 3

bypass as discussed in Section 3. These calibration tests define'the region ,

where the facility configuration is not appropriate for methodo1(.,gy |
\'confirmation because of the drop diversion effect.

As expected, it was observed that high core steam flow rate resulted in a

decrease in the bundle liquid downflow. The decreased bundle dradnage was t
'

'

balanced by increased bypass drainage, with no net change in total liquid, N ]:

flow to the-lower plenum. The open bypass without steam updraf t results jn
.

spray droplets being diverted to the bypass region at high: core steam flows.
5

.

i

Total liquid downflow data are cross-plotted in Figure 5-6 for a series of

HPCS tests with different core steam. flows at 29.5 psia and 185'F spray

temperature. Also shown is the drop diversion estimated from a drop terminal
velocity analysis described in Appendix B. The region of drop diversion is

reasonably predicted by this analy' sis, although the calculated decrease is
sharper than the measured decrease. It(can be seen from this figure that
for the droplet sizes present, there is a significant (>10%) drop diversion

phenomena for core steam flows greater than approximately 20,000 lb/hr

(corresponding to bundle flows of'4,00 lb/hr). Hence, core spray methodology
evaluations cannot be performed in this facility'for steam updraft flows

' above that value. As previously indicated, that only restricts evaluations

for some' conditions of double header operation. y

s

;

4

4

4
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6. SSTF TEST RESULTS COMPARED TO THE PRE-TEST PREDICTION

A pretest prediction report was submitted to the NRC in April, 1979 . This

report described the application of the core spray design methodology to the
SSTF, and contained the predicted bundle flows along the test facility center-

line. The method of combining single nozzle spray distributions in a steaa

environment with multiple nozzle interaction effects was described in this

report. In addition, acceptance criteria for confirming the prediction method-

ology were supplied in the form of uncertaint3 .imits. The prediction methodology

would subsequently be confirmed if the appropriate fraction (95%) of the test

data fell within these two-sigma uncertainty limits.

The region of the pre-test prediction is shown by the heavy line in Figure 6-1.

Since the individual nozzle distribution data are a field of point functions,

not a continuous function, the superposition of the contributions from cll the

nozzles results in a distribution calculated along a radial chord, e.g., the

centerline of the 30' sector. This centerline prediction is then compared to

the measured distribution, which is the average * of the flow collected by the
bundles adjacent to each side of the centerline.

Flow measurement data are taken in the facility as described in Section 3.

Flows are measured into all 58 full and partial bundles in the 30' sector. The

flow into the bypass region is not measured directly, but the bypass water level

is proportional to the total flow into the bypass.

As previously indicated, the nominal condition for comparison between pre-test

predictions and data was with balanced updraft /downdraft in the tests. This
is the case for the two single header comparisons discussed below. However,

since this condition for two header operation resulted in updraft flows in

excess of the 20,000 lb/hr droplet diversion limit established in the calibration

studies of Section 5, the two-header comparison below is conducted with the zero
core updraft data (i.e., unbalanced updraft /downdraft). It is subsequently

demonstrated (Section 8) that variations in updraf t below the droplet diversion

limit have negligible effect.

*This centerline bundle average should not be confused with " radius averaging",
which is taken over a full-core

6-1
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LPCS - The centerline-averaged data are plotted in Figure 6-2 along with the

pre-test prediction and the 2a uncertainty bands. The centerline-average data
points all fall within the uncertainty bands associated with confirmation of the

methodology. The individual bundle flows are shown in Figure C-15. An examina-

tion of Figure C-15 shows that flows for two individual bundles fall outside the

bands.*

HPCS - The centerline averaged data are plotted in Figure 6-3 along with the

pre-test prediction and the 20 uncertainty bands. The individual bundle flows

are shown in Figure C-16. As described in the Pre-Test Prediction report ,

the prediction could not be performed within 45 inches of the center due to the

lack of single nozzle data for one nozzle. These data were subsequently

obtained in the SSTF and the prediction extended to within 27 inches of the

center. This extended prediction is discussed in Section 7. The centerline

average data points all fall within the uncertainty bands associated with con-

firmation of the methodology as do all of the individual bundle measurements

in Figure C-16.

IIPCS and LPCS - The centerline-averaged data are plotted in Figure 6-4 along

with the pre-test prediction and the 2a uncertainty bands. The individual

bundle flows are shown in Figures C-5 and C-6. Results fall well within the

confirmation acceptance bands for the two points supplied (see Section 7 for
more complete comparison).

The close agreement between the predicted and measured spray distribution

satisfy the criteria for confirmation of the methodology and assumptions.

|

t

*The uncertainty bands supplied with the pre-test prediction are appropriate
for the centerline bundle average; bands for individual bundle flows are some-
what larger.
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7. EXTENSION OF THE PRE-TEST PREDICTION

HPCS - The pre-test prediction for the HPCS did not include the points at 27,
33 and 39 inches because a single nozzle test for the 1 inch street elbow could

not be run in the HSF. In order to extend the prediction, single nozzle tests
,

of this nozzle were performed in the SSTF. The test results for the two different

nozzle positions are shown in Figure 7-1 and 7-2. These data were used to extend
the pre-test prediction and the resulting extension is shown in Figure 7-3, along
with the test data. As with the other points, the new prediction values agree

I with the 30' SSTF data and further confirm the prediction methodology.

HPCS and LPCS - The pre-test prediction for both HPCS and LPCS together also
i did not include the points at 27, 33 and 39 inches because of the missing single

nozzle test data. The new single nozzle data in Figures 7-1 and 7-2 were also
j used to extend the double sparger prediction. The additional points are shown

in Figure 7-4, along with the test data presented earlier. Again, although the
updraft /downdraft is unbalanced, the prediction methodology is further confirmed

.

by these comparisons.
1

;

l

!

|

|

|

|
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8. TEST RESULTS WITH PARAMETRIC VARIATIONS

The effect of core steam updraft on spray distribution, in the region where

the methodology is applicable, is shown in Figure 8-1 for a series of HPCS

tests at 29.5 psia and 145'F spray temperature. As expected from the earlier

calibration studies (c.f., Section 5), there is a negligible effect of core

steam up to approximately 20,000 lb/hr. Beyond that value, the present facility

cannot be used for distribution prediction confirmation.

The effect of changes in system pressure on core spray distribution was investi-

gated by performing parametric tests at system pressures of 29.5 psia (2 atm),

44.1 psia (3 atm), and 73.5 psia (5 atm). Test results are shown in Figure 8-2.

The distribution was not significantly affected, although pressure did have the

anticipated effects on the magnitude of the distribution at specific locations.

The small changes in the distribution which did occur are caused by the increased

condensation effects near the nozzle face. Increased condensation causes more

contraction of the spray cones, leading to higher flows in the centers of the

spray cones and lower flows around the edges. The influence of these changes
on the data shown in Figure 8-2 can be better understood by examining Figure 8-3.

The regions of coverage by each nozzle type are shown, and the influence of a
I pressure increase is sketched as a dashed line. The pressure increase causes

an increased spray flow where the Spraco nozzle is centered (rows 3, 4 and 5)
and a somewhat smaller increase where the 1 inch street elbow is centered,

!

! (row 10). A decrease in flow occurs in the region between spray peaks (rows 7

and 8)*. A review of Figure 8-2 shows that the 30' sector data is compatible
l with these expected single nozzle trends. Because the pressure trends shownj
.

,

in the sector data result from pressure effects on the individual nozzle patterns,

! it can be concluded that the interaction effects among the nozzles are not

: sensitive to pressure. Therefore, calculated spray distributions can be used
i

over a range of pressures.
,

*The actual BWR/6 reactor core spray designs compensate for this potential low
zone by staggered aiming of the 1 inch Street Elbow nozzles.

8-1
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Appendix B

VAPOR FLOW EFFECTS ON DROP TRAJECTORIES
VERY NEAR THE BUNDLE UPPER TIEPLATE

Steam injection in the simulated fuel bundles in the SSTF produces substantial

vapor velocities (-10-30 f t/sec) upward through the bundle upper tieplates (UTP).
After the steam leaves the UTP, its velocity is reduced by a factor of three

due to the larger available flow area in the upper plenum. Because of the larger

local velocity near the tieplate, the trajectories of smaller spray drops may be

influenced during tests with steam injection. In particular, if the local steam

velocity exceeds the drop's terminal velocity, the drop can be suspended or
moved upward. This movement will be of limited extent for all but the smallest

drops, since the steam velocity is so much smaller in the upper plenum. As soon

as the drop moves to a level of lower steam velocity, it will begin to fall

again.

In a reactor with updraft in both fuel bundles and bypass, this local drop move-

ment might lead to some minor redistribution of spray flow. The drops could

bounce around above the core until they collide with other drops (which yield

drops large enough to fall against the vapor velocity at the tieplate) or some

solid surface, allowing them to pass through the bundle tieplates.

|

In the current configuration of SSTF, where no steam injaction is present in the

bypass, levitated drops can readily fall into the bypass region adjacent to the

fuel bundles. As the steam updraft increases, more and more spray could be

diverted into che adjacent bypass through this mechanism.

Although the exact amount of flow diversion into the bypass is difficult to

,
evaluate, a first order approximation can be found by assuming that all droplets

!

that are small enough to be levitated by the steam velocity through the tieplates

are ultimately diverted and deposited into the bypass. This should provide an

upper bound on the diversion.since droplet coalescence and impact with hardware
surfaces should allow some fraction of these small levitated drops to enter the

fuel bundles.

|

|
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This first-order analysis has been performed for 29.5 psia with drop size
distributions that were calculated for two of the three nozzle types used in

0~ ' ~SSTF, using correlations reported by Mugele , as illustrated in Figure B-1.

