
4. CONTAINMENT

Design analysis, full-scale testing, and similarity of the ES-3 100 prototypes have been used to
demonstrate that the ES-3 100 package with highly enriched uranium (HEU) is in compliance with the
applicable containment requirements of Title 10 Code'of Federal Regulations, Part 71 (10 CFR 71). The
containment requirements of 10 CFR 71.51 a're shown in Table 4.1. A bounding load case has been
established for the ES-3 100 package, and it assumes that the maximum HEU content is 36 kg (Sect. 1.2.3.6)
with a decay heat load of 0.4 W (Sect. 1.2.3.7).' This decay heat load and the volumes established for the
convenience cans, spacers, silicone rubber pads, and the containment vessel void volume are discussed in
Sect. 3.1.2 and Appendix 3.6.4. Sections 2 and 3 of this safety analysis report (SAR) also examine the
effects of the lightest weight HEU content [2.77 kg (6.11 lb)]. The evaluations in Sects. 2, 3, and 4 have
demonstrated that the ES-3 100 shipping package with HEU content weight ranging from 2.77 kg (6.11 lb)
to 36kg (79.37 lb) meets the containmentrequirements specified in 10 CFR 71 forall conditions of transport.
A summary of the containment boundary design and fabrication acceptance basis is given in Table 4.2. No
credit is taken for the various convenience cans' ability to protect the HEU contents from being released.

Table 4.1. Containment requirements of transport for Type B packages '

Condition Allowable release rate

Normal Conditions of Transport (NCT) R ,= 6 A. per hour = 2.78 x 10-' A2 per second

Hypothetical Accident Conditions (HAC) RA A2 in 1 week = 1.65 x 10- A, per second

For 35Kr,'a value of 10 A, in I week is used

From ANSI N14.5-1997, Sects. 5.4.1 and 5.4.2, and 10 CFR 71.51(a)(1) and (a)(2)

Table 4.2. Summary of the containment vessel design and fabrication acceptance basis

Nominal empty weight 15.10 kg (33.29 lb)

Air fill medium temperature at loading 250 C (77 0F)

Air fill medium pressure at loading 101.35 kPa (14.70 psia)

Hydrostatic pressure test 1034 1 34 kPa (150 + 5) gauge

Helium acceptance leakage rate' Lr :2.0 x IO-, cm3/s

Air acceptance leakage rate" - - *r s 1 x 10-7 ref-cm3/s

Air preshipment and 0-ring maintenance verification leakage rate Lr •1 x 10- atm-cm3/s

Acceptance leakage testing includes fabrication, periodic (within 12 months of use), and maintenance testing. According to
Sect. 2.1 of ANSI N14.5-1997, leaktight is defined as an air leakage rate of I x 10-7 ref-cm`/s; under the same conditions, this air
leakage rate is C equal to a helium leakage rate of 2 x ;10 cmI/s. -
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The analysis documented in Appendix 4.6.1 was conducted to establish the upper limit for the total
activity and the maximum number of A2s proposed for transport in the ES-3 100 package. The maximum
activity [3.112 x 10-' TBq (8.411 Ci)] of the contents occurs 10 years after initial fabrication. When the
maximum activity-to-A 2 value (290.26) is reached at -50 years from material fabrication, the corresponding
activity is 3.104 x 10-' TBq (8.389 Ci). These values have been determined using a maximum of 36 kg of
HEU with isotopic weight percents as shown in Table 4.3. By applying the maximum weight percents of
isotopes 233U, 234U, 236U and by incorporating the traces of 232U and the transuranic isotopes, the maximum
activity, minimum A, value, and the minimum leakage requirements were determined for the proposed
contents and are summarized in Tables 4.4, 4.5, and 4.6. The mass and isotopic concentrations used for the
proposed content do not take into consideration limits based on shielding and subcriticality.

The initial composition of the content contains several isotopes of uranium (Sect. 1.2.3). As a result
of radioactive decay, the ingrowth of uranium daughterproducts occurs, and these concentrations of daughter
products will vary with time. The uranium isotopes and daughter products are considered a mixture of
radionuclides, and the method for determining the mixture's A2 value in Section IV, Appendix A, 10 CFR 71
is applied. The A, value for the most conservative set of contents defined in Sect. 1.2.3 has been calculated
in Appendix 4.6.1. Since the HEU can be in the form of oxides (U02 ,U03 , and U30s), UF4, or metal and
alloy, the calculation of the mixture's A2 used the various uranium isotopic A2 values for fast, medium, and
slow lung absorption criteria shown in Table A-I of Appendix A of 10 CFR 71.

4.1 DESCRIPTION OF THE CONTAINMENT BOUNDARY

As shown in Table 4.4, the number of A2s proposed for shipping exceeds 30 but is less than 3000.
In accordance with NUREG 1609, the containment vessel is a Category II vessel. Since this vessel may be
used for future contents that exceed 3000 A2, the containment vessel category has been elevated to a
Category I vessel. Therefore, the containment vessel is designed (using nominal dimensions for each
component), fabricated, and inspected in accordance with the American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code, Sect. III, Division I, Subsection NB and Section IX.

4.1.1 Containment Boundary

The containment boundary consists of the vessel's body, lid assembly, and inner O-ring (Sect. 1,
Fig. 1.3). Only the inner 0-ring is considered part of the boundary. The outer O-ring is provided to allow
a post-assembly verification leak check. Two methods of fabrication may be used to fabricate the
containment vessel body as shown on Drawing M2E8015 80A0 12 (Appendix 1.4.1). The first method uses
a standard 5-in., schedule 40 stainless-steel pipe per ASME SA-312 Type TP304L, a machined flat-head
bottom forging per ASME SA-182 Type F304L, and a machined top flange forging per ASME SA-182
Type F304L. The nominal outside diameter of the 5-in. schedule 40 pipe is machined to match the nominal
wall thickness of 0.254 cm (0.100 in.). Each of these pieces is joined with full-penetration circumferential
weld as shown on sheet 2 of Drawing M2E801580A012 (Appendix 1.4.1). The weld fillermaterial conforms
to Sect. II, Part C, of the ASME Boiler and Pressure Vessel Code. All full-penetration welds are dye
penetrant and radiographically inspected in accordance with Sect. III, Div. I, Sect. NB-5000, of the ASME
Boiler and Pressure Vessel Code. The top flange is machined to match the schedule 40 stainless-steel 5-in.
pipe, to provide two concentric half-dove-tailed O-ring grooves in the flat face, to provide locations for two
18-8 stainless-steel dowel pins, and to provide the threaded portion for closure using the lid assembly. The
second method of fabrication uses forging, flow forming, or metal spinning to create the complete body (flat
bottom, cylindrical body, and flange) from a single forged billet or bar with final material properties in
accordance with ASME SA-182 Type F304L. Final machining of the top flange area is identically to that
of the welded forging method. The lid assembly, which completes the containment boundary structure,
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consists of a sealing lid, closure nut, and external -retaining' ring (Drawing M2E801580A014,
Appendix 1.4.1). The containment vessel sealing lid (Drawing M2E801580A015, Appendix 1.4.1) is
machined fromType 304 stainless-steelbarwith finalmaterialproperties in accordance withASME SA-479.
The containment vessel closure nut is machined from a Nitronic 60 stainless-steel bar with material
properties in accordance with ASME SA-479. These two components are held together using a
WSM-400-S02 external retaining ring made from Type 302 stainless steel. The sealing lid is further
machined to accept a 3/8-in.-16 swivel hoist ring bolt, to provide a leak-check port between the elastomeric
O-rings, and notched along the perimeter to engage two dowel pins. The lid assembly, with the O-rings in
place on the body, are joined together by torquing the closure nut and sealing lid assembly to
162.7 4 6.78 N-m (120 4 5 ft-lb). The sealing lid portion of the assembly is restrained from rotating during
this torquing operation by the two dowel pins installed in the body flange. This torquing of the closure nut
represents the positive fastening device used to satisfy the requirements of 10 CFR 71.43(c). The
effectiveness of this closure system has been demonstrated by the NCT and HAC tests, which show that the
containment vessels remain "leaktight" after the conclusion of the test series documented in Test Report of
the ES--3100 Package (ORNLINTRC-0 13, 2004).

10 CFR 71.73(c) requires that the package containment vessel be immersed in 15 m (50 ft) of water,
which is equivalent to an external pressure differential of 150 kPa (21.7 psi). The design analyses
(Appendix 2.10.1) show that this vessel is conservatively rated for the 150-kPa (21.7-psi) external pressure
differential requirement, as well as for an internal pressure differential of 699.82 kPa (101.5 psig). A
summary of the containment boundary design and acceptance basis is given in Table 4.2.

The ES-3 100 package has no connections, fittings, or tapped holes that penetrate the containment
boundary; therefore, the package does not allow continuous venting during transport.

The containment vessel O-rings (DrawingM2E80158OA013,Appendix 1.4.1) are manufactured from
an ethylene-propylene elastomer in accordance -with -Procurement Specification for 70A Durometer
Preformned Packing (0-rings) [O0-PP-986]. These O-rings are rated for continuous service as a static face
seal in the temperature range of -40 to 1500C (-40 to 3020F) [Parker O-ring Handbook, Fig. 2-24]. Tests
conducted by Los Alamos National Laboratory (LANL) on a similar compound, ethylene-propylene rubber
(EPDM), used as a static face seal, are documented in SAFKEG 2863B Tests for Verification of O-ring
Performance (TR 96/12/20). The material compound for the LANL tests was certified to ASTM D-2000
as M3BA61OA14Bl3F17. The ES-3100 package ;O-rings are also certified to ASTM D-2000 as
M3BA712A14B13F17. The class of material in the LANL test is identical except that the durometer and
tensile strengths are somewhat less than those of the ES-3100 package. Each material was tested in
accordance with ASTM D-2137 for brittleness at -40'C (-40'F) without failure. The leak test fixture, as
reported in TR 96/12120, provided a maximum compression of25.7% in a static face seal configuration. The
compression range provided by the flange and lid design of the ES-3 100 package is 14.8 to 20.8% or 0.051
to 0.076 cm (0.020 to 0.030 in.) compression due to the half-dovetail design. Furthermore, Parker O-ring
Handbook states that the minimum squeeze for all seals, regardless of cross-section, should be about
0.0 18 cm (0.007 in.). Since the minimum compression is 0.051 cm (0.020 in.) and the flange and lid with
the closure nut have nearly identical coefficient of thermal expansion, the scaling performance at -40'C
(-40'F) should not be degraded. Therefore, the performance of the ES-3100 O-rings should be
representative ofthose documented inTR96/12/20.'Thesetests demonstrated that the O-rings were leaktight
over the temperature range of -40 to 205 0C (-40 to 401 'F), which is greater than the operating temperature
range of -40 to 141.220C (-40 to 286.2 0F) of the ES-3100 containment vessel (Table 3.17). In addition to
component testing, an ES-3100 full-scale test unit (Test Unit-2) was chilled to • -40'C and later subjected
to an NCT drop test and the entire HAC test battery. The containment vessel was leak tested and achieved
"leaktight" status. Therefore, the continuous service temperature rating ofthe ethylene-propylene elastomer
has been verified by testing.
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4.1.2 Special Requirements for Plutonium

The highly enriched uranium contents have only trace amount of the transuranic isotopes. Therefore,
this section is not applicable to the ES-3 100 shipping container.

4.2 GENERAL CONSIDERATIONS

4.2.1. Type A Fissile Packages

The A2 value of the proposed contents exceed the limits established for Type A packages.

4.2.2 Type B Packages

Requirements

(1) A Type B package, in addition to satisfying the requirements of 10 CFR 71.41-71.47, must
be designed, constructed, and prepared for shipment so that under the tests specified in:

(a) Section 71.71 ("Normal conditions of transport"): There would be no loss or dispersal
of radioactive contents as demonstrated to a sensitivity of 10-6 A2 /h, no significant
increase in external surface radiation levels, and no substantial reduction in the
effectiveness of the packaging; and

(b) Section 71.73 ("Hypothetical accident conditions"): There would be no escape of
8Kr exceeding 10 A2 in one week, no escape of other radioactive material exceeding
a total amount A2 in one week, and no external radiation dose rate exceeding
10 mSv/h (1 rem/h) at 1 m (40 in.) from the external surface of the package.

(2) Where mixtures of different radionuclides are present, the provisions of Appendix A,
paragraph IV of this part shall apply, except that for 85Kr-85, an effective A2 value equal to
10 A2 may be used.

(3) Compliance with the permitted activity release limits of paragraph (a) of this section may
not depend on filters or on a mechanical cooling system.

Analysis. The A2 value calculated for the ES-3 100 shipping package has been determined in
accordance with Appendix A of 10 CFR 71, documented in Appendix 4.6.1, and uses the proposed isotopic
distribution shown in Table 4.3. Table 4.4 summarizes the results from Appendix 4.6.1 for the proposed
contents from 0 to 70 years after original production.
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Table 4.3. Isotopic mass and weight percent for the HEU contents '

Nuclide Weight percent Mass
(g)

U-232 0.000004 0.001440

U-233 0.600000 216.000000

U-234 2.000000 720.000000

U-235 57.095996 20554.558560

U-236 40.000000 14400.000000

U-238 0.000000 0.000000

Transuranic 0.004000 1.440000

Np-237 0.300000 108.000000

Total 100.000000. 36000.000000

Weight percent values of individual isotopes are those that generate the largest activity within the allowable ranges presented in
Sect. 1.2.3. -

Table 4.4. Activity, A2 value, and number of A2 proposed for transport

Year Fast absorption Mediurm absorption Slow absorption
Activitv A2  Activity. . A2  Activity A2

(Tcqt(Tq) A2  Act I A2  Tq) Tq) Act I A2
Act (T q)(TBq) (TBq) ___ __ ___ __ __ ___ __ __

0 3.052e-01 1.250e-03 2.442e+02 3.052e-01 :1.195e-03 2.555e+02 3.052e-01 1.056e-03 2.8892e+02

5 3.107e-01 1.266e-03 2.454e+02 3.107e-01 .1.21le-03 2.567e+02 3.107e-01 1.071e-03 2.9006e+02

10 3.112e-01 1.267e-03 2.456e+02 3.112e-01 l.212e-03 2.568e+02 3.112e-01 1.072e-03 2.9019e+02

20 3.1 l Oe-OI 1.266e-03 2.457e-'-02 3.11e-01 1.210e-03 2.569e+02 3.110e-01 1.072e-03 2.9021e+02

30 3.108e-01 1.264e-03 2.458e+02 3.108e-01- 1.209e-03 2.570e+02 3.108e-01 1.072e-03 2.9021e+02

40 3.106e-01 1.264e-03 2.459e+02 3.106e-01 1.208e-03 2.571e+02 3.106e-01 1.070e-03 2.9022e+02

50 3.104e-01 1.262e-03 2.460e+02 3.104e-01 1.207e-03 2.572e+02 3.104e-01 1.069e-03 2.9026e+02
60 3.103e-01 1.262e-03 2.460e+02 3.104e-01.1.207e-03 2.572e+02 3.104e-01 1.069e-03 2.9026e+02
60 3.103e-01 1.261e-03 2.460e+02 3.103e-01 1.206e-03 2.572e+02 3.103e-01 1.069e-03 2.9019e+02

70 3.102e-01 1.261e-03 2.461e+02 3.102e-01 1;206e'-03 2.573e+02 3.102e-01 1.069e-03 2.9017e+02
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4.3 CONTAINMENT UNDER NORMAL CONDITIONS OF TRANSPORT (TYPE B
PACKAGES)

Title 10 CFR 71.51(a)(1) specifies that there shall be no loss or dispersal of radioactive contents as
demonstrated to a sensitivity of 10-6 A, per hour, no significant increase in external radiation levels, and no
substantial reduction in the effectiveness of the packaging. The initial composition of the HEU contains
several isotopes of uranium and transuranic contributors (Table 4.3). As a result of radioactive decay,
uranium, transuranics, and daughter product isotopes are present in the HEU contents at varying
concentrations depending on the length of decay time. The HEU, with its isotopes and daughter isotopes and
contributions from unknown transuranic isotopes, qualifies as a mixture for A, determination (Appendix A
of 10 CFR 71). The A2 value and the maximum content activity-to-A, value ratio for this mixture have been
calculated for several different decay times (Table 4.4). As calculated in Appendix 4.6.1, the A, value
[1.0693 x 10-3 TBq (2.8900 x 10-2 Ci)] and the maximum content activity-to-A2 ratio (290.26) used to
qualify this package occurs at about 50 years of decay. As previously stated, these values have been
determined using a bounding case maximum of 36 kg of HEU with isotopic weight percent values as shown
in Table 4.3. The specified composition is a very conservative upper bound achieved by using the maximum
weight percent values for the higher specific activity isotopes (232U, 233u, 234U, and 236U), including
contributions from other transuranics and 237Np.

The maximum activity, minimum A,, and minimum leakage requirements were determined for this
worst case scenario and are presented in Tables 4.4 and 4.5. These masses and isotopic concentrations were
used for the proposed contents without regard to limits established based on shielding and subcriticality
considerations. The actual mass limits affirmed for this shipping package are established in Sect. 1
(Tablel.3). The analyses conducted in Appendix 4.6.2 assumes that the total mass of uranium for each
component is available forrelease as an aerosol (worst case). From experimental tests, the maximum aerosol
density containing uranium particulate was reported in Leakage of Radioactive Powders from Containers
(Curren and Bond 1980) to be 9.0 x 10-6 g/cm3 . This aerosol density is used to calculate the total activity
concentration in ANSI N14.5-1997, Section B.15, examples 13, 27, and 29.

The containment criteria for the ES-3 100 package will be leaktight (defined in paragraph 2.1 of
ANSI N 14.5-1997 as having a leakage rate • I x 10-' ref-cm3/s) during the prototype tests. This leaktight
criterion satisfies the design verification requirement stipulated in paragraph 7.2.4 of ANSIN14.5-1997. The
requirements of ANSI N14.5-1997 are used for all stages of containment verification for the ES-3100 (i.e.,
design, fabrication, maintenance, periodic and preshipment).

The design, fabrication, maintenance and periodic leakage rate limit is I x 10-' ref-cm3/s. The pass
criteria for the preshipment and O-ring maintenance leakage rate test, which demonstrates correct assembly
of the containment vessels, is 1 x 10-4 ref-cm3/s, which exceeds the requirements given in ANSI N14.5,
paragraph 7.6.4. The preshipment, fabrication, maintenance and periodic leakage rate tests are required to
be conducted on each containment vessel in accordance with ANSI N14.5 and are specified in Chapters 7
and 8. These leakage rates are not dependent on filters or mechanical cooling.

The complete design verification testing ofthe ES-3 100 package for NCT was conducted on test unit
TU-4. Since the containment vessel was assembled at ambient conditions, the pressure was nominally
101.35 kPa (14.70 psia) at 25 0C (77 0F). In accordance with 10 CFR 71.71 (b), the initial pressure inside each
containment vessel should be the maximum normal operating pressure (MNOP). As calculated in
Appendix 3.6.4, the bounding case MNOP is 122.63 kPa (17.786 psia). The stresses at the maximum normal
operating pressure [21.30 kPa (3.09 psi) gauge] are insignificant compared to the allowable stresses
(Table 2.21). 0-ring grooves are designed and fabricated in accordance with guidance from the Parker
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Table"4.5. Regulatory leakage criteria foi NCT a

Fast Absorption Medium Absorption Slow Absorption
Verification

Activity LRpN-lir - He LN.r LpN - He LpN-.ai Lp..- He

(ref-cm3/s) (cn 3/s) (ref-cm3/s) (cm3/s) (ref-cm3/s) (cm3/s)

Design 4.5337e-03 4.8470e-03 4.3366e-03 4.6424e-03 3.8445e-03 4.1307e-03

The procedure used to calculate the above criteria is shown in Appendix 4.6.2. This data has been extracted from Table I in
Appendix 4.6.2.

Table 4.6. Containment vessel verification tests criteria for NCT

Test Type Tet VLeakage testeTest Values procedure

Design and compliance leakage testing

Design verification of 0-ring seal (air) Lr 1 1.0 x IO' ref-cm3/s See ORNIJNTRC-013

Design verification of containment vessel Lr •2.0 x I0-' cm3/s See ORNIJNTRC-013
boundary (helium) 7

Verification leakage testing

Fabrication, periodic, and maintenance 5 •2.0 x I0-7 cm3/s Y5I-0I-B2-R-140, Rev. A.I
(helium) ; (Appendix 8.3.1)

Pre-shipment and 0-ring seal Lr •1.0 x 10'ref-cm3/s Y5 I-01 -B2-R-074, Rev. A. 1
maintenance (air) (Appendix 7.5.1)

O-ringHandbook. In accordance with Fig.3-2 of ORNL/NTRC-013/V 1-3, the durometer of the O-ring, and
the tolerance gap from the production dravwings, the O-ring should be able to withstand -800 psig before anti-
extrusion devices are required. Therefore, conducting a compliance test with the MNOP in the containment
vessel will have little, if any, effect on the results.

Following the design verification testing of paragraphs 10 CFR 71.71(c)(5) through 71.71(c)(10)
excluding 71.71 (c)(8), Test Unit-4 was subjected to the sequential testing of paragraphs 10 CFR 71.73(c)(1)
through (c)(4). Upon removal of the containment vessel from the drum assembly, the cavity between the
0-rings was leak checked using a CALT5 leak tester. This unit recorded a leak rate between the 0-rings of
2.4773 ref-cm3/s.

Following the 0-ring leak test, the entire containment boundary of TU-4 was helium leak tested to
a value •2 x 10-7 cm3/s, thereby verifying a leak-tight boundary. The leak-test procedure followed to verify
this criteria is documented in the ES-3100 test plan (ORNLJNTRC-013, 2004). The maximum recorded
helium leakage rate for this containment vessel was 2.0 x 10- cm3/s after 20 min of testing. Visual
inspection following the testing indicated that n6ither the vessel body, the 0-rings, the seal areas, nor the
vessel lid assembly were damaged during the tests. Pictures taken of the containment vessel top following
testing showed that the closure nut had rotated a maximum of 0.15 cm (0.060 in.) from its original radial
position obtained during assembly. Based on the pitch of the closure nut, this rotation translates into only
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0.0013 cm (0.0005 in.) decompression of the 0-rings. This compares to the original nominal compression
of 0.064 cm (0.025 in.). Therefore, 0-ring compression was maintained during compliance testing. Based
on these results, the ES-3100 package meets and exceeds the containment criteria specified in 10 CFR71.51
for NCT when used to ship the contents described in the introductory section of this chapter.

Following fabrication, the containment vessel undergoes hydrostatic pressure testing to 1034 kPa
(150 psi) gauge. Each vessel is then leak tested with either air or helium to s1 x 107'ref-cm 3/s or
2 x IO-' cm3/s, respectively. This test ensures the containment vessel's integrity (walls, welds, inner 0-ring
seal) as delivered for use in accordance with paragraph 6.3.2 of ANSI N14.5-1997.

Following placement of the HEU content inside the containment vessel and joining the body and
lid assembly, the volume between the containment vessel's 0-ring seals is evacuated and checked to leak
•51 X1 0-4 ref-cm3/s. This leak-test procedure is a pressure rise air leak test prescribed by DT-Type Shipping
Container Leak Test (Appendix-7.5.1). This ensures that each containment vessel has been properly
assembled in accordance with paragraph 7.6.4 of ANSI N14.5-1997.

The design verification tests were conducted following compliance tests in accordance with
10 CFR 71.71 and 71.73. The leakage rate of the containment boundary, before and after testing, was
verified to be leaktight.

4.4 CONTAINMENT UNDER HYPOTHETICAL ACCIDENT CONDITIONS (TYPE B
PACKAGES)

Requirements. A Type B package, in addition to satisfying the requirements of paragraphs
10 CFR 71.41 through 71.47, must be designed, constructed, and prepared for shipment so that under the
tests specified in Sect. 71.73 ("Hypothetical Accident Conditions"), there would be no escape of "Kr
exceeding 10 A2 in one week, no escape of other radioactive material exceeding a total amount A2 in one
week, and no external radiation dose rate exceeding 10 mSv/h (1 rem/h) at I m (40 in.) from the external
surface of the package.

Analysis. Calculations have been conducted in Appendix 4.6.2 to determine the regulatory leakage
criteria to satisfy the above requirements. The results are shown in Table 4.7. These analyses assume that
the total mass of uranium for each component is available for release as an aerosol (worst case). From
experimental tests, the maximum aerosol density containing uranium particulate was reported by Curren and
Bond to be 9.0 x 10-6 g/cm3. This aerosol density is used to calculate the total activity concentration in
ANSI N14.5-1997, Section B.15 examples 13, 27, and 29. Design leakage rate verification testing of the
containment boundary (Table 4.8) was conducted on Test Units-I through -6 and documented in test report
ORNLINTRC-013. Since each containment vessel was assembled at ambient conditions, the pressure was
nominally 101.35 kPa (14.70 psi) at 250 C (770 F). In accordance with 10 CFR 71.73(b), for these tests, the
initial pressure inside each containment vessel should be the maximum normal operating pressure. As shown
in Table 2.21, the stresses at the maximum normal operating pressure are insignificant compared to the
allowable stresses. Therefore, conducting compliance testing with nominal pressure in the containment
vessel would have little, if any, effect on the results. During the structural and thermal tests conducted on
the ES-3 100 for HAC, the drum experienced plastic deformation, and the insulation and impact limiter
material experienced some deterioration, as anticipated (Sect. 2.7). The containment vessels did not exhibit
any signs of damage and passed post-test leak tests and the subsequent 10 CFR 71.73(c)(5)-specified 0.9-m
(3-ft) water immersion tests except for Test Unit-6. Test Unit-6 was subjected to the test specified by
paragraph 10 CFR 71.73(c)(6). After completion of this test, the containment vessel was removed and the
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Table 4.7. Regulatory leikage criteria for HAC a

Verification Fast absorption -Medium absorption Slow absorption

activity Lpj.air - He LAj ' ft e L -ir He
(ref-cm3/s) (cm3/s) (ref-cm3Is) (cm3/s) (ref-cm3 /s) (cm 3/s)

Design 1.2402e+O1 1.1831e+O1 1.1863e+01 1.1319e-01 1.0517e01 1.0041e+00

a The procedure used to calculate the above criteria is shown in Appendix 4.6.2.

Table 4.8 Containment vessel design verification tests for HAC

Test Type 'Test Values Leakage test
procedure

Design and compliance leakage testing

Design verification of 0-ring seal (air) Lr s 1.0 x 10- ref-cm3/s See ORNIJNTRC-013N1

Design verification of containment vessel Lr s2.0 x 10-' cm3/s See ORNIJINTRC-013N1
boundary (helium)

lid was drilled and tapped for a helium leak-check'poft.'The entire containment boundary was then helium
leak checked and passed the leaktight criteria. Also; no visible water-was seen inside the inner 0-ring groove
of Test Unit-6 and no water was observed inside'any of the other test units.

To verify the entire containment boundary to the leaktight criteria, the containment vessels of
Test Units-I through -5 were helium leak tested 'using the procedure shown in the test report
(ORNL/NTRC-013). These test units had previously been subjected to the drop test stipulated in
10 CFR 71.71 (c)(6) and the sequential tests stipulated in 10 CFR 71.73 except for Test Unit-4, which had
been first subjected to the testing in accordance with 10 CFR 71.71. The maximum recorded helium leak
rate for any of these containment vessels was 2.0 x 10'cm3 /s after 20 min of testing on Test Unit4 as
documented on pages 90 and 91 of ORNLINTRC-0131V1. Test Units-2 and -5 displayed some unusual
pulsing action during leak testing. The peak amplitude changed after adding helium in a manner expected
for diffusion through the 0-rings rather than a rise immediately following the addition of helium that would
indicate a leak to the outside of the containment vessel. This is further discussed and graphically presented
on pages 88 through 91 of ORNLJNTRC-0 I 3N 1. These measured leakage rates verify that the containment
vessels are leaktight in accordance with ANSI N14.5-1997. Therefore, the containment boundary of the
ES-3 100 package was maintained during the HAC testing.

The 36 kg of HEU content is unirradiated; therefore, only very small quantities of fission gas
products will be produced from spontaneous fission and subcritical neutron induced fission. Fission gas
products are produced in such small quantities that they have no measurable effect on the releasable content
source term or containment vessel pressurization. Fission gas products will not be considered further in this
SAR.
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4.5 LEAKAGE RATE TESTS FOR TYPE B PACKAGES

The maximum allowable release of radioactive material allowed by 10 CFR 71.51(a)(2) under HAC
is A2 in one week. Title 10 CFR 71.51 (a)(2) also specifies that there be no escape of 85Kr exceeding 10 A2
in one week. ANSI N14.5-1997 specifies the leakage test methods and leakage rates that are accepted in
Nuclear Regulatory Commission (NRC) Regulatory Guide 7.4 as demonstrating that a package meets the
10 CFR 71.51 (a)(2) requirements for containment. The containment criteria for the ES-3100 package will
be leaktight, defined in ANSI N14.5 paragraph 2.1 as having a leakage rate •-1 x 10-' ref-cm3/s, during the
prototype tests. This leaktight criterion satisfies the design verification requirement stipulated in
paragraph 7.2.4 of ANSI N14.5-1997. The requirements of ANSI N14.5-1997 are used for all stages of
containment verification for the ES-3 100 (i.e., design, fabrication, maintenance, periodic and preshipment).
The design, fabrication, maintenance and periodic leakage rate limit is 1 x 10-' ref-cm3/s (or 2.0 x 10- cm3/s
helium). The pass criterion for the preshipment and 0-ring maintenance leakage rate test, which
demonstrates correct assembly of the containment vessels, is 1 x 10-4 ref-cm3/s, which exceeds the
requirements given in ANSI N14.5-1997, paragraph 7.6.4. The preshipment, fabrication, maintenance, and
periodic leakage rate tests are required to be conducted on each containment vessel in accordance with
ANSI N14.5-1997 and are specified in Chapters 7 and 8. These leakage rates are not dependent on filters
or mechanical cooling.

The requirements of ANSI N14.5-1997 are used for all stages of containment verification for the
ES-3 100; the design (HAC test) leakage rate limit is 1 x I0-' ref-cm3/s (which is defined as leaktight in
ANSI N14.5-1997). The packaging has been shown to maintain containment before and after prototype
testing by leakage tests performed for containment verification to the requirements of ANSI N14.5-1997.
Test Unit-4's containment vessel was subjected to both the NCT and HAC tests. Test Units-I through -5
were subjected to the free drop stipulated in 10 CFR 71.71 (c)(7) and to the sequential HAC test stipulated
in 10 CFR 71.73. Following these tests, each containment vessel was helium leak tested in accordance with
the test plan. Again, the test results verified that the containment vessels were leaktight. Thus, there could
be no release of radioactive materials from the containment vessels. These leakage rates are not dependent
on filters or mechanical cooling. These measured leakage rates verify that the containment vessels are
leaktight in accordance with ANSI N14.5-1997.

Therefore, the ES-3 100 package meets the containment criteria as specified in 10 CFR 71.73 for
HAC when shipping the proposed 36 kg of HEU in the containment vessel.
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4.6 APPENDICES

Appendix Description

4.6.1 DETERMINATION OF A, FOR THE ES-3 100 PACKAGE WITH HEU CONTENTS

4.6.2 CALCULATION OF THE ES-3 100 CONTAINMENT VESSEL'S REGULATORY
REFERENCE AIR LEAKAGE RATES
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APPENDIX 4.6.1

DETERMINATION OF A2 FOR THE ES-3100 PACKAGE
WITH HEU CONTENTS

Introduction

The containment criteria for radioactive, fissile material packages are given in 10 CFR 71.51(a)(1)
for Normal Conditions of Transport (NCT) (<IO0. -A2/h) and in 71.51 (a)(2) for Hypothetical Accident
Conditions (HAC) (•A2 in a week). The A. value for this mixture of radioisotopes must be determined to
establish the content containment criteria and to determine the maximum release quantity that is allowed
by the regulations. These values for a mixture of isotopes are determined by the methodology given in
10 CFR 71, Appendix A, "Determination of Al and A2,?'"Sect. IV. The results of these analyses are used to
demonstrate compliance of the ES-3 100 package with the containment requirements of 10 CFR 71.

Scope

The A, value of the highly enriched uranium (HEU) content to be shipped is evaluated based on the
mass and weight percents of HEU shown in Table 1 and defined in Sect. 1.2.3. The weight percents shown
in Table I are the ones that generate the largest activity within the known weight percent ranges.
Incorporating the new 10 CFR 71 A. values for the uranium isotopes, three different categories have been
established based on the absorption rate of the uranium isotopes. The fast lung absorption, medium lung
absorption and slow lung absorption categories are addressed in subsequent sections. By applying the
maximum weight percents of isotopes 232U, 233U,234U, 236U and by incorporating the traces of 23'Np and the
transuranic isotopes, the maximum activity, minimum A2value, and the minimum leakage requirements were
determined for each category of absorption for the HEU oxides, compounds, and metal pieces. The mass
and isotopic concentrations used for the proposed content do not take into consideration limits based on
shielding and subcriticality.

Table 1. Isotopic mass and weight percent for the HEU contents a

Nuclide Weight percent Mass

U-232 0.000004 0.001440

U-233 0.600000 216.000000

U-234 2.000000 720.000000

U-235 57.095996 20554.558560

U-236 40.000000 14400.000000

U-238 0.000000 0.000000

Transuranic 0.004000 1.440000

Np-237 0.300000 108.000000

Total 100.000000 36000.000000

Weight percents values of individual isotopes are those that generate the largest activity within the allowable ranges presented in
Sect. 1.2.3.
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According to 10 CFR 71, Appendix A, parent and daughter nuclides are considered to be a mixture
of different nuclides than those of the parent nuclide. The radioactive decay of uranium (refer to the decay
chains presented by Dr. David C. Kocher, Radioactive Decay Data Tables [Kocher 1981]) creates isotopes
that will accumulate enough activity to exceed their respective criteria for limited quantities
(Shippers-General Requirementsfor Shipments and Packagings [49 CFR 173.423], Table A-7, "Activity
Limits for Limited Quantities, Instruments, and Articles") and for Type A quantities of radionuclides
(10 CFR 71, Table A-1, "A, and A2 Values for Radionuclides"). Furthermore, the A2 value for the mixture
will change over time as a result of radioactive decay. The analysis below shows that the A2 value for this
mixture reaches a minimum at initial fabrication, increases to the I 0' year, and declines through the 70' year.

Analysis

Mass Tables. The mass and weight fractions for HEU isotopes used in the containment calculations
are presented in Table 1. For conservatism, a small quantity of 232U is assumed in this material at fabrication.

ORIGEN-S Results. The source terms of the isotopes in the mixtures were evaluated using the
ORIGEN-S computer program (Parks 1984). The mass values for the parent and daughter products are
presented in Table 2 for the time interval of 0-70 years. Contributions from the transuranics and 213Np are
held constant at each time interval during the 70-year evaluation.

The A2 value of each mixture was calculated using the procedure shown in Tables 3,4, and 5 for the
above time intervals. The 50 year of decay represents the smallest value of A2 and the maximum
activity-to-A 2 value ratio (the smallest maximum allowable leakage rate within the time interval examined).
A summary of the content activity and the A2 value of the various configurations for the above time interval
is given in Table 6.

Results

The containment criteria analysis indicates that the HEU contents must be shipped in a Type B
material package since their activities are greater than the A2 value. The smallest A2 value of
1.0693 x 10-3 TBq (2.890 x 10-2 Ci) in conjunction with the maximum activity-to-A 2 value ratio of 290.26
occurs after about 50 years of decay for the assumed maximum 36 kg of HEU.
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Table 2. Mass values of parent and daughter products for 36 kg of HEU

Isotope

Pb-210

Pb-212

Bi-210

Bi-212

Po-210

Rn-222

Ra-223

Ra-224

Ra-225

Ra-226

Ra-22S

Ac-225

Ac-227

Ac-22S

Th-227

Th-228

Th-229

Th-230

Th-231

Th-232

0 years 5 years

O.OOOOe+OO 1.4472e-10

O.OOOOe-O0 I.8576e-08

O.OOOOe-O0 8.92SOe-14

O.OOOOe-O0 1.756Se-09

0.OOOOe--00 2.4624e- 12

O.OOOOe+O0 1.4472e-12

O.OOOOe-00 6.9474e-12

O.OO0Oe-O0 1.612Se-07

O.OOOOe-OO 2.1600e-OS

O.OOOOe-O0 2.2536e-07

0.OOOOe+00 2.1024e- 13

O.OOOOe-O0 1.72SOe-OS

O.OOOOe+O0 4.9125e-09

0.OOOOe-00 2.5632e-17

O.OOOOe-O0 I.14OSe- I1

0.OOOOe-O00 3.1392e-05

O.OOOOe+OO 6.4SOOe-03

O.OOOOe-OO l.OOOSe-02

O.OOOOe-rOO S.3657e-OS

O.OOO~e-O0 2.OSSOe-03

10 years

1.1 160e-09

2.0736e-08

6.8S32e-13

1.9584e-09

1.900Se-1 1

5.7SSe-12

2.63 1Oe-I 1

I .SOOOe-07

4.6656e-OS

9.00OOe-07

7.0560e-13

3.1536e-OS

l .S6S4e-OS

8.6112e-17

4.3370e-1 I

3.4992e-05

9.2448e-03

1.9944e-02

S.3657e-08

4.1904e-03

20 years

8.3520e-09

1.9296e-08

5.1 192e-12

I .828e-09

1.4112e-10

2.3112e-11

9.5784e-1 1

1.6848e-07

9.33 12e-08

3.6000e-06

2.1024e-12

6.3072e-08

6.7624e-08

2.5632e-16

1.5724e-10

3.2688e-05

I .8468e-02

3.9960e-02

S.3657e-08

8.38OSe-03

O.OOOOe+00

3.9S76e-04

O.OOOOe+OO

1.1808e-03

2.1598e+02

7.1996e+02

2.0555e+04

1.4400e+04

O.OOOOe+O0

1.4400e+00

I .0800e+02

30 years

:2.6136e-0S

1. i24e-OS

1.6128e-1 1

1.6560e-09

4.4496e-10

5.1984e-1 1

1.9630e-10

1.5264e-07

1.3997e-07

8.0640e-06

3.7008e-12

9.460Se-OS

1.3874e-07

4.5072e-16

3.2271e-10

2.9664e-05

2.7648e-02

5.9904e-02

8.3657e-08

1.2571e-02

0.OOOOe+00

5.98 14e-04

40 years

5.7960e-OS

1 .5840e-0S

3.5712e-1 I

I .4976e-09

9.S640e-10

9.2160e-1 I

3.1860e-10

I .3795e-07

1.8641 e-07

1.4328e-05

5.3568e-12

1.2593e-07

2.261 Oe-07

6.5376e-16

5.2414e-10

2.6784e-05

3.6936e-02

7.9920e-02

8.3657e-OS

1.6704e-02

O.OOOOe-OO

7.9546e-04

50 years

I .0584e-07

1.4314e-OS

6.5376e-1 1

I .3579e-09

I .8072e-09

I .4400e-10

4.5S37e-10

1.2485e-07

2.3328e-07

2.2392e-05

7.0272e-12

1.5746e-07

3.2476e-07

8.5S24e- 16

7.5435e-10

2.4336e-05

4.600Se-02

I.OOOSe-OI

S.3657e-OS

2.08SOe-02

O.OOOOe+O0

9.9484e-04

O.OOOOe+00

S.7696e-04

2.1595e+02

7.1990e+02

2.0555e+04

1.4400e+04

O.OOOOe+O0

1.4400e-00

I.OSOOe-02

3.6000e+04

60 years

1.7280e-07

1.2960e-OS

1.0656e-10

1.229Se-09

2.9304e-09

2.0664e- 10

6.1047e-10

1.1304e-07

2.7864e-07

3.21 S4e-05

8.7120e-12

1 .8878e-07

4.3165e-07

I .0627e-15

1.0031 e-09

2.2032e-05

5.5296e-02

1.1952e-01

8.3657e-08

2.5200e-02

O.OOOOe+O0

1.1942e-03

O.OOOOe+O0

7.9344e-04

2.1594e+02

7.1988e+02

2.0555eW04

1.4400e+04

O.OOOOe+O0

0.OOOOe+00

O.OOOOe+O0

3.6000e+04

70 years

2.5S4Se-07

1.1736e-OS

1.5912e-10

1 .1131 e-09

4.3920e-09

2.8152e-10

7.70SOe- 10

1.0238e-07

3.2616e-07

4.3776e-05

1.0397e-I 1

2.2032e-07

5.4470e-07

1.2686e-15

1.2682e-09

1.9S72e-05

6.4584e-02

1.396Se-01

8.3657e-08

2.9376e-02

0.OOOOe+00

I .3915e-03

O.OOOOe+00

7.1 856e-04

2.1594e+02

7.1986e+02

2.0555e+04

1.4400e+04

O.OOOOe+00

0.OOOOe+00

O.OOOOe+00

3.6000e+04

Th-234

Pa-231

Pa-233

U-232

U-233

U-234

U-235

U-236

U-238

Trans.

Np-237

O.OOOOe-O0 O.OOOOe+O0 O.OOOOe-'O0

0.OOOOe+00 9.9484e-05 1.9917e-04

O.OOOOe+OO O.OOOOe-O0 0.OOOOe+00

1.4400e-03 1.36SOe-03 1.3032e-03

2.1600e+02 2.1599e+02 2.1599e-02

7.2000e-02 7.1999e+02 7.199Se+02

2.0555e-04 2.0555e-04 2.0555e+04

1.4400e+04 1.4400e-04 1.4400e+04

O.OOOOe+OO O.OOOOe-O0 O.OOOOe+O0

1.4400e-00 1.4400e+00 1.4400e-00

l.OSOOe-02 1.0800e+02 1.0800e+02

O.OOOOe+OO 0.OOOOe-00

1.0685e-03 9.676Se-04

2.1597e-02 2.1596e+02

.7.1994e+02 7.1992e+02

2.0555e+04 2.0555e+04

1.4400e+04 1.4400e-'04

O.OOOOe+OO 0.OOOOe+OO

IA400e-00 1.4400e+00

I.08OOe-02 I.OSOOe+02

Total 3.6000e+04 3.6000e+04 3.6000e+04 3.6000e+04 3.6000e+04 3.6000e+04
_vvvvvs v v_ _<vvvv_ z v_
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Table 3. A2 value calculation for 36 kg HEU for fast absorption uranium at 50 years

I eass at Specific activity Activity A2  f(i) f(i) / A1
Isotope 50 years (TBq/g) (TBq) (TBq) (TBq/TBq) (I/TBq)

Pb-210 1.0584e-07 2.8000e+00 2.9635e-07 5.00OOe-02 9.5477c-07 1.9095e-05

Pb-212 1.4314e-08 5.1 000e+04 7.2999e-04 2.00OOe-01 2.3519e-03 1.1759e-02

Bi-210 6.5376e- I 4.6000e+03 3.0073e-07 6.0000e-OI 9.6887e-07 l.6148e-06

Bi-212 1.3579e-09 5.4000e+05 7.3328e-04 6.00OOe-01 2.3624e-03 3.9374e-03

Po-210 1.8072e-09 1.7000e+02 3.0722e-07 2.00OOe-02 9.8980e-07 4.9490e-05

Rn-222 1.4400e-10 5.7000e+03 8.2080e-07 4.00OOe-03 2.6444e-06 6.61 1Oe-04

Ra-223 4.5837e-10 1.9000e+03 8.7090e-07 7.00OOe-03 2.8058e-06 4.0083e-04

Ra-224 1.2485e-07 5.9000e+03 7.3660e-04 2.00OOe-02 2.3731e-03 1.1866e-01

Ra-225 2.3328e-07 1.5000e+03 3.4992e-04 4.00OOe-03 1.1274e-03 2.8184e-01

Ra-226 2.2392e-05 3.7000e-02 8.2850e-07 3.00OOe-03 2.6692e-06 8.8974e-04

Ra-228 7.0272e-12 1.OOOOe+01 7.0272e-1 1 2.00OOe-02 2.2640e-1O 1.1320e-08

Ac-225 1.5746e-07 2.1000e+03 3.3067e-04 6.00OOe-03 1.0653e-03 1.7756e-01

Ac-227 3.2476e-07 2.7000e+00 8.7686e-07 9.00OOe-05 2.8250e-06 3.1389e-02

Ac-228 8.5824e-16 8.4000e+04 7.2092e-1 I 5.0000e-O1 2.3226e-10 4.6453e-10

Th-227 7.5435e-10 1.l000e+03 8.2979e-07 5.00OOe-03 2.6734e-06 5.3467e-04

Th-228 2.4336e-05 3.0000e+01 7.300Se-04 1.OOOOe-03 2.3521e-03 2.3521e+00

Th-229 4.6008e-02 7.9000e-03 3.6346e-04 5.00OOe-04 1.1710e-03 2.3420e+00

Th-230 1.0008e-01 7.6000e-04 7.6061e-05 I.OOOOe-03 2.4505e-04 2.4505e-01

Th-231 8.3657e-08 2.0000e+04 1.6731e-03 2.00OOe-02 5.3904e-03 2.6952e-01

Th-232 2.0880e-02 4.00OOe-09 8.3520e-11 1.OOOOe+75 2.6908e-10 2.6908e-85

Pa-231 9.9484e-04 1.7000e-03 1.6912e-06 4.00OOe-04 5.4487e-06 1.3622e-02

U-232 8.7696e-04 8.3000e-01 7.2788e-04 I.OOOOe-02 2.3450e-03 2.3450e-01

U-233 2.1595e+02 3.6000e-04 7.7743e-02 9.00OOe-02 2.5047e-01 2.7830e+00

U-234 7.1990e+02 2.3000e-04 1.6558e-01 9.00OOe-02 5.3345e-01 5.9272e+00

U-235 2.0555e+04 8.00OOe-08 1.6444e-03 I.OOOOe+75 5.2977e-03 5.2977e-78

U-236 1.4400e+04 2.4000e-06 3.4560e-02 1.OOOOe+75 1.1 134e-01 1.1 134e-76

Transuranic 1.4400e+00 1.5000e-02 2.1600e-02 9.00OOe-05 6.9590e-02 7.7322e+02

Np-237 1.0800e+02 2.6000e-05 2.8080e-03 2.00OOe-03 9.0467e-03 4.5233e+00

Total Mass= 3.6000e+04 F Act. = 3.1039e-01 F f(i) /A2 = 7.9254c+02

A, (mixture) == = 1.2618 x 10-3 TBq
2 i) / A2  7.9254 x 102 (libq)
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Table 4. A2 value calculation for 36 kg HEU for medium absorption uranium at 50 years

Isotope

Pb-2 10

Pb-212

Bi-210

Bi-212

Po-210

Rn-222

Ra-223

Ra-224

Ra-225

Ra-226

Ra-228

Ac-225

Ac-227

Ac-228

Th-227

Th-228

Th-229

Th-230

Th-231

Th-232

Pa-231

U-232

U-233

U-234

U-235

U-236

Transuranic

Np-237

Total Mass =

Mass at
50 years

(g)

1.0584e-07

1.4314e-08

6.5376e-1 I

1.3579e-09

1.8072e-09

1.4400e-10

4.5837e-10

1.2485e-07

2.3328e-07

2.2392e-05

7.0272e- 12

1.5746e-07

3.2476e-07

S.5824e- 16

7.5435e-10

2.4336e-05

4.6008e-02

1.00OSe-01

8.3657e-08

2.0880e-02

9.9484e-04

8.7696e-04

2.1595e+02

7.1990e+02

2.0555e+04

1.4400e+04

1.4400e+00

1.0800e+02

3.6000e+04

Specific
activity
(TBq/g)

2.8000e-+00

5.1 000e+04

4.6000e+03

5.4000e+05

I1.7000e+02

5.7000e+03

1 .9000e+03

5.9000e+03

1 .5000e+03

3.7000e-02

1 .0000e+O1

2. 1 000e+03

2.7000e+00

8.4000e+04

1. I000e+03

3.OO00e0i01

7.9000e-03

7.6000e-04

2.0000e+'04

4.00OOe-09

1 .7000e-03

8.3000e-01

3.6000e-04

2.3000e-04

8.00OOe-08

2.4000e-06

1 .5000e-02

2.6000e-05

YAct.=

Activity A, f(i) f(i) / A2
(TBq) (TBq) (TBq/TBq) (I/TBq)

2.9635e.07

7.2999e-04

3.0073e-07

7.3328e-04

3.0722e-07

8.2080e-07

8.7090e-07

7.3660e-04

3.4992e-0.4

8.2850e-07

7.0272e-I 1

3.3067e-04

8.7686e-07

7.2092e-1 1

8.2979e.07

7.3008e-04

3.6346e-04

7.606le-05

1.673 1 -03

8.3 520e-1 I

1.69 12c-06

7.2788e-04

7.7743e-02

1.6558e-01

1 .6444e-03

3.4560e-02

2.1600e-02

2.8080e-03

3.1039e-01

5.00OOe-02

2.00OOe-01

6.00OOe-0 1

6.OO00e-O I

2.00OOe-02

4.0000e-03

7.00OOe-03

2.OO00e-02

4.OOO0e-03

3.00OOe-03

2.00OOe-02

6.00OOe-03

9.00OOe-05

5.00OOe-01

5.00OOe-03

1 .00OOe-03

5.00OOe-04

1 .00OOe-03

2.00OOe-O2

I1.0000e+75

4.00OOe-04

7.00OOe-03

2.O000e-02

2.00OOe-02

I1.0000e+75

2.00OOe-02

9.00O0e-05

2.0OQOe-03

9.5477e-07

2.35 19e-03

9.6SS7e-07

2.3624e-03

9.8980e.07

2.6444e-06

2.8058e-06

2.373 1 e-03

I. 1274e-03

2.6692e-06

2.2640e- 10

1 .0653e-03

2.8250e-06

2.3226e-10

2.6734e-06

2.352le-03

1.17I10e-03

2.4505e-04

5.3904c-03

2.6908e-10

5.4487e-06

2.3450e-03

2.5047e-01

5.3345e-01

5.2977e-03

1.1I 134e-0OI

6.9590e-02

9.0467e-03

Egi)IA, =

1 .9095e-05

1.1I759e-02

1.6 14Se-06

3.9374e-03

4.9490e-05

6.61 l Oe-04

4.0083e-04

1.1866e-01

2.8184e-0 I

8.8974e-04

1.1320e-08

I1.7756e-01

3.1389e-02

4.6453e- 10

S.3467e-04

2.3521e+00O

2.3420e-FOO0

2.4505e-0 1

2.6952e-01

2.6908e-85

1 .3622e-02

3.3500e-01

1 .2523e+01

2.66 72e+01I

5.2977e-78

S.5672e+O0

7.7322-+-02

4.5233e-i-00

8.2869e,+02

A, (mixture) =
Y f(i) /A,

I

8.2869 x 102 (l/Tbq)
1.2067 x 10-3 TBq
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Table 5. A2 value calculation for 36 kg HEU for slow absorption uranium at 50 years

Isotope

.

_ 
_

Pb-21 0

Pb-212

Bi-210

Bi-212

Po-21 0

Rn-222

Ra-223

Ra-224

Ra-225

Ra-226

Ra-228

Ac-225

Ac-227

Ac-228

'Th-227

Thb-228

'Th-229

Th-230

Th-231

Th-232

Pa-231

U-232

U-233

U-234

U-235

U.-236

Transuranic

Np-237

Total Mass

Mass at
50 years

(g)

1.0584e-07

1.4314e-08

6.5376e-1 1

1.3579e-09

1.8072e-09

1.4400e-10

4.5837e-10

1.2485e-07

2.3328e-07

2.2392e-05

7.0272e- 1 2

1.5746e-07

3.2476e-07

S.5824e-16

7.5435e-10

2.4336e-05

4.6008e-02

1.0008e-01

8.3657e-08

2.08SOe-02

9.9484e-04

8.7696e-04

2.1595e+02

7.1990e+02

2.0555e-4-04

1.4400e+04

1.4400e+00

1 .OSOOe+02

3.6000e+04

Specific
activity
(TBq/g.)

2.8000e+00

5.1000e+04

4.6000e+03

5.4000e+05

1 .7000e-i02

5.7000e+03

1 .9000e+03

5.9000e-i03

I1.5000e+03

3.7000e-02

I1.0000e+01

2.IOO00e+03

2.7000e+O0

8.4000e+04

1. IO00e+03

3.0000e+0 1

7.9000e-03

7.6000e-04

2.0000e+04

4.00OOe-09

1 .7000e-03

8.3000e-01I

3.6000e-04

2.30O0e-04

8.00OOe-08

2.4000e-06

I1.50OOe-02

2.6000e-05

E Act. =

Activity A2  fi) f(i) / A2
(TBq) (TBq) (TBqfTBq) (IiTBq)

2.9635e-07

7.2999e-04

3.0073e-07

7.3328e-04

3.0722e-07

8.2080e-07

8.7090e-07

7.3660e-04

3.4992e.04

8.2850e-07

7.0272e-1 1

3.3067e-04

8.7686e-07

7.2092e-1 1

8.2979e-07

7.3008e-04

3.6346e-04

7.6061 e-OS

1.6731Ie-03

8.3520e- I I

1.69 12e-06

7.2788e-04

7.7743e-02

1 .6558e-01

1 .6444e-03

3.4560e-02

2.1 600e-02

2.80S0e-03

3.1039e-01

5.00OOce-02

2.0OOe-01I

6.00O0e-O I

6.00OOe-01

2.00OOe-02

4.00OOe-03

7.00OOc-03

2.00OOe-02

4.00OOe-03

3.00OOe-03

2.00OOe-02

6.0OOce-03

9.0000e-0S

5.00OOC-0 I

5.00OOe-03

1.00OOce-03

5.00OOe-04

I1.00OOe-03

2.00OOe-02

I1.0000e+75

4.00OOe-04

I .0000e-03

6.00OOc-03

6.00OOe-03

I1.0000e+75

6.00OOc-03

9.0000e-0S

2.00OOe-03

9.5477e-07

2.351 9e-03

9.6887e-07

2.3624e-03

9.89S0e-07

2.6444e-06

2.8058e-06

2.3731 e-03

1. 1274e-03

2.6692e-06

2.2640e-10

I1.0653e-03

2.8250c-06

2.3 226e-I 0

2.6734e-06

2.3521 e-03

1. 171 Oe-03

2.4505e-04

5.3904e-03

2.6908e-10

5.4487e-06

2.3450e-03

2.5047e-01I

5.3345e-01

5.2977e-03

1.1 I134e-01I

6.9590e-02

9.0467e-03

F f(i) /A 2 =

1 .9095e-05

1. 1759e-02

1.6148e-06

3.9374e-03

4.9490e-05

6.61 I Oe-04

4.0083e-04

1.1866e-01

2.8 184e-01

8.8974e-04

1.1320e-08

I1.7756e-01I

3.1 389e-02

4.6453e-10

5.3467e-04

2.3521 e+00

2.3420e+O0

2.4505e-01I

2.6952e-01I

2.6908e-85

I1.3622e-02

2.3450e+O0

4.1745e+O1

8.8908e+Ol

5.2977e-78

I1.8557e+01I

7.7322c+02

4.5233Je+00

9.3515"e+2

I
A, (mixture) = fi)/A

9.3515 x 102 (I/Tbq)
1.0693 x 10-3 TBq
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Table 6. Activity, A2 value, and activity-to-A 2 ratio for the enriched uranium contents

A2-Mixture Activitv/A.
Y ear A ctivity ( ~ )_ _ _ _ _ _ _ _ _ _ _ _ _

Year A(TBq) (TB)
Fast Medium Slow Fast Medium Slow

0 3.0517e-01 1.2495e-03 1.1945e-03 1.0562e-03 244.23 255.48 288.93

5 3.1069e-01 1.2659e-03 1.2105e-03 1.071 1e-03 245.43 256.67 290.07

10 3.1117e-01 1.2670e-03 1.2115e-03 1.0723e-03 245.60 256.85 290.19

20 3.1101e-01 1.2657e-03 1.2104e-03 1.0717e-03 245.71 256.95 290.20

30 3.1076e-01 1.2643e-03 1.2091e-03 1.0708e-03 245.80 257.02 290.21

40 3.1055e-01 1.2630e-03 1.2078e-03 1.0700e-03 245.89 257.12 290.24

50 3.1039e-01 1.2618e-03 1.2067e-03 1.0693e-03 246.00 257.22 290.26

60 3.1026e-01 1.2612e-03 1.2062e-03 1.0692e-03 246.01 257.22 290.19

70 3.1017e-01 1.2606e-03 1.2057e-03 1.0689e-03 246.05 257.26 290.17

' The A2, total activity, and activity-to-A2 ratio values used in Appendix 4.6.2 are shaded.
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APPENDIX 4.6.2

CALCULATION OF THE ES-3100 CONTAINMENT VESSEL'S
REGULATORY REFERENCE AIR LEAKAGE RATES

Introduction

The ES-3100 leak-testing requirements of the containment boundary are based on the smallest
maximum allowable leakage rate generated from the maximum uranium content defined in Table 4.3.
Section 5 of ANSI N14.5-1997 defines the maximum allowable leakage rate based on the maximum
allowable release rate. These leakage rates, LN and LA, are the maximum allowable 0-ring seal leakage rates
for Normal Conditions of Transport (NCT) and Hypothetical Accident Conditions (HAG). The worst-case
maximum allowable leakage rates are used to calculate an equivalent leakage hole diameter following
ANSI N14.5-1997, Appendix B, for each condition of transport. This leakage hole diameter is used to
calculate a reference air and a helium leakage rate for leak testing. A bounding mass for the highly enriched
uranium(HEU) content of 36kg is used in this calculation to certify the ES-3100package for shipment. The
maximum allowable leakage rates are calculated using this maximum content mass in a much more dispersive
form (oxide powder) at the highest calculated pressures and temperatures. This appendix shows the
procedure used to calculate the leak criteria for the uranium constituents in the "slow lung absorption" group.
Table I shows the results of using this procedure for fast, medium, and slow absorption uranium constituents
as a function of decay time.

HEU Content

Calculate RN and RA: Table 4.1

The maximum allowable release rate is based on using A2.

A, = 1.0693 x 10-3 TBq, (2.8900 x 10-2 Ci). Table 6 (Appendix 4.6.1)

The containment requirements for NCT and HAC are:

RN = A2 x 10-6 TBq/h = A2 x 2.78 x 10-`0 TBq/s, ANSI N14.5-1997 (Eq. 1)
= 1.0693 x IO-' x 2.78 x 10-'0 TBq/s,

RN = 2.9728 x 10-'3 TBq/s, (8.0346 x 10`2 Ci/s).

RA = A2 (TBq/week),
= A, x 1.65 x 10-6 (TBq/s), ANSI N14.5-1997 (Eq. 2)

1.0693 x 10-3 X 1.65 x 10-1 (TBq/s),
= 1.7644 x 10-TBq/s, (4.7687 x 10-8Ci!s). or limited to 10 A,/week of 5Kr

Following ANSI N14.5-1997, the medium aerosol activity must be calculated to determine the leakage
rates.

m = total nuclide mass in the package available for release (g),
TotA = total activity in the package available for release (TBq),
TSA = total specific activity in the package available for release (TBq/g).

4-25

Y/LF-717X'h-4.'ES-3 1 00 HEU SAP.pc!02-25-05



lo

For HEU content:

TSA = TotA / m,
TSA = 3.1039 x 10-' (TBq) / 36,000 (g), Table 6 (Appendix 4.6.1)
TSA = 8.6220 x 10-6 TBq/g.

p = 9 x 10-6 g/cm3. The maximum density of powder aerosols in the fill gas

For any packaging arrangement:

CN = activity per unit volume of medium that could escape from the containment
system (TBq/cm3 ).

CN- = TSA x p,
= 8.6220 x 10-6 (TBq/g) x 9 x 10-6 (g/cm3),

CN 7.7598 x 10- " TBq/cmn.

Using Curren's maximum aerosol density, CA= C= :

CA = activity per unit volume of exiting gas (TBq/cm3 ), HAC
CA = 7.7598 x 10-lX TBq/cm3.

Section 6.1 of ANSI N1 4.5-1997 calculates LN with (Eq. 3) and LA with (Eq. 4). LN and LA are the maximum
allowable leakage rates for the containment vessel fill gas aerosol during NCT and HAC, respectively.

LN = maximum allowable leakage rate for the medium for NCT (TBqfcm 3),
LN = RN/CN, ANSI N14.5-1997 (Eq. 3)
LN = 2.9728 x 10-'3 (TBq/s) /7.7598 x 10-" (TBq/cm3 ),
LN = 3.8310 x 10-3 cm 3/s.

LA = maximum allowable leakage rate for the medium for HAC (TBq/cm3),
LA RA/CA,
LA = 1.7644 x 10' (TBq/s) /7.7598 x 10" (TBq/cm3),
LA = 2.2738 x 10' cm3/s.

LX and LA correspond to the upstream volumetric leakage rate (La) at the upstream pressure (P.) in
the ANSI N14.5-1997 formulas for use later in this appendix. The reference air leakage rates LR.N and LRA
for NCT and HAC, based on the LX and LA, are then calculated using maximum temperatures and pressure
combinations from Table 3.16 and Table 5 in Appendix 3.6.5.

Determination of the Leakage Test Procedure Requirements for the LEU Content

This calculation will examine the most conservative effects ofa fully loaded containment vessel with
an HEU mass of 36 kg. The smallest allowable leakage values are shown in Tables 4.5 and 4.7. The A2
value and the maximum content activity-to-A, value ratio for this mixture were calculated for several
different decay times (Table 6, Appendix 4.6.1). As calculated in Appendix 4.6.1, the A2 value and the
maximum content activity-to-A, ratio used to qualify this package occur at about 50 years of decay and are
1.0693 x 10-3 TBq (2.8900 x 10-2 Ci) and 290.26, respectively. These values are used to determine the
leakage test procedural requirements when packaging any convenience cans/contents arrangements in the
ES-3100 package. The convenience cans are sealed inside the containment vessel in an environmentally
controlled area. The ES-3100 package has been analyzed thermally in Sect. 3; it was evaluated at a
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maximum NCT gas temperature of 87.81 0C (190.06TF) [100TF with solar insolation] and a maximum
adjusted HAC gas temperature of 123.850C (254.93°F).

The following analysis determines the maximum allowable 0-ring seal air reference leakage rate for
both NCT and HAC. The ANSI N14.5-1997 recommended method using a straight circular tube to model
the leakage path is applied. Using this "standard" leakage hole model permits the calculation of equivalent
reference leakage rates from which leak-test requirements can be established.

L., and LA correspond to the upstream volumetric leakage rate (L,) at the upstream pressure (P.).

= 3.8310 x 10 3 cm3 /s,
= 2.2738 x 10' cm3/s.LA

Find the maximum pressure and temperature in the containment vessel:

Converting the temperature to degrees Kelvin:

T = 273.15 +T(-C),
T = 273.15+5/9( 0 F- 32)(K).

= 273.15 + 5 /9 (190.060 F - 32) (K),
= 360.961 K.

(Sect. 3.4.1, for T = 190.060 F)
NCT

(Sect. 3.5.3, for T = 254.93 0F)
HAC

TA

TA

273.15 + 5 / 9 (254.93 F - 32) (K),
397.000 K.

Converting the pressures from psia to atmospheres:

P (psia) / 14.696 (psia/atm),
17.786 (psia) / 14.696 (psia/atm),
1.2103 atm.

P (psia) / 14.696 (psialatm),
44.585 (psia) / 14.696 (psia/atm),
3.0338 atm.

where P is the pressure in Sect. 3.4.2
NCT

where P is the pressure in Sect. 3.5.3
HAC

NCT Leakage Hole Diameter for the HEU Content

The following calculations determine the leakage hole diameter that generates the maximum
allowable leakage rate during NCT. To keep these calculations conservative, the maximum values for
temperature and pressure were used as steady-state conditions for NCT.

Input data for NCT with air fill gas:

Ls
Pu
Pd

a
T

3.8310 x 1O- cm3 /s,
1.2103 atm,
0.2382 atm,
0.3531 cm,
360.96 K,

Maximum upstream leakage
Upstream pressure = 17.786 psia

Downstream pressure = 3.5 psia, per 10 CFR 71.71(3)
-Leak path length, 0.139-in. 0-ring section diameter

Fill gas temperature = 190.06'F
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M
= 0.02141 cP,
= 29 g/g-mole.

Viscosity at temperature
Molecular weight of fill gas

The average pressure is:

P.

P,

(P. + Pd)/2,
= (1.2103 + 0.2382) / 2,
= 0.7242 atm. Average pressure during NCT

According to ANSI N14.5-1997, the flow leakage hole diameter is unknown. Therefore, the mass-
like leakage flow rate must be calculated to calculate the average leakage flow rate.

Q is the mass-like leakage for flow using the upstream leakage, Lu, and pressure, Pu:

Q
Lu

Q
Q

Q
L,
L,

= P. L.,
= LN.

(Eq. B1)
NCT leakage

= (1.2103)(atm) (3.83 10 x 10 3 )(cm31s),
= 4.6366 x 10- atm-cm3/s.

= P La,
= Q / P. = 4.6366 x 10-3 (atm-cm3/s) / (0.7242)(atm),
= 6.4022 x IO-' cm3/s.

NCT mass-like leakage rate

(Eq. B1)

NCT average leakage rate

Solve equations B2-B4 from ANSI N14.5-1997:

L, = (Fc + F.) (P. - Pd) cm3/s,
La = (Fc + F.) (1.2103 - 0.2382),
L, = (0.972 1) (F, + F,) cm3/s.

F = (2.49 x 106) D4 / (a ji) (cm3/atm-s),
Fc = (2.49 x 106) D4 / ((0.3531) (0.02141)),
F. = (3.2943 x 10) D4 cm3/atm-s.

Fm = (3.81 x 10 3 )D3 (T/M)5 /(aP)(cm3 /atm-s),
Fm = (3.81 x 103) D3 (360.96 / 29) 5/ ( (0.3531) (0.7242)),
Fm = (5.2571 x 104) D3 cm3/atm-s.

(Eq. B2)

(Eq. B3)

(Eq. B4)

From the mass-like leakage calculation:

L. = 6.4022 x 10-3 cm3/s. NCT average leakage rate

Find the leakage hole diameter that sets:

L2 = L,

Using the equations:

L2

F.
F.,

(0.9721) (Fe + F.) cm3/s,
(3.2943 x 108) D4 cm3/atm-s,
(5.2571 x 104) D3 cm3/atm-s.
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To get a better guess on a new D use:

D = D, (L, / L,)0 -252.

Now a guess must be made for D, to solve Eq. B2 for NCT:

= 0.00 I cm, and solve for La = 6.4022 x I0- cm3/s. NCT average leakage rate

Diameter F, Fm L, L./L 2

1.000OOe-03 3.29430e-04 5.2571Oe-05 3.71343e-04 1.72407etOI

2.04933e-03 5.81044e-03 4.52461e-04 6.08817e-03 1.05158e+00

2.07547e-03 6.11261e-03 4.69996e-04 6.39895e-03 1.00051 e+00

2.07573e-03 6.11574e-03 4.70176e-04 6.40217e-03 1.00001e+00

2.07574e-03 6.11577e-03 4.70178e-04 6.40220e-03 1.OOOOOe+00

The NCT leakage hole diameter for the HEU oxide content:

D = 2.0757 x 10-3 cm. NCT diameter

NCT Reference Air Leakage Rate for lIEU Content

The leakage hole diameter found for the maximum allowvable leakage rate for NCT will be used to
determine the reference air leakage rate. 0-ring seal leakage testing must ensure that no leakage is greater
than the leakage generated by the hole diameter D = 2.0757 x I 0 cm. Therefore, the NCT reference leakage
flowv rate (LR N) must be calculated to determine the allowvable test leakage rate.

Input data for NCT reference air leakage rate:

D
a =

Pu =

T =

M =
I1 =

2.0757 x 10-3 cm,
0.3531 cm,
1.0 atm,
0.01 atm,
298 K,
29 g/g-mole,
0.0185 cP,

From NCT
Leak path length, 0.139-in. 0-ring section diameter

Upstream pressure
Dowvnstream pressure

Fill gas temperature, 77°F
Molecular weight of air

Viscosity of air at reference temperature

Calculate Pa:

P =a.

(P, + Pd) / 2,
(1.0 + 0.01) /2,
0.505 atm. NCT average pressure
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a_

Fc = (2.49 x 106) D4 / (a A) (cm3/atm-s), (Eq. B3)
F = (2.49 x 106) (2.0757 x 10-3) 4 / ((0.3531) (0.0185)),
Fc = (3.8122 x 10w) (2.0757 x 10-3)4,
Fc = 7.0772 x 10-3 cm3 /atm-s.

Fm (3.81 x 103) D3 (T/M )5 /( a P,) (cm3 /atm-s), (Eq. B4)
Fm = (3.81 x 103) (2.0757 x 10-3) 3 (298 / 29)5 / ((0.3531) (0.505)),
Fm = (6.8501 x 104) (2.0757 x 10-3) 3,
Fm 6.1264 x 10-4 cm 3/atm-s.

L = (Fr + F.) (P. - Pd) (Pa i Pd) (cm3/s), (Eq. B5)
LU = (7.0772 x 10-3 + 6.1264 x 10-4)(cm 3/atm-s) (1.0 - 0.01)(atm) (0.505 / 1.0),
L. = (7.6848 x 10- 3)(cm3/atm-s) (0.49995)(atm),
LU = 3.8445 x 10-3 cm 3/s.

The reference air leakage rate as defined in ANSI N14.5-1997, Sect. B.3, is the upstream leakage in air.

LRN.Ai = 3.8445 x 10-3 ref-cm 3 /s. For HEU oxide content

The same equations can be used to calculate an allowable leakage rate using helium for leak testing.

M 4 g/g-mole, Molecular weight of helium
= 0.0198 cP. Viscosity of helium at temperature

F = (2.49 x I O6) D4 / (a A ) (cm3/atm-s), (Eq. B3)
F = -(2.49 x 106) (2.0757 x 10-3) 4 / ( (0.3531) (0.0198)),
F, = (3.5619 x 108) (2.0757 x 10-3)4,
F, = 6.6125 x 10-3 cm 3/atm-s.

Fm = (3.81 x 103) D3 (T / M) 5 / (a P.) (cm 3/atm-s), (Eq. B4)
Fm = (3.81 x 103)(2.0757 x 10-3)3(298/4)/((0.3531)(0.505))
Fm = (1.8444 x 105) (1.9674 x 10-3) 3,
Fm = 1.6496 x 10-3 cm3 /atm-s.

L = (F, + Fd) (P. - Pd) (P. / P) (cm 3/s), (Eq. B5)
L. = (6.6125 x 10-3 + 1.6496 x 10- 3)(cm 3/atm-s) (1.0 - 0.01)(atm) (0.505 / 1.0),
L. = (8.262 x 10-3)(cm 3/atm-s) (0.49995)(atm),
LU = 4.1307 x 10-3 cm3 /s.

The allowable leakage rate using helium for leak testing is:

LRN. H = 4.1307 x 10-3 cm3 /s. NCT helium test value

HAC Leakage Hole Diameter for HEU Content

The calculation of a maximum allowable leakage rate hole diameter is based on the temperature and
pressure of the fill gas aerosol for HAC, assuming the content is in an oxide powder form. Keeping this
calculation conservative, the maximum values for temperature and pressure were used as steady-state
conditions for a week. The maximum values were generated during the 30-min bum test for HAC.
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Input data for HAC:

LA

Pu,

T

M
a

22.738 cm3/s,
3.0338 atm,
1.0 atm,
397.000 K,
0.02297 cP,
29 g/g-mole,
0.3531 cm.

Maximum exit leakage
Upstream pressure = 44.585 psia

Downstream pressure
Fill gas temperature = 254.93'F

Viscosity of air at temperature
Molecular weight of air

Leak path length, 0.139-in. 0-ring section diameter

(P. + Pd )I 2
( 3.0701 + 1.0 ) / 2,
2.0169 atm.

HAC average pressure

Q is the mass-like leakage for flow using the upstream leakage, L., and pressure, P.:

Q =PU LA.
=LA'

(Eq. Bl)
HAC leakage

Q = (3.0338)(atm) (22.738)(cm 3/s),
Q = 68.9825 atm-cm3/s.

Q = P L."
L = Q /Pa

= 68.9825 (atm-cm3/s) / (2.0169)(atm),
L, = 34.2022 cm 3 /s.

HAC mass-like leakage rate

(Eq. Bl)

HAC average leakage rate

Solve equations B2-B4 from ANSI N14.5-1997:

La = (Fc + F.) (P. - Pd) (cm 3/s),
La = (FC + Fm) (3.0338 - 1.0),
La = 2.0338 (Fc + Fm) cm3/s.

F = (2.49 x 106) D4 / ( a it ) (cm 3/atm-s),
F = (2.49 x 106) D4 I ((0.3531) (0.02297)),
F = (3.0706 x I08) D4 cm3 /atm-s.

Fm = (3.81 x 103) D3 (T/ M)5 / (a P. ) (cm 3/atm-s),
Fm = (3.81 x 103) D3 (397.00 / 29) 5/ ( (0.3531) (2.0169)),
Fm = (1.9796 x 104) D3 cm3/atm-s.

From the mass-like leakage calculation:

(Eq. B2)

(Eq. B3)

(Eq. B4)

= 34.2022 cm3 /s. HAC average leakage rate

Find the leakage hole diameter that sets:

L = La.
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L

Using the equations:

LF

Fc
FMl

2.0338 ( Fc + F.) cm3/s,
(3.0706 x I08) D4 cm 3/atm-s.
(1.9796 x 104) D3 cm3/atm-s.

To get a better guess on a new D use:

D = D, (La/ L )0 25 2.

