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Upon the removal of Enclosure 1, F 910 675 6363

F 910 362 6363

the balance of this letter may be dovid.hinds@ge.com
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MFN 06-350 Docket No. 52-010

September 29, 2006

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555-0001

Subject: Response to Portion of NRC Request for Additional Information
Letter No. 53 Related to ESBWR Design Certification Application -
DCD Chapter 4 and GNF Topical Reports - RAI Numbers 4.3-2, 4.3-
5, 4.4-25, 4.4-30, 4.4-35, 4.4-39, 4.4-51

Enclosure 1 contains GE's response to the subject NRC RAIs transmitted via the
Reference 1 letter.

Enclosure 1 contains GNF proprietary information as defined by 10 CFR 2.390. GNF
customarily maintains this information in confidence and withholds it from public
disclosure. A non proprietary version is provided in Enclosure 2.

The affidavit contained in Enclosure 3 identifies that the information contained in
Enclosure 1 has been handled and classified as proprietary to GNF. GE hereby requests
that the information of Enclosure 1 be withheld from public disclosure in accordance
with the provisions of 10 CFR 2.390 and 9.17.

If you have any questions about the information provided here, please let me know.

Sincerely,

David H. Hinds
Manager, ESBWR

General Electric Company
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Enclosures:
1. MFN 06-350 - Response to Portion of NRC Request for Additional

Information Letter No. 53 Related to ESBWR Design Certification
Application - DCD Chapter 4 and GNF Topical Reports - RAI Numbers 4.3-
2, 4.3-5, 4.4-25, 4.4-26, 4.4-28, 4.4-29, 4.4-30, 4.4-35, 4.4-39, 4.4-51 - GNF
Proprietary Information

2. MFN 06-350 - Response to Portion of NRC Request for Additional
Information Letter No. 53 Related to ESBWR Design Certification
Application - DCD Chapter 4 and GNF Topical Reports - RAI Numbers 4.3-
2, 4.3-5, 4.4-25, 4.4-26, 4.4-28, 4.4-29, 4.4-30, 4.4-35, 4.4-39, 4.4-51 - Non
Proprietary Version

3. Affidavit - Jens G. M. Andersen - dated September 29, 2006

Reference:

1. MFN 06-288, Letter from U. S. Nuclear Regulatory Commission to Mr.
David H. Hinds, Request for Additional Information Letter No. 53 Related
to ESBWR Design Certification Application, August 16, 2006

cc: AE Cubbage USNRC (with enclosures)
AA Lingenfelter GNF/Wilmington (w/o enclosures)
GB StrambackGE/San Jose (with enclosures)
eDRFs 58-7001, 58-7161,58-8769, 59-0322,

57-2772, 58-3969, 58-9718



ENCLOSURE 2

MFN 06-350

Partial Response to RAI Letter No. 53 Related to ESBWR

Design Certification Application

DCD Chapter 4 and GNF Topical Reports

RAI Number 4.3-2, 4.3-5, 4.4-25, 4.4-30, 4.4-35, 4.4-39, 4.4-51

Non-Proprietary

Non-Proprietary Notice

IMPORTANT NOTICE
This is a non-proprietary version of the Enclosure I of MFN 05-350, which has the
proprietary information removed. Portions of the document that have been removed are
indicated by an open and closed bracket as shown here [[ ]].
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NRC RAI 4.3-2

In DCD Tier 2, Section 4.3.2, titled Nuclear Design Analytical Methods, the staff noted
that most of the references do not reflect recent BWR operating experience. Please
provide the experience database in tabulatedform, (including as much detail as
possible), pertinent to expected operation of the ESB WR, and operation with high exit
void fractions. Specifically:

(a) Demonstrate quantitatively and qualitatively that the current lattice and simulator
(depletion) code suite have been validated in regions characteristic of ESBWR
operation, such as low mass flows and of high void fractions.

(b) Demonstrate quantitatively and qualitatively, that the Lattice/Depletion code systems
and associated uncertainties and biases established for these codes (especially for
reactivity coefficients, including void coefficients) remain validfor the neutronic and
thermal-hydraulic conditions predictedfor the ESBTVR operation.