Drop terminal velocity as a function of drop size is available in data obtained

by Lane and Green and described in Reference B-3. Assuming this drop terminal
velocity equals the steam velocity through the UTP, an equivalent bundle steam
flow to levitate a drop of a specific size can be calculated. Combined with the

drop size distribution information, the volume percentage of the spray which
could be diverted into the bypass as a function of total SSTF bundle steam flow
can be calculated, and is shown in Figure B-2. This curve was calculated with
the vapor velocities, and is therefore only directly applicable, for rows 4-10

; on the sector centerline. Other bundle locations in the sector have lower steam
flows and will levitate a correspondingly smaller percentage of the spray.

The calibration tests discussed in Section 5 are reproduced in Figure B-3, with
the predictions of Figure B-2. The calibration data suggest that the actual

droplet distribution includes a larger fraction of both small droplets (i.e.,
the diversion starts at slightly lower steam velocity than predicted) and large
droplets. However, the discrepancies for higher steam velocities may be due
to coalescence of the levitated drops rather than larger drops produced at the

' spray nozales. Despite these minor deviations, the first-order analysis
presented here provides a rather good description of the controlling phenomena,
and indicates that a facility modification to include bypass steam injection
would be required to obtain meaningful data at high steam flows for comparison;

with the prediction methodology. Such comparisons are not judged to be
necessary for the methodology confirmation.
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B-1 Mugele, R. A., Evans, H. D., " Droplet Size Distribution in Sprays"
Industrial and Engineering Chemistry, Vol. 43, No. 6, Page 1317, June 1951.
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Appendix C

CORE FLOW MAP 3 FOR TEST BUNS
x i

,

"

This Appendix contains core flow maps for all test runs listed in t.e test

matrix. The individual bundle flow is shown for each position in units of gpm

per bundle.
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Figure C-7. Core Flow Map; Run 3-1
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Figure C-8. Core Flow Map; Run 3-2
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Figure C-10e Core Flow Map; Run CS-2B
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Figure C-lle Core Flow Map; Run CS-2C
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Figure C-14. Core Flow Map; Run CS-2F
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Figure C-15. Core Flow Map; Run CS-3.1
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Figure C-16e Core Flow Map; Run CS-3.2
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Figure C-18e Core Flow Map; Run CS-22E
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Figure C-19e Core Flow Map; Run CS-22C
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Figure C-20. Core Flow Map; Run CS-27
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Figure C-21. Core Flow Map; Run CS-28
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Figure C-22e Core Flow Map; Run CS-29
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Figure C-23. Core Flow Map; Run CS-30
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Figure C-24 Core Flow Map; Run CS-318
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Figure C-25. Core Flow Map; Run CS-33
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Figure C-26* Core Flow Map; Run CS-34A
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Figure C-28. Core Flow Map; Run CS-34C
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Figure C-30e Core Flow Map; Run CS-36
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Figure C-31. Core Flow Map; Run CS-37
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Figure C-32s Core Flow Map; Run CS-38
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Figure C-33. Core Flow Map; Run CS-39
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Figure C-34e Core Flow Map; Run CS-40
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G E i! E P. A l L E L E CT R I C nuCosma suenay

PROJECTS DIVISION

GENERAL ELECTRIC COMPANY 175 CURTNER AVE., SAN JOSE, CALIFORNIA 95125 .

!MC 682, (408) 925-3217

April 17, 1979

1

l
U. S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Washington, D. C. 20555

Attention: D. G. Eisenhut
Assistant Director For Operational Technology.
Division of Operating Reactors

R. L. Tedesco
Assistant Director for Reactor Safeguards
Division of Systems Safety

Gentlemen:

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION ON GENERAL ELECTRIC
CORE SPRAY DISTRIBUTION PROGRAM

Reference: Meeting Summary Progress Report on Confirmation of Core
Spray Distribution in a Steam Environment, 11/28/78 -
R. Woods (NRC), distributed 12/6/78

As noted in the reference, GE agreed to provide the acceptance criteria
for test results from the Lynn core spray test facility before significant
testing is begun. Accordingly, the Pretest Prediction For SSTF (Sector
Steam Test Facility) Core Spray Tests is attached for your information.
It is planr:ed to commence combined steam and spray testing in the facility
on April 19, 1979.

If you require any additional information, please contact the undersigned.

Very truly yours,
..

' 6.-
,' ' ~ ' " bcc: (All w/o att.)

A. J. Levine, Manager G. E. Dix
Project Licensing Unit I L. E. Schnebly
Safety and Licensing Operation E. P. Stroupe

i R. N. Woldstad
AJL:gmm/416 R. E. Engel

R. L. Gridley
Attachment S. A. Sandoz

J. E. Wood
cc: R. Woods (NRC) D. L. Fischer

! L. S. Gifford (GE-Bethesda) (w/o att.)
AJL:gm/416

n k 2.1.1

-
_ __ __



NED0-24712-A

G EN ER AL() ELECTRIC
Nuclear Technology Department
San Jose, California cc: JD Duncan

T. Eckert
Y. Eljas
DL Fischer
J. Jacobson
LE Schnebly
DG Schumacher
CM Shields
CH Solanas
WA Sutherland

April 13, 1979 JE Wood

i

To: A. J. Levine, Mananger
Projects Licensing I

Subject: SSTF PRE-TEST PREDICTION

Attached is the SSTF Pre-test Prediction. This document
is the answer to NRC Question la) as described in EWA SAL-02-35,

Rev. A.
,

i

!

r

i

i

GSW'

S. A. Sandoz, TechMcal Leader
Thennal Development
M/C 583, Ext. 55356

/kc'

Attachment

i
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I-SUMMARY

Performance of multiple nozzle core spray systens in a stean envirmment is

predicted by superposition of single nozzle spray distribut.icns that are measured

in a stem mvirmment, and cu.iected for m11tiple nozzle interacticn effects that

are measured in an air enviroment. 'Ihis report presents the spray distribution
I

predicted for the core spray systens in the SSTF at Lynn, Massachusetts.

A key asstmpticn in the analysis method is that the condensation effects

in a steam envircrinent and the hydrcdynamic effects of nultiple nozzle inter-

actions can be handled independently. 'Ihis separability asstmpticn is to be

confiM by the measured flow density distribution in SS'IF being similar to

the predictai distribution, and, particularly, by the measured flow density in

the "far region" confirming the predicted value within the expected uncertainty.

Uncertainty limits are determined by staning the uncertainty in the predicticn

and the test measurenents. 'Ibe uncertainty (i.e. , variance) is the sum of the

variances of the ecmponent parts in the analysis method (i.e., single nozzle
|
'

distribution in a steam envircrrnent, single sinulator nozzle distribution in an
;

I

air envircnnent, and multiple nozzle distributicn in an air environment). 'Ibe

I pre-test prediction, its uncertainty limits, and the rethod of evaluating the
1

[ separability asstmpticm are presented herein.
|
,

[

*.
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II-BACKGROUND

General Electric has developed a metled to account for steam mvirmment I

effects in the design of core spray systes for Boiling Water Reactors. Measure-

ments of single rozzle spray distribution in steam, and measurenents'of single

and nultiple nozzle sprays in air, account for both thennodynamic and hydrodynanic

effects. Although multiple nozzle tests in steam are not needed in using the

method for design applications, General Electric mdertook such a nultiple

nozzle test to provide a final ocnfinration of the assumption that thennodynamic

and hydrodynamic phenmena are separable.

In 1977 G.E. began ccnstruction of a Steam Sector Test Facility (SSTF) at

a G.E. site in Lynn, Massachusetts. In discussions held with the NRC, January 19,

1978, it was agreed that this test would provide sufficient confinnaticm of the

core spray design methodology. Subsequently, NE requested that the test results

be predicted in advance of the first steam sector tests. This report provides

those predictions. Also included are the associated uncertainties in the region

far from the nozzles where the assumpticm of thernodynamic separability has the

greatest influence.

!
,

!

I

|

!

.

%

I
! D-8
!

t

|
\

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



. --

NEDO-24712-A

III-SSTF CORE SPRAY SYSTEM

REFERENCE DESIGN

>

The care spray sparger used in the SSTP is a design ccnfiguration which

was specified at the time the SS'IF design was frozen. Single nozzle steam

j tests, sinulator develqinent, simulator sector tests in air, and the associated

analysis, were carried out with this design.

- - -

IV-SSTF CONFIGURATION AND

TEST CONDITIONS

i

i

'Ihe SS'IF can be used in three operation modes of Spray Systes: High

Pressure Core Spray (HPCS) only, Iow Pressure Cbre Spray (IPCS) only, and both

j HPCS and IPCS. 'Ihe systs conditions for the pre-test prediction and the
|

associated tests are:
I

Syst s Pressure: 29.5 psia

,
ECES Flow Rate: 525 gpn (each systs)

l

l

| EOCS Water Tmperature: 145"F
|
t

i To memmndate stean condensation by the spray water, stem can flow into the
|

upper plens through both the core region neck-up and stem separator neckup.
*'Ibe tests are conducted with the 30' sector walls in place. This ocnfiguration

provides the correct flow areas so that vapor velocities will be typical.

!
1

I

D-9
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Prediction of the radial flow distribution is made along the sector centerline

to allow otmparison for the greatest radial distance. Ibwever, bn* wall

effects W significant near the apex of the sector, no prediction is made

in this regian (c.f. , Figure 1) .

|
1V-CORE SPRAY METHODOLOGY '

AND SSTF PRE-TEST PREDICTION

[
.