Now a guess must be made for D2 to solve Eq. B2 for HAC:

D = 0.01 (cm), and solve for L. = 34.304 (cm3/S). HAC average leakage rate

Diameter F, F. L, L. / L2

1.00OOe-02 3.0706e-i0O 1.9796e-02 6.2852e+00 5.4417e+O0

1.5325e-02 1.6937e+O-1 7.125 1e-02 3.4592e+O1 9.8874e-01

1.528le-02 1.6745e-?01 7.0644e-02 3 .4200e+01I 1.0001e+00

1.5282e-02 1.6746e+01 7.0648e-02 3.4202e+-~01 1.0000e+00

The HAC leakage hole diameter for the HEU oxide content is:

D = 1.5282 x 10-2 cm. HAC diameter

HAC Reference Air Leakage Rate for HEU Content

The leakage hole diameter found for the maximum allowable leakage rate for HAC will be used to
determine the reference air leakage rate. 0-ring seal leakage testing must assure that no leakage is greater

* than the leakage generated by the hole diameter D = 1.5282 x 10-2 cm. Therefore, the HAC reference air
leakage rate (LR. A) must be calculated to determine the acceptable test leakage rate for post-HAC leakage
testing.

Input data for HAC reference air leakage rate:

D
a
Pu
Pd

T
M

1.5282 x 10-2 cm,
0.3531 cm,
1.0 atm,
0.01 atm,
298 K,
29 g/g-mole,
0.0185 cP.

From the HAC of transport
Leak path length, 0.139-in. 0-ring section diameter

Upstream pressure
Downstream pressure

Fill gas temperature, 77 0F
Molecular weight of air

Viscosity at temperature
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Calculate Pa:

P. = (Pu + Pd)/2
0.505 atm. HAC average pressure

F = (2.49 x 106) D4 / ( a u ) (cm 3/atm-s), (Eq. B3)
Fc = (2.49 x 106) (1.5282 x 10-2) 4/ ( (0.3531) (0.0185))

Fc = (3.8122 x 108) (1.5282x 10-2)4,
F = 2.0791 x 10' cm3/atm-s.

Fm (3.81 x 103) D3 (T / M)-5 / (a P.) (cm3 /atm-s), (Eq. B4)
Fm = (3.81 x 103) (1.5282 x 10-2)3 (298 / 29) 5 / ((0.3531) (0.505)),
Fm (6.8501 X 104) (1.5282 x 10-2) 3,
Fm 2.4446 x 10-' cm3/atm-s.

= (Fc + Fm) (Pu - Pd) (Pa / P.) (cm 3/s), (Eq. B5)
L = (2.0791 x 10' + 2.4446 x lO0')(cm3/atm-s) (1.0 - 0.0 1)(atm) (0.505 / 1.0),
L, = (2.1036 x lO')(cm3/atm-s) (0.49995)(atm),
L, = 1.0517 x 10' cm3/s.

The HAC reference air leakage rate as defined in ANSI N14.5-1997, Sect. B.3, is the upstream leakage in
air.

LRA.A = 1.0517 x 10' ref-cm3 /s. for HEU oxide content

The same equations can be used to calculate an allowable leakage rate using helium for leak testing.

M = 4 g/g-mole, Molecular wveight of helium
= 0.0198 cP. Viscosity of helium at temperature

F = (2.49 x 106) D4 / (a it) (cm3/atm-s), (Eq. B3)
Fe = (2.49 x 106) (1.5282 x 10-2) / ((0.3531) (0.0198)),
F = (3.5619 x 108) (1.5282 x 10-2)4,
F. = 1.9426 x 10' cm3/atm-s.

Fm = (3.81 x 103) D3 (T / M) 5 / (a P.) (cm3/atm-s), (Eq. B4)
Fm (3.81 x 103) (1.5282 x 102) 3 (298 /4)5 / ((0.3531) (0.505)),
Fm = (1.8444 x 105) (1.5282 x 10-2)3,
Fm = 6.5824 x 10-' cm3/atm-s.

L = (F, + Fm) (P. - Pd) (Pa / Pd) (cm3/s), (Eq. B5)
L = (1.9426 x 10' + 6.5824 x 10')(cm3/atm-s) (1.0 - 0.01)(atmn) (0.505 / 1.0),
Lu = (2.0084 x 10')(cm3/atm-s) (0.49995)(atm),
Lu = 1.0041 x 10' cm3/s.

The allowable leakage rate using helium for leak testing for HAC is:

LRA. = 1.0041 x 10' cm3/s. HAC helium test value
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Table 1. Regulatory leakage criteria for 36 kg of HEU

NCT HAC
Years from
fabrication LkN. ir LkS.Ie L,,.,,, Lp.e

(ref-cm'Is) (cm'/s) (ref-cm3 ts) (cm3Is)

0 4.5676e-03 4.8821e-03 1.2495e+01 1.1919e+01

S 4.5453e-03 4.8590e-03 1.2434e+01 1.1861e+01

10 4.5421e-03 4.8556e-03 1.2425e+01 1.1853e+01

. 20 4.5401e-03 4.8536e-03 1.2420e+01 1.1848e+01

o0 30 4.5385e-03 4.8519e-03 1.2415e+01 1.1 844e+01

< 40 4.5367e-03 4.8501e-03 - 1.241 1e+O1 1.1839e+01

50 4.5348e-03 4.8481e-03 1.2405e+01 1.1834e+O1

60 4.5346e-03 4.8479e-03 1.2405e+01 1.1834e+01

70 4.5337e-03 4.8470e-03 1.2402e+01 1.1831 e+0 1

0 4.3669e-03 4.6739e-03 1.1946e+01 1.1398e+01

5 4.3466e-03 4.6528e-03 1.1891e+01 1.1345e+01

e 10 4.3437e-03 4.6498e-03 1.1883e+01 1.1338e+01

20 4.3420e-03 4.6480e-03 1.1878e+01 1.1333e+01

30 4.3406e-03 4.6465e-03 1.1874e+01 1.1330e+01
E 40 4.3391e-03 4.6449e-03 1.1870e+01 1.1326e+01

50 0 4.3373e-03 4.6431e-03 1.1865e+01 1.1321e+01

60 4.3373e-03 4.6431e-03 1.1865e+01 1.1321e+01

70 4.3366e-03 4.6424e-03 1.1863e+01 1.1319e+01

0 3.8624e-03 4.1492e-03 1.0565e+01 1.0087e+01

5 3.8472e-03 4.1334e-03 1.0524e+01 1.0048e+01

10 3.8455e-03 4.1316e-03 1.0519e+01 1.0044e+01

20 3.8453e-03 4.1314e-03 1.0519e+01 1.0043e+01

30 3.8453e-03 4.1314e-03 1.0519e+01 1.0043e+01

40 3.8450e-03 4.1312e-03 1.0518e+01 1.0042e+01

50 3.8445e-03 4.1307e-03 1.0517e+01 1.0041e+01

60 3.8455e-03 4.1316e-03 I.OS19+01 1.0044e+01

70 3.8458e-03 4.1320e-03 1.0520e+01 1.0044e+01
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5. SHIELDING EVALUATION
I.., .~

This section describes'the shielding evaluation performed for the shipment of up to 36 kg of
highly enriched uranium (HEU) in the ES-3 100 shipping package. The objective of this evaluation is to
demonstrate, for both Normal Conditions of Transport (NCT) and Hypothetical Accident Conditions
(HAC), compliance of this package with-the performance requirements specified in Title 10 Code of
Federal Regulations (CFR) 71 and 49 CFR 173.

5.1 DESCRIPTION OF SHIELDING DESIGN

5.1.1 Design Features

The ES-3100 package for NCT consists of stainless-steel convenience cans loaded with HEU
material, spacer assemblies to support and position the convenience cans, the ES-3100 containment
vessel, and an insulation-filled drum as shown in Appendix 1.4.1. None of the package materials are
specifically designed for shielding gamma rays (photons), the primary contributor to external package
dose rates. For HAC, it is assumed that the containment vessel and content remain intact, but all exterior
packaging materials are removed. The geometry of the shielding analysis model is a conservative,
cylindrical representation of the package. Two sets of contents have been investigated for the shielding
analysis. These are 36 kg of HEU metal and 24 kg of HEU oxide powder. The analyses of these models
have been performed such that the results and conclusions cover other proposed contents, in an
equivalent or conservative manner. For the source calculation, the uranium is enriched at 92% 235U and
is assumed to contain 0.6% 233U, 0.3% 237Np, 40 ppb (parts per billion) 232U, and 40 ppm (parts per
million) plutonium.

5.1.2 Summary Table of Maximum Radiation Levels

The results of these shielding model evaluations, summarized in Tables 5.1 and 5.2, are the
calculated dose rates at the locations indicated. The uncertainty associated with the results is one
standard deviation of the mean (expressed as a percentage of the mean) of the Monte Carlo calculated
results. As shown from the dose rates in the tables and the discussion in Sect. 5.3, the shielding
evaluation demonstrates that the package meets all dose-rate limits for both NCT and HAC for all
proposed contents..

5.2 SOURCE SPECIFICATION

The source for the calculated dose rates is from the decay and fission of the radioactive isotope
contents. The isotopic content used in the shielding calculations is shown in Table 5.3. This
composition was chosen to represent all proposed package contents. The primary contribution to the
dose rates in Tables 5.1 and 5.2 is from decay of the 232U isotope, for any mix of the other isotopes. The
photon and neutron source spectra are given in Tables 5.4 and 5.5. In Table 5.4, the group 6 photons are
from the decay chain of 232U. Group 18 photons were omitted from the source for the dose rate
calculation due to negligible contribution from photons at these energies. Oxygen was not included in
the uranium oxide source calculation, but the neutron source includes (a, n) neutrons from the U0 2

default option in the ORIGEN-S code (NUREG/CR-0200, rev. 6). The uranium metal source is assumed
to be the same as that for the oxides, per unit HEU mass. Spontaneous fission neutrons are included in
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Table 5.1. Calculated external dose rates for the ES-3100 package with 36 kg of HEU metal
contents (mremnh)'

Drum surface One meter from surfaceb
Side Top Bottom Side Top Bottom

NCT
Photon 64.260 I 0.6% 26.593 ± 4.4% 54.020 3.8% 4.296 0.3% 0.956 ± 0.9% 0.980 ± 0.9%
Neutron' 1.647 * 3.3% 0.135 + 3.4% 3.441 ±3.4% 0.060 3.3% 0.025 ±3.3% 0.074 3.3%

Total 65.907 ± 0.6% 26.728 + 4.4% 57.461 L 3.6% 4.356 I 0 .3%d 0.981 d 0.9% 1.054 ± 0.9%

Limit' 200 200 200 10 10 10

HAC
Photon NA' NA NA 7.460 ± 0.3% 1.108 0.8% 1.281 0.9%
Neutron NA NA NA 0.026± 3.1% 0.007 3.1% 0.017 3.2%

Total NA NA NA 7.486±0.3% 1.115 0.8% 1.298±0.9%

Limits NA NA NA 1000 1000 1000

MORSE-CGA Monte Carlo code results (ORNL-6174).
b Drumt for NCT and containment vessel for HAC.

Includes secondary photon dose rate (<1% of neutron dose rates).
d The radiation shielding transport index is 4.4.

IO CFR 71.47 and 49 CFR 173.441.
Not applicable.
I I0CFR71.51.

K)-

' >
Table 5.2. Calculated external dose rates for the ES-3100 package with 24 kg of HEU oxide contents

(mrem/h)'

Drum surface One meter from surface"
Side Top Bottom Side Top Bottom

NCT
Photon 54.735±0.5% 10.113 2.0% 38.318± 1.5% 3.283 0.3% 0.853±0.7% 1.012-0.7%
Neutron' 0.966 ± 1.3% 0.079 ± 2.6% 2.020 3.1% 0.035 1.3% 0.015 ± 1.7% 0.044± 1.6%

Total 55.701 0.5% 10.192 2.0% 40.338 ± 1.4% 3.318 ± 0.3 %d 0.868 ± 0.7% 1.056 ± 0.7%

Limit' 200 200 200 10 10 10
HAC

Photon NAf NA NA 5.583±0.4% 1.004± 1.1% 1.123 ± 1.0%
Neutron c NA NA NA 0.024 ± 0.7% 0.009 ± 0.9% 0.017 ± 0.9%

Total NA NA NA 5.607 ± 0.4% 1.013 1.1% 1.140± 1.0%

Limit' NA NA NA 1000 1000 1000

a MORSE-CGA Monte Carlo code results (ORNL-6174).
b Drun for NCT and containment vessel for HAC.

Includes secondary photon dose rate (<1% of neutron dose rates).
4 The radiation shielding transport index is 3.4.

10 CFR 71.47 and 49 CFR 173.441..
f Not applicable.
£ IO CFR 71.51.
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Table 5.5 spectra. Induced fission neutrons and secondary photons are included in the dose rate
calculations. Details of the source specifications and use in the dose rate calculations are given in the
Sect. 5 appendices. ' - Ii,

5.3 DOSE RATE ANALYSIS MODELS '

The photon and neutron sources from the' radioactive content as described in the previous
section, and listed in Tables 5.4 and 5.5, are input into the MORSE Monte Carlo radiation code to
calculate the ES-3100 external package dose rates given in Tables 5.1 and 5.2. The packaging
component drawings are shown in Appendix 1.4.1. A cylindrical model of this packaging and proposed
HEU material content is shown in Fig. 5.1 and Table 5.6. The dose rate detector locations relative to the
package model exterior are listed in Table 5.7. 'The materials and densities used in the calculational
model are given in Table 5.8. These models are'described in more detail in the input data and other
information given in the Sect. 5 appendices. Kaolite is an insulation material, and Cat 277-4 is a
criticality control material. Additional information on these two materials can be found in Sects. 1, 2,
and 6.

Two proposed package contents have been' analyzed: (1) 36 kg of HEU metal and (2) 24 kg of
HEU oxide. The analyses of these models have been performed in a manner that covers other proposed
contents, not analyzed, in an equivalent or conservative manner. Due to the simple source and packaging
geometry, there are no radiation streaming paths from the source toward the package exterior. Each of
the two models is analyzed for both photon and neutron sources, and for both NCT and HAC.

In addition to the analyses for the dose rates shown in Tables 5.1 and 5.2, many preliminary and
auxiliary calculations were made for each model to -ensure that all proposed content loadings in the
ES-3100 vessel were covered. These extra analyses are necessary since only a content mass limit is
specified for each shipment, and various geometric configurations must be investigated to determine if
the maximum external package dose rates have been found. In some cases it is not possible, or practical,
to find an exact maximum dose rate geometric configuration due to the statistical uncertainty of the
calculation method, variations in model radius vs. height, variable densities, etc. The dose rate values
shown in Tables 5.1 and 5.2 are all at or near possible maximum values for the package specifications
given in Sect. 1. All package models investigated, including the preliminary and auxiliary models, are
conservative. - 1.

Table 5.3. Radioisotope specification for all ES-3100 package analysis source calculations with
HEU content and other nuclides per HEU unit weigp a n

Isotope , W:-- .t %

232U " 0.000004
33U *'- 0.600000

U 2.000000
92.000000

236u '1.000000

238U :; 4.399996

237N'p 0.300000
PO a0.004000

Nominal weapons-grade at 40 ppm uranium by weight-see Appendix 5.5.1.
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Table 5.4. Photon source for one gram of HEU for all contents'

Group Energy range Source
number (MeV) (photons/s)

1 10.00-8.00 4.310 x 10-6

2 8.00-6.50 2.478 x 1O'

3 6.50-5.00 1.596 x 10-"
4 5.00-4.00 4.905 x 10-4

5 4.00-3.00 2.102 x 10-3

6 3.00-2.50 1.011 x 10"4

7 2.50-2.00 1.008 x IO-'
8 2.00-1.66 9.761 x 10+'
9 1.66-1.33 1.101 x lo,,

10 1.33-1.00 3.426 x 10+2

11 1.00-0.80 1.595 x 0'

12 0.80-0.60 4.620 x 10"

13 0.60-0.40 1.533 x 10"4

14 0.40-0.30 3.075 x 10+4

15 0.30-0.20 2.415 x 10"4

16 0.20-0.10 7.600 x 10"

17 0.10-0.05 9.066 x 10"4

18 b 0.05-0.01

Total 2.548 x 10+5

£ ORIGEN-S code results at 1O'/z years decay.
b Onitted in the dose rate calculations.

Table 5.5. Neutron source for one gram of HEU for all contents '

Energy range Source in uranium metal
Group number (MeV) and oxide (neutrons/s)

1 2.00 x 10+ - 6.43 x IO0O 6.614 x 10-5

2 6.43 x 10+°- 3.00 x 10'o 2.107 x 10'2

3 3.00 x 10t°- 1.85 x 10.0 5.841 x 10-2

4 1.85 x 10-0 - 1.40 x 10.0 1.593 x 10-2

5 1.40 x 10+° - 9.00 x 10-1 9.334 x I O'

6 9.00 x 10-1 - 4.00 x 10-' 3.219 x 10-3

7 4.00 x 10-' - 1.00 x 10-' 5.304 x 10-4

8b 1.00 x 10 - 1.70 x 102 0

Total 1.086 x 10-'

£ ORIGEN-S results at 15 years decay.
b Source is zero for Groups 9-27.
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Table 5.6. Geometric data for the shielding analysis models of the ES-3100 shipping package as
shown in Fig. 5.1 for NCT. Each item is modeled as a cylinder or cylindrical shell. The content volume not
identified (HEU metal photon shell model interior) is -odeled as void. All materials interior to the containment
vessel except the HEU material content are omitted. Each of the four content models is placed in the packaging to
create four separate calculational models. All dimensions are in centimeters. For HAC, all material external to the
containment vessel is omitted. - -:

Content

HEU metal shell HEU *6.35 11.195 76.2 0.6639
photon model' ; ,

HEU metal neutron HEU 6.35 11.195 15.1003
model

Oxide photon model UO, 6.35 11.195 63.5

Oxide neutron model UO 6.35 11.195 17.2864

:_ Packaging (identical for all models)

Inner vessel gap void 6.4008 1.195 76.2 0.0508

ES-3100 containment SS304 ' 6.6548 10.56 77.47 0.254 0.635 0.635
vessel '

Outer vessel gap void 7.9248 10.56 77.47 1.27

Inner Cat 277-4 liner SS304 8.0748 10.56 77.47 0.15

Criticality control Cat 277-4 10.9196 -. 1. 10.56 77.47 2.8448
material

Outer Cat 277-4 liner SS304 11.0696 .10.26 77.92 0.15 0.15 0.3

Upper insulation Kaolited 23.0275 88.18 19.385 - -

Base and radial Kaolite 23.0275 0.26 87.92 11.9579 10
insulation

Drum SS304 23.1775 0 107.715 0.15 0.15 0.26

Measured from the lower drum base.
b Vessel interior content (and gap) height varies with density to preserve content mass.

Upper flange and lid detail omitted.
c Modeled as void.

304 stainless steel

5-5

YIUF-717fCh-5/ES-3100 HEU SAR~pc/O2-25-05



if

I107.715-
107.565 -

88.180-
88.030 -
87.395

h -

11.195 -

10.560 .-
10.260-

0.260 -
0.000 '

A,,,

23.178

Fig. 5.1. Cylindrical calculational model of the ES-3100 shipping package for NCT. See
Tables 5.6-5.8 for data on the contents, materials, and detector locations (not to scale; all dimensions are
in centimeters). For HAC, all material external to the containment vessel is omitted.
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Table 5.7. Detector locations relative to the drum for NCT and to the containment vessel for HAC

I Radius Ha
(cm)-- (cm)

NCT detectors .
Side surfaceb 24.1775 49.2950
Top surface - 0.0000 108.7150
Bottom surface 0.0000 -1.0000
Side 1 meterb 123.1775 49.2950
Top 1 meter 0.0000 207.7150
Bottom 1 meter 0.0000 -100.0000

HAC detectors
Side 1 meterb 106.6548 49.2950
Top 1 meter 0.0000 188.0300
Bottom 1 meter 0.0000 -89.4400

a Height above drum base.
b Surface side location is at the axial mid-point of the content; values shown are for the first content in Table 5.6.

5.3.1 Packaging Model Conservative Features

Several conservative features applying to all content models are included in the packaging model.
All material dimensions, thicknesses, and densities for the packaging are modeled at or less than
specified or nominal values. All non-cylindrical detail has been omitted from the shielding models (see
packaging drawings in Appendix 1.4.1). All minor items, such as the silicone rubber pads supporting the
ES-3100 containment vessel, have been omitted. It was determined from preliminary analysis that the
maximum axial external dose rates would occur relative to-the package lower surface. All contents were
modeled to contact the containment vessel lower surface, and the upper containment vessel geometry,
containment vessel lid, and upper packaging, insulation, lids, covers, etc., were conservatively simplified
and/or modeled as void (see Fig. 5.1).

All models of the vessel interior contain HEU material content only. All convenience cans,
spacers, content wrappings, covers, supports, etc., are omitted. All contents are modeled as cylinders or
cylindrical shells with the base resting on the lower vessel surface, with a maximum specified radius of
6.35 cm (the maximum allowable convenience can diameter is 5 in.), and with a height, inner radius (if
any), and density adjusted for each specific model to preserve the content mass. In this conservative
manner, it is possible to cover all specified combinations of can loadings and can and spacer placements
with a minimum number of calculations. The geometric configuration of some of the cases investigated
represents a situation where the maximum possible mass loading for a convenience can would be
exceeded if the cans had been included in the model. However, the calculated dose rates from the models
used will always exceed those from a model where the gearmetry is expanded so the can mass loadings
are not exceeded and the internal vessel hardware is included. All the general, conservative items
relative to the ES-3 100 package shielding model are applied to each individual content model.
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Table 5.8. Shielding model material specifications for the ES-3100 package with HEU content.
Only the two principal uranium isotopes are used in the dose rate calculations. The uranium oxide density varies
with the geometric model volume to preserve the 24-kg mass.

Material Density Constitute Veight Atomic density
(g/cm3) percent (atoms/barn-cm)

Uranium metal 18.82 235U 95.00 4.582 x 10-2
238u 5.00 2.381 x 10-3

U0 2  10.960a 0 11.98 4.941 x 10-2
235U 83.62 2.349 x 10-2
238u 4.40 1.221 x 1i-3

Stainless steel 7.92 Cr 19.00 1.743 x 10-2
Ni 9.50 7.721 x 10-3

Fe 69.50 5.936 x 10-2
Mn 2.00 1.736 x 10-3

Cat 277-4 1.682 H 4.62 4.642 x 10-2
'°B 0.79 8.002 x 10-4

"B 3.44 3.168 x 10-3

C 1.51 1.274 x 10-3

O 60.00 3.798 x 10-2
Mg 0.38 1.584 x 10-'
Al 21.16 7.944x 10-3

Si 1.32 4.760 x 104
S 0.15 4.739 x 10-'
Na 0.13 5.728 x 10-5
Ca 6.18 1.562 x 10-3
Fe 0.32 5.804 x 10-5

Kaolite 0.321 0 40.43 4.888 x 10-3
Na 1.45 1.219 x 10-4

Mg 7.86 6.251 x 10-4

Al 5.58 3.998 x 10-4

Si 16.12 1.110 x l0o-
Ca 23.40 1.129x 10-x
Fe 5.16 1.786 x 10-4

Theoretical density- a density of 2.984 glcm3 is used in the Table 5.6 geometric model for photons.

'J
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53.2 Photon model for 36-kg HIEU metal content

The HEU metal content in the ES-3100 may be many small, irregularly shaped pieces, each
placed at some arbitrary orientation inside the convenience cans. Several conservative, regular geometry
models have been devised to cover these and other proposed loadings. Some of these models violate, in a
conservative manner, the volume capacity of a convenience can. The cans and spacers are omitted from
the models.

The photon model for the dose rates shown in Table 5.1 is that given for the first content item in
Table 5.6 (the HEU metal shell). Here, the content is a cylindrical shell the same height as the
containment vessel model (76.2 cm). The inner radius of the shell, 5.6861 cm, was used to preserve the
36 kg HEU metal at 18.82 g/cm3 for an outer radius of 6.35 cm. This case corresponds to a three-can
loading configuration with a maximum of 12 kg in each 25.4-cm (10-in.) tall can.

Several 36-kg HEU metal cylindrical shell photon dose rate models were evaluated at lesser
heights than the containment vessel inside height (in each case the shell wall thickness was adjusted to
preserve the mass). The 1-m side photon dose rate in Table 5.1 is the calculated value for the entire
analysis that gave the largest overall fraction of the regulatory limit, 43% of the 10-mremfh limit. There
was some increase in the side surface (not 1-mi) photon dose at lesser shell heights. At -50 cm content
height, the maximum side surface dose rate for the shell model was calculated to be 68 nirem/h, 34% of
the regulatory limit. This geometry would approximate a 12-kg loading in each of the 8.75-in. cans. The
maximum calculated axial surface dose rate of 70 mrem/h was at the bottom drum surface for a shell
height of 25 cm and inner radius of 4.0 cm, a gross conservative violation of an actual can loading.

The cylindrical shell representation of the HEU metal content is a convenient, conservative
model for multiple possible loading configurations inside the vessel. Some other, more complicated,
geometric radial models were also analyzed. The radial geometric cross-sections of these models are
shown schematically in Fig. 5.2:

a. The cylindrical shell as described above.

b. A vertical flat plate across the center of the vessel. The maximum calculated photon package
surface dose rate for a plate of dimensions 1.9766 cm x 12.7 cm x 76.2 cm was 63 mrem/h.

c. A cylindrical hemi-shell. The maximum calculated package surface photon dose rate was
69 mrem/h for an outer radius of 6.35 cm, an inner radius of 4.0436 cm, and a height of
50.8 cm.

d. A single solid rod placed against the side wall of the vessel. The maximum calculated
package surface dose rate for a rod of radius 3.0966 cm and a height of 63.5 cm was
48 mrem/h.

e. A cylindrical segment (the shape a liquid would assume in a horizontal vessel). The
maximum calculated package surface dose rate was calculated to be 71 mrem/h for a radius
of 6.35 cm, an inner flat surface 11.495 cm across, and a height of 63.5 cm.

The variations in dose rates described here are due to the variations in source-detector point
geometry and the self-absorption of photons in the source material. It may be possible to devise other
geometric configurations that could produce slightly higher dose rates. However, it can be said with
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(a) (b) (c)

l l

(d) (e)

Fig. 5.2. ES-3100 HEU metal content radial (top view) geometric models. The 36-kg mass is conserved for each case. Detector locations
were adjusted both vertically and radially from those given in Table 5.7 in the search for maximum external package dose rates for each
case.
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some certainty that the calculated photon dose rates for 36-kg HEU metal content defined in Table 5.3
should never exceed 75 mrem/h on the package surface, 5 mrem/h at one meter, and 10 mrem/h for HAC.

5.3.3 Neutron model for 36-kg HEU metal content

In the model for the neutron dose rates for the' 36-kg HEU contents, it was assumed that all the
uranium was a solid cylinder at the bottom of the vessel. The neutron results in Table 5.1 are from this
configuration. This is a gross, conservative-violation of a convenience can capacity, and no further
investigation was made due to the low neutron' dose rates obtained from this conservative model relative
to the photon results.

5.3.4 Photon model for 24-kg HEU oxide content

A package photon dose rate calculation model was created to apply to 24 kg HEU oxide for all
three common uranium oxides-UO2 , U03, and U30s. 'The theoretical 'densities for these oxides are
10.96 g/cm3, 7.29 g/cm3, and 8.30 g/cm3, respectively.;' In the package loading models, the convenience
can locations are completely filled with oxide po'wder, and the actual densities, always less than
theoretical values, will be the oxide mass divided by the model can volume.

The dose rate model excludes the conv&nience cans and spacers and it is represented by a solid
cylinder of oxide resting on the' vessel interior base; The cylinder radius is 6.35 cm, and the height is
variable. The density is adjusted for each calculation to preserve the 24-kg oxide mass. The HEU mass
is 21.126 kg for UO,, the largest uranium mass of the three oxides for 24 kg of HEU oxide. In the dose
rate calculations, the partial density of oxygen was set to zero, so that the analysis conservatively applies
to all three oxides without regard to variations in the oxygen density. The photon dose rates in Table 5.2
are for a cylinder height of 63.5 cm. The 1-m dose rates are slightly higher for 76.2 cm height, and the
surface values are slightly higher for a 50.8 cm height:' The bottom dose rates approach the side values in
Table 5.2 when the cylinder is compressed to the UO2 theoretical density at the vessel bottom. From the
various analyses, it can be stated that no calculated HEU oxide photon dose rates should exceed
60 mrenmh on the package surface, 4 mrem/h at one meter, and 8 mrem/h for HAC.

5.3.5 Neutron model for 24-kg HEU oxide content

The neutron model for the calculated values shown in Table 5.2 was for a solid cylinder of U02
at the containment vessel bottom. The density was 10.96 g/cm3 and the height was 17.286 cm.

5.4 SHIELDING EVALUATION

Several computer programs were used in the shielding evaluation. These included the ORIGEN-S
computer code, the CSASN analysis module, the ICE-S computer code, and the MORSE-CGA computer
code. ORIGEN-S, CSASN, and ICE-S are parts ofthe SCALE code. MORSE-CGA is a stand-alone
code. Brief descriptions of the programs are presented below.

1. ORIGEN-S is a general depletion and decay code. Given an initial isotopic distribution,
materials are decayed to provide time-dependent, energy-grouped photon and neutron sources.

2. CSASN is a sequence of codes for performing resonance processing of neutron cross sections
using the SCALE modules BONAMI-S and NITAWL-S.
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3. ICE-S is a SCALE module used to format a cross-section library for MORSE-CGA.

4. MORSE-CGA is a general-purpose Monte Carlo code that treats multidimensional neutron,
photon, and coupled problems in either a forward or an adjoint mode. Sources and detectors may
be defined through user-supplied subroutines. Model definition is facilitated by combinatorial
array geometry. Dose rates are calculated by the SAMBO analysis module.

Dose rates were calculated at the detector locations in Table 5.7 by converting the calculated
photon and neutron fluxes using the American National Standards Institute (ANSI) conversion factors
(ANSIIANS-6.1.1). These factors for the energy groups used in the shielding evaluation are shown in
Tables 5.9 and 5.10.

The results of these shielding model evaluations, summarized in Tables 5.1 and 5.2, are the
calculated dose rates at the locations indicated. As shown from the dose rates in the tables and the
discussion in Sect. 5.3, the shielding evaluation demonstrates that the package meets all dose-rate limits
for both NCT and HAC. The shielding analyses were done in a conservative manner applicable to all
proposed ES-3 100 package contents listed in Sect. 1.2.3.

Table 5.9. ANSI standard photon flux-to-dose-rate conversion factors

Energy Factor
Group number (MIeV) (mrem/h)/(photons/s/cm 2)

1 10.00-8.00 8.771 x 10-3

2 8.00-6.50 7.478 x 10-O

3 6.50-5.00 6.374 x 10-3

4 5.00-4.00 5.413 x 10-3

5 4.00-3.00 4.622 x 10'

6 3.00-2.50 3.959 x 10-3

7 2.50-2.00 3.468 x 10-3

8 2.00-1.66 3.019 x 10-3

9 1.66-1.33 2.627 x 10-3

10 1.33-1.00 2.205 x 10-3

11 1.00-0.80 1.832 x 10'

12 0.80-0.60 1.522 x 10'

13 0.60-0.40 1.172 x I O'

14 0.40-0.30 8.759 x 10-4

15 0.30-0.20 6.306X 10-4

16 0.20-0.10 3.833 x 10-4

17 0.10-0.05 2.669 x 10-4

18 0.05-0.01 9.347 x 10-4
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Table 5.10. ANSI standard neutron flux-to-dose-rate conversion factors

Group number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Energy
(1sIeV)

2.00 x IO'' - 6.43 x 10"

6.43 x 10.0 - 3.00 x 10°0

3.00 x 10.0 - 1.85 x 10.0

1.85 x 10.0 - 1.40 x 100

1.40 x 10.° - 9.00 x 10-'

9.00 x 10-' - 4.00 x 10-'

4.00 x 10-' - 1.00 x 10-'

1.00 x 10-' - 1.70 x 10-2

1.70 x 10-2 - 3.00 x 10-3

3.00 x 10-3 - 5.50 x 10-4

5.50 X 10-4 - 1.00 x 10-4

1.00 x 10-4 - 3.00 x 10-'

3.00 x 10-5 - 1.00 x 10-,

1.00 x 10-' - 3.05 x 10-6

3.05 x 10-6 - 1.77 x 10-"

1.77 x 10-6_ 1.30 x 10-6

1.30 x 10-6- 1.13 x 10.6

1.13 x 10-6 - 1.00 x 10-6

1.00 x 10-6 - 8.00 x 10-7

8.00 x 10-7 - 4.00 x 10-7

4.00 x 10-7 - 3.25 x 10-7

3.25 x 10-'- 2.25 x 10-'

2.25 x 10-7 - 1.00 x 10-7

1.00 x 10-7 - 5.00 x 10-s

5.00 x 10-s - 3.00 x 10-.

3.00 x 10-s - 1.00 x 10-.

1.00 x io-1 - 1.00 x 10-l

Factor
(mrem/h)/(neutrons/s/cm 2 )

1.4916 x 10-'

1.4464 x 10-'

1.2701 x 10-'

1.2811 x 10-'

1.2977 x 10-1

1.0281 x 10-'

5.1183 x 10-2

1.2319 x 10-2

3.8365 x 10-3

3.7247 x 10-3

4.0150 x 10-3

4.2926 x 10-3

4.4744 x 10-3

4.5676 x 10-3

4.5581 x 10-3

4.5185 x 10-3

4.4879 x 10-3

4.4665 x 10-3

4.4345 x 10-3

4.3271 x 10-3

4.1975 x 10-3

4.0976 x 10-3

3.8390 x 10-3

3.6748 x 10-3

3.6748 x 10-3

3.6748 x 10-3

3.6748 x 10-3
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5.5 APPENDICES

Appendix Descriptions

5.5.1 ORIGEN INPUT DATA FROM TABLE 5.3

5.5.2 CSASN AND ICE INPUT FROM TABLE 5.8

5.5.3 MORSE ROUTINES AND INPUT DATA
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APPENDIX 5.5.1

ORIGEN INPUT DATA FROM TABLE 5.3

,
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APPENDIX 5.5.1

ORIGEN INPUT DATA FROM TABLE 5.3

This file is for generation of the photon spectra in Table 5.4 and the metal and oxide neutron data
in Table 5.5. The concentration for each isotope is given based on 1 g of HEU.
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II

#origen
05$ 6 13 aS 26 e
1SS 1 t
master photon
3S$ 21 0 1 -88 6 a16 2 a33 18
4** a4 1-70 t
355$ 0 t
565$ 0 10 a13 13 5 3 a17 2 e
57** 0 e t
es3100 uranium metal and oxides
one gram HEU
60** 8 9 10 10.5 11 12 15 20 40 50
655$ a7 1 a25 1 a28 1 a31 1 a49 1 e
73$$ 922320 922340 922350 922360 922380

922330 942380 942390 932370
942400 942410 942420 952410

74** 0.4000-07 .020000 0.92000 .010000 0.04399996
6.00-03 8.00-09 3.7032-05 0.003
2.60-06 2.24-07 1.60-08 1.20-07

75$$ 2 2 2 2 2 2 2 2 2 2 2 2 2
81$$ 2 0 26 1 e
825$ 2 2 2 2 2 2 2 2 0 0
83** 10+6 8+6 6.5+6 5+6 4+6 3+6 2.5+6 2+6 1.66+6 1.33+6 1+6 .8+6

.6+6 .4+6 .3+6 .2+6 .1+6 .05+6 .01+6 t
8
9

10
10.5
11
12
15
20

565$ fO t
end
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APPENDIX 5.5.2

CSASN AND ICE INPUT FRONM TABLE 5.8
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APPEINDIX 5.5.2

CSASN AN'D ICE INPUT FROM TABLE 5.8

This file is the input data for the generation and preparation (format) of the cross-section data
used in the MORSE code. The data generated from this input file can be used for all MORSE media
input cases. Oxygen is omitted from the oxide models, and HEU is assumed to be all U-235 in the
neutron models in the MORSE data. The atomic- densities for all dose rate calculations in
Appendix 5.5.3 cases are given, or indicated, in Table 5.8.
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=csasn
es3100: morse-cg cross section library
27n-18couple
multiregion

arbmuO2

arbmsst

arbmcat

arbmkoa

10.9600 3 0 0 0 8016
92235
92238

7.9200 4 0 0 0 26304
24304
28304
25055

1.6820 12 0 0 0 1001
5010
5011
6012
8016

12000
13027
14000
16000
11023
20000
26304

0.3210 7 0 0 0 8016
11023
12000
13027
14000
20000
26304

11. 9800
83.6200
4. 4000
69. 5000
19. 0000
9.5000
2.0000
4.6200
0.7900
3.4400
1. 5100

60. 0000
0.3 800

21. 1600
1. 3200
0. 1500
0.1300
6. 1800
0. 3200

40. 4300
1. 4500
7. 8600
5.5800

16. 1200
23.4000
5. 1600

1 1.0000 293.0 end

2 1.0000 293.0 end

3 1.0000 293.0 end

4 1.0000 293.0 end
end comp
spherical end

1 1.0 noextermod
end zone
end
=ice
es3l ice . morse cross section library
-1SS a3 2200 e
15$ 26 26 0 10 0 0 1 lt
25$ 1 2 3 4 5 6 7 8 9 iC

25 26
3$S 1008016 1092235 1092

2024304 2025055 2026
3001001 3005010 300!
3014000 3016000 3011
4008016 4011023 4012

4** 26rl.0
5$S 26r1O
7$S 3 16 60 0 0 0 e 2t
9S$ 2581 260
iOSS 1 1452 27 3t
end

O 11 12 13 14 15 16 17 18 19 20 21 22 23 24

2238
6304
5011
L023
2000

2028304
3006012
3020000
4013027

3008016
3026304
4014000

3012000 3013027

4020000 4026304
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APPENDIX 5.5.3

MORSE ROUTINES AND INPUT DATA
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APPENDIX 5.53

MORSE ROUTINES AND INPUT DATA

Included here are the routines and input files used for the dose rate calculations for the results in
Tables 5.1 and 5.2. For each case, there are two routines, INSCOR and SOURCE, followed by the NCT
and the HAC input. The normalization is given in INSCOR, which is the appropriate Total value in
Tables 5.4 or 5.5 times the content mass. The spatial and energy distributions for the photon and neutron
sources from Tables 5.4 and 5.5 are in the data statements in the SOURCE routine. Induced fission and
secondary photons are included in the MORSE 'calculation. It is assumed that the energy group
distribution of induced fissions is the same as for the spectra in Table 5.5. The photon source is biased,
and weight corrected, so that half of all primary photons are selected in group 6 from Table 5.4.

For each case, the input data for NCT and HAC follow the two routines. For the HAC cases, all
material external to the containment vessel is set to void and the detectors (now three) are set one meter
from the external vessel surface. The 24-kg oxide neutron case, similar to the 36-kg metal neutron case,
is not shown.
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subroutine inscor
coinon /pdett nd, nne, ne, nt, na, nresp,
1 nex, nexnd, nend, ndnr, ntnr, ntne,
2 nane, ntndnr, ntnend, nanend, locrsp, locxd,
3 locib, locco, loct, locud, locsd, locqe,
4 locqt, locqte, locqae, lmax, efirst, egeop
common bc(1)
do 100 i = 1,nd
bc(locxd + 5*nd + i) = 9.173e+09

100 continue
return
end
subroutine source( ig,u,v,w,x,y,z,
1 wate,med,ag,isour,itstr,ngpqt3,ddf,
2 isbias,nmtg
dimension spect(1,18)
data xst,yst,zst /0.000,0.0,11.195/
data cylht/76.200/

c4Oppb u232
data (spect(l,k),k=1,18) /
1 4.310e-6,2.478e-5,1.596e-4,4.905e-4, 2.102e-3,2.447e+5,
2 1.008e-1,9.761e+1,1.101e+3,
3 3.426e+2,1.595e+3, 4.620e+03,
4 1.533e+04,3.075e+4,2.415e+4,7.600e+4,9.066e+4,0.000e-00/
data icall / 1 /
if (icall) 10,10,5

5 icall = 0
rO2 = 5.6861**2
r12 = 6.3500**2

i=l
sum=0.0
do 92 j = l,nmtg

92 sum = sum + spect(i,j)
spect(i,l) = spect(i,l) / sum
do 93 j = 2,nmtg

93 spect(i,j) = spect(i,j-1) + spect(i,j) / sum
10 continue

rl = fltrnf( 0
call azirn( sinang,cosang
rad = sqrt( rl * r12 + (1.0 - rl ) * rO2
x = rad * sinang + xst
y = rad * cosang + yst
z = zst + fltrnf( 0 ) * cyl.ht
i=l
rn = fltrnf( 0
do 94 j = l,nmtg

if ( rn .le. spect(i,j) ) goto 95
94 continue

j = nmtg
95 ig = j
c40ppb u232

if(ig.ne.6)wate=wate*l.9207
if(ig.eq.6)wate=wate*0.079356
return
end
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es3100 package nct 36kg u metal
$$ 500 850 500 1 0 17
$$ 0 0 0 0 ** 1.0 :

40 ppb u232
18 18

L.OOOOe-S 1.
0.0

0 0 99.
OOOOe+4

0.0

4 0
1.0 2.2000e+5

**

*,

0.0 0.0 0.0 0.0 0.0

10.OOOe+6 8.0000e+6
2.0000e+6 1.6600e+6
0.3000e+6 0.2000e+6
b1a303a31a34
$$ 1 1 0
$S 1 1 10
$S 11 1 14
$S 15 1 18
$S -1 9rO

0 0 0 0
0 0

6.5000e+6
1.3300e+6
0.lOOOe+6

5.0000e+6
1.0000e+6
0.0500e+6

4.0000e+6 3.0000e+6 2.5000e+6
0.8000e+6 0.6000e+6 0.4000e+6

0
1
1
1

0
1
1
1

1 18
1 **

1 **

1 **

0.1 .001
1.0 .010
10. .100

.010

.100
1.00

5.000e-01
5.000e-01
5.000e-01

heu in es-3100 36kg cylinder model
0

rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
sph
sph
end
vid
con
vid
sst
vid
sst
bor
sst
kao
vid
sst
vid
vix
end

1
13z

1000
0

27N18P
$$ 0

0
1

23
45
71
93

115
141
163
185
211
233
255

0
1
2
3.'
4
5
6
7
8
9
10
11
12
13

1 0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0
0.0

0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0 .0
0.0
0.0
0.0

11.1950
11.1950
11.1950
10. 5600
10.5600
10.5600
10. 5600
10.2 600
0.2600
0.2 600
0. 0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-O. 0
0.0
0.0

1000.
2000.

76.2000
76.2000
76.2000
77.4700
77.4700
77.4700
77.4700
77.9200
87.9200
107.3 050
107.7150

5.6861
6.3500
6.4008
6.6548
7.9248
8.0748
10.9196
11.0696
23. 0275
23.0275
23.1775

0.0 0.0
0.0 0.0

1
2
3
4
5
6
7
8
9

10
11
12
13

-1
-2
-3
-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1 1

1 1000 2 1000 2 3 2 4 1000 2 1000 0

LIBRARY (PS)
0 18 18
0 0 0
2 3 4

24 25 26
46 51 52
72 73 74
94 95 96

116 121 122
142 143 144
164 165 166
186 191 192
212 213 214
234 235 236
256

45
0
5

31
53
75

101
123
145
171
193
215
241

60
0
6

32
54
76

102
124
146
172
194
216
242

16
0

11
33
55
81

103
125
151
173
195
221
243

4
20
12
34
56
82

104
126
152
174
196
222
244

26
0

13
35
61
83

105
131
153
175
201
223
245

26
0
14
36
62
84

106
132
154
176
202
224
246

6 3 1 3
0
15
41
63
85

111
133
155
181
203
225
251

16
42
64
86

112
134
156
182
204
226
252

21
43
65
91

113
135
161
183
205
231
253

22
44
66
92

114
136
162
184
206
232
254

$S 1 12 ** 1.OOOOe-9
S$ 1 2 ** 4.5820e-2
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$S 1
$S 2
$$ 2
SS 2
$$ 2
$$ 3
$$ 3
$$ 3
SS 3
SS 3
SS 3
SS 3
$$ 3
SS 3
SS 3
$$ 3
$S 3
$S 4
$$ 4
$S 4
SS 4
$S 4
SS 4
SS 4

SAMBO
55

-3** 2.3810e-3
5 1.7360e-3
6 ** 5.9360e-2
7 ** 7.7210e-3

-4 ** 1.7430e-2
8 4.6420e-2
9 ** 8.0020e-4

10 3.1680e-3
11 1.2740e-3
12 ** 3.7980e-2
13 1.5840e-4
14 ** 7.9440e-3
15 ** 4.7600e-4
16 ** 4.7390e-5
17 ** 5.7280e-5
18 ** 1.5620e-3

-19 ** 5.8040e-5
20 ** 4.8880e-3
21 ** 1.2190e-4
22 ** 6.2510e-4
23 ** 3.9980e-4
24 ** 1.11OOe-3
25 ** 1.1290e-3

-26 ** 1.7860e-4
ANALYSIS INPUT DATA
6 0 0 0 0 1 1 2

24.1775 0.0 49.295
0.0 0.0 -1.00
0.0 0.0 108.715
123.1775 0.0 49.295
0.0 0.0 -100.00
0.0 0.0 207.7150

UNCOLLIDED AND TOTAL PHOTON DOSE RATES
ANSI STANDARD GAMMA DOSE RATES

**

8.7716e-3 7.4785e-3 6.3748e-3 5.4136e-3 4.6221e-3 3.9596e-3 3.4686e-3
3.0192e-3 2.6276e-3 2.205le-3 1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
6.3061e-4 3.8338e-4 2.6693e-4 9.3472e-4
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es3100 package hac 36kg u metal 40 ppb u232
SS 500 850 500 1. 0 17 18 18 0 0
$S 0 0 0 0 ** 1.0 1.OOOOe-5 1.OOOOe+4

99. 4 0
1.0 2.2000e+5

* * 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10.OOOe+6 8.0000e+6
2.0000e+6 1.6600e+6
0.3000e+6 0.2000e+6
bla303a31a34
$$ 1 1 0
$S 1 1 10
$S 11 1 14
$S 15 1 18
$S -1 9rO

6.5000e+6
1.3300e+6
0.lOOOe+6

5.0000e+6
1.0000e+6
0. 0500e+6

4.0000e+6 3.0000e+6 2.5000e+6
0.8000e+6 0.6000e+6 0.4000e+6

0 0 1 18
1 1 1 * 0.1
1 1 1** 1.0
1 1 1 ** 10.

.001

.010

.100

.010
.100
1.00

5.000e-01
5.000e-01
5.000~e-01

0
0
0

rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
sph
sph
end
vid
con
vid
sst
vid
sst
bor
sst
kao
vid
sst
vid
vix
end

1
13z

0
0
0
1
2
3
4
5
6
7
8
9
10
11
12
13

0 0
heu in es-3100 36kg cylinder model

1 0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0
0.0

0.0
0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0 .0
0.0
0.0

11. 1950
11. 1950
11. 1950
10. 5600
10.5600
10. 5600
10.5600
10.2600
0.2600
0.2 600
0. 0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.0
0.0
0.0
0.0
0.0
0 .0
0.0
.0.0
0.0
0.0

1000.
2000.

76.2000
76.2000
76.2000
77.4700
77.4700
77.4700
77.4700
77.9200
87.9200
107.3050
107.7150

5.6861
6. 3500
6.4008
6.6548
7.9248
S. 0748

10.9196
11. 0696
23.0275
23.0275
23.1775

0.0 0.0
0.0 0.0

1
2
3
4
5
6
7
8
9

10
11
12
13

-1
-2
-3
-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1 1

1000 1 1000 2 1000 1000 1000 1000 1000 1000 1000 1000 0
0

27N18P LIBRAORY
$$ 0

0
1

23
45
71
93

115
141
163
185
211
233
255

0
0
2

24
46
72
94

116
142
164
186
212
234
256

18

3
25
51
73
95

121
143
165
191
213
235

(P5)
18
0
4

; 26
L 52

74
; 96
I 122

144
; 166
L 192

214
; 236

45
0
5

31
53
75

101
123
145
171
193
215
241

60
0
6

32
54
76

102
124
146
172
194
216
242

16
0

11
33
55
81

103
125
151
173
195
221
243

.4
20
12
34
56
82

104
126
152
174
196
222
244

26 26
0 0

13 14
35 36
61 62
83 84

105 106
131 132
153 154
175 176
201 202
223 224
245 246

6 3 1 3
0

15
41
63
85

111
133
155
181
203
225
251

16
42
64
86

112
134
156
182
204
226
252

21
43
65
91

113
135
161
183
205
231
253

22
44
66
92

114
136
162
184
206
232
254

SS 1 12 ** 1.OOOOe-9
$S 1 2 ** 4.5820e-2
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tn

$$ 1
SS 2
SS 2
SS 2
SS 2
SS 3
$$ 3
$$ 3
ss 3
SS 3
$$ 3
$$ 3
SS 3
$$ 3
SS 3
S$ 3
SS 3
$S 4
$S 4
$S 4
$S 4
$S 4
$5 4
$$ 4

SAMBO
SS
**

-3 ** 2.3810e-3
5 ** 1.7360e-3
6 ** 5.9360e-2
7 ** 7.7210e-3

-4 ** 1.7430e-2
8 ** 4.6420e-2
9 ** 8.0020e-4

10 ** 3.1680e-3
11 1.2740e-3
12 ** 3.7980e-2
13 ** 1.5840e-4
14 7.9440e-3
15 ** 4.7600e-4
16 ** 4.7390e-5
17 ** 5.7280e-5
18 ** 1.5620e-3

-19 ** 5.8040e-5
20 ** 4.8880e-3
21 ** 1.2190e-4
22 ** 6.2510e-4
23 ** 3.9980e-4
24 ** 1.11OOe-3
25 ** 1.1290e-3

-26 ** 1.7860e-4
ANALYSIS INPUT DATA
3 0 0 0 0 1 1 2

106.6548 0.0 49.295
0.0 0.0 -89.440
0.0 0.0 188.03

UNCOLLIDED AND TOTAL PHOTON DOSE RATES
ANSI STANDARD GAMMA DOSE RATES

**

8.7716e-3 7.4785e-3 6.3748e-3 5.4136e-3 4.6221e-3 3.9596e-3 3.4686e-3
3.0192e-3 2.6276e-3 2.2051e-3 1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
6.3061e-4 3.8338e-4 2.6693e-4 9.3472e-4
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subroutine inscor
co~mnon /pdet/ nd, nne, ne, ~nt, na, nresp,

1 nex, nexnd, nend,' -ndnr, ntnr, ntne,
2 nane, ntndnr, ntnend, nanend, locrsp, locxd,
3 locib, locco, loct, locud, locsd, locqe,
4 locqt, locqte,' locqae, lmax, efirst, egtop

common bc(1)
do 100 i = 1,nd

bc(locxd + 5*nd + i) =3.9100e+03-.
100 continue

return
end
subroutine source( ig,u,v,w,x,y,z,
1 wate,med,ag,isour,itstr,ngpqt3,ddf,
2 isbias,nmtg )
dimension spect(1,8)
data xst,yst,zst /0.000,0.0, 11.1950/ '
data cyl_..ht/15.1003/
data (spect(l,k),k=1,8) /

1 6.614e-5,2.107e-2,5.841e-2,1.593e-2,9.334e-3,3.219e-3,
2 5.304e-4,0.000e+0/
data icall / 1 /
if (icall) 10,10,5

5 icall = 0
rll = 6.3500
i=1
sum=0.0
do 92 j = 1,8

92 sum = sum + spect(i,j)
spect(i;1) = spect(i,1) / sum
do 93 j = 2,8

93 spect(i,j) = spect(i,j-1) + spect(i,-j) / sum
10 continue

rl = fltrnf( 0)
call azirn( sinang,cosang
rad = sqrt( rl)* rll
x = rad * sinang + xst
y = rad * cosang'+ yst
z = zst + fltrnf( 0) *cylbht
i=l
rn = fltrnf( 0)
do 94 j = 1,8

if ( rn .le. spect(i,j) ) goto 95
94 continue

j = 8
95 ig= j

return
end
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es3100 package nct
$S 200 850 200
SS 0 0 0
SS 0.0 0
**

36kg
1
0

.0

u metal neutrons
27 18 27 45 0
** 1.0 1.OOOOe-5 1.OOOOe

0.0 0.0 0.C

0 60. 4 0
-+4 1.0 2.2000e+5
I 0.0 0.0

2.0000e+7 6.4300e+6-3.0000e+6
1.OOOOe+5 1.7000e+4 3.0000e+3
3.0500e+0 1.7700e+0 1.3000e+0
3.2500e-1 2.2500e-1 9.9999e-2
8.0000e+6 6.5000e+6 5.0000e+6
1.6600e+6 1.3300e+6 1.OOOOe+6
0.2000e+6 0.lOOOe+6 0.0500e+6
b3a343b203al
SS 1 1 0 0 0
SS 1 1 9 1 1
SS 10 1 27 1 1
$$ 28 1 45 1 1
$$ -1 9rO
SSO 1 0 0
** 1.0
**

6.6140e-5 2.107e-2 5.841e-2 1
0.OOOOe-0 19z

1.8500e+6
5.5000e+2
1.1300e+0
5.00OOe-2
4.0000e+6
0.8000e+6

1.4000e+6
1.OOOOe+2
1.OOOOe+O
3. 00OOe-2
3.0000e+6
0. 6000e+6

.050
1.00
.500

9.0000e+5
3.0000e+1
8.0000e-1
1.OOOOe-2
2.5000e+6
0.4000e+6

.500
10.0
2.00

4. 0000e+5
1.OOOOe+l
4.0000e-1
1.OOOOe+7
2.0000e+6
0.3000e+6

5.000e-01
5.000e-01
5.000e-01

1 45
1 **
1 **
1 **

50.
50.
20.

.593e-2 9.334e-3 3.219e-3 5.304e-4

** 27z
** 27z
** 27z
** 27r.01

0 0
0 0

rcc 1
rcc 2
rcc 3
rcc 4
rcc 5
rcc 6
rcc 7
rcc 8
rcc 9
rcc 10
rcc 11
sph 12
sph 13
end
vid
con
vid
sst
vid
sst
bor
sst
kao
vid
sst
vid
vix
end

heu in es-3100 36kg cylinder model
1 0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0
0.0

0.0 11.1950
0.0 11.1950
0.0 11.1950
0.0 10.5600
0.0 10.5600
0.0 10.5600
0.0 10.5600
0.0 10.2600
0.0 0.2600
0.0 0.2600
0.0 0.0000

0.0 0.0
0.0 0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0 .0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1000.
2000.

15.1003
15.1003
7 6.2000
77.4700
77.4700
77.4700
77. 4700
77. 9200
87. 9200

107.3050
107.7150

0. 0001
6. 3500
6.4008
6. 6548
7.9248
8.0748

10.9196
11.0696
23.0275
23.0275
23.1775

1
2
3
4
5
6
7
8
9

10
11
12
13

-1
-2
-3
-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1 1 1
13z

1000 1 1000 2 1000 2 3 2 4 1000 2 1000 0
0

27N18P
SS 27

0
1

23

LIBRARY (PS)
27 18 18
0 0 0
2 3 4

24 25 26

45
0
5

31

60
0
6

32

16
0

11
33

4
20
12
34

26
0

13
35

26
0

14
36

6 3 1 3
0

15
41

16 21 22
42 43 44
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.� &� V -t r -1 , L. ,
i. :.1 V � � � " , " -': .
i :; 7: . . O - : - ,III .

45
71
93

115
141
163
185
211
233

46
72
94

116
142
164
186
212
234

51
73
95

121
143
165
191
213
235

52
74
96

122
144
166
192
214
236

53
75

101
123
145
171
193
215
241

54
76

102
'124
146
172
194
216
242

.55
81

103
125
151
173
195
221
243

56
82

104
126
152
174
196
222
244

-61 ' 62
83 ; 84

105 106
131 132
153 154
175 .176
201: 202
223--224
245 246

63
' 85
111
133
155
181
203
225
251

64
86

112
p134
156
182
204
226
252

65
91

113
135
161
183
205
231
253

66
92

114
136
162
184
206
232
254

255 256
$$ 1 12 ** 1.OOOOe-9
$8 1 2 ** 4.8240e-2
8$ 1 -3 ** 1.2210e-9
$$ 2 5 ** 1.7360e-3
$8 2 6 ** 5.9360e-2
$8 2 7 ** 7.7210e-3
$S 2 -4 ** 1.7430e-2
8$ 3 8 ** 4.6420e-2
$$ 3 9 ** 8.0020e-4
8$ 3 10 3.1680e-3
8$ 3 11 1.2740e-3
8$ 3 12 ** 3.7980e-2
$$ 3 13 ** 1.5840e-4
8$ 3 14 ** 7.9440e-3
$$ 3 15 4.7600e-4
$8 3 16 ** 4.7390e-5
$8 3 17 ** 5.7280e-5
$8 3 18 ** 1.5620e-3
$8 3 -19 ** 5.8040e-5
8$ 4 20 ** 4.8880e-3
8$ 4 21 ** 1.2190e-4
$8 4 22 ** 6.2510e-4
$8 4 23 ** 3.9980e-4
$$ 4 24 1.llOOe-3
$8 4 25 ** 1.1290e-3
8$ 4 -26 1.7860e-4

SAMBO ANALYSIS INPUT DATA
8$ 6 0 0 0
**

0 3 1 2

24.1775 0.0 18.745
0.0 0.0 -1.000
0.0 0.0 108.715
123.1775 0.0 18.745
0.0 0.0 -100.00
0.0 0.0 207.7150

uncollided and total photon dose rates
ansi standard neutron dose rates :

**

1.4916e-1 1.4464e-1 1.2701e-1 1.:
1.2319e-2 3.8365e-3 3.7247e-3 4.'
4.5581e-3 4.5185e-3 4.4879e-3 4.
4.0976e-3 3.8390e-3 3.6748e-3 3.i
18rO.0

ansi standard photon dose rates
**

27rO.O
8.7716e-3 7.4785e-3 6.3748e-3 5.
3.0192e-3 2.6276e-3 2.2051e-3 1.:
6.3061e-4 3.8338e-4 2.6693e-4 9.:

ansi standard total dose rates :

281le-1
D150e-3
,665e-3
6748e-3

,136e-3
B326e-3
3472e-4

2811e-1
D150e-3
d665e-3
,748e-3
,136e-3

1.2977e-1
4.2926e-3
4.4345e-3
3.6748e-3

1.0281e-1
4.4744e-3
4.3271e-3
3.6748e-3

5.1183e-2
4.5676e-3
4.1975e-3

4.6221e-3 3.9596e-3 3.4686e-3
1.5228e-3 1.1725e-3 8.7594e-4

1.4916e-1
1.2319e-2
4.5581e-3
4.0976e-3
8.7716e-3

1.4464e-1
3.8365e-3
4.5185e-3
3.8390e-3
7.4785e-3

1.2701e-1
3.7247e-3
4.4879e-3
3 .6748e-3
6.3748e-3

1.:

4.1
4.i

5.,

1.2977e-1
4.2926e-3
4.4345e-3
3.6748e-3
4.6221e-3

1.0281e-1 5.1183e-2
4.4744e-3 4.5676e-3
4.3271e-3 4.1975e-3
3.6748e-3
3.9596e-3 3.4686e-3
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a-

3.0192e-3 2.6276e-3 2.2051e-3 1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
6.3061e-4 3.8338e-4 2.6693e-4 9.3472e-4

es3100 package hac 36kg u metal neutrons
S$ 200 850 200 1 27 18 27 45 0 0 60.
SS 0 0 0 0 ** 1.0 1.OOOOe-5 1.OOOOe+4
8$ 0.0 0.0 0.0 0.0 0.0
**

4 0
1.0 2.2000e+5

0.0 0.0

2.0000e+7 6.4300e+6 3.
1.OOOOe+5 1.7000e+4 3,
3.0500e+0 1.7700e+0 1.
3.2500e-1 2.2500e-1 9.
8.0000e+6 6.5000e+6 5.
1.6600e+6 1.3300e+6 1.
0.2000e+6 0.lOOOe+6 0.
b3a343b203al
$8 1 1 0 0
8$ 1 1 9 1
$8 10 1 27 1
$8 28 1 45 1
$8 -1 9rO
$8 0 1 0 0

1.0
**

.OOOOe+6

.OOOOe+3

.3000e+0
*.9999e-2
.OOOOe+6
.OOOOe+6
.0500e+6

1.8500e+6
5.5000e+2
1.1300e+0
5.00OOe-2
4.0000e+6
0.8000e+6

1.4000e+6
1. OOOOe+2
1.OOOOe+O
3.00OOe-2
3.0000e+6
0.6000e+6

.050
1.00
.500

9.0000e+5
3. 0000e+1
8.00OOe-1
1.OOOOe-2
2.5000e+6
0.4000e+6

.500
10.0
2.00

4.0000e+5
1.OOOOe+1
4.00OOe-1
1.OOOOe+7
2.0000e+6
0.3000e+6

5.000e-01
5.000e-01
5.000e-01

0 1 45
1 1 ** 50.
1 1 ** 50.
1 1 ** 20.

6.6140e-5 2.107e-2 5.841e-2 1.593e-2 9.334e-3 3.219e-3 5.304e-4
0.OOOOe-O 19z
** 27z
** 27z
** 27z
** 27r.01

0 0
0 0

rcc 1
rcc 2
rcc 3
rcc 4
rcc 5
rcc 6
rcc 7
rcc 8
rcc 9
rcc 10
rcc 11
sph 12
sph 13
end
vid
con
vid
sst
vid
sst
bor

kao
vid
sst
vid
vix
end

1 1
13z

heu in es-3100 36kg cylinder model
1 0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0 .0
0.0
0.0
0.0
0.0

11. 1950
11.1950
11.1950
10.5600
10.5600
10.5600
10. 5600
10.2600
0.2600
0.2600
0.0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1000.
2000.

15.1003
15.1003
76.2000
77.4700
77.4700
77.4700
77.4700
77.9200
87.9200
107.3050
107.7150

0.0001
6.3500
6.4008
6. 6548
7. 9248
8. 0748

10.9196
11. 0696
23.0275
23.0275
23.1775

0.0 0.0
0.0 0.0

1
2
3
4
S
6
7
8
9

10
11
12
13

-1
-2
-3
-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1

1000
0

1 1000 2 1000 1000 1000 1000 1000 1000 1000 1000 0
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27N1SP
S5 27

0
1

23
45
71
93

115
141
163
185
211
233
255

S$ 1
SS 1
SS 1
SS 2
$$ 2
$$ 2
$$ 2
$$ 3
SS 3
$S 3
$$ 3
$5 3
$$ 3
$$ 3
$S 3
$$ 3
S$ 3
SS 3
SS 3
$$ 4
S$ 4
$S 4
$$ 4
S$ 4
S$ 4
$$ 4

SAMBO
55

I LIBRARY (PS)
27 18 18
0 0 0
2 3 4

24 25 26
46 51 52
72 73 74
94 95 96

116 121 122
142 143 144
164 165 166
186 191 192
212 213 214
234 235 236

45
0
5-

31
53
75

101
123
145
171
193
215
241

60
. 0O
6

32
54
76

102
124
146
172
194
216
242

16
0

11
33
55
81

103
125
151
173
195
221
243

.4' 26
20: .0
12 13
34 35
56 61
82 83

104 105
126 131
152 153
174 175
196 201
222 223
244 245

26
0

-14
36
62
84

106
132
154
176
202
224
246

6
0 .

15 i
41
63
85

111
133
155
181
203
225
251

3 1 3

16
42
64
86

112
134
156
182
204
226
252

21
43
65
91

113
135
161
183
205
231
253

22
44
66
92

114
136
162
184
206
232
254

256
12 ** l.OOOOe-9
2 ** 4.8240e-2
-3** 1.2210e-9
5 ** 1.7360e-3
6 ** 5.9360e-2
7 ** 7.7210e-3

-4 ** 1.7430e-2
8 ** 4.6420e-2
9 ** 8.0020e-4

10 ** 3.1680e-3
11 **1.2740e-3
12 ** 3.7980e-2
13 ** 1.5840e-4
14 ** 7.9440e-3
15 4.7600e-4
16 ** 4.7390e-5
17 ** 5.7280e-5
18 ** 1.5620e-3

-19 ** 5.8040e-5
20 ** 4.8880e-3
21 ** 1.2190e-4
22 6.2510e-4
23 3.9980e-4
24 1.llOOe-3
25 1.1290e-3

-26 ** 1.7860e-4
ANALYSIS INPUT DATA
3 0 0 0 0 3 1 2

106.6548 0.0 18.745
0.0 0.0 -89.44
0.0 0.0 188.03

uncollided and total photon dose rates
ansi standard neutron dose rates

**

1.4916e-1 1.4464e-1 1.2701e-1 1.2811e-1
1.2319e-2 3.8365e-3 3.7247e-3 4.0150e-3
4.5581e-3 4.5185e-3 4.4879e-3 4.4665e-3
4.0976e-3 3.8390e-3 3.6748e-3 3.6748e-3
18rO.0

ansi stanc'ard photon dose rates

1.2977e-1
4.2926e-3
4.4345e-3
3.6748e-3

1.0281e-1
4.4744e-3
4.327le-3
3.6748e-3

S.1183e-2
4.5676e-3
4.1975e-3

27rO.0
8.7716e-3 7.4785e-3 6.3748e-3 5
3.0192e-3 2.6276e-3 2.2051e-3 1
6.3061e-4 3.8338e-4 2.6693e-4 9

ansi standard total dose rates :
**

.4136e-3
L.8326e-3
.3472e-4

.2811e-1

.0150e-3

.4665e-3

4.6221e-3 3.9596e-3 3.4686e-3
1.5228e-3 1.1725e-3 8.7594e-4

1.4916e-1
1.2319e-2
4.5581e-3

1.4464e-1
3.8365e-3
4.5185e-3

1.2701e-1
3.7247e-3
4.4879e-3

1
4
4

1.2977e-1
4.2926e-3
4.4345e-3

1.028le-1
4.4744e-3
4.3271e-3

5.1183e-2
4.5676e-3
4.1975e-3
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4.0976e-3 3.8390e-3 3.6748e-3 3.6748e-3 3.6748e-3 3.6748e-3
8.7716e-3 7.4785e-3 6.3748e-3 5.4136e-3 4.6221e-3 3.9596e-3 3.4686e-3
3.0192e-3 2.6276e-3 2.2051e-3 1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
6.3061e-4 3.8338e-4 2.6693e-4 9.3472e-4
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subroutine inscor
common /pdet/ nd, nne, ne, nt, na, nresp,
1 nex, nexnd, nend, ndnr, ntnr, ntne,
2 nane, ntndnr, ntnend, nanend, locrsp, locxd,
3 locib, locco, loct, locud, locsd, locqe,
4 locqt, locqte, locqae, lmax, efirst, egtop
common bc(l)
do 100 i = l,nd
bc(locxd + 5*nd + i) = 9.1730e+09*24./36.*0.88024

100 continue
return
end
subroutine source( ig,u,v,w,x,y,z,
1 watemed,ag,isour,itstr,ngpqt3,ddf,
2 isbias,nmtg
dimension spect(l,18) --

data xst,yst,zst /0.000,0.0,11.195/
data cyl_.ht/63.500/

c40ppb u232
data (spect(l,k),k=1,18) /
1 4.310e-6,2.478e-5,1.596e-4,4.905e-4, 2.102e-3,2.447e+5,
2 1.008e-1,9.761e+1,1.101e+3,
3 3.426e+2,1.595e+3, 4.620e+03, +
4 1.533e+04,3.075e+4,2.415e+4,7.600e+4,9.066e+4,0.000e-00/
data icall / 1 / f.

if (icall) 10,10,5
5 icall = 0
c rO2 = 5.6861**2

rO2 = 0.0001**2
r12 = 6.3500**2
i=1
sum=0.0
do 92 j = 1,nmtg

92 sum = sum + spect(i,j)
spect(i,l) = spect(i,l) / sum
do 93 j = 2,nmtg

93 spect(i,j) = spect(i,j-1) + spect(i,j) / sum
10 continue

rl = fltrnf( 0
call azirn( sinang,cosang
rad = sqrt( rl * r12 + (1.0-ri) * rO2
x = rad * sinang + xst
y = rad * cosang + yst
z = zst + fltrnf( 0 ) * cyl.ht
i=l
rn = fltrnf( 0 )
do 94 j = l,nmtg

if ( rn .le. spect(i,j) ) goto 95
94 continue

j = nmtg
95 ig=j
c4Oppb u232

if(ig.ne.6)wate=wate*l.9207
if(ig.eq.6)wate=wate*0.079356
return
end
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*es3100 package photon
$$ 500 850 500 1
$S 0 0 0 0
** 0.0 0.0
**

nct 24kg u oxide 40 ppb u232
0 17 18 18 0 0

** 1.0 1.OOOOe-5 l.OOOOe+4
99. 4 0

1.0 2.2000e+5
0.0 0.0 0.0 0.0 0.0

10.OOOe+6 8.0000e+6
2.0000e+6 1.6600e+6
0.3000e+6 0.2000e+6
b1a303a31a34
$S 1 1 0
$S 1 1 10
$$ 11 1 14
$$ 15 1 18
SS -1 9rO

6.5000e+6 5.0000e+6 4.0000e+6 3.0000e+6 2.5000e+6
1.3300e+6 1.0000e+6 0.8000e+6 0.6000e+6 0.4000e+6
0.lOOOe+6 0.0500e+6

0
1
I.
1

0
1
1
1

1 18
1 **
1 **
1 **

0.1 .001
1.0 .010
10. .100

.010 5.000e-01

.100 5.000e-01
1.00 5.000e-01

0
0
0

rcc
rcc
rcc
rcc
rcc
rcc.
rcc
rcc
rcc
rcc
rcc
sph
sph
end
vid
con
vid
sst
vid
sst
bor
sst
kao
vid
sst
vid
vix
end

1
13z

1000
0

27N18P
$$ 0

0
1

23
45
71
93

115
141
163
185
211
233
255
$$ 1
SS 1

0
0
0
1
2
3
4
5
6
7
8
9
10
11
12
13

0 0
oxide in es-3100 24kg cylinder model

1 0
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0.0

11.1950
11.1950
11.1950
10. 5600
10.5600
10. 5600
10.5600
10.2 600
0.2600
0.2600
0. 0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.0
0 .0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1000.
2000.

63.5000
63.5000
76.2000
77.4700
77.4700
77.4700
77.4700
77.9200
87.9200
107.3050
107.7150

0. 0001
6.3500
6.4008
6. 6548
7.9248
8.0748
10.9196
11. 0696
23.0275
23.0275
23.1775

0.0 0.0
0.0 0.0

1
2
3
4
5
6
7
8
9

10
11
12
13

-1
-2
-3
-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1 1

1 1000 2 1000 2 3 2 4 1000 2 1000 0

LIBRARY (P5)
0 18 18 I

0 0 0
2 3 4

24 25 26
46 51 52
72 73 74
94 95 96 1l

116 121 122 1:
142 143 144 1,
164 165 166 1l
186 191 192 1!
212 213 214 2:
234 235 236 2,
256
12 ** 1.OOOOe-9
2 ** 6.3940e-3

I5
0
5
31
53
75

23
15
.71
.93
15
41

60
0
6

32
54
76

102
124
146
172
194
216
242

16
0

11
33
55
81

103
125
151
173
195
221
243

4
20
12
34
56
82

104
126
152
174
196
222
244

26
0

13
35
61
83

105
131
153
175
201
223
245

26
0

14.
36
62
84

106
132
154
176
202
224
246

6
0
15
41
63
85

111
133
155
181
203
225
251

3

16
42
64
86

112
134
156
182
204
226
252

1 3

21 22
43 44
65 66
91 92

113 114
135 136
161 162
183 184
205 206
231 232
253 254
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I. I � 3 1�1 I - 11 1! II.; I , I -

$S 1 -3 ** 3.3220e-4
SS 2 5 ** 1.7360e-3
SS 2 6 ** 5.9360e-2
SS 2 7 ** 7.7210e-3
S$ 2 -4 ** 1.7430e-2
S$ 3 8 ** 4.6420e-2
5$ 3 9 ** 8.0020e-4
$$ 3 10 3.1680e-3
$$ 3 11 ** 1.2740e-3
$$ 3 12 ** 3.7980e-2
$5 3 13 ** 1.5840e-4
SS 3 14 ** 7.9440e-3
$$ 3 15 ** 4.7600e-4
$S 3 16 ** 4.7390e-5
SS 3 17 ** 5.7280e-5
$S 3 18 ** 1.5620e-3
$S 3 -19 ** 5.8040e-5
$S 4 20 ** 4.8880e-3
$5 4 21 ** 1.2190e-4
$$ 4 22 ** 6.2510e-4
$S 4 23 ** 3.9980e-4
$S 4 24 ** 1.1100e-3
$5 4 25 ** 1.1290e-3
5$ 4 -26 ** 1.7860e-4

SA.MBO ANALYSIS INPUT DATA
$$ 6 0 0 0 0 1 l
.* *

24.1775 0.0 42.945
0.0 0.0 -1.00
0.0 0.0 108.715
123.1775 0.0 42.945
0.0 0.0 -100.00
0.0 0.0 207.715

UNCOLLIDED AND TOTAL PHOTON DOSE RATES
ANSI STANDARD GAMA DOSE RATES

* *

. . . . .

s- . .. .

-

{-

. . [,:

. .

. v

:. . ::. .

. . .

2 ; 5
. . . .

. . ....

. t . .

8.7716e-3
3 . 0192e-3
6.3061e-4

7.4785e-3 6.3748e-3
2.6276e-3 2.2051e-3
3.8338e-4 2.6693e-4

5.4136e-3 4.6221e-3 3.9596e-3 3.4686e-3
1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
9.3472e-4
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- t

es3100 package photon hac 24kg u oxide 40 ppb u232
$$ 500 850 500 1 0 17 18 18 0 0 99.
SS 0 0 0 0 ** 1.0 1.OOOOe-5 1.OOOOe+4

4 0
1.0 2.2000e+5

** 0.0
**

0.0 0.0 0.0 0.0 0 .0 0 .0

10.OOOe+6 8.0000e+6
2.0000e+6 1.6600e+6
0.3000e+6 0.2000e+6
bla303a31a34
SS 1 1 0
$S 1 1 10
SS 11 1 14
SS 15 1 18
$$ -1 9rO

6.5000e+6 5.0000e+6 4.0000e+6 3.0000e+6 2.5000e+6
1.3300e+6 1.OOOOe+6 0.8000e+6 0.6000e+6 0.4000e+6
0.lOOOe+6 0.0500e+6

0
1
1
1

0
1
1
1

1 18
1 ** 0.1
1 ** 1.0
1 ** 10.