(c) Demonstrate quantitatively and qualitatively, that the fiel isotopic validations and
testing performed in the Lattice/Depletion code systems remain applicable for
prolonged operation under high void conditions for the fiel lattice designs that would
be used for the expected ESBWR.

(d) Provide any validation data in support of the GE neutronic methodology prediction
capability by comparison to gamma scans and TIP data. Specifically, the staff is
looking for core follow benchmarking based on present fiel designs, operating
strategies, and core conditions, similar to those strategies and core conditions
expected for ESBWVR operation. This request pertains to any recent fitel, such as the
GE-14, in particular for first cycle and second cycle fuel operation.

GE Response

a) DCD Tier 2, Section 4.3.2 references the documentation upon which licensing
approval was provided for the nuclear methods. It also references the licensing
topical report NEDC-33239P, which was submitted in part to update the experience
database that is relevant to ESBWR. The ESBWR fuel will experience in-channel
void fraction conditions that are within the experience base of the current operating
high power density fuel designs. NEDC-33239P provides the operational parameters
for a subset of GE's experience database for such reactors. Plants A through E are
described in general parameters in Table 1-14 of NEDC-33239P. In terms of the
parameters given in that table, the ESBWR has 1132 bundles with a power density of
54.3 kW/l and a nominal core flow of 78.5 Mlbm/hr. The bundle mass flow and
corresponding bundle exit void fraction for the ESBWR core is compared in Figure
4.3-2.1 to those of the operating experience database plants from NEDC-33239P for
representative points during the operating cycle. The bundle exit void fraction is
plotted as a function of bundle mass flow for every bundle in the selected core state
points.
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The bundle exit void conditions and bundle mass flows for Figure 4.3-2.1 are
explicitly tabulated in Table 4.3-2.1.

By examining the data presented in Figure 4.3-2.1 and Table 4.3-2.1, it can be seen
that the major difference in the ESBWR operating state is the in-channel mass flow.
The adequacy of the void quality correlations at lower mass flow conditions is
addressed in the response to ESBWR RAI 4.4-2. (See MFN 06-297). For
examination of the void fraction range of the ESBWR relative to the operating
BWRs, it is concluded that the current lattice and simulator code suite has been
validated in the void fraction (moderator density) regions characteristic of the
ESBWR core.

b) NEDC 33239P, Section 1.3 provides the lattice physics methods qualification bases.
These bases, which cover a range of void and temperature conditions, apply directly
to the GE14 lattices for ESBWR, since these are essentially identical to the lattices of
GE14 for the operating BWR fleet. As seen in Figure 4.3-2.1, the range of in-channel
exit void conditions in the ESBWR is essentially the same as the operating BWR
fleet. It is reasonable to conclude that the Lattice/Depletion code system performs
similarly for similar conditions, as determined by operating fleet experience, in
particular for core reactivity as given by the eigenvalue comparisons in Figure 1-26 of
NEDC-33239P. It is further concluded that the associated uncertainties and biases of
the Lattice/Depletion system (such as reactivity coefficients) continue to be valid
when applied over the range of conditions expected for the ESBWR core and fuel
design.

c) As in response to (b) above, with essentially identical in-channel void fraction
characteristics as the operating BWR fleet, it is reasonable to conclude that the fuel
isotopic validations and testing performed in the Lattice/Depletion code systems
remain applicable for use with ESBWR fuel.

d) The documentation of gamma scans results, core tracking results and data tabulation,
BWR cold critical results and tabulations, and TIP comparisons can be found in
Sections 1.6.3, 1.6.4, 1.6.5, and 1.6.6, respectively, of NEDC-33239P, "GEl4 for
ESBWR Nuclear Design Report". These data, particularly the core follow data and
TIP comparisons for the plants listed in Table 1-14 of the report, all of which contain
GEl4 fuel in first and second cycles of operation, are applicable to the conditions
expected for the ESBWR core and fuel design.