Core spray flow rate at a particular fuel bmdle locaticn is calculated

as follows:

(Predicted spray) { Superposition of / I
1= ! single nozzle spray)i+ 1 M11tiple nozzle

i i flow in SSTF Id on f e r
( in steam ) ( flows in steam j ( j

where

\
( M11tiple nozzle )I = |[for SSTF in air with |- f

8 "Measured spray flow)
shgle mzzle gay

,Interactionfactor) ( simulator nozzles / #8 I[ #')
*

|

'1his relationship can be expressed in briefer form algebraically:
)

N N '

| F= Ifi+G- E gi W
; i=1 i=1 |

1

where F = Predicted flow in steam in SS.TF
^

G = Flow measurementin air in SSTF

f = Flow measurenent to this fuel bundle frcen single nozzle atf( location i in steam test

'

D-10
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Regicn influenced by wall effects

/ I \'
< is,

! / I s

| / 1 \
/ 1_ \ _ -1_ .

/ I \
i s

/< I \

/ I \
/ I \'

/ I \
/ I \
/ + 1 \!

/ 1 \
! C

1
core Spray Spargers

FIGURE 1

'IOP VIEW OF SSTF CORE FDCKUP SHOWING REGIQ4 & PRE-TEST PREDICTIQ1
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g = Flow measurenent to this fuel bundle fran sinulator nozzle atg
location i in air. j

N = Total neber of spray nozzles.

N
%e terms G and E .gf are obtained faun nultiple and single nozzle tests

1=1
,

with simulators in air. Ibw-by-row cmparison of the two terms prwides quanti-

fication of the hydrodynamic effects of nultiple nozzles (i.e., the nultiple

nozzle interaction factor, or MIE). It was found that the interaction of the |

nozzles used in this design ccnfiguration is not cnly relatively small ampared

to the bundle flows, but is also smaller than the standard deviation of the

flow predicticn uncertainty.

N
: % e MIE is then ocmbined with E f , the single nozzle tests in steam that

fi=1
include the thernodynamic effects, to obtain F, the bundle flow predicted for

j SSTF in stean. W e predicted flows for the centerline bundles are shown in

Table I and plotted in Figures 2, 3 and 4. Predicted flows for the bundles at

27, 33, and 39 inches are only shown for the LPCS because single nozzle data is

not presently available for the 1" street elbow nozzle on the HPCS due to HSF

limitations.

VI-COMPARISON WITH SSTF DATA

he data fran SSI'F tests will be cmpared with the predicted flow by simning

the neasured flow into the bundles cn either side of the sector centerline,
!

| dividing by two, and axnparing with the values listed in Table I for the

correspcmding radial positicn.

.

9
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|

|

TABLE I'

SSTF PRETEST PREDICTION'

Distance HPCS IPCS HPCS & IPCS
hun Apex GPtV GEtV GPW
'Ib Bundle Bundle Bundle Bundle
Centerline

27 in. 7.1

33 7.6

39 7.3

45 4.0 5.5 10.0

51 4.0 4.2 7.6

57 4.8 4.9 10.2

63 6.1 6.0 14.1

69 5.7- 6.5 12.4

75 14.7 10.1 21.3

81 14.7 16.3 26.4

i

4

r

f

|

|
|

*
.

|~

I D-13
|

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



NEDO-24712-A

[ r -

-

15 - I
O O *.

,

10 -

Flow

SE
handle

O
O

.5-
O

O O

;
,

I

l

. . . .

27 33 39 45 51 57 63 69 75 81

Distan fran apex, inches
,

|
|

<

j FIGJRE 2 - Predicted Bundle Flcus for HPCS
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FIGTE 3 - Predicted Bundle Flws for L"CS
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FIGURE 4 - Predicted Bundle Flws for Operation of Both HPCS and LPCS
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|

VII-SEPARABILITY OF THERMODYNAMIC

AND HYDRODYNAMIC FFFECTS

'r

.M assumption made in developing the core spray design rathodology is that.
|

the ti.r.ui dynmic effects can be separated fran the hydrodynamic effects because'

! the th.w dynamic effects (i.e. , stem condensation) occur very close to the
1

apray nozzles. mis assurrption allows the m11tiple nozzle hydrodynamic' effects

to be determined spirically in air tests, and the thermodyn mic effects to be

. determined empirically in single nozzle steam tests.
.

%ermodynamic effects can influence the spray distribution in two ways:

By danging the initial spray shape at the nozzle outlet, or by creating a strong
i

vapor flow which displaces the spray after it leaves the nozzle. -In either

instance, the distribution will be nost strongly affected far from the nozzle.

i m erefore, although it is appropriate that the pre-test predictions are consis-

tent with the measurements for all btndles, the bundles at the limits of nozzle
I

I

droplet trajectories are most sensitive for evaluation of the seprability
,

,

| assurtption. %e approximate contributions of the three types of nozzles for
l

the LPCS are illustrated as a function of radius in Figure 5. Fran Figure 5,

; the limiting droplet trajectories for the 3/4-in d open elbow nozzles fall inI

!

the radius range of 69 to 81 inches. The SPFACO 2935 nozzles' limiting droplet

trajectories fall in the range of 33 to 75 inches. Similarly, the effective

limiting range for the 1-inch street elbow nozzles is 27 to 51 inches (the actual

limiting droplet trajectories for these nozzles are at and beyond the apex;

however, theIffective limits in the SSIF are sufficient to evaluate the separa-

L bility asstanpticn) . 1

!
;
'

:
1

D-17
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8 3/4" Open Elbow
f

FIN, 7
1" Street Elbowg

bundle 6 '

5 ,

SPPACD 2935

\4

3

2

1

. . . . . .

27 33 39 45 51 57 63 69 75 81

Distance frun apex, inches

FIGURE 5

I Flow contribution vs. distance for different
nozzle types used an the LPCS

.
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me droplet trajectories of the 3/4-inch open elbow nozzles are very short

and thus not sesitive to interaction effects. %erefore, the bundles near the

core spray header are of little value for assessing the separability asstunption.

However, the limiting ranges for both the SPRACO 2935 nozzles and the 1-inch

street elbow nozzles are important for evaluating the separability. Werefore,

the separability assunption will be evaluated by direct ecznparison of the pre-test

|
predictions of Table II over the ambined range of 27 to 51 inches. he appli-

cability of the separability assunption will be judged by ocznparing deviations

between measurements and predictions with the uncertainty analysis for the sam

range, as listed in Table A-III of the attached appedix.

i

#

!

l
:

-

W

P
I
!
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|
|

NOMENCLATURE

\
'

Symbol Description

b Systmatic measurment error in the g2antity x.
x

C Flow distribution functiari parameters,
n

1

1-

e Rands measurment error in the quantity x. ;
x

F Flow density at a particular locaticn in SSTF for the 30' sector steam

test.

f Flow density at a particular location fIun nozzle i, measured in a
f

single nozzle steam test.

G Flow density at a particular location in SSTF, measured during a 30
sector test using simulator nozzles in air.

gf Flow density at a particular location frm simulator nozzle i,

measured in a single nozzle air test.

H Flow density measured at a particular location in SSTF for the 30
sector steam test.

i Index indicating specific nozzle location in SSTF.,

i
.

N Total number of nozzles.

iX True value of the quantity x.

Var {X} Variance of quantity X, =c {X} .2

Covariance {X,Y}
Cbr{X,Y} Cbrrelation of quantities X and Y;

c{X}c{Y}
,

|
c{X} Standard deviation of quantity X.

D-20
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APPENDIX

INCERTAINIT ANMXSIS FOR Pm;irST PREDICI' ICE

As is the case in all experimental work, many variables do not renain ocn-

stant in the tests that are the basis for the predicted flow in this analysis.

%ere are hardware manufacturing and installation telerances, systan parameter

variations, and measursent uncertainties. tese variations lead to differences

between the predicted flow, F, and the flow measured in SSTF, H. Knowledge

about the magnitude of these variations can be used to calculate an estimated

uncertainty in the quantity (F-H).

The measured value of a particular flow, W, can be expressed as:

2 (A-1)W=W +bg+g

where W2 = true value of the flow

bg = systmatic measurment bias in W

y = random measurenent error in We

'Ihe difference between F and H can be expressed as:

i N N
I

I F-ff = E (f I+bf,+ef , ) + G + b + *G 9i g. + "g. "H
~~

G .

1=1 1 1i=1 1 1

are both determined frm Horizcntal Spray Facility (HSF) data,Since f and ggg

and are approximately the same magnitude, any systmatic measurment error from

~ 0 for i = 1 to N).the facility will tend to cancel itself (that is, bfg - bgf
|
| Similarly, G and H are both determined in SSTF and systmatic measurment error

there will cancel itself also (b -b *

G H

,

D-21
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nw ause independent data sets are used, the influence of uncertainties on

the difference between F and H is detemined by stmming the variances of the

indivirbal tems.

N N (A-3)
Var {F-H) = Var { E f } + Var {G} + Var { I g } + Var {H}g g,

,

1=1 1=1
,

N N
Ibr the purposes of this analysis, Var { E f } is assumed equal to Var { E g }.g g

i=1 i=1
j

Since the nozzles and spray distributions contributing to the two tems are

very similar, and the data are obtained in the same test facility using the

same methods, this is an appropriate assunption. Testing experience in HSF has
(,

shown no differences in variance between air and steam tests.

Similarly, Var {G} is assumed equal to Var {H}. 'Ihis assunption is based

on the same arguments. Although SS'IF has not yet been operated in steam, no

differences in neasurement uncertainty are expected between its operating charac-

teristics in air and in steam.

