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Item

CHECKLIST ITEMS

Yes

No

N/A

Design Inputs - Were the design inputs comrectly selected, referenced
(latest revision), consistent with the design basis, and incorporated in the
calculation?

Assumptions - Were the assumptions reasonable and adequately
described, justified and/or verified, and documented?

Quality Assurance - Were the appropriate QA classification and
requirements assigned to the calculation?

Codes, Standards, and Regulatory Requirements - Were the applicable
codes, standards, and regulatory requirements, including issue and
addenda, properly identified and their requirements satisfied?

Construction and Operating Experience - Have applicable construction
and operating experience been considered?

Interfaces - Have the design-interface requirements been satisfied,
including interactions with other calculations?

Methods - Was the calculation methodology appropriate and properly
applied to satisfy the caiculation objective?

Design Outputs - Was the conclusion of the calculation clearly stated, did
it correspond directly with the objectives, and are the results reasonable
compared to the inputs?

Radiation Exposure - Has the calculation properly considered radiation
exposure to the public and plant personnel?

10

Acceptance Criteria - Are the acceptance criteria incorporated in the
calculation sufficient to allow verification that the design requirements have
been satisfactorily accomplished?

11

Computer Software- Is a computer program or software used, and if so,
are the requirements of CSP 3.02 met?
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1.0 PURPOSE AND SCOPE

2.0

3.0

4.0

Robaltel Technologies is designing the RT-100 transport cask to transport radioactive waste
in the form of dewatered resins and filters. The RT-100 transport cask is required to meet
the requirements of 10 CFR Part 71 (Ref. 3.1). The purpose of this calculation is to

calculate the cask cavity maximum pressure under the Hypothetical Accident Condition
(HAC).

SUMMARY OF RESULTS AND CONCLUSIONS

A pressure 689.4 kPa [100 psia] is recommended for subsequent HAC evaluations requiring
maximum internal pressure.

REFERENCES

3.1 Nuclear Regulatory Commission, 10 CFR Part 71, “Packaging and Transportation of
Radioactive Material”

3.2 J. Chang, P. Lien, and M. Waters, Evaluation of Hydrogen Generation and Maximum
Normal Operating Pressure for Waste Transportation Packages, WM2011 Conference,
Feb 27 — Mar 3, 2011, Phoenix, AZ

3.3 ENERCON Calculation RTL-001-CALC-TH-0201 Rev. 6, “RT-100 Cask Thermal |
Evaluation”

3.4 Fundamentals of Engineering Thermodynamics, 5™ Edition, M. Moran and H. Shapiro
3.5 Crane Technical Paper 410 — Flow of fluids, 2001

3.6 ENERCON Calculation RTL-001-CALC-SH-0301 Rev. 4, “Application of RT-100
Loading Table in Shielding Evaluations”

ASSUMPTIONS

(1) Ideal gas law is used to calculate the cask cavity pressure at a given temperature. The
content inside the cask is dewatered resins and filters, water amount is very limited. Air
occupies the cask cavity. The gas within the cask, a mixture of air, water, oxygen and
hydrogen generated through radiolytic decomposition of the water residual,, behaves as
an ideal gas.

(2) The cask at the time of loading has an internal pressure equal to ambient pressure, which
is assumed to be 1 atm absolute (101.35 kPa, 14.7 psia) at 21.1 °C (70 °F, 29425 K).

(3) As required by the Reference 3.6, the user must ensure that the hydrogen generation will
not exceed 5% by volume.
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There are no unverified assumptions in this calculation. Other design assumptions used, if
any, will be noted and referenced as needed in the body of the calculation.

5.0 DESIGN INPUTS
5.1 Temperature

Initial temperature of the gas in the cask =21.1 °C (See Section 4.0)
Final temperature of the gas = Average internal cask temperature under HAC
=137°C [410.15 K, 278.6 °F] (Ref. 3.3)

Conservatively use 150 °C [423.15 K, 302 °F] (Upper Bound)*

* 150 °C [423.15 K, 302 °F] conservatively bounds the 108 °C [381.15 K, 226 °F]
maximum internal cask temperature determined in Ref. 3.3 by nodal averaging of the
maximum inner cavity surface temperatures for Hypothetical Accident Conditions.

5.2 Pressure

Initial pressure of the gas in the cask = 1 atm abs. [14.7 psia, 101.35 kPa] (See Section 4.0)

6.0 METHODOLOGY

To determine the maximum pressure, the temperature of the gas mixture within the cask is
evaluated. The maximum temperature of the cask cavity under HAC is bounded by 150 °C
(See Section 5.1).

The maximum pressure is the sum of three components:
1. the pressure due to air in the cavity;
2. the pressure due to water vapor in the cask; and
3. the pressure due to the hydrogen and oxygen gases generated by radiolysis.

