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Figure 5.3-8a SAS4 Shielding Model for the MTR Fuel Basket in the NAC-LWT (Upper Half)

0.7
Element

1.27 cm Basket
Bottom Plate

@• Steel

SLead

(2 Liquid Neutron Shield

5.3-17



NAC-LWT Cask SAR

Revision LWT-07F

October 2007

Figure 5.3-8b Dose Rates 2 Meters from Transport Vehicle (30 W Uniform Loading)
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Table 5.3-6 MTR Fuel Element Gamma Source Terms by Thermal Output - 460 grams 235U

Burnup MTR Assembly Thermal Output

577,500 MWD/MTU 20 Watts 30 Watts 70 Watts 120 Watts

Ehi Elow 2247 Days 1467 Days 602 Days 341 Days
Group (Mev) (Mev) (g/sec) (g/sec) (g/sec) (g/sec)

1 10.00 8.00 1.07E+03 1.16E+03 1.31E+03 1.40E+03
2 8.00 6.50 5.02E+03 5.48E+03 6.18E+03 6.59E+03
3 6.50 5.00 2.56E+04 2.80E+04 3.15E+04 3.36E+04
4 5.00 4.00 6.38E+04 6.97E+04 7.86E+04 8.38E+04
5 4.00 3.00 2.70E+07 1.15E+08 5.77E+08 9.39E+08
6 3.00 2.50 2.33E+08 1.02E+09 5.47E+09 9.13E+09
7 2.50 2.00 2.08E+10 1.34E+11 1.08E+12 2.03E+12
8 2.00 1.66 5.73E+09 2.12E+10 1.27E+11 2.30E+11
9 1.66 1.33 5.49E+11 1.12E+12 2.93E+12 4.14E+12
10 1.33 1.00 1.86E+12 2.73E+12 5.18E+12 6.81E+12
11 1.00 0.80 7.73E+12 1.52E+13 3.37E+ 13 4.34E+13
12 0,80 0.60 4.20E+13 6.08E+13 1.12E+14 2.09E+14
13 0.60 0.40 1.56E+13 3.21E+13 7.58E+13 1.02E+14
14 0.40 0.30 9.39E+11 1.68E+12 7.05E+12 1.24E+13
15 0.30 0.20 1.46E+12 2.44E+12 9.31E+12 1.63E+13
16 0.20 0.10 5.34E+12 9.69E+12 4.10E+13 7.28E+13
17 0.10 0.05 6.58E+12 1.09E+13 4.07E+13 7.09E+13
18 0.05 0.01 2.26E+13 3.60E+13 1.26E+14 2.17E+14

Total -- -- 1.05E+14 1.73E+14 4.55E+14 7.56E+14
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Table 5.3-7a MTR Fuel Element Neutron Source Tenns by Thermal Output - 460 grams 231U

Burnup MTR Assembly Thermal Output

577,500 MWD/MTU 20 Watts 30 Watts 70 Watts 120 Watts

Ehi Elow 2247 Days 1467 Days 602 Days 341 Days

Group (Mev) (Mev) (n/sec) (n/sec) (n/sec) (n/sec)