Each of the individual tems, such as Var {G}, contains contributions frcn

many sources. Same of these terms result frun true variations in the flow dis-

tribution and others are caused by uncertainty in the measur m ent of the flow.

| As kng as the contributions ccme frcm statistically ir@ndent sources, the variance

caused by each source can simply be added to that caused by every other source. This

is the case for all sources of Var {G} and Var {H}. However, it is not the case for
i N N

all sources of Var { E f } and Var { E g }. Because each nozzle type appearsg gi=1 i=1
nore than once, data fran a single nozzle test in HSF is used more than once in

N N
the calculation of Ef and Eg. 'Iherefore, wherever the spray patterns ofg g,i=1 1=1

,

two or nore nozzles of the same type overlap, the contributions to the variance
s.

D-22
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cme frm the see single nozzle test and so are not statisHm11y independent.

For exanple, for two such flows, the variance is obtained as the sm of the

variances and the mvariances of the sources:

Var {f + f } = Var {f } + Var {f } +2 Cbr{f , f }{{ Var {f } Var {f }} ! IA-4)3 2 2 t 2 i 2

Because nost of the factors leading to changes in flow will produce corres-

! pcmding changes in all flows at the same distance frm the nozzle, flows at this

distan will be highly positively correlated. Therefore, rather than performing

the . lengthy covariance calculation, the covariances for SS7F have b&n bounded

by the reascnable assmption (br{f , f }, = 1.t 2

1

It should be noted that there are many substantive differences between this

uncertainty analysis and an uncertainty analysis winch would be performed for a

reactor application. Therefore uncertainty bounds sham herein cannot be applied

directly to reactor core spray systes.

WJ'JRCE OF MEASURED PARREFERS

!

! 2he standard deviations of parameters measured in tests (pressure, flow rate,
i

etc.) have teen determined frm evaluation of measurerent data. The influence

of the parameter variation on spray distribution is also detennined experiment-
|

ally through the use of vertical single nozzle test data where these parameters
!
' were varied.
|

| The values used for the sensitivity analysis to determine the uncertainty

in f are shown in Table A-I. In the analysis, nore than one parameter in Table A-If

may influence a specific characteristic of the spray distribution. For exanple,

variation in both nozzle gecmetry and nozzle flow rate influence the peak height

D-23
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TABLE A-I

EXPERIMENTAL PARAMETERS

f
Variable Mean Value Standard Deviation

I Systan Pressure 29.5 psia 1 psia
Straymterh =2abare 145*F 2.5'Ft

Header Spray Flow 525 gpn 10 gpn

m zzle Flow Rates as specified 2 gpn
' Nozzle Auning Angles as specified 1/2 degree

Variable dependin
0.005-0.642nches,gon, dimensionNozzle Dimensions as specified

typical;

-

1

l

l

D-24
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cf the sEray distrihition. Since the variations occur independently, the ocm-

bined variance is <=1 m1=ted by adding the separate contributions of each
4

i parmeter: ;
;

var {X ) + ( ) var {X } + . . .var (C } = { ) in

where Xg = physical parameter being varied
'

C = flow distrih2 tion function parameter.
| n
!
4 ,

'Ib calculate variance for the sirgle nozzle distribution function f , the
f

eingle nozzle nodel (SNAP) was used to determine a base case. Input coefficients
a'

wereperturbedtheamountsshowninTableA-II. The difference between the i

base case and the perturbed caso are used to detemine the variances of the

f1m to each channel. On the local variances for individual parameters for
f

cai nozzle type are known, they are conbined to provide calculated variances
:

for f . 'Jhis cambination is performed by GENUS, the global superpositiong

| model, in the same way it is used to calculate flow distributions.

t.

! In addition to variations in the spray distribution due to hardware
y

|
tolerance and flow parameter uncertainty, measurment uncertainty is also

taken into account. Again, measurenent uncertainty is statistically independent

( frm other uncertainties, so the variance due to measurement uncertainty can be
|

added to the variances frm other sources. The ocntribution of measurement

| uncertainty is different in different test facilities.
i

!

|

Single nozzle tests are perforned in HSF. Flow density is detennined by

measuring the t).me required to fill a known volume. Calibration of this measure-

ment system has shown that the standard deviation of the reading is 3%.
,

r

| The SSTF bundle neckups contain weir tubes to measure flow. These weir

D-25>
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l

TABLE A-II

SINGLE NOZZLE MODEL PARAMETERS

Parameter Standard Deviation
|

Nozzle Flow Rate 2 gpn

Distribution Ebnction
- Peak flow density 5% of value

f 5% of value- One width -

- Pattern spread 0.005 inches

- Skew (includes pattern 0.01 inches
asyntetry and anning
angle variation)

,

I

.

D-26
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tubes are designed so that flow through the tube can be related to the water

coltan height within it. his water coltmn height is measured with a pressure

transducer. rwlibe. tion of these devices shows that the standard deviation ofc

measurement uncertainty is 5% of the revling.

DEVIATION IN SDUIATION .

%e core spray design methodology incorporates the asstmption that multiple-

nozzle interaction effects in steam are equivalent to nultiple-nozzle interaction

effects (MIE) in air. % e methodology would still be adequate with a "less-than-

perfect" equivclence of MIE in steam and air. Therefore it is appropriate to

allow a :nodest deviation in the interaction effect for an acx:eptable confirmation

of the methodolnav.

i

mis is addressed in the uncertainty analysis by first calculating the nultiple-

nozzle interaction effect, and then determining the mean absolute value (|MIE|),

for the predicted bundles. Then 25% of this mean, squared,is added to the variance

obtained in equation A-3. With the small interacticn effect obtained, this term -

represents a small change in the total variance.

t

| 'IUIAL UNCERTAINTYANALYSIS RESULTS
1

|

The above uncertainty calculaticns have been performed at the pre:licted bundle

locations to be used for evaluating the separability assumption. The resulting

cne and two e limits are shown in Table A-III. m e primary sources of uncertainty

for these points are the uncertainty in nozzle flow rate and flow distribution
I skew. Other components contributed very small additional uncertainty.

D-27
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This uncertainty calculatim is an estimate of the actual uncertainty.

1(nowledge of the actual uncertainty may be inproved through further testing in

SSTF.

!

l

I

.

l
TABLE A-III

, HPCS
!

&
Distance From Apex HPCS LPCS LPCS

'Ib Bundle Centerline a 20 0 20 o 20

27 1.4 2.8 1.2 2.4 2.1 4.1

33 1.5 3.1 1.0 2.0 2.1 4.1

39 1.3 1.6 1.5 3.0 2.1 4.2

45 0.7 1.3 1.6 3.2 1.8 3.7
,

i

51 0.6 1.3 1.2 2.3 1.5 2.9

i
;

|
i

i

-

#

|
|

.

f\.
|
|
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Appendix E

ADDITIONAL INFORMATION REQUESTS

" CORE SPRAY DESIGN METHODOLOGY

CONFIRMATION TESTS"

,

,

!

i

!
l
,
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UNITED STATES/ 't,
NUCLEAR REGULATORY COMMISSION3 g ,

= wasmuorom.o.c. ossee

%,- /
....=

:iEi! ) 1 380

MEMORANDUM FOR: Paul S. Check, Chief, Reactor Safety Branch
Division of Operating Reactors

FROM: Ledyard S. Marsh, Reactor Safety Branch
Division of Operating Reactors

THRU: Vincent W. Panciera, Section Leader, Reactor Safety
Branch, Division of Operating Reactors

SUBJECT: SUMMARY OF MEETING WITH GENERAL ELECTRIC COMPANY
REGARDING STEAM EFFECTS ON SWR CORE SPRAY DISTRIBUTION

Repr'esentatives of the NRC staff and the General Electric Company met
on November 15, 1979, in Bethesda, Maryland, to discuss GE's plans in
the subject area and responses to several staff questions. A sunnary
of the meeting, an attendance list, the staff's questions, GE's cate-
gorization of the staff questions, and copies of the presentation slides
are attached.

' p , a_ g . M
| Ledyard B. Marsh
! Reactor Safety Branch
| Division of Operating Reactors
I

Enclosures:
As stated

cc: See attached list

!

i
!

I l

|
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ATTENDANCE LIST, NOVEMBER 15, 1979 |,

CORE SPRAY DISTRIBUTION MEETING

V. Panciera NRC/ DOR

L. B. Marsh NRC/ DOR

W. Hodges NRC/ DSS

R. Frahm NRC/ DSS

R. Woods NRC/1&E

J. Alai GE

G. Dix GE

L. Rodriguez GE

.

,

|

.

E-3

_ _ _ _ - -



__ _ _ _ _

,

NED0-24712-A
" ~ *

, ,

.

.

Sumary of Meetino with GE to discuss

Steam effects cn Core Snray Distribution
,

The meeting was requested by GE to discuss their progress to date, and

to give their responses to several staff questions generated during the

review of GE's August,1979 report " Core Spray Design Methodology Tests."

GE briefly reviewed their testing and analyses in their efforts to in-
,

'

vestigate and model the effects of steam on BWR core spray. Single and

multinozzle tests in a full scale mockup of a BWR-6 upper plenum in an

air environment were conducted at 'the Valicitos, California facility.

More recently, multinozzle tests in a full scale mockup of a 30* sector

of a BWR-6 upper plenum in various steam environments were conducted.
|

These tests have been perfomed by GE in developing models and techniques

to predict core spray distribution in typical post LOCA environments.