.001

.010

.100

.010 5.000e-01

.100 5.000e-01
1.00 5.000e-01

0.
0
0

rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
rcc
sph
sph
end
vid
con
vid
sst
vid
sst
bor
sst
kao
vid
sst
vid
vix
end

0
0
0
1
2
3
4
5
6
7
8
9
10
11
12
13

0 0

1 0
0.000

0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000
0.000
0.000

0.0
0.0

oxide in es-3100 24kg cylinder model

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

11.1950
11.1950
11.1950
10.5600
10.5600
10.5600
10.5600
10.2600
0.2600
0.2600
0. 0000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1000.
2000.

63.5000
63.5000
76.2000
77.4700
77.4700
77.4700
77.4700
77.9200
87. 9200

107.3050
107:7150

0.0001
6.3500
6.4008
6. 6548
7.9248
8. 0748

10.9196
11.0696
23.0275
23.0275
23.1775

0.0 0.0
0.0 0.0

1
2 -1
3 -2
4 -3
5
6
7
8
9

10
11
12
13

-4
-5
-6
-7
-8
-9

-10
-11
-12

1 1 1 1 1 1 1 1 1 1 1 1 1
13z

1000
0

27N18P
$S 0

0
1

23
45
71
93

115
141
163
185
211
233

1 1000 2 1000 1000 1000 1000 1000 1000 1000 1000 0

LIBRARY (P5)
0 18 18
0 0 0
2 3 4

24 25 26
46 51 52
72 73 74
94 95 96

116 121 122
142 143 144
164 165 166
186 191 192
212 213 214
234 235 236

45
0
5

31
53
75

101
123
145
171
193
215
241

60
0
6

32
54
76

102
124
146
172
194
216
242

16
0

11
33
55
81

103
125
151
173
195
221
243

4
20
12
34
56
82

104
126
152
174
196
222
244

26
0
13
35
61
83

105
131
153
175
201
223
245

26
0

14
36
62
84

106
132
154
176
202
224
246

6 3 1 3
0
15
41
63
85

111
133
155
181
203
225
251

16
42
64
86

112
134
156
182
204
226
252

21
43
65
91

113
135
161
183
205
231
253

22
44
66
92

114
136
162
184
206
232
254
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255
$5 1
$$ 1
$$ 1
5$ 2
5$ 2
$$ 2
5$ 2
$5 3
$$ 3
$5 3
$$ 3
$$ 3
$$ 3
$$ 3
$$ 3
$$ 3
$$ 3
5$ 3
5$ 3
$$ 4
$$ 4
$$ 4
$$ 4
5$ 4
$$ 4
$s 4
SAMBO
$5
**

256
12 1.00OOe-9

2 ** 6.3940e-3
-3** 3.3220e-4

5 ** 1.7360e-3
6 ** 5.9360e-2
7 ** 7.7210e-3

-4 ** 1.7430e-2
8 4.6420e-2
9 ** 8.0020e-4

10 ** 3.1680e-3
11 ** 1.2740e-3
12 3.7980e-2
13 1.5840e-4
14 ** 7.9440e-3
15 ** 4.7600e-4
16 4.7390e-5
17 5.7280e-5
18 1.5620e-3

-19 ** 5.8040e-5
20 4.8880e-3
21 ** 1.2190e-4
22 ** 6.2510e-4
23 3.9980e-4
24 * 1.1100e-3
25 1.1290e-3

-26 ** 1.7860e-4
ANALYSIS INPUT DATA
3 0 0 0 0 1 1 2

106.6548 0.0 42.945
0.0 0.0 -89.440
0.0 0.0 188.03

UNCOLLIDED AND TOTAL PHOTON DOSE RATES
ANSI STANDARD GA-MA DOSE RATES

8.7716e-3 7.4785e-3 6.3748e-3 5.4136e-3 4.6221e-3 3.9596e-3 3.4686e-3
3.0192e-3 2.6276e-3 2.2051e-3 1.8326e-3 1.5228e-3 1.1725e-3 8.7594e-4
6.3061e-4 3.8338e-4 2.6693e-4 9.3472e-4
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- - 6. CRITICALITY EVALUATION

This section describes the criticalitysafety evaluation ofthe Y-12National Security ComplexModel
ES-3100 package with highly enriched uranium (HEU) oxide, HEU metal; or highly enriched uranyl nitrate
hexahydrate (UNH) crystals. HEU oxide may be in the form of UO2, U308, or U03 . HEU metal may be
solid shapes (spheres, cylinders, bars, slugs) orbroken metal pieces of unspecified geometric shape. Physical
testing: of Type-B fissile material packages in accordance. with the physical testing requirements of
10 CFR 71 is limited to the ES-3 100 packaging and non-fissile dummy contents. Consequently, analytic
methods are used to demonstrate compliance of the ES-3 100 package with the applicable performance
requirements in 10 CFR 71. The specific requirements investigated for compliance in this evaluation are
contained in 10 CFR 71.55, "General Requirements of all Fissile Material Packages," and 10 CFR 71.59,
"Standards for Arrays of Fissile Material Packages."-

6.1 DESCRIPTION OF THE CRITICALITY DESIGN

6.1.1 Design Features .1 .

The principal design feature of interest in the criticality evaluation of the Model ES-3 100 package
is the containment/outer drum system (Drawing No. M2E801580A031, Appendix 1.4.1). The ES-3100
package uses a single containment system (Drawing No. M2E801580A01 1, Appendix 1.4.1) to contain the
HEU contents. The containment is a high-integrity, watertight, post-load leak-testable, stainless-steel vessel
(Fig. 1.2). The outer drum system (Drawing No. :M2E801580A001, Appendix 1.4.1) is a recessed,
double-compartment body with a removable top for insertion and removal of the containment vessel. The
body weldment liner outer cavity and the top plug weldment contain Kaolite 1600Th1 (Kaolite), a thermal
insulation material for protecting the containment vessel from thermal absorption, shock and impact. The

-body weldment liner inner cavity contains a neutron poison, Thermo Electron Corp. (formerly '`Thermo
ReaX") Catalog 277-4 (Cat 277-4), which serves as a strong neutron absorber. Other sections of this report
(Sects. 2,3, and 4) demonstrate the integrity of the ES-3 100 package [i.e., that this single containment vessel
remains intact and watertight under the Normal Conditions of Transport (NCT) and Hypothetical Accident
Conditions (HAG)].

Three 4.25-in. diameter x 10.0-in. tall convenience cans physically fit inside an ES-3100 containment
vessel. Other can arrangements (Drawing No. M2E801580A035) fit inside the containment vessel, such as
three 4.25 in. x 8.75 in. convenience cans or five 4.25 in. x '4.88 in. convenience cans. Both can
arrangements include can pads and Cat 277-4 canned spacers which are -4.0-in. in diameter x 1-5/16 in. in
thickness. Credit is not taken in this criticality analysis for fissile material spacing provided by convenience
cans inside the containment vessel because these cans are not manufactured to the ASME Boiler and Pressure
Vessel Code, Sect. III, Subsection NG, or better. (B&PVC, Sect. III, Subsection NG) Thus, other
configurations ofconvenience cans up to 5.0-in. diameterare permissible provided Cat 277-4 canned spacers
are used as needed for criticality control.-. --- :

6.1.2 Summary of the Criticality Evaluation

Testing conducted in accordance with the physical testing requirements of 10 CFR 71 demonstrated
that water leakage into the containment is not a credible event under the NCT and HAC. However, credit
for the high-integrity, watertight containment is not taken in this criticality evaluation per discussions held
at public meetings at the U.S. Nuclear Regulatory Commission. (Meeting, Docket 71-93150)
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10 CFR 71.55(b) requires the evaluation of water leakage into the containment vessel or leakage of
liquid contents out of the containment vessel, and other conditions which produce maximum reactivity in the
single package. For solid uranium contents, water leakage conditions are simulated by flooding all regions
outside and inside of the containment vessel including, the sealed convenience cans. For liquid uranium
contents, water leakage conditions are simulated by flooding all regions outside the containment vessel with
the exception of the containment vessel well. UNH solution resides inside both the containment vessel well
and the containment vessel, including the sealed convenience cans.. For this evaluation, a flooded
containment vessel under full water reflection is also evaluated. Under such leakage conditions, the
calculated neutron multiplication factor (kefT+ 2a) for the ES-3100 package with HEU contents is lower than
the upper subcritical limit (USL) for a subcritical system. Water inleakage into the containment vessel or
liquid content leakage out of the containment vessel will not produce a criticality in the containment vessel
ofa disassembled package oran assembled single package. Therefore, the Model ES-3100 shippingpackage
complies with all of the requirements of 10 CFR 71.55(b,d).

Credit for the high-integrity, watertight containment is not taken either in the single package analysis
[10 CFR 71.55(d, e)] or in the array analysis [10 CFR 71.59(a)(1)] ofundainaged packages. In the evaluation
of undamaged packages under 10 CFR 71.59(a)(1) and the evaluation of damaged packages under
10 CFR 71.59(a)(2), the containment vessel is flooded with water providing moderation to such an extent
as to cause maximum reactivity of the content consistent with the chemical and physical form of the material
present. Solid HEU not solution HEU is being shipped in the ES-3100. Consequently in the evaluation of
damaged packages under 10 CFR 71.59(a)(2), the leakage out ofthe containment vessel ofcontent moderated
to such an extent as to cause maximum reactivity consistent with the physical and chemical form of material
is not considered credible HAC, based on results for tests specified in 10 CFR 71.73. Given that credit for
the high-integrity, watertight containment is not fully taken in this criticality evaluation, the fissile material
mass loading limits are very conservative as a result.

The sources of hydrogen contained in packing materials are not distinguished from the sources of
hydrogen inherent in the fissile content as a constituent such as the bonded water in the UNH crystals or
impurity in the HEU oxide. Normally, the hydrogen-to-fissile isotope (HIX) ratio inside the containment
vessel is specified as an administrative control used to restrict both the amount of hydrogenous packing
material normally used inside the containment vessel and other sources of moisture present in the fissile
content. Given that a flooded containment vessel is assumed for both NCT and HAC calculations, the
restriction on hydrogen moderation is specified in terms of hydrogen density instead of the H/X ratio. The
total amount of hydrogen contained in the package content (including absorbed moisture and/or hydration
molecules of the fissile content) 'and the water if the containment vessel were to flood; shall not'exceed an
average density of 0.1117 g/cmn inside the voided volume of the containment vessel that is not occupied by
dry package content. This limit corresponds to the flooded condition assumed in the calculations where the
fissile material is in the most reactive credible configuration consistent with the chemical and physical form
of the contents.

Under NCT and HAC, three parameters that affect criticality and may vary during transport of the
Model ES-3 100 package are the number ofpackages transported, the amount of water present in the package,
and the volatile (organic material) contents of the package. The number of packages transported is limited
by the criticality safety index (CSI) established by this criticality evaluation. Both the amount of water
present in the package and the volatile (organic material) contents of the package are parameters for the
following reasons. First, volatile materials can be driven off at the high temperatures of HAC. Second, the
inherent water content of the Kaolite in NCT and the water absorption by the Kaolite in HAC are unknowns.
These parameters determine a variety of competing effects that govern the fission process, including, but not
limited to, mass, moderation, absorption, and reflection. To ensure that all effects are adequately included
in this criticality evaluation, the range of these parameters is evaluated.
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The following criticality safety evaluation shows that the Model ES-3 100 package with convenience
can loading of HEU metal shapes, with loadings of HEU broken metal contents of unspecified geometric
shape, with loadings of HEU oxide, or with' loadings of UNH crystals, satisfies the requirements of
10 CFR 71.55 and 71.59. Tables 6.1 a-6. 1 c summarize the results of the evaluation for solid HEU metal, for
HEU broken metal, and for HEU oxide and UNH crystals, respectively. In Table 6. lb, the fissile or uranium
masses for broken metal listed in the content headings indicate the evaluation limits of the criticality

-calculations. These mass loading limits may bereduced as determined by the NCT and HAC array analysis
where fissile material loadings remain below the subcritical safety limit. The reduced loading limits are
identified in the "CSI" rows in bold font.

The criticality evaluation demonstrates'that the ES-3 100 packaging with the HEU content satisfies
the requirements for single packages and for arrays~of fissile material packages when the packages are
load-limited as specified in Table 6.2 (reproduced in Table 1.3) under the conditions identified in Sect. 6.2.4.

6.1.3 Criticality Safety Index '

A CSI is assigned to the Model ES-3100 package on the basis of a an adequate margin of
subcriticality for the single package and arrays'of packages' for both NCT and HAC. Values for the CSI
given in Table 6.2 (Table 1.3) are based on the uranium and the 235U mass of the content and on the presence
of Cat 277-4 canned spacers as defined in Sect. 6.2.2.-

The CSI is determined from bounding calculations using KENO V.a models of the containment
vessel, the single package, and arrays of packages.- (SCALE,-Vol. 2, Sect. Fl 1) It is a dimensionless number
used to limit the number of packages in a conveyance 'for nuclear criticality safety control. -The CSI is the
larger of the CSI values for NCT and for HAC. For NCT, the CSI is equal to 50 divided by the allowable
number of packages "N" that can'be'shippedwhere'thJ allowable number of packages is o6ne-fifth of the
maximum array size that is calculated to be subcritical. For HAC, the CSI is equal to 50 'divided by the
allowable number of packages 'N" that can be shipped, where the allowable number of packages is one-half
of the maximum array size that is calculated to be subcritical. The CSI is a calculated number rounded up
to the nearest first decimal.

The array sizes examined in this evaluation are infinite, 13x13x 6, 9x9x4, 7x7x3, and 5x5x2, and
the degenerate single unit. For NCT, the '"' and corresponding CS1 values for arrays determined to be
adequately subcritical are as follows: N = A, CSI = 0; N = 202, CSI = 0.4; N = 64, CSI = 0.8; N = 29,
CS1 = 1.7; and N = 10, CS! = 5.06. For HAG, the f'N" and corresponding CSI values for arrays determined
to be adequately subcritical are as follows: N , CSI - 0;; N =507, CSI = 0.1; N =162, CSI = 0.3; N = 74,
CSI = 0.7; and N = 25, CSI = 2.0. -Absent an exact correspondence of CSI values for the NCT and HAC, the
following arrays results were selected for rounded CSM values as indicated in Tables 6.1a2 6.1c:

* infinite arrays evaluated for NCT and HAC where N(1,2) = c for a CSI = 0,' -
* 13x13x6 evaluated for NCT and 9x9x4 evaluated for HAC where N(1,2) = (202,162) for a

CS! = 0.4,
* 9x9x4 evaluated forNCT and 7x7x3 evaluated for HAC where N(1,2) - (64,74) for a CSI= 0.8,

and - -
* 7x7x3 evaluted for NCT and 5x5x2 evaluated forHAC where N(1,2) = (29,25) for a CSI 2.0.

An appropriate HAC array size'for determination of limits for CSI = 5.0 is not available; therefore, limits
for CSI =5.0 are not provided.
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Table 6.1a. Summary of criticality evaluation for solid HEU metal of specified geometric shapes

Conditions | spheres cylinders, cylinders, | bars slugs slugsCs no can spacers with can spacers b< 100% enr.s 80%

General requirements for each flssile package (§71.55)

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
it would be subcritical if water were to leak kfr+ 2 0.8841 kff + 2a s 0.9019 kl + 2a s 0.9054 ktff + 2a s 0.8813 ke, + 2a • 0.8939
into the containment system, . . . so that cvrsp_06 01_06_15 cvrcy 09_01_06_15 cvrcy 12 03_06_15 cvrsq 12 01 06 15 cvr5slgOpQO_2_03_06_15
under the following conditions, maximum
reactivity of the fissile material would be
attained:" (Paragraph "b")
(I) the most reactive credible 6 stacked spheres 3 stacked cylinders 3 stacked cylinders 3 stacked bars pentagonal rings of slugs

configuration consistent with dte (d = 3.24 in.) (d = 3.24 in.) (d = 3.24 in.) (l,w = 2.29 in.) (d=1.5 in., h-2.0 in.)
chemical and physical fonn of the 2 spheres per I cylinder per I cylinder per I bar per stacked 2 high per convenience can,
material, convenience can, no convenience can, convenience can, no convenience can, no can spacers,

can spacers, can spacers, can spacers, can spacers, 32,680g 235U
32,938g 2"U 18,00og 23sU 36,000g 2"U _ _____ ______

(2) moderation by water to the most flooding of the
reactive credible extent, contaiment vessel same same same same

(3) close full reflection of the
containment system by water on all
sides, or such greater reflection of thec surrounding the same same same samecontainment system as may be cnanetvse
provided by the surrounding material contanment vessel
of the packaging.

YALF-717/Ch./ - .&O I IEU SAR/pc/02-25-05
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Table 6.1a. Summary of criticality evaluation for solid lIEU metal of specified geometric shapes (cont.)

C

Conditions spheres cylinders, cylinders, barsslugs slugs
no can spacers with can spacers 80% < enr. s 100% emr. 80%

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited
under the tests specified in §71.71 (Normal
Conditions of Transport) ...
(Paragraph "d")

(1) the contents would be subcritical, keff+ 2a s 0.8691 kff+ 2o s 0.8858 kflf+ 20 • 0.8922 kffr+ 2a s 0.8635 kefi+ 2a s 0.8785
nbsrsp 0601 15 nbsrcy 09 01 15 nbsrcy 12 03 15 nbsrsq 12-01 15 nbsr5slg 02 03 IS

-(2) the geometric form of the package 6 stacked spheres 3 stacked cylinders 3 stacked cylinders 3 stacked bars pentagonal rings of slugs
contents would not be substantially: (d = 3.24 in.) (d = 3.24 in.) (d = 3.24 in.) (I,w = 2.29 in.) (d = 1.5 in., h = 2.0 in.).
altered, ., 2 spheres per, I cylinder per 1 cylinder per 1 bar per stacked 2 high per convenience can,

convenience can, no convenience can, convenience can, no convenience can, no can spacers, .. .
.. . can spacers, -- -- can spacers, can spacers; can spacers, 32,680g U

32938g 23'U i 8,OOOg 23U 36,000g 2"U 36,Ooog 235U
(3) there would be no leakage of water . ,,

into the containment system unless, in
the evaluation of undamaged moderation is
packages under §71.59(a)(1), it has present to suchan same same
-been assumed that moderation is etn atocuesame ~ samesaeam
present to such an extent as to cause

. maximum reactivity consistent with maximum reactivity
the chemical and physical form of the
material,

(4) there will be no substantial reduction 30.48 cm H20
in the effectiveness of the packaging surrounding the

drum (d=I 8.37 in., same sani same same
h=43.5 in.)
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Table 6.1a. Summary of criticality evaluation for solid lIEU metal of specified geometric shapes (cont.)

Conditions spheres cylinders, cylinders, bars slugs slugsno can spacers with can spacers 8%<er.510 n.- 0
"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
under the tests specified in §71.73 k~ff+ 2a s 0.8687 k~ff+ 2a s 0.8855 ktff+ 2O s 0.8887 kYT + 2c; s 0.8662 kff + 2o s 0.8744
(Hypothetical Accident Conditions) the hbsrsp_06_01_15 hbsrcy_09_01_I5 hbsrcy_12_03_15 hbsrsgLl2_01_15 hbsr5sIg_02_03_15
package would be subcritical. For this
determination, it must be assumed that:"
(Paragraph "e")

(1) the fissile'material is in the most 6 stacked spheres 3 stacked cylinders 3 stacked cylinders 3 stacked bars 6 stacked pentagonal rings of slugs
reactive credible configuration (d = 3.24 in.) (d = 3.24 in.) (d = 3.24 in.) (lw = 2.29 in.) (d=1.5 in., h=2.0 in.)
consistent with the chemical and 2 spheres per I cylinder per I cylinder per I bar per 2 rings per convenience can,
physical form of the contents, convenience can, no convenience can, convenience can, no convenience can, no can spacers,

can spacers, can spacers, can spacers, can spacers, 32,680g 23Wu
32,938g 2"U 18,000g 235U 36,000g 235U 36,000g 23'U

(2) water moderation occurs to the most
reactive credible extent consistent flooding of the - same same same
with the chemical and physical form package
of content,

(3) there is full reflection by water on all 30.48 cm H20
sides, as close as is consistent with surrounding the
the damage condition of the package. reduced diameter same same same same

drum, (d= 17.20 in.,
h=43.5 in.)

Y/LF-717/Ch-6nE( ... lIEU SAWpc/02.25-05
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Table 6.1a. Summary of criticality evaluation for solid lIEU metal of specified geometric shapes (cont.)

_ cylinders, cylinders, lbars slugs s0n g8Conditions i spheres spcrs wtacnsacrr0slgno can spacers with can spacers 8% < enr. s- 100% enr. 5 80%

Standards for arrays of fissile material packages (§71.59)
.... the designer of a fissile material

package shall derive a number "N" based
on all the following conditions being
satisfied, assuming packages are stacked
together in any arrangement and with close
reflection on all sides of the stack by water:.

(Paragraph"a) ) , -
lod-limited to load-limited toTransport Index based on nuclear 16,946g 2U' load-iim ted to 12,ObOg 23SU 18,000g t o can spacers are can spacers are

criticality control, CSI = 0.0 - no c no can spacers a cers ' ' ' ' norquired required

no canoligtacae nb sp acers1 06_0 can spacerscb o SO ; e ib-(2) five times "N" undamaged packages k + .. . 'k.+.. - 0.8483 : ; -- ..seii ninc §7201.3 nbi2a's 019a0.8 403 fr2 .8Not applicable-- -.-Not applicablewth nothing betwee'h e packages. - 3l06.f

Accident Conditions) would be hbiaspo03.01_06_03 hbiacy07_01_06_03 hbiasq_09 01_06_03
subcriticial with 'op't'imum interspersed
hydrogenous moderation, . .

(3) the value of "N" not less than 0.5. N(1,2) = same ' same same same
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Table 6.1a. Summary of criticality evaluation for solid IJEU metal of specified geometric shapes (conl.)

Conditions spheres cylinders, cylinders,bars slugs slugs_ no can spacers with can spacers 80% < enr. s 100% enr. s 80%

Transport index based on nuclear oad-limited to l oad-limited to 18,000g 23u load-limited to load-limited to load-limit to
Tritiaality eontrol, CSe = 0.0 32,983g 235U can spacers 30,000g 2

5U 16,342g 2"U 26,213g "U
can spacers can spacers can spacers can spacers

(1) five times "N" undamaged packages kjr+ 2a s 0.8511 k~ff+ 2o s 0.8181 kff+ 2o s 0.8434 ktff+ 2o 5 0.7859 k~ff+ 2a s 0.8477
.... nbiasp 06_03 06 03 nbiacy 09_03_06 03 nbiasqll_03 06 03 nbia5ssg_01_03_09_03 nbia5slg 02 03 05 03

(2) two times "N" damaged packages,.... kff + 2o s 0.8583 k~ff + 2O s 0.8222 k ff+ 2o s 0.8505 k ff+ 2a s 0.7962 keff + 2o s 0.8546
hbiasp 06 03 06 03 hbiacy 09 03_06_03 hbiasqL 103 06 03 hbia5slg 01 03 09_03 hbia5sig 02 03 05 03

(3) the value of "N N(1,2) same same same same

load-limited tolodimtdo
Transport index based on nuclear 16,946g 5UI load-limited to 12,e srg are loa d-liite toe
criticality control, CSI = 0.4 nono an spacers 18, nOg nsU caapcrs required required

(n) five times "N" undamnaged packages c P .-(1) e bounded by CSI=0 bounded by CSI=0 bounded by CSI=0 Not applicable Not applicable

(2) two times "N" damaged packages,.... bounded by CSI=O bounded by CSI=0 bounded by CSI=0 Not applicable Not applicable

(3) the value of"N" N(1,2) = 2021162 same same same same

load-limited to load-limited to 80% <cunr. _- 100%, enr. ,~ 80%,Transport index based on nuclear 32,983g to load-limited to 18,00Og .U load-lmited to 80% limited s 80%,
eriticality control, CSI = 0.4 32,9839 "U ensars. 30,000gyu U -- - limited 16,342g M5U lItmited 26,213g PU5

ancan spacers can spacers can spacers can spacxers
(1) five times "N" undamaged packages bounded by CSI=0 bounded by CSI=0 bounded by CSI=0 n0.761 nbfl+slg_ 0.8228

(2) two times "N" damaged packages,. bounded by CSI=0 bounded by CSI=0 bounded by CSI=0 hbJ25slg0.7596 hb+2a 0.8602
(3)_ _the _valueof_"N"_ _ _ __ _ __ _ __ _ __ _ __ _ __ _ __ __ _ __N(1,2)_=_202/162 same03 9 03bsa03O030 0
(3) the value of "N". .. N(1 ,2) =202/162 same same same same

Y/Pr-?77/Ch1 ,~5.U)O HIEU SAR/pc/02-25.05
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Table 6.1b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal

Conditions ] 95% < enr.: 100% .90% < enr.i95% 80% < enr. s90% 70% < enr.-&80% --60% < enr. 70% enr. s60%s 35,141g 2.. U 33,405g 2.. U s 31,667g 235 U 28,184g 235
u 5 24,6929 235U __ 35,320g Uranium

General requirements for each missile package (§71.55)

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
it would besubcritical if water were to
leak into the containment system,... so k~f+ 2o s 0.8930 kfR+ 2u s 0.8788 kefr+ 2a & 0.8641 kef+ 2a s 0.8904 k¢R+ 2as s 0.8636 k¢fr+ 2a s 0.8304
tliatunder the cvr3lha_12_03_09_15 cvr3lha_12_03_07_15 cvr3lhal1203_06_15 cvr3iha_12_01_05-15 cvr3iha_12_01_04_15 cvr3lha 12_01_03_15
maximum reactivity of the fissile material
would be attained:" (Paragraph "b")

(1) th'e rniottreactiveciredible A mixture of HEU metal and water is homogenized over the internal volume of an assumed content lattice, one per can location. The
configuration consistent with the square footprint of the content lattice is circumscribed by the inner wall of the containment vessel. The amount of water in the flooded
chemic'al aind physical f6rni of the containment vessel is calculated on the basis that the can pads, spacer can and convenience can steel is replaced with water. See
mnate[al; ! : ; - iAppendix 6.9.3, Sect. 6.9.3.1, forjustification of the content model.

each can location separated by one can spacer can spacers not used

(2) moderation by water t'the most
reactive credible extent, flooding of the containment vessel

(3) close full reflection of the
containment system by water on all
sides, or such greater reflection of
the containment system as may be 30.48 cm H20 surrounding the containment vessel
provided by the surrounding material
of the packaging.
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Table 6.1b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal (cont.)

CondItions95% <enr. s 100% 90% <enr. &95% 80% <enr. &90% 70% <enr. s80% | 60% < enr; &70% enr. s60%C 35,141g 135U | 33,405g "'U | 31,667g ..5U | 28,184g 25U | 24,692g 2.. U | 35,320g Uranium

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited
under the tests specified in §71.71 (Normal
Conditions of Transport) ...
(Paragraph "d")

(1) the contents would be subcritical, kf+ 2c s 0.8954
(nbsrbm 12 01 15)

(2) the geometric form of the package A mixture of HEU metal and water is homogenized over the internal volume of the containment vessel. The amount of water in the
contents would not be substantially flooded containment vessel is calculated on the basis that the convenience can steel is replaced with water. Can pads and spacers no
altered, used.

(3) there would be no leakage of water
into the containment system unless,
in the evaluation of undamaged
packages under §71.59(a)(1), it has
been assumed that moderation is moderation is present to such an extent as to cause maximum reactivity
present to such an extent as to cause
maximum reactivity consistent with
die chemical and physical form of
the material,

(4) there will be no substantial reduction
in the effectiveness of die packaging

30.48 cm H20 surrounding die drum (d = 18.37 in., h = 43.5 in.)
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Table 6.1b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal (cont.)

Conditions 95% <enr. 100% 90% <enr. s95% 80% <enr. &90% 70% <enr. s80% 60% <enr. &70% cur. g60%s 35,141g "SU s 33,405g 2IU s 31,667g I`U s 28,184g ..5U 24,692g 25U) 35,320g Uranium

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
under the tests specified in §71.73 kff+ 2a s 0.8957
(Hypothetical Accident Conditions) the (hbsrbm1 2 01 .15)
package would be subcritical. For this
determination, it must be assumed that:"
(Paragraph "e")

(1) the issile material is in the most A mixture of HEU metal and water is homogenized over the internal volume of the containment vess'el. The amount of water in the
reactive credible configuration flooded containment vessel is calculated on the basis that the convenience can steel is replaced with water.' Can pads and spacers no
consistent with the chemical and used.
physical form of the contents,

(2) water mboderation occurs to the most' .... .
iieactiiie eidible etent consistent I'- i p c l l .Gl

of contet, :.. ~ *:. ,flooding oft ile ackage .~with the chenical and physical form
of content,- - - ' ' ''',I

(3)f there is full reflection by water on all - . .

sides, as close as is consistent with
the damage condition of the package.

30.48 cm H20 surrounding the reduced diameter drum (d 17.20 in., h = 43.5 in.)
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Table 6.1b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal (cont.)

95% <enr. : 100% 90% <enr. •95% 80% <enr. •90% 70% <cnr. •80% 60% <car. •70% enr. •60%
C 35,141g I5U & 33,405g 4"U • 31,667g 'U • 28,184g '35U & 24,692g 23U s 35,320g Uranium

Standards for arrays of fissile material packages (§71.59)

" . . . the designer of a fissile material
package shall derive a number "N" based
on all the following conditions being
satisfied, assuming packages are stacked
together in any arrangement and with close
reflection on all sides of the stack by
water " (Paragraph "a") _

load-limited to load-limited to load-limited toTransport index based on nuclear can spacers are can spacers are can spacers are 235U 235u
criticality control, CSI = 0.0 required required required

no can spacers no can spacers no can spacers
(1) five times "N" undamaged packages ke+ 2a •0.8153 kT+ 2a •0.8524 kff+ 2o •0.8555

with nothing between the packages Not applicable Not applicable Not applicable nbiabm_04_01_05_03 nbiabm_05_01_04_03 nbiabm_06_01_03_03
would be subcritical, _______________

(2) two times "N" damaged packages, if
each package were subject to the
tests specified in §7 1.73 kff+ 2a •- 0.8297 k~ff + 2ca • 0.8090 keff + 2o; s 0.8472
(Hypothetical Accident Conditions) Not applicable Not applicable Not applicable hbiabm_04_01_05_03 hb+a 10403 hbiabm_05_01_03_03
would be subcritical with optimumn
interspersed hydrogenous

-moderation,
(3) the value of "N" cannot be less than Not applicable Not applicable Not applicable N(1,2)= same same

0.5.,

YILF.717/Ch-6/I~_ .. IIEU SAR/pc/02.Z5-05
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Table 6.1b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal (cont.)

C

Conditions 95% < enr. s 100% 90% < enr. s95% 80% < enr. s90% 70% < enr. s80% 60% <enr. s70% enr. s60%
s 35,141g ...U s 33,405g ...U s 31,667g '.5U s 28,184g .'5U . 24,692g "'?U s 35,320g Uranium

load-limited to load-limited to load-limited to load-limited to load-limited to load-limited to
Transport Index based on nuclear 2,774g 235U 2,637g 235U 2,500g 235U 2,225g 235U 5,848g 235U 11,153g Uranium
criticality control, CSI = 0.0 cnsaescnsper

can spacers can spacers can can spa can spacers can spacers can spacers
(1) five times "N" undamaged packages ker+ 2a s 0.8336 k,'+ 2a s 0.8254 kft+ 2a s 0.8160 kek+ 2as cr0.8496. kiR+ 2a s 0.8501 k¢fr+ 2a s 0.8589

nbiabm_04 03 09_03 nbiabm 04_03 07_03 nbiabm 04 03 06 03 nbiabm 05 03_05 03 nbiabm 06_03_04 03 nbiabm 09 03 03.03

(2) two times "N" damaged packages,.... kR+ 2 0.8488 . k+ 2a s 0.8387 kfR+.2a s 0.8296 kr+ 2a s 0.8090 kfr + 2a s 0.8641 k~ff+ 2a s 0.8580
hbiabm_04_03_09_03 hbiabm_04_03_07_03 hbiabmn_04_03_06_03 hbiabm_04_03_05_03 hbiabm_06_03_04_03 hbiabm_07_03_03_03

(3) the value of"N" .;. N(1,2) same same same same same

load-limited to load-limited to load-limited toTransport index based on nuclear can spacers are can spacers are can spacers are 4 2350g "'U to7 U . 76 Uranium
criticality control, CSI= 0.4 required - required 'required

, - . no can spacers no can spacers no can spacers

-(1) fivetimes"N"undamagedpackages Nota iapplicable N o ta plicable . +2a s 0.8451 bkff+ 2cr 0.86313 ; kf2cr 0.8610
~...if' ~r ,- . nflbmn'05'01 05'03 nbfibrn:07_01 04_'03 nbflbmn 09 01 03'~03

(2)'t*wotime-s "N" danmaged pa ckiges, - Not a applicable 'k+ 2a s 0.8717 'K,+ 2ca s 0;8740' kff+ 2cr s 0.8739
- hbf2bm08_010 03 hbf2bm 10 01_04 03 hbf2bm 12 01 03 03

(3) the value of"N" ....- Noipplicable Not applicable Not applicable N(1,2) = 202/162 same same

load-limited to load-limited to load-limited to load-limited to load-limited to load-limited toTransport index based on nuclear 5,548g 2'5U 5,274g 235U 7,500g 2'5U 8,900g 23SU 12,346g 2"U 29,743g Uranium

can spacers can spacers can spacers can spacers can spacers can spacers

(1) five times "N" undamaged packages k~ff+ 2a s 0.8646 kff + 2a s 0.8538 kfr+ 2a s 0.8644 kff+ 2a s 0.8587 kfr+ 2a s 0.8601 ' ke~f+ 2cr s 0.8622
nbflbn_05_03_09_03 nbfIbm 05 03 07 03 nbflbm 06 03 06 03 nbf1bm 07 03 05 03 nbflbm_09_03 04 03 nbflbm 11_03_03_03

(2) two times "N" damaged packages, kff+ 2ca s 0.8592 kffr+ 2ca s 0.8673 kff + 2a s 0.8727 kff+ 2a s 0.8697 kfr+ 2a s 0.8661 kfR+ 2a s 0.8625
hbf2bm 05 03_09_03 hbf2bm 06 03 07 03 hbf2bm 07_03_06 03 hbf2bm 09 03 05 03 hbf2bm_10_03_04_03 hbf2bm 12 03 03 03

(3) the value of "N" N(1,2) = 202/162 same same same same - same
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Table 6.1 b. Summary of criticality evaluation for solid HEU metal of unspecified geometric shape characterized as broken metal (cont.)

95% <enr. 100% 90% <cnr. s95% 80% <enr. s90% 70% <cnr. s80% 60% <enr. s70% enr. s60%
Conditions 35,141g 3U 33,405g 23SU s 31,667g ..SU s 28,184g 5

'U s 24,692g 23SU 5 35,320g Uranium

load-limited to load-limited to load-limited toTransport Index based on nuclear can spacers are can spacers are can spacers are 23,734g 23U 16,245g "5U 35,320g Uranium
criticality control, CSI = 0.8 required required required no can spacers no can spacers no can spacers

(1) five times "N" undamaged packages Not applicable Not applicable Not applicabe kff + 2ca s 0.8717 kYr + 2ca s 0.8740 kc + 2a s 0.8739
.... - nb2bm 08 01 05 03 nbf2bm 10 01 04 03 nbf2bm 12 01 03 03

(2) two times "N" damaged packages, Not applicabe Not applicable Not applicable kc#+ 2a s 0.8732 kcff + 2a s 0.8824 kff + 2ca s 0.8662;
hbl3bm_09_01_05_03 hbBbm 11 01 04 03 hbf3bm_1201_03_03

(3) the value of "N.. Not applicable Not applicable Not applicable same same same
load-limited to load-limited to load-limited to load-limited to load-limited to load-limited to

Tritiaality eontrol, CSI = 0.8 8,323g SsU 10,549g '¶SU 10,OOOg 'U - 14,092g nSU 20,793g !'U 35,320g Uranium
can spacers can spacers -can spacers can spacers can spacers can spacers

(1) five times "N" undamaged packages kf 2Of s 0.8679 kf + 2c s 0.8705 k~ff+ 2a s 0.8619 k~f+ 2a s 0.8604 lyff+ 2cr s 0.8694 kcff+ 2cr s 0.8534
nbf2bm 06 03 09 03 nbf2bm 07 03 07 03 nbf2bm 07 03 06 03 nbf2bm 09 03 05 03 nbf2bm 11_03 04 03 nbf2bm 12 03 03 03

(2) two times "N" damaged packages, k~ff+ 2a s 0.8774 kff + 2cr s 0.8799 kff + 2a s 0.8741 kr + 2cr s 0.8693 kff + 2cr s 0.8724 Kff + 2cr s 0.8441
hbf3bm_07_03_09 03 hbi3bm_08_03_07_03 hbf3bm_09_03 06_03 hbi3bm_10_03_05_03 hbf3bm_12 03_04_03 hbf3bm_ 12_03_03'03

(3) the value of"N" .... N(1,2) = 64/73 same same same same same

load-limited to load-limited to load-limited toTransport index based on nuclear can spacers are can spacers are can spacers are 18,542g u'U . 24,692g 2"U 35,320g Uranium
criticality control, CSI = 2.0 * required - required required no,5cngpaer no can spcr no canipe

no can spacers no can spacers no can spacers

(1) five times "N" undamaged packages Not applicable Not applicable Not applicable kff +2a 2c 0.8775 kfr + 2cr 0.8791 keff +2a 2s 0.8549
.... nb3bm_10 01 05_03 nbf3bm_12_01_04_03 nbf3bm 12_01 03 03

(2) two times "N" damaged packages, Not applicabe Not applicable Not applicable hfm+ 2cr 0 0.8836 kff + 2cr s 0.8575 khffb+ 12_0814
_________________________ ____________ ____________hbf4bm 12 01 05 .03 hbf4bm 12-01 04. 03 hbtT4bm 12 01 03 03

(3) the value of "N" Not applicable Not applicable Not applicable N( 1,2) =29/25 same same

YjU.F717/Ch4JTI. .O IEU SAR/pc/02-25-05
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C., C C
Table 6.1b. Summary ofcriticality evaluationrfor solid lIEU metal ofunspeciried geometric shape characterized as broken metal (cont.)

Codtos95% <enr.gI 10% 90% <enr. s95% 80% <enr. -,90% 70% .<enr. 580% 60% <enr. !:70% enr. s60%& 35,141 g ...U g 33,405g ...U :g 31,667g 11U 28,184g "5U 24,692g g~ 35,320g Uranium

load-limited to load-limited to load-limited to load-limited to load-limited to load-limited toTrnpr ne ae nncer1 1,097g 13UI6,703g 1" I5,834g 23 U23,734g 23 U24,692g "U 35,320g Uraniumcriticality control, CS1 2.0 * -
can spacers can spacers can spacers can spacers can spacers can spacers

(1) five times "N" undamaged packages kff 2cyr . 0.8667 kfr+ 2cr :~ 0.8737 keff + 2cy :~ 0.8626 keifft 2cr ~ 0.8761 kfr+ 2cr : 0.8634 keff+ 2cr :5 0.8335
nbf3bm_07_03_09_03 nbf3bm 09_03_07_03 nbf3bm_09 03_06_03 nbl3bm_11_03_OS_03 nbf3bm_12_03 0403 nbf~bm_12_03_03 03

*(2) two times "N" damaged packages,.. kf+ 2cr g 0.8696 kff+ 2cr g 0.8715 kff 2cr •5 0.8729 kfr+ 2cr e 0.8618 kff + 2cr • 0.8378 k~ff + 2cr sO.8093hbf4bm_09_03_09_03 hbf4brni0_03_07_03 hbf4bmII_03_06_03 hbf4bm 12 03_05_03 hbf4bm_12_03 0403 hbf4bm_12_03_03_03

_(3) the value of "N". .... N(1 ,2) =29/25 same same same -same same

*Neutron multiplication factors and "N" ate sown for an NCT array size or 7x00 and an HAC array size of 5x~x2; both arrays are nearly cubic arrangements. An HAC array size is not available for
~CSr=.7, therefore, CS Ior NCrat 1.7 is rounded up asshown.' . '. .. ... .~.. ... ~~.
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Table 6.1c. Summary of criticality evaluation for HEU oxide and UNII crystals

t IEU oxide UNIH crystalsConditions 21,124g MlsU 11,303g 235 U

General requirements for each tissile package (§71.55)

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
it would be subcritical if water were to
leak into the containment system, .... so kcr+ 2O s 0.8728 c+ 06of 0185)
that under the following conditions, o - - ) (cvinhc-06
maximum reactivity of the fissile material
would be attained:" (Paragraph "b")

(1) the most reactive credible HEU oxide at the bulk-density is assumed dispersed in the UNH crystals are homogenized with water over the internal volum
configuration consistent with the contaiunent vessel, where the oxide fills the containment vessel to of the containment vessel consistent with the high solubilit
chemical and physical form of the a height determined by the oxide mass. The oxide is saturated with properties of UNH. Maximum reactivity occurs at 414 gUI
material, water. Water fills the void region above the oxide content but this solution concentration. Amount of water calculated for the floode

amount of water is reduced by an amount equivalent to the volume containment vessel is reduced by an amount equivalent to th
occupied by can spacers. The can pads, spacer can and convenience volume occupied by can spacers. The can pads, spacer can an
can steel are replaced by water. See Appendix 6.9.3, Sect. 6.9.3.1, convenience can steel arc replaced by water.
for justification of the content model.

(2) moderation by water to the most
reactive credible extent, flooding of the containment vessel same

(3) close full reflection of the
containunent system by water on all
sides, or such greater reflection of 30.48 cm 120 surrounding the containment vessel
die containment system as may be
provided by the surrounding material
of the packaging.

Y/LF-717/Ch-6TnS-. .., IIEU SAR/pc/02.25-05
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Table 6.1c. Summary of criticality evaluation for lIEU oxide and UNII crystals (cont.)

Conditions IIEU oxide UNII crystals
C 21,124g" 5 Ug 11,303g2 35U

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited
under the tests specified in §71.71 (Normal
Conditions of Transport) ...
(Paragraph "d")

(1) the contents would be subcritical, Kfrr+ 2a s 0.7911 keff+ 2a .g 0.7510
- (nbsrox 01 11 01 15) (nbsrunhc 07 01 15)

(2) the geometric form of the package HEU oxide at the bulk-density is assumed dispersed in the UNH crystals are homogenized with water over the internal volume
contents would not be substantially containment vessel, where the oxide fills the containment vessel to of the containment vessel consistent with the high solubili
altered, ; ;; a height determined by the oxide mass. The oxide is saturated with properties of UNH. Maximum reactivity occurs at 415 gU

water. -Water fills the void region above the oxide content but this solution concentration; Amount of water calculated for the floode
amount of water is reduced by an amount equivalent to the volume containment vessel ! is reduced by an amount equivalent to th
occupied by can spacers. The can pads, spacercan and convenience volume occupied by can spacers. The can pads,- spacer can an
can steel are replaced by water. .. . i convenience can steel are replaced by water. , . .

(3) there would be no leakage of water
into the containment system unless,
in the evaluation of undamaged
packages under §71.59(a)(1), it has .p u . moderation is present to such an extent as to cause maximumbeen assumed that moderation is same
present to such an extent as to cause reactivity
maximum reactivity consistent with
the chemical and physical form of
the material,

(4) there will be no substantial reduction
in the effectiveness of the packaging 30.48 cm H20 surrounding the drum (d = 18.37 in., h = 43.5 in.) same
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Table 6.1c. Summary of criticality evaluation for HEU oxide and UNH crystals (cont.)

C HEU oxide UNH crystalsConditions 21,124g U M 11,303g" 5 U

"A package used for shipment of fissile
material must be so designed and
constructed and its contents so limited that
under the tests specified in §71.73 k~ff + 2o s 0.7907 k~ff + 2a • 0.8120
(Hypothetical Accident Conditions) the (libsrox0 1_1 _01_15) (ibsrunhc_09_01_15)
package would be subcritical. For this
determination, it must be assumed that:"
(Paragraph "e") .
(1) the fissile material is in the most HEU oxide at the bulk-density is assumed dispersed in the Consistent with the high solubility properties of UNH, crystals an

reactive credible configuration containment vessel, where the oxide fills the containment vessel to water are homogenized over the internal volume of the containmen
consistent with the chemical and a height determined by the oxide mass. The oxide is saturated with vessel and void space of the containment vessel well. Amount o
physical form of the contents, water. Water fills the void region above the oxide content but this water calculated for the flooded containment vessel is reduced by al

amount of water is reduced by an amount equivalent to the volume amount equivalent to the volume occupied by can spacers. The can
occupied by can spacers. The can pads, spacer can and convenience pads, spacer can and convenience can steel are replaced by water
can steel are replaced by water.

(2) water moderation occurs to the most
reactive credible extent consistent of the package same
with the chemical and physical form
of content,

(3) there is full reflection by water on all
sides, as close as is consistent with 30.48 cm H20 surrounding the reduced diameter drum, same
the damage condition of the package. (d = 17.20 in., h = 43.5 in.)

YI~-7I/Ch6/E.. .4 1IEU SAP~pcIO2-25-05
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Table 6.1c. Summary of criticality evaluation for HEU oxide and UNH crystals (cont.)

Conditions | HEU oxide 1 UNH crystalsI , 21,124g "5 U [ s 11,303g'. 5 U

Standards for arrays of missile material packages (§71.59)

.... the designer of a fissile material .
package shall derive a number "N" based
on all the following conditions being
satisfied, assuming packages are stacked -

together in any arrangement and with close -
reflection on all sides of tie stack by ....

water " (Paragraph "a") 4 .,

Transport index based on nuclear load-limited to 21,124g 2 35
U load-limited to I a,303g ... U

criticality control, CSI 0.0 no can spacers no can spacers . .
(1) five times "N"uiindaiiiaged packages , . . . .. ,., . -

kJ~ff+2aUc .
8 4 5 7

.- Kj -- 7-..19withnothingbetweenthepackages ; - '';; nbiaox_01_11_0103.,, _ ' . ' nbiaunh_0_11103
--.-- . --- -,w-u-ldes.c..nt.i , e . I.. -
_(2) two times "N" damaged packages,-if :--, ... .7 -, i . z- _ . .

each package were subject to the...-. -- .-.._.... ...._
tests specified in §71.73 .. .. .. .. . .. 345
(Hypothetical Accident Conditions) -- ke+ 2a s 0.8606 . hbiaunhc_10_ 101_03
would be subcritical with optimum
interspersed hydrogenous .. ..
moderation, ._-_ __-_._._-_.

(3) the value of "N" cannot be less than -. - N(1,2) same
0.5. '-__________________________ ' " ___________.____'____.____.___

Transport index based on nuclear - load-limited to 21,124g 235U load-limited to 1,303g "'U
criticality control, CST = 0.0 . can spacers ... - can spacers -
(1) five times "N" undamaged packages kIy + 2a• 0.8012 ken + 2a s 0.7952

nbiaox 01 11 03 15 nbiaunhc 10 11i03 03
(2) two times "N" damaged packages,.... keff+ 2a s 0.8591 ker+ 2a -5 0.8 133

.hbiaox.01 11 03 03 - - hbiaunhc 10 11 03 03
(3) the value of "N" ..... N(1,2) same
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Table 6.2. Fissile material mass loading limits for EIEU -

Solid HEU metal of specified geometric shapes

Transport index based on nuclear slugs slugs
criticality control spheres cylinders bars 80% < enr. s 100% enr. s 80%

No can spacers

CSI = 0.0 16,946g 2'U 12,000g 235U 18,000g 3U can spacers required can spacers required
With can spacers _

CSI = 0.0 32,983g 2"U 18,000g 235U 30,000g .. U 16,342g 25U 26,213g 235U

Solid HEU metal of unspecified geometric shape characterized as broken metal

Transport index based on nuclear
criticality control 95%<enr. s100% 90%<enr. s5% 80%<enr. s90% 70%<enr. s8% 60% Cenr.70% enr. s60%

No can spacers

CSI = 0.0 can spacers required can spacers required can spacers required 2,225g 13U 1,949g 235U 5,576g Uranium
CSI = 0.4 can spacers required can spacers required can spacers required 4,450g 235U 7,797g 235U 17,660g Uranium
CSI = 0.8 - can spacers required can spacers required can spacers required 14,092g 235U 16,245g 235U 35,320g Uranium
CSI = 2.0 can spacers required can spacers required can spacers required 18,542g .. U 24,692g 35U 35,320g Uranium

With can spacers _

- CSI = 0.0 2,774g 235U 2,637g "-'U. 2,500g "'U . 2,225g "'U 5,848g "5U 1 ,1 53g Uranium
- CSI = 0.4 5,548g "'U 5,274g "'U 7,500g "U 8,900g 1-'U 12,346g "'U 29,743g Uranium

CSI = 0.8 8,323g 235U 10,549g 23U l0,OOOg 235U 18,542g 2"-U 20,793g 235U 35,320g Uranium
CSI = 2.0 11,097g "U 16,703g 23'U 15,834g 235U 23,734g 235U 24,692g 135U 35,320g Uranium

HEU oxide and UNII crystals

Transport Index based on nuclear EIEU oxide, UNH crystals,
criticality control no can spacers no can spacers

CSI = 0.0 21,124g 2 3 5
U l1,303g 235U

YILF-717ICh.l, .J 1E SAR/pc/02.25-03
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6.2 PACKAGE CONTENTS -

The package content is defined as the HEU fissile material, the convenience cans and can spacers,
and the associated packing materials (plastic bags; pads,' tape, etc.) inside the ES-3 100 containment vessel.

6.2.1 Fissile Material Contents -

The HEU mass loadings considered in the criticality evaluation range from 1000 to 36,000 g for
uranium metal, and from' 1000 to 24,000 g for uranium-ixide and UNH crystals. The HEU mass may include
nonradioactive contaminants and trace elements/materials in the HEU.

*- -, , F, -

The bounding types of HEU c6ntent'evaluated in this criticality analysis are: 3.24-in. diameter
spheres and cylinders; 2.29-in. square bars;- 1.5-in.' diameter x 2-in. tall slugs, cubes ranging from 0.25 to
1 in. on a side; broken metal pieces of unspecified geometric shapes; uranium oxide; and UNH crystals.

The term "broken metal pieces" is used to describe an HEU content without restrictions on shape
or size other than a minimum size limit (spontaneous ignition), a maximum mass limit (criticality control),
a minimum enrichment (the lower limit for HEU at 20 wt % 23.U in uranium), and the capacity limits of the
convenience cans. The content geometry envelope encompasses regular, uniform shapes and sizes as well
as irregular shapes and sizes. . :

The density of HEU metal ranges from' 18.811 'to 19.003 g/cm3 for HEU metal corresponding to
enrichments ranging from 100 to 20 wt % 235U. Theoretical (crystalline) densities for HEU oxide are
10.96 g/cm3,8.30 gfcm3 and7.29 g/c1 3 forUO2,U308 , a ndUO3,respectively. However, oxide bulk densities
are typically on the order of 6.54 g/c93; therefore, 'only "less-than-theoretical" mass loadings would actually
be achieved. Water-saturation of the HEU oxide and crystallization is not expected in'the HAC given that
U02 and U03 are nion-hygroscopic, while U308 is only mildly hygroscopic. The density of UNH crystals
varies'depending on the degree of hydration. The''moistreactive form ofUO2(NO3).xH2O is with 6 molecules
of hydration, having a density of 2.79 g/cm3. UNH -crystals are highly soluble in nitric acid and mildly
soluble in water. Dissolution of UNH crystals in water is assumed in this criticality evaluation. The content
geometry envelope encompasses both regular', uniforfm 'clumps and densities as well as irregular clumps and
densities.

Although HEU enrichment ranges frofm'20 to 97.7 wt % 235U, a maximum enrichment of 100 wt %
is used for HEU oxide and UNH crystals in this criticality evaluation, strictly foirthe purpose of maximizing
reactivity. Although mass loading limits for oxide and'crystals are based on 100% enrichment, the actual
enrichment is expected to be less than the 'stated 'maximum, with the remainder of the uranium' being
primarily 238U. The HEU mass may also include nonradioactive contaminants and trace elements/ materials
in the HEU. ' ' ' :

No intact weapon partfor component will be shipped in this package. Weapon parts or components
that have been reduced to "broken metal pieces" or'reduced into HEU oxide and meet the additional content
requirements identified in Sect. 6.2.4 cazn be shipped 'in this package.
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6.2.2 Convenience Cans and Cat 277-4 Canned Spacers

Convenience cans are used to hold the HEU for shipment in the ES-3 100 package and to assure that
the inside of the containment vessel does not become contaminated with HEU under NCT. The HEU oxide
or metal content may be bagged or wrapped in polyethylene, and the convenience cans may also be wrapped
in polyethylene and/or nylon to further reduce the possibility of contamination. Masses of the convenience
cans and packing materials are in addition to the fissile material mass.

Three4.25-in. diameter x 10.0-in. tall convenience cansphysically fitinside an ES-3100 containment
vessel. Othercan arrangements (DrawingNo. M2E801580A035, Appendix 1.4.1) fit inside the containment
vessel. Convenience cans are separated by can pads and Cat 277-4 canned spacers approximately 4.0-in. in
diameter x 1-5/16 in. in thickness. Credit for fissile material spacing provided by convenience cans inside
the containment vessel is not taken in this criticality analysis because these cans are not manufactured to the
ASME Boiler and Pressure Vessel Code, Sect. III, Subsection NG, or better. Thus, other configurations of
convenience cans up to 5.0-in. diameter are permissible provided Cat 277-4 canned spacers are used as
needed for criticality control.

6.2.3 Packing Materials

The amount of hydrogenous packing material used in the Model ES-3 100 package is expected to be
much less than I kg. Polyethylene bags may be used for contamination control. Realistically, the number
of polyethylene bags used to wrap a convenience can would be three bags at most. Given that each bag
weighs -33 g, this results in a maximum of-297 g of polyethylene perES-3100 package. An equivalentH/X
ratio is calculated and displayed for informational purposes, designated as the "wrapped can H/X ratio" in
the calculation results tables of Sects. 6.4, 6.5, and 6.6. These H/X values are much less than the assumed
H/X in the criticality calculations.

For the criticality calculations, the sources of hydrogen contained in packing materials are not
distinguished from other sources of hydrogen inherent in the fissile material content. Therefore, the packing
material mass is defined as all sources of hydrogenous packing materials inside the containment vessel plus
the actual moisture in the content as constituent (the bonded hydrogen in UNH crystals or impurities in the
oxide.)

Normally, the H/X ratio inside the containment vessel is specified as an administrative control used
to restrict both the amount of hydrogenous packing material normally used inside the containment vessel and
other sources of moisture present in the fissile content. The total amount of hydrogen is used in the
determination of package H/X ratio (i.e., the ratio of the number of hydrogen atoms "II" to the number of
fissile atoms "X," where the hydrogen atoms are those of the content including absorbed moisture and of the
packing material both inside and outside of the convenience cans.) Given that a flooded containment vessel
is assumed for both NCT and HAC calculations, the restriction on hydrogen moderator is specified instead
in terms of hydrogen density. The total amount of hydrogen contained in the package content, in the
absorbed moisture or hydration molecules of the fissile content, and the water of a flooded containment
vessel shall not exceed an average density of 0.1117 g/cm3 inside the volume of the containment vessel not
occupied by the fissile material. This limit corresponds to the flooded condition assumed in the calculations
where the fissile material is in the most reactive credible configuration consistent with the chemical and
physical form of the contents.
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6.2.4 Package Content Loading Restrictions

Loading restrictions based upon the results o'f the criticality -safety calculations presented in
Sects. 6.4 and 6.5 are as follows: ; -[

(I) HEU fissile material to be shipped in the ES-3100 package shall be placed in stainless steel,
aluminum, tin-plated carbon steel, or nickel-plated carbon steel convenience cans. The can lid types
may be welded, press fit, slip lid, crimp seal, or screw cap.

(2) The ES-3100 package may carry up to 'six loaded convenience cans as shown 'on
Drawing No. M2E801580A035. Configurations of convenience cans up to 5.0-in. diameter are
permissible provided Cat 277-4 canned spacers are used as needed for criticality control.

(3) A shipping package may be loaded with i"x" number of content-bearing convenience cans. In
situations where the plan for loading the containment vessel calls for the use of empty convenience
cans to fill the containment vessel, the heavier cans will be loaded into the bottom of the upright
shipping container, and the' empty cans will be placed above them.

(4) The presence of uranium isotopes is limited on a weight-percent basis as follows: 232U •40 ppb U,
234U •2.0 wt % U, 23 U • 100.0 wt % U, and `6U •40.0 wt % U.

(5) For pyrophoric considerations, HEU loading is further restricted to broken metal piece sizes to a
specific surface area not greater than 1.00 cm2 /g or a piece weight not less than 50 g, whichever is
more restrictive. Furthermore, foils, turnings, and wires, which can easily have much higher specific
surface areas, are not permitted for shipment. (Y/LB-15,920/Rev.1)

(6) The content shall not exceed the "per package" fissile material mass loading limits specified in
Table 6.2 based on the CSI. Where can' spacers are required for a "per package" mass loading, the
quantity of fissile material located between any two Cat 277-4 canned spacers shall not exceed
one-third of the mass loading limit. The content mass loading may be further restricted based on
structural, mechanical, and practical considerations (see Sects. 1 and 2).

(7) HEU bulk metal or alloy content not covered by, the specified geometric shapes (HEU sphere,
stacked spheres, cylinder, square bar, or slug contents) will be in the HEU broken metal category,
and so limited. However, billets, buttons, or large irregular pieces of solid HEU metal may be
approved under limits for specified geometric shapes evaluated in this SAR, provided that a facility
criticality safety evaluation/approval demonstrates these content loadings are bounded by the results
of this SAR evaluation for specified geometric shapes.

(8) The total amount of hydrogen contained in both the package content (including absorbed moisture
and/or hydration molecules of the fissile content) and the water if the containment vessel were to
flood, shall not exceed an average density of 0.1 117 g/cm3 inside the free volume of the containment
vessel not occupied by dry package content.: The package content is defined as the HEU fissile
material, the convenience cans and can spacers, and the associated packing materials (plastic bags,
pads, tape, etc.) inside the ES-3 100 containment vessel.

(9) The CSI is determined on the basis ofthe uranium enrichment and total "5U mass in the package and
content shape or form. .
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6.3 GENERAL CONSIDERATIONS

The ES-3 100 packaging configuration is shown on DrawingNo. M2E801580A031 (Appendix 1.4.1).
KENO V.a modeling of this configuration with the maximum allowable contents (Sect. 6.2) for a variety of
array sizes and array conditions yields bounding calculations that determine the package's CSI
(Tables 6.1 a-6.1 c). Key input listings are provided in Appendix 6.9.7.

The HEU content of a package is in one of the following forms: metal ofa specified geometric shape,
metal ofan unspecified shape characterized as broken metal, uranium oxide, or UNH crystals. The bounding
types of HEU content evaluated in this criticality analysis are: 3.24-in. diameter spheres and cylinders;
2.29-in. square bars; 1.5-in. diameter x 2-in. tall slugs; cubes ranging from 0.25 to 1 in. on a side; broken
metal pieces of unspecified geometric shape; uranium oxide; and UNH crystals.

HEU metal shapes are distributed in a optimum arrangement in the flooded containment vessel. For
the single package and the array calculations, the HEU broken metal is modeled as a homogeneous mixture
of uranium metal and water filling the interior of a flooded containment vessel. This representation bounds
the heterogeneous configuration of metal pieces interspersed with hydrogenous packing material inside of
wrapped convenience cans (Appendix 6.9.3., Sect. 6.9.3.1). Water soluble UNH crystalline content is
modeled as a homogeneous mixture of uranyl nitrate and water filling the interior of the containment vessel.

No credit is taken for the fissile material spacing, neutron absorption, or free volume reduction
provided by the presence of can pads, spacer can steel and convenience cans inside the containment vessel.
Water is substituted for polyethylene bagging which may be in use as packing material for both the content
placed inside the convenience can and the cans themselves. Pads of steel turnings rolled up into a disk-like
shape may also be present in the ES-3 100 package, in use as cushioning and for reducing the free volume
inside the convenience cans. This steel packing material acts as a neutron absorber and is excluded from the
calculation model.

The Cat 2774 material inside the spacer, can is not less than 3.95-in. in diameter by 1.06-in. in
thickness. Can spacers are used as indicated in Table 6.2 for the purpose of reducing neutronic interaction
between the contents of the package, aiding in maintaining kTy+ 2a for the ES-3 100 package below the USL.

Criticality calculations are performed for the containment vessel under full water reflection whereby
the water content inside the containment vessel is varied from dry to fully flooded conditions. These
calculations demonstrate that the fully flooded condition is most reactive. The containment vessel is flooded
in the single-unit calculation model and the infinite and finite array calculation models for both the NCT and
HAC evaluations.

The KENO V.a models discussed in the following sections are the single-unit calculation model
(Sect. 6.3.1.1), the infinite and finite'array calculation models (Sect. 6.3.1.2), and the HAC calculation
models (Sect. 6.3.1.3). The single-unit calculation model is evaluated with a vacuum boundary condition
and with full water reflection. The finite array calculation model is evaluated in arrays consisting ofpackages
stacked in 13X 13x x6,9x9x4,7x7x3, and 5x5x2 arrangements with full waterreflection at the arrayboundary.

The geometry of the ES-3100 package is depicted in Drawing No. M2E801580A001
(Appendix 1.4.1). Calculation models of this geometry for evaluating NCT and HAC must be constructed
for the single-unit, infinite array and finite arrays within the constraints and capabilities of KENO V.a. As
shown in the drawing, the ES-3100 geometry is complex. Given KENO V.a's constraints and capabilities,
two methods may be used to evaluate these complex geometries: simplify the geometries with conservative
approximations or construct accurate geometries from simple components. Both methods yield valid results;
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however, the latter method is chosen for this analysis in order to maximize accuracy and to eliminate
unnecessary conservatism.

6.3.1 Model Configuration

A detailed ES-3 100 geometry model is accurately constructed using many simple geometric shapes.
The selection of these components is governed by two of KENO V.a's geometry constraints: geometry
regions must be composed of uniform and homogeneous materials and exterior regions must completely
enclose interior regions. It is apparent from Drawing No. M2E801580A001 (Appendix 1.4.1) that these
constraints could not be simultaneously applied to the entire ES-3 100 package. However, these constraints
could be applied to vertical segments of the package. Segments (i.e., simple components) are defined by
starting at the bottom of the package and defining geometry regions radially outward until the drum surface
is reached. A vertical segment is extended upward to the point where the KENO V.a constraints are violated.
This vertical position is the termination point ofa segment, i.e., the interface with the adjacent segment above
it. The vertical segments are constructed accordingly, ignoring the minor variations in the ES-3 100 geometry
(i.e., radii of curvature, beveled edges, nuts and bolts). The KENO V.a geometry model for the ES-3 100 is
then assembled from the vertical segments. The resulting calculation model geometry includes the HEU
content, Cat 277-4 canned spacers, the containment vessel, the stainless-steel liner, the inner-liner cavity
filled with Cat 277-4, the outer-liner cavity filled with Kaolite, the Kaolite top plug and steel shell, the
silicone rubber spacers, and the stainless-steel drum.

6.3.1.1 Single-unit packaging calculation model

The single-unit packaging calculation model is comprised of the geometry model, material
compositions, and boundary conditions. Figures6.1-6.5 depict section views of the geometry model used
to evaluate a single ES-3 100 package. Excluding minor variations in the ES-3 100 geometry (i.e., radii of
curvature, beveled edges, nuts and bolts) the single-unit packaging calculation model is an accurate
representation of the ES-3 100 geometry.

Figure 6.1 depicts a vertical section view of a package with three loaded convenience cans inside
the containment vessel; the fissile material contents are represented as spheres. Appendix 6.9.1 provides
wire-frame schematic diagrams depicting the contents considered in this criticality calculation.

As illustrated in Fig. 6. 1, credit is not taken for fissile material spacing provided by convenience cans
inside the containment vessel. Figures 6.2-6.5 depict vertical section views at various elevations in the
package. The dimensions and the material specifications of any element of the ES-3100 single-unit
packaging model may be obtained directly from the KENO V.a input listings in Appendix 6.9.7. The vertical
segments (KENOV.a geometryunitnumbers) are denoted in parenthesis to the right ofthe dimensions. The
dimensions are given in units of centimeters. Material specification data for the single-unit packaging
calculation model is provided in Sect. 6.3.2.

The single-unit calculation model is evaluated as both a bare system [i.e., with a vacuum boundary
condition] and a reflected system with 30 cm (1 ft) of water surrounding the package for effectively infinite
water reflection.
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Fig. 6.1. R/Z section view of ES-3100 package.
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Fig. 6.2. R/Z section view at bottom of ES-3 100 package showing KENO V.a geometry units1001, 1002, and 1003 (partial).
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YGG-04-0345 RI

Fig. 6.3. RIZ section view at center of the ES-3100 package showing KENO V.a geometry

unit 1003 (partial).
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Fig 6.4. R/Z section view of near top of the ES-3100 package showing KENO V.a geometry
units 1003 (partial) and 1010-1016.
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Fig. 6.5. RIZ section view at top of the ES-3100 package showing KENO V.a
geometry units 1016-1019.
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6.3.1.2 Infinite and finite array packaging calculation models

Array packaging calculation models like the single-unit packaging calculation model are comprised
of geometry, material compositions, and boundary conditions. Figures 6.6-6.10 depict section views of the
geometry model used to evaluate an array of ES-3 100 packages. The array geometry model incorporates a
7.0% reduction in the inside diameter of the ES-3 100 drum. This reduction of the drum's inside diameter
produces an array density equivalent to drums in a tightly packed, triangular pitch configuration. (Odell and
Schlesser 1991) Since all array calculations in this evaluation use a square pitch package configuration,
using the 7.0% reduction in diameter of uniform-shaped packages avoids the use of a nonconservative lattice
arrangement in the array analysis.

As seen in Drawing No. M2E80 15 80A002 (Appendix 1.4.1), a 7.0% reduction of the inside diameter
of the ES-3 100 drum affects the masses of the drum, the inner liner's internal flange, and the Kaolite
refractory material. Also, a 7.0% reduction in diameter affects the mass of interstitial water between the
ES-3 100 packages of a tightly packed array. To maintain the correct mass of these materials in the array
packaging calculation model, the drum's outside diameter, the density of the steel in the internal flange, the
density of Kaolite, and the density of interstitial water are modified. Excluding modifications required to
simulate a triangular pitch and minor variations in the ES-3 100 geometry (i.e., radii of curvature, beveled
edges, nuts and bolts) the array geometry model is an accurate model of the ES-3 100 geometry.

In the array geometry model, the drum outside diameter is 43.444550 cm (17.104154 in.)
(21.722275-cmradius used astheinputvalue), andthe druminside diameter is 43.11015 cm(16.972500 in.)
(211.555075-cm radius). This inside diameter corresponds to 93% of the inside diameter of the ES-3100
drum, and the drum outer diameter is modified to maintain drum mass. The internal flange outside diameter
is identical to the drum inside diameter. To maintain mass, the internal flange steel, the liner outer-cavity
Kaolite, and interstitial water densities are modified by factors of 1.25705, 1.22252, and 1.16235,
respectively. Excluding the modifications to drum and internal flange dimensions, the dimensions of any
element of the ES-3 100 array geometry model may be obtained directly from Appendix 6.9.7. Material
specification data from the array calculation models are provided in Sect. 6.3.2.

Odell and Schlesser equate modeling triangular arrays with square pitch arrays, provided that the
outer dimension of the array is reduced by a factor of 0.9306 and that the mass of materials is maintained.
The actual reduction factors (ratio of the reduced radii to the single unit radii) for the Kaolite of the body
weldment and for the internal flange is slightly less than 0.9306. Given that the array packages are closer
than required by Odell and Schlesser, the array models are conservative with respect to their reduced radii.

The finite array calculation model is evaluated with arrays of packages stacked in 13 x 13 x 6, 9x 9x4,
7x7x3, and 5x5x2 arrangements where the arrays are surrounded with 30 cm (1 ft) of water as a boundary
condition representative of full water reflection. These array are nearly cubic in shape for optimum reactivity
of the array thus eliminating the need for placing limitations on array configurations in terms of stack height,
wide and depth.
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Fig. 6.6 R/Z section view of ES-3100 package.
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Fig. 6.7. RIZ section view at bottom of ES-3100 package showing KENO V.a geometry units 1001,
1002, and 1003 (partial) of the array model.
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Fig. 6.8. R/Z section view at center of the ES-3100 package showing KENO V.a geometry unit
1003 (partial) of the array model.
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Fig 6.9. RIZ section view of near top of the ES-3100 package showing KENO V.a geometry units 1003
(partial), and 1010 through 1016 of the array model.
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Fig. 6.10 R/Z section view at top of the ES-3100 package showing KENO V.a geometry units
1016 through 1019 of the array model.
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63.13 Calculation models for damaged packages

Sections 2, 3, and 4 of this report address the overall integrity of the Model ES-3 100 package in tests
for NCT and HAC (ORNLINTRC-0 13). From a dimensional viewpoint, the only physical changes of interest
for criticality safety occurred as a result of the 9-m (30-ft) drop test, crush test, and the 1 -n (40-in.) puncture
test. There was significant crushing of the drum rim at the point of impact from the 30-ft drop test and an
indentation on the drum side from the 1-rn (40-in.) puncture test. Even though significant crushing of the
drum mid-section and bottom occurs, the effective center-to-center spacing ofthe contents actually increases
under HAC. Selective rearrangement of alternating packages would be required to achieve a more compact
array; however, this event is not credible.

The deformation of the outer diameters of the drum as predicted by finite element analysis are
presented in Table 6.3. These diameters measured along the 9-2700 and 0-1 800 axes are specified at five
node points located along the vertical axis of an upright package. These node points are designated in a
downward direction from the top of the drum as 'IR.," "MURR," ," "MLR," and "LR." Equivalent
circular diameters for representing the deformed drum in the calculation models for the HAC study
(Appendix 6.9.2) are based on the assumption that the drum cross section at each deformation point is
ellipsoidal.

The package water contents of the void spaces external to the containment vessel and the interstital
space between drums are varied in the calculation model while maintaining the Kaolite in the dry condition.
At a low moisture content where neutronic interaction between packages of an array is greatest, there is no
statistically significant difference in the calculated neutron multiplication factor for package models based
on the "MR," "MLR," and "LR"- node points. At high moisture content where a statistically significant
difference in the calculated neutron multiplication factor occurs, the packages ofan array are nearly isolated.
The slight increase in kff at the smaller diameters is not numerically significant. A calculation model based
on the "MLR" node point is used to represent HAC. ;- ;

i .-

As concluded in Sect. 6.9.2.3, the criticality analysis of an array of HAC packages based on the
"MLR" package model (diameter= 17.20 in.) in rectangular-pitch bounds the analysis of damaged packages
(diameter = 17.26 in.) in close-pack array configurations. This assumption is a reasonable one and the model
is conservative given both the irregularshape ofdeformed drums and that the overall (maximum) dimensions
rather than a mean or minimum dimension for a damaged package would establish array spacing.

The neutron poison,- Kaolite! refractory material, and stainless-steel components of the
ES-3 100 package are not significantly damaged during thermal testing. The principal material change of
consequence that occurred during the thermal test was the loss of volatile material (Sect. 2.7.4). No loss of
volatile material other than steam from the Kaolite was experienced during prototype testing of the Model
ES-3100 package. -

Physical damage is significant in terms of criticality safety when the amount ofvolatile hydrogenous
material available for interstitial moderation is reduced.; Conversely, the package could be saturated with
waterduringwaterimmersion conditions. Bothpossibilities affectonlythe amount ofinterstitial moderation.
The representation of the changes to material composition from temperature extremes and water intrusion
is addressed in Sect. 6.3.2.

6-37

YILP.717/Ch-6/ES-3100 HIEU SAR/pc/02-25-05



Table 6.3. Deformation of 18.37 in. diameter ES-3100 drum projected by finite element analysis case
"3100 RUN1HL Lower Bound Kaolite May 2004."

Deformation Diameter at 900 Diameter at 1800 Equivalent circular
pon FEA node .. diameterpoint(in.) (in.) (in.)

UR 09819 20.02 15.60 17.67

MUR 100238 20.74 15.07 17.68

MR 101589 20.74 14.18 17.15

MLR 103012 22.00 13.44 17.20

LR 105786 20.92 12.92 16.44

6.3.2 Material Properties

Criticality calculation models include the definition of material compositions in the geometry model
for both NCT and HAC. The materials which affect nuclear criticality safety and may be present in the
package during these conditions are HEU uranium metal, oxide or UNH crystals, stainless steel, Cat 2774,
Kaolite, silicone rubber, and various amounts of water. Other materials are present in the package (e.g.,
tin-coated steel convenience cans, nylon bagging, rubber O-rings, and trace impurities). However, these
other materials are not present in amounts that may significantly affect the reactivity of the package.
Table 6.4 lists the material, density, atomic or isotopic constituent, and atomic or isotopic weight percent as
basic data for materials used in the single-unit packaging and array calculation models in this criticality
safety evaluation for NCT and HAC. Appendix 6.9.3 provides the rationale, justification, or both for using
the basic data for computing atomic densities listed in Table 6.4.

Cat 277-4, a shielding composite material, is designed to maximize the hydrogen content necessary
for thermalizing fast neutrons for capture in the boron constituent. Cat 277-4 is a modified version of
Cat 277 in which the boron content is increased from 1.56 wt % to 4.23 wt % for application to the ES-3 100.
The additive is boron carbide with small amount of a frit-like compound and trace amounts of unaccounted
elements (0.17 wt %). The average density of Cat 277-4 in the Model ES-3 100 package is 1.6818 g/cm3;
the boron constituent is 0.0711 g/cm3; the residual base is 0.9165 gfcm3; and the water component is
0.6942 g/cmn (Appendix 6.9.3, Sect. 6.9.3.3).