No DCD changes will be made in response to this RAI.
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Figure 4.3-2.1 Sample of Experience Database for Exit Void Fractions

{3)]]
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Table 4.3-2.1: Tabulation of Samples from Experience Database for Exit Void Fractions

ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB) -

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (Ib/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
1[[
2
3
4
5
6
7
8
9
10

12
13
14
15
16
17
18
19
20

231 J
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (Ib/br) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction105
106

107
108
109

110

112
113
114
115
116
117
118
119
120
121
122
123

126
127
128

L129
' 1307

1 31 El
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
ple Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
132
133

134
135
136
137
138
139
140
141
142
143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158 1
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/br) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
159
160
161
162
163

164
165
166
167
168
169
170

171
172
173
174

175
176
177
178
179
180
181
182
183
184
185
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
ple Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E

(CycleA) (CycleB)
Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
ple Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

286
287
288
289
290
291__ _ ___ _ ___ _ _ __ _ _

292
293



MFN 06-350
Enclosure 2

Non-Proprietary Information Page 15 of 43

ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CyclCB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
321

322
323

324
325
326

327

328

329

330

331
332
333

334
335

336
337

338
339

340

341

342
343

344

345

346
347
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (Ib/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
ple Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420 ,,=

421
422
423

424
425
426
427
428
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lbihr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (Ib/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CyclcB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
ple Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
564
565
566
567
568
569
570
571
572
573
574
575
576_________

577
578
579

580
581
582
583
584
585
586
587
588
589
590
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
591 1
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
645 1
646
647

648

649
650
651

652

653
654

655
656

657

658

659
660

661

662

663
664
665

666

667
668

669

670
671
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (Ib/hr) Void
672 Fraction Fraction Fraction Fraction Fraction Fraction Fraction672 ___ ___ ___ ___ __ _

673
674
675
676
677
678
679
680
681
682
683
684
685

686
687
688

689
690
691
692
693
694
695
696
697
698
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
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ESBWR Plant A Plant B Plant C Plant D Plant E Plant E
(CycleA) (CycleB)

Sam Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel Mass Channel
pie Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit Flow Exit
No. (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr) Void (lb/hr Void (lb/hr) Void (lb/hr) Void

Fraction Fraction Fraction Fraction Fraction Fraction Fraction
726

727

728

729
730
731

732

733
734

735
736

737
738

739
740

741

742
743
744

745
746

747
748 ]]
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NRC RAI 4.3-5

DCD Tier 2, Figure 4.3-3 on page 4.3-14, shows that the Moderator Temperature
Coefficient (MTC) is slightly positive at lower temperature towards end of cycle (EOQ).
Provide additional discussion for each MTC curve in this figure.

GE Response

The Moderator Temperature Coefficient (MTC) is an aspect of the Boiling Water Reactor
(BWR) core that is routinely evaluated as part of core and fuel design. The BWR core can
exhibit a positive MTC; although, fleet operation experience has shown it is uncommon or
otherwise manageable. The primary parameters that lead to a positive MTC are the critical
control rod density, the gadolinia content present, the lattice geometry and the enrichment.
The two most important parameters are the control rod density and the gadolinia content.
As insertion of the control rod displaces water in the intra-assembly gap, controlled nodes
tend to contribute to a negative MTC. Similarly, both gadolinia and control rods are strong
local absorbers and as neutron migration area increases with moderator temperature both.
absorbers become more effective leading to a negative MTC. As the core is depleted
through power operation both the critical control rod density and the gadolinia content
reduces which can lead to positive temperature coefficients at low temperature for late
cycle startups. It is noted that most, if not all, modern BWR fuel designs can be evaluated
as having a positive MTC under certain conditions at moderator temperatures below hot
standby; however, as the transient response of the core to a positive MTC is slow due to
the time required to increase the coolant temperature, and reduce the fuel temperature after
an initial power increase, a positive MTC does not pose a problem for reactivity control.

As can be seen in ESBWR DCD, Tier 2 Figure 4.3-3, a positive MTC is not expected until
late in the cycle, and at low temperature.