This phase of the overall effort to ensure adequate BWR post LOCA fuel

spray cooling has been called by GE the " methodology" phase. Once the

methodology is ' developed and accepted, each BWR licensee must ensure

acceptable fuel cooling by applying the methodology to their particular

plant design. This phase of the effort will be the final step in assuring

adequate core spray in steam environments, and has been called the "appli-

cation" phase.

|

The staff's questions from its review of the GE report " Core Spray Design

Methodology Tests" which' had been infomally given to GE previously, were

tentatively grouped (by GE) into two categories (corresponding to the two

phases): those pertaining to the methodology being used by GE in developing

E-4 -
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!
models and techniques to predict BWR core spray in a steam environment

and those pertaining to the application of the methodology to individual

reactors in assuring acceptable fuel performance in LOCA situations.

The staff's questions and their categorization are attached.

GE was prepared to discuss only their responses to the staff's methodology

questions, and stated that the application questions would be addressed

during that phase of the overall effort. It was GE's contention that by

acceptably answering the staff's methodology questions and by presenting

corroborating data, the GE methodology for predicting BWR core spray in

a steam environment would be substantiated.

The staff stated that if all methodology questions were acceptably answered,

then the general methodology would be accepted. However, the staff stated

that the separation of the questions into two groups might be oversimplifying

the contents of the questions. For example, certain questions may appear to

be " application" type questiens, but their response may bring to light

questions concerning the validity of the overall methodology.
| .

| GE responded that the methodology itself should be justifiable, independent

of specific application questions, but if methodology concerns arose during
,

the responses to application questions, those concerns would be answered.

'

GE then presented their responses to the staff's methodology questions.

The, staff noted that GE's methodology report and their responses to the

staff's questions were given in terms of flow density (gpm/ bundle) at

1

.

~
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certain core radii, but no data was given for the bundle predicted flow-

rates. Since acceptance of the methodoloav deoends on how well the techninue

predicts individual bundle flowates. the staff reauested that ouestions

pertaining to predicted or actual bundle flowrate be answered with bundle ,

l

,

by bundle data, not with flow densities, l

i

Additionally, the staff requested GE to document the infomation presented

on the slides shown at the meeting, as well as the accompanying explanation.

GE requested, and the staff agreed to fomally ask both the methodology

| questions being discussed at the meeting and the application questions

which would be addressed at a later date. These questions (attached)

had been previously given to GE infomally. The staff concluded that the

following questions, however, had been acceptably addressed at the meeting

and muld not be formally asked and did not require any further response:

la, Sa, 7, 9, and 11.

GE requested, and the staff agreed to send GE a letter, when all methodology

questions have oeen acceptably answered, stating our acceptance of their

techniques. The starr stated that acceptance of the GE methodology depends

on satisfactorily responding to the methodology questions referred to above,

as well as any other methodology type questions which may arise in our review $

of GE's responses.
|

.
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ADDITIONAL INFORMATION REQUESTS -

CORE SPRAY DESIGN METHODOLOGY CONFIRHATION TESTS -

August 1979

QUESTION 1

With regard to the core spray distribution data taken at Lynn and presented in
thir report:

a) Explain how the measured individual bundle (or partial bundle) flow rates
were used to calculate the (average) bundle flow vs. core radius data

presented in your report. Include a table and/or figure showing which

bundles (or portions of bundles) were used to determine the spray flows
presented in your report for core radii of 27", 33", 39", 45", 51", 57",
63", 69", 75" and 81" respectively.

b) Explain how the data presented (average spray flow vs. radius) can be
interpreted by the reader to allow determination of the conservatively
bounding minimum spray flow that was actually measured in the Lynn
facility for any individual bundle at each given radius (>27"). If the

,

data as presented cannot be used for this purpose (i.e., if you cannot
state, for example, that "in all cases the minimum was within (x%) of the
average") then you must present new figures for each case used in your
confirmation of the GE-core-spray-distribution methodology, showing mini-
mum bundle core spray flow measured at each radius (for radii >27"),

c) Indicate the uncertainty that should be applied to the measured minimum
bundle flow rates due to bundle flow measurement errors, calibration s

errors, total sparger flow uncertainty, etc.

t

,

E-8
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QUESTION la - RESPONSE

Although this question was answered during the November 15, 1979 meeting, the
answer is repeated here to clarify the bundle locations discussed in other
responses.

Predicted average for the center two bundles is compared with the average of
measurements from the center two bundles, for all radial locations (see

*

Figure 1A).

I

!
|

I
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8 8
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I EXAMPLE:
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'
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\ /

| \ / .

\ |
\ /

Figure 1A. Calculation of Centerline Bundle Flows
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QUESTION lb - RESPONSE

Previously, flow density prediction and data for two bundles across the
centerline were averaged as shown in Figure 1A.

,

Shown here are the SSTF predictions and SSTF data compared for each individual
bundles of these two columns. The uncertainty bands shown along with the pre-

dicted flows are increased by a factor /2 f rom the bands shown with the
centerline-average predictions. This factor is the adjustment required due

to the use of single bundle flows instead of the average of two bundles.

The results are presented in Figures 1B through 1G as plots of flow per bundle
along columns 5 and 6 of Figure 1A. These results show little difference

between the center average and single bundle comparisons. The predictions are
also matched, i.e., 95% of the SSTF data is within the 2a error bands of the
prediction curve. Two comparison points on one double header curve, Figure 1G,
are beyond the 20 limit but within the 3a limit.

;

|

[

,

!
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I
,

QUESTION lc - RESPONSE
I

All appropriate uncertainties in SSTF were included in the error bands sub-
mitted with the pre-test prediction. As described in the prediction report,*

|
each of the potential sources of error was evaluated, the magnitude of the
error quantified, and the influence on measured bundle flow calculated. The

,

'

sources evaluated included both hardware installation variations and measure-
ment errors in experimental parameters.

!
I The influence of any particular parameter must be evaluated locally at each ,

bundle location. The local differences in influence are the cause of the
dif ferent-sized uncertainty bands at different radial locations. In general,

individual nozzle aiming angle and flow skew produce the largest uncertainties.
Since these variations are present in the same magnitude in all four sets of
test data involved (single nozzle tests in steam, simulator single nozzle tests
in air, 30" sector simulator tests in air, and 30* sector tests in steam),
the SSTF 30* sector tests in steam contribute about one-fourth of the total
variance at each bundle location. This value includes all sources of error.

i.

One component of this error is the random uncertainty in the bundle flow
4 measurements at SSTF. This uncertainty is about 5% of the measured flow.'
,

Calibration errors in the weir tube readings result in systematic error rather

than a random one. As discussed in the pre-test prediction report, systematic
errors were excluded from the uncertainty bands because they subtract out in

1
the analysis. The standard deviation of the total measurement uncertainty was ..

determined ** to be 8% over the range 1 to 20 gpm.'

:

:
*S. K. Rhow and S. A. Sandoz, " Pre-Test Prediction for SSTF Core Spray Tests"

(Appendix D of this document).
**D. W. Danielson. "Lynn SSTF Bundle I. low Measurement System Description and

j Calibration," General Electric Company, August 1979 (NED0-24706).
1

\'

l
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QUESTION 2

With regard to the GE spray distribution methodology and its confirmation by
the Lynn tests for 218" 1.D. BWR/6 plants:

a) State the spray flows for one CS system and for two CS system operation
that GE believes would be :he minimum present in any bundle following any

( size LOCA under all conditions when LOCA analyses take credit for core

spray coolir.g.

b) Describe in detail all steps in the derivation of the minimum values

presented in 2-T. For example,. are the flows presented tLe mean values

of "GE methodology superposition" calculations less 2-sigma?

c) Describe how differences between the predicted post-LOCA conditions and

test or calculational conditions assumed or measured in 2-b are accounted ,

for, including but not necessarily limited to:

1) post-LOCA pressures outside the range where HSF (and/or Lynn) tests
were performed (i.e., you used 29.5 psia, but credit is taken for
spray cooling up to %150 psia);

2) spray temperatures outside the range tested, or a combination of
post-LOCA pressure and spray temperature different from any combina-1

tion tested.

QUESTION 2 - RESPONSE

It was agreed that this question would be answered during the specific plant

! application phase of the overall core spray effort. The answer to this ques-
! tion was not deemed necessary for approval of the methodology.

.

E-19
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QUESTION 3

a) Compare the minimum measured flows (#1-b less the uncertainty stated in
#1-c) to the minimum flows stated in #2-a, and compare both to the BWR/6 -
218" minimum design spray flow of 3.25 gpm per bundle.

1

b) If any of the values presented above are less than 3.25 gpm, explain how
you will justify acceptability of the spray cooling coefficients assumed
in the 218" BWR/6 ECCS " Appendix K" analyses, which are based or FLECHT

tests with 3.25 gpm supplied to the electrically heated single bundle.

Provide a schedule for any new tests (FLECHT, etc.) you may propose.

|

QUESTION 3 - RESPONSE'

l

It was agreed that this question would be answered during the specific plant
application phase of the overall core spray effort. The answer to this
question was not deemed necessary for approval of the methodology,

i

L

t

!

E-20
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QUESTION 4

With regard to application of the GE superposition methodology to plant sizes
other than 218" (where Lynn results are not available for direct comparison,
i.e., 238" BWR/6 or 251" BWR/4, etc.), and considering the differences between

the Lynn results discussed above and the " superposition methodology" results
(including measurement uncertainty subtracted from the Lynn results), quan-
titatively discuss how much reduction will be applied to the minimum channel
flow calculated for such plants by applyir.g the GE superposition methodology.

QUESTION 4 - RESPONSE

The General Electric core spray distribution methodology combines superimposed

single nozzle spray distribution in steam with interaction factors obtained
from multiple-nozzle tests in air. The key assumption inherent in this method

is that the multiple-nozzle air tests can give an interaction effect which
is correct for steam. This approach is valid because most of the condensation
of steam on the spray occurs very near the spray nozzle.