Cat 277 is capable of retaining a significant portion of its shielding properties up to 230 C (450 TF).
Vendor-supplied test data reveal that Cat. No. 277 retains -90% of the hydrogen (water) content at an
operating temperature of -280 'F and 70% at the recommended operating limit of 350 'F. The latter
temperature is well above the HAC temperatures expected inside the body weldment liner inner cavity. The
full amount of hydrogen, attributed as water, is used in the material specification of Cat 277-4 for NCT and
90% is used in HAC. Also, guidance in Sect. 6.5.3.2 of NUREG-1609 requires that 75% of elemental boron
be used in the material specification. Consequently, the nominal weight of Cat 277-4 in the liner inner cavity
of the calculation models is 22.08 kg (48.6 lb) for NCT and 21.2 kg (46.7 lb) for HAC, determined from the
input density and the volume of the region, calculated by KENO V.a. The actual mass of the Cat 2774 in
the body weldment liner inner cavity is 22.27 kg (49.1 lb) for NCT.
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Table 6.4. Material compositions used in the ES-3100 calculation models

Theoretical Atomic
MIX. densi' Volume Atomic Weight denitMaterial dniyConstituent pretstNo. 3 (g -) fraction weight percent(atomsb-cm)

Fissile material contents
Uranium (solid metal) 1 18.8111 1.0 235u 235.0441 100.0 4.8197e-02

238u 238.0510 0.0 0.0000e+00
Uranium (solidmetal) 1 18.8166 1.0 235u 235.0441 97.7 4.71016e-02

238U 238.0510 2.3 1.09483e-03
Uranium (solid metal) 1 18.8230 1.0 235U 235.0441 95.0 4.58156e-02

238.0510 5.0 2.38089e-03
Uranium(solidmetal) 1 18.8349 1.0 2

31U 235.0441 90.0 4.34317e-02
) 238u 238.0510 10.0 4.76479e-03

Uranium (solid metal) -1 18.9547 1.0 . 2U 235.0441 40.0 1.94258e-02
-238u 238.0510 60.0 2.87707e-02

Uranium (solid metal) 1 19.0031 1.0 23U 235.0441 20.0 9.73769e-03
238.0510 80.0 3.84590e-02

Uranium oxide (UO2) 1 6.9425 1.0 i r H 1.0077 0.6488 2.69208e-02
O 15.9904 16.4344 4.29699e-02

2 35
U 235.0441 82.9168. 1.47490e-02

Uranium oxide (U30s) 1 '6.7517 1.0 H 1.0077 0.3508 1.41552e-02
O 15.9904 17.6621 4.49101e-02

235u 235.0441 81.9871 1.41826e-02
Uranium oxide (U03) 1 6.6427 1.0 H 1.0077 0.1730 6.86795e-03

O 15.9904 18.0647 4.51925e-02
235U 235.0441 81.7623 1.39155e-02

UNH crystals 1 1.0610 1.0 H 1.0077 10.3820 6.58323e-02
(999.0 g) N 14.0033 0.5172 2.36005e-04

[UO2(NO3)] 0 15.9904 84.7600 3.38691e-02
235U 235.0441 4.3408 1.18004e-04

UNH crystals 1 1.0925 1.0 H 1.0077 10.0117 6.53709e-02
(1500.0 g) N 14.0033 0.7542 3.54378e-04
[U02(N0 3)0 15.9904 82.9041 3A1120e-02

235u 235.0441 6.3300 1.77191e-04

UNH crystals 1 1.1239 1.0 H 1.0077 9.6643 6.49118e-02
(1998.0 g) N 14.0033 0.9766 4.72010e-04

[UO2(NO3 )] . 0 15.9904 81.1630 3.43530e-02
235u 235.0441 8.1961 2.36007e-04

UNH crystals 1 1.1869 1.0 H 1.0077 9.0207 6.39877e-02
(3000.0 g) N 14.0033 1.3885 7.08757e-04

[UO2(NO3)] 0 15.9904 77.9373 3.48381e-02
235u 235.0441 11.6534 3.54382e-04

UNHcrystals 1 1.3756 1.0 H 1.0077 7.4468 6.12221e-02
(6000.0 g) . N 14.0033 2.3960 1.41745e-03
[U02(N03)] 0 15.9904 70.0488 3.62905e-02

235u 235.0441 20.1085 7.08729e-04
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Table 6.4. Material compositions used in the ES-3100 calculation models (cont.)

Theoretical VoIm-- Atom* Weight Atomic
lMraterial MI, density VoueConstituent Aoi eht densityNo. (gcm') fraction weight percent (atomsc

UNH crystals 1 1.5644 1.0 H 1.0077 6.2525 5.84562e-02
(9000.0 g) N 14.0033 3.1604 2.12620e-03

[U02 (NO3)] 0 15.9904 64.0630 3.77431e-02
235u 235.0441 26.5240 1.0631 le-03

UNH crystals 1 1.7531 1.0 H 1.0077 5.3154 5.56899e-02
(12000.0 g) N 14.0033 3.7603 2.83489e-03
[UO,(NO3 )) 0 15.9904 59.3663 3.91952e-02

235U 235.0441 31.5580 1.41746e-03
238u 238.0510 0.0000 O.OOOOOe+00

UNH crystals 1 1.9418 1.0 H 1.0077 4.5605 5.29247e-02
(15000.0 g) N 14.0033 4.2435 3.54365e-03
[U0 2(NO3)] 0 15.9904 55.5825 4.06480e-02

23'U 235.0441 35.6135 1.77184e-03
UNH crystals 1 2.1306 1.0 H 1.0077 3.9393 5.01589e-02
(18000.0 g) N 14.0033 4.6411 4.25240e-03
[UO2(NO3)] 0 15.9904 52.4690 4.21006e-02

235u 235.0441 38.9506 2.12622e-03
UNH crystals 1 2.3193 1.0 H 1.0077 3.4192 4.73926e-02

(21000.0 g) N 14.0033 4.9740 4.96109e-03
[U0 2(N03)] 0 15.9904 49.8623 4.35526e-02

235u 235.0441 41.7446 2.48057e-03
UNH crystals 1 2.5080 1.0 H 1.0077 2.9774 4.46274e-02
(24000.0 g) N 14.0033 5.2568 5.66985e-03
[U0 2 (NO3 )] 0 15.9904 47.6479 4.50055e-02

235U 235.0441 44.1179 2.83495e-03
Single-unit calculation models (NCT)

Cat 277-4 2 1.6819 1.0 H 1.0077 4.6190' 4.64221e-02
canned spacer 10 B 10.013 0.7800 7.89197e-04

" B 11.0096 3.4530 3.17662e-03
C 12.0001 1.5060 1.27114e-03
O 15.9904 59.9960 3.80022e-02

Na 22.9895 0.1300 5.72749e-05
Mg 24.3048 0.3860 1.60857e-04
Al 26.9818 21.1600 7.94320e-03
Si 28.0853 1.3200 4.76042e-04
S 32.0634 0.1500 4.73838e-05

Ca 40.0803 6.1800 1.56174e-03
Fe 55.8447 0.3200 5.80388e-05

Water-flooded CV 3 0.9982 1.0 H 1.0077 11.1909 6.67536e-02
0 15.9904 88.8091 3.33856e-02

K-I
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Table 6.4. Material compositions used in the ES-3100 calculation models (cont.)

TheretcalVolume. Atomic Weight AoiMaterial No density Constituent weight percent density
(glcm3) ucin(atoms/b-cm)

SS304 8 7.9400 1.0: C 12.0001 0.0800 3.18772e-04
containment Si 28.0853 1.0000 1.70252e-03
vessel body . P 30.9741 0.0450 6.94680e-05

16.60 lb Cr 51.9957 19.0000 1.74726e-02
but 15.74 lb used- ! Mn 54.9379 2.0000 1.74071e-03

Fe 55.8447 68.3750 5.85446e-02
Ni 58.6872 9.5000 7.74020e-03

SS304 9 7.9400 0.97267 C 12.0001 0.0800 3.10060e-04
containment vessel Si 28.0853 1.0000 1.65599e-03

lower flange P 30.9741 0.0450 6.75695e-05
used 3.36 lb Cr 51.9957 19.0000 1.69951e-02

Mn 54.9379 2.0000 1.69314e-03
Fe 55.8447 68.3750 5.69445e-02
Ni 58.6872 9.5000 7.52866e-03

SS304 10 7.9400. 0.94348 C 12.0001 0.0800 3.00755e-04
containment vessel Si 28.0853 1.0000 1.60629e-03

upper flange - P 30.9741 0.0450 6.55417e-05
used 13.75 lb Cr 51.9957 19.0000 1.64850e-02

Mn 54.9379 2.0000 1.64233e-03
Fe 55.8447 68.3750 5.52356e-02
Ni 58.6872 9.5000 7.30272e-03

Cat 277-4 11 0.0712 0.75 Boron 100.0000
filling CV '0°B 10.013 18.4310 5.91899e-04

inner liner cavity " B 11.0096 81.5690 2.38247e-03

0.9165 1 Residual
base

C 12.0001 2.7640 1.27109e-03
O 15.9904 42.8340 1.48830e-02

Na 22.9895 0.2390 5.72828e-05
Mg 24.3048 0.7080 1.60843e-04
Al 26.9818 38.8300 7.94295e-03
Si 28.0853 2.4220 4.76027e-04
S 32.0634 0.2750 4.73889e-05

Ca 40.0803 11.3410 1.56169e-03
. -. Fe 55.8447 0.5870 5.80346e-05

0.6942 1.0 Water
H 1.0077 11.1910 4.64239e-02
O 15.9904 88.8090 2.31195e-02

Kaolite 12 (bodyweldment)
AI20 3  - 0.34864 0.096 Al 26.9818 52.9390 3.95461e-04

O 15.9904 47.0610 -

SiO2  0.34864 0.367 Si 28.0853 46.7570 1.28281e-03
0 0 15.9904 53.2430 -

Fe2O, 0.34864 0.067 Fe 55.8447 69.9540 1.76211e-04
0 15.9904 30.0460 -
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Table 6.4. Material compositions used in the ES-3100 calculation models (cont)

Theoretical V I . e.t Atomic
Material Mix density V me Constituent Atomic Weight density

(g/cm3 ) Contiten weight percent (atoms/b-cm)

TiO, 0.34864 0.012 Ti 47.8793 59.9530 3.15486e-05
O 15.9904 40.0470 -

CaO 0.34864 0.307 Ca 40.0803 71.4810 1.14955e-03
O 15.9904 28.5180 -

MgO 0.34864 0.131 Mg 24.3048 60.3170 6.82560e-04
O 15.9904 39.6830 -

Na.O 0.34864 0.020 Na 22.9895 74.1960 1.35522e-04
O 15.9904 25.8040 -

Total-O - - - 15.9904 - 5.39065e-03
Water 12 0.52294 1.0 H 1.0077 11.1909 3.4971 1e-02

O 15.9904 88.8091 1.74856e-02
Kaolite 13 (top plug)
A1203  0.33241 0.096 Al 26.9818 52.9390 3.77052e-04

O 15.9904 47.0610 -

Sio, 0.33241 0.367 Si 28.0853 46.7570 1.22309e-03
O 15.9904 53.2430 -

Fe203  0.33241 0.067 Fe 55.8447 69.9540 1.68008e-04
O 15.9904 30.0460 -

TiO2  0.33241 0.012 Ti 47.8793 59.9530 3.00799e-05
O 15.9904 40.0470 -

CaO 0.33241 0.307 Ca 40.0803 71.4810 1.09604e-03
O 15.9904 28.5180 -

MgO 0.33241 0.131 Mg 24.3048 60.3170 6.50785e-04
O 15.9904 39.6830 -

Na2O 0.33241 0.020 Na 22.9895 74.1960 1.29213e-04
O 15.9904 25.8040 -

Total-O -_- ___ - -- 15.9904 - 5.13975e-03
Water 13 0.49860 1.0 H 1.0077 11.1909 3.33433e-02

O 15.9904 88.8091 1.66717e-02
silicone rubberpads 14 1.21791 1.0 H 1.0077 8.1562 5.93660e-02

C 12.0001 32.3774 1.97887e-02
O 15.9904 21.5782 9.89729e-03
Si 28.0853 37.8882 9.89432e-03

Water-CV well 15 0.9982 variable H 1.0077 11.1909 variable
O 15.9904 88.8091 variable

SS304 liner 16 7.94 1.0 C 12.0001 0.0800 3.18772e-04
Si 28.0853 1.0000 1.70252e-03
P 30.9741 0.0450 6.94680e-05
Cr 51.9957 19.0000 1.74726e-02
Mn 54.9379 2.0000 1.74071e-03
Fe 55.8447 68.3750 5.85446e-02
Ni 58.6872 9.5000 7.74020e-03

K>'
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Table 6.4. Material compositions used in the ES-3100 calculation models (cont.)

Mi. Theoretical V Atomic
Material density V Constituent A densityNo. ,/ fraction weight percent(g/cm ) -(atoms/b-cm)

SS304 plug cover (pc) 17 7.94 1.06388 C 12.0001 0.0800 3.39135e-04
used 9.907 lb .: Si 28.0853 1.0000 1.81128e-03

P 30.9741 0.0450 7.39056e-05
Cr 51.9957 19.0000 1.85887e-02
Mn 54.9379 2.0000 1.85191e-03
Fe 55.8447 68.3750 6.22844e-02
Ni 58.6872 9.5000 8.23464e-03

SS304 internal flange 18 7.94 1.0 C 12.0001 0.0800 3.18772e-04
Si 28.0853 1.0000 1.70252e-03
P 30.9741 0.0450 6.94680e-05
Cr 51.9957 19.0000 1.74726e-02

. Mn 54.9379 2.0000 *1.74071e-03
Fe 55.8447 68.3750 5.85446e-02

* Ni 58.6872 9.5000, 7.74020e-03
SS304 steel drun 19 7.94 1.0 C 12.0001 0.0800 3.18772e-04

Si 28.0853 1.0000 1.70252e-03
P 30.9741 0.0450 6.94680e-05
Cr 51.9957 19.0000 1.74726e-02

- Mn 54.9379 2.0000 1.74071e-03
Fe 55.8447 68.3750 5.85446e-02
Ni 58.6872 9.5000 7.74020e-03

Water-interstitial 20 0.9982 variable H 1.0077 11.1909 variable
O 15.9904 88.8091 variable

Reflective water 21 0.9982 1.0 H 1.0077 11.1909 6.67536e-02
O 15.9904 88.8091 3.33856e-02

Array calculation models (NCT)
Kaolite 12 (body weldment)
A1203  0.42622 0.096 Al 26.9818 52.9390 4.83460e-04

O 15.9904 47.0610 -

SiO2  0.42622- 0.367 Si 28.0853 46.7570 1.56821e-03
O 15.9904 53.2430 -

Fe20_ 0.42622 0.067 Fe 55.8447 69.9540 2.15422e-04
O 15.9904 30.0460 -

TiO2  0.42622 0.012 Ti 47.8793 59.9530 3.85688e-05
O 15.9904 40.0470 -

CaO 0.42622 0.307 Ca 40.0803 71.4810 1.40535e-03
O 15.9904 28.5180 -

MgO 0.42622 0.131 Mg 24.3048 60.3170 8.34444e-04
O 15.9904 39.6830 -

Na2O 0.42622 0.020 Na 22.9895 74.1960 1.65678e-04
O 15.9904 25.8040 -

Total-O - - - 15.9904 - 6.58477e-03
Water 12 0.63931 0.287 H 1.0077 11.1909 1.22702e-03

0 15.9904 88.8091 6.13510e-04
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Table 6.4. Material compositions used in the ES-3100 calculation models (cont.)

Mix Theoretical Vol Atomic Weight Atomic
Miaterial No. density fVtion Constituent weight percent density

(g/cm 3  (atoms/b-cm)

Kaolite 13 (top plug)
A1203  0.33241 0.096 Al 26.9818 52.9390 3.77052e-04

O 15.9904 47.0610 -

SiO. 0.33241 0.367 Si 28.0853 46.7570 1.22309e-03
O 15.9904 53.2430 -

Fe203  0.33241 0.067 Fe 55.8447 69.9540 1.68008e-04
O 15.9904 30.0460 -

TiO2  0.33241 0.012 Ti 47.8793 59.9530 3.00799e-05
O 15.9904 40.0470 -

CaO 0.33241 0.307 Ca 40.0803 71.4810 1.09604e-03
o 15.9904 28.5180 -

MgO 0.33241 0.131 Mg 24.3048 60.3170 6.50785e-04
O 15.9904 39.6830 -

Na2O 0.33241 0.020 Na 22.9895 74.1960 1.29213e-04
O 15.9904 25.8040 -

Total-O - ---------- -------- __ _- 15.9904 - 5.13548e-03
Water 13 0.49860 0.0287 H 1.0077 11.1909 9.56954e-04

O 15.9904 88.8091 4.78477e-04
SS304 internal flange 18 7.94 1.25705 C 12.0001 0.0800 4.00712e-04

Si 28.0853 1.0000 2.14015e-03
P 30.9741 0.0450 8.73248e-05
Cr 51.9957 19.0000 2.19639e-02
Mn 54.9379 2.0000 2.18816e-03
Fe 55.8447 68.3750 7.35934e-02
Ni 58.6872 9.5000 9.72982e-03

SS304 steel drum 19 7.94 0.99981 C 12.0001 0.0800 3.1871 le-04
Si 28.0853 1.0000 1.70220e-03
P 30.9741 0.0450 6.94548e-05
Cr 51.9957 19.0000 1.74693e-02
Mn 54.9379 2.0000 1.74038e-03
Fe 55.8447 68.3750 5.85334e-02
Ni 58.6872 9.5000 7.73873e-03

Reflective water 21 1.16235 1.0 H 1.0077 11.1909 7.7591le-06
0 15.9904 88.8091 3.88058e-06

6-44

Y/L.F-717/Cb-6/ES-3I00 HEU SARpce02-25-05



The elevated temperatures below the boiling point of water in the containment vessel are not
sufficient for appreciable hydrogen loss. A Cat 2774 canned spacer with a minimum density of 1.68 g/cm3

and minimum dimensions of 3.95 in. diameter.x 1.06 in.thickness has a minimum weight of 358 g (0.78 lb)
for both NCT and HAC. Given the spacer thickness and dimensions used in the calculation model, the
corresponding masses are -323 g (0.72 lb) for both the square and round spacer models. This constituents
90% of the design mass.

Kaolite is a lightweight, low thermal conductivity, refractory material used in the ES-3100 package
between the drum and the inner liner. Kaolite is formed by mixing a dry constituent powder with water,
pouring the mixture into a casting form, and curing and baking the cast. The average density of Kaolite in
the Model ES-3 100 package is 0.34438 g/cm3,and the residual water is 0.0 1493 g/cm3 (Appendix 6.9.3,
Sect. 6.9.3.4.) The nominal weights of Kaolite in the liner outer cavity and in the top plug as determnined from
the input density and the region volumes calculated by'KENO V.a are 49.04 kg (108.1 lb) and 4.37 kg
'(9.63 lb), respectively.

Kaolite is a nonvolatile refractory material, not significantly damaged by thermal excursions
associated with HAC. It is assumed that upon immersion, a cured and dried casting will absorb a quantity
of water equal to that required during preparation. This assumption is valid because the casting is fully
saturated with water prior to curing and baking, and the casting does not change volume significantly during
baking. The maximum water content ofKaolite refractory material is the water content of manufacture (1.5 g
water per gram dry Kaolite) equivalent to a density. of 0.51655 g/cm3. For the single package, water
saturation in the Kaolite region maximizes the effect'of self-reflection in the surrounding package.- This
condition is assumed in the NCT single package calculations. For an array ofpackages, neutronic interaction
between packages is maximized when the minimum amount of water is present in the Kaolite, which occurs
in the as-manufactured condition. A volume fraction of 1.0 in the material specification corresponds to the
water-saturated condition, while a volume fraction of 0.0289 corresponds to the dry condition.

The fissile material content packed into the'containment vessel is ordinarily dry. Given that a
flooded containment vessel is assumed for both NCT and HAC, the concurrent condition where the water-
saturated Kaolite is baked dry beyond the as-manritifacturi'd condition while the containment vessel remains
flooded is considered not credible. The as-manufactured condition is assumed for the Kaolite water content
in the HAC array analysis. - '.

All other material compositionsfor HAC are identical to the material compositions for NCT. For
the HAC calculation model, the densities for the Kaolite of the body weldment liner inner cavity, the
stainless steel of the internal flange, and the drum steel are adjusted to correspond with changes in
dimensions. However, the atomic densities'would remain unchanged in the HAC calculation model due to
the conservation of mass. .

The material composition used in the calculation model for the containment vessel, the drum liner,
and the drum is Type 304 stainless steel at a-density of 7.94 g/cm3 :.The density and composition of the
304 stainless steel for the -drum is taken from the Standard Composition Library of the Standardized
Computer Analysis for Licensing Evaluati6n '(SCALE)'code system. (SCALE, Vol. 3, Sect.'M8) The
nominal weights of these components, as determined by input density and volume calculated by KENO V.a,
are 14.9 kg (32.85 lb) for the containment vessel,`15.67 kg (34;55 lb) for the drum liner, and 25.44 kg
(56.1 lb) for the drum. . K' -

The amount of hydrogenous packaging material used for packing the content in the containment
vessel is an unknown variable. Polyethylene with a density of 0.92 g/cm3 and molecular formula of CH2 has
the greatest hydrogen density of potential packing materials. Although polyethylene bags are generally used
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in packing for contamination control, the exact mass of polyethylene bags used is unknown. Multiple bags
may used to package the contents and to enclose the convenience cans, or bags may be omitted altogether.
The actual amount of hydrogenous packing material used in the Model ES-3 100 package is expected to be
much less than I kg. Realistically, the number of polyethylene bags used to wrap a convenience can would
be three bags at most. Given that each bag weighs -33 g, this results in a maximum of -297 g of
polyethylene per ES-3 100 package. An equivalent H/X ratio is calculated and displayed for informational
purposes, designated as the "wrapped can H/X ratio" in the calculation results tables of Sects. 6.4 and 6.5.
These H/X values are much less than the H/X assumed in the criticality calculations.

Given that a flooded containment vessel is assumed for both NCT and HAC calculations, the
restriction on the hydrogen moderation is specified in terms of hydrogen density instead of the H/X ratio.
The total amount of hydrogen contained in the package content, in the absorbed moisture or hydration
molecules of the fissile content, and the water of a flooded containment vessel, shall not exceed an average
density of 0.1 1 17 g/cmn inside the volume of the containment vessel not occupied by the fissile material.
This limit corresponds to the flooded condition assumed in the calculations where the fissile material is in
the most reactive credible configuration consistent with the chemical and physical form of the contents.
Volatile hydrogenous materials present or permitted in the package during NCT are polyethylene bags and
absorbed water. Hypothetical Accident Conditions alter only the amount of volatile hydrogenous material
contained in the package external to the containment vessel (Sect. 2.7.3). High temperatures may reduce the
hydrogenous material content of the Kaolite. Conversely, water intrusion may increase the hydrogenous
material content in the package. Thus, the package's range ofpossible volatile hydrogenous material content
varies from none, caused by high temperatures, to the maximum possible value caused by water intrusion.

6.3.3 Computer Codes and Cross Section Libraries

The Criticality Safety Analysis Sequences within the SCALE modular code system provide K>
automated, problem-dependent, cross section processing followed by calculation of the neutron
multiplication factor (kff) for the system being modeled. (SCALE, Vol. 1, Sect. C4) Initiated by " =csas25"
appearing on the first line in the user input, the CSAS module runs the CSAS25 control sequence. The cross
section processing functional modules BONAMI (SCALE, Vol. 3, Sect. M8) and NITAWL-ll (SCALE,
Vol. 2, Sect. F2) are activated, providing resonance-corrected cross sections to the multigroup Monte Carlo
functional module, KENO V.a (SCALE, Vol. 2, Sect. Fl 1). Using the processed cross sections, KENO V.a
calculates the kff of three-dimensional system models. The geometric modeling capabilities available in
KENO V.a, coupled with the automated cross section processing, allow complex, three-dimensional systems
to be easily analyzed.

The CSAS25 control sequence and the 238-group ENDF/B-V cross section library in SCALE are
used forall calculations. The control sequence, functional modules, and cross section library are summarized
in the following paragraphs.

The CSAS25 control sequence reads user-specified input data, which include the required cross
section library, specifications formixtures, information forresonance processing ofnuclides (size, geometry,
and temperature), and a detailed geometry model for KENO V.a. Physical and neutronic information not
specified but required by the functional modules (such as theoretical density, molecular weights, and average
resonance region background cross sections) is supplied by the Standard Composition Library or calculated
by the Materials Information Processor. The Standard Composition Library consists of a standard
composition directory and table, an isotopic distribution directory and table, and a nuclide information table.
The Materials Information Processor checks the input data pertaining to cross section preparation and
prepares binary input files for the applicable functional modules BONAMI and NITAWL-ll.
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The standardized automated procedures process SCALE cross sections using the Bondarenko method
(via BONAMI) and the Nordheim integral method (via N1TAWL-ll) to provide a resonance-corrected cross
section library based on the physical characteristics of the problem being analyzed.

BONAMI performs resonance shielding through the application of the Bondarenko shielding factor
method. BONAMI reads the master format library and applies the Bondarenko correction to all nuclides that
have Bondarenko data. BONAMI produces a Bondarenko-corrected master format library which is read by
NITAWL-fl.

NITAWL-ll applies the Nordheim Integral Treatment to perform neutron cross section processing
in the resonance energy range for nuclides that have ENDF/B resonance parameter data. This technique
involves the numerical integration of ENDF/B resonance parameters using a calculated flux distribution,
which is based on the calculated collision density across each resonance and subsequent weighing of the
reaction cross section to the desired broad group structtiie; In the CSAS sequence, NITAWL-fl assembles
the group-to-group transfer arrays from the elastic and inelastic scattering components and performs other
tasks to produce a problem-dependent, working cross section library which can be used by KENO.

KENO V.a, a multigroup Monte Carlo computer code, is used to determine kff for multidimensional
systems. The basic geometrical bodies allowed in KENO V.a for defining models are cuboids, spheres,
cylinders, hemispheres, and hemicylinders. KENO V.a has the following major characteristics:

* enhanced geometry package that allows arrays to be defined and positioned throughout the
model;

* P, scattering treatment;
* extended use of differential albedo reflection;
* printer plots for checking the input model;'.
* energy-dependent data supergrouping;
* restart capability; and
* origin specifications for cuboids, spheres, cylinders, hemicylinders, and hemispheres.

The 23 8-group ENDF/B-V master cross section library in SCALE is activated in the CSAS25 control
sequence by specifying 238GROUPNDF5 (238GR) as the cross section library name. The 238-GROUP
ENDF/B-V library is a general-purpose criticality analysis library and the most complete library available
in SCALE. The library contains data for all nuclides (more than 300) available in ENDF/B-V processed by
the AMPX-77 systems. It also contains data for ENDF/B-VI evaluations of '4N, '5N, 160, '54Eu, and .55Eu.
The library has 148 fast groups and 90 thermal groups (below 3 .eV). Most resonance nuclides in the
238 group have resonance data (to be processed by.NITAWL-ll in the resolved resonance range) and
Bondarenko factors (tobe processedbyBONAMI) forthe unresolved range. The 238-group library contains
resolved resonance data for s-wave, p-wave, and d-wave resonances R = 0, R = 1, and R = 2, respectively.
These data can have a significant effect on results for under-moderated, intermediate-energy problems.
Resonance structures in several light-to-intermediate mass "nonresonance" ENDF nuclides (i.e., 7Li, '9F, "2AI,
28Si) are accounted for using Bondarenko shielding factors. These structures can also be important in
intermediate energy problems.

All nuclides in the 238-group library use the same weighting spectrum, consisting of:

* Maxwellian spectrum (peak at 300 K) from lo0 to 0.125 eV,
* a l/E spectrum from 0.125 eV to 67A'keV, X

* a fission spectrum (effective temperature at 1.273 MeV) from 67.4 keV to 10 MeV, and
* a l/E spectrum from 10 to 20 MeV.
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The k¢,f values for each KENO V.a case are based on 500,000 neutron histories produced by running
for 215 generations with 2,500 neutrons per generation and truncating the first 15 generations of data. The
convergence of the KENO V.a calculation is related to trends in the average calculated ken In general, the
KENO V.a output table of kfr by Generation Skipped is reviewed for trends. If no trends are observed, the
calculation is accepted, and the reported value of kifis the one with the most neutron histories. Usually there
is no statistically significant difference between this result and the one with the smallest standard deviation.

No manual cross section adjustment is performed for the criticality safety evaluation. Cross
section processing is performed automatically in the CSAS25 code sequence. By modeling the contents as
precisely as possible, the information for correct cross section processing is introduced into the evaluation.

The CSAS control module, the associated functional modules, cross sections, and databases used
in this evaluation reside in the verified configuration control area designated /vcc/scale4.4a on a Hewlett
Packard Series 9000 J Class workstation at the Y-12 Safety Analysis Engineering organization in Oak Ridge,
Tennessee. The detailed input and computer output for the criticality safety evaluation of the ES-3 100
shipping container with HEU reside in a configuration control area/archivelylf717_RvC on the workstation.
Input listings of the key cases indicated in Tables 6.1a-6.Ic are provided in Appendix 6.9.7.

6.3.4 Demonstration of Maximum Reactivity

10 CFR 71.55(b) requires the evaluation of water leakage into the containment vessel, leakage of
liquid contents out of the containment vessel, and other conditions which produce maximum reactivity in the
single package. For solid uranium contents, water leakage conditions are simulated by flooding all regions
outside and inside of the containment vessel, including the sealed convenience cans. For liquid uranium
contents, water leakage conditions are simulated by flooding all regions outside the containment vessel with
the exception of the containment vessel well. UNH solution resides inside both the containment vessel well
and the containment vessel, including the sealed convenience cans. (Convenience cans are not included in
the calculation models.) For this evaluation, a flooded containment vessel under full water reflection is also
evaluated.

Credit for the high-integrity, watertight containment is not taken either in the single package analysis
[10 CFR 71.55 (d, e)] or in the array analysis [10 CFR 71.59 (a)(1)] of undamaged packages. In the
evaluation ofundamaged packages under 10 CFR 71.59 (a)(l) and the evaluation of damaged packages under
10 CFR 71.59 (a)(2), the containment vessel is flooded with water, providing moderation to such an extent
as to cause maximum reactivity of the content consistent with the chemical and physical form of the material
present. Solid HEU, not solution HEU, is being shipped in the ES-3100. Consequently, in the evaluation
of damaged packages under 10 CFR 71.59 (a)(2), the leakage out of the containment vessel of content
moderated to such an extent as to cause maximum reactivity consistent with the physical and chemical form
of material is not considered credible HAC, based on results for tests specified in 10 CFR 71.73.

Contents are generally dry, and only small quantities of hydrogenous packing materials are used.
However, credit for the high-integrity, watertight containment is not taken in this criticality evaluation.
(Meeting, Docket 71-93150) Given that credit for the high-integrity, watertight containment is not fully taken
in this criticality evaluation (a flooded containment vessel under full water reflection), the fissile material
mass loading limits developed as a result are very conservative.

Section 6.3.1 provides dimensional data for content and package.models, and Sect. 6.3.2 provides
material composition data used in the calculation models. Appendix 6.9.3 provides justification for the
composition data used in the evaluation. These sections and appendix describe how the packaging
dimensions and materials are optimized to produce a conservative model by reducing neutron absorbing
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materials and maximizing the reactivity of the fissile material content'through the inclusion of water in the
containment vessel.

The term "water content fraction" means the fraction of the maximum specific gravity of water
possible for any geometry region in the ES-3 100 package. 'As'described in Sect. 6.3.1.1, a geometry region
is defined by dimensions and the material contained therein. Therefore, the water content is the fraction of
the maximum specific gravity of water possible in-amaterial in the Model ES-3 100 package when flooded.
The maximum value for the void regions (spaces 'external to the containment vessel) is 1.0 for both
single-unit and array geometries. For the geometry regions containing Kaolite, the maximum values are
0.51655 for the single unit and 0.63931 for the array. 'For the geometry regions containing Cat 277-4, the
maximum value is 0.6942 forboth the single-unit and array geometries. The same values are used in the array
calculation models because these regions do not require adjustment for the* close-pack approximation
(Sect. 6.3.1.2)

In general, boundary condition specifications 'are not required in KENO V.a, so that calculation
models analyzed using KENO V.a require no special boundary conditions. However, in this evaluation, the
infinite array cases use a single package with a reduced radius modeled with spectral reflection on all faces
of a surrounding cuboid. The energies and angular dependence of the neutrons are treated such that an
infinite system with no neutron leakage is simulated.

For simplicity, the NCT and HAC sets of calculations were performed for selected ES-3 100 array
sizes by varying the water content of the ES-3 100 package external to the containment vessel from zero to
its maximum value. This technique bounds all NCT and HAC; however, only the relevant calculation results
are used in determination of the CSI for criticality purposes.

Although four decimal places are shown for kS values in result tables, the actual accuracy of the
code, for a particular calculation, may be on the order of 4 0.02-0.03 based on the spread in results for
benchmark calculations (Y/DD-896/RV1, Y/DD-972/RVI). Also, the standard deviation of the mean for a
particular calculation is on the order of 0.00 1 for benchmark cases and somewhat higher for the package
calculations. Therefore, numerical values are considered physically meaningful or significant to the third
decimal place. The primary reason for reporting four (or five) decimal places for a calculation result is to
confirm that the result reported actually originated from a given output file.

.. ~ ~ ~ ~ ~ ~ ~~~~~ - . ................. . .

A value of 0.925 is the USL used for this safety analysis report (SAR) (Sect. 6.8.3). An additional
bias is subtracted from the overall USL when assessing the results for package models of 1.5-in. diameter
x 2-in. tall slug content. Contents are arranged in an ideal configuration consisting of stacked pentagonal
rings of slugs in a tight-fitting configuration; i.e., no gaps between adjacent neighbors. The additional bias
is required to account for gap uncertainty, because positioning devices are not used in the convenience cans
to control spacing and prevent an optimal arrangement from occurring (Sect. 6.4.1).

6.4 SINGLE PACKAGE EVALUATION.,

TheeHEU content ofapackage is in one ofthe following forrns: metal of a specified geometric shape,
metal ofan unspecified shape characterized as broken metal, uranium oxide, orUNH crystals. The bounding
types of HEU content evaluated in this criticality analysis are: 3.24-in. diameter spheres and cylinders,
2.29-in. square bars, 1.5-in. diameter x 2-in. tall slugs, cubes ranging from 0.25 to 1 in. on a side, broken
metal pieces of unspecified geometric shapes; uranium oxide, and UNH crystals.
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6.4.1 Solid HEU Metal of Specified Geometric Shapes

For bare and reflected single packages with HEU metal content, the neutron multiplication factor
increases as a function of the 235U mass and the moisture fraction of the package external to the containment
vessel (MOIFR). For example, consider the ES-3100 package loaded with three convenience cans for a total
of 32,940 g 23.U. Each can contains two 3.24 in. diameter-limited, 5490 g spheres of 235U. The kT + 2a
values increase from 0.836 to 0.868 with increasing MOIFR in the bare package, cases nbsbsp_06_01 01
through nbsbsp_06_01_15 (Appendix 6.9.6, Table 6.9.6-2). The kT + 2a values increase from 0.841 to
0.869 with increasing' MOIFR in the water-reflected package, cases nbsrsp_06_01_01 through
nbsrsp_06_01_15 (Appendix 6.9.6, Table 6.9.6-3). The addition ofwater to the package reduces the neutron
leakage fraction (NLF), thereby, increasing ke.. Water reflection external 'to a flooded package is
inconsequential to package reactivity as the comparison of results for cases nbsbsp 06_01_15 and
nbsrsp_06 01_15 indicates.

In the series of calculations using the ES-3100 package model with NCT geometry (cases
nbsrsp_)60_1_01 through nbsrspA6_01_15), the MOIFR is varieduniformly overthe package model with
the exception of the neutron poison of the body weldment liner inner cavity and the flooded containment
vessel. The single-unit case with a MOIFR = 1.0 pertains specifically to the flooded drum under conditions
specified in 10 CFR71.55(b). Thispseudo-HAC condition is morereactive than eitherthe trueNCTwhere
both the containment vessel and Kaolite are dry [10 CFR 71.55(d)] or this evaluation for NCT where the
containment vessel is flooded and the Kaolite is dry (in the as-mariufactured condition, MOIFR - 0.0289).
At MOIFR = 1.0, external water reflection of the package is inconsequential to package reactivity. Moisture
in the Kaolite and in the recesses of the package acts as a close reflector that decreases neutron leakage away
from the package.

The single-unit case with a MOIFR = le-20 pertains specifically to a package under pseudo-HAC
where both the Kaolite and the recesses of the package do not contain any water or bound hydrogen. This
configuration is less reactive than the cases for Kaolite in the as-manufactured condition or water-saturated
Kaolite because water in the Kaolite will provide some neutron moderation and reflection of neutrons back
into the content.

Single package reactivity changes slightly between the bare and reflected conditions, while NLF
changes considerably over the range of water fractions. This behavior illustrates the dependence ofpackage
reactivity on internal conditions of the package. Bare packages with low MOIFR values manifest low
reactivity (keff= 0.834) and highneutron leakage (NLF = 0.39). These parameters indicate that fast neutrons
scattered in the packaging do not slow down significantly but escape the package. Consequently, neutron
interaction between these packages when they are configured into an array is high. Bare packages with
MOIFR values >I e-2 manifest increasing Off values (from 0.834 to 0.865) and reduced NLF values (from
0.37 to 0.14). The increase in kff occurs due to reflection of neutrons that would otherwise escape the
package back into the HEU content by water present in the regions of the package external to the content.

The ES-3 100 package is not as efficient a reflector as full water reflection provided to the flooded
containment vessel. For the containment vessel loaded with spherical content, the kT + 2a values increase
monotonically from 0.793 to 0.884 as water content inside increases from the dry content to the flooded
content condition [cases cvrsp_06_01_06_01 through cvrsp_06_01_06_15 (Appendix 6.9.6, Table 6.9.6-1,
and Appendix 6.9.1, Fig. 6.9.1-1)]. The flooded containment vessel under full water reflection is a more
reactive configuration than the containment vessel inside of flooded ES-3100 packaging,
case nbsrsp_06_01_15. Forthisreason, calculation results forthe floodedcontainmentratherthana flooded
package are reported in Tables 6.1a-6.lc for 10 CFR 71.55(b) and are taken into consideration in the
determination of HEU fissile mass loading limits.
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Case hbsrspO6_01_15 (Appendix 6.9.6, Table 6.9.6-6) represents the HAC model of the damaged
y) ES-3 100 package, where the outer dimensions of the package are reduced accordingly and the entire package

is flooded with the exception of the neutron poison of the body weldment liner inner cavity. The
containment vessel well is flooded with water, and the Kaolite contains maximum water content. This
single-unit case with a MOIFR = 1.0 pertains specifically to the flooded drum under conditions specified in
10 CFR 71.55(e). The kf+ 2 =0.869 for this HAC condition.

Consider the ES-3100 containment vessel loaded with three convenience cans fora total of 36,000 g
235U. Each can contains a 3.24-in. diameter cylinder of HEU metal. At 100% enrichment, the keg+ 2( values
increase from O.909 to 0.975 withincreasingMOIFRinthebarepackage [cases cvrcy _1201 06 01 through
cvrcyl2_01_06_15 (Appendix 6.9.6,Table 6.9.6-8;and Appendix 6.9.1, Fig.6.9.1-2)]. Examination ofthe
results for cases cvrcyj2L.01_06_15 through cvrcyQ1 01_06_15 indicates that an adequately subcritical
loading is achieved when the mass loading is limited to 18,000 g 2. 5U (case cvrcy 09_01 06 15).
Case cvrcy_12)03_06_15 reveals that the Cat 277-4 canned spacers are adequate for mass loading greater
than 18,000 g 25U but not exceeding 36,000 g

Repeated for 3.24-in. diameter cylinders (Appendix 6.9.6, Tables 6.9.6-9, -10, and -17); 2.29-in.
square bars (Appendix 6.9.6, Tables 6.9.6-19, -20, -21, and -24); and 1.5-in. diameter x 2-in. tall slugs
(Appendix 6.9.6, Tables 6.9.6-26 through -30, and -35), this type of analysis demonstrates that single
packages with restricted fissile material "35U) loading remain subcritical over the entire range of water
content or MOIFR. HEU bulk metal or alloy content not covered by the specified geometric shapes (HEU
sphere, stacked spheres, cylinder, square bar, or slug contents) will be in the HEU broken metal category,
and so limited. However, billets, buttons, or large irregular pieces of solid HEU metal may be approved
under limits for specified geometric shapes evaluated in this SAR, provided that a facility criticality safety
evaluation/approval demonstrates these content loadings are bounded by the results of this SAR evaluation
for specified geometric shapes.

Weighing -1,090 g each, the 1.5-in. diameter-x 2-in. tall slugs may be packed ten items per
convenience can. Cases nbsb5slg02L_0101 through nbsb5slg 02 01 15 (Appendix 6.9.6, Table 6.9.6-29)
model a bare package with two pentagonal rings of slugs per content location, no Cat 277-4 canned spacers
between content locations, and HEU content at 100 wt % 2.. U. The kff + 2a values range from a low value
of 0.898 to 0.946. Cases nbsrSslg_02_01 01 through nbsr5slg.,02 01 15 (Appendix 6.9.6,Table 6.9.6-30)
model a water-reflected package where the kf+ 2a values range from 0.904 to 0.943.,These results show
that the most reactive configuration for bare and reflected packages is the flooded condition with the
MOFR=1 .0. .

As shown by the calculations for the spherical content model, water reflection external to a flooded
ES-3 100 package has an inconsequential effect on package reactivity. .This is also true for content loadings
of the ten 1.5-in. diameter x 2-in. tall slugs in pentagonal rings as the comparison of results for cases
nbsb5slg_02 01_15 and nbsr5slg_02 01_15 indicates (kT + 2a -0.946).

Because positioning devices are not used in the convenience cans to control spacing and prevent an
optimal arrangement of contents from occurring, a set of calculation models is evaluated where slug spacing
is the variable foran optimal arrangement. The optimal configuration of slugs consists of stackedpentagonal
rings. Case cvr5slgOpO 2_01 06_15 (Appendix 6.9.6, Table 6.9.6-26, and Appendix 6.9.1, Fig. 6.9.1-4),
case cvr5slgOp5 02_01_06_15 (Appendix 6.9.6, Table 6.9.6-27), and case cvr5slglpL_02 01 06 15
(Appendix 6.9.6, Table 6.9.6-28) represent degrees of separation between adjacent neighbors in the
pentagonal rings of 0.0 cm, 0.5 cm, and 1.0 cm, respectively. For this evaluation, the slugs are modeled as
100 wt % 23U. Neither the convenience cans northe Cat 277-4 canned spacers are included. The
corresponding calculated kff + 2a values for 0.0-cm, 0.5-cm, and 1.0-cm spacing are 0.973 for
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case cvr5slgpO._02 01_06_15, 0.979 for case cvr5slgOp5_02_01_06_15, and 0.982 for
case cvrsslglpO_02 01_06_15. Calculation results indicate the most reactive configuration occurs when
the slugs are spaced 1.0 cm apart from direct contact with adjacent neighbors in the pentagonal rings.' The
0.009 difference in the kff+ 2a values is treated as an additional bias (i.e., subtracted from the overall USL)
when applied to the results for package models based on no gaps between the contents. These results also
indicate that Cat 277-4 canned spacers are required for the slug content.

As shown by the spherical calculation models, the ES-3 100 package is not as an efficient'reflector
as full water reflection provided to the flooded containment vessel. This is also true for content loadings of
two pentagonal rings of slugs per content location with Cat 277-4 canned spacers between locations and HEU
content at 100 wt % "2 5U. For cases cvr5slgOpO 02_03._06_15 and nbsr5slg_02O_3 15, the kff++ 2a values
are 0.894 and 0.871, respectively.

For the flooded containment vessel under full water reflection and loaded with the slugs in a
pentagonal arrangement and Cat 277-4 canned spacers between content locations, k, 1+ 2a = 0.894, case
cvr5slgOpO02_6j_15 [10 CFR 71.55(b).] This value is below the USL value of 0.916 adjusted for spacing
uncertainty. For packages with the required 1.4-in. Cat 2774 canned spacers, calculated keff+.2a values are
0.869 for the bare package, case nbsb5slgO2_06_15, and 0.871 for water-reflected package, case
nbsrbm 12_03_15 [10 CFR'71.55(d).] Case hbsr5slg_02_03_15 (Appendix 6.9.6, Table 6.9.6-35)
represents the HAC model of the damaged ES-3 100 package, where the outer dimensions of the package are
reduced accordingly and the entire package is flooded with the exception of the neutron poison of the body
weldment liner inner cavity. This single-unit case with a MOIFR = 1.0 pertains specifically to the flooded
drum under conditions specified in 10 CFR 71.55(e). The kff+ 2a = 0.874 for this HAC condition.

6.4.2 HEU Solid Metal of Unspecified Geometric Shapes or HEU Broken Metal

Like packages with HEU metal, the neutron multiplication factor for bare and reflected single
packages with HEU broken metal increases as a function of the 23"U mass and the MOIFR. For example,
consider the ES-3 100 package loaded with three convenience cans for a total of 35,141 g "U5U. The k" + 2c;
values range from 0.816 to 0.896 with increasing MOIFR in the bare package [cases nbsbbm 12 01 01
through nbsbbm_12_01_15 (Appendix 6.9.6, Table 6.9.6-56)]. The kff + 2a values range from 0.823 to
0.895 with increasing MOIFR in the water-reflected package [cases 'nbsrbm_12_01 01 through
nbsrbm_12_01_15 (Appendix 6.9.6, Table 6.9.6-57)]. The addition of water to the package reduces the
NLF, thereby increasing kfp Water reflection of a flooded package is inconsequential to package reactivity
as the comparison of results for cases nbsbbm_12_01_15 and nbsrbm_12_01_15 indicates.

For the containment vessel loaded with the broken metal content but without Cat 2774 canned
spacers between content locations, the kff+ 2a values increase from 0.751 to 0.951 as the water content in'
the containment vessel increases [cases cvr3lhal12_01_09_01 through ' cvr3lhal12_01_09_15
(Appendix 6.9.6, Table 6.9.648, and Appendix 6.9.3, Fig.6.9.3.1-5)]. Cases cvr3iha'12_01 09 15 through
cvr3lha_12_01_01_15 model the flooded containment vessel with 35 kg of broken IEU metal where the
enrichment ranges from 100 to 20 wt % 235U. 'Can spacers are required for criticality control for enrichments
above 80 wt % 23.U.

For the flooded containment vessel under full water reflection and loaded with the broken metal
content and Cat 2774 canned spacers between content locations;, the kff + 2a = 0.893, case
cvr3lha_12 03_09_15 [10 CFR 71.55(b)]. For packages with the required Cat 2774 canned spacers, the
calculated kef + 2c value is 0.881 for both the bare package, case nbsbbm 12 03 15, and for the water-
reflected package, case nbsrbm_12_0315 [10 CFR71.55(d)]. Case hbsrbm_12 0315 (Appendix 6.9.6,
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Table 6.9.6-64) represents the HAC model of the damaged ES-3 100 package, where the outer dimensions
of the package are reduced accordingly and the entire package is flooded with the exception of the neutron
poison of the body weldment liner inner cavity. 'This single-unit case wiih a MOIFR = 1.0 pertains
specifically to the flooded drum under conditions specified in 10 CFR 71.55(e). The kff + 2a = 0.881 for
this HAC condition.

6.4.3 HEU Oxide

HEU oxide (and UNH crystal) content is not considered a "rigid" content solid or broken HEU metal.
A different modeling approach is used to avoid'uncertainty regarding the location of spacers in the
containment vessel. For the calculation models of HEU oxide'(and UNH crystals), the Cat 2774 canned
spacers are not actually modeled. Instead, the amount of water above thecontent is reduced proportionally
by the free volume not occupied by can spacers. '

Like packages with HEU metal or broken metal, the neutron multiplication factor for bare and
reflected single packages with HEU oxide increases as a function of the 235U mass and the MOIFR. For
example, consider the ES-3 100 package loaded with three convenience cans for a total of 24,000 g U0 2
(21,1124 g 23.U) and Cat 277-4 canned spacers between 'content locations. The kff + 2c values range from
0.708 to 0.791 with increasing MOIFR in the bare;package [cases 'nbsbox_01_11_03_01 through
nbsbox_01_11_03.15 (Appendix 6.9.6, Table 6.9.6-71)]. 'The kff + 2a values range from 0.716 to 0.790
with increasing MOIFR in - the* water-reflected -package' [cases nbsrox_01_11_03_01 through
nbsrox_01_11_03 15 (Appendix 6.9.6, Table 6.9.6-72)]. The addition of water to the package reduces the
NLF, thereby increasing kff. External water reflection of a flooded package is inconsequential to package
reactivityasthecomparisonofresultsforcasesnbsbox01 11_03- 15andnbsrox_01_11_03_15 indicates.
Results for cases nbsrox_02_11 03 15 and nbsrox 03_11_03_15 indicate that both the U30, content
(kff + 2c = 0.605) and U03 content (k~ff +20 = 0344) are bounded by U0 2 content (kQf + 2cr ='0.790).

For the containment vessel loaded with the HEU oxide but lacking Cat 277-4 canned spacers between
content locations, the kff +:2a values increase from 0.683 to 0.873 [cases cvrox 01_11_01 01 through-
cvrox_01_11_01_15 (Appendix 6.9.6, Table 6.9.6-70,'and Appendix 6.9.1, Fig. 6.9.I-5)]; Can spacers are
not required for criticality control. For the'flooded containment vessel under full water reflection
containment, the k~ff+ 2c value is 0.873, case'cvrox -01_11_01_15 [10 CFR 71.55(b).] The kcff+ 26 svalue
is 0.791 for both the bare package, case nbsbox_01_11_01_15, and for water-reflected package, case
nbsrox_01_11_01_15 [10 CFR 71.55(d).]

Case hbsrox_01_11_01_15 -(Appendix'6.9.6, Table 6.9.6-78) represents the HAC model of the'
damaged ES,3100 package, where the outer dime'nsion'softhe package are reduced accordingly and the entire
package is flooded with the exception of the neutrotn' po'ison of the body weldment liner inner cavity. This
single-unit case with a MOIFR = 1.0 pertains specifically to the flooded drum under conditions specified in
10 CFR 71.55(e). The kcff+ 2c = 0.791 for this HAG condition.

While HEU oxide content is non-hygr6scopic or mildly hygroscopic with a bulk density over 6 times
greater than water, HEU oxide (and UNH crystal) content is not considered a "rigid" content like solid or
broken HEU metal. Thus a different modeling approach is used to avoid having to address uncertainties
regarding the locations of can spacers in the containment vessel. For the calculation models of HEU oxide,
the Cat 2774 canned spacers are not actually modeled.-Instead, the amount of water above the oxide content
is reduced proportionally by the free volume not occupied by can spacers.

6:-53

YILF-717/Ch-6/ES.3 I00 HEU SAR/pA/2-25.05



6.4.4 UNH Crystals

Unlike the other HEU contents, UNH crystals are soluble in water. The most reactive credible
configuration for a solution occurs for a concentration at -450 g2`U/L. Fixed by the inner dimensions of the
containment vessel, the near optimum solution concentration occurs at a content mass loading of 9,000 g
UNH crystals. This condition assumes the mixing of UNH crystals with water of the flooded containment
vessel, producing a solution with a concentration on the order of 415 g235U/I.

Similar to packages loaded with HEU metal, broken metal or oxide, the neutron multiplication factor
for bare and reflected single packages with UNH crystals increases as a function of the MOIFR. Consider
the ES-3 100 package loaded with three convenience cans for a total of 24,000 g UNH crystals
(11,303 g 235U). The concentration is 1106 g23 3U/I in the flooded containment vessel. The Kfr+ 2a values
range from 0.608 to 0.708 with increasing MOIFR in the bare package [cases nbsbunhc 11_001 through
nbsbunhc_11_01_15 (Appendix 6.9.6, Table 6.9.6-83)]. However, the optimal concentration is not reached
until the mass loading is reduced to 9,000 g UNH or 415 g23 5U/I. For case nbsbunhc_06_01 15, the
Kfr+ 2o = 0.754.

For cases nbsrunhc_11_01_01 through nbsrunhc_11 01 15 (Appendix 6.9.6, Table 6.9.6-84), the
kff + 2a values range from 0.617 to 0.709 with increasing MOIFR in the water-reflected package. The
addition of water to the package reduces the NLF, thereby increasing ktT. Like the other HEU contents, cases
nbsbunhcl1_01.15 and nbsrunhc_11_01_15 demonstrate that external water reflection of a flooded
package is inconsequential to package reactivity.

Unlike solid HEU metal and oxide content which are confined to the containment vessel and only
water leakage into the containment vessel need be considered, the evaluation of UNH crystal content for
compliance with 10 CFR 71.55(b) also requires that the leakage of liquid HEU contents out of the
containment be addressed. This is because UNH crystals are soluble in water. Cases obsrunhc_01_01_15
through obsrunhc_11_01_15 (Appendix 6.9.6, Table 6.9.6-86) model the ES-3100 package where UNH
crystals are dissolved in the water flooding the containment vessel and the containment vessel well. For a
content loading of 24,000 g UNH, the uranium concentration drops from 1106 g235U/1 to 689 g235U/l. For
content loadings from 1,000 to 24,000 g of UNH crystals, the corresponding kfr++ 2a values range from 0.481
to 0.802, with the peak value of 0.813 occurring in the range of 15,000 to 18,0000 g UNH or from 514 to
429 g235U/j.

For the flooded containment vessel loaded with the UNH crystals but without Cat 277-4 canned
spacers between content locations, the kff + 2a values increase from 0.729 to 0.823 [cases
cvrunhc_11_01 01 through cvrunhc_11_01_15 (Appendix 6.9.6, Table 6.9.6-82, and Appendix 6.9.1,
Fig. 6.9.1-6)]. In the range of the optimal concentration (12,000-9,000 g UNH), the respective kff + 2a
values are 0.855 for case cvrunhc_07_01_15 and 0.857 for case cvrunhc_06_01_15 [10 CFR 71.55(b).]
Where dilution of UNH crystals is confined to the containment vessel, the reported k~f + 2a values are
0.754 for the bare package (case nbsbunhc_06_01_15) and 0.751 for water-reflected package
(case nbsrunhc_07_01_15) [10 CFR 71..55(d).] Where UNH crystals are dissolved in the water flooding
the containment vessel and the containment vessel well, the reported k~f + 2a value is 0.813 for the water-
reflected package (case obsrunhc_09_01_15).

Cases hbsrunhc_06_01_15 (Appendix 6.9.6, Table 6.9.6-89) and ibsrunhc.08_01_15
(Appendix 6.9.6, Table 6.9.6-91) represent the HAC model of the damaged ES-3100 package, where the
outerdimensions ofthepackage are reduced accordingly. Forcase hbsrunhc_06_01_15, the dilution ofthe
UNH crystals is confined to the containment vessel. For case ibsrunhc_08_01 15, UNH crystals are
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dissolved in the water flooding the containment vessel and the containment vessel well. The respective
solution concentrations are 415 g2e"UI and 429 g`"Ul. These single-unit cases with a MOIFR = 1.0 pertain
specifically to the flooded drum under conditions specified in 10 CFR 71.55(e), where the kff+ 2a values
are 0.750 and 0.813 for this HAC condition.

6.5 EVALUATION OF PACKAGE ARRAYS UNDER NORMAL CONDITIONS OF
TRANSPORT

For the NCT array evaluation of ES-3 100 packages, the package content is confined within the
containment vessel, consistent with the result of the tests specified in §71.71 (Normal Conditions of
Transport). The array sizes examined in this evaluation are infinite, 13x 13x6, 9x9x4, 7x7x3, 5x5x2, and
the degenerate single unit. The "N" and corresponding CSI values for arrays determined to be adequately
subcritical are as follows: N = a, CSI = 0; N = 202, CSI = 0.4; N = 64, CSI = 0.8; N = 29, CS! = 1.7; and
N = 10, CSI = 2.0. All arrays, except the infinite array, are reflected with 30 cm (1 ft) ofwater. These arrays
are nearly cubic in shape for optimum array reactivity, thus eliminating the need for placing criticality
controls on package arrangements in terms of 'stack height, width, and depth of an array. The array
configurations and the range of water contents (Table 6.4) evaluated bound all possible packaging
arrangements and moderation conditions for NCT. '

6.5.1 Solid HEU Metal of Specified Geometric Shapes

For infinite and finite arrays of packageswith HEUmetal, the neutron multiplication factor increases
as a function of the 235U mass and decreases as a function of MOIFR. For example, consider the ES-3 100
package loaded with three convenience cans for a total of 32,940 g 2"U where each can contains two 3.24-in.
diameter-limited, 5490-g spheres of 23SU. Forpackage content without Cat 277-4 canned spacers, the kff++ 2a
values range from 0.900 to 0.876 with increasing MOIFR in the package [cases nbiaspj06_01_06_01
through nbiasp_06_01_06_15 (Appendix 6.9.6, Table 6.9.6-4)]. Forpackage content with Cat 277-4 canned
spacers, the kff + 2a values range from 0.851' to - 0.822 with increasing MOIFR in the package
[cases nbiaspQ6_0 6_01 through nbiaspj6 03_061J5 (Appendix 6.9.6, Table 6.9.6-4)].

The effect of increasing the water content of the array is straightforward. As interspersed water is
added to the packages of an array, two reactivity effects occur in series. The first effect is the tendency for
reactivity to remain constant due to controlled neutron interaction between the packages of the array. For
an infinite array where neutrons cannot escape from the system, neutrons are scattered about the array. In
the MOIFR range of I e-20 to I e-02, both the interspersed moderator inside the packages of the dry array and
the interstitial moderator between the package drums ofthe array are not sufficient forneutron thermalization
and absorption to occur in the adjacent packaging materials. IHowever, hydrogen in the Cat 277-4 provides
moderation, and neutrons are absorbed in the interspersed boron of this neutron poison. This results in a
subcritical systems with near constant neutron multiplication factors over the range of MOIFR. The second
effect-is the tendency for reactivity to decrease due to internal moderation in packages of the array. The
introduction of water above -0.01 MOIFR shows the effect of isolating the individual array units from each
other. The neutron multiplication factor approaches kff for the single, water-reflected unit at a full-content
water fraction (MOIFR = 1.0). - :

The array case with a water fraction ofMOIFR I e-04 pertains specifically to packages under NCT
where the Kaolite and recesses of the package external to the containment vessel do not contain any fesidual
moisture. This NCT case is more reactive than all other NCT cases where more moisture is present in the
Kaolite and recesses of the package. Interspersed water between the containment vessels in the array will
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reduce neutronic interaction between the flooded contents because neutrons are absorbed in the hydrogen
of the water. As more water is added, the packages of the array become isolated, and array reactivity
(kCff+ 2a = 0.876) approaches the reactivity of the single unit (kff+ 2a = 0.869).

Repeated for 3.24-in. diameter cylinders (Appendix 6.9.6, Table 6.9.6-11), 2.29-in. square bars
(Appendix 6.9.6, Table 6.9.6-22), and 1.5-in. diameter x 2-in. tall slugs (Appendix 6.9.6, Table 6.9.6-31),
this type of analysis demonstrates that arrays of packages with restricted fissile material loadings remain
subcritical over the entire range of MOIEFR. HEU bulk metal or alloy content not covered by the specified
geometric shapes (HEU sphere, stacked spheres, cylinder, square bar, or slug contents) will be in the HEU
broken metal category, and so limited. Howeverbillets, buttons, orlarge irregular pieces of solid HEUmetal
may be approved under limits for specified geometric shapes evaluated in this SAR, provided that a facility
criticality safety evaluation/approval demonstrates these content loadings are bounded by the results of this
SAR evaluation for specified geometric shapes.

As shown by the calculations for the spherical model, the neutron multiplication factors increase as
a function of the 235U mass and decreases as a function of MOEFR for the slugs. Consider the -1,090-g,
1.5-in. diameter x 2-in. tall slugs that may be packed with ten items per convenience can. For a package
content without the use of Cat 277-4 canned spacers, the kTyf + 2a values decrease from 0.991 to 0.954
with increasing MOIFR in the package [cases nbiaSslg_02_01_09_01 through nbia5slg_02_01 09_15
(Appendix 6.9.6, Table 6.9.6-31)]. For packages with the required Cat 277-4 canned spacers, the kff + 2a
values range from 0.925 to 0.881 with increasing MOIFR in the package [cases nbia5slg_02_03_09_01
through nbia5slg,02.03.09j15 (Appendix 6.9.6, Table 6.9.6-3 1)].

The introduction of water above 0.01 MOIFR shows the effect of isolating the individual array
units from each other. The neutron multiplication factor for the array approaches the kff value for the
single, water-reflected unit at a full-content water fraction as demonstrated by comparing cases
nbia5slg_02_03_09_15 (keff+ 2a = 0.881) and nbsr5sIg_2_03_15 (keff+ 2cr = 0.871).

The array case with a water fraction of MOIFR = 1.0e-04 pertains specifically to packages under
NCT where the Kaolite and recesses of the package external to the containment vessel do not contain
any residual moisture. Cases nbia5slg_O2L03.01_03 through nbia5slg,02.03_09_03 (Appendix 6.9.6,
Table 6.9.6-31) represent an infinite array of packages with the required Cat 277-4 canned spacers. For these
cases, the kff + 2cr values increase from 0.530 to 0.925 as the enrichment is increased from 20.0 wt % to
100.0 wt % 235U.

The adjusted USL for an infinite array of packages with slug content is 0.856. The adjustment
accounts for both spacing uncertainity of the slugs (0.009) and excess moderation in the neutron poison
(0.060). The kOff+ 2c value for case nbia5slg_02_03_09_03 exceeds the USL of 0.856. However 80 wt %
235U, case nbiaSslg_02J03 .05_03 with kOf+ 2c = 0.848 is below the USL. Therefore, a restriction is placed
upon enrichment: values must be s80 wt % as prerequisite for shipment of the package with 32,767 g of
uranium metal under a CSI = 0. Otherwise, the fissile mass loading must be reduced to 16,342 g 2"U for
eliminating the restriction on enrichment.

Cases nbfl5slg_02_03_01_03 through nbfl5slg_02_03_09_03 (Appendix 6.96, Table 6.96-32)
represents a 13 x 13 x 6 array of packages for which the corresponding rounded CSI = 0.4. The kff+ 2cr does
not decrease sufficiently in the reduction of array size to permit increasing the limit on enrichment to
>80 wt % for mass loadings of 32 kg uranium metal. These CSI determinations are contingent upon
satisfactory results under the HAC evaluation (Sect. 6.6.1).
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6.5.2 HEU Solid Metal of Unspecified Geometric Shapes or HEU Broken Metal

Like packages with HEU metal, the neutron multiplication factor for arrays of packages with HEU
broken metal decreases as a function of MOIFR and increases as a function of the 23.U mass. For example,
consider the ES-3 100 package loaded with three convenience cans for a total of 35,141 g 2.. U and no can
spacers between content locations. The kff + 2a values range from 1.034 to 0.912 with increasing MOIFR
[cases nbiabm_12 01_09_01 through nbiabm_ 12 01_09_.15 (Appendix 6.9.6, Table 6.9.6-58)]. The
introduction of water above -0.01 MOIFR shows the effect of isolating the individual array units from each
other. Array reactivity (kff + 2a = 0.912) approaches the reactivity of the water-saturated, water-reflected
single package (k~ff+ 2a = 0.895). The k~ff+ 2s values range from 0.710 to 1.037 as the 235U mass increases
from 925 to 35,141 g 23.U [cases nbiabm_01_01_09 03 through nbiabm_12_01_09 03 (Appendix 6.9.6,
Table 6.9.6-58)]. (The fact that cases nbiabm_01_01_09_03 and nbiabm_02_01_09_03 are identical
results from the use of a cube model for generating homogenized mass loading consistent with the broken
metal study in Appendix 6.9.3, Sect. 6.9.3.1.)

In the series of calculations using the ES-3100 package model with NCT geometry (cases
nbiabm_01_nnmm_03 through nbiabm_12_nn mm 03), the enrichment of the content is varied from
20 wt % to 100 wt % 235U. These array cases with a water fraction of MOIFR = l e-04 pertain specifically
to NCT packages where both the neutron poison of the body weldment liner inner cavity and the Kaolite are
dry (in the as-manufactured condition) and both the recesses of the package external to the containment
vessel and the interstitial space between the drums of the array do not contain any residual moisture. As
stated before, this NCT case is more reactive than all 6ther NCT cases where more moisture is present in the
Kaolite and recesses of the package. Increased interspersed water between the containment vessels in the
array will reduce neutronic interaction between the flooded contents to a point where the packages of the
array become isolated.

Ranges of enrichment are specified in Table 6.1b (10 CFR 71.59) for identifying fissile mass loading
limits for HEU broken metal. Consider specifically enrichments >95 wt % 235U. The containment vessel
calculations (case cvr3lha 12 01 09 15 versus case cvr3lha 12 03_09 15) indicate that Cat 277-4 canned
spacers are required in this enrichment range, where the maximum evaluated fissile mass loading of
35,141 g 2"U is possible. However, the fissile rnass loading must be limited to 2,774 g 235U (case
nbiabm 04_03_09_03) in order for the kff + 2a value (= 0.834) to be below the adjusted USL of 0.865.
This fissile mass limit is conservative when applied to enrichments only slightly greater than 95 wt % 235U.
A reduction in the enrichment within the range of 80 to 95 wt % 235U (cases nbiabm_04_03_07_03 and
nbiabm 04 03 06 03) does not result in a sufficient reduction in the k. + 2a from neutron absorption in
238U to allow for increased mass loadings. Therefore, the uranium mass limit remains at -2,775 g while the
fissile mass loading limit decreases with the reudction in enrichment as illustrated in Table 6. lb. As stated
previously, these fissile mass loading limit for a CSI 0 are contingent upon the infinite array of damaged
packages also being adequately subcritical for the HAC (Sect. 6.6.2).

This evaluation technique for determination of mass loading limits for enrichment intervals is
repeated over the range of HEU enrichments identified in Table 6.1b. At HEU enrichment less than
60 wt % "U, the evaluated package mass loading limit of 35 kg uranium is achieved, so further delineation
of fissile rnass loading limits is not required. .

6.5.3 BIEU Oxide

Like packages with HEU metal or broken'metal, the neutron multiplication factor for an array of
packages with HEU oxide decreases as a function of MOIFR and increases as a function of the 235'U mass,
[forexample,casesnbiaox_01_11_03_0Olthrough nbiaox_01_11_03_15andnbiaox_01_01_03_03 through
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nbiaox 01_11 03_03 (Appendix 6.9.6, Table 6.9.6-73)]. The introduction of water above -0.01 MOIFR
shows the effect of isolating the individual array units from each other. Array reactivity (k~ff+ 2a = 0.801)
approaches the reactivity of the water-saturated, water-reflected unit single package (kff + 2a = 0.790).

For the series of calculations using the ES-3100 package model with NCT geometry (Cases
nbiaox_01_nn_01_03), klff+ 2a values are below the adjusted USL of 0.865. The CSI = 0.0 for an infinite
array of packages having a maximum of 21,125 g 235U; suitability of this determination is contingent upon
satisfactory results under the HAC evaluation (Sect. 6.6.3.)

6.5.4 UNH Crystals

Unlike HEU metal, broken metal or oxide content, UNH crystals are soluble in water (Sect. 6.4.4).
Near optimum solution concentration occurs at content mass loadings of 9,000 g UNH crystals or415 g2"U1l.

Like packages with HEU metal, broken metal, or oxide, the neutron multiplication factor for an array
of packages with UNH crystals decreases as a function of MOEFR. Cases nbiaunhc_1011_01_01 through
nbiaunhc 10_11_01_15 (Appendix 6.9.6, Table 6.9.6-85) reveal the effect of isolating the individual array
units from each other with the introduction of water above -0.01 MOIFR. Array reactivity (kef+ 2a = 0.727)
approaches the reactivity of the water-saturated, water-reflected unit single package (kef + 2a = 0.708).

Thedifferencebetweencasesnbiaunhc_10 11 01_nnandnbiaunhc 10_11_03 nnistheabsence
or presence of Cat 277-4 canned spacers in the packages. For the calculation models of UNH crystals, the
Cat 277-4 canned spacers are not actually modeled. Instead, the amount of solution content distributed over
the entire containment vessel is reduced proportionally by the free volume of the containment vessel not
occupied by can spacers.

For the series of calculations using the ES-3100 package model with NCT geometry (Cases
nbiaunhc_10_nn_01_03), kff + 2a values are below the adjusted USL of 0.865. For an infinite array of
packages having a maximum of 24,OOg UNH crystals, the CSI - 0.0 [10 CFR 71.59(a)(1),(b)]. The
suitability of this determination depends upon satisfactory results under the HAC evaluation of Sect. 6.6.4
[10 CFR 71.59(a)(2), (b).]

The reported kfr++ 2s values for cases obiaunhcO1_nn_01_03 (Appendix 6.9.6, Table 6.9.6-87)
range from 0.557 to 1.026, where UNH crystals are dissolved in the water flooding the containment vessel
and the containment vessel well. However, this condition is considered an accident condition, not credible
for NCT. It requires intrusion of water into the containment vessel, dissolving of UNH crystals in the
influent, and leakage of solution out of the containment vessels an infinite number of packages.

6.6 EVALUATION OF PACKAGE ARRAYS UNDER HYPOTHETICAL ACCIDENT
CONDITIONS

Except forUNH crystals, the package content is confined within the containment vessel forthe HAC
array evaluation of ES-3100 packages, consistent with the result of the tests specified in § CFR 71.73
(Hypothetical Accident Conditions). The array sizes examined in this evaluation are infinite, 13x13x6,
9x9x4,7x7x3, and 5x5x2, and the degenerate single unit. The "N" and corresponding CSI values for arrays
determined to be adequately subcritical are as follows: N = x, CSI = 0; N = 507, CSI = 0.1; N = 162,
CSI = 0.3; N = 74, CSI = 0.7; and N = 25, CSI = 2.0. All arrays, except the infinite array, are reflected with
30 cm (1 11) of water. These array are nearly cubic in shape for optimum reactivity of the array thus
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eliminating the need for placing 6riiicality controls on package arrangements in terms of stack height, width
and depth of an array. The array configurations and the range of water contents (Table 6.4) evaluated bound
all possible packaging arrangements and moderation conditions for HAC.

For the single damaged package, and for infinite and finite arrays of damaged packages with HEU
metal, or HEU oxide, or UNH crystal content, the neutron multiplication factor changes as a function of the
"U mass, MOIFR, or applicable solution concentration in the same manner as in an array of undamaged
packages. -

6.6.1 Solid HEU Metal of Specified Geometric Shapes

Consider the ES-3 100 package loaded with three convenience cans for a total of 32,940 g 235U where
each can contains two 3.24 in. diameter-limited, 5490 g spheres of 235U. For package content without
Cat 277-4 canned spacers, the kef + 2a values range from 0.901 to 0.884 with increasing MOIFR in the
package, cases hbiasp_6O_01_06_01 through hbiasp_6o_01_06_15 (Appendix 6.9.6, Table 6.9.6-7). For
package content with Cat 277-4 canned spacers, the kt + 2a values range from 0.856 to 0.827 with
increasing MOIFR in the package, cases hbiaspJ06j03_06_01 through hbiasp_06_03_06_15
(Appendix 6.9.6, Table 6.9.6-7). The introduction of water above -0.01 MOIFR shows the effect of isolating
the individual array units from each other. The neutron multiplication factor approaches kff for the single,
water-reflected unit at a full content-water fraction (MOIFR = 1.0). Comparison of these results with the
corresponding NCT cases (Sect. 6.5. 1.) indicates no significant differences. This result is as expected given
that the neutron multiplication in an infinite array is independent of pitch between fissile contents but is
dependent on changes in mass and moderation in the array.

Repeated for 3.24-in. diameter cylinders (Appendix 6.9.6, Table 6.9.6-18), 2.29-in. square bars
(Appendix 6.9.6, Table 6.9.6-25), and 1.5-in. diameters 2-in. tall slugs (Appendix 6.9.6, Table 6.9.6-36),
this type of analysis demonstrates that arrays of packages with restricted fissile material loadings remain
subcritical over the entire range of MOIFR. HEU bulk metal or alloy content not covered by the specified
geometric shapes (HEU sphere, stacked spheres, cylinder, square bar, or slug contents) will be in the HEU
broken metal category, and so limited. However, billets, buttons, or large irregular pieces of solid HEU metal*
may be approved under limits for specified geometric shapes evaluated in this SAR, provided that a facility
criticality safety evaluation/approval demonstrates these content loadings are bounded by the results of this
SAR evaluation for specified geometric shapes.

Consider the -1,090 g, 1.5-in. diameter x 2-in. tall slugs that may be packed ten per convenience can.
The kff + 2 value for case hbia5slgl2_03 09 03 at 100 wt % 235U exceeds the adjusted USL of 0.856.
However, at 80 wt % case hbia5slg 02_03_05 03 with k~f + 2a =0.855 is below the adjusted USL.
Therefore, the restriction upon enrichment under the NCT evaluation, which requires values be •80 wt %
as prerequisite for shipment of the package under a CSI = 0, need not change. Likewise, .the fissile mass
loading limit must be reduced to 16,342 g 2"U for eliminating the restriction on enrichment.