ESBWR DCD Tier 2 Subsection 4.3.3.2.3 shall be replaced, in its entirety, as follows:

The moderator temperature coefficient is an aspect of the Boiling Water Reactor core that
is routinely evaluated as part of core and fuel design. The moderator temperature
coefficient is associated with the change in the water moderating capability. A negative
moderator temperature coefficient during power operation provides inherent protection
against power excursions. Hot standby is the condition under which the BWR core coolant
has reached rated pressure and temperature and is the state point at which a negative
moderator temperature coefficient is required. Once boiling begins, the core dynamic
response is dominated by the void coefficient.

The BWR core can exhibit a positive moderator temperature coefficient; although, fleet
operation experience has shown it is uncommon or otherwise manageable. The primary
parameters that lead to a positive MTC are the critical control rod density, the gadolinia
content present, the lattice geometry and the enrichment. The two most important
parameters are the control rod density and the gadolinia content. As insertion of the
control rod displaces water in the intra-assembly gap, controlled nodes tend to contribute
to a negative MTC. Similarly, both gadolinia and control rods are strong local absorbers
and as neutron migration area increases with moderator temperature both absorbers
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become more effective leading to a negative MTC. As the core is depleted through power
operation both the critical control rod density and the gadolinia content reduces which can
lead to positive temperature coefficients at low temperature for late cycle startups It is
noted that most, if not all, modern BWR fuel designs can be evaluated as having a positive
MTC under certain conditions at moderator temperatures below hot standby; however, as
the transient response of the core to a positive moderator temperature coefficient during
startup is slow due to the time required to increase the coolant temperature, and reduce the
fuel temperature after an initial power increase, a positive moderator temperature
coefficient does not pose a problem for reactivity control.

Analyses of the moderator temperature coefficient of the reference core design were
performed, as described in Reference 4.3-8. The variation of the moderator temperature
coefficient as a function of temperature is shown in Figure 4.3-3 for several exposure
points in the reference fuel cycle.

The most limiting state condition was determined to be at the end of the reference fuel
cycle for a critical core configuration. The results of the analyses at these conditions were
that the moderator temperature coefficient is negative for all moderator temperatures above
approximately 130'C.

The results of these analyses at these conditions confirm that the moderator temperature
coefficient is negative for all moderator temperatures in the operating temperature range.
Therefore, the moderator temperature coefficient criteria are met.
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NRC RAI 4.4-25

Section 1.0 of NEDC-3323 7P, states that "appropriate procedures are used and biases are
applied". Describe these procedures and biases.

GE Response

The phrase "appropriate procedures are used and biases are applied" used in Section 1.0 of
NEDC-33237P refers to a systematic approach developed to apply GEXL14 to the
ESBWR version of GEl4. A detailed description of this approach was provided in Section
4.2 of the same report. To clarify the meaning of this phrase, the second paragraph of
Section 1.0 will be revised as follows:

The GEXL critical power correlation for conventional GE14 1Oxl0 fuel (GEXL14)
has been developed using data obtained from the ATLAS critical power test facility.
GE14 fuel is currently producing power in BWRs worldwide with successful
operating performance. Due to the similarity between the conventional BWR and
ESBWR versions of GE14, the GEXL14 correlation can be applied to ESBWR
applications, provided that the geometry differences between the two versions of
GE14, however small these differences are between the two versions, are quantified
and properly accounted for. First, the ATLAS critical power data for the
conventional BWR version of GEl4 is adjusted due to shortening of the heated
length. A subchannel analysis model of GE14, previously qualified based on the
ATLAS GEI4 critical power data, is then used to quantify the effect of the geometry
differences between the two GE14 versions on the critical power performance of the
ESBWR version of GEM4. This document describes the application of the GEXLI4
critical power correlation to ESBWR GE14 (GE14E) fuel and the supporting
analyses performed to quantify and subsequently account for the effect (on critical
power) of the differences between GE14 for the conventional BWRs and GE14E for
ESBWR.

Detailed descriptions of the supporting studies performed to quantify and account for the
effect (on critical power) of the differences between GE14 and GE14E were provided in
NEDC 33237P. A revision to NEDC-33237P will be made to provide additional details
based on the responses to the RAIs on this report.

It should also be noted that the development of GEXL14 correlation is consistent with the
existing procedures, and that independent verification and peer reviews were performed in
the studies leading to the conclusions in NEDC 33237P to assure conservatism and
compliance with quality assurance requirements.