1 2.00E+01 6.43E+00 3.49E+04 3.83E+04 4.33E+04 4.61E+04

2 6.43E+00 3.OOE+00 4.12E+05 4.50E+05 5.09E+05 5.46E+05

3 3.OOE+00 1.85E+00 4.83E+05 5.24E+05 5.89E+05 6.29E+05

4 1.85E+00 1.40E+00 2.59E+05 2.83E+05 3.19E+05 3.38E+05

5 1.40E+00 9.OOE-01 3.42E+05 3.74E+05 4.22E+05 4.48E+05

6 9.OOE-01 4.OOE-01 3.68E+05 4.03E+05 4.55E+05 4.84E+05

7 4.OOE-01 1.00E-01 7.19E+04 7.87E+04 8.90E+04 9.47E+04

8 1.00E-01 0.70E-02 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

9 1.70E-02 3.OOE-03 0.OOE+00 O.OOE+00 0.OOE+00 0.OOE+00

10 3.OOE-03 5.50E-04 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

11 5.50E-04 1.00E-04 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

12 1.00E-04 3.OOE-05 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

13 3.OOE-05 1.00E-05 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

14 1.00E-05 3.05E-06 O.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

15 3.05E-06 1.77E-06 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

16 1.77E-06 1.30E-06 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

17 1.30E-06 1.13E-06 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

18 1.13E-06 1.00E-06 0.OOE+00 0.OOE+00 0.OOE+0O 0.OOE+00

19 1.00E-06 8.00E-07 0.OOE+00 0.OOE+00 0.00E+00 0.OOE+00

20 8.0OE-07 4.OOE-07 0.OOE+00 0.OOE+00 0.001+00 0.OOE+00

21 4.OOE-07 3.25E-07 0.OOE+00 0.00E+00 0.OOE+00 0.OOE+00

22 3.25E-07 2.25E-07 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

23 2.25E-07 1.00E-07 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

24 1.00E-07 5.OOE-08 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

25 5.OOE-08 3.OOE-08 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

26 3.OOE-08 1.00E-08 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

27 1.00E-08 0,OOE+00 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

Total -- -- 1.97E+06 2.15E+06 2.43E+06 2.59E+06
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Table 5.3-7b LEU MTR Hardware Source to Fuel Source Comparison

Cd at 834
834 days days Cd Source Cd at 90 days Cd Source

Ehi EIow Fuel 100 g Cd % of Fuel 100 g Cd % of Fuel
Group (Mev) (Mev) (y/sec) (y/sec) Gamma (y/sec) Gamma

1 10.00 8.00 6.30E+02 O.OOE+00 0.0% 0.00E+00 0.0%

2 8.00 6.50 2.97E+03 0.00E+00 0.0% 0.00E+00 0.0%

3 6.50 5.00 1.51E+04 0.OOE+00 0.0% 0.OOE+00 0.0%

4 5.00 4.00 3.78E+04 0.OOE+00 0.0% 0.OOE+00 0.0%

5 4.00 3.00 2.57E+08 4.49E-16 0.0% 1.80E-15 0.0%

6 3.00 2.50 2.16E+09 3.23E+00 0.0% 2.55E+01 0.0%

7 2.50 2.00 1.72E+11 1.19E+03 0.0% 9.38E+03 0.0%

8 2.00 1.66 3.60E+10 5.80E+04 0.0% 5.04E+05 0.0%

9 1.66 1.33 8.12E+11 7.57E+07 0.0% 6.35E+08 0.1%

10 1.33 1.00 2.68E+12 8.65E+05 0.0% 2.07E+09 0.1%

11 1.00 0.80 9.90E+12 2.11E+08 0.0% 5.66E+09 0.1%

12 0.80 0.60 6.14E+ 13 2.87E+08 0.0% 3.49E+09 0.0%

13 0.60 0.40 2.21E+13 2.13E+07 0.0% 3.12E+09 0.0%

14 0.40 0.30 2.36E+12 2.19E+08 0.0% 3.55E+09 0.2%

15 0.30 0.20 3.34E+ 12 8.06E+08 0.0% 5.78E+09 0.2%

16 0.20 0.10 1.27E+13 4.57E+09 0.0% 2.32E+10 0.2%

17 0.10 0.05 1.45E+13 1.17E+10 0.1% 3.88E+10 0.3%

18 0.05 0.01 4.76E+13 5.52E+10 0.1% 1.65E+11 0.3%

Total ..-- 1.78E+14 7.31E+10 0.0% 2.51E+11 0.1%
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Table 5.3-7c HEU MTR Hardware Source to Fuel Source Comparison

Cd at
1467 days 1467days Cd Source Cd at 90 days Cd Source

Ehi Elow Fuel 100 g Cd % of Fuel 100 g Cd % of Fuel
Group (Mev) (Mev). (y/sec) (y/sec) Gamma (Y/sec) Gamma