Case hbf25slg_02 03 0903 (Appendix 6.9.6, Table 6.9.6-37) represent a 9x9x4 array ofpackages
for which the corresponding rounded CSI 0.4. The adjusted USL for a 9x9x4 array of packages with slug
content is 0.866. The adjustment accounts foirboth spacing uncertainity of the slugs (0.009) and excess
moderation in the neutron poison (0.050). Although case hbf25slg_02_03 05_03 with kff + 2a =90.860 is
below the adjusted USL of 0.866, the fissile mass loading limit is set by the NCT result which requires the
enrichment not to exceed 80 wt % 235U for 32 kg uranium mass loadings.
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6.6.2 HEU Solid Metal of Unspecified Geometric Shapes or HEU Broken Metal

Consider the ES-3 100 package loaded with three convenience cans for a total of 35,141 g 2"U, no
can spacers between content locations. The ken + 2a values range from 1.055 to 0.932 with increasing
MOIFR, cases hbiabm_12_01_09_01 through hbiabm_12_01_09_15 (Appendix 6.9.6, Table 6.9.6-65).
The introduction of water above -0.01 MOIFR shows the effect of isolating the individual array units from
each other. Array reactivity (kfn + 2a = 0.932) approaches' the reactivity of the water-saturated,
water-reflected single package (kef+ 2a = 0.895). The kff+ 2o values range from 0.716 to 1.041 as the `SU
mass increases from 925 g to 35,141 g 235U, cases hbiabm_01_01_09_03 through hbiabm_12_01_09_03
(Appendix 6.9.6, Table 6.9.6-65). (The fact that cases hbiabm_01_01_09_03 and hbiabm_02_01_09_03
are identical results through the use of cube model for generating homogenized mass loading consistent with
broken metal study of Appendix 6.9.1.1.)

Cases hbiabm_01_nnmm_03 through hbiabm_12_nn_mm_03 model the ES-3100 with the
reduced diameter HAC package model where the enrichment of the content is varied from 20 wt % to
100 wt % 235U. These array cases with MOIFR = le-04 pertain'specifically to HAC packages where the
neutron poison of the body weldment liner inner cavity is at 90% moisture content but the Kaolite is dry (in
the as-manufactured condition), and neither recess of the package external to the containment vessel and the
interstitial space between the drums of the array contains any residual moisture. As'stated before, this HAC
case is more reactive than all other HAC cases where more moisture is present in the Kaolite and recesses
of the package. Increased interspersed water between the containment vessels in the array will reduce
neutronic interaction between the flooded contents to a point where the packages of the array become
isolated.

Ranges of enrichment are specified in Table 6.1b (10 CFR 71.59) for identifying fissile mass loading
limits for HEU broken metal. Consider specifically enrichments >95 wt % 2EMU. The containment vessel
calculations (case cvr3lha_12_01_09 15 versus case cvr3lha_12_03_09 15) indicate that Cat 277-4 canned
spacers are required in this enrichment range, where the maximum evaluated mass loading of 35,141 g 235u
is possible. However, the fissile mass loading must be limited to 2,774 g 235U (case hbiabm_04_03_09_03),
in order for the kfr+ 2a value (= 0.849) to be below the USL of 0.865. This fissile mass limit is conservative
when applied to enrichments only slightly greater than 95 wt % ' 5U. Given that the results for NCT
(Sect. 6.5.2) and HAC are adequately subcritical, packages • 2,774 g 135U and enrichment >95 wt % 23sU may
be shipped under a CSI = 0.

This evaluation technique' for determination of mass loading limits for enrichment intervals is
repeated over the range of HEU enrichments. At HEU enrichment less than 60 wt % 2"U, the package mass
loading limit is achieved so no further delineation is required.

6.6.3 HEU Oxide

Like packages with HEU metal or broken metal, the neutron multiplication factor for an array of
packages with HEU oxide decreases as a function ofthe MOIFR and increases as a function of the 235U mass,
for example, cases hbiaox_01_11_03_01 through hbiaox_01_11_03_15 and hbiaox_01_01_03_03 through
hbiaox_01_11_ 03_03 (Appendix 6.9.6, Table 6.9.6-79). The introduction of water above -0.01' MOIFR
shows the effect of isolating the individual array units from each other. Array reactivity (kefT+ 2a = 0.819)
approaches the reactivity of the water-saturated, water-reflected unit single package (kff + 2a = 0.79 1).

For the series of calculations using the ES-3100 package model with NCT geometry
(Cases hbiaox_01_nn_01_03), klff+ 2c values are below the USL of 0.925. Given that the results forNCT
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(Sect. 6.5.3) and HAC are adequately subcritical, packages may be shipped under a CSI = 0.0 for an infinite
array of packages having a maximum of2 1,125 g 2 5 U.

6.6.4 UNH Crystals

Unlike HEU metal, broken metal or oxide content, UNH crystals are soluble in water as mentioned
in Sect. 6.4A. Near optimum solution concentration occurs at content mass loadings of 9,000 g UNH crystals
or 415 g23U/.

Like packages with HEU metal, broken mretal, oir oxide, the neutron multiplication factor for an array
of damaged packages with' UNH crystals ' decreases a a function of the MOIFR.
Cases hbiaunhc_10_11_01 _.01 through hbiaunhc_10_11 r0l 15 (Appendix 6.9.6, Table 6.9.6-90) reveal
the effect of isolating the individual ary units from each' other with the introduction of'water above
-O.0 1 MOIFR. Array reactivity (kf + 2cr ='0.746) a'pprioa'ches the reactivity of the water-saturated,
water-reflected unit single package (kff + 2a = 0.707).' '

The difference between cases hbiaunhc_10_11_01_nn and hbiauihc 10_11_03_nn is the absence
or presence of Cat 277-4 canned spacers in the packages. For the calculation models of UNH crystals, the
Cat 277-4 canned spacers' are 'iot actually modeled.' Instead, the amount of solution content distributed over
the entire'containment vessel is reduced proportionally by the ,free'volume of the containment vessel not
occupied by can spacers. -'

For the series of calculations using the ES-3100 package model with NCT geometry (cases
hbiaunhc_10_nn_01_03), kf + 2o values are below the USL of 0.925. Given that the results for NCT
(Sect.-6.5.4) and HAC are adequately subcritical, packages maybe shipped under a CSI = 0.0 for an infinite
array of packages with a maximum of 24,000 g UNH crystals.

The reported kff + 2c values for cases ibiaunhc 10'nn_01_03 (Appendix 6.9.6, Table 6.9.6-92)
range from 0.561 to 1.041; where UNH crystals are dissolved in the water flooding the containment vessel
and the containment vessel well. This accident condition requires intrusion of water into the containment
vessel, dissolving of UNH crystals in the influent, and leakage of solution out of the containment vessel. The
leakage out of the containment vessel of content moderated "to such an extent as to cause maximum
reactivity consistent with the physical and chemical form of material" is not considered credible HAC based
on results for tests specified in 10 CFR 71.73. ; i- ,

6.7 FISSILE MATERIAL PACKAGES FOR AIR TRANSPORT

6.7.1 Configuration (Not evaluated) -

6.7.2 Results (Not evaluated)

6.8 BENCHMARK EXPERIMENTS

6.8.1 Applicability of Benchmark Experiments-

The criticality validation is specific to uranium, plutonium or uranium-233 systems encompassing
a substantial subset of the database used to prepare the Organization for Economic Cooperation and
Development (OECD) Handbook, Volumes I-VI. The benchmark specifications are intended for use by
criticality safety engineers to validate the application of criticality calculation techniques such as
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SCALE 4.4a. Example calculations presented in the handbook do not constitute a validation of the codes
or cross section data sets by themselves, but the Handbook information can be and has been used to validate
SCALE 4.4a by competent nuclear criticality safety persons.

The data from the benchmark experiments involving uranium represent a sufficiently wide range of
enrichments and physical and chemical forms to covermany existing or presently planned activities forY-12.
These include enriched uranium with 2I 5U only and natural and depleted uranium, as well as highly enriched
uranium, intermediate enriched uranium, and low enriched uranium. Data analyzed from critical experiments
in this validation include systems having fast, intermediate, and thermal neutron energy spectra, and they
include materials in various physical and chemical forms such as' uranium m'etals, solutions, and oxide
compounds. With the benchmark experiments that are directly applicable to uranium systems, there is a high
level of confidence that'the calculated results presented in this evaluation are sufficiently accurate to
establish the safety of the package under both NCT and HAC. This conclusion is based on the validation
of the code and cross section library described in Sect. 6.3.3.

6.8.2 Details of Benchmark Calculations

The validation of CSAS25 control module of SCALE 4.4a with the 238-group ENDF/B-V
cross-section library is documented in Y/DD-896/RI and Y/DD-972/Rl. Y/DD-8961R1 addresses the
establishment of bias, bias trends, and uncertainty associated with the use of SCALE 4.4a for performance
of criticality calculations. This evaluation is directed at uranium systems consisting of fissile and fissionable
material in metallic, solution and other physical forms, as well as plutonium and uranium-233 systems, as
described in the OECD Handbook. The focus is on comparison of kjT with the associated experimental
results for establishment of bias, bias trends, and uncertainty as a final step. Compiled data for 1217 critical
experiments are used as the basis for the calculation models. The calculated results from SCALE 4.4a using
the 238-group ENDF/B-V cross section library have been compared with reported results for the benchmark
experiments. Comparison of results demonstrates that SCALE 4.4a run on the SAE HP J-5600 unclassified
workstation (CMODB) produces the same results within the statistical uncertainty of the Monte Carlo
calculations as reported by the OECD for the experiments.

Y/DD-972/Rl addresses determining an upper subcritical limit (USL) and for incorporating
uncertainty and margin into this USL. Y/DD-9721R1 establishes subcritical limits determined through an
evaluation of statistical parameters of calculation results for critical experiments. The correlating parameters
(i.e., mass, enrichment, geometry, absorption, moderation, reflection, etc.) and values for applying additional
margin to the subcritical limits are application dependent. The determination of correlating parameters and
additional margin is an integral part of the process analysis for a particular application. For the critical
experiment results, no correlation between calculation results and neutron energy causing fission was found.
As such, this document does not specify "final" USL values as has been done in the past.

6.8.3 Bias Determination

The USL is based on the non-parametric statistics-based lower tolerance limit (LTL) for greater than
0.99/99% where there is a probability of greater than 0.99 that 99% of the population is greater than a
specified result, reduced by additional margin. From Table 1 of Y/DD-972R1, the LTL combining bias and
bias uncertainty is 0.975 for uranium systems, including HEU metal, indicating'a bias value of 0.025.
Ordinarily the USL would be 0.955 where an additional margin of subcriticality of 0.02 is subtracted from
the LTL of 0.975. However, guidance provided by NUREG/CR-5661 requires that the bias value of 0.025
be subtracted from 0.95 for determination of the USL, giving a value of 0.925.
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6.9 APPENDICES

Appendix Description

6.9.1 FISSILE CONTENT MODELS

6.9.2 HAC PACKAGE MODEL

6.9.3 PACKAGE MATERIAL COMPOSITIONS

6.9.4 SUPPORTING DOCUMENTS AND CORRESPONDENCE

6.9.5 MISCELLANEOUS INFORMATION AND DATA

6.9.6 ABRIDGED SUMMARY TABLES OF CRITICALITY CALCULATION RESULTS

6.9.7 INPUT LISTINGS OF ES-3100 CALCULATION MODELS FOR SELECT CASES
IDENTIFIED IN TABLES 6.la-c

6-63

YILF-717ICh-6TES.3 I00 HEU SAR/pcA2-25-05



6-64

Y/LF-717/Cb-6&ES-3100 HEU SAR/pcI02-25-05



APPENDIX 6.9.1

FISSILE CONTENT MODELS
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APPENDIX 6.9.1

FISSILE CONTENT MODELS

Fig. 6.9.1-1 depicts the wire-meshview'ofthe 3.24-in. diameterHEU spherical content configuration
inside the containment vessel. The interstitial water has been removed for illustration purposes. As can be
seen from Fig. 6.9.1-1, the spherical content model contains two spheres per convenience can and 1-in.
Cat 277-4 spacers between the convenience can locations. Spheres are at the maximum diameter which will
fit through the opening of a convenience can. The spherical content is positioned one spherical radius
(1.62-in) above the containment vessel bottom to ensure water moderation of the bottom content.

:.. :1" : 'I- .,

Fig. 6.9.1-1. Containment vessel containing 3.24-in. diameter spheres and
1-in. thick Cat 277-4 canned spacers.

.- .. -) .

Fig. 6.9.1-2 depicts the wire-mesh view of the 3.24-in. diameter HEU cylindrical content
configuration inside the containment vessel. The -interstitial water has been removed for illustration
purposes. As can be seen from Fig. 6.9.1-2, the cylindrical content model contains one cylinder per
convenience can and 1-in. Cat 277-4 canned spacers between the can locations. The cylindrical content
shown is at the maximum mass loading and the height of the cylinders may change depending upon the mass
loading.

...

Fig. 6.9.1-2. Containment vessel containing 3.24-in. diameter cylinders and
1-in. thick Cat 277.4 cainned spacers.
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Fig. 6.9.1-3 depicts the wire-mesh view of the 2.29-in. HEU square bar content configuration inside
the containment vessel. The interstitial water inside the containment vessel has been removed for illustration
purposes. As can be seen from Fig. 6.9.1-3, the square bar content model contains one bar per convenience
can and 1-in. Cat 277-4 canned spacers between the can locations. The 2.29-in. square bar is the largest size
that will fit into the 3.24-in. inside diameter convenience can. Similar to the cylindrical model, the height
of the square bar is dependent upon the HEU mass.

Fig. 6.9.1-3. Containment vessel containing 2.29-in. square bars and 1-in.
thick Cat 2774 canned spacers.

Fig. 6.9.14 depicts the wire-mesh view of a pentagonal ring configuration of the 1.5-in.-diam x
2.0-in.-tall slugs inside the containment vessel. The axial centerline of each slug is located 1.27598 in. from
the origin of the pentagon such that a tight fitting configuration of slugs is modeled, i.e., no gaps between
adjacent neighbors. The slug content model depicted in Fig. 6.9.1-4 contains two rings of the 1.5-in.-diam
x 2.0-in.-tall slugs per convenience can and the Cat 277-4 canned spacers between the convenience cans
locations. The interstitial water inside the containment vessel has been removed for illustration purposes.

Fig. 6.9.14. Containment vessel containing the 1.5-in. dia. x 2.0-in. tall
slugs, pentagonal ring configuration, 0.0 cm spacing between
slugs, and 1-in. thick Cat 2774 canned spacers.
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Fig. 6.9.1-5 depicts the wire-mesh view of the HEU oxide content inside the containment vessel.
The interstitial water inside the containment vessel has been removed for illustration purposes. The HEU
oxide mixture at bulk density is located at the bottom of the containment vessel and fills the space to the wall
of the containment vessel. The height of the HEU oxide mixture is dependant upon the mass loading.

Fig. 6.9.1-5. Wire-mesh view of the containment vessel containing the HEU
oxide mixture.

Fig. 6.9.1-6 depicts the wire-mesh view of the UNiH crystals content inside the containment vessel.
A solution of UNH crystals dissolved in water fills the entire volume of the containment vessel.

Fig. 6.9.1-6. Wire-mesh view of the containment vessel containing the UNH crystal mixture.

Wire-frame figures for the HEU broken metal models are presented in Appendix 6.9.3.1.
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APPENDIX 6.9.2

HAC PACKAGE MODEL
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APPENDIX 6.9.2

HAC PACKAGE MODEL

6.9.2.1 Prediction of HAC damage in the ES-3100.package

Finite element analysis of an ES-3 100 package under HAC is used to predict the deformed
outer-diameters of drum at node points along-the ivetical axis of an-upright package. Selected node points
are designated in a downward direction from the top ofthe drum as "UR," "MUR," MR," "MLR," and "LR."
Table 6.9.2.1-1 lists diameters at the 5 node points measured along the 90-270° and 01 800 axes. These
dimensions represent major and minor axes at each deformation point on the assumption that the drum
cross-section is ellipsoidal. A corresponding equivalent circular diameter is calculated for each node point
as indicated in Table 6.9.2.1-1. -

A set of KENO V.a calculation models based on reduced package diameters at the "MR," "MLR,"
and "LR" deformation points are, derived fr6rn'the NCT geometry model. These geometry models are
evaluated for the purpose of establishing a bounding geometry model for representing the ES-3100 package
under HAC. The primary changes made to the KENO V.a geometry input statements of the NCT model are
the reductions in the drum's radii. The change to the drum's inner radius also affects the outer radius of both
the angle iron and the Kaolite located inside the containment vessel outer liner. The volume fractions for
these materials are adjusted in the KENO V.a-calculation models so that material masses of the affected
package 'components are conserved. Table 6.9.2.1-2 provides data for transforming the KENO V.a
calculation model from an NCT model into an HAC model.

Table 6.9.2.1-1. Deformation of 18.37 In. diameter ES3100 drum projected by finite element analysis case
"3100 RUN1HL Lower Bound Kaolite May 2004"

Deformation FEA node . Diameter at 90 ° . Diameter at 180° Equivalent circular diameter
point ,, (in.)' (in.) , .(in.) (cm)

.UR 098194 20.02 , - 15.60 17.6724 44.8878

, MUR 100238 20.74 15.07 17.6791 44.9050

MR - . 101589. 20.74 - 14.18 - 17.1492 43.5588

MLR 103012 22.00 13.44 17.1954 43.6762

LR 105786 20.92 12.92 16.4404 41.7586

I . -

. I

a;- :, .1 .1

.L .' - I ..
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Table 6.9.2.1-2. Parameter changes for converting NCT package model into an HAC package model

Dimension Reference HCT AC model at MR HAC model at HAC model at LR
(cm) package model node point of XILR node point of node point of

package package package
ORD,.m 23.32990 21.77942 21.83809 20.87929
IRDm 23.17750 21.62702 21.68569 20.72689

thD0m w0.15240 0.15240 0.15240 0.15240
ORw 23.11400 21.56352 21.62219 20.66339
IRw 22.96160 21.41112 21.46979 20.51099

thyarlhe 12.10310 10.55262 10.61129 9.65249

Volume Fraction multipliers for conservation of mass in the components with modified volumes.

Reference NCT HAC model atMR I HAC model at HAC model at LR
package model node point of MLR node point of node point of

. package package package

Kaolite of the containment vessel inner liner
Mass (g) 117563.0 97080.4 97829.7 85839.8
Volume (cm3 ) 134888.0 111387.0 112246.0 98489.5

olume Fraction (VF) 1219 .07 .65
ultiplier 1i2099 1.20171 1.36956

F for water component
f Kaolite 0.52294 0.63327_ 0.62843_ 0_71620'

for dry mix component 0.34864 0.42220a 0.41897' 0.47749'
f K ao lite__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Angle Ironr
ass (g) 5621.76 4521.40 4561.66 | 3917.54
olume (cm3) 708.030 569.446 574.516 493.393

VF 1.0 1.24337 1.23239 1.43502
Drum Steel'-

\4ass (g) 25446.3. 23397.6 23474.2 22231.2
Volume (cm3) 3204.82 2946.80 2956.50 2799.90
VF 1.0 1.08756 1.08401 1.14462

Volume Fraction (VF) for Kaolitecomponents calculated by multiplying the VF used in theNCT model byvolume fraction multiplier
for the HAC model.

6.9.2.2 Criticality calculations

Sets of criticality calculations are performed for the "MR," "MLR," and "LR" models at five
different package water contents over the range of HAC. The five package water contents of the void spaces
external to the containment vessel and the interstitial space between drums are as follows: 1 e-20 spg water,
1 e-04 spg water, 0.1 spg water, 0.3 spg water, and 1.0 spg water. The water content in the Kaolite
corresponds to the dry condition (VF= 0.0287) where neutronic interaction between the packages of an array
is maximized.

An infinite array of packages are evaluated in order to eliminate any biases arising from spectral
leakage effects in the reflector of finite array. The kvalues for each KENO V.a case are based on 500,000
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neutron histories produced by running for 2 1 5 generations with 2,500 neutrons per generation and truncating

K . the first 15 generations of data. Each package modeled has 36 kg of 100% enriched uranium in the form of
broken metal content. ;

Each case is rerun using a different starting random number in order to produce sets of computed
kf values that are statistically independent.' The raiido'rf starting number, the mean value (k,) and
corresponding standard error (s;) computed for lO.ifdividual runs are shown in Table 6.9.2.2-l, -2, and -3.
The same statistical method (Refererice DAC-FS900000-A014) used in the evaluation of Kaolite models

(Appendix 6.9.3.4) is also used here for-determininigiwhether or not differences in neutronic performance
between the package models are statistically~significant.

Table 6.9.2.2-1. Neutron multiplication factors with standard deviations for the ES-3100 package models at
the "MR" and "MLR" node points '_-_-_''_,''_'- ' '_''''

moifr Random Number "A" cases k-' .S "B" cases ki.f *s

1.Oe-20 109E77866CF6 mrandnum 01 01- 1.04965 0.00119 lrrandnum_01_01 1.05093 0.00133

I.Oe-20 16AA4A58735C 'rnrandnum_01_02 1.05132 * 0.00131 Irrandnum 01 02 1.05009 ,0.00118

1.Oe-20 1814171B652A mrandnum_ 01-03 .1.05368 -0.00123 Irrandnum_01 03 1.05057 0.00118

1.Oe-20 1A423B9472C7 mrandnum 01 04 - - 1.05165 0.00145 Irrandnum 01 04 ' 1.05066 0.00120

1.Oe-20 20E876D82248 - mrandnum__0105- . 1.05344 0.00106 Irrandnum 01 05 1.04882 0.00129

I.Oe-20 3F6E65CA7440 -mrandnum_01 06 .-,1.05188 0.00157 Irrandnum-01_06 1.05316 0.00127

1.Oe-20 - 479D21DB7509 - randnum_01_07 - - 1.05149 0.00148 irrandnum 01 07- 1.05229 - 0.00134

1.Oe-20 -.55D4371D3A23 mrandnum_01_08 , -1.05083 -0.00113 Irrandnum 01 08 -105186 0.0013 1

I.Oe-20 6EIA14672B8F - -mrandnum_ I09- -1.04910 0.00106 Irrandnum_01_09 '1.05236 0.00113

1.Oe-20 77A0308COE44 mrandnum_ 01_10 - 1.05254 0.00106 Irrandnum_ 01 10 1.05098 0.00120

moifr Random Number "A" cases'' k "B" cases k2  s
I.Oe-04 109E77866CF6 mrandnum_03_01 1.04994 0.00132 Irrandnum_03_01 1.05122 0.00123

I.Oe-04 16AA4A58735C rnrandnum_03_02 1.05023 0.00118 Irrandnum 03 02 1.05324 0.00121

I.Oe-04 1814171B652A mrandnum 03 03 1.05090 0.00139 Irrandnum 03 03 1.05143 0.00123

I.Oe-04 IA423B9472C7 rnrandnum_03_04 1.05072 0.00115 lrrandnum_03_04 1.05048 0.00121

I.Oe-04 20E876D82248 nurandnum_03_05 1.05052 . 0.00119 Irrandnurn_03_05 1.05095 0.00137

I.Oe-04 3F6E65CA7440 -nrandnum_03_06- -1.05383 0.00131 Irrandnum 03_06 1.05029 0.00119

I.Oe-04 . 479D21DB7509 - mrandnum_03 07- -1.05205 0.00153 Irrandnum 03 07 - 1.05124 0.00108

I.Oe-04 55D4371D3A23 -mrandnum_03_08 1.05343 - 0.00106 Irrandnum 03_08 1.05080 0.00116

1.Oe-04 .6EIA14672B8F nmrandnum_03_09 *1.04831 - 0.00132 -Irrandnum 03 09 1.05074 - 0.00122