While No DCD change will be made in response to this RAI, a revision will be made to
NEDC-33237P.



MFN 06-350 Non-Proprietary Information Page 35 of 43
Enclosure 2

NRC RAI 4.4-30

Table 4-2 of NEDC-33237P, gives Average ECPR values greater than 1.0. The preceding
paragraph states that ECPRs less than 1.0 represent points for w hich the correlation is
conservative, and those greater than 1.0 represent points where the correlation is
conservative. Explain why the data with mass flux less than or equal to if

]] is f[ ]]for use for the GE14E design.

GE Response:

The data with mass flux less than or equal to [[ ]] listed in the first row of
Table 4-2 include critical power data from Spacers 1 and 2. These data are inherently
[[ ]] for use with GEI4E because the critical power data modified for a
heated length truncated at [[ ]] will clearly be less than the data which one
would measure in an actual test performed with the truncated heated length. This
[[ ]], implicit in the [[ 1l based on the data
which include the dryout data from Spacers I and 2, suggests that the [[

]] is less than the [[ ]] apparent [[ ]]. In other
words, the data have been used in a conservative way and that the 2.8% non-conservatism
in the ECPR is overestimated. In the application of GEXL14 for the ESBWR the 2.8%
non-conservatism in the mean ECPR is automatically accounted for by an equivalent
increase of 0.028 in the safety limit. This removes any bias in the GEXL correlation.
Consequently a net conservatism is introduced by the conservative use of the data.

To avoid a misinterpretation of the phrase "based on the conservative treatment of the
GE14 modified data" in the first paragraph on Page 4-9 of NEDC-33237P, the following
revision will be made:

The first data set in Table 4-2 shows the GEXL14 correlation statistics for
GEI4E based on the the GE14 data modified for [[

]] and limited to mass flux equal to less than [[
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NRC RAI 4.4-35

Section 1.3.1 ofNEDC-33239P, Monte Carlo Benchmark Comparison, refers to [[
]]. What is f[

]]? Provide qualitative and quantitative justification.

GE Response:

[R

No DCD changes will be made in response to this RAI.
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NRC RAI 4.4-39

Section 1.5 of NEDC-33239P states it is assumed that [[
]]. Provide additional clarification regarding this assumption, that is,

considering the chimney arrangement.

GE Response:

In support of the resolution for the above RAI, the following two tasks are performed.
Everywhere below, the use of "the assumption" refers to the assumption that [[

I].

1. From a well-established reference TRACG case, the differences in pressures across all
radial rings and azimuthal sectors at two specific vessel levels are examined. [[

2. A comparison of channel flow rates between the TRACG case and a comparable
PANACEA case is performed. It assesses the impact of "the assumption" on channel
flow rates. The TRACG case captures the flow rates through different channel groups
without "the assumption" and forms the basis to compare the PANACEA case to.
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No DCD changes will be made in response to this RAI.
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NRC RAI 4.4-51

Section 3.1.2.1 ofNEDC-33239P discusses bundle peaking. Are the bundle peaking values
(both fuel pin and bundle) lo'er for the GE14E bundles? Howt do these compare to ABWR
and BWVR/6 values?

GE Response:

Section 3.1.2.1 of NEDC-33239P is meant to call attention to the lattice power peaking
characteristics within the bundle. The ESBWR core is comprised of assemblies in an N-
lattice configuration. There is nothing inherent in the ESBWR fuel that results in the pin
power peaking being either lower or higher than in other plant types.

