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LEGAL NOTICE

This response was prepared as an account of work
sponsored by Combustion Engineering, Inc. Neither

Combustion Engineering nor any person action on its
behalf:

a. Makes any warranty or representation, express
or implied including the warranties of fitness for a
particular purpose or merchantability, with respect
to the accuracy, completeness, or usefulness of the
information contained in this response, or that the use
of any information, apparatus, method, or process dis-
closed in this response may not infringe privately owned

rights; or

b. Assumes any liabilities with respect to the
. use of, or for damages resulting from the use of, any
information, apparatus, method or process disclosed
in this response.
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CRITERIA FOR PROPRIETARY INFORMATION

Information contained in this report which is delimited by means of
surrounding brackets is proprietary to Combustion tngineering, Inc.
Code numbers 1-6 have been placed in the vicinity of such brackets
to classify this proprietary information. The following list
fdentifies the classification criteria associated with these code
numbers. ~

Code - : A .Criteria
N : The information reveals privi1éged cost or price

information, commercial strategies, production
capabilities, or budget levels of Combustion
Engineering, Inc., its customers or suppliers.

2 The information reveals data or material
concerning Combustjion Engineering or customer
funded research or development plans or programs
of substantial present or potential competitive
advantage to Combustion Engineering, Inc.

'3 " The use of the information by a competitor would
substantially decrease his expenditures, in time
or resources, in designing, producing or marketing
a similar product. :

4 : The information consists of test data or other
"~ similar data concerning a process, method or
component, the application of which results in :
a substantial competitive advantage to Combustion
Engineering, Inc. e

5 The information reveals special aspects of a
process, method, component or the like, the
exclusive use of which results in a substantial
competitive advantage to Combustion.Engineering._
Inc. : T . :

6 " The information contains ideas for which patent
protection is likely to be sought.



QUESTION. It is our understanding that San Onofre 2 and 3 will use fuel
'22].19 assemblies with support grids which are thicker and higher than

) comparable grids for the 16x16 fuel design in Al0-2. Also the
(4.4 ' :

grid spacing has been increased relative to the grid spacing for

(Ré?) ANO-? by using one less grid for the bund]e The new San Onofre
2/3 fuel des1gn is not present]y descr1bed in the FSAR. The effect
of these,changes in grid design may be to reduce the critical heat
flux for San Onofre fuel relatlve to that for ANO-2 and other plants
whfch use the _same grid des1gn as ANO-2. Therefore, provide data

. to Just1fy the use of the CE-1 CHF correlation for San Onofre or

propose another, acceptab]é. correlation for use on San Onofre 2

. and 3. f

* The test for the effects of bundle corners'on CHF which have been
: diséussed ihforma]]y with tE and SCE are not appropriate to satisfy
; the data negdgd %o Justify the use of thé CE-1 CHF correlation for
San Opofre.-

RE§PONSE “There is a~§ubstantia1lbody of information which justifies _the

- use of CE-1 for the San Onofre 2 & 3 fuel

. assemb]iés; The re]evant 1nformat1on is summarlzed below.

“Tablevl‘presents dimensional data for the spacer grids of interest.

' 3.§
The spacer|

'”;grid positions for Arkansas and San Onofre 2 & 3 fuel assemblies are

. shown in Figure 1.

A number of CHF tests conducted by CE Justify

_:_'the applicability of CE-1 to the San Onofre 2 & 3 fuel. The
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tests were conducted in the Medium PressQFeHHeat Transfer Flow

-Loop at the Chem1ca1 Engineering Research Laboratories of

Columbia University. References 1 and 3 provide a description

of the test fac111ty. basic test sectlon hardware, and the

procedures for testing and data hand]ing.

Evidence that CE-1 is applicable for the axial grid spacing

of 15.7" planned for San Onofre 2 & 3 fuel is provided by

. data obtained with the even larger spacing of 17.4". The bundle
] used In the test was a 16x16 type. 21 rod bundle (5x5 arra/ with
| 4 rods rep]aced by CEA guide tube) Heated 1ength was 7 feet.
.Uniform axial and nonuniform lateral power distributions were
- used. Spacer grids were representative of the Arkansas/HID-1

'design‘ Except for the Qrid spacing, the test bundie was

similar to the ]6x16 -type, 21- rod bundle used to obtain some of
the CE 1 50urce data (reference 1). Figure 2 presents the results
obta1ned using .the CE-1 correlation and ,the C-E design.subchanne]
anersis code, TbRC*(reference 2),to predict CHF for compdrison
with the measured values. The results given in F1gure 2 show

that CE 1 predicts CHF cat1sfactorﬂy for 17.4" spacing, a

_"spacing larger than the 15.7" spacing of the San Onofre 2'& 3 fuel.

The CHF test results discussed previously were obtained with a

'uniform axial power distribution. The nonuniform axial power

] distr1but1on tests were conducted only for 14.2" grid spac1ng.

However, detailed analysis of the CHF data obtained with the
nonuniform axial power, 16x16 type bundles with 14.2"'spacing

showed that CE-1 used with the F factor (design method)
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| Substantia]ly underpredicts the measured diF vélyes (;efefence 3).
Table 2 il]ustratés this with information excerpted from reference
3. The results given iﬁ Table 2 show that CE-1 underestimates
the measured CHF valueé by approximately 25%. Thoéé tests
were conducted with an axjal grid spacing of 14.2", but it is
extremely unlikely that the 1arge margin of conéervatism shown
by those results cou]d be eliminated by increasing the gr1d

spac1ng by 1.5" to 1i5. 7".