I.Oe-04 77A0308COE44 mrandnum_03 10 4-1.05353 0.00111 Irrandnum_03_10 1.05094 0.00111
~~~~~. ;* - - , , : .,;,. ....... -

moifr Random Number "A" cases . s "B" cases k s
0.10 109E77866CF6 - mrandnum 06_01 - 0.97948 0.00120 Irrandnum_06_01 . 0.98315 0.00118

0.10 16AA4A58735C mrandnum 06_022 0.98104 - 0.00125 Irrandnum 06 02 0.98605 0.00124

0.10 - 1814171B652A mrandnumO6_03 0.98056 --0.00134 lrrandnum_06_03 0.98690 0.00120

0.10 1A423B9472C7 nirandnum 06 04 0.97895 0.00114 Irrandnum_06_04 0.98347 0.00126

0.10 .-20E876D82248 - -nrandnum 06 05 - 0.98058 ,0.00113 Irrandnum 06 05 0.98770 0.00124

0.10 -3F6E65CA7440 nrandnum 06 -06 - .0.97966 0.00119 Irrandnum 06 06 0.98734 0.00140

0.10 479D21DB7509 rnandnum 06 07- - 0.97953 *0.00145 Irrandnum 06 07 0.98417 0.00133

0.10 55D4371D3A23 .. T. mrandnum_06_08 - -_ 0.97993 - *0.00130 Irrandnum_06_08 0.98712 0.00136
0.10 6EIA14672B8F- . nrandnum_ 06.09.- *-.0.97972 0.00138 -Irrandnum_06_09 0.98533 0.00142

K> 0.10 77A0308COE44 -.- mrandnumO6_10 tO.98157 *0.00134 Irrandnum 06_10 0.98412 0.00116
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Table 6.9.2.2-1. Neutron multiplication factors with standard deviations for the ES-3100 package models at
the "MR" and "MLR" node p ints (cont. .

moifr Random Number "A" cases k,,, s "B" cases k,, s

moifr Random Number "A" cases s "B" cases k,,, s
0.30 109E77866CF6 mrandnum_08_01 0.93412 0.00118 Irrandnum_08_01 0.93910 0.00146

0.30 16AA4A58735C mrandnum_08_02 0.93227 0.00138 Irrandnum_08_02 0.93757 0.00117

0.30 1814171 B652A rrandnum_08_03 0.93390 0.00131 Irrandnum 08 03 0.93940 0.00146

0.30 IA423B9472C7 mrandnum_08_04 0.93252 0.00144 Irrandnum 08_04 0.93676 0.00130

0.30 20E876D82248 mrandnum 08 05 0.93334 0.00132 lrrandnum_08_05 0.93851 0.00111

0.30 3F6E65CA7440 mrandnum_08_06 0.93168 0.00132 lrrandnum_08_06 0.93914 0.00149

0.30 479D21DB7509 mrandnum_08_07 0.93514 0.00123 ]rrandnum 08 07 0.94011 0.00131

0.30 55D4371D3A23 mrandnum 08_08 0.93564 0.00132 Irrandnum 08 08 0.93900 0.00139

0.30 6EIA14672B8F mrandnum 08 09. 0.93597 0.00136 Irrandnum 08 09 0.93781 0.00117

0.30 77A0308COE44 mrandnum_08 10 0.93525 0.00128 Irrandnum 08 10 0.93965 0.00118

moifr Random Number "A" cases k- , - s "B" cases k, - s
1.00 109E77866CF6 rnrandnum15_01. 0.93103 0.00139 -Irrandnum 15_01 0.93344 0.00126

1.00 16AA4A58735C mrandnum 15 02 0.93082 0.00131 Irrandnuml15 02 0.93281 0.00121

1.00 1814171B652A mrandnum_15_03 0.92890 0.00148 Irrandnum_15.03 0.93468 0.00132

1.00 I A423B9472C7 mrandnum 15_04 0.93062 0.00145 . lrrandnum_15_04 0.93592 0.00126

1.00 20E876D82248 rnrandnum 15_05. 0.93055 0.00125 Irrandnum- 15_05 0.93251 0.00143

1.00 3F6E65CA7440 mnrandnum 1506. 0.92950 0.00117. Irrandnum 15 06 0.93374 0.00121

1.00 479D21DB7509 mrandnum 15 07 0.92952 0.00116 Irrandnuml15 07 0.93572 0.00138

1.00 55D4371D3A23 mrandnum 15 08 0.92805 .0.00154 Irrandnum. 15 08 0.93498 0.00145

1.00 6EIA14672B8F mrandnum 15 09 0.93117 0.00140 Irrandnum 15_09 0.93224 0.00114

1.00 77A0308COE44 mrandnum 15 10 0.93218 0.00120 Irrandnum 15 10 0.93158 0.00131

Table 6.9.2.2-2. Neutron multiplication factors with standard deviations for the ES-3100 package models at
the "MILR" and "LR" node points . - - -

moifr Random Number "A" cases S "B" cases_ *_____
I.Oe-20 109E77866CF6 -mlrrandnum 0101 1.05024 0.00139 Irrandnum 01-_01 1.05093 0.00133

I.Oe-20 16AA4A58735C mlrrandnum 01I02 1.05051 0.00135 Irrandnum_01_02 1.05009 0.00118

I.Oe-20 1814171B652A mlrrandnum 01I03 1.05121 0.00128 Irrandnum_01_03 1.05057 0.00118

I.Oe-20 1A423B9472C7 mlrrandnum_01_04 1.04954 0.00120 Irrandnum_01_04 1.05066 0.00120

I.Oe-20 20E876D82248 mlrrandnum_0105 1.05249 0.00110 Irrandnum 01 05 1.04882 0.00129

I.Oe-20 3F6E65CA7440 mlrrandnum_01 06 1.04924 0.00132 Irrandnum 01 06 1.05316 0.00127

I.Oe-20 479D21DB7509 mnlrrandnum 0107 1.05105 0.00111 lrrandnum_01_07 1.05229 0.00134

I.Oe-20 55D4371D3A23 nIrrandnum_01_08 1.05039 0.00129 Irrandnum 01 08 1.05186 0.00131

I.Oe-20 6E1A14672B8F mlrrandnum_01_09 1.05161. 0.00125 Irrandnum 01_09 1.05236 0.00113

I.Oe-20 77A0308COE44 rnlrrandnum_01_10 .1.05041. 0.00129 Irrandnum 01I10 1.05098 0.00120

moifr Random Number- "A" cases ks "B" cases s
I.Oe-04 109E77866CF6 mlrrandnum 03 01 1.05108 0.00151 Irrandnum_03 01 1.05122 0.00123

I.Oe-04 . 16AA4A58735C mlrrandnum_03 02 1.05245 - 0.00116 Irrandnum 03 02 1.05324 0.00121

I.Oe-04 1814171B652A mlrrandnum_03_03 1.05169 0.00138 Irrandnum_03_03 1.05143 0.00123

I.Oe-04 I1A423B9472C7 rnlrrandnum 03_04 1.05303 0.00102 Irrandnum 03 04 1.05048 0.00121
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.Table 6.9.2.2-2. Neutron multiplication factors with standard deviations for the ES-3100 package models at

the "MLR" and "LR" node ponts(cont

moifr Random Number "A" cases k,, s | "B" cases | k. , s
I.Oe-04 20E876D82248 mlrrandnum_03_05 --1.05191 0.00115 Irrandnum_03_05 1.05095 0.00137
I.Oe-04 3F6E65CA7440 mlrrandnum_03_06 -1.05017 0.00110 Irrandnum_03_06 1.05029 0.00119
I.Oe-04 479D21DB7509 mkrrandnum_03_07 1A.05232 0.00128 Irrandnum_03.07 1.05124 0.00108
I.Oe-04 55D4371D3A23 mlrrandnum_03_08 1d.05100 0.00144 Irrandnum 03_08 1.05080 0.00116
I.Oe-04 6EIA14672B8F mlrrandnum_03_09 1.05046 0.00145 -Irrandnum_03_09 1.05074 0.00122
I.Oe-04 77A0308C0 344 mlrrandnum 03 10 1.05130 0.00134 -Irrandnum 03 10 1.05094 0.00111

moifr Random Number "A" cases k- s "B" cases ks
0.1 109E77866CF6 mlrrandnum_06_01 0.98071 0.00129 Irrandnum_06_01 0.98315 0.00118
0.1 16AA4A58735C mlrrandnum 06 02 0.98006 0.00110 Irrandnum_06_02 0.98605 0.00124
0.1 1814171B652A mlrrandnum_06 03 0.98043 0.00116 Irrandnum_06_03 0.98690 0.00120
0.1 ' IA423B9472C7 mlrrandnum_06_04 0.98253 0.00109 Irrandnum_06_04, 0.98347 0.00126
0.1 20E876D82248 mlrrandnum_06_05 0.98256 0.00135 Irrandnum_06_05 0.98770 0.00124
0.1 * 3F6E65CA7440 mlrrandnum_06_06 r0.98093 0.00127 Inrandnum 06 06 0.98734 0.00140
0.1 479D21 DB7509 mlrrandnum 06 07 ; 0.97959 0.00127 Irrandnum 06 07 0.98417 0.00133
0.1 55D4371D3A23 mlrrandnum_06_08 :;0.98033 0.00111 Irrandnum_06_08 0.98712 0.00136
0.1 6EIA14672B8F mlrrandnum_06_09 0.97940 0.00117 Irrandnum_06_09. 0.98533 0.00142
0.1 77A0308COE44 mlrrandnum_06_10 -0.98318 0.00134 Irrandnum_06_10 0.98412 0.00116

moifr Random Number "A" cases k; s "B" cases . s
0.3 109E77866CF6 mlrrandnum_08_01 0.93254 0.00147 Irrandnum_08 01 0.93910 0.00146
0.3 16AA4A58735C . mlrrandnum 08_02 0.93186 , 0.00142 Irrandnum_08_02 0.93757 0.00117
0.3 181417IB652A nlrrandnum_08_03 0.93200 0.00135 Irrandnum_08_03 0.93940 0.00146
0.3 I A423B9472C7 mlrrandnum_08_04 0.93197 0.00150 Irrandnum_08_04 0.93676 0.00130
0.3 20E876D82248 mlrrandnum_08_05 0.93601 ; 0.00124 Irrandnum 08_05 0.93851 0.00111
0.3 3F6E65CA7440 mlrrandnum_08_06 .0.93249 0.00118 Irrandnum 08 06 0.93914 0.00149
0.3 479D21DB7509 mlrrandnum_08_07 :0.93299 0.00128 Inrandnum_08_07 0.94011 0.00131
0.3 55D4371D3A23 mlrrandnum_08_08 0.93500 0.00133 Irrandnum 08 08 0.93900 0.00139
0.3 6EIA14672B8F mlrrandnum_08 09 0.93201 0.00122 Irrandnum_08_09 0.93781 0.00117
0.3 77A0308COE44 mlrrandnum 08 10 0.93238 0.00153 Irrandnum 08 10 0.93965 0.00118

moifr Random Number "A" cases 'k. L s "B" cases s
1.0 109E77866CF6 nmlrrandnum_15_01 0.93180 0.00126 Irrandnum_15_01 0.93344 0.00126
1.0 . 16AA4A58735C mlrrandnum 15_02 0.93020 0.00159 Irrandnum_15_02 0.93281 0.00121
1.0 1814171B652A mlrrandnum 15 03 0.92956 . 0.00117 Inrandnum 15 03 0.93468 0.00132
1.0 IA423B9472C7 mIlrrandnum 15 04 0.92837 * 0.00165 lrrandnum_15_04 0.93592 0.00126
1.0 20E876D82248 mlrrandnum_15_05 0.93220 0.00120 lrrandnum 15 05 0.93251 0.00143
1.0 3F6E65CA7440 mlrrandnum_15_06 0.93177 0.00141 Irrandnum 15 06 0.93374 0.00121
1.0 479D21DB7509 rIlrrandnum 15 07 0.93217 0.00144 Irrandnum_15_07 0.93572 0.00138
1.0 55D4371D3A23 mlrrandnum 15 08 0.92921 0.00125 Irrandnum 15 08 0.93498 0.00145
1.0 6EIA14672B8F mlrrandnum_15_09 0.92980 0.00177 Irrandnum 15_09 0.93224 0.00114

1.0 77A0308COE44 mlrrandnum 15 10 0.93070 '0.00126 Irrandnum 15 10 0.93158 0.00131

! ;. i . .; ,,~
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Table 6.9.2.2-3. Neutron multiplication factors with standard deviations for the ES-3100 package models at
the MR" and "LR" node points

moifr Random Number "A" cases -.J f s "B". cases |_kff
I.Oe-20 109E77866CF6 mrandnum 01 01 1.04965 0.00119 lrrandnum01_01 1.05093 0.00133

I.Oe-20 16AA4A58735C mrandnum_01_02 1.05132 0.00131 Irrandnum_0102 1.05009 0.00118
I.Oe-20 1814171B652A mrandnum__0103 1.05368 0.00123 Irrandnum 01 03 1.05057 0.00118
I.Oe-20 I1A423B9472C7 mrandnum 01_04 1.05165 0.00145 Irrandnum 01_04 1.05066 0.00120

I.Oe-20 20E876D82248 mrandnum_01_05 1.05344 0.00106 Irrandnum 01 05 1.04882 0.00129
I.Oe-20 3F6E65CA7440 mrandnum 01I06 1.05188 0.00157 lrrandnum_01_06 1.05316 0.00127
I.Oe-20 479D21 DB7509 mrandnum_01_07 1.05149 0.00148 Irrandnum_01_07 1.05229 0.00134

I.Oe-20 55D4371D3A23 mrandnum 01I08 1.05083 0.00113 Irrandnum_01_08 1.05186 0.00131
I.Oe-20 6EIA14672B8F mrandnum_01_09 1.04910 0.00106 Irrandnum 01 09 1.05236 0.00113
I.Oe-20 77A0308COE44 mrandnum__0110 1.05254 0.00106 lrrandnum_01_10 1.05098 0.00120

moifr Random Number "A" cases ktf s "B" cases k... s
I.Oe-04 109E77866CF6 mrandnum 03 01 1.04994 0.00132 Irrandnum_03_01 1.05122 0.00123

I.Oe-04 16AA4A58735C mnrandnum 03 02 1.05023 0.00118 Irrandnum 03 02 1.05324 0.00121
I.Oe-04 1814171B652A mrandnum 03 03 1.05090 0.00139 Irrandnum_03_03 1.05143 0.00123
I.Oe-04 IA423B9472C7 mrandnum_03_04 1.05072 0.00115 Irrandnum 03 04 1.05048 0.00121
I.Oe-04 20E876D82248 mrandnum_03_05 1.05052 0.00119 Irrandnum_03_05 1.05095 0.00137
I.Oe-04 3F6E65CA7440 mrandnum_03 06 1.05383 0.00131 Irrandnum_03_06 1.05029 0.00119
I.Oe-04 479D21 DB7509 mrandnum_ 0307 1.05205 0.00153 Irrandnum 03_07 1.05124 0.00108
I.Oe-04 55D4371D3A23 mrandnum_03_08 1.05343 0.00106 lrrandnum_03_08 1.05080 0.00116

I.Oe-04 6EIA14672B8F nrandnum_03 09 1.04831 0.00132 Irrandnum_03_09 1.05074 0.00122
I.Oe-04 77A0308COE44 nrandnum_03_10 1.05353 0.00111 Irrandnum 03 10 1.05094 0.00111

moifr Random Number "A" cases k~ff s "B" cases s
0.10 109E77866CF6 mrandnum_06 01 0.97948 0.00120 Irrandnum 06_01 0.983 15 0.00118
0.10 16AA4A58735C rnandnum_06_02 0.98104 0.00125 Irrandnum_06_02 0.98605 0.00124
0.10 1814171B652A mrandnum_06 03 0.98056 0.00134 Irrandnum 06_03 0.98690 0.00120

0.10 1A423B9472C7 mrandnum_06 04 0.97895 0.00114 Irrandnum 06 04 0.98347 0.00126
0.10 20E876D82248 mrandnum_06_05 0.98058 0.00113 Irrandnum 06_05 0.98770 0.00124
0.10 3F6E65CA7440 mrandnum_06_06 0.97966 0.00119 Irrandnum 06_06 0.98734 0.00140
0.10 479D21DB7509 mrandnum_06_07 0.97953 0.00145 Irrandnum_06_07 0.98417 0.00133
0.10 55D4371D3A23 mrandnum_06_08 0.97993 0.00130 Irrandnum 06_08 0.98712 0.00136
0.10 6EIA14672B8F mrandnum 06 09 0.97972 0.00138 Irrandnum_06_09 0.98533 0.00142
0.10 77A0308COE44 mrandnum_06_10 0.98157 0.00134 Irrandnum 06 10 0.98412 0.00116

moifr Random Number "A" cases s "B" cases s
0.30 109E77866CF6 mrandnum_08_01 0.93412 0.00118 Irrandnum_08_01 0.93910 0.00146
0.30 16AA4A58735C rnrandnum 08 02 0.93227 0.00138 Irrandnum_08_02 0.93757 0.00117
0.30 1814171 B652A mrandnum_08_03 0.93390 0.00131 Irrandnum_08_03 0.93940 0.00146
0.30 IA423B9472C7 mrandnum_08_04 0.93252 0.00144 Irrandnum_08_04 0.93676 0.00130
0.30 20E876D82248 - mrandnum_08 05 0.93334 0.00132 Irrandnum_08_05 0.93851 0.00111
0.30 3F6E65CA7440 mrandnum_ 0806 0.93168 0.00132 Irrandnum_08_06 0.93914 0.00149
0.30 479D21DB7509 mrandnum 08 07 0.93514 0.00123 Irrandnum_08_07 0.94011 0.00131
0.30 55D4371D3A23 mrandnum_08_08 0.93564 0.00132 Irrandnum_08 08 0.93900 0.00139
0.30 6EIA14672B8F mrandnum 08 09 0.93597 0.00136 Irrandnum_08 09 0.93781 0.00117
0.30 77A0308COE44 mrandnum_ 0810 0.93525 0.00128 Irrandnum 08 10 0.93965 0.00118

I L
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Table 6.9.2.2-3. Neutron multiplication factors with standard deviations for the ES-3100 package models at
the "MR" and "LR" node points (cont.)

moifr Random Number | '"A" cases kr s |I i'"B" cases k,, s
1.00 109E77866CF6 rnrandnum 15 01 0.93103 0.00139 hnandnum 15 01 0.93344 0.00126
1.00 16AA4A58735C -rrrandnum_ 5_02 :0.93082 0.00131 Irrandnum 15 02 0.93281 0.00121
1.00 1814171B652A mrandnum_1 5_03 0.92890 0.00148 lrrandnum_15_03 0.93468 0.00132
1.00 1A423B9472C7 nurandnumn15_04 0.93062 0.00145 lrrandnum_15_04 0.93592 0.00126
1.00 20E876D82248 mrnandnum_15_05 0.93055 0.00125 lrrandnum _1 5_05 0.93251 0.00143
1.00 3F6E65CA7440 mrandnum 15_06 0.92950 0.00117 Irrandnum 15 06 .0.93374 0.00121
1.00 479D21DB7509 nrandnum_ 5_07 0.92952 0.00116 lrrandnum_15 07 0.93572 .0.00138
1.00 55D4371D3A23 ntrandnurn_15_08 0.92805 0.00154 lrrandnum 15 08 0.93498 .0.00145
1.00 6EIA14672B8F nrandnum 15 09 0.93117 0.00140 lrrandnun_ 15_09 0.93224 0.00114
1.00 77A0308COE44 mrandnum 15_10 0.93218 0.00120 1rrandnum 15 10 0.93158 0.00131

6.9.2.3 Statistical evaluation.

A evaluation of KENO V.a calculation results is made to determine if there is a statistically
significant-difference betweenthre mean kl for ihe "MR" and "MLR"modeis, for the "MLR" and "LR"
models, and for the "MR" and "LR" models. Cases are classified into five groups based on the amount of
water assumed present in the shipping package.. The symbol "i" is used to specify the case. The mean
difference and standard deviation for each of the five (5) sets of pair-wise differences'are defined as follows:

(a) d= (k<pi - k/ffj)/n and, . ';'.
(b) s =q [ [n d; 2 

_ ( dj ) 2] / n(n-1)] (conservatively defined for the t-test appropriate for small
sample sizes), - .: '- .- .

where, A, and Bi denote the model types, and n the sample size of ten (10). It is reasonable to assume that
the paired differences have been randomly selected from a normally distributed population of paired
differences with mean p.d and standard deviation 0 d then the sampling distribution of

(d - yd) /(Sd14 n)
is a t distribution having n-1 degrees of freedom.'

The evaluation of the mean differences (dc) for the 10 set of cases is accomplished through
hypothesis testing, a statistical tool used to provide evidence that a difference exists or does not exist. The
ti values are given in Table 6.9.2.3-1. A value 3.25 is obtained from the standard table for critical values for
the t distribution from which the decision to accept or reject the null hypothesis H0 is made with a Type I
error probability a of 0.01. '
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Table 6.9.23-1. T-test values for establishing statistical significance of the differences in calculated kf. values
for the ES-3 100 package models at the "MR," "MLR," and "LR" node points

"MR" cases "MLR" casesmoifr di tS

.OE-20 1.05154 1.05075 0.00089 -1.58991e-03 1.77
- L.OE-04 1.05146 1.05165 -0.00019 2.17840e-03 -0.28

0.1 0.98008 0.98091 -0.00087 1.33870e-03 -2.06
0.3 0.93404 0.93300 0.00106 1.88912e-03 1.77
1.0 0.93030 0.93067 -0.00034 1.68664e-03 -0.65

* "MLR" cases "LR" cases
moifr kf ,di 5 d1 t

1.OE-20 1.05075 1.05116 -0.00050 1.92087e-03 -0.83
I.OE-04 1.05165 1.05113 0.00041 9.36819e-04 1.38

0.1 0.98091 0.98546 -0.00456 2.28535e-03 -6.31
0.3 0.93300 0.93863 -0.00578 1.59574e-03 -11.45
1.0 0.93067 0.93369 -0.00318 2.30797e-03 -4.36

moifr "MR" cases 'R di Sd t

L.OE-20 1.05154 1.05116 0.00039 2.35840e-03 0.52
I.OE-04 1.05146 1.05113 0.00021 2.19813e-03 0.31

0.10 0.98008 0.98546 -0.00543 1.66324e-03 -10.33
0.30 0.93404 0.93863 -0.00472 1.46294e-03 -10.21
1.00 0.93030 0.93369 -0.003531 2.50750e-03 -4.45

critical value = 3.25 for 10 cases

For Itj <3.25, the H. hypothesis is not rejected. Acceptance of the null hypothesis is the result of
insufficient evidence to reject it. Thus, it can be concluded that the mean estimates of the difference in kf
between the "MR" and "MLR" calculation models, between the "MLR" and "LR" calculation models, and
between the "MR" and "LR" calculation models are not statistically significant for the dry condition where
neutronic interaction between packages is significant. Also, the mean estimate of the difference in ke.
between the "MR" and "MLR" calculation models is not statistically significant for wet or flooded
conditions where the packages of the array become isolated.

For Itl > 3.25, the H. hypothesis is rejected. Therefore, it can be concluded that the mean estimate
of the difference in kffbetween the "MLR" and "LR" calculation models, and between the "MR" and "LR"
calculation models is statistically significant for wet or flooded conditions where the packages of the array
become isolated. The negative t-values indicate that the calculated kff value for the "LR" model is slightly
higher than for the "MR" and "MLR" models. This result is consistent with an expected increase in kfdue
to "tighter or closer" water reflector surrounding the package content.

Although flattening of the side of the package represents a reduction in the diameter of the drum, the
points at which minimum flattening occurs provides an indication of the reduction of lattice spacing between
packages of an array under HAC. The composite of the minimum deformation points at perpendicular axes
(90-270° and 0-180°) represents the modified lattice spacing in an array of ES-3100 packages. As
illustrated in Table 6.9.2.3-2, the equivalent diameter of the package for "composite" lattice spacing is not
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significantly different from the 18.37-in. diameter of the pre-test package. Even though significant crushing
of the drum mid-section and bottom occurs, the effective center-to-center spacing of the contents actually
increases under HAC. Selective rearrangement of alternating packages would be required to achieve a more
compact array; however, this event is not credible.

As described in Sect. 6.3.1.2, a close-pack (triangular-pitch) array of packages would be represented
by a reduced package in a rectangular-pitch configuration. For the HAC, the 17.26-in. reduced diameter for
the "composite close-pack" package is slightly larger than the 17.20-in. diameter of the "MLR" calculation
model used in the HAC calculations of Sect. 6.6. Therefore, packages evaluated with "MLR" calculation
model of packages in a rectangular-pitch configuration is deemed adequate for the HAC criticality
evaluation. Considering both the irregular shape of deformed drums and that array spacing is determined
by overall (maximum) dimensions rather than mean or minimum dimension of a damaged package, the use
of the "MLR" model for representing the ES-3 100 package under HAC is conservative and bounding.

Table 6.9.2.3-2. Deformation of 1837 in. diameter ES3100 drum projected by finite element analysis case
"3100 RUNIHL Lower Bound Kaolite May 2004"

Deformation Diameter at 900 Diameter at 1800 Equivalent circular
point FEA node (in.) (in.) diameter (in.)

Composite 103012/098194 22.00 15.60 18.56

pre-test drum 18.37 18.37

pre-test, 17.08 17.08
close-pack - .

Composite, 103012/098194 17.26
c l o s e -p a c k _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6-81

YILF-717/Ch-61ES-3 I00 HEU SAR/pc/02-25.05



K-,o

6-82

Y/LF-717/Ch-6/ES-3 100 HEU SARJpc/02-25-05



APPENDIX 6.9.3.

PACKAGE MATERIAL COMPOSITIONS
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APPENDIX 6.9.3

PACKAGE MATERIAL COMPOSITIONS

Table 6.4 of Sect. 6.3.2 provides basic information and data for deriving the compositions for the
ES-3100 package (Figs. 6.1 and 6.2). The atomic densities presented in Table 6.4 can be verified using
additional information provided in Appendix 6.9.5. The following sections provide the rationale,
justification, or both for the material compositions used in the criticality calculations.

6.9.3.1 HEU

FIEU considered for shipment in the ES-3 100 is categorized into the following material forms: HEU
solid or broken metal; HEU oxide; or uranyl nitrate hexahydrate (UNH) crystals. In the interest of adding
conservatism, uranium is modeled 235U and 238U while the 234U and 236U isotopes are excluded. Any positive
change in neutron multiplication represented by the presence of the 234U is covered by the higher than actual
23"U content (Rothe et al. 1978). The theoretical density of 100 wt % "U HEU is 18.8111 g/cm3. This value
is determined by adjusting the density of natural uranium included in the SCALE Standard Composition
Library with 100 wt % weight factors. The theoretical density of HEU oxide types are 10.96 g/cm3 for U02 ,

8.30 g/cm3 for U30, and 7.29 g/cmn for U03. The theoretical density of UNH crystals is 2.79 g/cm3.
Table 6.9.3.1-1 provides details of the calculated wtv/o-ages input to KENO V.a calculated on the basis of
the stoichiometric formula of UO2(NO3)2+6H 20 and crystalline density. The maximum enrichment
considered in the analysis is 100 wt % 235U, although actual material enrichments are lower.

Table 6.93.1-1. Calculation of constituent weight-percentage values for uranyl nitrate
hexahydrate crystals used in KENOV.a calculation models

Avogadro No. (N.) 6.0221370E+23
UNHI

UO,(NO,)2+6HO Atoms/Molecule At.Wt. Mole.Wt. wt%/ calc. Ni NiAi

Hydrogen 1 1.0078 12.0936 2.4233 4.0401e+22 4.0716e+22
Nitrogen 14.0031 28.0062 5.6117 6.7333e+21 9.4286e+22
Oxygen 14 15.9949 223.9286 44.8690 4.7132e+22 7.5388e+23
U-235 235.0441 100.0000
U-238 238.0510 0.0000
Uranium I 235.0441 235.0441 47.0962 3.3666e+21 7.9130e+23

499.0725 100.0002
summations 100.0002 9.7633e+22 1.6802e+24

At. Wt. material

assumed density 2.7900

den.=(YNiAJ)/No 200

HEU broken metal. The critical mass of fissile material is dependent on factors such as the form and shape
of the material, bulk density if broken into pieces, and the enrichment. An analogy can be made for broken
metal to the minimum critical mass of submerged metal lattices of regular-shaped fissile material. Using
experimental data, the approximation of heterogeneous mixture of fissile material and moderator as a
homogenous mixture is justified as follows.
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Experi-entally Determined Minimxm Critical Mass of U(-94) Metal Lattices Immersed

in Water as a Function of Volume-to-Surface Area Ratio of the Fissile Element.

24

- 20

o 16

c
S
-4

Ai

Ii
-4

12

8

4

0

a 0.1 0.2 0.3 0.4 0.5 0.6 0.7

VolW=e-to-Surface Area Ratio of Element (inches)

0.8

Fig. 6.3.9.1-1. Experimentally determined critical mass U(-94) metal lattices immersed in water as
a function of volume-to-surface area ratio of fissile material. Source: TID-7028, Fig. 19,
Y-12 data have been added.

Figure 6.3.9.1-1 depicts the experimentally determined minimum critical mass of U (- 94) lattices
immersed in water as a function ofthe volume-to-surface area ratio of the fissile element (Paxton et al. 1964).
The critical mass is shown to increase from 850 g to 21 kg over the range of volume-to-surface ratios from
0 to 0.18 in. The critical mass is nearly constant in the range of volume-to-surface ratios from 0.18 to 0.8 in.
For pieces greater than 1-in. cubes, the minimum critical mass will not be less than 21 kg. For smaller pieces,
the minimum critical mass is a nearly linear function of the volume-to-surface-area ratio of the fissile
element.

Figure 6.3.9.1-2 depicts the experimentally determined minimum critical mass of U (- 94) metal
water and solution systems as a function density/concentration of 2"U (kg/I). The Figure reveals that: (1) a
minimum critical mass exists for each metal lattice system plotted, and (2) as the bulk density of uranium
or the uranium concentration increases, the curves for the critical mass of metal lattice systems converge with
the curve for highly enriched solution experiments or the curve for calculated homogenous metal water
mixtures. Conversely stated, the critical mass is greater for a heterogenous system than for a homogenous
system and this difference increases as the HIX ratio increases. Therefore, the practice of approximating a
heterogeneous mixture of fissile material and moderator as a homogenous mixture is justifiable and also
conservative at the higher H/X ratios.

Approximating broken metal as a homogenous mixture of uranium and water requires a defined
space within which masses of the components are conserved. This space is generally characterized by a
lattice constructed of unit cells and defined by the dimensions of the fissile material being approximated.

The broken HEU metal consists of large, irregular pieces ranging from 0.5 in. to several inches on
a side as shown in Figure 6.9.1.3-3. Lattice of cubes is chosen to represent broken metal inside the ES-3 100
containment vessel. Due to the constraints of KENTO V.a, an idealized configuration is defined by a square
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CCC-365, rigure 1 entitled 'Survey of Experimental Data for Near-Spherical, Water Moderated

Eighly Znriched Uranium Systems with Thick Water Reflection.
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Fig. 6.3.9.1-2. Figure 1 of CCG-365.

lattice circumscribed by the inner wall of the containment vessel. Water fills the truncated cylindrical
regions between inner wall of the containment vessel and the vertical faces of the lattice. Two additional
models are developed to evaluate conservatism at various stages of model approximations for broken metal.

Together, these models include: an explicit arrangement of HEU metal cubes forming a compact
rectangular lattice inside the containment vessel, HEU metal homogeneously mixed with water within the
rectangular lattice formed by the units cells, and HEU metal homogeneously mixed with water within the
volume of the containment vessel.

Parameters varied in each of these three models include: (1) the cube size in the explicit model from
1.0 in. to 0.25 in. on a side, (2) water moderation inside the containment vessel from dry to the fully flooded
condition (3) enrichment from 100.0 wt% 235U to 20.0 wt% 235U, (4) thickness of the Cat 277-4 spacers
located between each convenience can, and (5) the mass of the uranium metal at each content location.

One-quarter inch, 0.5-in, and 1.0-in cubes are selected to evaluate "approach-to-homogeneity" of
broken metal in this idealized form. The corresponding array configurations for 0.25-in, 0.5-in, and 1.0-in
cubes are 12 x 12 x N, 6 x 6 x N, and 3 x 3 x N. The N-th layer of unit cells for a given mass loading may

6-87

Y/LF.717/Ch-6/ES-3 100 HEU SAR/peI02-25-05



Fig. 6.9.3.1-3. Pan of HEU broken metal.

not all contain HEU metal; the empty cells are filled with water. Nevertheless, a slight variation still arises
in the total mass of HEU metal between these array configurations given whole cubes are contained in the
calculation models.

The results for the calculation models representing the various configurations of broken uranium
metal are shown in the Table 6.9.3.1-2. As the explicitly modeled cubes become smaller in size, the
calculated kfvalues for the explicit "sqa" models approach values for the "Iha" models where cubes HEU
metal cubes are homogenized with water within the rectangular lattice formed by the unit cells of the array.
A representative or converged k, value is 0.89 for increasing smaller cubes based on calculation results for
the "Iha" models. The "Iha" results indicate a slight difference between the k~ff values for the three array
sizes attributed to the difference in the HEU for the arrays of whole cubes.

Calculation results for the "cha" models, where arrays ofcubes are fully homogenized with the water
for the flooded containment vessel, indicate the highest k, Svalues. The neutron multiplication factor jumps
from 0.89 to 0.96. This model is deemed to be overly conservative when applied to a broken metal for the
following reasons. HEU metal does not dissolve in water. HEU metal is not in an oxide or powder form that
will absorb moisture or readily mix and become homogenized with the water inside the flooded containment
vessel. Given HEU metal is much denser than water, it will not float and become distributed throughout a
flooded containment vessel, but will instead gravitate toward the bottom of the containment vessel.
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Table 6.93.1-2. Summary for evaluation of HEU broken metal models (95 wt.% ... U) in a flooded
containment vessel, 1.4 in. can spacers, full water reflection of containment vessel

Array type U (g) Hg) h/i keo+ 2c

discrete array of cubes ('sqa' cases)

3 x 3 x n 35,164 33,406 7,946 6.21 0.8479 0.0013 0.85

6 x 6 x n 35,973 34,175 7,904 6.04 0.8746 0.0010 0.88

12 x 12 x n 35,988 34,188 7,903 6.03 0.8773 0.0012 0.88

cubes homogenized within foot print of lattice ("Iha" cases)

3 x 3 x n 35,164 33,406 7,946 6.21 0.8764 0.0012 J 0.88

6 x 6 x n 35,973 34,175 7,904 6.04 0.8863 0.0013 0.89

12x 12 x n 35,988 34,188 7,903 6.03 0.8891 0.0012 0.89

cubes homogenized within containment vessel ("cha" cases)

3 x 3 x n 35,164 33,406 7,946 6.21 0.9489 0.0014 0.95

6 x 6 x n 35,973 34,175 7,904 6.04 0.9537 0.0013 0.96

12 x 12 x n 35,988 34,188 7,903 6.03 0.9529 0.0012 0.96

The calculation results for the homogeneous mixture model of HEU metal and water within a
rectangular lattice bounds results for the explicit model. Also, the homogenization over the entire volume
of the containment vessel is deemed overly conservative. For these reasons, the "lha" model is chosen for
representation of HEU broken metal inside the flooded containment vessel under full water reflection. For
conservatism the "cha" model is chosen to represent broken metal in single packages and array of packages
under HCT and HAC. Details of the calculation models follow.

Explicit model of HEU metal cubes forming an array of unit cells. HEU metal cubes ranging from 1.0 in.
to 0.25 in. are explicitly modeled, correspondingly arranged in a 3 x 3, 6 x 6, or 12 x 12 (horizontal plane)
lattice, with N layers vertically. The height of the lattice or number of layers is determined by the HEU mass
loading. HEU cubes are centered in the individual unit cells.

Figure 6.9.3.1-4 depicts an isometric cutaway view of the containment vessel and lid with three
12 x 12 x 18 arrays of HEU content separated by Cat 277-4 canned spacers. The water surrounding the HEU
has been removed for the purpose of the illustration. Convenience cans are not modeled; therefore, the
corner unit cells nearly touch the inside wall of the containment vessel. Spacing between cubes is limited
by the inner diameter of the 5.06-in. (12.8524-cm) contairnent vessel. The footprint of the lattice is
3.57796 in. (9.08802 cm) square. Cat 277-4 canned spacers are modeled as square rather than cylindrical,
where the area of the square spacer equals the radial area of the cylindrical spacer. This approximation
preserves the neutron poison material present between HEU in actual can/containment vessel loadings
(content in circular convenience cans separated by circular spacers).
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Figure 6.9.3.14. Isometric view of the "sqa' model with three 12x12x18 lattices of HEU contents.

The HEU mass is varied in a series of calculations; however, the enrichment and density are
maintained constant. The uranium mass is reduced by removing one or more cubes from the array and the
created vacancies are filled with water. Because convenience cans are not included in the calculation
models, the location of the Cat 277-4 spacers between the arrays decreases as complete layers of cubes are
removed. The volume of the containment vessel above the top layer of the top array of cubes is filled with
full density water.

HEU metal homogeneously mixed with water within the rectangular lattice formed by the units cells. The
HEU in the 3 x 3 x N, 6 x 6 x N, and 12 x 12 x N unit cells of the explicit model are homogeneously mixed
with water in the rectangular lattice. Figure 6.9.3.1-5 depicts an isometric cutaway view of the containment
vessel and lid with three rectangular lattices separated by Cat 277-4 canned spacers. The dimensions of each
rectangular lattice are defined by the 12 x 12 x 18 array of unit cells of the explicit model. Each lattice
location contains the same mass of HEU and water that the respective explicit cube models contain. The
volume outside the rectangular lattices is filled with full density water.

HEU metal homogeneously mixed with water within the volume of the containment vessel. The HEU in the
3 x 3 x N, 6 x 6 x N, and 12 x 12 x N unit cells of the explicit model are homogeneously mixed with water
in the volume of the containment vessel. Figure 6.9.3.1-6 depicts an isometric cutaway view of the
containment vessel and lid with HEU content homogenized with water in the containment vessel. The three
rectangular lattices are used to position the Cat 277-4 canned spacers for similarity with the "sqa" and "lha"
models. The dimensions of each rectangular lattice are defined by the 12 x 12 x 18 array of unit cells of the
explicit model. The mass of HEU and water of the explicit cube model is preserved.
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Figure 6.9.3.1-5. Isometric view of the homogeneous "Iha" model with HEU homogeneously mixed
with water within the rectangular lattice formed by the units cells.

Figure 6.9.3.1-6. Isometric view of the homogeneous "cha" model with HEU homogeneously mixed
with water within the containment vessel.

6.9.3.2 Type 304 stainless steel

The metallic components of the ES-3 100 package are composed of Type 304 stainless steel. These
include the containment vessel, the convenience cans, the drum liner, and the drum. Type 304 stainless steel
with a density of 7.9400 g/cm3 is included as a material in the SCALE Standard Composition Library.

6.9.3.3 Catalog Nos. 277 and 277-4 (Cat 277-4)

Reactor Experiments, a subsidiary of Thermo Electron Corporation, manufactures a heat resistant
shielding material designated Catalog No. 277 Dry Mix. The material is described as one combining the
most effective shielding components into a single homogeneous composite. The shielding composite
material is designed to maximize the hydrogen contentnecessary for thermalizing fast neutrons for capture

6-91

Y/LI -717'Cb-6/ES-3 100 I{EUT SAkpc 02-25-05 CC& f



in the boron constituent. Widely used in nuclear power plants applications, the heat resistant shielding
material is capable of retaining a significant portion of its shielding properties up to 230'C (450'F).
Vendor-supplied test data (Appendix 6.9.4) indicates that Cat. No. 277 retains approximately 90% of the
hydrogen (water) content at an operating temperature of approximately 280'F and 70% at the recommended
operating limit of 350TF. The latter temperature is well above HAC temperatures expected inside the Body
Weldment liner inner-cavity.

The boron content has been increased from 1.56 wt % to 4.23 wt % for application to the ES-3100.
This new material is designated neutron poison CatalogNo.277-4 (Cat 277-4). The additive isboron carbide
(B4C) with small amount of a flit-like compound and trace amounts of unaccounted elements (0.17 wt %).
Boron carbide has a theoretical density from 2.45 to 2.52 g/cm3. The boron carbide grit partial sizes used
are also small after passing through mesh sizes of 200 and 40 (63 to 355 Jlm). Cat 277-4 contains a large
amount of hydrated alumina, also known as aluminum trihydrate [AI(OH)3]. It is a non-abrasive powder with
a specific gravity of 2.42. Given that both materials are of like density and similar partial size, separation
and in-homogeneity of Cat 277-4 material is not expected during the controlled vibration casting process.

Information appearing under the heading "Cat 277-4" at the bottom of Table 6.9.3.3-1 provides
details of the composition data provided by the vendor. The atomic weights (At. Wt.) listed in
Table 6.9.3.3-1 are obtained from the 14! Edition of Nuclides and Isotopes. The atomic weights are
consistent with values used by the vendor to derive the number densities shown (green box) using the
constituent vt %'s (green box). This is evidentby the close agreement with the calculated number densities
shown in the column to the right (red box); the difference is attributed to round-off in the values reported by
the vendor. The calculated number densities for hydrogen and oxygen are adjusted to "extract" the water
component from the material specification, and the constituent wt %'s are recalculated accordingly (orange
box). The density of the non-aqueous component of Cat 277-4 is 0.9877 g/cm3 and the density of water in
the Cat2 77-4 is 0.6942 g/cm3.

Some of these values for the atomic weights, notably oxygen, are slightly different than ones
provided in the Standard Composition Library for SCALE4.4a. Thus for consistency, the value of 15.9949
is used for the atomic weight of oxygen which resulted in slight differences in the constituent wt %'s for
hydrogen and oxygen in wvater.

Table 6.9.3.3-2 provides a material specification where both the water and boron components have
been extracted from the material specification for the neutron poison. Cat 277-4 is specified in KENO V.a
as three arbitrary materials: arbmnp277 having a density of 0.9165 g/cm3, arbmnph2o having a density of
0.6942 g/cm3 and arbmboron having a density of 7.1195e-02 glcm3. This material description allows for
clear specification of reduced boron and water contents required in the evaluation of NCT and HAC. These
values are used in the criticality calculations based on the vender's material specification. As mentioned
previously, full water content is used in the NCT calculations while 90 % of the water content is used in the
HAC.

Material testing results available after criticality calculations were completed reveal that the moisture
content in Cat 277-4 is approximately 30% and not the 42% value as given in the vendor's material
specification. Thermogravimetric Analysis (TGA) tests preformed on nine samples at temperature up to
8000C (14720F) are the basis for the data presented in Table 6.9.3.3-3. For the six wvet samples storied in
a plastic bag for five weeks after being poured, the test residue percentages ranged from 59.22 to
65.56 wt %indicating moisture contents ranging from 40.78 to 34.44 wt % in the pre-tested sample. For the
three samples eight wveeks old stored in plastic bags for two weeks and left to air dry for six weeks, the test
residue percentages ranged from 67.8 to 68.57 wt % indicating 32.2 to 31.43 Wt % moisture content in the
pre-test samples.
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Table 6.9.3.3-1. Calculation of constituent Nveight-percentage vnalucs for Cat 277-4 used in KENON7.a calculation moidels

C

Avogadro No. (N0) 6.022137e+23

11[0 in Nl1277-4

Atom JVt% At. N't. cale. N, NAi calc. wI

Hydrogen 11.1913 1.0078 4.6422e+22 4.6784e+22 11.1913

Oxygen 88.8087 15.9949 2.321 le+22 3.7126e+23 I 88.8087

Water 100.0000 18.0105 6.9633e+22 4.1804e+23

dcn.=(ENjA1 )/No 0.69472

Nl 2774

Atom Given Nvl% Given N1  At. WA t. cale. NJ NA, adjusted N. ad]. N,A, cale. IV, Wt I At.Wt.

Hydrogen 4.619 4.64e+22 1.0078 4.6422e+22 4.6784e+22 0.0000c+00 0.0000e+00 0.0000 0.0000

Boron 4.233 3.96e+21 10.8126 3.9652e+21 4.2875e+22 3.9652e+21 4.2875e+22 7.2080 6.6663e-03

Carbon 1.506 1.27e+21 12.0000 1.2711 e+21 1.5254e+22 1.2711 c+21 1.5254e+22 2.5644 2.1370e-03

Oxygen 59.996 3.79e+22 15.9949 3.7992e+22 6.0768e+23 1.4781 c+22 2.3642e+23 39.7463 2.4849e-02

Sodium 0.130 5.87e+19 22.9895 5.7275e+-19 1.3167e+21 5.7275e+19 1.3167e+21 0.2214 9.6289e-05

Magnesium 0.386 2.32e+21 24.3051 1.6086e-F20 3.9097c+21 1.6086e+20 3.9097c+21 0.6573 2.7043c-04

Aluminum 21.160 7.93e+21 26.9818 7.9432e+21 2.1432e+23 7.9432e+21 2.1432e+23 36.0313 1.3354e-02

Silicon 1.320 4.76e+20 28.0853 4.7604e+20 1.3370e+22 4.7604c120 1.3370e+22 2.2477 8.0031c-04

Sulfur 0.150 4.80e+19 32.0636 4.7384e+19 1.5193e+21 4.7384e+19 1.5193e-21 0.2554 7.9661 c-05

Calcium 6.180 1.56e+21 40.0803 1.5617c+21 6.2595e4-22 1.5617c+21 6.2595c+22 10.5233 2.6256e-03

Imn 0.320 5.72e+19 55.8447 5.8039c+19 3.2412e+21 5.8039e+19 3.2412e+21 0.5449 9.7574e-05

summations 100.000 1.02e+23 9.9955e+22 1.0129e+24 3.0322e+22 5.9482e+23 100.0000

At. Wt. material 19.6169

assumed density |1.6819

den.=(:NjA1)/No | 1.6819 0.9877 0
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'T'ablc 6.9.3.3-2. Calculation of consfilticilt IIcight-pcrccntagc values foi- Cat 277-4 used in KlENOI'.a calculation models

Avogadro No. (N.O) 6.022137c+23

1120 in NP1277-4

AIOIII wtly,. At. WI't. calc. N, NA,1  calc. w,

Hlydrogen 11.1913 1.0078 4.6422e+22 4.6784e+221 11.1913
Oxygen 88.8087 15.99491 2.3211ct22 3.7126c+23 88.8087
Waler 100.0000 18.0105 6.9633c+22 4.1804c+23

don.=(N N,Aj)/N'o 0 .69421

Bor on in Nl'277-4

Atoni tV[% At. NIL. cale. N. NA,

Boron-10 18.4309 10.0129
Boron-lI 1 81.5691 11.0093

Bioron 100.0000 10.8110 3.9658e+21 4.2875e+22

dcii.=(LNAj)/No |7.1195e-02]

Nl'277-4
Atom Givcn vt% Givcu N. At. WI. cale. N, NA, adjusted N. adj. NIA ,  Cale. wI Wt% I At.Wt.

Hydrogen 4.619 4.64c+22 1.0078 4.6422c+22 4.6784c+22 0.OOOOe+00 0.OOOOc+00 0.0000 0.0000
13oron 4.233 3.96e+21 10.8110 3.9658e+21 4.2875e+22 0.OOOO c0 0.OOOOc00 0.0000 0.0000
Carbon 1.506 1.27e+21 12.0000 1.271 1c+21 1.5254c+22 1.271 Ie+21 1.5254c+22 2.7636 2.3030e-03
Oxygen 59.996 3.79e+22 15.9949 3.7992e+22 6.0768c4-23 1.4781ei22 2.3642e+23 42.8337 2.6780c-02
Sodium 0.130 5.87c+ 19 22.9895 5.7275c+19 1.3167c+21 5.7275e+19 1.3167ec-21 0.2386 1.0377c-04
Magnesium 0.386 2.32e+21 24.3051 1.6086c+20 3.9097e+21 1.6086c+20 3.9097c+21 0.7083 2.9144c-04
Aluminum 21.160 7.93e+21 26.9818 7.9432c+21 2.1432c+23 7.9432e+21 2.1432c+23 38.8302 1.4391 c-02
Silicon 1.320 4.76e+20 28.0853 4.7604c+20 1.3370c+22 4.7604c+20 1.3370e+22 2.4223 8.6248c-04
Sulfur 0.150 4.80c+19 32.0636 4.7384e+19 1.5193c+21 4.7384c+19 1.5193c+21 0.2753 8.5849c-05
Calcium 6.180 1.56c+21 40.0803 1.5617e+21 6.2595e+22 1.5617e+21 6.2595e+22 11.3408 2.8295c-03
Iroil 0.320 5.72c+19 55.8447 5.8039c+19 3.2412e+21 5.8039e+19 3.2412c+21 0.5872 1.05 15c-04
summations 100.000 1.02c+23 9.9956c+22 1.0129e+24 2.6357ce22 5.5195e+23 1(0.0000

Al. WI. material 20.9415
assumcd density 1.68191

dcn.=(NjAj)INo 1.69 0.9165 0.9165
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Table 6.9.3.3-3. Data for TGA analysis of Cat 2774 samples

Material Density 1.68 gtcm3 (105 Ib/ft)

Wet Sample Data Dry Sample Data
1500C 8000C 150 0C 8000 C

(302 0F) (1472 0F) (3020 F) (1472 0F)
Present Max Min Max Min Present Max Min Max Min
Wt% 93.40% 84.20% 65.56% 5 9.22% Wt0/o 98.53% 97.87% 68.57% 67.80%

Weight Min Max Min Max Weight Min Max Min Max
Loss Loss
Wt% 6.60% 15.80% 34.44% 40.78% Wt% 1.47% 2.13% 31.43% 32.20%
Water Max Min M Min Water Max Min Min Min

Present Present
Nrt%/ 80.84% 61.26% 0.00% 0.00% Wt% 95.32% 93.39% 0.00% 0.00%

Water Loss Min Max Max Max Water Loss Min Max Max Max
Wt% 19.16% 38.74% 100.00% 100.00% Wt% 4.68% 6.61% 100.00% 100.00%
Water Max Min Min Min Water Max Min Min Min

Density Density
Present Present

1b/f 29.23 26.23 0 0 lb/ft3  31.46 31.57 0 0
gicm

3  0.468 0.420 0 0 g/cm3  0.504 0.506 0 0
Water Min Max Max Max Water Min M ax Max Max

Density Density
Loss Loss
lb/tV 6.93 16.59 36.16 42.82 lb/tf 1.54 2.24 33.00 33.81
fCM3- 0.111 0.266 0.579 0.686 g/cm' 0.025 0.036 0.529 0.542

The wettest sample generated a 59.22 wt % weight residue at 800'C (1472 0F) for a water content
of approximately 0.685 g/cm3 (0.4078* 105 lb/ft3 = 42.78 lb/ft3.) This represents approximately 98.7% of
the value in the material specification; consequently, the material specification provided by the vendor is
believed to correspond to the water content present in the pre-cured mix.

For the dry samples held at 302'F, the water present ranged form 95.32 to 93.39 wt % while the
water loss ranged form 4.68 to 6.61 wt %. Corresponding densities ranged from 0.504 to 0.506 g/cm3 for
residual water present and 0.025 to 0.036 g/cnr for water lost. For the same samples subsequently held at
800 'C (1472°F), the sample having 68.57 wt % weight residue is considered the driest sample in terms of
initial water content. Using a material nominal density of approximately 105 lb/ft3, the total water density
loss is 0.529 g/cm3. Using a minimum density of 100 lb/fl3, the total water density loss is 0.504 g/cm3 . This
water density of 0.504 g/cm3 is taken to represent the "room temperature" moisture of cured material, which
is approximately 73% ofthe value both given in the vendor's material specification and used in the criticality
calculations for the SAR.

As shown in Table 6.9.3.3-4, a material specification for cured Cat 277-4 is derived from the
vendor's pre-cured specification. The hydrogen content is set to 3.372 wt % (73% of the vendor
specification), and the wt %'s for the remaining elements are normalized. Assuming a minimum material
density of 1.6 g/cm3, the component densities for Cat 277-4 are 0.4821 g/cm3 for water, 6.8614e-02 g/cm3

for boron, and 1.0493 glcm3 for the remaining material.
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Tablc 6.9.3.34. Calculation of adjusted constitcent wveight-percentage values for Cat 277-4 used in ICENOVI.a calculation models

Avogadro No. (N.) 6.022137e+23

1120 in INP2774
Atom %vt% At. W~t. calc. N, NA, calc. v,

Hydrogen 11.1913 1.00781 3.2238c+22 3.2489e+22 11.1913
Oiygen 88.8087 15.9949 1.6119c+22 2.5782e+23 88.8087

WVater 100.0000 18.0105 4.8357e+22 2.9031e+23

den.=(N ,A,)/No | l

Boron in N1277-4
Atom wIV At Wt. cale. N, NAj

Boron-10 18.4309 10.0129
Boron-1 1 81.5691 11.0093

Boron 100.0000 10.8110 3.8220e+21 4.1320e+22

den.=( N jAY/No

N1I277-4
Atom Given wt% adj to 73%H Given N, At. Wt. calc. N, NIA, adjusted N, adj. NA, calc. V, W/O I

Hydrogcn 4.619 3.372 4.64c+22 1.0078 3.2238c+22 3.2489e+22 O.OOOOc400 0.OOOOe+OO 0.00(0 0.0000
Boron 4.233 4.288 3.96c+21 10.8110 3.8220e+21 4.1320e+22 0.00OOe-00 0.OOOOe+00 0.0000 0.0000
CaGbon 1.506 1.526 1.27e+21 12.0000 1.2251 e+21 1.4701c+22 1.2251e+21 1.4701 c+22 2.3264 1.9387c-03
Oxygen 59.996 60.780 3.79e+22 15.9949 3.6615e+22 5.8565e+23 2.0496c+22 3.2782c+23 51.8782 3.2434c-02
Sodium 0.130 0.132 5.87e+ 19 22.9895 5.5198c+19 1.2690e+21 5.5198e+19 1.2690e+21 0.2008 8.7351 c-05
Magnesium 0.386 0.391 2.32c+21 24.3051 1.5503e+20 3.7679e+21 1.5503e+20 3.7679e+21 0.5963 2.4533c-04
Aluminum 21.160 21.437 7.93e+21 26.9818 7.6552e+21 2.0655e+23 7.6552e+21 2.0655c+23 32.6868 1.2114c-02
Silicon 1.320 1.337 4.76c+20 28.0853 4.5878e+20 1.2885e+22 4.5878e+20 1.2885c+22 2.0391 7.2602c-04
Sulfur 0.150 0.152 4.80c it19 32.0636 4.5666e+19 1.4642e+21 4.5666c+ 19 1.4642e+21 0.2317 7.2266e-05
Calcium 6.180 6.261 1.56c i-21 40.0803 1.5051c+21 6.0325c+22 1.5051 c+21 6.0325c+22 9.5465 2.3818e-03
Iron 0.320 0.324 5.72e+1 55.8447 5.5935e+19 3.1236c+21 5.5935c+19 3.1236c+21 0.4943 8.8516e-OS
summations 100.000 1.02c i-23 8.3830e+22 9.6354c+23 3.1652e+22 6.3191 c+23 100.0000
At. WVt. material 19.9646
assumed density | 1.61

den.=( N,AJ/No 1.60~00 | 1.0493 | 1.0493

WI i ,.6/1kS.3100 IIIEU SARIVpdO2.25-05
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Figure 6.9.3.3-1 depicts the sample water content versus temperature for the three dry samples of
the TGA tests. The maximumNCT temperature is assumed to be 120'C (2480F) while the maximum HAC
temperature based on testing is estimated at 150'C (302'F). These curves reveal that very little water loss
occurs in this temperature range. Given the sample residues are 98.27 and 97.8 wt % of the initial sample,
the corresponding NCT and HAC residual water densities are 0.475 and 0.467 g/cm3 , respectively. These
values represent 98.5% of full water content in the cured material specification for the NCT and 96.8% of
the water content for the HAC. These values are not significantly different from full water density.

New criticality calculations with the revised material specification for Cat 277-4 are run using a
select set of cases to produce data for establishing a bias, termed the "CSI dependent reduction factor." This
bias adjustment is applied to the USL for screening criticality results in the criticality calculations run with
the vendor's (pre-cured) material specification. It compensates for the over estimation ofneutron absorption
in the criticality calculations used to establish fissile mass loading limits.

Tables 6.9.6-93 through 6.9.6-97 provide comparison of case results between calculations run with
the vendor's material specification and calculations run with the revised material specification. Comparison
of results for cases nbiabm 12 01_09 nn based on the vendor's specification to results for cases
nbiabml 60_12_01_09_ 'n run using the revised specification reveal that differences (A kOf+ 2o) are greatest
in the driest array where neutronic interaction between units is greatest. Differences are smallest in flooded
arrays where packages are nearly isolated from each other. Comparison of results for cases
nbiabm nn_01_09 03 to cases nbiabml60_nn_01 09_03 reveal that differences diminish as the content
fissile mass is decreased. Differences appear to be relatively constant as a function of enrichment (i.e., cases
nbiabm_07_01_nn_03 and cases nbiabml60_07_O1_nn_03). Also, it is apparent from the differences
given in the tables that the difference decreases as the array size decreases. Conservative bias adjustment
factors for the USL are as follows: 0.06 for infinite arrays cases, 0.06 for a 13x13x6 size array; 0.05 for a
9x9x4 size array; and 0.04 for 7x7x3 and 5x5x2 size arrays, and 0.02 for single package. The bias
adjustment factor for the single package is derived from results for the flooded array (degenerate single
package case).
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Thermogravimetric Analysis (TGA) @10°C/min Catalog 277-4 dry samples
8 weeks old storied in a plastic bag 2 weeks and in air 6 weeks
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Figure 6.9.3.3-1. Sample water content vcrsus temperature for the three dry samJ)les of the TGA tests.
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6.93.4 Kaolite 1600 ' ' -

Kaolite 1600, manufactured by'Thermal Ceramics of Augusta, Georgia [telephone number
(404) 796-4200], is a super lightweight, low thermal conductivity, castable material designed for backup
insulation up to 1600'F. The material is obtained as a dry'powder with the chemical composition given in
Table 6.9.3.4-1. The powder is mixed with water in a water-to-powder ratio of 14.5 qt per 20-lb bag. The
mixture is poured into the drum body weldment br top'plug, vibrated to eliminate voids, and then dried and
fired to form the finished product. The density of the fired material is about 25 lb/ft3. It is assumed that the
wet mixture contains the maximum water possible.; This value (14.5 qt per 20 lb) is therefore used to
determine the maximum water content of the fired pr6duct,

14.S qt x 25 lb x 0.-946' -: 998.2 g x 35.32 ft3  0.6045 g
20 lb dry ft3  I qt 106 cm 3  cm 3

Table 6.93.4-1. Kaolite 1600 chemical composition, percent fired basis

Component Weight percent , Component Weight percent
A1203  9.6' CaO 30.7
SiO2  . 36.7 !. .MgO 13.1
Fe2O3  6.7 Na2O 2.0
TiO2  1.2 -- -

Weight measurements were'taken during the casting of Kaolite 1600 for production of a series of
K-) drum body weldment (M2E801343A0 1) and .top~plug (M2E801343A014) parts for the ES-2100

(Rowland 2001). Tables 6.9.3.4-2 and 6.9.3.4-3 provide'detailed information. The mean values for the
amount of Kaolite and water present after baking are io7.08 lb of Kaolite and 4.8 lb of water in the drum
body weldment, and 16.99 lb Kaolite and 0.58 lb water in the top plug.- An ES-2100 package contains, on
the average, 124.07 lb (56,276.91 g) of Kaolite and 5.38 lbs (2,440.32 g) of water. Given that the average
volume is 5.72 ft, then the average density of Kaolite is 22.63 lb/ft3.

The volume of the Kaolite region in the KENO models is 1.63417 x 5 cm3. For NCT ,- the density
of Kaolite is 0.34438 g/cnm, and the density of-water is 0.01493 g/cm3 . The data in Tables'6.9.3.4-2
and 6.9.3.4-3 indicate th'at the Kaolite mray have as little as 1.90 lb (861.82 g) of water (Part Serial
Number 97) such that the corresponding density 6f water is 0.00527 g/cm3. For the water-flooded HAC,-the
amount of water is assumed not to exceed the amount present before baking. The package would contain
on the average 186.10 lb (84,413.1 g) of watersuch that thecorrespondingdensityis0.51655g/cm3. The
full range of NCT and HAC conditions would be' ~overed by a variation of water in the Kaolite from 0 g/cm3

to 0.51655 g/cm3 in a calculation model. -- - i

The Kaolite components of ES-3 100 shipping package were not yet been manufactured at the time
this criticality safety evaluation was performed. Given the lack of production data for ES-3100 Kaolite, a
material specification (mass and :density)'was deriiied'fr6m data for ES-2100 production units. This
specification denoted "as-manufoctured" (AM)'Kaoliteiwas used instead for the'ES-3100 criticality
calculations. This ES-2100 shipping package is similar in designto the ES-3100 currently being evaluated.

The Kaolite production process was re-:evaluated and improved following the production ofES-3 100
units Smith and Byington 2003). Test samples werecproduced. These were classified into three groups: high
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Table 6.9.3.4-1. Fabrication data, before and after baking drum body weldment (Drawing M2E801343A011)

II before baking | a ter baking

Part clean & filled before after density water Kaolite KaoliteSerial empty with baking baking den water volume and water Kaolite water and water Kaolite water
Number empty water (lb) (lb) baking (lb) (ft) (l) wb) Qb) a wt (lb) Qb)Nm r (I) (lb) _____ (Ib/ft) II)(b I) (b b

97 87.5 - 393.5 356.5 197.0 22.29 306.00 4.91 269.00 107.60 161.40 109.50 107.60 1.90
98 87.5 393.5 356.5 198.5 22.60 306.00 4.91 269.00 107.60 161.40 111.00 107.60 - 3.40
54 87.5 395.0 356.5 199.0 22.59 307.50 4.94 269.00 107.60 161.40 111.50 107.60 3.90
87 87.5 394.0 353.5 196.5 22.16 306.50 4.92 266.00 106.40 159.60 109.00 106.40 2.60
2 88.0 394.0 360.0 202.5 23.31 306.00 4.91 272.00 108.80 163.20 114.50 108.80 5.70
4 88.0 395.5 360.0 203.0 23.30 307.50 4.94 272.00 108.80 163.20 115.00 108.80 6.20
42 88.0 394.5 356.5 199.5 22.66 306.50 4.92 268.50 107.40 161.10 111.50 107.40 4.10
43 88.0 396.0 357.5 198.0 22.25 308.00 4.94 269.50 107.80 161.70 110.00 107.80 2.20
94 87.0 393.5 361.5 205.0 23.98 306.50 4.92 274.50 109.80 164.70 118.00 109.80 8.20
35 88.0 394.5 363.5 208.0 24.39 306.50 4.92 275.50 110.20 165.30 120.00 110.20 9.80
3 87.0 393.0 364.0 206.0 24.23 306.00 4.91 277.00 110.80 166.20 119.00 110.80 8.20

44 88.0 394.0 356.5 204.5 23.72 306.00 4.91 268.50 107.40 161.10 116.50 107.40 9.10
32 88.0 396.0 355.0 198.5 22.35 308.00 4.94 267.00 106.80 160.20 110.50 106.80 3.70
33 87.5 394.0 351.0 197.5 22.36 306.50 4.92 263.50 105.40 158.10 110.00 105.40 4.60
58 87.5 394.5 351.5 196.5 22.12 307.00 4.93 264.00 105.60 158.40 109.00 105.60 3.40
4 87.5 394.0 343.0 192.5 21.34 306.50 4.92 255.50 102.20 153.30 105.00 102.20 2.80
22 '87.5 394.5 352.0 196.0 22.02 307.00 4.93 264.50 105.80 158.70 108.50 105.80 2.70
27 88.0 395.5 352.5 196.5 21.98 307.50 4.94 264.50 105.80 158.70 108.50 105.80 2.70
28 87.5 394.5 350.5 199.0 22.63 307.00 4.93 263.00 105.20 157.80 111.50 105.20 6.30
30 - 87.5 395.0 352.0 200.0 22.79 307.50 4.94 264.50 105.80 158.70 112.50 105.80 6.70
27 88.0 395.5 352.5 196.5 21.98 307.50 4.94 264.50 105.80 158.70 108.50 105.80 2.70

mean 87.67 394.50 355.36 199.55 22.72 306.83 4.93 267.69 107.08 160.61 111.88 107.08 4.80
std.dev. 0.8132 100% 95.71% 4.29%

computed 22.72 306.83 4.93 267.69 107.08 160.61 111.88 107.08 4.80
on means I I 2.8
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Table 6.9.3.4-2. Fabrication data, before and after baking top plug (Drawing M2E801343A014)

filleddest
Part clean & before after dniy water Kaolite Kaolite

Seil epy with baig 'aig after Codtosvolume a~dwtr Koie wtr adwtrKaollte water
Sumeria mt water (lb) (lb) (baing3  (Ib) _______Ob Q) b O) b
N blb (lb) _ _ _ _ _ _ _ _ _ __

97 10.5 60.0 53.5 28.5 22.65 49.50 0.79 43.00 17.20 25.80 18.00 17.20 0.80

83 10.5 59.0 50.5 27.0 50.50 27.00 50.50 27.00 16.00 24.00 16.00 24.00 16.00

86 10.5 60.0 50.5 27.5 21.40 49.50 0.79 40.00 16.00 24.00 17.00 16.00 1.00

87 10.5 59.0 53.0 . 28.5 23.12 48.50 0.78 42.50 - 17.00 25.50 18.00 17.00 1.00

28 11.0 59.0 53.0 28.5 22.71 48.00 0.77 42.00 16.80 25.20 17.50 16.80 - 0.70

23 10.5 - 59.5 52.5 28.0 22.25 49.00 0.79 42.00 16.80 25.20 17.50 16.80 0.70

24 10.5 59.0 53.5 28.5 >23.12 48.50 0.78 43.00 17.20 25.80 18.00. 17.20 0.80

25 10.5 * 58.5 54.0 29.0 -.24.01 48.00 0.77 43.50 17.40 26.10 18.50 17.40 1.10
26 10.5 -59.0 4.0 29.0 -23.76 48.50- 0.78 43.50 17.40 26.10 18.50- 17.40 1.10

27 10.5 : -60.0 54.5 : 29.0* 23.28 '49.50 0.79 C - 44.00 17.60 26.40 - 18.50 - 17.60 - 0.90'

0 10.5 . 60.0 52.0 27.0-. 20.77 49.50 -0.79 :- 41.506. 16.60 24.90 .,16.50 16.60. : -0. 10

20 10.5 -.60.0 53.5 28.0 22.03 :-49.50 ;0.79 43.00 :17.20 25.80 >17.50 . 17.20 - 0.30!

22 10.5 '-60.0 54.0 . 28.5- 22.65 :49.50 '0.79 -A43.50 17.40 26.10 180 ~ 1.0- 0.60

21 10.5 -61.0 53.0 28.0 21.59 50.50 0.81 42.50 17.00, 25.50 17.50 17.00 0.50

19 10.5 60.0 53.0 27.5 21.40 49.50 0.79 42.50 17.00 25.50 17.00 17.00 0.00

I 1 10.5 60.0 52.5 28.0 22.03 49.50 0.79 42.00 16.80 25.20 17.50 16.80 0.70

14 10.5 60.0 52.5 27.5 21.40 49.50 0.79 42.00 16.80 25.20 17.00 16.80 0.20

15 10.5 60.5 54.0 28.0 =21.80 50.00 0.80 43.50 17.40 26.10' - 17.50 17.40 0.10

16 10.5 59.0 52.0 27.5 21.84 48.50 0.78 41.50 16.60 24.90 17.00 16.60 0.40

17 10.5 60.5 54.5 28.5 22.43 50.00 0.80 44.00 17.60 26.40 18.00 17.60 0.40

mean 10.52 -59.70 53.00 28.10 23.74 48.10 3.28 42.48 16.99 - 25.48 17.58 16.99 0.58

std.dev. I_6.3565 100% 96.67% 3.33%

computed 22.27 49.18 0.79 42.48 16.99 25.48 17.58 16.99 0.58
on m eans __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

No explanation is given for the negative amount of water in Part 18. Also, the smaller percentage of water present in the top plug compared with to the drum body weldment is
attributed to the larger surface-to-volume ratio, which results in better drying of the parts.
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density, medium density, and low density. The predominate number of samples fall into the medium density
category (22.04 lb/ft3), representing the expected, improved Kaolite production process. (Smith and
Byington, Appendix 2.10.4, Table 5) A material specification for use in criticality calculations was derived
from the medium density test sample data (TS Kaolite). However, the TS data is based upon small sample
volumes, whereas the AM data represents the entire package. Taking into consideration both the potential
for scaling error and the uncertainty of how representative the test samples are of the manufactured ES-2 100
units, the criticality safety packaging analysts chose to utilize the material specification derived from AM
data rather than TS data in the criticality calculations for the ES-3 100 SAR.

A set ofcriticality calculations were performed for each ofthe packaging material specifications (i.e.,
the TS and the AM Kaolite), using three different package water contents to represent the range of NCT and
HAC. Y-12 statisticians were asked to determine whether or not the observed difference in neutronic
performance are statistically significant for a package modeled with the TS specificationversus one modeled
with the AM specification. The purpose of this discussion is to summarize this comparison
(DAC-FS-900000-AO14) and draw conclusions.

Criticality Calculations. Each case is rerun using a different starting random number in order to produce
computed k~ffvalues that are statistically independent. Table 6.9.3.4-4 presents the random starting number,
the mean value (kff) and corresponding standard error (s,) computed for 10 individual runs of each case.

Three sets of criticality calculations were run for both the AM Kaolite and TS Kaolite. One set of
calculaitons is for dry Kaolite (i.e., low water content, IS= le-04 spg water); another set is for'normal
moisture Kaolite (i.e., NCT water content), and the third set is for flooded Kaolite (i.e., high water content,
IS= 1.0 spg water). These conditions span the range of NCT and HAC addressed in the criticality evaluation.
An infinite array of packages was evaluated in order to eliminate any biases arising from spectral leakage
effects in the reflector of finite array. Each package was modeled having 36 kg of 100% enriched uraniumrn
in the form of 3.24-in. diameter cylinder content. The keg values for each KENO V.a case are based on
500,000 neutron histories produced by running for 215 generations with 2,500 neutrons per generation and
truncating the first 15 generations of data.

Statistical evaluation. A review of KENO V.a calculation results was made to determine if a statistically
significant difference exists between the mean kid for the TS Kaolite specification and the AM Kaolite
material specifications used in the criticality evaluation of the ES-3 100 shipping package. Case results were
classified into three groups (i.e. low water content, medium water content, or high water content) depending
on the amount of water present in the ES-3 100 shipping package. The symbol "i" is used to specify the
group. The mean difference and standard deviation for each of the three (3) sets of pair-wise differences was
defined as follows:

* (c) d; (k<, pi - k~ffiAJ)/n and,
(d) sd; = ' [ [nEd1 2 ( d; )2 ] /n(n-l) ] (conservatively defined for the t-test appropriate for small

sample sizes),

where, A, denotes the TS by group classification, B, the AM by group classification, and n the sample size
of ten (10). It is reasonable to assume that the paired differences have been randomly selected from a
normally distributed population of paired differences with mean pd and standard deviation ad then the
sampling distribution of

(d - jd) /(Sd/4 n)

is a t distribution having n-I degrees of freedom.
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The evaluation of the mean differences (d) ,for the 10 set'of cases is accomplished through
hypothesis testing, a statistical tool used to provide evidence that a difference exists or does not exist. The
t1 values are: 0.70, 10.0 and 0.95 for dry Kaolitefor NCT Kaolite and for flooded Kaolite, respectively. A
value 3.25 is obtained frmn the standard table for critical values for the t distribution from which the decision
to accept or reject the null hypothesis'Ho is made'with a Type I error probability a of O.0l. 'Fort <3.25, the
H~hypothesis isnotrejected. Acceptance of the nlill hypothesis is the result of insufficient evidence to reject
it. Thus, it can be concluded that the mean estimate of the'difference of the AM Kaolite is not significantly
different from the mean of the TS Kaolite fobrbothf-dry and flooded Kaolite. For t >3.25, the Ho hypothesis
is rejected. Therefore, it can be concluded that the mean estimate of the difference of the AM Kaolite is
significantly different than the mean of the TS Kaolite for the normal moisture Kaolite. The mean k1f for
AM Kiolite is significantly greater than the mean k,. of the TS Kaolite; therefore, the use of the AM
specification in the ES-3 100 criticality calculations is conservative and bounding.' Details of the statistical
evaluation are documented in Reference DAC-FS-900000-A014.

7 1
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Table 6.9.3.44. Data for the statistical evaluation of "as-manufactured"and "test sample" Kaolite

As-Manufactured Kaulite Test Sample Kaolite
Case name | Random number| kr S i Case name Random number k,,y s|

__ Group 1 - Low water content
esrandnum 01 01 in 109E77866CF 1.00274 0.00138 mdrandnum_01_01_in 109E77866CF 1.00170 0.00125
csrandnum 01 02 in 16AA4A58735 1.00224 0.00120 mdrandnum 01 02 in 16AA4A58735 1.00416 0.00116
csrandnum_01_03_in 1814171B652 1.00121 0.00107 midraninur 01 03 in 1814171B652 1.00208 0.00125
csrandnum 01 04 in 1A423139472C 1.00367 0.00118 1drandnum 01 04 in 1A423B9472C 1.00271 0.00131-
csrandnum 01 05 in 20E876D8224 1.00290 0.00133 rndrandnum 01 05 in 20E876D8224 1.00406 0.00125
csrandnum_01 ,06_in 3F6E65CA744 1.00266 0.00137 mdrandnum 01_06 in 3F6E65CA744 1.00418 0.00124
csrandnum_01 07_in 479D21DB750 1.00393 0.00108 rndrandnum 01 07 in 479D21DB750 1.00193 0.00133
csrandnum_01 _08_in 55D4371D3A2 1.00313 0.00113 mdrandnumI 01 08 in 55D4371D3A2 1.00196 0.00105
csrandnum_01 _09_in 6EIA14672B8 1.00343 0.00119 mdrandnum 01 09_in 6EIA14672B8 1.00503 0.00118
csrandnum 01 _1Oin 77A0308COE4 1.00229 0.00113 mdrandnum_ 0 l Oin 77A0308COE4 1.00358 0.00108

___ _ Group 2 - NCT medium density ;
csrandnum 06 01 in 109E77866CF 0.99025 0.00119 mdrandnum 06 01 in 109E77866CF 0.98323 0.00118
csrandnum_06_02_in 16AA4A58735 0.98863 0.00128 rndrandnum_06_02 in 16AA4A58735 0.98630 0.00108
csrandnum 06_03_in 1814171B652 0.98811 0.00120 rndrandnum 06_03 in 1814171B652 0.98328 0.00125
csrandnum 06 04_in I A423B9472C 0.98933 0.00114 mdrandnum_06_04 in I A423B9472C 0.98487 0.00112
csrandnum 06 05 in 20E876D8224 0.98869 0.00103 mdrandnum_06_05_in 20E876D8224 0.98559 0.00109
esrandnum 06 06 in 3F6E65CA744 0.98854 0.00117 rndrandnum_06_06_in 3F6E65CA744 0.98412 0.00106
esrandnum 06 07 in 479D21 DB750 0.98900 0.00119 nmdrandnum 06 07 in 479D21DDB750 0.98395 0.00118
csrandnum 06 08 in 55D4371D3A2 0.98844 0.00113 mdrandnum 06 08 in 55D4371D3A2 0.98546 0.00114:
csrandnum_06_09 in 6EIA14672138 0.99007 0.00126 mdrandnum 06 09_in 6EIA14672B8 0.98424. 0.00121
csrandnum 06 -0 7in 77A0308COE4 0.99028 0.00122 mdrandnum 06 10 in 77A0308COE4 0.98465 0.00118

Group 3 - IfIgh water content
csrandnum 09 01 in 109E77866CF 0.92872 0.00118 mdrandnum_09_01 in 109E77866CF 0.92800 0.00123
csrandnum 09 02_in 16AA4A58735 0.92800 0.00110 mdrandnum 09 02 in 16AA4A58735 0.92817- 0.00107-
csrandnum_09_03_in 1814171B652 0.92844 0.00118 mdrandnum_09_03_in 1814171B652 0.92770- 0.00115
csrandnum 09_04_in IA423B9472C 0.92780 0.00123 mdrandnum_09_04_in IA423B9472C 0.92763 0.00126
esrandnum 09 05 in 20E876D8224 0.92783 0.00134 mdrandnum 09 05 in 20E876D8224 0.92584 - 0.00105
csrandnum 09 06 in 3F6E65CA744 0.92809 0.00128 mdrandnum_09_06_in 3F6E65CA744 0.92853 0.00112
csrandnum_09_07_in 479D21DB750 0.92725 0.00111 indrandnum 09 07_in 479D21DB750 0.92682 0.00111
csrandnum 09 08 in 55D4371D3A2 0.92622 0.00126 mdrandnum 09 08 in 55D4371D3A2 0.92706 0.00116
csrandnum 09 09 in 6EIA14672B8 0.92925 0.00132 mdrandnum_09_09_in 6EIA14672B8 0.92733 0.00110
esrandnum 09 10 in _ 77A0308COE4 0.92757 0.00114 mdrandnum 09 10 in 77A0308COFA 0.92886 0.00132

Y ..Ch-&IES.3100 1IIEU SAR/pcIO2.25-05
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6.93.5 Water

Water is used in various regions of the models to simulate HAC as an interstitial moderator and as
a reflector. When used at full density, the density of water is 0.9982 glcm3. [Standard Composition Library]

6.9.3.6 Calculation of equivalent water mass for polyethylene

In the calculation models for evaluation of NCT, water is substituted for polyethylene bags present
in the package. Based on hydrogen density, 1285.14 g of water are equivalent to 1000 g of polyethylene for
nuclear criticality safety calculations. The equivalent water mass is calculated as follows:

Hydrogen in 1 kg of polyethylene [(CH2)2, molecular weight = 28.0312; density = 0.92]:

1 kg polyethylene = 1000 g = 1087.0197 cm3

0.92 g/cm3

H number density = (0.92)(4)(6.02252x 1023) = 7.906502xlo- 2at/bn-cm
(28.0312)(1024)

H in 1 kg = (1087.0197cm 3)(7.90'6502x10-2) = 85.945234 at-cm 2 /bn

Grams of water [H20, molecular weight = 18.0110; density = 0.9982] with hydrogen content equivalent to
1 kg of polyethylene:

equivalent g of H. 2 = (85.945234)(18.01 10)(10) 1285.1427 g
2 (2)(6.02252x 1023)
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APPENDIX 6.9.4

SUPPORTING DOCUMENTS AND CORRESPONDENCE
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APPENDIX 6.9.4

SUPPORTING DOCUMENTS AND CORRESPONDENCE

--Original Message-- - . .
From: Oliver, Michael D. [mailto:michael.oliverethermo.comn]
Sent: Friday, August 13, 2004 11:28 AM
To: Byington, G {Jerry} A (GAB)
Subject: RE: Weight percents of the chemistry for the 244, and 277

Thermo
tA -., r l %Or 4'?.ri -CAI

-'; .; ,; ; CATALOG NO. m 9-UE.LOtI ,-, 4

4 .,. _ , __ . ._____ _____ _____ ______ _____ _____._._

Catalog Na. 277 Is avoilable as a castsble dry rnmix or precast blacks.

TECHNICAL DATA

Properties.

Hydrogen: 3.4 31 1022 atorratcc

Mnrnn: I.43 x lo2I atomajc,

Weignt Pcrcent Boron: I.:5X

Mactowcoplic Thermal Neoisron Crowe Section. r a 1. I cm'

Density: I.b0 g/cc 1105 lbs/cu f0

Recemmended Temperature Limrt: 350°F 1771C)

tachinability: Fair. Can be saascut and drilled.

Thermal Conductivity. k - 0.3 BTU-ftAhriC0tP(Fl

- 2.21 x 10t3 cal-cmJlsecKecmlrliCI

Specific Host - 0.72 CU/gIC

Coefficient of I hermal Exparson - 1 x 1B ° icnes par inch per F

- 1.4 x I0D5cm per cm per IC

Compreive StrantUf - Approximately 1000 psa

Tensile Strength - Approximetely lOt! psi

Radsacan Rosistanc..gcamas: i x 101 Rads