1 10.00 8.00 1.16E+03 0.OOE+00 0.0% 0.OOE+00 0.0%

2 8.00 6.50 5.48E+03 0.OOE+00 0.0% 0.OOE+00 0.0%

3 6.50 5.00 2.80E+04 O.OOE+00 0.0% O.O0E+00 0.0%

4 5.00 4.00 6.97E+04 0.OOE+00 0.0% 0.OOE+00 0.0%
5 4.00 3.00 1.15E+08 8.77E-15 0.0% 1.14E-13 0.0%

6 3.00 2.50 1.02E+09 2.69E+00 0.0% 1.23E+02 0.0%

7 2.50 2.00 1.34E+ 11 9.89E+02 0.0% 4.52E+04 0.0%

8 2.00 1.66 2.12E+10 4.82E+04 0.0% 2.49E+06 0.0%

9 1.66 1.33 1.12E+ 12 6.30E+07 0.0% 3.66E+09 0.3%

10 1.33 1.00 2.73E+12 7.02E+05 0.0% 4.30E+10 1.6%

11 1.00 0.80 1.52E+13 1.75E+08 0.0% 9.22E+10 0.6%

12 0.80 0.60 6.08E+13 2.38E+08 0.0% 2.76E+10 0.0%

13 0.60 0.40 3.21E+13 4.54E+07 0.0% 5.33E+10 0.2%

14 0.40 0.30 1.68E+ 12 5.87E+08 0.0% 6.72E+10 4.0%

15 0.30 0.20 2.44E+12 2.16E+09 0.1% 1.01E+ 11 4.2%

16 0.20 0.10 9.69E+12 1.23E+10 0.1% 3.51E+1l 3.6%

17 0.10 0.05 1.09E+ 13 3.01E+10 0.3% 5.20E+ 1 4.8%

18 0.05 0.01 3.60E+-13 1.33E+11 0.4% 1.75E+12 4.9%

Total -- -- 1.73E+14 1.79E+ I1 0.1% 3.01E+12 1.7%
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6.0 CRITICALITY EVALUATION

The NAC-LWT cask is designed to transport either I pressurized water reactor (PWR) assembly;

up to 25 intact PWR or BWR rods in a rod holder or fuel assembly lattice; up to 25 PWR or

BWR fuel rods with a maximum of 14 of the rods classified as damaged in a rod holder; 2

boiling water reactor (BWR) assemblies; 15 sound metallic fuel rods; 6 failed metallic fuel rods;
up to 42 high enriched uranium (HEU), medium enriched uranium (MEU) or low enriched
uranium (LEU) Materials Test Reactor (MTR) fuel elements, or DIDO fuel assemblies; up to 140
TRIGA fuel elements; two packages of General Atomics Irradiated Fuel Material (GA IFM); up
to 560 TRIGA fuel cluster rods; 1 consolidation canister with up to 300 TPBARs (including up
to 2 damaged TPBARs); up to 700 PULSTAR fuel elements; up to 42 spiral fuel assemblies; or
up to 42 MOATA plate bundles. This chapter illustrates that all packages meet the requirements
of parts 71.55, 71.59 and 71.71 of 0 CFR 71.

In accordance with the requirements of 10 CFR 71.59 (b), the NAC-LWT cask is assigned a

Criticality Safety Index (CSI) for criticality control for the authorized contents as follows: 100
for PWR assemblies; 5 for BWR assemblies; 12.5 for DIDO assemblies; 0 for metallic fuel,
TPBARs, spiral fuel assemblies, MOATA plate bundles, high burnup PWR or BWR rods with
up to- 14 damaged rods, MTR elements, TRIGA fuel elements and fuel cluster rods, and GA IFM

packages. The CSI for PULSTAR fuel is 0 for a payload of intact elements and 33.4 for a mixed
payload of intact and damaged elements.
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6.2.3 MTR Fuel Elements

The NAC-LWT MTR basket designs can transport up to 42 MTR research reactor fuel elements.
This configuration consists of seven fuel elements placed radially in each of four, five or six
axial fuel basket segments. The analysis provided herein is bounding for all MTR element

loading configurations.

An MTR fuel element comprises fuel plates held in a parallel arrangement by thick aluminum

slotted side plates. The number of fuel plates range from 10 to 23 per element. The fuel plates
have a fuel meat composed of either U30O-Al, U-Al or USi-Al. The listed fuel enrichment ranges
up to slightly greater than 93 wt% 213 U. Thus, initial criticality analysis is performed at a
nominal 93 wt% 135U with a reactivity penalty of ±1 wt% 235U applied to allow for enrichment
variation up to 94 wt% and with a reactivity penalty of ±5 grams per element to allow for loading

variation up to 355 grams per element. Figure 6.2.3-1 shows a cross-sectional view of the design
basis MTR fuel element. The various design basis HEU, LEU and MEU MTR fuel
characteristics are shown in Table 6.2.3-1, Table 6.2.3-2 and Table 6.2.3-3, respectively. The
High Flux Beam Reactor (HFBR) is modeled in the criticality analysis as the design basis MTR
fuel element design, and is shown in Figure 6.2.3-1. The listed fuel dimensions are extended to

arrive at bounding fuel configurations in Section 6.4.3.

The bounding fuel dimensions provide for loading MTR fuel elements containing up to a

maximum 235U content of 460 grams (20 grams per plate in 23 plates), and LEU specific loads up
to 736 grams 235U (32 grams per plate in 23 plates). Total 235U content of the fuel elements
modeled in the criticality evaluations may exceed that used in the Chapter 5 shielding analysis.

For cases containing a lower fissile material content in the shielding evaluations, the lower value
represents the cask payload limit.

MTR fuel plates can also be transported. The loose plates are placed inside an MTR plate

canister prior to placement into the NAC-LWT MTR basket. The number of fuel plates in each

canister is restricted to that of an equivalent MTR fuel element.
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Figure 6.2.3-1 Design Basis HFBR MTR Fuel Element
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