The restriction of the contents to inorganic materials eliminates the potential for gas
generation due to thermal degradation or biological activity. Thus, these gas sources are not
considered in the evaluation.
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7.0 CALCULATIONS

7.1

7.2

7.3

Pressure Due to Initial Air in the Cavity

Per the ideal gas law, the increased partial pressure of the air (P;) initially sealed in the
fixed volume of the cask at the ambient temperature as it is heated to 150 °C is:

P1xT2 = P2xT1 (Ref. 3.4)

Pair = 101.35 kPa[(423.15 K) / (294.25 K)] = 145.8 kPa (21.15 psia)

Pressure Due to Water Vapor in the Cask

The cask cavity is assumed to contain a small amount of water. Thus, conservatively
assuming a condensing surface temperature of 150 °C, the water vapor pressure, Py, at this
temperature i1s 475.8 kPa [69 psia] (Ref. 3.4, Appendix Table A-2 on page 761; see
Appendix 1 for excerpt of the reference).

Adding the water vapor pressure at 150 °C to the partial pressure of the air in the sealed
cask at this temperature gives:
Pressure Py =Pairt Pyy= 1458 + 475.8 = 621.6 kPa [90.16 psia]

Pressure Due to Generation of Gas

Solid inorganic materials have a G value of zero, i.e., solid inorganic materials do not
generate hydrogen or other gases through radiolysis. Solidified or dewatered material may
contain some water and, if the cask is loaded underwater, a small amount of water may
remain in the cavity after draining. The radiolytic generation of gases is limited to the
radiolysis of this residual water. Hydrogen and oxygen may be produced in the cask by
radiolytic decomposition of residual water in the cask contents. The amount of hydrogen
generated in the cask cavity must not be greater than 5% by volume for the contents that
include water (Ref. 3.6). Hence, the cask atmosphere is assumed to contain five volume
percent of hydrogen (H;) gas due to radiolysis of the water. To be conservative in the gas
pressure calculations, the oxygen (O») is assumed to be released into the cask atmosphere.
By stoichiometry of the water molecule (H-O), the cask atmosphere will also contain 2.5
vol. % oxygen (O,) gas generated by radiolysis. Noting that partial pressures in an ideal
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7.4

gas mixture are additive and behave the same as ideal gas volume fraction or mole
fractions, the partial pressure of hydrogen is described by the following equation:

PHg =0.05 Ppt
Where, Ppt = Par + Puv + P + P2
Combining P, + Puwv = P per Section 7.2, and noting that Poz = 0.5 x Pppo.
Py> =0.05x (P2 + 1.5 Pp)
Solving the equation explicitly for Py, gives:
Py2 =10.05 P,] /[1 - 0.05 (1.5)]
=[0.05 * 621.6 kPa] / [1 — 0.05 (1.5)]
= 33.6 kPa [4.87 psia]

Total Pressure

Based on the stoichiometric relationship between hydrogen and oxygen liberated by
radiolysis of water, and again combining the pressure of the initially sealed air and water
vapor as P, the total pressure in the cask at 150 °C is:

Prowl =P+ 1.5Pm
=62]1.6kPa+1.5*336kPa
= 672 kPa [97.47 psia]

The maximum pressure is 672 kPa [97.47 psia] under hypothetical accident condition.
Conservatively consider 689.4 kPa [100 psia] as the maximum pressure under hypothetical
accident conditions for subsequent analyses.
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{

760  Tables in §i Units

TABLE f—z Properties of Saturated Water (Liquid-Vapor): Temperature Table

(P L,

Fal

S e

Temp. Press.
°C bar

o1 000611
4 000813
5 000872
6 000935
.4 001072
10 0.01228
1] 0.01312
12 0.01402
13 0.01497
14 0.01598
15 0.01705
16 0.0i8I8
17 0.01938
18 0.02064
19 098
20 002339
21 0.02487
2 0.02645
23 0.02810
24 0.02985
25 003160
26 003363
2 003567
28 003782
bl 004008
30 0.04246
3 0.04496
32 0.04759
33 0.05034
34 005324
15 005628
36 005947
38 006632
40 007384
43 009593

S |

Specific Yolume
m¥kg
TR Sat.
Liquid Vapor
v X 10 vy
1 0002
1.0001 157232
1.0001 147120
10001 | 137.74
10002 | 120917
1.0004 106.379
1.0004 99.857
1.0005 93.784
1.0007 88.124
1.0008 82848
1 0009 77926
10011 73333
10012 69044
10014 65008
10016 61293
10018 5779
1.0020 54,514
10022 51.447
1.0024 48.574
1.0027 45883
1 d0do 43 360
10032 40994
10038 874
10037 36 690
1 0040 MM
1.0043 32.8%4
1.0046 31.165
1.0050 29540
1.0053 23011
1.0056 26.571
1 0060 25216
1.0063 23940
1 0071 21602
1 078 19.523
1 0099 15 258

20613 |

-luml Energy
kiikg

Sat
Liquid
iy
000
16.77
2097
2519
3359
4200
4620

5041
54.60
58719

6299
67.18
7138
7557
797

83.95
88.14
92.32
96.51
100.70
104 88
109.06
11325
11742
121 60

125.78
129.96
134,14
138.32
14250
146,67
15085
15920
167 56
1B 44

23919

2394.7

23961
23974
2398 8
24002
2401.6

24029
24043
2405.7

2408.4

2409 8
24111
24125
24139
24152

24166
24180
24193
24207
24220
24234

24274
24301

438

Enthalpy

88.14

100.70

104.89
1907
HA2s
1743
12161

125.79
12997
134.15

142.50

146.68
150.86
159 21
167.57
188 45

Evap.