Radiation Resistince. neutrons: I x 1 0 19 nfcm2

TYPICAL ELEMENTAL ANALYSIS

Element Weiriti Percent

Oxygen 5B.05Z
Aleuri;numn 23.01
Calcium O.83
Hydrogen 3.37
Silicon 2.13
Boron 1.50
Sodium 0.50
Magnesiumr 0.50I
Iron 0.27
SuAlfu 0.10

Recomondan d %alif llte roe Cateloq No. 277. under de| .straoro conditions in 6 month
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---Original Message--
From: Oliver, Michael D. [mailto:michael.oliverethermo.corn]
Sent: Monday, August 16, 2004 3:38 PM
To: gablyl2.doe.gov
Subject: Email

Attached copy of requested information. We can certainly make 4% boron loaded type 277 , currently
waiting quote back on raw material ...but should not affect price to much

. .... . - .. A. .. - . -_ -. *- . 'nor. &a.Wefh

Nowl Umples were neld tt each termperature until constant vtight
woo obtained. Typically, this ranged from 24 to 41 hours

Z

r.

E
4!

J

I.

-_....................... 2no 26 so 11

0 o ...... 20 37t aI 9I 1
too-_ eI 1 1 1 11T [i I I ]II I1III IIjIIIIIIII11 II III II Ill III I

Nole: AU hydrod, 1 In the form ot1 ctmical
o mpoum&. none is p"enas elementel_

la-=hydrogen.

60-\_

2 ^^w1A^!_

I

IC

711

so

10

32

20

K>

. 7uU jog 4uU 550 SS700 gas0I 500

F .e. . .............. 100 to 1ODO 41e0 lo S* loG 500~ 10I
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-- Original Message--
From: Oliver, Michael D. [mailto:michael.oliverethermo.com]
Sent: Thursday, August 26, 2004 7:50 AM
To: gabgyl2.doe.gov
Subject: Type 277 - 4 -: i .;

Sorry about the delay, was required to be in meetings all day yesterday.

.
.

Element
Hydrogen
Boron
Carbon
Oxygen
sodium
aluminum
silicone
sulfur
calcium
iron

Percentage
4.619 %
4.233 %
1.506 %
59.996 %
0.13 %
21.16%
1.32 %
0.15 %
6.18%
0.32 %

( atoms / cmr
4.64E + 22
3.96E+21
1.27E +21
3.79E +22
5.87E +19
7.93E+21
4.76 E +20
4.80 E+ 19
1.56E+21
5.72 E + 19

L3 )I.I.

Thus rounding off all percentages = 100 % calculated assuming 300deg. 95.5% water retention..
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--- Original Message-
From: Ted Cremer [mailto:ted~adelphitech.com]
Sent: Monday, August 30, 2004 2:30 PM
To: decluejf~yl2.doe.gov
Subject: boron carbide elemental composition used in cat#2774 elemental composition calculation

Dear John,

Below is the ThermoReax Boron carbide elemental composition that I have, and which I used in calculating
the elemental composition of cat#277-4 mixture.

Note the boron carbide used by ThermoReax is not pure boron carbide but has a small amount of a frit like
compound as seen by the silicon, oxygen, sodium, and iron.

Also there are unaccounted trace amounts of element (0.17%) since the composition does not add up to
100.00%.

71.00% boron
25.25% carbon
2.07% oxygen
0.35% silicon
1.15% iron
0.01% sodium
99.83% TOTAL

I hope this helps. Please contact me if you need additional information. Specific questions regarding mixing
or fabrication however can be best answered by Mike Oliver at ThermoReax, email:
michael.oliver(ithermo.com.
Sincerely,

Ted

Dr. Ted Cremer
Shielding Engineer
ThermoReax
e-mail: ted(~adelphitech.com
pager (650) 760 - 0924
phone (650) 598 -9800 x16
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APPENDIX 6.9.5

MISCELLANEOUS INFORMATION AND DATA
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APPENDIX 6.9.5

MISCELLANEOUS INFORMATION AND DATA

Table 6.9.5.1 provides the atomic weights of the elements and isotopes of the materials used in this
criticality safety evaluation. Atomic weights and isotopic weight percents of the naturally occurring
materials are those taken from the Materials Information Pr6cessor in the SCALE Standard Composition
Library.

Table 6.9.5.2 provides the molecular weights and weight percents ofthe corresponding elements and
isotopes of the various compounds. The weight percents shown in this table are the input to KENO V.a.

Table 6.9.5.3 provides equations for determining atomic densities. These equations were derived
based on the assumption that all constituents in the mixture are volume additive. Although these equations
with their corresponding subscripts are for mixtures of elements, isotopes, or both, all except Equation (2)
can be applied to compounds if the user substitutes certain subscript notations and meaning changes. For
example, in Equations (la) and (Ib), the atomic weight becomes the molecular weight and the subscript for
mixture (meter) changes to the subscript for c6mpound (c). Likewise, in Equations (3a) and (3b), the atomic
weight becomes the molecular weight, and the atom fraction (ni) becomes the stoichiometric proportion of
the elements making up the molecule. In Equations (3)45), the atom fraction (nj) becomes the stoichiometric
proportion (the element number subscript in tlhe molecular formula), whose sum does not equal unity.
Equation (2) is applicable only to the theoretical density of mixtures; it does 'not apply to the density of
compounds.

Table 6.9:5.1. Atomic weights

Element A c
or : ^~Atomicor .. weight

isotope -

H 1.0078
C 12.0000
0 15.9954
N 14.0033

Na 22.9895
Mg 24.3051
Al 26.9818
Si 28.0853

Ca 40.0803
Ti 47.8789
Cr 51.9957

Mn 54.9380
Fe 55.8447
Ni 58.6868

2
3U 235.0442

238.0510
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Table 6.9.5.2. Molecular weights

Molecular Weight percent Stoichiometric
Compound or atomic in compound composition

weightincmoncopstn

Kaolite 1600™T
Alumina - 9.6 Al203

Al 26.9818 52.92507
O 15.9954 47.07493
Silica - 36.7 SiO2
Si 28.0853 46.74349
O 15.9954 53.25651
Ferric Oxide - 6.7 Fe2O3

Fe 55.8447 69.94330
O 15.9954 30.05670
Titanium Oxide - 1.2 TiO2
Ti 47.8789 59.95084
O 15.9954 40.04916
Calcium Oxide - 30.7 CaO
Ca 40.0803 71.47009
O 15.9954 28.52991
Magnesium Oxide - 13.1 MgO
Mg 24.3051 60.30359
O 15.9954 39.69641
Alkalies - 2.0 Na2O
Na 22.9895 74.18575
0 15.9954 25.81425

V-I
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Table 6.9.53. Useful equations

N..

Nj

Pm

Am

Wj

flu

PmN/Am

= wj pm~/A; -

= 1I/w/p,.

= 1/Ew//A1 .

- m/rn~.

= Nw/Nm.

= (w^/A,)/2(w/Aj).

(Ia)

(lb)

(2)

(3a)

(3b)

(4a)

(4b)

(5a)

(Sb)

where,
No

N

p

A

w

n

subscript "m"

subscript "i"

(atoms/cm3)( 1/1024)

= 0.602252 x 1024 (atoms/mole) Avogadro's number,

= atom density (atoms/cm3), Nm = ENj,

= density (g/cm3),

= atomic mass (g-mole),

= weight fraction, Zwj = I,

= atom fraction, 2n, = I,

= of the mixture,

it component of the mixture,

= atoms/barn-cm.
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APPENDIX 6.9.6

ABRIDGED SUMMARY TABLES OF CRITICALITY CALCULATION RESULTS
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APPENDIX 6.9.6

ABRIDGED SUMMARY TABLES OF CRITICALITY CALCULATION RESULTS

This appendix contains the summary tables for calculation results identified in Sects. 6.4, 6.5, and
6.6 of this document. These tables are an abridged version of the tables provided in Y/LF-718 and are
identified with the suffix "A" accordingly. The index for the complete list of tables in Y/LF-718 is as
follows:

SPHERICAL CONTENT

Table 6.9.6-1 Results for the cvrsp (3.24-in. dia. spherical content in CV) calculation model.

Table 6.9.6-2 Results for the nbsbsp (NCT, bare, single unit, 3.24-in. dia. spherical content) calculation
model.

Table 6.9.6-3 Results for the nbsrsp (NCT, refl., single unit, 3.24-in. dia. spherical content) calculation
model. -

Table 6.9.6-4 Results for the nbiasp (NCT, infinite array, 3.24-in. dia. spherical content) calculation
model.

Table 6.9.6-5 Deleted from Y/LF-718

Table 6.9.6-6 Results for the hbsrsp (HAC, refl., single unit, 3.24-in. dia. spherical content) calculation
model.

Table 6.9.6-7 Results for the hbiasp (HAC, infinite array, 3.24-in. dia. spherical content) calculation
model.

CYLINDRICAL CONTENT

Table 6.9.6-8 Results for the cvrcy (3.24-in; dia:-cylindrical content in CV) calculation model.

Table 6.9.6-9 Results for the nbsbcy (NCT, bare, single unit, 3.24-in. dia. cylindrical content) calculation
model. [abridged summary table not presented in this appendix]

Table 6.9.6-10 Results for the nbsrcy (NCT, refl., single unit, 3.24-in. dia. cylindrical content) calculation
model. ---

Table 6.9.6-11 Results for the nbiacy (NCT, infinite array, 3.24-in. dia. cylindrical content) calculation
model. .... !, .

Table 6.9.6-12 Results for the nbflcy (NCT, 12x12x6 array, 3.24-in. dia. cylindrical content) calculation
model. [abridged summary table not presented in this appendix]

Table 6.9.6-13 Results for the nbf2cy (NCT, 9x9x4 array, 3.24-in. dia. cylindrical content) calculation
model. [abridged summary table not presented in this appendix]

Table 6.9.6-14 Results for the nbf3cy (NCT, 7x7x3 array, 3.24-in. dia. cylindrical content) calculation
model. [abridged summary table not presented in this appendix]
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Table 6.9.6-15 Results for the nbf4cy (NCT, 5x5x2 array, 3.24-in. dia. cylindrical content) calculation
model. [abridged summary table not presented in this appendix]

Table 6.9.6-16 Deleted from Y/LF-718

Table 6.9.6-17 Results for the hbsrcy (HAC, refl., single unit, 3.24-in. dia. cylindrical content) calculation
model.

Table 6.9.6-18 Results for the hbiacy (HAC, infinite array, 3.24-in. dia. cylindrical content) calculation
model.

SQUARE BAR CONTENT

Table 6.9.6-19 Results for the cvrsq (2.29-in square bar content in CV) calculation model.

Table 6.9.6-20 Results for the nbsbsq (NCT, bare, single unit, 2.29-in. square bar content) calculation
model. [abridged summary table not presented in this appendix]

Table 6.9.6-21 Results for the nbsrsq (NCT, refl., single unit, 2.29-in. square bar content) calculation
model.

Table 6.9.6-22 Results for the nbiasq (NCT, infinite array, 2.29-in. square bar content) calculation model.

Table 6.9.6-23 Results forthenbflsq (NCT, 12x12x6 array, 2.29-in. squarebarcontent) calculation model.
[abridged summary table not presented in this appendix]

Table 6.9.6-24 Results for the hbsrsq (HAC, refl., single unit, 2.29-in. square bar content) calculation
model.

Table 6.9.6-25 Results for the hbiasq (HAC, infinite array, 2.29-in. square bar content) calculation model.

5 SLUGS CONTENT

Table 6.9.6-26 Results for the cvr5slgOpO (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs, 0.0 cm
spacing, in CV) calculation model.

Table 6.9.6-27 Results for the cvr5slgOp5 (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs, 0.5 cm
spacing, in CV) calculation model.

Table 6.9.6-28 Results for the cvr5slglpO (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs, 1.0 cm
spacing, in CV) calculation model.

Table 6.9.6-29 Results for the nbsb5slg (NCT, bare, single unit, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-30 Results for the nbsr5slg (NCT, refl., single unit, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-31 Results for the nbia5slg (NCT, infinite array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.
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Table 6.9.6-32 Results for the nbfl5slg (NCT, 12x12x6 array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-33 Results for the nbf25slg (NCT, 9x9x4 array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-34 Results for the nbf35slg (NCT, 7x7x3 array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

Table 6.9.6-35 Results forthe hbsr5slg (HAC, refl., single unit, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-36 Results for the hbia5slg (HAC, infinite array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

Table 6.9.6-37 Results for the hbf25slg (HAC, 9x9x4 array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.

6 SLUGS CONTENT

Table 6.9.6-38

Table 6.9.6-39

Table 6.9.640

Table 6.9.641

Table 6.9.642

Table 6.9.643

Table 6.9.644

Results for the cvr6slg (hexagonal rings of 1.5-in. dia. x 2.0-in. tall slugs in CV) calculation
model. [abridged summary table not presented in this appendix]

Results for the nbsb6slg (NCT, bare, single unit, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model.'[abridged summary table not presented in this appendix]

R'esults for the nbsr6slg (NCT, refi. single unit, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

Results for the nbia6slg (NCT, infinite array, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

Results for the nbfl6slg (NCT,' 12x12x6 array, hexagonal rings of 1.5-in. dia. x2.0-in. tall
slugs content) calculation 'model. [abridged summary table not presented in this appendix]

Results for the nbf26slg (NCT, 9x9x4 array, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

Results for the nbf36slg'(NCT,17x7x3' array, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

Table 6.9.6-45 Results for the hbsr6slg (HAC, refl., single unit, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
-slugs content) calculation nodel.' [abridged summary table not presented in this appendix]

Table 6.9.6-46 Results for the hbia6slg (HAC, infinite array, hexagonal rings of 1.5-in. dia. x 2.0-in. tall
slugs content) calculation model. [abridged summary table not presented in this appendix]

- - .5... ................B,, ...,,,,,
s * _.-, . .

BROKEN METAL CONTENT
I -,I . * I . j , 'I I - . f, 47-.-. . , .

Table 6.9.6-47 Results for the cvr3sqa calculation model.

Table 6.9.6-48 Results for the cvr3lha calculation model.
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Table 6.9.6-49

Table 6.9.6-50

Table 6.9.6-51

Table 6.9.6-52

Table 6.9.6-53

Table 6.9.6-54

Table 6.9.6-55

Table 6.9.6-56

Table 6.9.6-57

Table 6.9.6-58

Table 6.9.6-59

Table 6.9.6-60

Table 6.9.6-61

Table 6.9.6-62

Table 6.9.6-63

Table 6.9.6-64

Table 6.9.6-65

Table 6.9.6-66

Table 6.9.6-67

Table 6.9.6-68

Table 6.9.6-69

Results for the cvr3cha calculation model.

Results for the cvr6sqa calculation model. [abridged summary table not presented in this
appendix]

Results for the cvr6lha calculation model. [abridged summary table not presented in this
appendix]

Results for the cvr6cha calculation model. [abridged summary table not presented in this
appendix]

Results for the cvrl2sqa calculation model. [abridged summary table not presented in this
appendix]

Results for the cvrl2lha calculation model. [abridged summary table not presented in this
appendix]

Results for the cvrl2cha calculation model. [abridged summary table not presented in this
appendix]

Results for the nbsbbm (NCT, bare, single unit, broken metal content) calculation model.

Results for the nbsrbm (NCT, refl., single unit, broken metal content) calculation model.

Results for the nbiabm (NCT, infinite array, broken metal content) calculation model.

Results for the nbflbm (NCT, 12x12x6 array, broken metal content) calculation model.

Results for the nbf2bm (NCT, 9x9x4 array, broken metal content) calculation model.

Results for the nbf3bm (NCT, 7x7x3 array, broken metal content) calculation model.

Results for the nbf4bm (NCT, 5x5x2 array, broken metal content) calculation model.
[abridged summary table not presented in this appendix]

Deleted from Y/LF-718

Results for the hbsrbm (HAC, refl., single unit, broken metal content) calculation model.
[abridged summary table not presented in this appendix]

Results for the hbiabm (HAC, infinite array, broken metal content) calculation model.

Results for the hbflbm (HAC, 12xl2x6 array, broken metal content) calculation model.
[abridged summary table not presented in this appendix]

Results for the hbf2bm (HAC, 9x9x4 array, broken metal content) calculation model.

Results for the hbf3bm (HAC, 7x7x3 array, broken metal content) calculation model.

Results for the hbf4bm (HAC, 5x5x2 array, broken metal content) calculation model.

.I

K>
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HEU OXIDE CONTENTT

Table 6.9.6-70

Table 6.9.6-71

Table 6.9.6-72

Table 6.9.6-73

Table 6.9.6-74

Table 6.9.6-75

Table 6.9.6-76

Table 6.9.6-77

Table 6.9.6-78

Table 6.9.6-79

Table 6.9.6-80

Table 6.9.6-81

Results for the cvrox (HEU Oxide content in CV) calculation model.
;t * 1 , * X unit * e c c

Results for the nbsbox (NCT, bare, single unit, HEU Oxide content) calculation model.

' Results for the nbsrox (NCT,'refl.,'single unit, HEU Oxide 'content) calculation model.

Results for the nbiaox"(NCT, infinite array, HEU Oxide content) calculation model.

Results for the nbflox (NCT, 12x12x6 array, HEU Oxide content) calculation model.
[abridged summary table not presented in' this appendix]

Results for the obsbox (NCT, bare, single unit, dispersed HEU Oxide content) calculation
model. [abridged summary table'not presented in this'appendix]

Results for the obsrox (NCT, refl., single unit, dispersed HEU Oxide content) calculation
model. [abridged summary table not presented in this appendix]

Results for the obiaox (NCT, infinite array, dispersed HEU Oxide content) calculation
model. [abridged summary table not presented in this appendix]

Results for the hbsrox (HAC, refl., single unit, HEU Oxide content) calculation model.

Results for the hbiaox (HAC, infinite array, HEU Oxide content) calculation model.

Results for the ibsrox (HAC, refl., single unit, dispersed HEU Oxide content) calculation
model. [abridged summary table not presented in this appendix]

Results for the ibiaox (HAC, infinite array, dispersed HEU Oxide content) calculation
model. [abridged summary table not presented in this appendix]

UNH CRYSTALS CONTENT

Table 6.9.6-82 Results for the cvrunhc (UNH Crystals content in CV) calculation model.

Table 6.9.6-83 Results for the nbsbunhc (NCT, bare, single unit, UNH Crystals content) calculation model.

Table 6.9.6-84 Results for the nbsrunhc (NCT, refl., single unit, UNH Crystals content) calculation model.

Table 6.9.6-85 Results for the nbiaunhc (NCT, infinite array, UNH Crystals content) calculation model.

Table 6.9.6-86 Results forthe obsrunhc (NCT, refl., single unit, UNH Crystals content) calculation model.

Table 6.9.6-87 Results for the obiaunhc (NCT, infinite array, UNH Crystals content) calculation model.

Table 6.9.6-88 Deleted from YALF-718

Table 6.9.6-89 Results for the hbsrunhc (HAC, refl., single unit, UNH Crystals content) calculation model.
[abridged summary table not presented in this appendix]

Table 6.9.6-90 Results for the hbiaunhc (HAC, infinite array, UNH Crystals content) calculation model.
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Table 6.9.6-91

Table 6.9.6-92

Table 6.9.6-93

Table 6.9.6-94

Table 6.9.6-95

Table 6.9.6-96

Results for the ibsrunhc (HAC, refl., single unit, UNH Crystals-content) calculation model.

Results for the ibiaunhc (HAC, infinite array, UNH Crystals content) calculation model.
[abridged summary table not presented in this appendix]

Comparison of infinite array results, cases with Cat 277-4 vendor specification versus
revised specification. [abridged summary table not presented in this appendix]

Comparison of 13x13x6 array results, cases with Cat 277-4 vendor specification versus
revised specification. [abridged summary table not presented in this appendix]

Comparison of 9x9x4 array results, cases with Cat 277-4 vendor specification versus revised
specification. [abridged summary table not presented in this appendix]

Comparison of 7x7x3 arrayresults, cases with Cat 277-4 vendor specification versus revised
specification. [abridged summary table not presented in this appendix]
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Table 6.9.6-1-A. Abridged results for the cvrsp (3.24-in. dia. spherical content in CV) calculation model

np277-4 235U
case name no. spheres thickness hment U Uf H20 . hlx wrapped moc+2

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _( n)( t )( g) . (g ) (g ) - - d ry c c h ix rk f0

cvrsp_. 0601 06 01- 6 0.0 100 32938.2 32938.2 0.0 0.00 0.30 1.OE-20 0.79111 0.00100 0.79310
vrsp-0601 066 6 , 0.0 100 32938.2 32938.2 844.9 - 0.67 0.30 .1.OE-01 0.79417 0.00100 0.7961

rsp_06_01_06_07 6 .0.0 100 32938.2 32938.2 1689.8 1.34 0.30 2.OE-01 0.79824 0.00098 0.80020
rsp _O 01 06 08 ;- 6 0.0 100 32938.2 32938.2 2534.7 2.01 '0.30 3.OE-01 0.80500 0.00107 ; 0.80714

vrsp6_ 0106 09 6 0.0 100 32938.2 32938.2 3379.7 2.68 .0.30 4.OE-01 0.81624 0.00123 0.81871vrp60_61 . ., 100 32938.2 32938.2 4224.6. 35. 03 5.OE-01. 0.82420 0.00117 086
vrsp_0601 0611 . 6 0-0 100 32938.2 32938.2 5069.5 4.02 0.30 6.OE-01 0.83789 0.00111 0.84011

pO6_0 1 - 06-12 - - 6 0.0 - 100 32938.2 32938.2 5914.4 4.69 0.30 7.OE-01 0.84758 0.00119 0.8499
.rp0 01 06 13 - 6 - 0 °0 -100 32938.2 32938.2 6759.3 5.36 - 0.30 8.OE-01 0.86127 0.00105 0.8633
pO6 01 6006_ 14 6 -- -; 00O --100:w 32938.2 32938.2 7604.2 .6.03 0.30 9.OE-01 .0.87305 0.00109 0.8752

;cvrsp_06_01*06-15- - 6- --- .--100.-6 32938.2 ' 32938.2 .8449.1 .- 6.701 0.30 1.OE+00 0.88160 0.00123 0.8840 ;
. � . - - - I --- i . - - .- - "
, :': � ! " :-. I .1 �

. . i

.. .,..�

. ..- ,-..

-..-... . ....-..-.
- .-- . --.-. 1 - --- ..-. --- - - -
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Table 6.9.6-2-A. Abridged results for the nbsbsp (NCT, bare, single unit, 3.24-in. dia. spherical content) calculation model

_ np277-4
case name no thickness (C i3i HO h/x wrapped, moifr nIf kI,, k.+2sphereS (in) (g (g) (g) dry cc hlx i

Spherical content, single unit, bare

nbsbsp_06_01_01 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-20 0.394 0.83389 0.00108 0.83605
nbsbspO6_01 02 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-05 0.394 0.83336 0.00120 0.83577
nbsbspO6_01 03 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-04 0.394 0.83386 0.00113- 0.8361
nbsbspO6_01_04 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-03 0.395 0.83622 0.00123 0.83868
nbsbsp_06_01_05 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-02 0.392 0.83415 0.00110 0.83634
nbsbspO6_01 06 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE-01 0.370 0.83745 0.00128 0.84001
bsbsp_6_01_08 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 3.0E-01 0.314 0.84570 0.00105 0.84779

nbsbspO6_01 15 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.OE+00 0.143 0.86528 0.00133 0.86794

nbsbsp_06_01 15 6 0.0 32938.2 32938.2 8449.1 6.70 0.301 1.OE+00 0.143 0.86528 0.00133 0.86794
nbsbsp_05_01_15 5 0.0 27448.5 27448.5 8740.4 8.31 0.361 1.0E+00 0.145 0.85835 0.00108 0.86051
nbsbsp_04 01 15 . 4 0.0 21958.8 21958.8 - 9031.7 10.74 0.451 1.OE+00 0.147 0.84398 0.00111 0.8461
nbsbsp_03_01 15 3 0.0 16469.1- 16469.1 9323.1 14.78 0.601 1.OE+00 0.151 0.82197 0.00119 0.82435
bsbsp_02 01 15 2 0.0 10979.4 10979.41 -9614.41 22.861 0.911 1.OE+001 0.1561 0.77901 0.00104 0.7810

nbsbspO1 01_15 1 0.0 | 5489.7 | 5489.71 9905.71 47.101 1.811 1.OE+001 0.1681 0.68009 0.00094 0.6819

nbsbsp OB_03 01 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.OE-20 0.398 0.78570 0.00102 0.78774
nbsbsp_06 03 02 6 - 1.0 -32938.2 - 32938.2 8063.3 6.39 .0.30 1.OE-05 0.397 0.78742 -0.00107 0.78956
nbsbsp_06_03 03 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.OE|04 0.396 0.78560 0.00110 0.7877
nbsbsp_06_03 04 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.OE-03 0.397 0.78566 0.00115 0.78796
nbsbsp_06_03 05 6 1.0 32938.2 32938.2 8063.3 *6.39 0.30 1.OE-02_ 0.394 0.78827 0.00113 0.7905

bsbsp 06 03 06 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1OE-01 0.372 0.79218 0.00101 0.79421
bsbsp06_03-08 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 3.OE-01 0.316 0.79771 0.00104 0.79978

nbsbsp 06 03 15 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.OE+00 0.145 0.81120 0.00110 0.81340
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Table 6.9.6-3-A. Abridged results for the nbsrsp (NCT, refl., single unit, 3.24-In. dia. spherical content) calculation model

case name no np277-4 U H20 hH20wrapped,spheres (ilcne) (g) (g) (g) Idry cc hlx norflit a k,+2o

Spherical content, single unit, reflected
nbsrsp6 0_1_01 6 32938.2 32938.2 -6.70 0.30 1.0e-20 1.8e-03 0.83867 0.00115 0.8409

nbsrsp_06_01 02 -.6 0.0 32938.2 32938.2 8449.1 ' ' 6.70 0.30 1.Oe-05 1.8e-03 0.83861 0.00108 0.84077
nbsrsp_06_01 03 6 0.0 32938.2 32938.2 8449.1 6.70 0.30 1.Oe-04 1.7e-03 0.83709 0.00114 0.83936
nbsrsp_6_01 04- 6 0.0 32938.2 -32938.2 8449.1 6.70 .0.30 1.Oe-03 1.7e-03 0.83580 0.00115 0.83811
bsrsp_06_01 05 6 0.0 - 32938.2 - 32938.2 8449.1 6.70 0.30 1.Oe-02 1.7e-03 0.84065 0.00106 0.84276
bsrsp_06_01 06 6 0.0 - 32938.2 32938.2 . 8449.1 , 6.70 ,0.30 1.0e-01 1.6e-03 0.83913 0.00113 0.84139
bsrsp_06 01.08- - 6 - 0.0 -32938.2 .32938.2 8449.1 :6.70 .j 0.30 3.0e-01 1.3e-03 0.84860 0.00109 0.85077
bsrsp_06_01. 15 .- 6 0.0-- 32938.2 32938.2 8449.1 6.70 0.30 1.Oe+00 6.1e-04 0.86714 0.00099 0.86911
._ - ........ _... __..... ... ... ... _..... .., .. - ...... ---.-.-.--. -X .-.. _ ._..-..-...-.... .- .- ..- , - .. - - . . , , .. ;, -. -. . . .. -..... ; . .,

nbsrsp 06_01 15- 6 -- .O-- . 32938.2 -|32938.2 |-.-8449.1 6.70 0.30 1.0e+00 6.1e-04 0.86714 0.00099 0.86911
nbsrsp_05_01-15 -- 5 5 - -0.0-i - -27448.5 - 27448.5 .8740.4 .-- 8.31 .0.36 ,1.0e+00 5.9e-04 0.85775 0.00121 0.86016
nbsrsp 04_01.15' .-.. 4 -- 0.0 - 21958.8 21958.8 :-9031.7 .10.74 0.45 1.0e+00 6.5e-04 0.84535 0.00111 0.84758
nbsrsp_03_01 .15-- _3-: - 0.0 16469.1 -- 16469.1 9323.1 .;14.78 - 0.60 , 1.0e+00 6.4e-04 0.82235 0.00107 0.82449
nbsrsp02_01_15 2 0.0 10979.4 - 10979.4 9614.4 22.86 0.91 1.0e+00 6.3e-04j 0.77928 0.00121 0.7817
nbsrsp_01_ 15 - 1 0.0 5489.7 - 5489.7 9905.7 - 47.10 1.81 1.Oe+00 8.3e-041 0.67961 0.00113 0.68188

nbsrsp_06_03 01 6 .|-- 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.0e-20 1.8e-03 0.78976 0.00097 0.79169
nbsrsp06 03 02 6 | -1.0 | 32938.2 32938.2 - 8063.3 | 6.39 . 0.30 | 1.Oe-05 1.7e-03 0.79103 0.00108 0.79319
nbsrspo6 03 03 6 -1.0 . 32938.2 32938.2 8063.3 6.39 .0.30 1.Oe-04 1.7e-03 0.78822 0.00111 0.79045
nbsrsp06 03 04 6 1.0 - 32938.2 - 32938.2 8063.3 .6.39 0.30 1.0e-03 1.8e-03 0.79044 0.00122 0.79289
nbsrsp_06_03 05 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.0e-02 1.8e-03 0.78870| 0.00114| 0.79098
nbsrsp_06 03 06 6 1.0 32938.2 32938.2 8063.3 6.39 0.30 1.0e-01 1.7e-03 0.790941 0.001271 0.79348
nbsrsp 06 03 08 6 1.0 32938.2 32938.2 8063.3 | - 6.39 0.30 1 3.0e-01 1.3e-03 0.797911 0.001081 0.80007

6-129

Y/LF-717/Ch-&/ES-3 100 lI EU SAR/pcA2-25-05



Table 6.9.64-A. Abridged results for the nbiasp (NCT, infinite array, 3.24-in. dia. spherical content) calculation model

no np277-4 ercmn 3U H0wapd
case name no thickness ennchment U | U H20 h/x wrapped. moifr | k a ken+20csnaespheres (in) (Wt%). (g) (g) (g) dry cc hix

nbiasp_06_01 06_01 6 0.0 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE-20 0.89743 0.00118 0.8997
biasp_06_01_06_02 6 0.0 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE-05 0.90074 0.00120 0.90314
blasp 06J01 06 03 6 0.0 100 32938.2 -32938.2 -8449.1 6.70 0.30 1.OE-04 0.89780 0.00117 0.90013
biasp_06_01 06 04 6 0.0 100 32938.2 32938.2 8449.1 - 6.70 0.30 1.OE-03 0.90007 0.00102 0.90212

nbiasp_06_01 06 05 6 0.0 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE-02 0.89499 0.00119 0.89737
biasp_06 01 06 06 6 0.0 - 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE-01 0.87945 0.00124 0.8819
biasp_06_01 06 08 6 0.0 100 . 32938.2 .32938.2 .8449.1 6.70 0.30 3.OE-01 0.86911 0.00112 0.8713
biasp_06_01 06 15 6 0.0 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE+OC 0.87376 0.00108 0.8759

blasp_06_01 06 03 6 0.0 100 32938.2 -32938.2 8449.1 6.70 0.30 1.OE-04 0.89780 0.00117 0.90013
biasp 05_01 06 03 -5 0.0 100 27448.5 -27448.5 8740.4 8.31 0.36 1.OE-04 0.88401 0.00099 0.8859
biasp_04_01 06 03 4 0.0 100 21958.8 21958.8 '9031.7 10.74 0.45 1.OE-04 0.86437 0.00113 0.86662

nbiasp_03_01 06 03 3 0.0 - 100 16469.1 16469.1 9323.1 14.78 0.60 1.OE-04 0.83541 0.00108 0.83756
nbiasp_02_01 06 03 - 2 0.0 100. - 10979.4 10979.4 9614.4 22.86 0.91 1.OE-04 0.78577 0.00122 0.78821
nbiasp_01_01 06 03 1 0.0 100 5489.7 5489.7 9905.7 47.10 1.81 1.OE-04 0.68267 0.00123 0.68514

nbiasp_06 03 06 01 6 1.0 - 100 32938.2 32938.2 8063.3 6.39 0.30 1.OE-20 0.84884 0.00102 0.85081
biasp_06_03_06_02 6 1.0 100 32938.2 32938.2 8063.3 6.39 0.30 1.OE-05 0.85147 0.00141 0.8542
biasp 06 03 06 03 6 - 1.0 100 32938.2 32938.2 8063.3 6.39 0.30 | .OE-04 0.84891 0.00109 0.8511
blasp 06_03_06 04 6 1.0 100 32938.2 32938.2 8063.3 6.39 0.30 1.OE-03 0.84699 0.001233 0.84945
biasp_06 03 06 05 6 1.0 - 100 32938.2 32938.2 8063.3 | 6.39 0.30 1.OE-02 0.84583 0.00117 0.84816
biaspO6_03 06 06 6 1.0 100 32938.2 -32938.2 8063.3 6.39 0.30 1.OE-01 0.82731 0.00108 0.8294
biasp_06_03_06 08 6 1.0 100 32938.2 -32938.2 "8063.3 6.39 0.30 3.OE-01 0.81796 0.00110 0.8201
biasp 06_03 06 15 6 1.0 100 32938.2 32938.2 8063.3 6.39 0.30 1.OE+00| 0.81960 0.00123 0.8220

Y&Ilp-717/Ch .. 320 liEU ARpc0225
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Table 6.9.6.6-A. Abridged results for the hbsrsp (IIAC, refl., single unit, 3.24-in. dia. spherical content) calculation model

case name no. knp274 nihmn s hix wrpe, moifr ke k.,+2a

hbsrspo6 01 15 6 -- 0.0 100 32938.2' 32938.2 8449.1 6.70 0.30 1.OE+00 0.86614 0.00129 0.86872
bsrsp_05_01_15 5 0.0 I 100 127448.5 27448.5" 8740.4 8.31 0.36 I1.OE+001 0.858451 0.001211 0.86087
hbsrsp_04. 01 15 4 -0.0 I 100 121958.8 121958.8 19031.7 110.74 1 0.45 1 .0E4001 0.845081 0.000991 0.84706

bsrsp-06 03-15 - 6 1.0 I 100 132938.2 1 32938.2 18063.3 16.39 . 0.30 11.OE+001 0.814521 0.001051 0.81662

- Table 6.96--A Abiged results for the hbiasp (HAC, Infinite array, 3.24-in. dia. sphe rical content) calculation model

-- - -. np277-4 -

csnaTe , spe thces *enrichment U 2?5U -- H,0 hl wrappedi mi
- hre (in) - (9 (g) ~.(g) dry cc hlx r 'ef0k 1 2

hbiaspEO6 01 06 0 1. 6- -,0.0- 100 32938.2 32938.2 8449.1 6.70 0.30 1.0E-20 ~0.90598 0.00116 0.90830
biso 10 2 - 6 -- 0.0 100 *.32938.2 32938.2 '8449.1 6.70 0.30 1.02-05 0.908 02 0.90734

biaspof6L01 06 032 . -- 6-- .0010 ~ 39823982 84. .0 00 1O -04'.0.90411 ,0.001285 .96
blaspo6 01-06-0-- -- 6 00 100, 32938.2 32938.2 '8449.1 6.70 0.30 '1.02-034 .00 0:.013.096

biaspo6_01 0605 - 6 0 .0 - 100 32938.2 32938.2 8449.1 6.70 0.30 1.OE.02 .0.90219 0.00118 .. 0.90455
blasp_06L01 06 06. 6 0.0 100 32938.2 32938.2 8449.1 6.70 0.30 1.02-01 0.88890, 0.00115, 0.89119

hbiasp_06_01 06 08 60.0 - 100 32938.2 32938.2 8449.1 6.70 0.30 13.OE-01 .- 0.875321 0.001081 0.87748
hbiasp0f6L01 06 15 60.0 100 32938.2 32938.2 8449.1 6.70 0.30 1 .OE+001 0.881081- 0.001231- 0.88353

hbiasp_95_01_06_03- - 5 0.0 100 127448.5 1 27448.51 8740.41 8.311 0.361 1.02.04j 0.889071j_ 0.00133[ 0.89173
hbiaspo4 01 06 03 40.0 100 121958.8 1 21958.81 93 .7] 10.741 045 1.02-41 0.869781 0.001041 081

hbiasp_03OlO 6..03 J 3 0.0 100 .116469.1 1 16469.11 9323.11 14.781 0.601 1.OE-041( 0.839491 0.001221___0.84192

hbiaspO6 03 06-01 -6 1.0 100 32938.2 32938.2 8063.3 6.39 0.30 1.02-20 0.85373 0.00114 0.85601
hbfasp...6 -03_06_02- 6 1.0 100 32938.2 32938.2 .8083.3 6.39 0.30 1.OE-05 0.85471 .0.00132 0.85736
hblaspo6 03 06 03 - 6 '1.0 100 32938.2 32938.2 8063.3 6.39 0.0 .OE-04 0.85570 0.00132 0.85834
hblasp_06_03 06 04 - 6 1.0 -100 32938.2 32938.2 8063.3 6.39 0.30 1.OE-03 0.85621 0.00113 0.85847
hblaspo6 03 06 05 6 1.0 100 32938.2 32938.2 8063.3 6.39 .0.30 1.02-02 0.85302. 0.00117 0.85537
hblasp6_L03_06_06 6 1.0 100 32938.2 132938.2 .8063.3 6.39 1 0.30 1.02-01 0.83977 0.00108 0.84193
hbiaspo6 03 06 08 . 6 1.0- '100 32938.2 132938.2 8063.3 6.39 0.30 3.02-01 0.82703 0.00138 0.82978
hbiasp 06 03 06 15 6. 1.0 100 132938.2 132938.2 8063.3 1 6.39 ~0.30 1.02+00 0.82522 0.00110 0.8274J
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Table 6.9.6-8-A. Abridged results for cvrcy (3.24-in. dia. cylindrical content in CV) calculation model

np277-4 d
case name thickness e ONrcmn Ug (gU Hg0 Iix drapccpe, mocir k., a k,
_______________________ (in) (w%(g () ()d ch/

cvrcy_12_01_06 01 0.0 100 36000.0 36000.0 0.0 0.00 0.28 1.OE-20 0.90618 0.00118 0.90854
vrcy_12 01 06 06 0.0 100 36000.0 36000.0 828.7 0.60 0.28 1OE-01 0.90869 0.00107 0.91084
vrcy_12 01 06 07 0.0 100 36000.0 36000.0 1657.3 1.20 0.28 2.0E-01 0.91147 0.00102 0.91350
vrcy_12 01 06 08 0.0 100 36000.0 36000.0 2486.0 1.80 0.28 3.OE-01 0.91561 0.00108 0.91776
vrcy_12_01 06 09 0.0 100 36000.0 36000.0 3314.7 2.40 0.28 4.OE-01 0.92366 0.00110 0.92587
vrcy_12 01-06 10 0.0 100 36000.0 36000.0 4143.3 3.00 0.28 5.OE-01 0.92921 0.00112 0.93145

rcy_12 01 06 11 0.0 100 36000.0 36000.0 4972.0 3.60 0.28 6.OE-01 0.93779 0.00105 0.93989
vrcy_12 01 06 12 0.0 100 36000.0 36000.0 5800.7 4.21 0.28 7.OE-01 0.94617 0.00123 0.94863
vrcy_12 01 06 13 0.0 100 36000.0 36000.0 6629.3 4.81 0.28 8.OE-01 0.95559 0.00142 0.95843
vrcy_12 01 06 14 0.0 * 100 36000.0 36000.0 7458.0 5.41 0.28 9.OE-01 '0.96421 0.00123 0.96667

cvrcy_12 01_06 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 ' 0.97272 0.00133 0.97537

cvrcy12_01_06 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.97272 0.00133 0.97537
vrcy 12 01 05 15 0.0 97.7 36000.0 35172.0 8287.2 6.15 0.28 1.OE+00 0.96387 0.00127 0.96642
vrcy_12 01 04 15 0.0 95 36000.0 34200.0 8287.9 6.33 0.29 1.OE+00 0.95343 0.00103 0.95548
vrcy_12 01 03 15 0.0 90 36000.0 32400.0 8289.1 6.68 0.31 1.OE+00 0.93356 0.00133 0.93623
vrcy_12 01 02 15 0.0 40 36000.0 14400.0 8301.1 15.05 0.69 1.OE+00 0.70289 0.00100o 0.70489
vrcy_12 01 01_15 0.0 20 36000.0 7200.0 8306.0 30.11 1.38 1.OE+00 0.57351 0.00100 0.57552

cvrcyl2_03_06 15 . 1.0 100 36000.0 36000.0 7900.9 5.73 0.28 1.OE+00 0.90335 0.00103 0.9054
cvrcy_12_03_05 15 1.0 - 97.7 :36000.0 35172.0 7901.4 5.86 0.28 1.OE.00 0.89471 0.00113 0.8969
cvrcy_12_03_04 15 1.0 95 36000.0 34200.0 7902.1 6.03 0.29 1.OE+00 0.88468 0.00118 0.88703
cvrcy_12_03 03 15 1.0 90 36000.0 32400.0 7903.3 6.37 0.31 1.OE+00 0.86598 0.00104 0.8680
cvrcy_12_03 02 .15 1.0 40 36000.0 14400.0 7915.3 14.35| 0.69, 1.OE+00 I 0.64117 0.00090| 0.64297
cvrcy_12_03_01 15 1.0 20 36000.0 7200.0 7920.2 28.71 | 1.38 1.OE+00 1 0.516351 0.000831 0.51802

cvrcy_12_0106 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.97272 0.00133 0.97537
vrcy_ 06 15 0.0 100 30000.0 30000.0 8605.0 7.9 0.33 1.OE+00 0.95936 0.00128 0.96192
vrcy_10 01 06 15 0.0 100 24000.0 24000.0 8923.4 9.70 0.42 1.OE+00 0.934541 0.00118 0.93690
wrcy.09901 06 15 0.0 100 18000.0 18000.0 9241.8 13.40 0.55 1.OE+00 0.89945 0.00125 0.90194
cvrcyO8_01_06_15 0.0 100 15000.0 15000.0 9401.0 16.36 0.66 1.OE+00 0.87179 0.00103 0.87386
cvrcyO7_01_06 15 0.0 100 12000.0 12000.0 9560.2 20.79 0.831 1.OE+00 0.83218 0.00110 0.83438
vrcV_06 01 06 15 0.0 100 9000.0 9000.0 | 9719.4 | 28.19 1.11 1.0E+00 0.78107 0.00116| 0.7834

YILF.7171CQ. .-31DOO 1EVSAR/pe/02-25-05
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Table 6.9.6-8-A. Abridged results for cvrcy (3.24-in. dia. cylindrical content in CV) calculation model (cont.)~~. . . . I

np2774 ercmn U 235U H0wape, mcr k k+2
case name thickness |lenrichment |H20 hx| wrapped, mocfr k

- I) .(Wt%) (g) (g) (g) dry cc hlx

cy 05 01 06-15 | 0.0 | 100 6000.0 6000.0 9878.6 42.97 1.66 1.OE+00| 0.69591 0.00096 0.69783
4rcy 0401 06:15 0.0 100 3000.0 3000.0 10037.8 87.33 3.32' 1.OE+00 0.55287 0.00105 0.55497

rcy 03- 01 06 15 -- 0.0 100.. 1998.0 1998.0 10091.0 131.82 4.99: 1.0E+00 0.47470 0.00092 0.47654
rcy_02 01 06 15 0.0 100 ; 1500.0 1500.0 10117.4 176.05 6.64 1.OE+00 0.42529 0.00083 0.42696

vrcv 01 01 06 15 0.0 -. 100.: 999.0 999.0 10144.0 265.03 9.97 1.OE+00 0.36109 0.00075 0.36260

.
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Table 6.9.6-10-A. Abridged results for the nbsrcy (NCT, refl., single unit, 3.24-in. dia. cylindrical content) calculational model

case name |p277-4 U 23u H20 | h/x wrapped, moifr | a k,,+2o
___ __ ___ __ __ ___ __ _(in)___ (g (g (g dry cc hlx

nbsrcy_12_01_01 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-20 0.92061 0.00131 0.92323
nbsrcy_12_01_02 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-05 0.91798 0.00115 0.92021
absrcy 12 01 03 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-04 0.91873 0.00108 0.9208i
nbsrcy_12_01_04 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-03 0.91992 0.00126 0.9224
nbsrcy_12 01 05 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-02 0.92079 0.00129 0.9233
nbsrcy_12_01 06 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-01 0.92510 0.00121 0.9275
nbsrcy 12 01 08 0.0 36000.0 36000.0 8286.7 6.01 0.28 3.0E-01 0.93225 0.00111 0.9344
nbsrcy_12_01_15 0.0 36000.0 .36000.0 8286.7 6.01 0.28 1.OE+00 0.95141 0.00113 0.9536

nbsrcy_12_01_15 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.95141 0.00113 0.9536
nbsrcy_11_01_15 0.0 30000.0 30000.0 8605.0 7.49 0.33 1.OE+00 0.94008 0.00104 0.94216
nbsrcy_10_01_15 0.0 24000.0 24000.0 8923.4 9.70 0.42 1.OE+00 0.91767 0.00109 0.91985
nbsrcy_09_01_15 0.0 18000.0 18000.0 9241.8 13AO 0.55 1.OE+00 0.88306 0.00136 0.88579
nbsrcy_OE8_01_5 0.0 15000.0 15000.0 9401.0 16.36 0.66 1.OE+00 0.85544 0.00103 0.85750
nbsrcy 07 01 15 0.0 12000.0 12000.0 9560.2 20.79 0.83 1.OE+00 0.81919 0.00112 0.8214
nbsrcyO6_..01_5 0.0 9000.0 9000.0 9719.4 28.19 1.11 1.OE+00 0.76344 0.00113 0.76570
nbsrcyj05oj 1 5 0.0 6000.0 6000.0 9878.6 42.97 1.66 1.OE+00 0.67773 0.00113 0.67999
nbsrcyO04_01_15 0.0 3000.0 3000.0 10037.8 87.33 3.32 1.OE+00 0.53189 0.00096 0.53381
nbsrcy_03_01_15 0.0 1998.0 1998.0 10091.0 131.82 4.99 1.OE+00 OA5075 0.00084 OA524
nbsrcy_02_01_15 0.0 1500.0 1500.0 10117.4 176.05 6.64 1.OE+00 0.40038 0.00092 0.40222
nbsrcyO1_01_15 0.0 999.0 999.0 10144.0 265.03 9.97 1.OE+00 0.33444 0.00079 0.33602

bsrcy_12_03_15 1.0 | 36000.0 36000.0 7900.9 5.73 0.28 1.OE+00 0.88971 0.00124 0.89219
nbsrcy... 1- 03_15 1.0 30000.0 30000.0 8219.3 7.15 0.33 |.OE+00 0.86577 0.00128 0.86833
nbsrcy-.10_03 15 1.0 24000.0 24000.0 8537.6 9.29 0.42 |1.OE+00 0.83197 0.00112 0.83421
nbsrcyO9_03_15 1.0 18000.0 18000.0 8856.0 | 12.84 0.55 1.OE+00 0.78713 0.00104 0.78921
nbsrcyO8 03_15 1.0 15000.0 15000.0 9015.2 15.69 0.66 1.OE+00 0.75450. 0.00102 0.75654
nbsrcy_7_03_15 1.0 12000.0 12000.0 9174.4 19.96 0.83 1.OE+00 0.711261 0.00097 0.71320
nbsrcy_06_03 15 1.0 9000.0 9000.0 9333.6 27.07 1.11 1.OE+00 0.65045 0.00118 0.65281
nbsrcyO5_03_15 1.0 6000.0 6000.0 9492.8 41.30 1.66 1.OE+00 0.56333 0.00102 0.56537
nbsrcy_04_03_ 15 1.0 3000.0 3000.0 9652.0 83.98 3.32 1.OE+00 0.42579 0.00082 0.42743
nbsrcy 03 0315 1.0 1998.0 1998.0 9705.2 126.78 4.99 1.0E+00 0.35419 0.00081 0.35582
bsrcyf02_03_15 1.0 1500.0 1500.0 9731.6 169.34 6.64 | .OE+00 0.30842 0.00069 0.3098
bsrcy 01 03 15 1.0 999.0 99.0 9758.2 254.95 9.97 1.OE+00| 0.253411 0.00074 . 0.25481
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Table 6.9.6-1 1-A. Abridged results for the nblacy (NCT, infinite array, 3.24-in. din. cylindrical content) calculation model

C

np277-4 ercmn 3U H0wapd
case name thickness enrichment U r 3u H20 hlx wrapped moifr k, ke,+2a

_ _ _ _ _ _ _ _ _ _ _ _ _ ( n W t % (g ( g) (g d ry cc h lx

nblacy 12 01 06_03 0.0 _ 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE-04 0.99274 0.00101 0.9947
blacyl1I_01_06_03 _ 0.0 100 30000.0 30000.0 8605.0 7.49 0.33 1.OE-04 0.97308 0.00114 0.9753

nblacy 10 01 06 03 0.0 100 24000.0 24000.0 8923.4 9.70 0.42 1.OE-04 0.94559 0.00124 0.9480
nbiacy_09_01 06 03 , 0.0 - - 100 18000.0 18000.0 9241.8 13.40 0.55 1.OE-04 0.90384 0.00112 0.9060
nbiacy 08 01 06 03 _ . 0.0 100 -15000.0 15000.0 9401.0 16.36 0.66 1.0E-04 0.87500 0.00105 0.8771

biacy 07 01 06 03 _ 0.0- 100 :12000.0 12000.0 9560.2 20.79, 0.83 i.OE-04 0.83324 0.00126 0.8357
nbiacy_06 01 06 03 0.0 -100 - 9000.0 T 9000.0 9719.4 28.19 1.11 1.OE-04 0.77578 0.00128 0.7783
nblacy 05 01 06 03 .. 0.0 -- 100-- 6000.0 6000.0 9878.6 42.97 1.66 1.OE-04 0.68386 0.00100 0.6858
nbiacy_04 01 06 03 .- ... ,.0.0 - 100 3000.0 3000.0 10037.8 87.33 3.32 1.OE-04 0.52756 0.00100 0.5295
biacyj03 01' 06 03- 0.0--- _ -100 .. 1998.0 1998.0 10091.0 -131.82, 4.99 --1.OE-04 0.44314 0.00090 . 0.4449
blacy 02 01 06 03. . 0.0. --. 100 -- 1500.0 1500.0 10117.4 - 176.05 - 6.64 .1.OE-04 0.38794 0.00082 0.3895
blacy_101'O06 03_ .. 0.0. _ __100- .100 999.0 I- 999.0 10144.0 265.03 - 9.97 1.OE-04 0.32160 0.00066 0.32291

nbiacy_12 03_06_03 _,__ . 1.0, . _100 - 36000.0 36000.0 -7900.9 - 5.73 -0.28 1.0E-04 0.93384 0.00100 0.93584
nblacy_1103 06 03 .1.0 100 30000.0 -30000.0 8219.3 7.15 --0.33 1.OE-04 0.90763 0.00120 0.9100
nblacy_10 03_06_03 1.0 100 24000.0 24000.0 8537.6 9.29 0.42 i.OE-04 0.87005 0.00120 0.8724
nblacyO9_03_06_03 . 1.0 - 100- - -18000.0 18000.0 8856.0 12.84 0.55 1.OE-04 0.81559 0.00126 0.81811
nbiacy_OL803_06_03 1.0 100-- 15000.0 15000.0 9015.2 15.69 0.66 ,1.OE-04 0.78005 0.00111 0.7822
biacyO7'03_06_03 1.0 _ 100 - 12000.0 12000.0 9174.4 .19.96 0.83 1.OE-04 0.73342 0.00104 0.73551

nblacy_06L 03_'06 03 1.0 100 9000.0 9000.0 9333.6 27.07 1.11 1.0E-04 0.66882 0.00106 0.67094
nbiacy_05_O3 06_03 - 1.0 - 100 6000.0 6000.0 9492.8 41.30 1.66 1.OE-04 0.57862 0.00097 0.5805
nbiacyj04.03 06_03 -- 1.0- -100 3000.0 3000.0 9652.0 83.98 3.32 1.OE-04 0.43205 0.00082 0.43369
nblacy_03_03_06_03 1.0 100 1998.0 ..1998.0 9705.2 126.78 4.99 1.OE-04 0.35677 0.00079 0.3583
nbiacy_02LO3 06_03 1.0 100 1500.0 1500.0 9731.6 169.34 6.64 1.OE-04 0.31083 0.00085 0.31253
nblacy 01 03-06 03 1.0 .100 999.0 .999.0 9758.2 254.95 9.97 1.OE-04 0.25382 0.00076 0.25534
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Table 6.9.6-17-A. Abridged results for the hbsrcy (HAC, refl., single unit, 3.24-in. dia. cylindrical content) calculation model

case name thickne7 (in)5U H20 h wrapped, moifr) a kU+2
thickness_____ (in)_ (g (g (g dry cc h/x--

hbsrcy_12 01_15 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.95146 0.00143 0.9543
hbsrcy.1101 -15 0.0 30000.0 30000.0 8605.0 7.49 0.33 1l.OE+00 0.93910 0.00121 0.94153
hbsrcy10 0115 0.0 24000.0 24000.0 8923.4 9.70 0.42 1.0E+00 0.91883 0.00117 0.92118
hbsrcy901 15 0.0 - 18000.0 - 18000.0 9241.8 13.40 0.55 1.OE+00 0.88271 0.00139 0.88548
hbsrcyO8 01_15 0.0 - 15000.0 15000.0 9401.0 16.36 0.66 1.0E+00 0.85844 0.00113 0.86070
hbsrcy_7_01_ 15 0.0 12000.0 12000.0 9560.2 20.79 0.83 1.OE+00 0.81875 0.00103 0.8208
hbsrcyO6' 01_15 0.0 9000.0 9000.0 9719.4 28.19 1.11 1.OE+00 0.76621 0.00101 0.7682
bsrcy'05 01_15 0.0 6000.0 6000.0 9878.6 42.97 1.66 1.0E+00 0.68192 0.00105 0.6840

hbsrcy_04_01 15 0.0 3000.0 - 3000.0 10037.8 87.33 3.32 1.0E+00 0.53591 0.00091 0.5377
hbsrcy_03 01 15 0.0 1998.0 1998.0 10091.0 131.82 4.99 1.OE+00 0.45517 0.00082 0.45680
hbsrcy_02_01_15 0.0 1500.0 1500.0 10117.4 176.05 6.64 1.OE+00 0.40419 0.00091 0.40601

bsrcy_01_01 15 0.0 999.0 999.0 10144.0 265.03 9.97 1 .OE+00 0.33990 0.00076 0.34142

hbsrcy 2 0315 1.0 36000.0 36000.0 7900.9 5.73 0.28 1.OE+00 0.88659 0.00107 0.88873
hbsrcy 11 03_15 1.0 30000.0 30000.0 8219.3 7.15 0.33 1.0E+00 0.86608 0.00108 0.86824
bsrcy_10 03 15 1.0 24000.0 24000.0 - 8537.6 9.29 0.42 1.OE+00 0.83520 0.00104 0.83729
bsrcy_09_03 15 1.0 18000.0 - 18000.0 8856.0 12.84 0.55 1.OE+00 0.78641 0.00102 0.78845
bsrcy_08_03 15 1.0 15000.0 15000.0 9015.2 15.69 0.66 1.OE+00 0.75510 0.00115 0.75740
bsrcy 07 03 15 - 1.0 12000.0 12000.0 9174.4 19.96 0.83 1.0E+00 0.71190 0.00099 0.71388

hbsrcy_06_03_15 1.0 9000.0 9000.0 - 9333.6 27.07 1.11 1.0E+00 0.65281 0.00101 0.65483
hbsrcy 05 03 15 1.0 6000.0 6000.0 9492.8 41.30 1.66 1.OE+00 0.56709 0.00108 0.56924
hbsrcy_04_03_15 1.0 3000.0 3000.0 9652.0 83.98 3.32 1.OE+00 0.42685 0.00077 0.42840
bsrcyO3_.03 15 1.0 - 1998.0 1998.0 9705.2 126.78 4.99 -1 .0E+00 0.35593 0.00091 0.35774
bsrcy_02_03_15 1.0 1500.0 1500.0 9731.6 169.34 6.64 1.OE+00 0.31089 0.00078 0.3124
bsrcy_01 03 15 1.0 999.0 999.0 9758.2 254.95 9.97 1.0E+00 0.25413 0.00067 0.25548

Y/LP 7 17/CC.. .3100lIEU SAR~pe/02-25-05
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Table 6.9.6-18-A. Abridged results for the hbiacy (HAC, Inflnite array, 3.24-in. dia. cylindrical content) calculation model

C

case name tnhpc2k7n7es4 enrichment U 235U H20 h/x wrapped, moifr | k | kk,+2athicnes (Wt%) (g (9) (g dry cc h/x

hbiacy_12 01 06_03 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 |1 OE04 1.00250 0.00115 1.0048
hbiacy_l11_01 06 03 0.0 100 30000.0 30000.0 8605.0 1 7.49 0.33 1.0E-04 0.98029, 0.00117 0.98263
hbiacy_10 01 06 03 0.0 100 24000.0 24000.0 8923.4 9.70 0.42 1.OE-04 0.95252 0.00105 0.9546
hblacy09O_01V06_03 -0.0 - 100 18000.0 18000.0 9241.8 13.40 0.55 1.OE-04 0.90990 0.00133 0.9125
hblacy 08_01.06 03 -.0.0 1001 15000-0 15000.0 9401.0 16.36 0.66 1.0E-04 -0.87838 0.00121 0.88080
hbiacy_07_01_ 06 03 0.0 100 12000.0 12000.0 9560.2 20.79 0.83 1.OE-04 0.83805 0.00114 0.84032

hblacy 12 03 06_03 --- 1.0 - -- 100- .36000.0 36000.0 ;7900.9[ 5.731; 0.28 1.OE-043 0.94177 0.001301 0.9443
biacy 11:03 06-03 1.0 - 100 30000.0 30000.0 8219.3 7.15 0.33 1.0E-04J '0.91391 0.00106 0.9160
biacy.10_03.06 03- - - 1.0 --- 100- 24000.0 24000.0 8537.6 9.29 0.42 1.OE-04 0.87618 _.0.001181 0.87854
blacy 09 03_06_03 .- 1.0 0 100 18000.0 18000.0 8856.0' 12.84 0.55 1.OE-04 0.82125 .. 0.00095 - 08231
biacy_08_03 -06 03 -- I 1.0 100 15000.0 15000.0 9015.2 15.69 0.66 1.OE-041 0.78349 0.001121 07857

,:j
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Table 6.9.6-19-A. Abridged results for the cvrsq (2.29-1lu. square bar content in CV) calculation model

case name tnhipc2k7n7es4s enrichment U 23U H20 |hx wrapped, mocfr ke | °a ka y+2acaenaeticnes (Wt%) (g) (g (g dry cc h/x

cvrsq_12 01_06_01 0.0 100 36000.0 36000.0 0.0 0.00 0.28 1.OE-20 0.78954 0.00104 0.79161
vrsq_12 01 06 06 0.0 100 36000.0 36000.0 828.7 0.60 0.28 1.OE-01 0.78851 0.00106 0.7906
vrsq_12_0106 07 0.0 100 36000.0 36000.0 1657.3 1.20 0.28 2.OE-01 0.79252 0.00109 0.79471
vrsq_12 01 06 08 0.0 100 36000.0 36000.0 2486.0 1.80 0.28 3.OE-01 0.79887 0.00112 0.8011
vrsq_12 01 06 09 0.0 100 36000.0 36000.0 3314.7 2.40 0.28 4.OE-01 0.80888 0.00105 0.8109
vrsq 12 01 06 10 0.0 100 36000.0 36000.0 4143.3 3.00 0.28 5.OE-01 0.81942 0.00106 0.821
vrsq_12 01 06 11 0.0 100 36000.0 36000.0 4972.0 3.60 0.28 6.0E-01 0.83074 0.00134 0.8334
vrsq_12 01 06_12 0.0 100 36000.0 36000.0 5800.7 4.21 0.28 7.0E-01 0.84211 0.00113 0.8443
vrsq_12 01 06 13 0.0 100 36000.0 36000.0 6629.3 4.81 0.28 8.OE-01 0.85451 0.00117 0.8568
vrsq_12 01 06 14 0.0 100 36000.0 36000.0 7458.0 5.41 0.28 9.OE-01 0.86588 0.00107 0.8680

cvrsq_12_ 01_06 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.87878 0.00124 0.8812

cvrsq_12_01_06 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.0E+00 0.87878 0.00124 0.8812
qrsJ 2 0105 15 0.0 97.7 36000.0 35172.0 8287.2 6.15 0.28 1.0E+00 0.86960 0.00115 0.8718

vrsq_12 01_04 15 0.0 95 36000.0 34200.0 8287.9 6.33 0.29 1.OE+00 0.85668 0.00132 0.85931
vrsq_120103 15 0.0 90 36000.0 32400.0 8289.1 6.68 0.31 1.0E+00 0.84209 0.00111 0.8443
vrsq_12_01 02_15 0.0 40 36000.0 14400.0 8301.1 15.05 0.69 1.OE+00 0.64480 0.00102 0.6468
vrsq_12 01 01 15 0.0 20 36000.0 7200.0 8306.0 30.11 1.38 ;1.OE+00 0.53825 0.00089 0.5400

Yll$717/Ch- .. 3 2100 IIEU SAR/pcJO2.25-05
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Table 6.9.6-21-A. Abridged results for the nbsrsq (NCT, refl., single unit, 2.29-in, square bar content) calculation model

C

casename np277s4 (g) 2(g) () htx wrapped, moifr ke, a k |+2o
namenp277(in)4 0.0 H0. I0. dry cc h0x - - - -

nbsrsq12 01 01 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-20 0.83718 0.00109 0.83935
nbsrsq_12 01 02 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-05 0.83299 0.00132 0.83563

bsrsq_ 12_01 03 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-04 0.83404 0.00112 0.83628
nbsrsq_12_ 01 04 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-03 0.83324 0.00111 0.8354
nbsrsql12 01 05 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE-02 0.83589 0.00108 0.8380 ._
nbsrsq12 01608 0.0 36000.0 36000.0 8286.7 6.01 0.28 3.OE-01 0.83874 0.00133 0.8413
nbsrsq_12_01 08 0.0 36000.0 36000.0 8286.7 6.01 0.28 13.OE-01 0.84511 0.00114 0.8474
nbsrsql12_01 15 0.0 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.86078 0.00108 0.86293

nbsrsq 12_01 15 0.0 36000.0 36000.0 8286.71 6.01 0.28 1.OE+001 0.86078 0.00108 0.86293
nbsrsq1101- 15.- 0.0- -- 30000.0 .'30000.0 .8605.0 .. 7.49 -,0.33 1.OE+00 0.85539 0.00134 0.85806
nbsrscLQ0-01 215 -- 0.0----- -- 24000.0 :24000.0 ~, 8923.4 9.70 0.42 1.OE+00 0.84281 0.00104 0.84489
nbsrsqO9L 0115 - _ 18000.0 : 18000.0 ^9241.8 13.40 0.55 1.OE+00 0.82414 0.00108 0.82630
nbsrsq_O8_01 15 - - 0.0 - 15000.0 " 15000.0 9401.0 16.36 0.66 1.OE+00 0.80847 0.00100 0.81048
nbsrsq_07 01 15 0.0 - - 12000.0 -.12000.0 9560.2 .20.79 0.83 1.OE+00. 0.78515 0.00105 0.78724
nbsrsq 06 01 15 - 0.0 - 9000.0 9000.0 9719.4 28.19 1.11 1.OE+00 0.74816 0.00105 0.75026
nbsrsqOS_01 15 0.0 -- 6000.0 6000.0 9878.6 42.97 1.66 1.OE+00 0.68531 0.00106 0.68744
nbsrsq 14 .01_15 -0.0 3000.0 3000.0 - 37.8 87.33 3.32 1.0E+00 0.55298 0.00088 0.5547 5
nbsrsq03_0115- . - - 0.0 1998.0 1998.0 - 91.0 131.82 4.99 1.OE+00 0.47790 0.00092 0.47973
nbsrsqO2 01 15. 0.0 -- 1500.0 1500.0 117.4 176.05 6.64 1.OE+00 0.42439 0.00080 0.42598
nbsrsq 01 01_15 0.0 999.0 9990 144.0 265.03 9.97 1.OE+00 0.35717 0.00075 0.35866

,:.:
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Table 6.9.6-22-A. Abridged results for the nblasq (NCT, infltite array, 2.29-In. square bar content) calculation model

csnaenp277-4 enrichment U 235u H20 hx wrapped, moifr kaka2case name | thickness | n(WIm t|() 9 () | M/ | dry acpc h/x |mir| kt ,,

nbiasq_12 01_06 03 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE-04 0.90390 0.00117 0.9062
biasq_11_01_06 03 0.0 100 -30000.0 30000.0 8605.0 7.49 0.33 1.OE-04 0.88820 0.00109 0.8903

nbiasq_10_O0106_03 0.0 100 24000.0 24000.0 8923.4 9.70 0.42 1.OE-04 0.87124 0.00126 0.8737
biasqO9_01_06 03 0.0 100 18000.0 18000.0 9241.8 13.40 0.55 1.OE-04 0.84613 0.00110 0.8483

nbiasq08B01 06 03 0.0 100 15000.0 15000.0 9401.0 16.36 0.66 1.OE-04 0.82748 0.00128 0.8300
biasq_07_01 06 03 0.0 100 - 12000.0 12000.0 9560.2 20.79 0.83 1.OE-04 0.80019 0.00108 0.8023

nbiasq 06 01 06 03 0.0 100 9000.0 9000.0 9719.4 28.19 1.11 1.OE-04 0.75995 0.00114 0.7622
nbiasq 05 01 06 03 0.0 100 6000.0 6000.0 9878.6 42.97 1.66 1.OE-04 0.69022 0.00108 0.6923
nbiasqO4_01_06 03 0.0 100 3000.0 3000.0 10037.8 87.33 3.32 1.OE-04 0.55434 0.00103 0.55640
nblasqO03_01 06 03 0.0 100 1998.0 1998.0 10091.0 131.82 4.99 1.OE-04 0.47315 0.00083 0.47481
nbiasq02_01 _06 03 0.0 100 1500.0 1500.0 10117.4 176.05 6.64 1.OE-04 0.41982 0.00084 0.42150
nbiasq_01 01 06 03 0.0 100 999.0 999.0 10144.0 265.03 9.97 1 .OE-04 0.34607 0.00080 0.3476

Y/LF-717/IC .-31 00EU SAR/p/02-2505
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Table 6.9.6-24-A. Abridged results for the hbsrsq (IIAC, refl., single unit, 2.29-In. square bar content) calculation model

case name thickness enrhmnt U H hIx wrapped. molfr | a k|,+2os

hbsrsq_12 01 15 0.0 100 36000.0 36000.0 8286.7 6.01 0.28 1.OE+00 0.86403 0.00111 0.86625
hbsrsqj 1_01_15 0.0 100 30000.0 30000.0 8605.0 7.49 0.33 1.OE+00 0.85466 0.00113 0.85691
hbsrsq__10 01_15 0.0 _ 100 24000.0 24000.0 8923.4 9.70 0.42 1.0E+00 0.84480 0.00110 0.84700

A asq (HAC, Infinite a rityj 2.29-in. squae bar-
.8 t . ' - .,,_,_,.....-. .-Ab, .net .1 .t .. od

''" ";' ;'~~~~.'4 Table6.9.6-5A brldjedresultsror'theliblas'-- i ieraa2-n~q eacne~

- - - - ---3-

np277..4 enrichment- U-,,, | 2 U- wr|ppe miir2 h/ - |
case name t Inckness h-x- MO(in)t _ _ _ _ _ _ _ _ _ _

hbiasqj12 01 06 03 0.0 i 100 36000.0 36000.0. 8286.7 6.01 0.28 1.OE-04 - -7.0.90900 0.00131 0.91163.
hblasq_12 01 05 03 0.0'' : 97.7' 36000.0 35172.0 - 8287.2 _ 6.15 0.28 1.OE-04 0.90136 0.00108 - 0.90351
hblasq_12 01 04_03 0.0 95 - 36000.0 34200.0- 8287.9 6.33 - 0.29 1.OE-04 0.89098 0.00114 0.89327
hbiasqc12 01 03_03 0.0 90 36000.0 32400.0 8289.1 6.68 0.31 1.OE-04 0.87325 0.00101 0.87528
hbiasq_12 01 02 03 0.0; * 40 - 36000.0 14400.0 8301.1 . 15.05 0.69 1.0E-04 0.66015 0.00099 0.66214 -,
hbiasq_12 01_01 03 0.0 20- 36000.0 , 7200.0 8306.0 30.11 1.38 1.OE-04 0.54176, 0.00101 0.54378 A

hbias 09 01 06 03 0.0 100 -18000.0 -18000.0 I 9241.8 13.40 , 0.55 1.OOE-04 0.85137 0.00103 0.85343
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Table 6.9.6-26-A. Abridged results for the cvr5sIgOpO (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs content, 0.0 cm spacing, in CV) calculation model

|content np2774 enrichment| U 23U | H2 0 |Mhx wrapped, mocfr ks, | a k,,+2 |case name separation thickness ihv4% g) ()x g dryf cc ahlx+
(cm) (in) ______g) .A .......J - r -c h/ -

5 slug content, 0.0 cm spacing, containment vessel
cvr5sIgOpO 02 01 06 01 0.0 |. 0.0 100 | .32684.3 32684.3 - 0.0 - 0.00 0.30 1.OE-20 0.86219 0.00130 0.86479
cvr5slgOpO 02 01 06 06 0.0 0.0 100.---- 32684.3 32684.3 846.3 0.68 0.30 1.0E-01 0.86531 -0.00121 0.86774
cvr5sIgOpO 02 01 06 07 0.0 0.0 100 - 32684.3 -32684.3 1692.5 1.35 0.30 2.OE-01 0.87260 0.00112 0.87485
cvr5slgOpO 02 01 06 08 0.0 0.0 100 32684.3 . 32684.3 2538.8 2.03 0.30 3.0E-01 0.88362 0.00112 0.88587
cvr5sIgOpO 02 01 06 09 0.0 0.0 100 32684.3 32684.3 3385.0 2.70 0.30 4.OE-01 0.89451 0.00125 --0.89701
cvr5slgOpO_02 01 06 10 0.0 0.0 100 32684.3 32684.3 4231.3 3.38 0.30 5.OE-01 0.90733 --0.00115 - 0.90964
cvr5sIgOpO 02 01 06 11 0.0 0.0 100 32684.3 32684.3 5077.6 4.05 0.30 6.OE-01 0.91907 0.00140 0.92187
cvr5sIgOpO 02 01 06 12 0.0 0.0 100 32684.3. 32684.3 5923.8 4.73 0.30 7.OE-01 - 0.93142 0.00108 0.93357
cvr5sIgOpO 02 01 06 13 0.0 0.0 100 32684.3. 32684.3 . 6770.1 5.41 0.30 8.OE-01 0.94374 0.00117 0.94607
cvr5sIgOpO 02 01 06 14 0.0 0.0 100 32684.3 32684.3 7616.3 6.08 0.30 9.OE-01 0.95584 0.00110 0.95803
cvr5sIgOpO 02 01 06 15 .0.0 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE+00 0.97037 0.00130 0.97296

cvr5sIgOpO 02 03 06 15 0.0 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.0E+OC 0.89140 0.00124 0.89389
cvr5sIgOpO 02 03 05 15 0.0 1.0 97.7 32693.8 31941.8 8076.8 6.60 0.31 1.0E+OC 0.88491 0.00121 0.88734
cvr5sIgOpO 02 03 04 15 0.0 1.0 95 32704.9 31069.7 8076.8 6.79 0.32 -. OE+00 0.87633 0.00113 0.87858
cvr5slgOpO 02 03 03 15 0.0 1.0 90 32725.6 29453.0 8076.8 7.16 0.34 1.9E+0C 0.85795 0.00109 0.86013
cvr5slgOpO 02 03 02 15 0.0 1.0 40 32933.9 13173.5 8076.8 16.00 0.76 1.0E+00 0.65888 0.00097 0.66081
cvr5slgOpO 02 03 01 15 0.0 1.0 20 33017.9 6603.6 . 8076.8 31.92 1.51 1.OE+00 0.54445 0.00082 0.54609

Y/LF.717/CI., .-3 100 IlIEU SAR'PC/02-25-05
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Table 6.9.6-27-A. Abridged results for the cvr5sfgOp5 (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs content, 0.5 cm spacing in CV) calculation model

-content np277-4 enihet U i 35U IH0 hx wapd

_ _nr__ _ _ _ _ _ _ _n__ _ _ _ _ _ _ _ _ _ _ _w r a p p e d,__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _case name separation thickness ihw% g () I ()dy chx mcrxef0 k~2
5 slug content, 0.5 cm spacing, containment vessel. (m i ;

vr5s'gOp5 02 01 06 01 0.5 0.0 100- 32684.3 32684.3 00 0.00 .0.30 1.OE-20 0.84295 0.00104 0.8450
vr5stgOp5j02_01 06 06 0.5.- 0.0 100 32684.3 32684.3 846.3 0.68 0.30 1.OE-01 *0.84869 0.00107 0.8508
rsIgOpS 02 01 06 07 - 0.5 0.0 .100 32684.3 32684.3 1692.5 1.35 0.30 2.OE-01 0.85906 0.00123 0.8615

vr5sigOp5 02 01 06_08 0.5- 0.0 - 100 32684.3 32684.3 2538.8 2.03 0.30 3.OE-01 0.86884 0.00110 0.8710
vrsslgOp5 02_01 06 09 0.5 0.0 100 32684.3 32684.3 3385.0 2.70 0.30 4.OE-01 0.88170 0.00112 0.88394

5sigOp5 02 01 06 10- 0.5. . 0.0 . 100- 32684.3 32684.3 4231.3 3.38 - 0.30 5.OE-01 - 0.89681 0.00139 0.8995
vr5sigOp5J02 01 06 11 0.5; 0.0. 100 32684.3 32684.3 5077.6 4.05 0.30 6.OE-01 . 0.91414 0.00124 0.91661

SslgOp5 02 01:06-12 '0.5 0.0 , - 100 32684.3 32684.3 - 5923.8 4.73 0.30 7.OE-01 0.92813 0.00117 0.9304
sigOp_02_ 01 06 13 . 0.5' - 0.0- . 100 - 32684.3 -.32684.3 <-6770.1' ---5.41. ----- 0.30 -8.OE-01 *-0.94368 ' 0.00117 -0.9460

5slgOpEL02 01 06-14 - 0.5 - 0.0 - 100 32684.3 32684.3 '7616.3 6.08 - 0.30 9.O01 -0.95880 ;-0.00123; 0.9612
SsIgOp5 02 01 06 15 0.5 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE+00 1 0.976491 0.001321 0.9791

I ,.

..

-- - . -.- -- t,,... .- -. -.... . .:
I I . . .

I> I,

.I -1I

I . ., .

. . ,-
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Table 6.9.6-28-A. Abridged results for the cvr5slglpO (pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs content, 1.0 cm spacing in CV) calculation model

sonepartio thcness7 235UIdr ccase name separation thickness enrichment U H20 h wrapped, mUcfr | a k|H+2|

5 slug content, 1.0 cm spacing, containment vessel
vrsslglpO_02_01 06_01 1.0 0.0 100 32684.3 32684.3 0.0 0.00 0.30 1.OE-20 0.83039 0.00127 0.8329
vr5slglpO_02_01 _06 06 1.0 0.0 100 32684.3 32684.3 846.3 0.68 0.30 1.OE-01 0.83803 0.00099 0.84001
vrsslglpO_02_01 06_07 1.0 0.0 100 32684.3 32684.3 1692.5 1.35 0.30 2.OE-01 0.84786 0.00114 0.8501
vr5sIglpO_02 01 06 08 1.0 0.0 100 32684.3 32684.3 2538.8 2.03 0.30 3.OE-01 0.86347 0.00120 0.86588
cvissg1pO_02 01 06 09 1.0 0.0 100 32684.3 32684.3 3385.0 2.70 0.30 4.OE-01 0.87593 0.00125 0.8784
vr5sIglpO 02 01 06 10 1.0 0.0 100 32684.3 32684.3 4231.3 3.38 0.30 5.OE-01 0.89246 0.00110 0.89465
vr~sig1pO 02 01 06 11 1.0 0.0 100 32684.3 32684.3 5077.6 4.05 0.30 6.OE-01 0.91058 0.00131 0.91320
vr5slglpO 02 01 06 12 1.0 0.0 100 32684.3 32684.3 5923.8 4.73 0.30 7.OE-01 0.92796 0.00126 0.9304
vr5sIg pO_02 01 06 13 1.0 0.0 100 32684.3 32684.3 6770.1 5.41 0.30 8.OE-01 0.94598 0.00128 0.9485
vrssiglpO_02 01 06 14 1.0 0.0 100 1 32684.3 32684.3 7616.3 6.08 0.30 9.OE-01 0.96077 0.00120 0.96317
vrsig pO 02 01 06 15 1.0 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE+00 0.97875 0.00138 0.98152

Table 6.9.6-29-A. Abridged results for the nbsb5sig (NCT, bare, single unit, pentagonal rings of 1.5-in. dia. x 2.0-In. tall slugs content) calculation model

np277-4 dr2c hx5ennichment U U H20 hx wrapped, mor 0 k+2case name thickness (W%) (9) ( (() h(r- I - - - -

5 Slug content, single unit, bare
bsb5slg_02 01 01 .0 100 32684.3 32684.3 8462.6 6.76 0.30 .1.OE-20 0.89875 :0.00110 0.90094
bsb5slg 02 01 02 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-05 0.89585 0.00127 0.8983
bsb5slg_02 01 _03 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-04 0.89933 0.00127 0.9018
bsb5slg_02_01 04 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-03 0.89677 0.00123 0.8992
bsb5slg_02_01 05 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-02 0.89752 0.00137 0.90026

nbsb5sIg 02 01 06 0.0 100 32684.3 32684.3 8462.6 - 6.76 0.30 1.OE-01 0.90271 0.00133 0.90538
nbsb5slg_02 01 08 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 3.OE-01 0.91498 0.00127 0.9175
nbsb5sIg 02 01 15 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1 .E+00 0.94360 0.00106 0.9457.
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*Table 6.9.6-30-A. Abridged rcsults~for tfie nbsr5slg (NCT, refl., single unit, pentagonal rings of 1.5-In. dia. x 2.0-in, tall shigs content) calculation model

casenam7-4 enihmn U- H20 wrapped, frkt2c
g) ()drycchx mirk+2

5 Slug content, single unit, reflected-
nbsr~ssg...02 01 01 - 0.0 100 32684.3 32684.3 .8462.6. 6.76 0.30 1.0E120 0.90253 0.00113 0.90479
nbsr5slgj2, 01 -02 0.0 -100 - 32684.3 -32684.3 8462.6 6.76 0.30 1.OE-05 0.90121 0.00131 0.90383
nbsr5slg2 01 3 .0 - - 100 .,32684.3 32684.3 8462.6 6.76 0.30 1.0E-04 0.90238 0.00124 0.90487
nbsr5slg_02 01 04 . -- .0 100 32684.3 -. 32684.3 -8462.6 6.76 0.30 1.0E-03 0.90334 0.00125 0.90585
nbsrsslgOQ2 01 05 -0.0 - * 100 - 32684.3 32684.3 8462.6 .6.76 0.30 1.OE-02. 0.90222 0.00134 0.90491
nbsr5slg_02:01l 06 - . 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.0E-01 0.90594 0.00108 0.90809
nbsr5slgO2 _01_08 -0.0 100 32684.3 32684.3- 8462.6 6.76 .0.30 .3.OE-01 0.91716 0.00119 0.91954
nbsr5slg 02 01 15. - 0.0 - 100 32684.3 32684.3 8462.6 6.76 0.30 - .OE+00 0.94090 0.00129 0.94348

bsr5slg0Q203-01 10 - 100. 32684.3 32684.3 8076.8 6.45 0.30 1.OE-20 0.83367 0.00116 0.83600
bsr~s~gO2.0O3-02----. -. --1.0 - .-- 100-- - -32684.3 -32684.3 8076.8 '6.45 -0.30 1.OE-05 0.83402 0.00110 0.83622
bsr5slg .02L03.~03 1.-. 10- 0 :,32684.3 .32684.3 ".8076.8 6.45 0.30 1.OE-04 0.83519 0.00118 * 0.83755
bsr5slg-.02L03 0--. -- .-- I .0 ....----- 100 - 7-32684.3 :,732684.3 :8076.8 :. 6.45 0.30 . .. OE-03 ,0.83384 .0.00103 . -0.83590
bsr5slgjJ2 03L-05 -- -- 1-.0 ~------- 100 - - -. -32684.3 .,-32684.3 - 8076.8 .6.45 ~. 0.30 *1.OE-02, 0.83427 0.00139 -~0.83705

nbsr5slgo2 03 06~-. - -1.0 ---- 100-- -- 32684.3 -. 32684.3 8076.8 6.45 . 0.30 1.OE-01 0.83640 0.00124 . 0.83888
nbsr5slgo2 03. 08.. -. 1.0 -- 100 32684.3 :32684.3 8076.8 6.45 -0.30 3.OE-01 0.84732 0.00137 0.85005
nbsr5slg 02 03 15 - .1.0 - 100 .32684.3 32684.3 8076.8 6.45 0.30 1.OE+00 0.86889 0.00105 0.870991

.'. i

. -v

. I ; � I 3
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Table 6.9.6-31-A. Abridged results for the nbia5sig (NCT, infinite array, 1.5-in. dia. x 2.0-in. tall slugs content) calculation model

case nameenrich-ment U 23U H20 h wrapped, mor0k+2case name thickness _w% 9 9 I r c ~ ot f ef2

nbia5ssg_02 01 09 01 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-20 0.98826 0.00115 0.99056
nbia5slg_02 01 09 02 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-05 0.98712 0.00109 0.98931
nbia5sIg_02 01 09 03 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-04 0.98528 0.00114 0.98757
nbia5slg_02 01 09 04 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-03 0.98607 0.00126 0.98859
nbia5sIg 02 01 09 05 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-02 0.98398 0.00119 0.98636
nbia5slg_02 01 09 06 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE-01 0.95953 0.00112 0.96178
nbia5slgj02_01 09 08 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 3.OE-01 0.94730 0.00119 0.94967
nbia5slg_02 01 09 15 0.0 100 32684.3 32684.3 8462.6 6.76 0.30 1.OE+00 '0.95227 0.00109 0.95446

nbia5slg_02 03 09 01 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-20 0.91964 0.00137 0.92237
nbia5sig_02 03 09 02 1.0 100 32684.3 32684.3 8076.8 - 6.45 0.30 1.OE-05 0.91946 0.00121 0.92188
nbia5slg_02 03 09 03 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-04 - 0.92210 0.00125 0.92459
nbla5sig 02 03 09 04. 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-03 0.91868 0.00114 0.92095
nbia5slg_02 03 09 05 1.0 - 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-02 0.91375 0.00124 0.91622
nbia5sig 02 03' 09 06 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-01 0.89260 0.00118 0.89496
nbia5slg_02 03 09 08 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 3.OE-01 0.87649 0.00108 0.87865
nbia5sig_02 03- 09 15 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE+00 0.87906 0.00115 0.88136

nbia5sIg 02 03 09 03 1.0 100 32684.3 32684.3 8076.8 6A5 0.30 1.OE-04 0.92210 0.00125 0.92459
nbia5ssg_02 03 08 03 1.0 97.7 32693.8 31941.8 8076.8 6.60 0.31 1.OE-04 0.90987 0.00117 0.91222
nbia5sig 02 03 07 03 - -1.0-- -- 95-- 32704.9' --31069.7 --'8076.8 -. 6.79 0.32 - - 1.OE-04 - 0.89944' 0.00108 0.90160
nbia5sig 02 03 06 03 1.0 -- 90 32725.6: --29453.0 8076.8 - 7.16 0.34 1.OE-04 0.88415 0.00129 0.88673
nbia5stg_02 03 05 03 1.0 80 32767.0 26213.6 8076.8 . 8.04, 0.38 1.OE-04 0.84537 0.00117 0.84770
nbia5slg_02 03 04 03 1.0 70 32808.6 22966.0 8076.8 9.18 0.43 1.OE-04 0.80278 |0.00117 | 0.80512
nbia5sIgj02 03 03 03 1.0 60 32850.2 --19710.1 8076.8 10.70 0.51 1.OE-04 0.76170 0.00105 0.76381

bia5sig_02 03 02 03 1.0 40 32933.9 13173.5 8076.8 16.00 0.76 1.OE-04 0.65904 0.00097 0.66097
nbia5sIg 02 03 01 03 1.0 20 33017.9 6603.6 8076.8 31.92 1.51 1.OE-04| 0.52832 0.00107 0.53047

nbia5sIg_ 01 09 01 0.0 | 100 16342.1 16342.1 9329.8 14.90 0.61| 1.OE-20 0.87639 0.00113 0.87865
bia5sig_01 01 09 02 0.0 100 16342.1 16342.11 9329.8 14.90 0.611 1.OE-05 0.87833 I 0.00113 0.88058

nbia5slg_ 01_..09 03 0.0 100 16342.1 16342.11 9329.8 14.90 0.611 1.OE-04 0.87659 0.00133 0.87925
bia5sIg_01 01 09-04 0.0 | 100 116342.1 16342.11 9329.8 14.90 0.611 1.OE-03 0.87633 0.00121 0.87876
bia5sig-01 01 09 05 0.0 100 16342.1 16342.11 9329.8 14.90| 0.611 1.OE-02| 0.87563 | 0.00106 0.87774
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Table 6.9.6-31-A. Abridged results for the nbla5sIg (NCT, Infinite array, 1.5-in. dia. x 2.0-in. tall slugs content) calculation model (cont.)

|ase name t ss enrichment U H20 wrapped, moifr ke o k+2o
(in) ____ ____ __ __ ___ ___ ___ ___ d ry__ cc__ __ h_ _ _ __ _ __ _

nbia5sIgjl 0109 06 0.0 .. . 100 16342.1 16342.1 9329.8 14.90 0.61 1.OE-01 0.86132 0.00141 0.86414
nbia5slg_ 01 '09 08 0.0 100 16342.1 16342.1 9329.8 14.90 0.61 3.0E-01 0.85044 0.00128 0.85300
nbla5sig_01;01 09 15 0.0 100.. 16342.1 - 16342.11 9329.8 14.90 0.61 1.OE+00 0.86094 0.00111 0.86315

nbla5slg003_093M 03 1.0 100 16342.1 16342.1 8944.0 14.28 0.61 1.0E-04 0.78367 0.00110 0.78587
nbla5slg_01 03_08 03. 1.0, 97.7 16346.9 15970.9 8944.0 14.62 :0.62 .1.0E-04 0.77611 0.00101 0.77813
bia5sig_01 03_07 03 1.0 --95 16352.5 15534.8 8944.0 15.03 0.64 1.OE-04 0.76454 0.00104 0.76662
bIa5sIg_01 03 06 03 1.0. 90 16362.8 14726.5 8944.0 15.85 0.68 1.OE-04 0.74992 0.00116 0.75224
bla5slg 01 03 05 03 1.0 80.0 16383.5 13106.8 8944.0 17.81 . 0.76 1.OE-04 0.71627 0.00095 0.71817
bla5sIg_01_ 03 04 03 1.0 . ;70.0 16404.3 11483.0 8944.0 20.33 0.87 1.OE-04 0.67740 0.00108 0.67957

nbla5slg_.01_.03_03_03 . -,1.0. lt.' 60.0. .16425.1 9855.1 . 8944.0 23.69 1.01 - 1.OE-04 0.64050 0.00099 0.64247
nbla5slg_ 0302 03- ..... 1.0. 40.0 16466.9. 6586.8 8944.0 -:35.44 , 1.51 1.OE-04 0.55075 0.00095 0.55265
nbia5sIgOl0301l03 1.0 20.0 16509.0 3301.8 8944.0 70.70 3.02 1.OE-04 0.43622 0.00076 0.43774

nbia5sig 01. 01 09 03 . 0.0 100 16342.1 16342.1 9329.8 14.90 0.61 1.OE-04 0.87659 0.00133 0.87925
nbia5sfg00 08 03 0.0 97.7 16346.9 15970.9 -9329.8 15.25 0.62 1.OE-04 0.86918 0.00109 0.87137
nbla5slg_0ll_0107-03 .. 0.0 . 95 16352.5 |15534.8 9329.8 15.68 0.64 1.OE-04 0.85792 0.00130 0.86053
nbla5ssg_01 01_06 03 . 0.0 - - 90 16362.8 -14726.5 9329.8 16.54 0.68 1.OE-04 0.84137 0.00101 0.84339
nbIa5slg_0101..05 _03. . 0.0 -80 - 16383.5 13106.8 9329.8 18.58| 0.76 1.OE-04 0.80367 0.00110 0.80587
nbla5sIg_01_Oll04 03 0.0 - - 70 16404.3 11483.0 9329.8 21.21 0.87 1.OE-04 0.76557 0.00104 0.76766
nbla5sIg01 01_03 03 0.0 60 16425.1 9855.1 9329.8 24.71 1.01 1.OE-04 0.72246 0.00109 0.72464
nbla5slg_0101 02 03 0.0 40 |16466.9 6586.8 9329.8 36.97 1.51 1.OE-04 0.62808 0.00096 0.62999

bia5sig 01 01 01 03. 0.0 20 16509.0 3301.8,- 9329.8. 73.75 3.02 1.OE-04| 0.50518 0.00097 0.50713
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Table 6.9.6-32-A. Abridged results for the nbfl5slg (NCT, 13x13x6 array, pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs content) calculation model

case name thicness enrichment ( U H h/x moifr k0 a k,,+20

nbfl5sIg 02_03 09_03 1.0 100 32684.3 32684.3 8076.8 6.45 1.OE-04 0.89447 0.00110 0.89667
nbfl5slg_02 03_08_03 1.0 97.7 32693.8 31941.8 8076.8 6.60 1.OE-04 0.88447 0.00119 0.88686
bfl5slg_02_03 07 03 1.0 95 32704.9 31069.7 8076.8 6.79 1.OE-04 0.87514 0.00119 0.87751

nbfl5slg_02 03 06 03 1.0 90 32725.6 29453.0 8076.8 7.16 1.OE-04 0.85977 0.00127 0.86231
nbfl5sIg_02_03_05_03 1.0 80 32767.0 26213.6 8076.8 8.04 1.OE-04 0.82074 0.00105 0.8228
bfl5sIg_02_03 04 03 1.0 70 32808.6 22966.0 8076.8 9.18 1.0E-04 0.78042 0.00111 0.78263
bfl5slg_02_03 03 03 1.0 60 32850.2 -19710.1 -8076.8 10.70 1.OE-04 0.73650 0.00129 0.7390
bfl5slg 02_03 02 03 1.0 40 32933.9 13173.5 8076.8 16.00 1.OE-04 0.63896 0.00102 0.64101
bfl5slg_02 03 01 03 1.0 20 -33017.9 6603.6 8076.8 31.92 1.OE-04 0.50762 0.00083 0.50925

Table 6.9.6-33-A. Abridged results for the nbl25slg (NCT, 9x9x4 array, pentagonal rings of 1.5-in. dia. x 2.0-In. tall slugs content) calculational model

csnaenp277A4 enrichment U 2-125Ul mofrcase name thickness (w°)U>UHO hlx molfr k" | a2o

nbf25slg 02 03 09 03 1.0 100 32684.3 32684.3 8076.8 6.45 1.OE-04 0.88881 0.00137 0.8915
nbf25sig 02 03 08 03 1.0 97.7 32693.8 31941.8 8076.8 6.60 1.OE-04 0.88074 0.00125 0.88325
nbf25ssg_02 03 07 03 1.0 95- 32704.9 31069.7 8076.8 6.79 1.OE-04 0.86945 0.00116 0.8717
nbf25slg_02 03 06 03 1.0 90 32725.6 29453.0 8076.8 7.16 1.0E-04 0.85456 0.00119 0.8569
nbf25slg_02 03 05 03 1.0 80 32767.0 26213.6 8076.8 8.04 1.OE-04 0.81500 0.00127 0.8175
nbf25slg_02_03 04'03 1.0 70 32808.6 22966.0 8076.8 9.18 1.0E-04 0.77478 0.00128 0.77734

bf25slg_02 03 03 03 1.0 60 32850.2 19710.1 8076.8 10.70 1.OE-04 0.72981 0.00113 0.7320
bf25sig .02 03 02 03 1.0 40 32933.9 13173.5 8076.8 16.00 1.OE-04 0.632351 0.00113 0.63461

nbf2ssg 02_03 01_03 1.0 20 33017.9 6603.6 8076.8 31.92 1.0E-04 0.50484 0.00087 0.5065
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Table 6.9.6-35-A. Abridged results for the hbsr5sig (ITAC, refi., single unit, pentagonal rings of 1.5-in. dia. x 2.0-in. tall slugs content) calculation model[ case name enrichment U 2U H20 h/x | wrapped, moifr kd | a ke,+2a
thickness______(in (wt%) (gM (g) (g) Idry cc hlx_____1___ 1____1

bsr5slg_02 03 01 1.0 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-20 0.83554 0.00113 0.83780
bsrsg 02 0315 1100 32684.3 32684.3 8076.8 6.45 0.30 1.OE+00 0.87209 0.00117 0.87442

Table 6.9.6-36-A. Results for the hbia5sIg (IIAC, infinite array, pentagonal rings of 1.5-in. dia. 1 2.0-in. tall slugs content) calculation model

casename n274 enrichment U | 5U H °wrapped, | moir |
tikes (wt%)- (g) g) I (g) hl dry cc hlx k1  et 2

1.5-in. dia x 2.0-1n. tall slugs content, InfinIte array - . , - - - - . - _, ' _,

bia5 slg_02_03 09 03 1.0 100 32684.3 32684.3 8076.8 6.45 -0.30 1.OE-04 ,.0.92878- 0.00109 . 0 0.93096
hbla5slgj02 0308.03' ' 1.0., ,97.7,.. *,32693.8 -31941.8 8076.8 6.60 0.31 1.0E-04 0.91839 0.00117 . . 0.9207
hbia5slg 02 03-0703 - 1.0 "*' 95' 32704.9 31069.7 8076.8 6.79 . 0.32 1.OE-04 0.90930 0.00123 0.91176