The N-lattice is applied to both the ABWR and the ESBWR and is similar to the C-lattice
(GE BWR-4C and BWR-5C plants) in that the bundle pitch is evenly centered within the
core with equal intra-assembly gap widths; although, the size of the intra-assembly gaps
are larger owing to the slightly larger bundle pitch (6.1" for the N-lattice and 6.0" for the
C-lattice). For contemporary GNF fuel, the S-lattice, which denotes the geometry of the
BWR-6, is identical to the C-lattice. Note that the fuel assembly lateral geometry is
otherwise identical between the N-lattice and the C-lattice. Given the slightly larger intra-
assembly gaps in the N-lattice, the thermal neutron flux is relatively higher on the edge and
therefore the 2D pin power peaking can be relatively higher as compared to the C-lattice
geometry, all other factors being equal (such as enrichment and gadolinia distributions). In
contrast, the D-lattice (GE BWR-2D, BWR-3D and BWR-4D) has asymmetric intra-
assembly gap widths, with the gaps on the control blade sides being larger than that of the
N-lattice. This results in increased thermalization of the neutron flux in this gap and
higher edge rod pin power peaking for the D-lattice as compared to both the C-lattice and
the N-lattice. To illustrate the magnitude of these different characteristics, ESBWR
Reference lattice 81803 was analyzed in N-lattice, C-lattice and D-lattice configurations.
The results of these lattice physics calculations at 40% in-channel void fraction, and void
history, are illustrated in Figure 4.4-51-1.

It should be noted, that there is significant flexibility to achieve a target pin power peaking
through nuclear design (e.g. enrichment and gadolinia distribution) and maximum pin
power peaking at BOL typically ranges from [[ ]] depending on the design
application.

To summarize ESBWR lattice peaking characteristics, the N-lattice exhibits edge rod
peaking that is slightly higher at BOL than C-lattice cores and is slightly lower than D-
lattice cores; however, the nuclear design of the lattice has a much more significant
influence on maximum pin power peaking.

The bundle power peaking is not an attribute of the reactor core except that core size can
influence inherent peaking somewhat (i.e. small cores tend to have larger flux gradients
and higher bundle peaking as compared to large cores, all else being equal). Rather, it
serves as a design parameter that can be adjusted in order to maintain compliance with
thermal limits. The core average power density, bundle power peaking, axial power



MFN 06-350 Non-Proprietary Information Page 43 of 43
Enclosure 2

peaking and lattice pin power peaking all combine in the determination of LHGR. The
ESBWR core has a moderate power density and can accommodate high power peaking
values and maintain compliance with thermal mechanical LHGR limits. The core average
power density, bundle power peaking and coolant flow rate are important parameters
affecting MCPR. As the ESBWR coolant flow is lower than that for a typical forced
circulation BWR, the maximum assembly power that provides adequate MCPR margins is
lower than most forced circulation BWRs; although, the mild transient response and low
OLMCPR offsets this some. As can be seen from ESBWR DCD Tier 2, Section 4.A,
maximum bundle power peaking values vary between [[ ]]. In contrast, a
low power density (-40 KW/L) forced circulation BWR with a favorable OLMCPR could
accept bundle power peaking values above [[ ]] while a high power density (-60
KW/L) forced circulation BWR, operating at low flow, may only be able to accept bundle
power peaking values similar to the ESBWR.

No changes to the ESBWR DCD or NEDC-33239P are required.
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Affidavit

I, Jens G. M. Andersen, state as follows:

(1) I am Consulting Engineer, Thermal Hydraulic Methods, Global Nuclear Fuel -
Americas, L.L.C. ("GNF-A") and have been delegated the function of reviewing the
information described in paragraph (2) which is sought to be withheld, and have been
authorized to apply for its withholding.

(2) The information sought to be withheld is contained in Enclosure 1 of GE letter MFN 06-
350, David H. Hinds to U. S. Nuclear Regulatory Commission, Response to Portion of
NRC Request for Additional Information Letter No. 53 Related to ESB WR Design
Certification Application - DCD Chapter 4 and GNF Topical Reports - RAINumber
4.3-2, 4.3-5, 4.4-25, 4.4-30, 4.4-35, 4.4-39, 4.4-51 dated September 29, 2006. The
proprietary information in Enclosure 1, Response to Portion of NRC Request for
Additional Information Letter No. 53 Related to ESB WR Design Certification
Application - DCD Chapter 4 and GNF Topical Reports -RAINumber 4.3-2, 4.3-5,
4.4-25, 4.4-26, 4.4-28, 4.4-29, 4.4-30, 4.4-35, 4.4-39, 4.4-51 - GNF Proprietary
Information, is delineated by double underlined dark red font text and is enclosed inside
double square brackets. Figures and large equation objects are identified with double
square brackets before and after the object. The superscript notation(3) refers to
Paragraph (3) of this affidavit, which provides the basis for the proprietary
determination.