Experimental results demonstrating this fact are contained in the response to

Question 12-2.

Away from the nozzle, where the interactions between sprays occur, the spray
water is at or near saturation temperature. Therefore, the interactions are
only hydrodynamic and can be simulated in air tests.

The objective of the tests at Lynn was to demonstrate that the core spray*

| methodology successfully predicts multiple nozzle spray performance in steam,
This successful demonstration confirms the assumption of separability of

i

thermodynamic and hydrodynamic effects.

Since the confirmed assumption of separability of thermodynamic and hydro-

dynamic effects is based on the general result of condensation effects occur-
ring very near to spray nozzles, the confirmation is equally valid for the
spray systems of other plant designs. Therefore, with specific full scale air
tests and single nozzle steam tests for the particular reactor design, the
prediction methodology can be applied with the same confidence.

E-21
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QUESTION 5
1,

On the morning of July 5,1979 an NRC staf f member (R. Woods) witnessed two

representative tests at the Lynn facility. He noted and commented on the fact
that certain low-flow bundle locations did not appear to benefit significantly

from operation of two spargers as opposed to one sparger (the spray flow to
those locations remained essentially the same for a one and for a two sparger

steam test). Since justification for continued operaticn of BWRs pending
completion of final testing (which includes Lynn testing) partially relies on
the minimum-bundle-spray-flow margin believed to be present due to 2 sparger
operation, Woods' observation would appear to be a significant result of the
Lynn testing. However, your report does not specifically mention these results
and does not present data in suf ficient detail to verify or refute the
observation.

a) Accordingly, provide core flow maps (in the format of Figures C-1 through
C-37) for all spray distribution tests performed to date. Also provide
an index which indicates the groups of tests (i.e., two or more) that
have comparable steam flow, spray flow, and temperature conditions and
which involve one sparger and then both spargers operating together
(indicate the series run the morning of July 5, 1979). Provide a test
matrix for the additional figures containing the information on page 25
of your report. The only such series now in your report are Figures C-1,
C-3 and C-5 (for upper, lower, and both spargers at 29.5 psia, no core
steam flow, and 145*F), and Figures C-2, C-4, C-6 which apparently

represent a repeat of those tests. For position x=6, y-6, both of those

series show less flow for two sparger operation than for either sparger
,

operating alone,i

b) Quantitatively comment on the apparent failure of the superposition
principle for one and two sparger operation.

E-22
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QUESTION Sa - REPONSE

Data from all of the 30' sector tests conducted in steam in the SSTF are
included in Appendix C of this confirmation report. The test conditions in
these tests are summarized in the test matrix in Figure 4-6 (p. 4-10) of this

report. The test series run on July 5,1979 was CS-41, CS-44, and CS-45 (CS-41
and CS-45 were witnessed by R. Woods). The tests shown in the matrix are
reported in Figures C-1 through C-37 and are cross-referenced on p. C-1.
There are no additional series of tests other than those reported in Cl through

C6 which form a series for upper, lower, and both spargers.

QUESTION 5b - RESPONSE

The GE methodology is based on superposition modified by full-scale interaction
effects. When calculating double sparger performance, simulator nozzle tests
are conducted with both spargers operating and a double sparger interaction
factor is developed. This double sparger interaction factor was used to
develop the pre-test prediction for double sparger performance. In particular,

it can be noted that for the position in question (x=6, y=6), the predicted
flow matches the measured flow very well (see Figure SA). Further, while the

minimum location for both spargers is not necessarily at the same location as
the individual spargers, the double sparger minimum flow is approximately twice
the single sparger minimum flows (see Figure SB). This is consistent with
previous double sparger observations.

.

|

|

|

E-23
.

m - - - -



1

|

NED0-24712-A

DOUBLE SPARGER OPER A TION

PPEDICTION OF DOUBLE SPARGER DIS 1RIBUTION

REQUIRES DOUBLE SPARGER INTER ACTION EFFECT

AT R = 51 inches IN TESTS 1 -1,1 -2,1 -3 :

PREDICTED FLOW ME ASURED F LOW

TEST SPARGER (gpm) (gnm)

1 -1 HPCS 4.021.3 = 4.4
2

12 LPCS 4.2 t 2.2
'

' = 6.4
2

1-3 BOTH 7.723.6
'

= 7.3
2

1
<

!
:

I

|
|

I

i

!

Figure SA. Double Sparger Operation

| E-24
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l

i

l

SINGLE VERSUS DOUBLE SPARGERS

FLOW
TEST SPARGER LOCATION (gpm)

11 HPCS (4, 51 2.0

1 -2 LPCS (4, 5) 2.6

1 -3 BOTH (6, 6) 4.1

I

l

t

|
i

|

|
|

Figure SB. Minimum-Bundle Flows
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QUESTION 6

With respect to the steam flow and flow paths used during the Lynn tests, you
state that the maximum steam flow that can be provided to the fuel bundles

without "significant" droplet diversion is around 20,000 lb/hr. We note, how-
ever, that such a steam flow rate corresponds to a decay heat rewaval (due to
vaporization) of only about 2% of full core power. Credit is taken for core

spray cooling under conditions when decay heat is at least 5% and/or signifi- )

cant depressurization (flashing) is still occurring. We are therefore con-

cerned that the steam flow regime investigated at Lynn is not representative

of postulated post-LOCA conditions. Accordingly, please justify the accepta-
bility of the steam flow and steam flow paths in the Lynn facility regarding
ability of that facility to conservatively represent predicted post-LOCA condi-
tions, including but not necessarily limited to the following:

a) Qualitatively explain why the " balanced steam flow" condition (equal
steam flows through " fuel" bundle and upper plenum / steam separators)

represents the worst case for methodology confirmation.

b) Quantitatively, for 29.5 psi pressure and 145*F spray flow (or similar
conditions where you obtained extensive data) provide a plot of minimum
spray flow measured in any channel (R>27") as a function of core steam
flow. On the same plot, indicate any data points you obtained with

different steam flow splits (i.e., not " balanced" between fuel and
separators). Indicate the range of core steam flow expected during
times when credit is taken for core spray cooling, including all sizes

and locations of postulated LOCAs.

|
|

| c) Explain the basis of the statement on page 3-12 that "The facility design
.

with no vapor injection into the bypass region is judged acceptable."|

l

;

| d) Justify the conservatism of the steam flow distribution selected for the
j tests, since other parallel channel steam flow rates (not necessarily
! even in the same direction) result in the same AP and may yield a lower

minimum single channel spray flow.

.

E-26
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QUESTION 6 - RESPONSE
,

Core steam flow in a reactor would vary with time and system conditions
following a LOCA. From CCFL considerations, flow limiting effects will
influence the highest bundle spray flows (>16 gpm) for core vaporization
conditions at a "Lynn equivalent" of 20,000 lb/hr core steam injection.

| Higher core steam flows during earlier transient periods would produce CCFL
l

|
effects in bundles and cause them to receive lower spray down flows. For

j higher core steam flows, the upper plenun flow regime would be dominated more
by CCFL effects, and core cooling would result primarily from the flowing ,,

-steam.
,

Test results and analyses demonstrate that reduced liquid down flow in the
bundles due to CCFL at higher steam flows is more than compensated for by
increased convective cooling from this higher steam flow. Engineering analysis
of single-phase steam flow in a fuel bundle, using standard convection heat

i

transfer correlations, show that the convective steam cooling is equivalent to
.

Appendix K spray cooling heat transfer for a "Lynn equivalent" steam updraft
of 22,000 lbm/hr. This calculation assumed no spray water entering the top of
the fuel bundle.4

Therefore, Lynn core spray tests covered the full range of updrafts where
the addition of spray water is required to maintain the heat transfer assumed

,

in licensing models. In addition, as detailed below in the responses to

specific questions 6a through 6d, the insensitivity of core spray capability
I to steam updraft can be extrapolated well beyond the 20,000 lb/hr limits of

the Lynn facility.
,

!
l

i

t

|

?

5,

t

4

|
t
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! QUESTION 6a - RESPONSE
I
1

]
The GE core spray methodology provides a best estimate of the spray distribu-
tion. The multiple nozzle steam experiments at Lynn were intended to evaluate
the adequacy of the key assumptions in the model, i.e., the separability ofa

thermodynamic and hydrodynamic effects. While it was not entirely necessary

j to have exact reactor conditions in order to evaluate that assumption, it was

considered appropriate to make the test conditions reasonably representative.
1Since the tests evaluate a best estimate prediction method, rather than provide

1

bounding flow values for reactor application, the approach of selecting worst*

j case conditions is not appropriate. The question of conservative application

i of this best estimate core spray prediction methodology should be addressed in -

the context of the entire reactor licensing basis. The " balanced steam flow"'

condition was selected as a representative case for methodology confirmation.
. Single nozzle analysis indicated that the distribution would not be sensitive

to steam flow. This is illustrated in Figure 6Al by results of drop trajec-
,

tory calculations which demonstrate this lack of sensitivity for drop sizes.

|

,' and velocities typical of reactor LOCA conditions. Lynn sensitivity study

test results (see Figures 6A2 and 6A3) confirmed that the distribution is not

sensitive to the steam flow conditions. Therefore, the conditions tested are
,

,

i quite representative, and the confirmation of the separability assumption
I

is applicable over the full range of postulated LOCA core spray conditions.f

!

!
: i

!
e

i

f

.

!

I
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|

QUESTION 6b -RESPONSE

The bundles adjacent to the centerline in a 30 sector are the ones most
representative of 360* results. The requested minimum individual bundle'

flows for varying core steam flow rates are illustrated in Figure 6B. Note

that the " balanced" split between core and separator steam flows is represented
by the single point along the core steam scale. The other values represent
different steam flow splits (i.e., total steam flow constant for fixed spray'

I
flow and temperature). 1

'

i

i

!

