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1. INTRODUCTION

This report documents the blast wave magnitude as a result of a high energy line break inside
containment of ESBWR feedwater piping as part of the Nuclear Regulatory Commission (NRC)
request for additional information (RAI) RAI 3.6-11, Supplement 1 & 2. Specifically, the report
includes an assessment of feedwater line break at the reactor pressure vessel (RPV) nozzle
confined between the RPV and Reactor shield wall (RSW). The space between the RPV and
RSW is identified as the Annulus region in the ESBWR plant layout.

The blast wave effects in the Annulus region behave somewhat differently compared to the break
occurring in an open space. This report includes evaluation methodology and results of the blast
wave pressure in the Annulus, which is carried out based on the computational fluid dynamics
(CFD) calculations using the ANSYS computer code. The NRC RAI 3.6-11, Supplement I & 2
requested the following:

"In the event of a high pressure pipe rupture, the first significant fluid load on surrounding
structures would be induced by a blast wave. A spherically expanding blast wave is reasonably
approximated to be a short duration transient and analyzed independently of any subsequent jet
formation. Since the blast wave is not considered in the ANS 58.2 or the ESBWR DCD for
evaluating the dynamic effects associated with the postulated pipe rupture, omission of blast
wave considerations is clearly non-conservative. Explain how the effects of blast loads on
neighboring SSCs will be accounted for."

In the current CFD study, the Feed Water line break is modeled. During the Feed Water line
break, the blast wave originating from the feedwater line rapidly propagates into the annular
region between the RPV and the shield wall. In the meantime, the blast wave will also be
reflected by the wall surfaces. The reflection waves will reinforce the waves at places and create
higher pressure. In order to capture this phenomenon, the CFD geometry was required to
include all significant solid surfaces such as RPV and Shield wall surface. The blast wave
strength and the speed are primarily determined by the [[
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Figure 1. [[
II

GEH has conducted [[ ]] in order t6o develop a CFD approach
for the blast wave modeling. The overall objective of this evaluation is:

(1) To investigate the flow field at the break point and the surrounding environment.

(2) To investigate the interaction between the shock wave and any hard surface nearby during
the even of Feed Water line break.

(3) To investigate the blow down pressure and the force on the nearby target components.
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2. TECHNICAL APPROACH

In the CFD study, a commercial [[ ]] CFD code (CFX Version
11.0) was used. The code is a pressure based coupled solver. [[

(1) Technical Approach Development and Validation

As shown in Yan [1], in order to develop a technical approach, the first task of this project was
to [[

I']],

Figure 2. [[ 1]
The [[ ]] is shown in Fig. 2. [[
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Figure 3. [[

Figure 4.
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Figure 5. [[ 1]
From the [[ ]] in Fig. 3, it can be seen that the [[

]] The [[ ]] in Fig. 4 shows [[

]] in Fig. 5 shows [[

(2) Technical Assumptions for Feed Water line Break
The CFD simulation is able to capture the exact shape of the geometry of the RPV outer wall, the
Feedwater nozzle, and the Shield wall.

Over and above the normal assumptions applicable to CFD analyses, this particular analysis
assumes the following:

[[I
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3. GEOMETRY AND MESH GENERATION

The geometry and mesh generation was carried out based on engineering drawings supplied in
electronic (IGES) format. This pre-processing was carried out using ICEM VI 1.0 on a HP
workstation. The ESBWR RPV and the nozzles, and pipes are shown in Fig. 6.

Figure 6. ESBWR RPV

(1) [R 11 Geometry & Mesh

The [[ ]] surfaces including the ESBWR RPV (Fig. 6), Feedwater Nozzle and the broken
end of the Feedwater line were created in ICEMCFD based on [[ ]] drawings of ESBWR.
These surfaces were [[

11
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Figure 7. [[

The [[

A meshing block was generated based on the geometry. [[
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Figure 8. [[ 1]
(2) [[ J1 Mesh for Mesh Sensitivity Study

Based on the same blocking structure as the mesh in the previous section, a

]] The results in Fig. 10 and
Fig. 11 show that[[
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4. SOLVER SETTINGS & BOUNDARY CONDITIONS

The input parameters for the material properties, operating conditions, initial conditions, and
boundary conditions that were used for all [[ ]] CFD calculations are kept the same. The
solver and physical models selections are listed as following.

The initial conditions at time zero for the annulus region (the region between the RPV and the
shield wall) are listed in Table 1. The initial conditions inside the Feed Water line pipe and the
Feedwater line nozzle are listed in Table 2. The transient and numerical schemes used in the
CFD models are listed in Table 3. The boundary conditions at the Nozzle inlet and the pipe inlet
are shown in Table 4.

Table 1
Initial Conditions of The Annulus Region

[II

Table 2
Initial Conditions of Feed Water Line

[[

____ ___ ___ ___ ____ ___ ___ ___ ____ ___ ___ _ ]1
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Table 3
Solver Controls

Er
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Table 4
Boundary Conditions
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5. SIMULATION RESULTS

During the simulations, pressure at different points is monitored for each time step. The monitor
point locations in all CFD models are kept the same as shown in Fig. 9 and Table 5.