It 1s the position of C-E that the above information justifies the
: épp]ication of CE-1 for fuel assemblies with grids similar to
‘ thbsevtested and with grid spacing of 15. 7" as planned for the

San Onofre 2 & 3 fuel. The remaining concern involves the potentiea:

- F effect of grid design changes. L
' I . L . e . 13

The following paragraprs

{discuss C-E CHF test results which address the questions of effect

of increase in the height and thickness of the grid strips.

S e = —

¥

The test used an electrically heated 25 rod bundle simulating |
the corner region of four adjacent 16x16 fuel assemblies positioned
such that.the gap between them would be a minimum (see Figure 3).
The test sect1on had a 7' uniformly heated 1ength and a nonuniform
lateral power dxstr1but10n as shown in Figure 3. A typical

spacer grid is shown in Figure 4; the test grid geometry is

'-1dent1ca1 to that of the HID-1 spacer grids which will be
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used in the San Onofre 2 & 3 fuel assemblies. Axial :

spacing of the grids was 14.3".'

Figu}e.s shows a comparison of the measured vaiues of CHF'
and predictions made using the TORC subchannel anaiysis
code and the CE-1 correlation. C]eérly the measured values
are substantially higher Fhan the predictéd va1ue§. showing
that the presence of the periﬁetér strips increases CHF

in the subchannels on and near the per1phery of the fuel

B . . e o 1.
) assemb]y ‘

e e e

. concLusIon | |
- -‘ - -; .ff" 5? It is the posiiion 6f C-E that the avai]aﬁle information
| . . pro¢1des éufficient justification for the use of CE-1 for
: pred%ctiné margin to CHF in San Onofre 2 & 3 fuel assemblies,

L _-. -. and that no additional data are required.

oS e _ )
S REFERENCES |
' 1; “Critical Heat Flux Correlation for C-E Fuel Assemblies w1th
Standard Spacer Grids, Part I-Uniform Axial Power Dlstr1but1on"

'CENPD-IGZ—P—A and CENPD-162-A, September 1976.

N

2. "TORC Code, A Computer Code for Determining thé Thermal

Hargin»of'a Reactor Core", CENPD-161-P and CENPD-161,

July, i975.

3. "Critical Heat Flux Corrleation for C-E Fuel Assemblies
- . . with Standard Spacer Grids, Part I1 - Nonuniform Axial éower
‘ | Distribution®, CENPD-207-P and CEWPD-207, June 1976.
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g |  TABLE I
* 16x16 SPACER GRID CHARACTERISTICS

" Arkansas (1) San Onofre Units 2 and 3(1)
Six HID=1 Four HID-2

Grid Spacing,.dn. .. U 148 _ | 15.7°

Perimeter Strips:.’g”;,'_,; ";; C e
Thickness, in, = - ) T : '
HEight, 1”- ‘ . Y . i e )

" Interior Strips S _‘ . 5
ThiCknESS. 1no I . [ ) e
Height, in. ‘ , .

¢

(1)A11 reactor fuel assemblies include ah Tnconel spacer grid at the beginning of the

heated length. That grid 1s not included in this summary.

(Z)Reinforced spacer grids were used with all the 12 1/2 ft. test bundles. Reinforcement of
the grids was necessary to provide adequate support for the heater rods against the high
electromagnetic attractive forces which occur at high test section power levels. The
method of reinforcing the grids and the justification for the use of the CHF data obtained
with reinforced spacer grids are discussed in Reference 1.

© (3)Nhen used with the tesf grids.

16x16 Test Bundles(?)

1422174




"TABLE 2

- - .CE-1 CHF Pred1ct1on for Nonun1form Axial Power 16x16 Type Bundles with a
© .12.5' Heated Length and Standard Grids at 14.2" Spacing

‘Axial Flux Shape :
". 1.46 Symmetric 1.47 Top Peak

Number of CHF Data- . o107 " 106
* .. Mean of Ratiq of Measured and o 1.236 B - 1.254
| Predicted CHF ‘ SRR L

LRt S

Standard Deviation of Measufed 0.122 - 0.083
and Predicted CHF : L b

Py

L XY

(Y}
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Figure 2

MEASURED AND PREDICTED CRITICAL HEAT FLUXES
FOR A 16 x 16-TYPE BUNDLE WITH C-E STANDARD
SPACER GRIDS AT 17.4” AXIAL SPACIING

PRESSURE PSIA 1790 TO 2305 T
INLET TEMPERATURE, °F 448 TO 640 .
LOCAL MASS VELOCITY, LB/HR-FT2 0.92 x 10570 3.06 x 106
LOCAL QUALITY < 20% '

DNBR = 1.19

NUMBER OF DATA 64

MEAN OF RATIO OF MEASURED AND PREDICTED
CHF VALUES 0.9947

STANDARD DEVIATION OF RATIO OF MEASURED
AND PREDICTED CHF VALUES 0.0497

0.2 . 0.4 0.6 0.8 1.0
PREDICTED CRITICAL HEAT FLUX, 108 BTU/HR-FT2
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l Figure 3 .
LATERAL GEOMETRY AND ROD POWER DISTRICUTION
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Figure 4

HiID-1 SPACER GRID, SIMULATING THE CORNER
REGION OF 4 ADJACENT 16 x 16 ASSEMBLIES

3,S




{ h Flgure 5 | |

-{ MEASURED AND PREDICTED CRITICAL HEAT FLUXES

FOR A 16 x 16 TYPE BUNDLE REPRESENTING %
THE CORNER REGION OF 4 ADJACENT FUEL ASSEMBLIES

© L0
- RATIO OF MEASURED AND PREDICTED CHF
= MEAN 1.506]
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PREDICTED CRITICAL HEAT FLUX, x 108 BTU/HR-FT2
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