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GNF-A relies upon the exemption from disclosure set forth in the
Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets
Act, 18 USC See. 1905, and NRC regulations 10 CFR 9.17(a)(4) and 2.390(a)(4) for
"trade secrets " (Exemption 4). The material for which exemption from disclosure is
here sought also qualify under the narrower definition of "trade secret," within the
meanings assigned to those terms for purposes of FOIA Exemption 4 in, respectively,
Critical Mass Energy Project v. Nuclear Regulatory Commission, 975F2d871 (DC Cir.
1992), and Public Citizen Health Research Group v. FDA, 704F2d1280 (DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of proprietary
information are:

a. Information that discloses a process, method, or apparatus, including supporting
data and analyses, where prevention of its use by GNF-A's competitors without
license from GNF-A constitutes a competitive economic advantage over other
companies;

b. Information which, if used by a competitor, would reduce his expenditure of
resources or improve his competitive position in the design, manufacture,
shipment, installation, assurance of quality, or licensing of a similar product;
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c. Information which reveals aspects of past, present, or future GNF-A customer-
funded development plans and programs, of potential commercial value to
GNF-A;

d. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraphs (4)a. and (4)b., above.

(5) To address the 10 CFR 2.390 (b) (4), the information sought to be withheld is being
submitted to NRC in confidence. The information is of a sort customarily held in
confidence by GNF-A, and is in fact so held. Its initial designation as proprietary
information, and the subsequent steps taken to prevent its unauthorized disclosure, are as
set forth in (6) and (7) following. The information sought to be withheld has, to the best
of my knowledge and belief, consistently been held in confidence by GNF-A, no public
disclosure has been made, and it is not available in public sources. All disclosures to
third parties including any required transmittals to NRC, have been made, or must be
made, pursuant to regulatory provisions or proprietary agreements which provide for
maintenance of the information in confidence.

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge, or subject to the terms
under which it was licensed to GNF-A. Access to such documents within GNF-A is
limited on a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires
review by the staff manager, project manager, principal scientist or other equivalent
authority, by the manager of the cognizant marketing function (or his delegate), and by
the Legal Operation, for technical content, competitive effect, and determination of the
accuracy of the proprietary designation. Disclosures outside GNF-A are limited to
regulatory bodies, customers, and potential customers, and their agents, suppliers, and
licensees, and others with a legitimate need for the information, and then only in
accordance with appropriate regulatory provisions or proprietary agreements.

(8) The information identified in paragraph (2) is classified as proprietary because it
contains details of GNF-A's fuel design and licensing methodology.

The development of the methods used in these analyses, along with the testing,
development and approval of the supporting methodology was achieved at a significant
cost, on the order of several million dollars, to GNF-A or its licensor.

(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GNF-A's competitive position and foreclose or reduce the availability of profit-
making opportunities. The fuel design and licensing methodology is part of GNF-A's
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comprehensive BWR safety and technology base, and its commercial value extends
beyond the original development cost. The value of the technology base goes beyond the
extensive physical database and analytical methodology and includes development of the
expertise to determine and apply the appropriate evaluation process. In addition, the
technology base includes the value derived from providing analyses done with NRC-
approved methods.

The research, development, engineering, analytical, and NRC review costs comprise a
substantial investment of time and money by GNF-A or its licensor.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GNF-A's competitive advantage will be lost if its competitors are able to use the results
of the GNF-A experience to normalize or verify their own process or if they are able to
claim an equivalent understanding by demonstrating that they can arrive at the same or
similar conclusions.

The value of this information to GNF-A would be lost if the information were disclosed
to the public. Making such information available to competitors without their having
been required to undertake a similar expenditure of resources would unfairly provide
competitors with a windfall, and deprive GNF-A of the opportunity to exercise its
competitive advantage to seek an adequate return on its large investment in developing
and obtaining these very valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed at Wilmington, North Carolina this 2 9th day of September 2006.

Jens G. M. Andersen
Global Nuclear Fuels - Americas, LLC


