
RAls and Responses - Non-proprietary Version Enclosure 3 to TN E-30551 

General Description Review 

G1 - Clarify the fuel assembly enrichment for which the package is licensed. 

The enrichment information provided by the applicant in paragraph (2) of Section 1-8 

"Classification of Package" does not agree with the enrichment information provided by the 

applicant on page Summary-2 and in both Table 1-A.1 and paragraph 0.7. 

The information is needed to determine if the requirements of paragraph 807(a) in TS-R-1 

are satisfied. 

Response to G 1 

The description in 1-8 is wrong, but the description in table 1-A. 1 and paragraph 0.7 

(5.0% or less) is correct. 

G2 - Clarify the diameter of the lower container. 

The lower container diameter shown on Figure I-C.6 provided by the applicant does not 

agree with the diameter stated in paragraph C.2.1 (2). 

This information is needed to determine if the requirements of paragraph 807(b) in TS-R-1 

are satisfied. 

Response to G2 

The diameter of 1150 mm is correct but the dimension of 1149 mm shown in Figure 

I-C-6 is not diameter but rather is the maximum width of the lower container. Please 

refer the following figure. 

1149 mm Width oflower container 

R575 mm(1150 mm in diameter) 

Because the flange position is slightly lower than 

90-270 degrees line of the package, the width of 

the lower container is slightly different from its 

diameter. 
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RAls and Responses - Non-proprietary Version 

Materials Review 

M 1 - Withdrawn 

Thermal Review 

Enclosure 3 to TN E-30551 

T1 - Perform HAC thermal analysis using appropriate coefficients or prove that the analytical 

approach employed in the application submittal is at least as conservative as that required 

by the regulations. 

The applicant performed a HAC thermal analysis of the package exposed to a fire, and 

indicated in the SAR that a value of 0.9 was used as the flame emissivity and 0.8 was used 

as the surface absorptivity coefficient.. During a conference call, the applicant stated that a 

configuration factor was calculated using the values of 0.9 for the flame emissivity and 0.8 

for the surface absorptivity coefficient. The configuration factor calculated, and subsequently 

used in the TRUMP code to determine the maximum package temperatures, was 0.735. 

This value of 0.735 is considered by the staff to be non-conservative irregardless if it is used 

as either an emissivity or an absorptivity coefficient. In addition, the SAR does not show that 

using this configuration factor provides analytical results which are at least as conservative 

as those which would be obtained if either a flame emissivity coefficient of 0.9 or a surface 

absorptivity coefficient of 0.8 were employed. 

Also, the applicant specified in the SAR that natural convection heat transfer from the 

surface of the package was employed instead of forced convection during the 30-minute 

HAC fire. The applicant also specified that natural convection and radiation heat transfer 

were used in the HAC analysis during the cooldown period. Although the staff finds the use 

of natural convection and radiation heat transfer appropriate during the cooldown period, the 

staff considers using a natural convection heat transfer coefficient during the HAC 30-minute 

fire a non-conservative boundary condition because the differences in the convective 

coefficient between natural convection and forced convection are not negligible. 

This information is needed for the staff to determine if the thermal design of the MFC-1 

meets the requirements of paragraph 728(a) in TS-R-1. 

Response to T1 

In accordance with what the NRC pointed out, the applicant has carried out the re

calculation of the maximum temperature of the fuel cladding of accommodated fuel 

assemblies and external/inner surface of the outer container under the following 

conditions 

1. Analysis condition 
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1) Treatment of emissivity in the atmosphere of 800 degrees C for 30 minutes 

SAR: atmospheric emissivity = 0.9 packaging surface = o. B (0.735 as 

configuration factor) 

Re-calculation: flame emissivity of 0.9 and 100% radiation absorption from the 

flame 

2) Convection between the atmosphere and surface of the package in the 

atmosphere of 800 degrees C for 30 minutes 

SAR: natural convection ---Nu = 0.53*(Gr*Pr)A(114) 

Re-calculation: forced convection--Nu = 0.036*PrA(113)*ReAO.B (Colburn's 

formula) [1J 

According to Figure 1, gas velocity during a pool fire is generally assumed to be 5 

mls or less. Heat transfer coefficients were calculated considering it as 10 mls on 

the conservative side. The calculation results are shown in Table 1. 
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3) Summary of analysis condition 

Item Before HAC fire HAC fire for 30min. Post cooldown 

Isolation Yes No Yes 

Ambient Still air Engulfed by flame Still air 

38deg. 800deg C 38deg. 

Emissivity Package surface:0.84 Flame :0.9 Package surface 0.6 

Ambient 1.0 100% radiation (oxidized surface of 

absorption from steel) 

flame into packaging Ambient 1.0 

sUrface 

Convection Natural convection Forced convection Natural convection 

(heat transfer 

coefficient) 

The analysis model and thermal characteristics of the package components are the same 

as those of the SAR analysis. 