02538
02679
02823

0.2966
03109
0.3251
0.3393
0.3534

0.3674
03314
0.3954
0 4093
0.4231
0.4369
0.4507

04781
0.4917
0.5053
05188
0.545%
05725
06387
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ABLE A2 (Continued)

Temp.

50
53

H
5

85

95

1360
110
120
170
140

150

160
170
180
190

X0
2o
20
0
M0

50
X0
no
b2 11]
x)

EL)
320
340
360

374.04 L3

Specific Volume
m*fkg
Sat. Sat.
Liquid Vapar
v % 10 v,
10121 12032
[FETS 9568
10172 16N
1.019% 6197
1.0228 .00
1.0259 4,131
1.0291 31407
1.0325 2.828
1.0360 2.361
1.0397 1.982
1.0435 1.673
10516 1.210
1 0603 0.8919
1 0697 0.6685
1 0797 0.5089
1.0805 0.3928
1.1020 0.3071
11143 0.2428
11274 0.1941
1.1414 0.1565
1.1565 01274
11726 0.1044
1 1900 0.08619
1.2088 0.07158
1.2291 005976
1.2512 0.05013
1.2755 0.04221
1.3023 0.03564
1.3321 0.03017
1.3656 0.02557
1.4036 00267
1.4988 I 001549
1.6379 001080
1 8925 | 0006545
| }.AISE_LVO.(KHISS

Intemnal Encrgy

kMkg

Sau.
Liquid
#y
20932
23021
25111
2712.02
29293

313.%0
33486
355.84
376.85
397.88

41894
461 14
503.50
£46.02
588.74

631.68
674.86
718.33
762.09
806.19

B30 65
#93 53
240 §7
986 T4
1033 2

1080.4
1128.4
N4
122715
12789

3300
{434 6
15703
17232
29 6

Sat.
Vapos

Yy

24435
2450 |
24566
2461.1
2469.6

2475.9
24822
2488.4
2494.5
2500.6

25065
2598.1
25293
2539.9
2550 0

2559.5
2568.4
2576.5
2583.7
2590.0

25953
19995
2602 4
26019
206040

2602.4
2599.0
3937
2586.1
2576.0

2530
25285
24640
23515
w06

Sar

Liquid
by

20933
230 23
PATE R)
27206
29298

31393
3X9
355.90
376.92
397.96

419.04
36130
503.71
536.3t

Enthalpy
kg

k.43 !

632.20
675.55
719.21
763.22
807.62

RS2 45
¥97 76
94162
990.12
1037.3

1085.4
1134.4
11845
12360
1289.1

13440
1461 5
1594 2
1760 5
20993

Evap.
by

13K
20,7
K.
2346.2
23338

23214
2308.8
2206.0
22832
2.2

2257.0
22302
2202.6
2174.2
2447

21143
2082.6
2049.5
2015.0
1978.8
19a30.7
19007
IRSK.S
IRIX8
1766.5

17162
1662.5
1605.2
1543.6
14771

1404.9

1238.6

10279

7205
0

2609.6
26183
2626 R

2635.3
26437
26519
2660.1
2668.1

2676.1
2691.5
2706.3
27005
27339

2746.5
2758.1
2768.7
27782
27864

27932
798 8
2RO210
28040
2K03 R

2801 5
27966
2789.7
T.6
2766.2

400
2700t
2020
2481 0
99,3

Tabies in 5! Units 748

Entopy
kg K

Sat.
Liquid
&

1038
7679
A2
8935
9549

1.0155
1.0753
1.1343
1.1925
1.2500

13069
14185
15276
16344
17391

18418
1.9427
2.0419
2.139%6
22359

23309
24248
25178
26099
27TNS

27927
2.8838
29751
3.0668
3.1594

312834
3 4480
3.6594
39147
44298

Sm.
VYapor

5

80763
79913
7 90%
T80
77553

7.6824
76122
7.5445
7.4791
7.4159

7.3549
1.2387
71296
7.0264
69299

6.8379
6.7502
6.6663
6.5857
6.5079

64323
6 3383
6.2361
62146
61427

6.0730
6.0019
5.9301
58571
5.71821

57045
5.5362
5.3357
50526
44298

20
20
230
240

250
260
270
280
290

oo
20
340
360
34,14

Srowee: Tabdes A-2 twough A S are extracsed from J, H. Keenon, F- G Keyes, P. G. Hill, ond §. G. Moore, Steam Tadles, Wiley. New York, 1569.