I

.

1
I

!

|
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QUESTION 6c - RESPONSE

The facility design with no vapor injection in the bypass was judged accept-
abic because the region of negligible droplet diversion extended from zero to
20,000 lbm/hr steam injection. This updraft range encompasses the region of
interest for core spray methodology confirmation, as discussed above.

i

QUESTION 6d - RESPONSE

The selection of a typical steam flow profile is appropriate to have repre-
sentative conditions for confirmation tests. However, since the core spray

methodology is a best estimate model, it is not necessary to demonstrate
bounding results for all parameters, unless they are shown ?_o have a signifi-
cant effect on the test results. Calculation with the single nozzle model

indicated that the distribution would not be sen.titive to steam updraft

effects. Therefore, a single representative radial profile was selected for
steam injection for all Lynn tests. The lack of sensitivity observed in the

Lynn tests (see Figures 6A2 and 6A3) con #irms this approach.

i

!

I
i
|

|

!

J
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!

'

QUESTION 7

4

State the location of the " steam vent" (p. 4-6) and describe how flow out

: the steam vent was controlled and/or measured.

;

QUESTION 7 - RESPONSE,

i

The steam vent is at the top of the pressure vessel. Steam injected intoj

the core region was controlled and measured with an orifice as an independent
parameter. All of this steam passes into the upper plenum and is condensed.

I
Steam into the steam dome region was contrciled and measured with an orifice

as an independent parameter. Some of this steam is drawn down the stand

.
pipes where it is condensed. The remaining steam flows dp the vent. Tbh

i

vent flow is controlled to maintain system pressure and is measured witti an
; orifice (Figure 7).

l
4

1

i
j

I

,

I

e

!

;
;

4

!

|

.

|
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QUESTION 8

| On page 5-8, Figure 5-5, centerline flows at Lynn vs. HSF are compared. How-

ever, other parameters such as nozzle spread (transverse to flow direction),
azimuthal asymmetry, etc., may also be significant and may be different at
Lynn compared to the HSF. Provide data to show that the other parameters

I were not significantly different.

|

| QUESTION 8 - RESPONSE
z

(

The single nozzle tests in steam were conducted in SSTF primarily for the>

; purpose of testing the facility's performance. The centerline flows are com-
pared to assess any significant facility problema. As indicated by Figure 5-5'

) of the confirmation report,* single nozzles operated in the Lynn facility >

produce generally similar distributions to those from HSF tests (as expected).i

More complete comparisons with conditions closely matched between the two
facilities confirm that the complete detail of the single nozzle distributions

match well (as was required to achieve the excellent comparison with the;

multi-nozzle steam results).

Direct comparison of the flow measurements in the two facilities is compli-
,

cated somewhat by different. nozzle-to-collector positioning in the two facil-
ities. Because of these differences, the following parameters are used to,

characterize eingle nozzle flow distribution: pattern area, center of

| gravity, width, length, and skew. These parameters are defined in Figure 8.
The results for the comparisons of the SPRACO 2935 runs at HSF and SSTF, as
shown in Table 1, indicate good agreement of the nozzle characterizations for

I
'

the two facilities.

i

l

i

1

1

!

i

*S. A. Sandoz, L. L. Myers, D. G. Schumacher, W. A. Sutherland, and G. E. Dix,
j " Core Spray Design Methodology Confirmation Tests", General Electric
' Company, August 1979 (NED0-24712).
>
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SPARGER
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FIRST COLLECTOR liROW IN FACILITY
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/ \
\/ \ \/

/ JL

'x 'l !
s A SPRAY PATTERN OUTLINE\

\ /
\ ,/\

\ /
\ '

/
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.

1
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FLOW ON SIDE 1
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a - PATTERN LENGTH
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Figure 8. Parameters for the Characterization of a Flow Pattern
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Table 1

COMPARISON OF S2935 PATTERNS AT HSF AND SSTF

HSF SSTF
7801-97 Tile

Pattern Area 6.5 square feet 7.5 square feet

Center of Gravity 3.92 feet 4.71 feeti

(distacce from edge of

first collector row)

Breadth 30 inches 36 inches

;

Length 42 inches 42 inches

Skew Ratio 1.2 1.23"

i

i

i

l

.

|
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QUESTION 9

Explain the effects of running the calibration tests (p. 4-10) at a spray
temperature different from the spray distribution tests (185*F vs 145*F resp.). i

QUESTION 9 - RESPONSE
I

The calibration tests were run to evaluate the updraft drop diversion region
in The Lynn Facility (cf. p. 5-9). Tha spray temperature was maximized in

those tests in order to minimize condensation effects in the upper plenum:
185*E was the facility limit. There is little effect of this spray temperature
difference on spray distribution for the same steam updraft (Figure 9).

1
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|
'

QUESTION 10

Provide the vertical axis' scale for Figure 8-3, pg. 8-4.

QUESTION 10 - RESPONSE

,

Figure 8-3 is for illustrative purposes to assist in the explanation in the '

texc. The curves at 29.5 psia came from actual calculations, as shown on the |

attached Figure 10. The higher pressure curves were sketched from past exper-

ience with high pressure testing. No calculations exist for these exact
nozzle configurations at higher pressure.

E-42
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!

QUESTION 11

Justify conservatism of the 30" sector minimum spray flow results compared to
the full 360* geometry in view of Figure 4-2, which shows considerably more
flow to some bundles for a 27* sector compared to a full 360* geometry (also

see question #(12)-9) below).

QUESTION 11 - CLARIFICATION

The 30* sector experiment is not intended to define minimum spray flows for a
360* geometry. The 30* sector can provide representative results that are
vppropriate far evaluating the core spray methodology prediction capability.
The cector air tests (Figure 11) demonstrate that the spray distribution along
the center of a 27* sector is sufficiently representative of 360* results
that comparisons between steam data and predictions for such a sector would
be expected to identify any deficiencies with the prediction method.

.
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QUESTION 12

Answers to several questions in a February 3, 1978 NRC letter * to GE were

deferred until Lynn results became available. These deferred questions are

listed below with the original number, and should be answered now that Lynn

results are available.

>

* Letter from D. G. Eisenhut (NRC) to G. G. Sherwood (GE), " Request for
Additional Information on GE Core Spray Distribution Program", February 3,
1978.

:
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QUESTION 12-2

(1/19/78) Provide copies of the references cited by Dr. Sandoz at the 1/19/78
meeting regarding size of the steam condensing region surrounding a nozzle.
Describe why GE believes that this data is appropriate for application to a
BWR spray system (e.g., that the geometry, spray flow rates, subcooling, and

similar in the referenced tests and in BWR's following asteam pressures are

postulated LOCA). Please include pictures of typical BWR single nozzle spray

patterns in steam.

QUESTION 12-2 - RESPONSE

The references cited in the January 19, 1978 presentation were as follows:

S. Weinberg, " Heat Transfer to Low Pressure Sprays of Water in a Steam

Atmosphere," Institute of Mechanical Engineers Proceedings, 1952, Vol.
1B, No. 7, p. 240.

Simpson and S. Lynn, " Vacuum-Spray Stripping of Sparingly SolubleS. G.

Cases from Aqueous Solutions," AIChE Journal, 1977, Vol. 23, No. 3,

pp. 666-673.

Two other references are also available which apply to spray systems:

Y. Takahashi, M. Masuda, K. Aikawa and M. Tahara, "A Basic Study of

Mixture Type Steam Condensers," Mitsubishi Heavy Industr:es Technical

Report, 1972, Vol. 9. No. 1, p. 15-20.

Lekid, " Direct Contact Condensation of Vapour on a Spray of SubcooledA.

Drops," Ph.D. dissertation, University of Waterloo, Ontarlo Canada,
1976.

The information in the Lekid thesis agrees with the other references; however,
Dr. Leki6 did not obtain temperature measurements close enough to the spray

nozzles to be in the high condensation rate zone.

E-47
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A list of additional references on condensation rates are shown in Table 12-2-1.

A summary of the parameter ranges covered by data in the literature is shown
in Table 12-2-2, along with comparable ranges for BWR spray systems. Although
the entire flow rate range is not covered by open literature data, it has been
covered in General Electric's own test. where no sensitivity to flow rate

has been observed. In addition, the literature show lack of sensitivity to

nozzle flow rate (Figure 8 of Simpson and Lynn and Figures 17 and 21 of
Weinberg). A similar lack of sensitivity to system pressure is shown in
Weinberg's data, which was taken over a range of 25 to 65 psia. Takahashi's
data, with pressures as low as 1.5 psia, is shown to be quite comparable to
Weinberg's in Figure 12 of the Takahashi paper.

The literature data brackets the expected BWR operating conditions for the

other parameters shown. Because of the closeness of test conditions for the
published data and for BWR spray systems, the BWR core spray is expected to
operate with similar condensation rates.

Quantitative information on these condensation rates can be obtained from
the dttached papers. Three sets of data from these papers have been repro-
duced in Figures 12-2-1 and 12-2-2. These curves show measured temperatures

o,f the spray water as a function of distance from the nozzle.

This impact of the very high near-nozzle condensation rates on spray distribu-
tion can be seen in Figures 12-2-3 and 12-2-4. Figure 12-2-3 shows a 1-in.