[[l

Figure 9. Monitor Point Locations

Table 5
Monitor Point Locations

S

The transient results files are [[

ne
In order to ensure the grid independence has been achieved, [

]] in Fig. 10 and
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Fig. 11. [[

Figure 10. [[

Figure 11. II
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The maximum pressure change at each monitor point caused by the blast wave is plotted against
the distance from the Feedwater Line break in Fig., 17. It can be found that [[

FT]
Figure 12. Absolute Pressure Time History at the Monitor Points
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Figure 13. Absolute Pressure Time History [[ 11

1]
Figure 14. Instantaneous Absolute Pressure Contours [[
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Figure 15. Instantaneous Absolute Pressure Contours [[ II
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Figure 16. Instantaneous Absolute Pressure Contours [[
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Figure 17. Maximum Pressure Rise [[
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Figure 18. Maximum Pressure Rise Comparison [[
II
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6. CONCLUSION

The maximum pressure rise values at the monitor points for [[ 1] are listed
in Table 6. A 3D model would account for the attenuation as the wave moves radially away
from the break location. The 2D model does not account for this radial attenuation. Therefore, a
2D model will be more conservative than a real 3D scenario. [[

]]

Note: GEH has conducted a serial of 3D calculations. The pressure rise values from the 3D CFD
model were compared to those 2D values in Table 6. Through comparisons, it can be confirmed
that [[

11.
Table 6

Pressure Rise at The Monitor Points

'U U. I.

[[

4 I. I

4 I I

U S S

U S S

'U I

4 I I

'U S S

'U S S

'U S S

'U S S

'U a a
11

'U & I.
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GE-Hitachi Nuclear Energy Americas LLC

AFFIDAVIT

I, Larry Tucker, state as follows:

(1) I am the Manager, ESBWR Engineering, GE Hitachi Nuclear Energy ("GEH"), 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 2 of GEH letter MFN 09-
338, Mr. Richard E. Kingston to U.S. Nuclear Regulatory Commission, entitled Response
to Portion of NRC RAI Letter No. 315 Related to ESBWR Design Certification Application
- DCD Tier 2 Section 3.6 - Protection Against Dynamic Effects Associated with the
Postulated Rupture of Piping,- RAI Number 3.6-11 S02, dated June 3, 2009. The GEH
proprietary information in Enclosure 2, which is entitled Response to Portion of NRC RAI
Letter No. 315 Related to ESBWR Design Certification Application - DCD Tier 2 Section
3.6 - Protection Against Dynamic Effects Associated with the Postulated Rupture of
Piping,- RAI Number 3.6-11 S02 - CFD Modeling of Blast Wave Propagation During An
ESBWR Feedwater Line Break - Proprietary Version, is delineated by a [[dotted ..underline
inside_ double squarebrackets. 31]]. Figures and large equation objects are identified with

double square brackets before and after the object. In each case, the superscript notation (3)

refers to Paragraph (3) of this affidavit, which provides the basis for the proprietary
determination. A non-proprietary version of this information is provided in Enclosure 3,
Response to Portion of NRC RAI Letter No. 315 Related to ESBWR Design Certification
Application - DCD Tier 2 Section 3.6 - Protection Against Dynamic Effects Associated
with the Postulated Rupture of Piping; RAI Number 3.6-11 S02 - CFD Modeling of Blast
Wave Propagation During An ESBWR Feedwater Line Break - Non-Proprietary Version.

(3) In making this application for withholding of proprietary information of which it is the
owner, GEH 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 Sec. 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 GEH competitors without license from
GEH constitutes a competitive economic advantage over other companies;
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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;

c. Information which reveals aspects of past, present, or future GEH customer-funded
development plans and programs, resulting in potential products to GEH;

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 10 CFR 2.3 90(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 GEH,
and is in fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by GEH, 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. Its initial designation as proprietary information, and the
subsequent steps taken to prevent its unauthorized disclosure, are as set forth in paragraphs
(6) and (7) following.

(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 GEH. Access to such documents within GEH 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 GEH 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), above, is classified as proprietary because it
identifies detailed GE ESBWR design information. GE utilized prior design information
and experience from its fleet with significant resource allocation in developing the system
over several years at a substantial cost.

The development of the evaluation process along with the interpretation and application of
the analytical results is derived from the extensive experience database that constitutes a
major GEH asset.
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(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GEH's competitive position and foreclose or reduce the availability of
profit-making opportunities. The information is part of GEH's 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 GEH.

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.

GEH's competitive advantage will be lost if its competitors are able to use the results of the
GEH 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 GEH 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 GEH of the opportunity to exercise its competitive advantage
to seek an adequate return on its large investment in developing 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 on this 3 day of June 2009.

Larry Tuck
GE-Hitac N5 cear Energy Americas LLC
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