2. Result of the analysis (comparison with SAR results) 

The analysis results of the re-calculation are as follows; 

(1) Maximum temperature 

Re-calculation SAR 

Maximum Temp. Time Maximum Temp. 

Surface of 490deg. C 0.5h 440deg. C 

cladding 

Internal cylinder 698deg. C O.5h 656 deg. C 

External cylinder 794 deg. C 0.5h 793 deg. C 

Atmosphere 800deg. C - 800deg. C 

Remark: Time (Time after commencement of HA C fire) 

Time history of the temperature in the above parts is shown in the Figure 2. 
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(2) Internal pressure of the fuel rod 

The fuel rod with the maximum initial internal pressure is type17x17with initial 

enrichment of 4.1 %. 

For this, the pressure and the stress in the fuel rod under the maximum temperature are 

as follows. 

The fuel rods that form containment boundary of this package maintain its integrity even 

under hypothetical accident conditions of transport. 

Re-calculation SAR 

Maximum pressure 8.34 MPa.G 7.79MPaG 

Stress criteria of fuel rod 260MPa 280MPa 

Maximum stress of fuel rod 61.2 MPa 57.2 MPa 

[1] ''Advisory Metrical for the IAEA Regulations for the Safe Transport of Radioactive 

Metrical", IAEA Safety Standards Series, No. TS-G-I.I (ST-2) 

[2] Bainbridge, B. L., and Keltner, N. R., "Heat transfer to large objects in large pool fires", 

J Hazardous Materials, 20, (1988). 

[3] JSME Data Book: "Heat Transfer", 4th Edition, (1986) 
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T2 - Correct the temperature range of the package in the specification of the component 

section. 

The applicant reported the temperature range of the package in the specification of the 

components section of the SAR II-B.3, specifically under the relief valve portion of the 

section. This temperature range is inconsistent with the previously specified temperature 

range for the package. The temperature range that was shown in the discussion is -20°C 

and -73°C (SAR page II-B-7) when the correct temperature range for the package is 

between -20°C and + 73°C (SAR page II-B-9). The applicant is required to correct the sign of 

the temperature range of the package. 

This information is needed to for the staff to determine if the thermal design of the MFC-1 

meets the requirements of IAEA TS-R-1. 

Response to T2 

-73 degrees C is a misprint. Therefore it will be corrected to 73 degrees C. 

Operating Procedures & Maintenance Review 

P1 - Withdrawn 

P2 - Provide torque values for securing fuel assemblies within the package. 

Paragraphs (7)(e) and (7)(f) of Section A1.2 "Loading Procedures" direct that bolts be 

tightened, and the flow chart "Fuel Assembly Loading Flow" shown in Figure IV-A2 directs 

personnel to "Check the given torque of the clamping frame retainer plates". However, 

torque values are not specified within Section A 1.2 for any operation associated with loading 

fuel assemblies and no torque values were found in the Section I, "Package Description" . 

This information is needed to determine if the requirements of paragraph 612 in TS-R-1 

are satisfied. 

Response to P2 

The specified torque concerning tightening fuel assemblies is as follows; 

(1) Jacking screw bolt of pressure pad incorporated in clamping frame: 784 N- cm 

(lateral tightening) 

(2) Jacking screw of the top closure: 784 N-cm (longitudinal tightening) 
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P3 - Clarify the method used to secure tightening bolts (Figure IV-AS) in paragraph (8)(c) of 

Section A 1.2 "Loading Procedures". 

Neither Figures IV-AS and IV-A6 nor the instructions in paragraph (8)(c) of Section A 1.2 

clearly indicate what prevents the tightening bolts from being inadvertently removed during 

transit. 

This information is needed to determine if the requirements of paragraph 612 in TS-R-1 are 

satisfied. 

Response to P3 

The procedure of the securing main body fastening bolts (40 sets) are shown as 

follows and the following information will be added in the paragraph (8)(c). 

(1) Tighten quarter-tum bolts until specified position (90 deg. clockwise) using open 

ended spanner. 

(2) Tighten setscrew of quarter-tum bolts using hexagon socket screw torque wrench 

1137N-cm and 892N-cm) in accordance with the following order, (reference the 

following figure). 

1) Tighten the first nine (No.8 to 16) bolts with torque of 1137N-cm 

2) Tighten the second nine (No. 28 to 36) bolts with torque of 1137N-cm 

3) Tighten the third eleven (No. 37 to 40, 1 to 7) bolts with torque of 892N-cm 

4) Tighten the third eleven (No. 17 to 27) bolts with torque of 892N-cm 
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