VNC 14/16 before and after the abrupt cone narrowing has occurred. Quantita-

tive information about this nozzle is included in NED0-20566-3.*

Figure 12-2-4 shows a Spraying System 1-1/2H30 nozzle spraying into air and
steam. The " necking" of the spray in steam as it exits the nozzle can be
observed by comparing the two photographs. Quantitative information about
this nozzle's performance is included in NED0-24164 **

*"Effect of Steam Environment on BWR Core Spray Distribution," General
Electric Company, April 1977 (NEDO-20566-3).

**" Evaluation of the Dresden I Core Spray Sparger Performance in a Steam
Environment," General Electric Company, December 1978 (NED0-24164).

E-48
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Figures 12-2-3 and 12-2-4 provide clear visual evidence that the influence of
condensation on spray distribution happens in the region very near the nozzle

exit.

I
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Table 12-2-1

CONDENSATION RATE REFERENCES

G. G. Brucker and E. M. Sparrow, " Direct Contact Condensation of
Steam Bubbles in Water at High Pressure," Int. J. Heat Mass Transfer,

Vol. 20, pp. 371-381, 1977.

D. Hasson, D. Luss, and U. Navon, " An Experimental Study of Steam
Condensation on a Laminar Water Sheet," Int. J. Heat Mass Transfer,

Vol. 7, pp. 983-1001, 1964.

D. Hasson, D. Luss, and R. Peck, " Theoretical Analysis of Vapour
Condensation on Laminar Liquid Jets," Int. J. Heat Mass Transfer,
Vol. 7, pp. 969-981, 1964.

E. Kulic and E. Rhodes, " Direct Contact Condensation from Air-Steam
Mixtures on a Single Droplet," Can J1. of Chem. Engr., Vol. 55,
p. 131, April 1977.

K. Miyazaki, I. Nakaj ima, T. Fuj ii-e, and T. Suita, " Condensing Heat
Transfer in Steam-Water Condensing-Injector," J1. of Nucl. Science

and Technology, If) (7), p. 411, July 1973.
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Table 12-2-2

CONDENSATION RATE PARMIETER RANGE

BWR Literature

Parameter Core Spray Data Base

Spray Flow (gpm) 10 - 90 0.4 - 44

System Pressure (psia) 15 - 120 1.5 - 65

Spray Temperature ("F) 100 - 180 50 - 200

Nozzle Pressure Drop (psi) 10 - 35 5 - 50

.

Nozzle Diameter (in.) 0.22 - 1.08 0.04 - 1.57

E-51
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1.0
NOZZLE A (D = 30 mm) -

U

"
O

NOZZLE B (D = 40 mm)
O

f* On

d e
e

0.5 -

I0
O 500 1000

DISTANCE FROM NQZZLE (mm)

Figure 12-2-1. Replot of Figure 12 from Takahashi, et al., Showing
Temperature Rise in a Spray as a Function of
Distance From the Nozzle
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QUESTION 12-5

(1/19/78) We have heard several presentations regarding test programs to be

accomplished at the Lynn, Massachusetts full scale 30*-sector steam test
facility. Each presentation has emphasized investigation of either core spray

(CS) distribution or counter-current-flow-limiting (CCFL) phenomena. In

reality, the two are closely coupled. Please provide a written description

regarding how the facility will be utilized to investigate the closely coupled

relationship of CS and CCFL phenomena.

QUESTION 12-5 - RESPONSE

The core spray distribution methodology defines how the core spray water would
be distributed over the top of the reactor when a steam environment exists in

the upper plenum. The CCFL-related system response with core spray will be
studied in the Lynn facility under realistic blowdown / refill transient condi-
tions. The plan for these coupled experiments is identified in the BWR
Refill-Reflood program contract (work scope), and is further defined in the
30* sector task plan * of that program.

*D. C. Schumacher, "BWR-Refill-Reflood Program Task 4.4 - CCFL/ Refill System
Effects Tests (30 Sector) Experimental Task Plan," April 1981 (GEAP-24893) .
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QUESTION 12-6

(1/19/78) Quantify the expected effects of the smaller amount of steam con-
densation that is expected to occur in the " hydrodynamic" region. Why does ,

GE expect that this condensation will not invalidate the " separability"
hypothesis? (The January 19 meeting disclosed that approximately 25% of the
total condensation is expected in this region.)

QUESTION 12-6 - RESP ^NSE

As discussed in the 1/19/78 meeting and Question 12-2 response, most of the
condensation occurs in the film region near the nozzle exit, before the

breakup of the spray into drops. Therefore, very little condensation occurs

on the droplets in the " hydrodynamic" region.

Quantification of the amount of steam condensation in the hydrodynamic region
is best seen by examination of typical data in Figure 12-6. This figure shows

that the condensation rate, beyond a few diameters from the nozzle, is rela-
tively slow. Therefore, the local steam velocities induced by condensation in ,

the hydrodynamic region are very small and have negligible influence on spray
drop trajectories. This conclusion is reinforced by the successful methodology
confirmation tests,

t

9

.
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Figure 12-6. Temperature Rise in a Spray as a Function of
Distance from the Nozzle
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QUESTION 12-7

(1/19/78) What air updraft velocities will be utilized in future Vallecitos

air-water full scale tests to simulate steam velocities in the post-LOCA

environment? Justify the conservatism of the simulation, including magnitude
and direction of the air flow with respect to predicted steam magnitude and

direction following a LOCA.

QUESTION 12-7 - RESPONSE

'The core spray distribution is not sensitive to updraft, as shown by calcula-
tions with the single nozzle model and by the Lynn sensitivity tests. There-

fore, no updraft is used in the Vallecitos full scale air tests with simulator
nozzles. The successful Lynn confirmation verifies the adequacy of this

approach.

.
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QUESTION 12-9

(12/15/77) Provide documentation regarding why GE believes steam and water
flow patterns in the Lynn 30* test facility will adequately represent the flow
patterns that might be present in a full 360* reactor upper plenum following a
LOCA. Include discussion of tests both with and without the " pie-shaped

baffle" in place. (Answer to this question should be included in or coor-
dinated with your answer to Question 11 above.)

QUESTION 12-9 - RESPONSE

The fuel channels and separator standpipes force axisymmetric axial flows
across the boundaries of the BWR upper plenum (see Figure 12-9A) . The flew

patterns within the upper plenum are controlled by the interactions of these
boundary flows and the core spray coolant flows with the confining geometry
of the reactor plenum. These controlling features have been reproduced in the

Lynn steau sector facility (see Figure 12-9B). The similarity in flow patterns

that result from the axisymmetric upper plenum conditions has been illustrated

by the similar core spray distribution results obtained in different sector
sizes with air (see Figure 12-9C). The effects of including pie-shaped baffle

walls in the sector was to increase the apex flow somewhat (as expected), but ,

*
to significantly change the region over which the sector adequatelynot

represents full 360* results.

The observation that most of the spray trajectory in a steam environment also
occurs under "hydrodymamic" (i.e., negligible condensation) conditions leads
to the conclusion that the 30* sector will similarly provide an adequate
representation of 360* flow patterns for steam environments.

The test results, with and without valls, are shown in Figure 12-9D for each
individual bundle. Examination of these data show that presence of the walls
does not affect the skew of the spray, which further confirms the adequacy of

the 30* sector.
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QUESTION 12-11

(12/15/77) Provide the "CCFL delay vs. zero spray coefficient" tradeoff
results (discussed in slides SCR-5 through SCR-8 (12/15/77)) for the sizes
and types of jet-pump BWR plants whose results were not presented at the
12/15/77 meeting, and for the second most limiting break location for "LPCI-
Modified" BWR's.

QUESTION 12-11 - RESPONSE

It was agreed that this question would be answered during the specific plant
application phase of the overall core spray effort. The answer to this
question was not deemed necessary for approval of the methodology.

a

9

a

4
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QUESTION 12-12

(Previous number 1-C, 9/2/77) The proposed tests do not include possible
effects due to the different steam qualities that might be present under
various conditions. Water droplets entrained in the steam may change the
interaction of the steam and the spray cone. Describe how GE plans to quantify

such possible effects experimentally and/or analytically.

QUESTION 12-12 - RESPONSE

For spray cooling conditions of a hypothetical BWR-LOCA, the relatively low
vapor velocities produce few entrained droplets from the fuel bundles. Pre-

vious experiments * with single fuel bundle simulations have demonstrated that
CCFL results from both heated rod bundles and adiabatic steam injection bundles

match quite well. Since these CCFL results are expected to be sensitive to

entrained droplets from the fuel bundle, it can be concluded that the entrained
droplets are adequately simulated with adiabatic bundles used in Lynn. The
spray itself provides the primary source of droplets entrained in the complex
upper plenum flow field. These reactor simulation effects are directly
included in the Lynn sector data through use of realistic reactor mock-up
and bundle simulation hardware and realistic spray operating conditions.

Therefore, the Lynn f acility provides the desired realistic evaluation of the
core spray prediction methodology.

*D. D.~ Jones and S. S. Dua, " Saturated Counter-Current Flow Characteristics
of a BWR Upper Tieplate," General Electric Company, July 1978 (NEDO-20566-4-P).
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QUESTION 12-17

(Previous number 11, 9/2/77) Justify your assumption that one-half of the
" Appendix K" quoted core spray heat transfer coefficients can be used when
spray flow to a bundle is below minimum design flow. You should provide

results of experimental spray heat transfer coefficient measurements taken

at lower spray flows. Also, you should quantitatively demonstrate that

actual penetration of the assumed (lower) flow into the bundle is consistent

with your CCFL data and correlations, under all conditions predicted by

your ECCS calculations where this assumption of lower heat transfer coeffi-

cients is made.

.

QUESTION 12-17 RESPONSE

It was agreed that this question will be answered during the specific plant

application phase of the overall core spray effort. The answer to this

question was not deemed necessary for approval of the methodology.

(
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