hbia5sig_02 03 06_03 1.0,. 190;: 32725.6 29453.0 8076.8 7.16 ., 0.34 1.0E-04 0.89242 0.00140 . '0.8952
biafslg_02_03 05 03 . 1.0 - 80- 32767.0 26213.6 8076.8 8.04 0.38 1.OE-04 0.85238 -0.00111 . 0.8545

hbia5ssg 02 03 04 03-- - 1.0 70 - 32808.6 22966.0 8076.8 . 9.18 0.43 1.OE-04 0.81230 0.00114 0.81458
hbia5slg_02 03 03 03 1.0 60' 32850.2 19710.1 8076.8 10.70 0.51 1.OE-04 0.76887 0.00107 0.77101
hbia5slg_02 03 02 03 1.0 40 32933.9 13173.5 8076.8 16.00 0.76 1.OE-04 0.66753 0.00097 0.66948
hbia5slg_02 03 01 03 1.0 20 33017.9 6603.6 8076.8 31.92 1.51 1.OE-04 0.53594 0.00089 0.53772

hbia5sig 01 01 09 03 0.0 100 :16342.1 16342.1 9329.8 14.90 0.61 1.OE-04 0.88551 . 0.00119 0.88789
hbia5sig_ 001 08 03 0.0 - 97.7'- |16346.9 .15970.9 9329.8 15.25 0.62 1.OE-04 0.87508 0.00101 0.87710
hbia5slg 01 01-07 03 -- | 0.0 - 95 .16352.5 15534.8 |9329.8 | 15.68 0.64 | 1.OE-04 0.86565 0.00115 .0.86795
hbia5slg 01 01 06 03 - - -0.0 90- 16362.8 14726.5 9329.8 16.54 0.68 1.0E-04 0.84698 0.00117 0.8493
hbla5sigfl01O05 03 - 0.0 80 - | 16383.5 13106.8 9329.8 18.58 0.76 1.OE-04 0.81274 0.00111 0.8149
hbia5slg 01 01 04 03 0.0 - - 70 16404.3 11483.0 . 9329.8 21.21 0.87 1.OE-04 0.77073 0.001041 0.77282
bia5slg_ 01 03 03 0.0 60 '16425.1 9855.1 9329.8 | 24.71 1.01 1.OE-04 0.73161 0.00106 0.73373
bia5ssg_01 01 02 03 0.0 40 16466.9 6586.8 9329.8 36.97 1.51 I .E-04 0.03541 0.00106 0.6375
blassig 01 01 01 03- . 0.0 | 20 -16509.0 3301.8 9329.8 73.75 3.02 1.OE-04| 0.51220 0.00080 0.51381
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Table 6.9.6-37-A. Results for the hbf25sIg (IIAC, 9x9x4 array, pentagonal rings of 1.5-In. dia. x 2.0-In. tall slugs content) calculation model

casenae p2774 enrichment U 2 U H20 x wrapped, moifr k | a k,+2acaenmetikes M% (g) I(g) (g) hx dry cc mhfrk akx(in) __ _ _ _ _ _ _ _-

1.5-in. dia x 2.0-In. tall slugs content, 9x9x4 array ___ _

bf25sig_02_03_09 03 1.0 - 100 32684.3 32684.3 8076.8 6.45 0.30 1.OE-04 0.89364 0.00113 0.89590
hbf25sIg 02 03 08_03 1.0 97.7 32693.8 31941.8 8076.8 6.60 0.31 1.0E-04 0.88549 0.00116 0.8878
hbf25slg_02 03 07 03 - 1.0_- 95 32704.9 31069.7 8076.8 6.79 0.32 1.OE-04 0.87500 0.00114 0.87729
hbf25slg-02 03 06 03 1.0 90 32725.6 29453.0 8076.8 7.16 0.34 10;E-04 0.85804 0.00107 0.8601

- , -

Table 6.9.647-A. Abridged results for the cvr3sqa calculation model

case name thicknss enrichment | U' 2U H20 h/x wrapped, moifr a kn+20thicn)s (W%) I9 Ig dry cc h/x

Broken metal, explicit cube content In containment vessel, reflected
cvr3sqa 12 03 09 15 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE+00 0.86123 0.00122 0.86366
cvr3sqa 12 03 08 15 1.0 97.7 35151.7 34343.2 7946.4 6.04 0.29 1.OE+00 0.85324 0.00121 0.85567
cvr3sqa -12 03 07_15 1.0 95 35163.7 33405.5 7946.4 6.21 0.30 1.OE+00 0.84786 0.00127 0.85040
cvr3sqa 12 03 06 15 1.0 90 35185.9 31667.3 7946.4 6.55 ..0.31 1.OE+00 0.83069 .0.00123 0.83316
vr3sqa 12 03 05 15 1.0 80 35230.5 28184.4 7946.4 7.36 0.35 1.OE+00 0.80146 0.00106 0.8035
vr3sqa_12 03_04 15 1.0 70 35275.1 24692.6 7946.4 8.40 0.40 1.OE+00 0.77108 0.00110 0.7732'
vr3sqa 12 03 03 15 1.0 60 35319.9 21192.0 7946.4 9.79 0.47 1.OE+00 0.73855 0.00104 0.7406
vr3sqa 12 03 02 15 1.0 40 35409.8 14163.9 7946A 14.64 0.70 1.OE+00 0.66147 0.00111 0.6637
vr3sqa_12 03 01_15 1.0 20 35500.2 7100.0 7946.4 29.21 1.40 1.OE+00 0.56218 0.00099 0.5641

YALF.717/L. .-3 100 HEU SAR~pc/02-25-05
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Tabic 6.9.6-48-A. Abridged results for the cvr3lha calculation model

case name thickness ei n U 5U H2  h/x wrapped, moifr k, ak,+2a
__ _ _ _ _ _ _ _ _ _ _ _ (in) j (Wt%) (g) (g (g dry cc -h_ __ _ ___x_ _ _

Broken metal content homogenized over convenience can volume, containment vessel, reflected
r3lha 12 01 09 01 0.0 100 35141.5 35141.5 0.0 0.00 0.28 1.OE-20 0.74867 0.00102 0.75071

cvr3lha 12 01 09 06 0.0 100 35141.5 35141.5 833.2 0.62 0.28 1.OE-01 0.76358 0.00115 0.76588
vr3lha 12 01 09 07 0.0 100 35141.5 35141.5 1666.4 1.24 0.28 2.OE-01 0.77847 0.00118 0.78083

cvr3lha_12_01 09 08 0.0 100 35141.5 35141.5 2499.7 1.86 0.28 3.OE-01 0.79737 0.00107 0.79950
cvr3ha 12 01 09 09 0.0 100 35141.5 35141.5 3332.9 2.48 0.28 4.OE-01 0.81560 0.00126 0.8181
cvr3ha 12 01 09 10 0.0 100 35141.5 35141.5 4166.1 3.09 0.28 5.OE-01 0.83861 0.00114 0.8408'

cr3ha 12 01 09 11 0.0 100 35141.5 35141.5 4999.3 3.71 0.28 6.OE-01 0.86042 0.00104 0.8625t
cvr3ha 12 01 09 12 0.0 100 35141.5 35141.5 5832.5 4.33 0.28 7.OE-01 0.88177 0.00110 0.8839E

c3ha 12 01 09 13 0.0 100 35141.5 35141.5 6665.8 4.95 0.28 8.OE-01 0.90379 0.00128 0.90634
cvr3Iha 12 01 09 14 0.0 100 35141.5 35141.5 7499.0 5.57 0.28 9.OE-01 0.92819 0.00140 0.9309
evr3lha 12 01 09 15 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE+00 0.94836 0.00122 0.95081

cvr31ha 12 01 09 15 _ 0.0 __ 100.,. 35141.5 .35141.5 .8332.2 -6.19 -0.28 1.OE+00 * 0.94836 -0.00122 -- 0.95081
cr3ha_12_01 08 15 0.0 _97.7 35151.7| 34343.2 8332.2 .* 6.33 -- 0.29 - 1.OE+00 - 0.94013 *'0.00106 - -0.94226
3Iha 12 01 07 15 0.0 95 35163.7 33405.5 .8332.2 -- 6.51 -- 0.30 -1.OE+00 *0.93088 0.00121 0.93330
31ha12 01 06_15 0.0 90 35185.9 31667.3 8332.2 . 6.87 -- 0.31 1.OE+00 0.91839 0.00150 0.9213

ha _12 01_05_15 0.0 80 35230.5 28184.4 8332.2 7.72 -- 0.35 1.0E+00 0.88809 0.00115 -0.89039
cvr31ha_12_01_04_15 0.0 70 35275.1 24692.6 8332.2 8.81 0.40 1.OE+00 -0.86146 0.00108 0.86363
cvr3lha_12_01 03 15 0.0 60 35319.9 21192.0 8332.2 10.26 - 0.47 1.OE+00 0.82815 0.00113 0.8304
cvr31ha_12_01_02_15 0.0 40 35409.8 14163.9 8332.2 .. 15.35 0.70 1.OE+00 -0.75451 0.00118 0.75688
cvr31ha_12_01, 01__15 0.0 20 35500.2 1 7100.0 8332.2 30.63 - 1.40 1.OE+00 --0.65972 0.00115 0.66201

'vr3lha2 2.03 09 15, 1.0" 100 35141.5 35141.5 . 7946.4 5.90 0.28 1.OE+00 0.89069 0.00114 0.89296
cvr3lha 12 03!08 15 1097.7 135151.7. 34343.2 7946.4 6.04 - 0.29 1.OE+00 0.88473 -0.00112 0.88697
cvr3lha 12 03 07 15 1.0 95 35163.7- 33405.5 7946.4 6.21 0.30 1.OE+00 0.87641 0.00119 0.87880
cvr3iha_12_03_06_15 : --1 .0 " '90 35185.9 31667.3 7946.4 6.55 0.31 1.OE+00|- 0.86162 0.00123 0.8640
cvr31ha_12_03_05_15 | 1.0 80 . 35230.5 28184.4 7946.4 7.36 | 0.35 1.OE+00 0.83529 0.00126| 0.8378
cvr3lha 12 03 04 15 1.0 70. 35275.1 124692.6 .7946.4 8.40 0.40 1.OE+00 0.80640 0.00118 0.8087
cvr31ha_12_03_03_15 1.0 | 60 :35319.9 21192.0 7946.4 9.79 0.47 1.0E+00 0.77298 '-0.00100 0.7749
cvr31ha_12_03_02_15 | 1.0 . 40 | 35409.8 14163.9 7946.4 14.64 | 0.70 1.0E+00 0.70140 0.00099 0.7033
_cvr31ha_12_03_01_15 1.0 20 35500.2 7100.0 7946.4 29.21 1.40 |1.E+00 0.60484 0.00103 0.6068
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Table 6.9.6-48-A. Abridged results for the cvr3lha calculation model (cont.)

case name thicknes enrichment | U | U 20 h/x dwrapped moifr k | a k +2a

Broken metal content homogenized over convenience can volume, containment vessel, reflected
vr3iha 12 03.09 15 1.0 -100 35141.5 35141.5 7946.4 5.90 0.28 1.OE+00 0.89069 0.00114 0.8929
cvr3ha 11 03 09 15 1.0 100 29592.8 29592.8 8240.9 - 7.27 0.34 1.OE+00 0.87551 0.00131 0.8781
cvr3ha 10 03 09 15 1.0 100 23119A 23119.4 8584.4 9.69 0.43 1.OE+00 0.84417 0.00122 0.8466
vr31ha 09 03 09 15 1.0 100 17570.7 17570.7 8878.8 13.19 - 0.57 1.OE+00 0.79752 0.00121 0.7999
vr3iha 08 03 09 15 1.0 100 14796A 14796.4 9026.0 15.92 0.67 1.OE+00- 0.76926 0.00109 0.7714
cvr3ha 07 03_09_15 1.0 100 11097.3 11097.3 9222.3 21.69 0.90 1.OE+00 0.72426 0.00128 - 0.7268
vr3tha06 03 09 15 1.0 100 8323.0 8323.0 9369.5 29.38 1.20 1.OE+OO 0.68561 0.00126 0.6881
cvr3ha 05 03 09_15 1.0 100 5548.7 5548.7 9516.7 44.77 1.80 1.OE+00 0.59386 0.00105 0.5959
vr3iha 04 03 09 15 1.0 100 2774.3 2774.3 9664.0 - 90.92 3.59 1.OE+00 0.51037 0.00108 0.5125

[vr3ha 03 03 09 15 1.0 100 1849.6 1849.6 9713.0 137.07 5.39 1.OE+00 047187 0.00108 0.4740
vr3iha_02 03 09 15 1.0 100 924.8 924.8 9762.1 275.53 10.70 1.OE+00 0.41652 0.00122 0.4189
vr3Iha 01 03 09 15 1.0 100 924.8 924.8 9762.1 275.53 10.70 1 .OE+00 0.41652 0.00122 0.4189

MY/F717/CL-.34 1O 00I EU SAWP/0cI2.25-OS
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Table 6.9.6A49-A. Abridged results for the cvr3cha calculation model

np277..4 1nihmn 235 H2 wra1ped
case name thickness | enrichment t | 5U |H | h/x wrapped, | moifr k, | k+2 |
_ _ _ _ _ _ (in) J ()g..JL. M .iL.I 2 .1 dry cc hlx_ _ __ _ __ _

Broken metal content homogenized over containment vessel volume, containment vessel, reflected
3cha_12 03 09_15 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE+00 0.96588 0.00141 0.9686'

vr3cha 11 03 09 15 1.0 100 29592.8 29592.8 8240.9 7.27 0.34 1.OE+00 0.95945 0.00153 0.96251
r3cha 10 03 09 15 1.0 100 23119.4 23119.4 8584.4 9.69 0.43 1.OE+00 0.94813 0.00132 0.95076

vr3cha 09 03 09 15 1.0 100 17570.7 17570.7 8878.8 13.19 0.57 1.0E+00 0.93941 0.00134 0.94209
vr3cha 08 03 09 15 1.0 100 14796.4 14796.4 9026.0 15.92 0.67 1.0E+00 0.93570 0.00140 0.9385

3cha 07 03 09_15 - 1.0 100 11097.3 11097.3 9222.3 - 21.69 0.90 -1.OE+00 0.92460 0.00139 0.9273,
vr3cha 06 03 09_15 1.0 100 8323.0 -8323.0 9369.5 29.38 1.20 . 1.0E+00 0.91736 0.00146 0.9202

3cha_05_03 09_15_. . 1.0. - 100- 5548.7 5548.7 9516.7 44.77 1.80 1.0E+00 0.90506 0.00146 0.90798
3cha 04 03 09 15 . 1.0 100-.-- -2774.3 -- 2774.3 --9664.0 90.92 3.59 1.0E+00 -0.86307 -- 0.00140 - 0.8658

vr3cha_03 03 09 15__ _. 1.0 .. 100 . - 1849.6 1849.6 9713.0 -137.07 5.39 --1.0E+00 ---- 0.83140 -- 0.00128 ^0.83397
3cha 02 03 09 15.. ... -. 1.0 - .100 924.8 924.8 9762.1 --275.53 10.70 1.OE+00 0.73804 -0.00126 0.74056

vr3cha 01 03 09 15 ._..* 1.0... ...- 100 9248 924.8 -9762.1 -275.53 -- 10.70 . 1.0E+00 0.73804 0.00126 -0.74056

Table 6.9.6-56-A. Abridged results for the nbsbbm (NCT, bare, single unit, broken metal content) calculation model

- -casename I np277-4. enrichment U 235 | H | /x wrapped, | molfr | k, I | a ke,20

Broken metal, single unit, bare _ * . - -- - d h-. - -
nbsbbm 12 01 01 0.0 100-. 35141.5 35141.5 8332.2 - 6.19 0.28 1.0E-20 '0.81424 0.00117 0.81655
nbsbbm 12 01 02 0.0 .100- 35141.5 35141.5 8332.2 6.19 0.28 1.0E-05 0.81486 0.00130 0.81745
nbsbbm 12 01 03 0.0 . 100 .. 35141.5 35141.5 8332.2 6.19 0.28 1.0E-04 0.81336 0.00143 0.8162
nbsbbm 12 01 04 0.0 100 . 35141.5 35141.5 -8332.2 6.19 0.28 1.0E-03 - 0.81510 0.00118 0.8174
nbsbbm 12 01 05 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.0E-02 0.81303 0.00150 0.8160
nbsbbm 12 01 06 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.0E-01 0.82298 0.00132 0.82561
nbsbbm 12 01 08 0.0 100.. 35141.5 35141.5 8332.2 6.19 0.28 3.0E-01 0.84261 - 0.00141 0.84543

bsbbm 12 01 15 0.0 100. 35141.5 35141.5 8332.2 6.19 0.28 1.0E+00 -0.89251 -0.00150 0.89551
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Table 6.9.6-57-A. Abridged results for the nbsrbm (NCT,-refl., single unit, broken metal content) calculation model

case name tcnp2774 enrichment U 3 | H20 wrapped, | |y

Broken metal, single unit, reflected -_-_-
nbsrbm 12 01_01 0.0 . 100 35141.5 35141.5 8332.2 - 6.19 0.28 1.OE-20 0.82650 0.00136 0.8292:
nbsrbm 12 01 02 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-05 0.82379 0.00118 0.826151
nbsrbm 12 01 03 0.0 .100 . 35141.5 35141.5 8332.2 6.19 0.28 1.OE-04 0.82098 0.00124 0.82346
nbsrbm 12 01 04 0.0 100 35141.5 35141.5 8332.2 - 6.19 0.28 1.OE-03 0.82446 0.00127 0.8270
nbsrbm 12 01 05 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-02 0.82604 0.00138 0.82880
nbsrbm 12 01 06 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-01 0.83202 - 0.00131 0.83464
nbsrbm-12 01 08 0.0 .100 35141.5 35141.5 8332.2 6.19 0.28 3.OE-01 0.84422 0.00123 0.84668
nbsrbm 12 01 15 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE+00 0.89255 0.00141 0.89536

nbsrbm 12 03 01 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE-20 0.81042 0.00113 0.8126
nbsrbm_12 03_ 02 1.0 100 - 35141.5 35141.5 7946.4 5.90 0.28 1.OE-05 0.81085 0.00118 0.81321
nbsrbm 12 03 03 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE-04 0.80892 0.00121 0.81135
nbsrbm_12_03_04 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE-03 0.80773 0.00121 0.8101'
nbsrbm 12 03 05 1.0 100. 35141.5 35141.5 -7946.4 5.90 0.28 1.OE-02 0.80913 0.00161 0.812
nbsrbm 12 03 06 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE-01 0.81603 0.00133 0.8186
nbsrbm 12 03 08 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 3.OE-01 0.83003 0.00128 0.8325
nbsrbm 12 03 15 1.0 100 35141.5 35141.5 7946.4 5.90 0.28 1.OE+00 0.87891 0.00138 0.8816_ _ _ - aa - -

Y/LF.7 M7Ch .AZOOlIEU SAR~pc/02.25.05
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Table 6.9.6-58-A. Abridged results ror the nblabm (NCT, Infinite array, broken metal content) calculational model

C

case name thickness enrichment U 23U H20 h/x wrapped, moifr ke ffa keft+20

biabm_12_010901 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-20 1.03075 0.00151 1.0337
nblabm 12 01 09 02 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-05 1.03457 0.00118 1.0369
nblabm_12_01_09_03 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-04 1.03408 0.00146 1.03692
nblabm 12_01_09_04 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-03 1.03036 0.00133 1.0330
nblabm_12_01_09_05 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-02 1.01860 0.00137 1.0213
nblabm_12_01_09_06 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-01 0.94569 0.00128 0.9482
nbiabm_12_01_09 08 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 3.OE-01 0.90116 0.00136 0.90382
nblabm_12_01_09_15 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE+0O 0.90951 0.00146 0.91240

nbiabm_12_01 09 03 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-04 1.03408 0.00146 1.0369
nblabm 11 01 09 03 0.0 100 29592.8 29592.8 8626.6 7.61 0.34 1.OE-04 1.01566 0.00123 1.0181
nblabm_10_01_09_03 0.0 100 23119.4 23119.4 8970.2 10.13 0.43 1.OE-04 0.99678 0.00127 0.9993
nblabm_09_01_09_03 0.0 100 17570.7 17570.7 9264.6 13.76 0.57 1.OE-04 0.97570 0.00133 0.9783
nbiabm_08_01_09_03 0.0 100 14796.4 14796.4 9411.8 16.60 0.67 1.OE-04 0.96303 0.00130 0.9656
nblabm_07_01_09_03 0.0 100 11097.3 11097.3 9608.1 22.60 0.90 1.OE-04 0.94789 0.00132 0.9505
nbiabm 06_01_09_03 0.0 100 8323.0 8323.0 9755.3 30.59 1.20 1.OE-04 0.93007 0.00143 0.9329
nblabm_05_01_09_03 0.0 . 100 5548.7 .5548.7 9902.5 - 46.58 1.80 1.OE-04 -0.90451 -0.00144 0.90739
nbiabm_04_01_09_03 0.0 100 2774.3 2774.3 10049.8 .94.55 3.59 1.OE-04 0.85058 0.00147 0.85351
nbiabm_03_01_09_03 0.0 100 1849.6 . 1849.6 10098.8 142.51 5.39 1.OE-04 0.80777 0.00151 0.8108
nblabm_02_01_09_03 0.0 100 - 924.8 924.8 10147.9 286.41 10.70 1.OE-04 0.70776 0.00119 0.7101
nblabm_01_01_09_03 0.0 100 924.8 924.8 10147.9 286.41 10.70 1 .E-04 0.70776 0.00119 0.7101

nbiabm_07_01_06_03 0.0 90 11111.3 1.10000.2 | 9608.1 | 25.08 . 1.00 1.OE-04| 0.921541 0.00118 0.9239

nblabm_08_01_05_03 0.0 80 | 14833.9 | 11867.1 9411.8 | 20.70 0.84 1.OE-04| 0.917361 0.00151 - 0.9203

nblabm_10_01_04 03 0.0 70 23207.3 16245.1 1 8970.2 1 14.41 0.61 1.OE-04| 0.915101 0.001301 0.9176

nblabm_12_01_03_03 0.0 - - 60 1.35319.9 1 21192.0 1 8332.2 10.26 0.47 1.E-041 0.917571 0.001261 0.92009

nblabm 06_03_09_03 1.0 100 | 8323.0 | 8323.0 | 9369.5 1 29.381 1.20 1.OE-04| 0.907691 0.00125| 0.9101

6-155

Y/I.F.717/Ch-6/flS-3100 I nFU SAR/pc/02-25-05



Table 6.9.6-58-A. Abridged results for the nbiabm (NCT, infinite array, broken metal content) calculational model (cont.)

np277-4 enIcmetI I5 H0wrppdcase name thickness enihmn U 2'U H20 wrapped. moifr k,,, kf+2o(in) (Wt%) (g) (g) (g) dry cc hlx I
nbiabm_07_03_07 03 1.0 95 11104.3 10549.1 9222.3 22.82 0.94 1.OE-04 0.90983 0.00136 0.91255

nbiabm_08_03_06_03 1.0 90 14815.1 13333.6 9026.0 17.67 | -0.75 | 1.OE-041 0.913881 0.00143| 0.91673

nblabm_10_03_05_03 1.0 80 23177.9 | 18542.4 8584.4 | 12.08 | 0.54 | 1.OE-041 0.917411 0.001241 0.9198

biabm_11_03_04_03 1.0 70 29705.4 20793.8 8240.9 10.34 0.48 1.0E-041 0.910361 0.00125 0.9128

nbiabm_12_03_03_03 | 1.0 60 35319.9 21192.0 7946.4 9.79 0.47 1.OE-04| 0.891941 - 0.00118| 0.89431

Y/L:-717/ICL .3100H U SAR/p/02-25-05 (
a



Table 6.9.6-59-A. Abridged results for the nbfIbm (NCT, 13x13x6 array, broken metal content) calculation model

case name t|nc s erhn U | U |H2O h/x moifr k | a k+20

Broken metal, 13x13x6 array, no spacer
nbf1bm_09 01_06_03 I 0.0 90 17593.0 15833.7 9264.6 | 15.27 1.OE-041 0.917161 0.001451 0.92007

nbflbm_10_01_05_03 | 0.0 | 80 23177.9 18542.4 8970.2 | 12.63 1.OE-041 0.911521 0.001401 0.91433

nbf1bm-12_01_04_03 0.0 70 35275.1 24692.6 | 8332.2 | 8.81 1.OE-041 0.915361 0.001331 0.91801

nbfIlbm_-1 2_01_03 03 0.0 _ 60 35319.9 21192.0 8332.2 . 10.26 - .OE-041- 0.890901- 0.001171 - 0.89324
Broken metal, 13x13x6 array, 1.0-In. spacers - -

bflbm 08 03 09 03 -.. .1.0- -- --- 100---- 19 14796.4 1- -9026.0|---- 15.92 1 .OE-041 0.918511 0.001471 0.92144
.. . . . . I '

nbflbm 09 03 07-03 ---- ----1.0 * - -. 95 - 17581.8 -- 16702.7 - 8878.8 - 13.87 1. l.OE-041 0.910441 0.00150T 0.91344

nbflbm_10 03_06_03 - 1.0 90 23148.6 - - 20833.8 -- 8584.4| 10.75 1.OE-04| 0.914431 0.001451 0.91733

nbflbm_11_03_05_03 1.0 80 29667.8 23734.2 8240.9 9.06 1.OE-04| 0.909431 0.001191 0.91181

nbflbm_12_03_04_03. 1.0 70 35275.1 24692.6 17946.4 1 8.40 1i.OE-041 0.897101 0.001431 0.89996

nbflbm 12 03 03 03 1.0 60 35319.9 21192.0 7946.4 9.79 1.OE-04| 0.868401 0.001381 0.87117
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Table 6.9.6-60-A. Abridged results for the nbf2bm (NCT, 9x9x4 array, broken metal content) calculation model

case name p277-4 enrichment U 235U H20 hIx moifr k., o k ,+2o

Broken metal, 9x9x4 array, no spacer
nbf2bm_10_01_06_03 0.0 90 23148.6 20833.8 8970.2 11.24 | 1.OE-041 0.916701 0.001541 0.9197

nbf2bm_11_01_05_03 0.0 80 29667.8 23734.2 | 8626.6 | 9.491 1.OE-041 0.908091 0.001281 0.91065

nbf2bm_12_01_04 03 | 0.0 T 70 35275.1 24692.6 8332.2 8.81 1.OE-041 0.895701 0.001141 0.8979

nbf2bm_12_01_03_03 0.0 60 35319.9 21192.0 8332.2 10.26 1 .OE-041 0.871871 0.001041 0.87394
Broken metal, 9x9x4 array, 1.0-in. spacer
nbf2bm_09_03_09 03 1.0 -100 17570.7 17570.7 8878.8 1 13.19 11.OE-041 0.906431 0.001411 0.90925

nbf2bm_10_03_07_03 1.0 95 23134.0 21977.3 8584.4 10.20 1.OE-041 0.908411 0.00157| 0.91156

nbf2bm_11_03_06_03 1.0 90 29630.2 26667.2 | 8240.9 | 8.07 1.OE-041 0.913881 0.001321 0.9165

nbf2bm_12_03_05_03 1.0 80 35230.5 28184.4 | 7946.41 7.361 1.OE-041 0.903131 0.00162| 0.90637

nbf2bm_12_03_04 03 1.0 70 35275.1 24692.6 7946.41 8.40 1.OE-041 0.878231 0.00134| 0.8809

nbf2bm 12 03 03 03 1.0 60 35319.9 21192.0 7946.4 9.79 1.0E-041 0.850901 0.00123 0.8533
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Table 6.9.6-61-A. Abridged results ror the nbf3bm (NCT, 7x7x3 array, broken metal content) calculation model

.asename nP277-4 enrichment | U 2| U H20 l' | h/x | moifr T kef ai+2cas naethIct~ess"(in)1  (wt%) I (g) (g) I (g) IIII
Broken metal, 7x7x3 array, no spacer - .

nbf3bm 11_01_06 03 0.0 I 90 29630.2 | 26667.21 8626.61 8.441 1.OE-04| -0.915391 0.00153 . .0.91846

nbf3bm_12_01_05_03 0.0 T 80 | 35230.5 | 28184.41 8332.21 7.721 1.OE-04| 0.904181 0.00120| 0.90657

nbf3bm_12_01_04_03 0 .-0 70 | 35275.1 | 24692.61 8332.21 8.81 1.0E-04| 0.876701 0.00118 0.8790

nbf3bm_12 01_03 03 . 0.0 60, 35319.9 . 21192.01 8332.2 10.26 1OE-04 -0.85250 .0.00121T. 0.85491
Broken metal, 7x7x3 array, 1.0-1n. spacer -- - -

nbf3bm_10_0309_03; |1.0 _ 100__ - - -23119.4. 23119.41 - 8584.4 | - 9.691 -1.0E-04-I - 0.907541 0.00125 ,. 0.91004
4 4~ .- B,

nbf3bm_11_03-07 03'. | 1.0 , -j|, __95 -. [ .29611.5. - :28130.91. 8240.91- 7.651 . 1.OE-04 0.909851 -0.00125|-.- 0.91235
!,. 

4  L ;i . . ,._;

nbf3bm_12_03_06_03- | 1.0 90 [ 35185.9 1 31667.31 7946.41 -6.551-- .1.OE-041 0.911721 0.00133T-. -0.91437

nbf3bm_12 03_05_03 1.0 80 1 35230.5 28184.4| 7946.41 7.361 1.OE-04| 0.884961 0.00121 - 0.88737

nbf3bml12_03 04-03 | 1.0 70 135275.1 |. 24692.61 7946.41 8.401 1.OE-04| 0.86109| 0.00116| 0.86342

nbf3bm 12 03 03'03 | 1.0 60 35319.9 21192.01 7946.41 9.791 1.0E-04 0.83106 -0.00120 0.83345 o

, .. ?'�� t' '

I
.. . . .
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Table 6.9.6-65-A. Abridged results for the libiabm (1IAC, infinite array, broken metal content) calculation model

np277-4 enrichment U 2
35U H20 hx wrapped, mikO kf +

case name thickness | )WN (g) (g) (9) | dry cc h/x - j | |1 k,,2 |
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (in ) _ _ _ _ _

Broken metal content, Infinite array, no spacer,
hbiabm_12_01_09_01 0.0 100 35141.5 35141.5 8332.2 6.19 0 28 1.OE-20 1.05223 0.00126 1.0547
hbiabm 12 01 09 02 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-05 1.05224 0.00120 1.0546
hbiabm 12 01 09 03 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-04 1.05086 0.00123 1.0533
hbiabm 12 01 09 04 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-03 1.05045 0.00131 1.05308
hbiabm 12 01 09 05 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.0E-02 1.04230 0.00118 1.0446
hbiabm 12 01 09_06 0.0. 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-01 - 0.97989 0.00116 -- 0.98221
hbiabm 12 01 09_08 0.0 100 35141.5 35141.5 -8332.2 6.19 0.28 3.OE-01 0.93393 0.00134 0.93660
hbiabm 12 01 09 15 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE+00 0.92935 0.00133 0.93201

hbiabm 12 01 09 03 0.0 100 35141.5 35141.5 8332.2 6.19 0.28 1.OE-04 1.05086 0.00123 -- 1.0533
hbiabm 11 01 09 03 0.0 100 29592.8 29592.8 8626.6 7.61 0.34 1.OE-04 1.03092 0.00107 1.0330
hbiabm_10_01_09_03 0.0 100 23119.4 23119.4 8970.2 10.13 0.43 1.OE-04 1.01032 0.00129 1.01291
biabm_09_01_09_03 0.0 100 17570.7 17570.7 9264.6 13.76 0.57 1.OE-04 0.99241 0.00123 0.9948
biabm_08_01_09_03 0.0 100 14796.4 14796.4 9411.8 16.60 0.67 1.OE-04 0.97865 0.00131 0.9812
biabm 07 01 09 03 0.0 100 11097.3 .11097.3 9608.1 22.60 0.90 1.OE-04 0.96424 0.00135 0.9669!
biabm 06 01 09 03 0.0 100 8323.0 8323.0 9755.3 30.59 - 1.20 1.OE-04 0.94616 0.00129 0.9487!
biabm 05 01 09 03 0.0 100 5548.7 5548.7 9902.5 46.58 1.80 1.OE-04 0.92089 0.00178 0.92446
biabm 04 01 09 03 0.0 100 2774.3 2774.3 10049.8 94.55 3.59 1.OE-04 0.86566 0.00145 0.86855
biabm_03 01- 09 03 0.0 100 1849.6 1849.6 10098.8 142.51 5.39 1.OE-04 0.81906 0.00149 0.8220

hbiabm 02 01-09 03 0.0 100 924.8 924.8 10147.9 286.41 10.70 1.OE-04 0.71947 0.00120 0.72188
hbiabm 01 01 09 03 0.0 100 924.8 924.8 10147.9 286.41 10.70 1.OE-04 0.71947 0.00120 0.7218

biabm_06_01_06 03 | 0.0 90 8333.5 7500.2 9755.3 33.95 1.33 1.OE-04 | 0.920871 0.001311 0.9234

nbiabm_07 01_05_03 0.0 80 11125.4 8900.3 9608.1 28.18 1.12 |1.0E-04 0.91818 0.001251 0.9206

hbiabm 09_01_04_03 0.0 70 17637.6 12346.3 9264.6 19.59 0.81 |1.OE-04 0.91878 0.00141 0.9216

ybiabm_10_01_03_03 0.0 60 23236.8 13942.1 8970.2 16.79 0.71 |1.OE-04 0.911911 0.00125| 0.91441

Y/Ly.717/CJ,- -300LEU SARpc/02.25-05
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Table 6.9.6-65-A. Abridged results for the liblabmn (IIAC, Inflnite array, broken metal content) calculation model (cont.)

case7ame4 enrichment U 23u H20 hx wrapped, of ~ 2

Broken metal content, Infinite array, no spacert
hbiabm_ 05_03 09_03 1.0 100 5548.7 5548.7 9516.7 144.77 1 1.80 II.OE-04 1 0.901281 0.001471 0.90422

hbiabm_07_03_07_03 1.0 95- 11104.3 10549.1 9222.3 122.82 1 0.94 I1.OE-04 I 0.926771 0.001411 0.92959

hbiabm_07_03_06_03 1.0 90 - 11. 00.2 19222.31 24.07 - 1.00 I1.OE-04 -0916 0.001601 0.91506

hblabrn09_03_05_03 -1 1.0 1 80 117615.2 114092.2 18878.8 116.44 1 0.71 1I.OE-04 1 0.915991 0.001 261,- 0.91851

hblabmn 10 03 04_03 1.0 70 123207.3.1 16245.1-1-8584.4 1 -13.79 --. - -0.61.11.OE-04 - 0.912341-- 0.001491 - 0.91532

blabm 12 03 03 03 1.0 60 135319.9 121192.0 7946.4 1 9.79 -0.4-7 1l.OE-04 -- * 1- 0-.909591 - - 0.001-321 - --0.9122~
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Table 6.9.6-67-A. Abridged results for the hbf2bti (HAC, 9x9x4 array, broken metal content) calculation model

case name thickneSs enrichment U | U H20 |hx wrapped, moifr ka || k*2a
cc

Broken metal content, 9x9x4 array, no spacer
hbf2bm_10_01_06_03 I 0.0 90.0 23148.6 20833.8 8970.2 | 11.24 0.48 1.00E-04| 0.930491 0.001321 0.93313

hbf2bm 11 01 05 03 I 0.0 80.0 29667.8 23734.2 8626.61 9.491 0.421 1.OOE-041 0.922501 0.001321 0.9251

hbf2bm_12_01_04_03 0.0 70.0 35275.1 24692.6 8332.2 | 8.81 | 0.40 1.00E-04| 0.911321 0.00136 0.91405

hbf2bm_12_01_03_03 0.0 60.0 35319.9 21192.0 8332.2 | 10.26 | 0.47 | 1.00E-041 0.883351 0.001261 0.8858
Broken metal content, 9x9x4 array, 1.0-in. spacer
hbf2bm_05_03_09_03 1.0 100 5548.7 5548.7 | 9516.7 | 44.771 1.80 1.OOE-04| 0.85663| 0.00127M 0.8591

hbf2bm_06_03_07_03 1.0 95 8328.2 7911.8 | 9369.5 | 30.91 1.26 | 1.OOE-04| 0.864281 0.001491 0.8672

bf2bm 07_03_06_03 1.0 I 90 | 11111.31 10000.2 19222.3| 24.071 1.00 1.OOE-04| 0.870281 0.001221 0.87273

hbf2bm 09_03 05_03 1.0 80 17615.2 14092.2 | 8878.8 | 16A44 I 1.00E-04| 0.86974 0.00130 0.8723

hbf2bm 10_03_04_03 1.0 70 23207.3 16245.1 8584.4 13.79 0.61 1.00E.04|- .0.86611 - 0.00128 0.86867

hbf2bm,12 03 03 03 1.0 60 35319.9 21192.0 7946.4 9.79 0.47 1.OOE-04| 0.859781 0.001361 0.8625
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Table 6.9.6-68-A. Abridged results for the hbf3bm (HAC, 7x7x3 array, broken metal content) calculation model

np277-4 enchet 25 H2wrpek a
case name thickness enihet U "U H0 h/x wrapped,.

(in) (Wt%) (g ) (g) () dry cc hlx mir k ~ 2
Broken metal content, 7x7x3 array, no spacer.
hbf3bm_10_01_06_03 | 0.0 90.0 | 23148.6 | 20833.8 8970.2 | 11.24 | 0.48 | 1.00E-04| 0.905111 0.001321 0.90775

hbf3bm_12 01_05_03 - 0.0 80.0 35230.5 28184.4 8332.2 | 7.72 1 0.35 1 1.OOE-041 0.91675| 0.00129| 0.91933

hbf3bm_12-01_04_03 0.0 - 70.0 | 35275.1 24692.6 8332.2 | 8.81 | 0.401 1.00E-04| 0.890831 0.00154| 0.89392

hbf3bm_12_01_0303 i - 0.0 i | 60.0 . 35319.9 | 21192.0 1.8332.2 10.26 | 0.47 1.OOE-04| .0.863741 - 000122 0.86617
Broken metal content, 7x7x3 array, 1.0-In. spacer .. -

hbf3bm_07 03_09 03- . .1.0 -JO. | 11097.3 11097.3 :9222.3 - 21.69 - - 0.90 |I.OOE-04 - - 0.874771- -0.00129 - -0.87735

hbf3bm 08 03 0703. 1.0 95.0 14805.8 | 14065.5 | 9026.0 16.75 ---- 0.71 |.IOOE-04- -0.877231 0.00133 08799

hbf3bm_09 03_0603 | 1.0 | '90.0 _. 17593.01 15833.71 8878.8 - 14.64 . -0.63 l.OOE-04 . 0.87116| 0.001481 -0.87411

hbf3bm_'10_03_05_03 1.0 80.0 | 23177.9 18542.4 .8584.4 12.08 | 0.54 |I.OOE-04 0.866211 .. 0.00153| 0.8692

hbf3bm_12_03_04_03 - 1.0 70.0 .35275.1 24692.6 7946.4 8.401 0.40 1.OOE-04| 0.869641 0.00136 0.87235

hbf3bm 12 03 03 03:- I.0 60.0 .35319.91 21192.01 7946.41 9.791 0.471 1.OOE-04| 0.841951 0.001071 0.84408
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Table 6.9.6-69-A. Abridged results for the hbf4bm (HAC, 5x5x2 array, broken metal content) calculation model

casenname np2774 enrichment U 235U H20 hx wrapped, moifr k | a | k +2o

Broken metal content, 5x5x2 array, no spacer-
bf4bm_12 01_06_03 0.0 I 90.0 35185.9 | 31667.3 | 8332.2 | 6.871 0.31 | 1.00E.04| 0.903761 0.001221 0.9062i

hbf4bm_12_01_05_03 | 0.0 | 80.0 35230.51 28184.4 8332.2 7.721 0.351 1.OOE-04| 0.88118| 0.001231 0.8836

hbf4bm 12 01 04_03 - - 0.0 70.0 35275.1 | 24692.6 8332.2 | 8.81 | 0.40 1.OOE-04| 0.855091 0.001191 0.8574

hbf4bm_12_01_03_03 0.0 60.0 | 35319.9 21192.0 8332.2 10.26 0.47 1 1.00E-04| 0.828491 0.00147| 0.8314
Broken metal content, 5x5x2 array, 1.0-In. spacer.
hbf4bm_09 03_09_03 1.0 I 100.0 | 17570.7 | 17570.7 | 8878.8 | 13.19 | 0.57 |1.00E-04 I 0.86637 0.001641 0.8696

hbf4bm 10 03_07_03 1.0 95.0 | 23134.0 1-21977.3 | 8584.4 | 10.2 - 0.45 1.00E-04 | 0.869121 0.00118| 0.87148

hbf4bm 11_03 06_03 1.0 90.0 29630.2 26667.2 | 8240.9 | 8.071 0.37 |1.00E-04 0.86989| 0.001521 0.87293

hbf4bm_12_03_05_03 1.0 80.0 35230.5 28184.4 7946.4 7.36 0.35 1.OOE-04| 0.859571 0.00111| 0.86181

hbf4bm_12_03_04_03 1.0 70.0 35275.1 24692.6 7946.4 8.40 0.40 | 1.OOE-04| 0.835661 0.001091 0.8378

hbf4bm 12 03 03 03 1.0 60.0 35319.9 21192.0 7946.4 9.79 0.47 1.OOE-041 0.806911 0.00120| 0.8093
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Table 6.9.6-70-A. Abridged results for the cvrox (TTEU Oxide content In CV) calculation model

C

case name ness U (g) H2g h/x dry cc h/x mocfr k, ao keft+20

cvrox 01 11 01 01 0.0 24000.0 21124.9 0.0 0.00 0.47 1.OE-20 0.68061 0.00104 - 0.68268
vrox 01 11.O1 06. 0.0 24000.0 21124.9 653.4 0.81 . 0.47 1.OE-01 -0.69751 0.00105 - 0.6996;
rox 01.11 01 07, 0.0 24000.0 21124.9 1306.8 1.61 0.47 2.OE-01 0.71649 0.00111 0.7187

vrox 01.11 01_08 0.0 24000.0 21124.9 1960.2 . 2.42 - 0.47 3.0E-01 0.73326 0.00132 -0.73591
x 01.11-01 09 0.0 24000.0 21124.9 2613.5 . 3.23 0.47 4.OE-01 0.75313 - 0.00123 0.7556

rox 01,11 01.10, 0.0 24000.0 21124.9 3266.9 .4.04 0.47 - 5.OE-01 0.77223 . 0.00118 - 0.7745
x 01 11:0111' 0.0 24000.0 21124.9 3920.3 4.84 . -.0.47 - 6.OE-01 0.79100 - 0.00107 0.7931
x 01.11t01_12.' 0.0 24000.0 21124.9 _4573.7 . 5.65 . 0.47 -- - 7.OE-01 . - --0.81175 0.00116 0.8140

vrox.01 11.-01;13 0.0 24000.0 21124.9 5227.1 __! 6.46 . .0.47..- 8.0E-01 _ -- 0.83112 . --0.00117 0.8334
x_01 .11- 01 (14,t 0.0 . 24000.0 21124.9 5880.5 ._. 7.27. 0.47 -.-- 9.OE-01 - -- 0.85120 -.- _0.00121 -- 0.8536

rox 01 ,11 01 .15, 0.0 24000.0 21124.9 6533.9 ._.28.07 . 0.47.47- .-- 1 .OE+000 --. -0.869646.... ---0.00158 - 0.8728(

_~ , ,.-;:. _ _L. . ... . . .....:-..:..!........_._.S... ......

: .' ~~Table 6.9.6-71-A. Abridged results for the nbsbox (NCT, bare, singlc unit, lIEU Oxide content) calculation model

np277-4 Y - TT( .. -

case name thickness | Oxide (g) || ig | _hx I- rPehd.x mifr - ke, |ffoname - -- g ....LL --dry cchl W ___ __

HEU Oxide, single unit, bare . . . . . . .

nbsbox 01_11 03 01 1.0 . 24000.0 . 21124.9 - 6148.1 .. 9.42 * 0.47 1.OE-20 -0.7061981
nbsbox 01-.11 ,03 02:'. 1.0 24000.0 21124.9 .. _6148.1 . 9.42 0.47 - 1.0E-05 0.70528 -0.00112 0.70753
nbsbox 01 11 03 03 1.0 24000.0 21124.9 6148.1 9.42 .n- 0.47 1.OE-04 0.70687 0.00118 .0.70924
nbsbox 01 11 03 04 . 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-03 0.70727 0.00106 0.7093

bsbox 01 11 03 05 1.0 24000.0 21124.9 ..6148.1 ... 9.42 .0.47- 1.OE-02 - 0.70596 0.00126 - - 0.7084
nbsbox 01 11 03 06 1.0 24000.0 . 21124.9 6148.1 9.42 .- 0.47 . 1.0E-01 0.71636 0.00107 0.71851
nbsbox 01 11_03_08- 1.0' 24000.0 21124.9 6148.1 9.42 0.47 3.0E-01 0.73506 0.00111 0.7372
bsbox 01 11 03 15 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE+00 0.78907 0.00119 0.7914
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Tablc 6.9.6-72-A. Abridged results for the nbsrox (NCT, refl., single unit, HEU Oxide content) calculation model

_________ (in) -g Mdry cc h/xfr-k~2case nam thcns | Oxide (g) | u H20 | ta|hx |wryappeidx |. moifr___ ______ kS -| a |k

HEU Oxide, single unit, reflected

nbsroxO 1_11_03_01 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-20 0.71587 0.00099 0.71784
nbsrox 01 11_03_02 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-05 0.71393 0.00102 0.71598
nbsrox 1_1 1_03_03 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-04 0.71397 0.00118 0.71632
nbsrox 01 11 _03_04 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.0E-03 0.71359 0.00108 0.71575
nbsrox 01 11_03_05 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-02 0.71443 0.00115 0.71674
nbsrox 01-11 03 06 1.0 24000.0 21124.9 6148.1 9.42 0.47. 1.OE-01 0.72143 0.00133 0.72409
nbsrox 01 11 03 08 1.0 24000.0 21124.9 6148.1 9.42 0.47 3.OE-01 0.73586 0.00106 0.73799
nbsrox 01 11 03 15 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE+00 0.78734 0.00112 0.78959

nbsrox 01 11_01_15 0.0 24000.0 21124.9 6533.9 9.90 0.47 1.OE+00 0.78872 0.00120 0.79113
nbsrox_01_10 01 15 0.0 21000.0 18484.3 6991.7 11.70 0.54 1.OE+00 0.77346 0.00113 0.77571
nbsrox 01 09 01 15 0.0 18000.0 15843.7 7449.6 14.10 0.63 1.OE+00 0.75320 0.00122 0.75564
nbsrox 01 08 01 15 0.0 15000.0 13203.0 7907.5 17.46 0.75 1.OE+00 0.72836 0.00109 0.73053
nbsrox 01 07 01 15 0.0 12000.0 10562.4 8365.4 22.50 - 0.94 -1.OE+00 0.68955 0.00115 0.6918
nbsrox 01 06 01 15 0.0 9000.0 7921.8 8823.3 30.90 1.26 1.OE+00 0.63714 0.00120 0.63954
nbsrox 01 05_01_15 0.0 6000.0 5281.2 9281.2 47.69 1.89 1.OE+00 0.55749 0.00106 0.55960
nbsrox 01 04_01_15 0.0 3000.0 2640.6 9739.1 98.09 3.77 1.OE+00 0.43369 0.00091 0.43552

bsrox 01 03 01 15 0.0 1998.0 1758.6 9892.0 148.64 5.66 1.OE+00 0.37198 0.00088 0.37375
nbsrox 01 02 01 15 0.0 1500.0 1320.3 9968.0 1 98.88 7.54 1.OE+00 - 0.33289 0.00096 0.33481

bsrox 01 01 01 15 0.0 999.0 879.3 10044.5 299.98 11.30 1.OE+00 0.28974 0.00090C 0.29154

YI/F-717/Ch- .3 100 IllFU SAIJpC/02-2S-05 (
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- Table 6.9.6-73-A.. Abridged results for the nbiaox (NCT, infinite array, lIEU Oxide content) calculation model

np277-4 2H35UhH20wrapped., of ay2
case name thickness Oxide (g)| ( ( d h/cc - | aped|

nbiaox_01_11_03_01 1.0 24000.0 21124.9 6148.1 9.42 0.47 . 1.OE-20 -0.84309 0.00114 - 0.8453
nbiaox_01 11 03 02 1.0 24000.0 21124.9 6148.1 9.42 0.47 : 1.OE-05- 0.84589 0.00116 0.8482
nbiaox 01 11 03 03 1.0 24000.0 21124.9 6148. 1 9.42 0.47 1.0E-04 0.84582 0.00118 0.8481
nbiaox_01 11_03 04 1.0 24000.0 21124.9 6148.1 9.42 . 0.47 .. _1.0E-03 0.84389 0.00124 0.8463
nblaox 01 11 03 05 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.0E-02 0.83774 0.00109 0.8399
nblaox 01 11 03 06 .1.0 24000.0 21124.9 6148.1. 9.42 0.47 . 1.OE-01 -. 0.80679 0.00120 ^0.8092
nbiaox 01 11 03 08 1.0 24000.0 21124.9 6148.1 _-_. 9.421- 0.47 .. 3.OE-01 0.78311 _ 0.00114 0.7854
nblaox 01 11 03 15 1.0 o 24000.0 21124.9 6148.1, _.,9.42 - .0.47 _. 1.OE+00 . .-0.79893 -- -0.00116 . 0.8012

, ' U );. fI*t I , ' '4* '..t . ! . ,. - * ,- , __-,,,,_,_,,,,,,,_. _,. __,_._

biaox_ 01 11 03 03 1.0 24000.0 21124.9 6148.1 . 9.42 |-----0.47-. -1.OE-04 --. 0.84582 - - 0.00118 --- 0.8481
biaox 01 10 03 03 .1.0 21000.0 18484.3 _ x6606.0 -- .j11.15 . . 0.54 -. I_:1.0E-04 --- 0.82028 -- 0.00111 0.82250

nbiaox_01_09 03 03 1.0 18000.0 15843.7 7063.8 13.46 .. .. 0.63 - 1.OE-04 - .- 0.79033 - 0.00123 - 0.79278
nbiaox_01_08_03_03 1.0 15000.0 13203.0 7521.7 16.69 0.75 1.OE-04 0.75720 - 0.00115 0.75949
nbiaox_01_07_03 03 1.0 12000.0 10562.4 7979.6 21.54 0.94 1.OE-04 0.71111 0.00116 0.7134
nbiaox 01 06 03 03 1.0 9000.0 7921.8 8437.5 29.63 1.26 1.OE-04 0.64824 0.00101 0.6502
nblaox 01 05 03 03 1.0 6000.0 5281.2 8895.4 .45.79 . 1.89 1.OE-04 0.55838 0.00123 0.5608
nbiaox_01_04 03 03 1.0 3000.0 2640.6 9353.3 94.28 .. 3.77 .1.OE-04 0.41886 . 0.00112 0.4211
nbiaox_01_03 03 03 1.0 .<1998.0 1758.6 9506.2 142.91 5.66 1.OE-04 0.34882 -.0.00098 0.350
nblaox 01 02 03 03 1.0 1500.0 1320.3 9582.2 191.26 .7.54 -1.OE-04 0.30823 0.00090 - 0.3100
nbiaox 01 01 03 03 1.0 999.0 879.3 9658.7 288.52 . 11.30 1.OE-041 0.25790 0.00073 0.2593
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Table 6.9.6-78-A. Abridged results for the hbsrox (HAC, rcfl., single unit, lIEU Oxide content) calculation model

np277-4 235 _
case name thickness Oxide (g) H, wr d moifr k, k,+2o

(in) (g) (g hlx dry cc hlx mof

hbsrox_01_11_03 01 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-20 0.71377 0.00115 0.71607
bsrox 01_11_03_02 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-05 0.71273 0.00108 0.71488
bsrox 01_11 03 03 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-04 0.71336 0.00129 0.71593
bsrox 01 11 03 04 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-03 0.71352 0.00133 0.71619
bsrox 01 11 03 05 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-02 0.71580 0.00115 0.71811
bsrox 01 11 03_06 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-01 0.72041 0.00106 0.72253
bsrox 01 11 03 08 1.0 24000.0 21124.9 6148.1 9.42 0.47 3.0E-01 0.73479 0.00128 0.7373
bsrox 01 11 03 15 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE+00 0.78792 0.00129 0.79050

bsrox 01 11 01 15 0.0 24000.0 21124.9 6533.9 9.90 OA7 1.OE+00 0.78844 0.00112 0.79069
hbsrox 01 10 01 15 0.0 21000.0 18484.3 6991.7 11.70 0.54 1.OE+00 0.77255 0.00131 0.77517
hbsrox_01_09 01 15 0.0 18000.0 15843.7 7449.6 14.10 0.63 - 1.OE+00 - 0.75523 0.00125 0.75773
hbsrox 01 08 01 15 0.0 15000.0 13203.0 7907.5 17.46 0.75 1.OE+00 0.72754 0.00106 0.7296
hbsrox 01 07 01 15 0.0 12000.0 10562.4 8365.4 22.50 0.94 1.OE+00 0.69066 0.00113 0.69292
hbsrox 01 06 01 15 0.0 9000.0 7921.8 8823.3 30.90 1.26 1.OE+00 0.63846 0.00119 0.64083
hbsrox 01 05 01 15 0.0 6000.0 5281.2 9281.2 47.69 1.89 1.OE+00 0.56199 0.00098 0.56395
hbsrox 01 04 01_15 0.0 3000.0 2640.6 9739.1 98.09 3.77 1.OE+00 - 0.43831 0.00090 0.44011
hbsrox 01 03 01 15 0.0 1998.0 1758.6 9892.0 148.64 5.66 1.OE+00 0.37844 0.00098 0.38040
hbsrox 01 02 01 15 0.0 1500.0 1320.3 9968.0 198.88 7.54 .1.0E+00 0.34193 0.00091 0.34376
hbsrox 01 01 01 15 0.0 999.0 879.3 10044.5 299.98 11.30 1.OE+00 0.29669 0.00086 0.29841

hbsrox 02 11 03 01 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE-20 0.60318 0.00119 0.60556
bsrox 02 11 03 02 1.0 24000.0 20313.7 6148.1 8.90 0.49 ,.OE-05 0.60230 0.00103 0.6043

hbsrox_02_11 03 03 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE-04 0.60216 0.00090 0.6039
hbsrox 02 11 03 04 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE-03 0.60115 0.00096 0.60306
bsrox 02 11 03 05 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE-021 0.60328 0.00093 0.6051
bsrox 02 11 03 06 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE-01 0.61032 0.00099 0.6122
bsrox 02 11 03 08 1.0 24000.0 20313.7 6148.1 8.90 0.49 3.0E-01 0.62977 0.00108 0.63194

hbsrox 02 11 03 15 1.0 24000.0 20313.7 6148.1 8.90 0.49 1.OE+00 0.68714 0.00106 0.6892

Y/LF-717/Ch%. -3100 HEU SARIp0 2.25-05

6 68 c



C, C C

Table 6.9.6-78-A. Abridged results for the hbsrox (HAC, refi., single unit, HEU Oxide content) calculation model (cont.)

np277-423U H wapd
case name thickness Oxide (g) MH h wx dryappd hx moifr kdv k,,+2a
________________________ (in) -( )( )h x d y c l

hbsrox 03 11 03 01 1.0 24000.0 19931.0 6148.1 8.54 0.50 1.OE-20 0.54120 0.00090 0.54301
hbsrox 03 11 03 02 1.0 24000.0 19931.0 6148.1 8.54 0.50 1.OE-05 0.53953 0.00085. 0.5412,
hbsrox 03 11 03 03 1.0 24000.0 19931.0 6148.1 8.54 0.50 1.OE-04 0.53970 0.00095 0.5416(
hbsrox 03 11-03 04 - 1.0 24000.0 19931.0 6148.1 8.54 0.50 1.OE-03 0.54030 0.00088 0.5420'
hbsrox_03- 11.03 054 - - -1.0 24000.0 19931.0 6148.1 8.54 0.50 1.OE-02 0.54211 0.00080 0.5437,

bsrox 03 11 03 06 -1.0- 24000.0 19931.0 6148.1 8.54 0.50 1.OE-01 054873 0.00083 0.55039
bsrox 03 11 03 08--- -1.0 - 24000.0 19931.0 6148.1 8.54 0.50 3.0E01 0.56707 0.00092 -0.56891

bsrox 03-11 03 15 , 1.0 - 24000.0 19931.0 6148.1 8.54 0.50 1.OE+00 0.62601 0.00108 0.62817
- - -j

12
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Table 6.9.6-79-A. Abridged results for the hbiaox (IIAC, infinite array, lIEU Oxide content) calculation model

case name np277-4 Oxide (g) () H(9 h| x wrapped, mf k. | a k +2a
_____________thickness (in) (g) (g dry cc h/x mirk ~ 2

hbiaox 01_11 03_01 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-20 0.85723 0.00103 0.85929
hbiaox 01 11 03 02 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.0E-05 0.85659 0.00098 0.85854
hbiaox 01 11 03 03 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-04 0.85702 0.00106 0.85914
hbiaox 01 11 03 04 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-03 0.85554 0.00106 0.85766
hbiaox 01 11 03 05 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-02 0.85446 0.00117 0.85681
hbiaox 01 11 03 06 1.0 24000.0 21124.9 6148.1 9.42 OA7 1.OE-01 0.82927 0.00137 0.83202

biaox 01 11 03 08 1.0 24000.0 21124.9 6148.1 9.42 0.47. 3.OE-01 0.80352 0.00123 0.80598
hbiaox 01 11_03 15 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE+00 0.81661 0.00120 0.81900

hbiaox 01 11 03 03 1.0 24000.0 21124.9 6148.1 9.42 0.47 1.OE-04 0.85702 0.00106 0.85914
hbiaox 01 10 03 03 1.0 21000.0 18484.3 6606.0 11.15 0.54 1.OE-04 0.83401 0.00103 0.83607

biaox 01 09 03 03 1.0 18000.0 15843.7 7063.8 13.46 0.63 1.OE-04 0.80354 0.00103 0.80560
hbiaox 01 08_03_03 1.0 15000.0 13203.0 7521.7 16.69 0.75 1.OE-04 0.76845 0.00111 0.77067
hbiaox 01 07 03 03 1.0 12000.0 10562.4 7979.6 21.54 0.94 1.OE-04 0.72101 0.00106 0.72313
hbiaox 01 06 03 03 1.0 9000.0 7921.8 8437.5 29.63 1.26 1.OE-04 0.65517 0.00117 0.65750
hbiaox 01 05 03 03 1.0 6000.0 5281.2 8895.4 45.79 1.89 1.OE-04 0.56445 0.00096 0.56637
hbiaox 01 04 03 03- 1.0 3000.0 2640.6 9353.3 94.28 3.77 1.OE-04 0.42306 0.00083 0.42471
hbiaox 01 03-03 03 1.0 1998.0 1758.6 9506.2 142.91 5.66 1.OE-04 - 0.35492 0.00087 0.35667
hbiaox 01 02 03 03 1.0 1500.0 1320.3 9582.2 191.26 7.54 1.OE-04 0.31295 0.00086 0.31468

biaox 01_01 03 03 1.0 999.0 - 879.3 9658.7 288.52 11.30 1.OE-04 0.26079 0.00089 0.26256biox010103033 .20- 00-8

YALF-717/C(_. ..3100 HEUSAR/pc/02.25.05
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Table 6.9.6-82-A. Abridged results for thle evrunhe (UNH Crystals content in CV) caleulation model

C

case name UNH thU ickne H20 h/x mocfr k a k,+2
( i n)__ _ _ _ _ _ _ _ _ _ _ _ ( I n )

evrunhc 1I 01 01 0.0 24000.0 11303.1 1106.48 0.0 12.00 1.OE-20 0.72617 0.00152 0.72920
nhc_11_01_06 0.0 24000.0 11303.1 1106.48 162.0 12.37 1.OE-01 0.73893 0.00149 0.74192

vrunhe 11 01 07 0.0 24000.0 11303.1 1106.48 324.1 12.75 2.0E-01 0.74806 0.00142 0.75090
vrunhe 11 01 08 0.0 24000.0 11303.1 1106.48 486.1 13.12 3.0E-01 0.75747 0.00134 0.76015
vrunhe 11 01 09 0.0 24000.0 11303.1 1106A8 648.2 13.50 4.OE-01 0.76653 0.00139 0.76931
runhe 11 01 10 0.0 24000.0 11303.1 1106.48 810.2 13.87 5.OE-01 0.77413 0.00148 0.77709

enh 11 01 11 0.0 24000.0 11303.1 1106.48 972.3 14.25 6.OE-01 0.78428 0.00115 0.78658
Mvunhc 11 01 12 0.0 24000.0 11303.1 1106.48 1134.3 14.62 7.OE-01 0.78898 0.00129 0.79155
nhc 11 01 13 0.0 24000.0 11303.1 1106.48 1296.3 14.99 8.OE-01 0.80109 0.00140 0.80390
nhe 11 01 14 0.0 24000.0 11303.1 1106.48 1458.4 15.37 9.OE-01 0.81148 0.00123 0.81394

wrunhc 11 01 15 0.0 24000.0 11303.1 1106.48 1620.4 15.74 1.OE+00 0.82007 0.00128 0.82262

wrunhe 11_01_15 0.0 24000.0 11303.1 1106.48 1620.4 . 15.74 1.OE+00 .. 0.82007 0.00128 0.82262
vrunhc 10 01 15 0.0 21000.0 9890.2 968.17 2692.5 . 19.11 .1.OE+00 0.82938 0.00118 0.83174

cvrunhc 09 01 15 0.0 18000.0 8477.3. 829.86 3764.6 23.59 1.OE+00 0.83622 0.00128 - 0.83878
vrunhe_08 01 15 0.0 15000.0 7064.4 691.55 4836.6 29.87 1.OE+00 0.84402 0.00133 0.84667
vrunhc07 01 15 0.0 12000.0 5651.5 553.24 5908.7 39.29 1.OE+00 0.85138 0.00159 0.85456
vrunhc 06 01 15 0.0 9000.0 4238.7 414.93 6980.8 54.99 1.OE+00 0.85423 0.00147 0.85718

cvrunhc05 01_15 0.0 6000.0 2825.8 276.62 8052.8 86.38 1.OE+00 . 0.83915 0.00151 -0.84218
cvrunhc 04 01 15 0.0 3000.0 1412.9 138.31 9124.9 .180.57 .1.OE+00 .0.78282 - 0.00120 0.78522
vrunhc 03 01 15 0.0 1998.0 941.0 92.11 9483.0 275.04 1.OE+00 0.73030 0.00110 0.73250

cvrunhc_02_01_15 0.0 1500.0 706.4 69.15 9660.9 368.94 1.OE+00 0.68580 0.00132 .. 0.68844
cvrunhc 01_01 15 0.0 999.0 470.5 46.06 9840.0 557.88 1.OE+00 0.60693 0.00098 0.60889

- - -- -.

I I - . I I ,.1
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Table 6.9.6-83-A. Abridged results for the nbsbunhc (NCT, bare, single unit, UNH Crystals content) calculation model

np277-4 UNH 23U HIUcocwapd
case name thickness crystals H | conc| hx dryapcped/x moafr k | a | k+2a

(in) (g) () () (i)dyc i
UNH Crystals content, single unit, homogenized over convenience can volume, bare
bsbunhc_11_01_01 0.0 24000.0 11303.1 1620.4 1106.48 1-5.74 0.88 .E-20 0.60596 0.60835

nbsbunhc-11 01 02 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-05 0.60627 0.00129 0.60885
nbsbunhc 11 01 03 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-04 0.60730 0.00157 0.61044
nbsbunhc 11 01 04 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-03 0.60511 0.00139 0.60789
nbsbunhc11 01 05 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-02 -'0.60424 0.00116 -- 0.60655
nbsbunhc 11 01 06 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-01 0.61552 0.00119 0.61790
nbsbunhc 11 01 08 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 3.OE-01 0.63821 0.00123 0.64067
nbsbunhc 11 01 15 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE+00 0.70515 0.00138 0.70791

YULF17I7C(~ AiOO HEU SAR~pC02-25-05
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Table 6.9.6-84-A. Abridged results for the nbsrunhc (NCT, refl., single unit, UNII Crystals content) calculation model

C

np277-4 UNH HO3U

caename thickness crystals H20 conc hix wrapped, Mir k ,2

UNH Crystals content, single unit, homogenized over convenience can volume, reflected

nbsrunhc_ 1_01_01 0.0. 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-20 0.61525 0.00127. 0.61778
nbsrunhc 11' 01 02.-...- 0.0 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-05 0.61490 .0.00147 0.61783
nbsrunhc 11 01 03. ' 0.0 24000.0 11303.1 .1620.4 ~1106.48 15.74 0.88 1.OE-04 0.61827 0.00128 0.62083
nbsrunhc 11 01 04 - .. 0.0 - -24000.0 -11303.1 -1620.4 >-1106.48 ~15.74 0.88 .1.OE-03 0.6 1-467 0.00135 0.61738
nbsrunhc. 1101 05. -. 0.0. - 24000.0 11303.1 1620.4 1106.48 .-. 15.74 -0.88 1.OE-02 0.61678 0.00119 .0.61915

bsrunhc 11, 01, 06 - 0.0 --.24000.0 11303.1 1620.4 1106.48 1--15.-7-4. 0.88 1.OE-01. 0.62509 0.00115 .0.62738
bsrunhc* 11,01 08. .. .0- -- 24000.0 11303.1..- 1620.4 1106.48 -15.74 770.88 3.OE-01 .0.64403 0.00119 0.64641
nbsrunhc~ 11 01 -15 ... . ...... 0.0..-- :24000.0 11303.1 -1620.4 1 106.48 :1 5.74 ~> 0.88 - 1.OE+00 ~0.70534 0.00124 0.70783

iDsnunnc ii ui r1, .. 0.U-.-.lI 24000.U l--11303.1, -- 1620.4 - - nAR.llnR-4R I - 1.5-74 I - i nF+nnI--.n7n-1;,AAI -555174 F. n7n7R-'A

nbswniic 10 01* 15 3 I-.. 0.0 .- I 21000.0 I- 2692.5 I-- -968.17 I� 19.11 9890.2 0.71594 I 0.00137 0.71868
nbsnjnhC'1U-U1-15-, - !--- I---0.0 --- 1 21000.0 I .- 9890.2 2692.5 I--- - 968.17 V- 19.11 *--1-.01 I --1.0E+00 0.71594 1 0.00137 0.71868

nbsrunhc_09_01_15 . 0.0--. -18000 -0 8477.3 .3764.6-1 ::, 829.86 -23.59 .1.18 1.OE+00 0.72779 0.00148 0.73074
nbsrunhc 08 01 15 . 0.0- 15000.0 7064.4 4836.6 691.55 '29.87 .1.41 1.OE+00 0.73814 0.00145 0.74104
nbsrunhc 07 01 15 -- . 0.0 . 12000.0 5651.5 5908.7- 553.24 39.29 1.76 1.OE+00 0.74788 0.00156. 0.75100
nbsrunhc 06 01-15 O..0O.-. 9000.0 4238.7 6980.8 414.93 54.99 2.35 1.OE+00 0.74609 0.00134 0.74877
nbsrunhc 05 01 15 0.0 6000.0 2825.8 8052.8 276.62 86.38 3.53 1.OE+00 0.74133 0.00154 0.74441
nbsrunhc 04 01 -15 - .0.0 . 3000.0 1412.9 9124.9 138.31 180.57 *.7.05 1.OE+00 0.69473 .0.00121 0.69715
nbsrunhc 03 01 15 -. 0.0 . 1998.0 941.0 9483.0 92.11 275.04 10.50 1.OE+00 0.64780 7.0.00130 0.65040
nbsrunhc 02 01 15 0.0.- 1500.0- 706.4 9660.9 69.15 368.94 14.10 1.OE+00 . 0.60820 0.00112 . 0.61043
nbsrunhc 01 01 15 0.0 999.0 470.5 9840.0 .~ 46.06 557.88 21.10 1.OE+00 0.54048 0.00114 0.54275

6-173

Y/LP.717/ChI/--3100 lIEU SAR*pc/2.25-05



Table 6.9.6-85-A. Abridged results for the nblaunbc (NCT, infinite array, UN1l Crystals content) calculation model

case name tnp277-4 enrichment UNH 235u H20 U conc | wrapped, moifr
,__ _ _ - _ _ _. I ..

UNH Crystal content, Infinite array, homogenized over convenience can volume- - -

nbiaunhc_10_11 01 01 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-20 0.81652 0.00143 0.81938
nbiaunhc 10 11 01 02 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-05 0.81818 0.00124 0.82067
nbiaunhc 10 11 01. 03 0.0 100 24000.0 - 11303.1 -1620.4 1106.48 15.74 0.88 1.OE-04 0.81670 0.00127 0.81923
nbiaunhc 10 11 01. 04 0.0 100 24000.0 11303.1 -1620.4 1106A8 15.74 0.88 1.OE-03 .-0.81430 0.00127 0.81683
nbiaunhc 10 11 01 05 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-02 0.80241 0.00119 0.80479
nbiaunhc 10 11 01 06 . 0.0 100 24000.0 11303.1 1620.4 1106A8 15.74 0.88 1.0E-01 0.73298 0.00125 0.73549
nbiaunhc 10 11 01 08 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 3.0E-01 0.70032 0.00120 0.70272
nbiaunhc 10_11 01 15 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.0E+00 0.72408 0.00127 0.72662

nbiaunhc 10 11 01 03 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.0E-04| 0.81670 0.00127 0.81923
nbiaunhc 10 10 01 03 0.0 100 21000.0 9890.2 2692.5 968.17 19.11 1.01 1.0E-04 0.82609 0.00126 0.82862
nbiaunhc 10 09 01 03 0.0 100 18000.0 8477.3 3764.6 829.86 23.59 1.18 1.0E-04 0.83017 0.00129 0.83274
nbiaunhc 10 08 01'03 0.0 100 15000.0 7064.4 4836.6 691.55 29.87 1.41 1.OE-04 0.83825 0.00156 0.84137
nbiaunhc 10 07 01 03 0.0. 100 12000.0 5651.5 5908.7 553.24 39.29 1.76 1.OE-04 0.83584 0.00141 0.83866
nbiaunhc 10 06 01 03 0.0 100 9000.0 4238.7 6980.8 414.93 54.99 2.35 -1.0E-04 0.83566 0.00145 0.83857
nblaunhc 10 05 01 03 0.0 100 6000.0 2825.8 8052.8 276.62 |86.38 3.53 .1.0E-04| 0.81604 0.00143 0.81889
nbiaunhc_10 04 01 03 0.0 100 3000.0 1412.9 9124.9 138.31 180.57 7.05 1.0E-04| 0.75748 0.00126 0.76000
nbiaunhc 10 03 01 03 0.0 100 1998.0 941.0 9483.0 92.11 275.04 10.50 1.0E-04| 0.69898 0.00157 0.70213
biaunhc 10 02 01 03 0.0 100 1500.0 706.4 9660.9 69.15 368.94 14.10 1.0E-04| 0.65026 | 0.00109 0.65243

nbiaunhc 10 01 01 03 0.0 100 999.0 470.5 9840.0 46.06 557.88 21.10 1.0E-04| 0.56953 | 0.00108 0.57169

Y/LF-77/Cl -,3100 HELEUSAR/pe/02-25-05
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Table 6.9.6-86-A. Abridged results for the obsrunhc (NCT, refl., single unit, UNH Crystals content) calculation model

np277-4 UNH 235 H 20 wrapped,
case name thickness crystals U HO U conc (gil) h/x dry CC h/x moifr k, a k,,,+2a
_ _ _ _ _ _ _ _ _ _ _ (in) (g) _ _ _ _ _ _ _d r cc_ _ _ _ _ _ _ __h_ _ _ _ _ I _ _ __x_ _ _

UNH Crystals content, single unit, homogenized over containment vessel volume, reflected
bsrunhc_11 01 01 , . . 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-20 -p0.79566 0.00150 0.79866
bsrunhc_1 _01_02 -- 0.0 - 24000.0 11303.1 -4874.9 686.61. 30.14 0.88 1.OE-05 0.79398 0.00146 0.79691
bs::nhc 11 01 03 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-04 0.79272 0.00135 0.79542
bsrunhc 11 01 04.:-- 0.0----. -24000.0 11303.1 -4874.9 686.61 30.14 '-0.88 1.OE-03 ,, 0.79469 0.00129 . 0.79727
bsrunhc 11 01 05 _ 0.0 -- 24000.0 11303.1- 4874.9 --686.61 -30.14 0.88 1.OE-02 0.79519 0.00155 i 0.79829
bsrunhc_1 _01 06 "' : -, 0.0 -- 24000.0 11303.1 4874.9 686.61 30.14 .,0.88 1.OE-01 0.79677 ' 0.00127. t 0.79932
bsrunhc_11 01 08 0. ... :... -.24000.0 i 11303.1- 4874.9 .- 686.61 -30.14 0.88 3.OE-01 - 0.79633 -,0.00146 , 0.79924
bsrunhc 0115 . . -0.0 - . 24000.0 .11303.1 * 4874.9 t--686.61 -30.14 - 0.88 1.OE+00 ,0.79933 !'0.00143 ' 0.80218

bsrunhc 11 01_15 -. ;-._0.0. -24000.0 11303.1 |-4874.9 |-686.61. . -30.14 ; :0.88 - 1.OE+00 ; 0.79933 |, 0.00143 - 0.80218
bsrunhc 10 01 15 -" _0.0.... -.21000.0 9890.2 5540.2 600.79 35.56 . - 1.01, - 1.OE+00 0.80787 0.00139 0.81066
bsrunhc_09 01_15 ' 0.0_-. -18000.0 8477.3 6205.4 - -- 514.96 42.79 - 1.18 1.OE+00 0.80995 0.00160 0.81316
bsrunhc_08_01_15 0.0 15000.0 - 7064.4 6870.7 |-429.13 52.91 1.41 1.OE+00 |, 0.80988 .0.00144 | 0.81276
bsrunhc_07 01 15.- 0.0 - 12000.0 - 5651.5 --7535.9 -343.31 68.09 - 1.76 1.OE+00 0.80594 - 0.00148 0.80889
bsrunhc 06 01_15 0.0 .. 9000.0 4238.7 -8201.2 257.48 93.38 , 2.35 1.OE+00 0.79575 0.00150 - 0.79875
bsrunhc 05 01_15 .0.0 - 6000.0 2825.8 . 8866.5 171.65 143.98 3.53 1.OE+00 - 0.77006 - 0.00152 0.77309
bsrunhc 04 01 15 - . 0.0 3000.0 -1412.9 9531.7 85.83 295.76 7.05 1.OE+00 - 0.68984 0.00137 | 0.69258
bsninhc 03 01 15. -. 0.0 - - 1998.0 941.0 9753.9 -- 57.16 448.00 .10.50 1.OE+00 0.61945 0.00113 - 0.62171
bsrunhc 02 01 15 . 0.0 -. 1500.0 706.4 9864.3 ---42.91 |599.32 14.10 1.OE+00| 0.56605 0.00141 | 0.56888
bsrunhc 01 01 15 - 0.0 - 999.0 470.5_ 9975.4 -- 28.58 903.80 21.10 1.0E+00 I 0.47980 0.00083 0.48146

i . . - I I . I �
I . . . . i

.. .. ....
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Table 6.9.6-87-A. Abridged results for the obiaunhc (NCT, infinite array, UNII Crystals content) calculation model

n274 eniichment UHH 20 U conc hx wrapped, m
case name thickness (ht%) crystals |) | ( | (g/ij | dry I I
___________________ (in) cisas () () (i)I r clM f ~ 2

UNH Crystal content, Infinite array, homogenized over containment vessel volume-
biaunhc_10_11 01 01 0.0 ... 100 -24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-20 1.02465 0.00137 1.02738
biaunhc 10 11 01 02 0.0 100 24000.0 11303.1 - 4874.9 686.61 30.14 0.88 1.OE-05 1.02418 0.00131 1.02680
biaunhc 10 11 01 03 0.0 100 24000.0 11303.1 4874.9 -686.61 30.14 0.88 1.OE-04 1.02373 0.00128 1.02628
blaunhc 10 11 01 04 0.0 --100 -24000.0 --11303.1 4874.9 -:-686.61 30.14 0.88 1.OE-03 1.02218 0.00134 1.02486
biaunhc 10 11 01 05 0.0 100 -24000.0 11303.1 4874.9 686.61- 30.14 0.88 1.OE-02 1.01214 0.00130 1.01474
biaunhc 10 11_01 06 0.0 100 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-01 0.94728 0.00146 0.95019
biaunhc 10 11 01 08 0.0 100 24000.0 11303.1 4874.9 686.61 30.14 0.88 3.OE-01 0.88141 0.00121 0.88384
blaunhc 10 11 01 15 0.0 100 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE+00 0.82831 0.00130 0.83091

biaunhc 10_11 01 03 0.0 100 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-04 1.02373 0.00128 1.02628
biaunhc 10 10 01 03 0.0 100 21000.0 - 9890.2 5540.2 600.79 35.56 1.01 1.OE-04 1.02297 0.00126 1.02549
biaunhc 10 09 01 03 0.0 100-'- -18000.0 8477.3 -6205.4 514.96 42.79 - 1.18 1.OE-04 1.02016 0.00133 1.02282
biaunhc 10 08 01 03 0.0 100 15000.0 7064.4 6870.7 429.13 52.91 1.41 1.OE-04 1.00719 0.00147 1.01014
blaunhc 10 07 01 03 0.0 100-- 12000.0 5651.5 - 7535.9 343.31 68.09 1.76 t.OE-04 0.99540 0.00162 0.99863
biaunhc 10 06 01 03 . 0.0 100 9000.0 4238.7 8201.2 257.48 93.38 2.35 1.OE-04 0.97357 0.00123 0.97602
biaunhc 10 05 01 03 0.0 100 6000.0 2825.8 8866.5 171.65 143.98 3.53 1.OE-04 0.92385 0.00138 0.92662
biaunhc 10 04 01 03 0.0 100 3000.0 1412.9 9531.7 85.83 295.76 7.05 1.OE-04 0.81217 0.00137 0.81491
blaunhc 10 03 01 03 0.0 100 1998.0 941.0 9753.9 57.16 448.00 10.50 1.OE-04 0.72620 0.00118 0.72855
biaunhc 10 02 01 03. 0.0 100 -1500.0 - 706.4 9864.3 42.91 - 599.32 14.10 1.OE-04 0.65589 0.00102 0.65793
blaunhc 10 01 01 03 0.0 100 999.0 470.5 9975.4 28.58 903.80 21.10 1.OE-04 0.55446 0.00114 0.55673

YII.P717ilh.....3~O 1 U EU SARP0pCJ2.25-05
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Table 6.9.6-90-A. Abridged results for the hbiaunhc (HAC, Infinite array, UNH Crystals content) calculatlonal model

np277-4 UH 25
case|name_ thin) ect crystals H20 U conc (gil) h/x wrapped, moifr k_ a k,,+2a

(in)___ __ _ __ __ % )__ _ (g) (g) (g) dry cc h/x

hblaunhc_10_11_01_01 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-20 0.83501 0.00125 0.83752
hblaunhc 10 11 01 02 0.0 100, 24000.0 1.-303.1 1620.4 1106.48 -15.74 0.88 1.OE-05 0.83291 0.00115 0.83521
hblaunhc_10_11_01_03 0.0 100 - 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-04 0.83187 :0.00130 0.83446
hblaunhc 10_11 '01 04 0.0 , 100 24000.0 11303.1 . 1620.4 1106.48 15.74 0.88 1.OE-03 0.83518 0.00139 0.83796
hblaunhc 10_11 01 05 0.0 100 24000.0 11303.1 1620.4 1106.48 15.74 0.88 1.OE-02 0.82196 0.00146: 0.82488
hblaunhc 10_111 06 0.0 100 _ 24000.0 .11303.1, 1620.4 -1106.48 - 15.74 - 0.88 1.OE-01 0.76849 0.00132 0.77112
hblaunhc 10 11.01 08 0.0 100,- 24000.0 11303.1 1620.4 --1106.48 15.74 0.88 3.0E-01 0.72923 0.00132 0.73187
hblaunhc_10 11 01 15 0.0 100 .. 24000.0 11303.1 - 1620.4-1- 1106.48 - --15.74 0.88 - 1.OE+00 .0.74364 0.00130 0.74625

hbiaunhc10 _11 01 03 0.0 , :100. 24000.0 -11303.1 , 1620.4 --1106.48 - 15.74 0.88 1.OE-04 0.83187 0.00130 0.83446
hblaunhc 10 10 01 03 0.0 - '100.:. 21000.0 - 9890.2 ,.2692.5 - -968.17 -- 19.11 | - 1.01 - -1.OE-04 0.84258 0.00109 -0.84475

blaunhc '10 09 01 03 0.0 .100- ,1 -8000.0 .. 8477.3 _3764.6 -829.86 23.59 -1.18 | 1.OE-04 0.84717 0.00173 |0.85062
hblaunhc 10 08 01 03 0.0 '100 15000.0 . 7064.4 . 4836.6 * 691.55 - 29.87 | 1.41 1.OE-04 0.85136 0.00136 0.85408
hblaunhc 10 07 01 03 0.0 100 12000.0 5651.5 5908.7 553.24 39.29 - 1.76 1.0E-04 0.85449 0.00131 0.85712
hblaunhc 10 06 01 03 0.0 -100 9000.0 4238.7 6980.8 414.93 54.99 2.351 1.0E-04 0.84769 0.00123 0.85015
hblaunhc 10 05 01 03 0.0 100 -6000.0 2825.8 8052.8 276.62 86.38 3.53 | 1.0E-04 0.83047 0.00160 0.83367
hblaunhc 10 04 01 03 0.0 100 3000.0 . 1412.9 9124.9 138.31 180.57 7.05 1.02.04 0.76605 0.00140. 0.76885
hbiaunhc 10 03 01 03 0.0 100 1998.0 941.0 9483.0 92.11 .275.04 10.50 1.0E-04 0.71090 0.00128 0.71345
hbiaunhc 10 02 01 03 0.0 100- 1500.0 706.4 9660.9 69.15 368.94 14.10 02E-04 0.66202 0.00158 0.66518
hblaunhc 10 01 01 03 0.0 100- 999.0 470.5 9840.0 46.06 557.88 21.10 1.0E-04 0.58137 0.00114 0.58364
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Tablc 6.9.6-91-A. Abridged rcsults for the ibsrunhc (HAC, refl., UNII crystals content) calculation model

casenamet -4 UNH 235u H20 Uconc wrapped, mir0ki2|case name thickness |cr~y~stals | ( 3 WM h(x dry ccm h/x |moifr | , k ff| J2_a

bsrunhc 11_01_01 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-20 0.79582 0.00136 0.79854
ibsrunhc 11 01 02 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-05 0.79132 0.00145 0.79421
bsrunhc 11 01 03 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-04 0.79489 0.00143 0.79774
bsrunhc 11 01 04 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.0E-03 0.79297 0.00181 -0.79658
bsrunhc 11 01 05 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-02 0.79572 0.00148 0.79868
bsrunhc_11_0106 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE-01 0.79349 0.00132 0.79612
bsrunhc 11 01 08. 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 3.OE-01 0.79847 0.00145 0.80136
ibsrunhc 11_01 15 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.0E+00 0.79947 0.00154 0.80256

ibsrunhc 11 01 15 0.0 24000.0 11303.1 4874.9 686.61 30.14 0.88 1.OE+00 0.79947 0.00154 0.80256
bsrunhc 10 01 15 0.0 21000.0 9890.2 5540.2 600.79 35.56 1.01 1.OE+00 0.80584 0.00159 0.80902
bsrunhc 09 01 15 0.0 18000.0 8477.3 6205A 514.96 42.79 1.18 1.OE+00 0.80900 0.00149 0.81197
bsrunhc 08 01 15 0.0 15000.0 7064.4 6870.7 429.13 52.91 1.41 1.0E+00 0.81004 0.00158 0.81320
bsrunhc 07 01 15 0.0 12000.0 5651.5 7535.9 343.31 68.09 1.76 1.OE+00 - 0.80637 0.00140 0.80917
ibsrunhc 06 01 15 0.0 9000.0 4238.7 8201.2 257.48 93.38 2.35 1.0E+00 0.79894 0.00137 0.80168
ibsrunhc 05 01 15 0.0 6000.0 2825.8 8866.5 171.65 - 143.98 3.53 1.0E+00 0;76933 0.00143 0.77220
bsrunhc 04 01 15 0.0 3000.0 1412.9 9531.7 85.83 295.76 7.05 1.OE+00 0.68665 0.00130 0.68925
bsrunhc 03 01 15 0.0 1998.0 941.0 9753.9 57.16 448.00 10.50 1.OE+00 0.62039 0.00107 0.62254
bsrunhc 02 01 15 0.0 1500.0 706A 9864.3 42.91 599.32 14.10 1.OE+00 0.56386 0.00096 0.56578
bswunhc 01 01 15 0.0 999.0 470.5 9975.4 28.58 903.80 21.10 1.OE+00 0.48055 0.00089 0.48233

YILF.717/Chii.,3100 IIF.U SAR~pcIO2-25.OS
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APPENDIX 6.9.7

INPUT LISTINGS OFEI-3100 CALCULATION MODELS FOR SELECT CASES
IDENTIFIED IN TABLES 6.1a-c

This appendix contains selected input listing for calculations identified Tables 6.1a, 6.1b and 6.1c and
Sects. 6.4, 6.5, and 6.6 of this document. These listings are a few taken from Y/LF-718.
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=csas25 parm=size=3000000
cvrsp 6sph,0.Oin thk np,32938.2gU(32938.2g235,;8449.1gH20 hx= 6.70),fr=l.Oe+0O
238groupndf5 infhommedium
'HEU wrapped dry content can hx=0.30 , :
uranium 1 den=18.81109 1.0 293 92235 100.00 -

92238 0.000 end,
'np277-4: spacer' -.
'min.den.= 1.6819 (105 lb/ft3)(453.59.g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 ;1001 4;6190:

5000 4.2330;
6012 1.5060 -
8016 59.9960.!-

11023 0.1300. -
12000 0.3860 .- ;
13027 21.1600. -
14000 1.3200.- .
16000 0.1500. -
20000 6.1800.- -
26000 ,. 0.3200., 2 1.0000 293 end

'void space internal to containmment vessel,7--including content cans'
arbmwicv 0.9982 2 0 0 0 1001 . 11.1913:-

8016 88.8087.' 3 -1 293' end
'steel: containment vessel body 16.60_lb but-use 15.74 lb'
ss304 .., 8 ,1.0 293 end
'steel: cv flange lower use 3.36,lb' r

ss304 9 0.97267 293 *end
'steel: cv flange upper use 13.75 lb' -,,
ss304 : 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner linerA4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 (4:6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%)-. Wt%'s are 'normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wt%s for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877.=(density)(sumTi/100.0)'
'density = 1.6800 = (den.mult)(min.den.) = 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 :(actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423,lb)/(105 lb/ft3)'
'min.den.= 1.6819 (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
arbmnp277 0.9877 10 0 0 0 5000 7.2080

6012 , 2.5644
8016 39.7463 -
11023 .0.2214 -
12000 0.6573
13027 36.0313
14000 :2.2477
16000 0.2554
20000. ,10.5233. ..

26000 0.5449 11 1.0000 293 end
arbmnph2o 0.6942 2 0 0 0 1001 11.1913

8016 88.8087- 11 1.0000 293 end
'kaolite 1600 body' ,

'array densities are s.u.dens. multiplied-by a volume ratio 1.34888/1.10336'
'sing.unit.density= (den.mult)(min.den.)'
' for arbmh20k = 1.012373*0.51655, for rest = 1.012373*0.344381
'den.mult= 1.36557e5 cm3 1(actual,vol.)r_/ 1;34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3 = (28316.84 cm3/ft3)(108.33188 lb)/(22.464 lb/ft3)'
arbmh2ok 0.52294 2 0 0 O 1001 '-11.1913, - -

8016 .,88.8087.. ,12 1 293 end
arbmal2o3 0.34864 2 0 0 0 13027 .52.9390

8016 47.0610 12 0.096 293 end
arbmsio2 0.34864 2 0 0 0 14000 46.7570

8016., 353.2430-. .12 -0;367 293 end
arnmfe2o3 0.34864 .2 0 0 0 26000,.- 69;9540 .; ;

8016 30.0460 12 0.067 293 end
arbmtio2 0.34864 2 0 0 0 22000 59.9535 -

8016 , 40.0465.- 12 0.012 293 end
arbmcao 0.34864 2 0 0 0 20000 71.4815

8016,,-28;5185. 12 0.307 293 end
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arbmmgo 0.34864 2 0 0 0 12000 60.3169
8016 39.6831 12 0.131 293 end

arbmna2o 0.34864 2 0 0 0 11023 74.1961
8016 25.8039 12 0.020 293 end

'kaolite 1600 top plug'
'sing.unit.density= (den.mult)(min.den.)'
' for arbmh2Ok = 0.965246*0.51655, for rest = 0.965246*0.344381
'den.mult= 1.21592e4 cm3 (actual vol.) / 1.25970e4 cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0 0 0 1001 11.1913

8016 88.8087 13 1 293 end
arbmal2o3 0.33241 2 0 0 0 13027 52.9390

8016 47.0610 13 0.096 293 end
arbmsio2 0.33241 2 0 0 0 14000 46.7570.

8016 53.2430 13 0.367 293 end
arbmfe2o3 0.33241 2 0 0 0 26000 69.9540

8016 30.0460 13 0.067 293 end
arbmtio2 0.33241 2 0 0 0 22000 59.9535

8016 40.0465 13 0.012 293 end
arbmcao 0.33241 2 0 0 0 20000 71.4815

8016 28.5185 13 0.307 293 end
arbnmngo 0.33241 2 0 0 0 12000 60.3169

8016 39.6831 13 0.131 293 end
arbmna2o 0.33241 2 0 0 0 11023 74.1961

8016 25.8039 13 0.020 293 end
'silicone rubber pads'
arbmsiru 1.21791 4 0 0 0 6012 32.3767

1001 8.1573
8016 21.5782
14000 37.8878 14 1.0 293 end

'void space external to containment vessel'
arbmwecv 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 15 1 293 end
'steel: liner'
ss304 16 1.0 293 end
'steel: plug cover (pc) use 9.907 lb'
ss304 17 1.06388 293 end
'steel: angle iron (ai) for single units'
ss304 18 1.0 293 end
'steel: angle iron (ai) for arrays'
'array density is multiplied by a volume fraction 7.08030/5.63249'
'ss304 18 1.25705 293 end
'steel: drum steel for single units'
ss304 19 1.0 293 end
'steel: drum steel for arrays'
,array density is multiplied by a volume fraction 3.20482/3.20544'
'ss304 19 0.99981 293 end
'void space external to drum'
'array density is multiplied by a volume ratio 8.11698/6.98323'
'arbmwed 1.16235 2 0 0 0 1001 11.1913
I 8016 88.8087 20 1 293 end
'reflective water'
arbmh20r 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 21 1.0 293 end
end comp
cvrsp 6sph,0.Oin thk np,32938.2gU(32938.2g235, 8449.lgH20,hx= 6.70),fr=l.Oe+00
read parameters nub=yes npg=2500 gen=215 nsk=15 tme=100 end parameters
read boun all=vac end boun
read geometry
unit 1001
'drum bottom flat cover (Elev= 0.105 in. at top of unit]'
cuboid 21 1 4p24.587200 0.26670 0.0 com='drum chine outer radius'

unit 1002
'above drum bottom flat cover and below containment vessel [Elev= 4.670 in.]'
cuboid 21 1 4p24.587200 11.59510 0.0 com='drum chine outer radius'

unit 1003
'bottom of cv to bottom of 1st step [Elev=35.270 in.]'
4.11480 radius of sphere'
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-, em r ;

' 4.74980 axial location of sphere 1'
array 1 -4.361180 -4.361180 4.74980 com='stack
cylinder 3 1 6.426200 77.72400 0.63500 com='cv we
cylinder 8 1 6.680200- 77.72400 0.0 com='cv be
cuboid 21 1 4p24.587200 77.72400 0.0 com='drum

unit 1004
'sphere content, -- spacerless' l;
sphere 1 1 4.114800 r , com='spher
cuboid 3 1 4p4.361180 2p 4.11480 com='void

unit 1005
'sphere content, -- sphere plus square half-spacer on top'
4.11480 half thickness of cell'
sphere 1 1 4.114800 com='spher
cuboid 3 1 4p4.361180 2p 4.11480 com='void
cuboid 2 1 4p4.361180 4.11480 -4.11480 com='sngl-

unit 1006
'sphere content, -- sphere plus square half-spacer on bott
sphere 1 1 4.114800 ,- K' - - com='spher
cuboid 3 1 4p4.361180 2p 4.11480 com='void
cuboid 2 1 4p4.361180 4.11480 -4.11480 com='sngl-
unit 1010
'cv at 1st step in liner [Elev=35.330 -in.P

in cv'
11 cavity'
low 1st step'
chine outer radius'

ical content'
space in cv'

ical content'
space in cv'
end np half-spacer'

om'
ical content' -
space in cv'
end np half-spacer'

cylinder 3 1 6.426200 0.15240 0.0 com='cv well cavity'
cylinder 8 1 6.680200 0.15240 0.0. com='cv at 1st step'
cuboid 21 1 4p24.587200 0.15240 0.0, . com='drum chine outer radius'
unit 1011
'vertical gap between 1st step in liner andcv flange,[Elev=35.420 in.]'
cylinder 3 1 6.426200 0.22860 0.0- com='cv well cavity'
cylinder 8 1 6.680200 0.22860 0.0- com='cv at gap btwn step-flng'
cuboid 21 1 4p24.587200 0.22860 0.0 com='drum chine outer radius'

unit 1012
'cv flange to top of cv well [Elev=35.920in.]'
cylinder 3 1 6.426200 1.27000 0.0 com='cavity'
cylinder 9 1 9.525000 1.27000 0.0 com='flange to top of well'
cuboid 21 1 4p24.587200 , -1.27000 0.0 com='drum chine outer radius'

unit 1013 : ,, . -;
'cv flange above cv well [Elev=37.O70i in.]'-
cylinder 10 1 9.525000 2.92100 0.0 com='flange above cv well'
cuboid 21 1 4p24.587200 .2.92100, 0.0 -_ com='drum chine outer radius'

-unit 1014 ,
'plugpad2 below liner 2nd step [Elev=37.470 in.]'
cuboid 21 1 4p24.587200 1.01600 0.0 com='drum chine outer radius'

unit 1015
'2nd step in liner [Elev=37.530 in.] ',
cuboid 21 1 4p24.587200, 0.15240 0.0.- -com='drum chine outer radius'-

unit 1016 -, -.

'abv 2nd step in liner to bottom of angle iron [Elev=40.750:in.]J'
cuboid 21 1 4p24.587200 8.17880 ,0.0,- --com='drum chine outer radius'

unit 1017
'bottom of angle iron to bend in angle iron [Elev=42.500 in.]',
cuboid 21 1 4p24.587200 4.44500 ,,:0.0 com='drum chine outer radius'

unit 1018 , , ,. . . .
'bend in angle iron to top of angle iron, [Elev=42.750 in.]'
cuboid 21 1 4p24.587200 0.63500 -,0.0--- com='drum chine-outer-radius'

unit 1019 - . -- -
'drum lid and lip [Elev=43.500 in.]' -.- ,-
cuboid 21 1 4p24.587200 1.90500 0.0 -com='drum chine outer radius'

global
unit 1020 .--
'es31OO drum [Elev=43.500 in.]'
array 2 2r-24.587200 0.0 (-

'cuboid 0 1 4p24.587200 110.4900 0.0 com='bare package'
cuboid 21 1 4p55.067200 140.9700 -30.48 com='reflected package'
'cuboid 20 1 4p22.889718 110.5048 0.0 com='interstital array space'
'global
'unit 1021 * ,
'array 3 3rO.O
'reflector 21 2 6r3.0 10 , , .
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end geometry
read array
ara=1 nux=1 nuy=1 nuz=6
1004 1005 1006 1005 1006 1004
ara=2 nux=1 nuy=1 nuz=13
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019
'ara=3 nux=13 nuy=13 nuz=06 fill f1020 end fill
end array
'read bias id=500 2 11 end bias
read start nst=O
end start
end data
end

fill
end fill

fill

end fill

=csas25 parm=size=3000000
nbsrcy 3cyl,0.Oin thk np,18000.OgU(18000.0g235, 9241.8gH20 hx= 13.40),fr=1.Oe+00
238groupndf5 infhommedium
'HEU wrapped dry content can hx=0.55'
uranium 1 den=18.81109 1.0 293 92235 100.00

92238 0.000 end
'np277-4: spacer'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 1001 4.6190

5000 4.2330
6012 1.5060
8016 59.9960

11023 0.1300
12000 0.3860
13027 21.1600
14000 1.3200
16000 0.1500
20000 6.1800
26000 0.3200 2 1.0000 293 end

'flooded containmment vessel and content cans -- 10 CFR 71.55(d)(3)'
arbmwicv 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 3 1.0 293 end
'steel: containment vessel body 16.60 lb but use 15.74 lb'
ss304 8 1.0 293 end
'steel: cv flange lower use 3.36 lb'
ss304 9 0.97267 293 end
'steel: cv flange upper use 13.75 lb'
ss304 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 (4.6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wt%s for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877 =(density)(sumTi/100.0)'
'density = 1.6800 = (den.mult)(min.den.) 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293 end
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337
11023 0.2386
12000 0.7083
13027 38.8302
14000 2.4223
16000 0.2753
20000 11.3408
26000 0.5872 11 1.0000 293 end

arbmnph2o 0.6942 2 0 0 0 1001 11.1913
8016 88.8087 11 1.0000 293 end

'kaolite 1600 body'
'array densities are s.u.dens. multiplied by a volume ratio 1.34888/1.10336'

\ '/
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'sing.unit.density= (den.mult)(min.den.)`
' for arbmh20k = 1.012373*0.51655, for rest-= 1.012373*0.34438'
'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3 = (28316.84.cm3/ft3)(108.33l88'lb)/(22.464 lb/ft3)'
arbmh2ok 0.52294 2 0 0 0 1001 "11.1913

¢:8016 :88.8087 12 1 293 end
arbmal2o3 0.34864 2 0 0 0 13027 52.9390

8016 47.0610 12 0.096 293 end
arbmsio2 0.34864 2 0 0 0 14000 -46.7570

-- 8016:- 53.2430 12 0.367 293 end
arbmfe2o3 0.34864 -2 0 0 0 L26000 69.9540

--'-8016 30.0460 12 0.067 293 end
arbmtio2 0.34864 2 0 0 0 22000 59.9535

.8016-::40.0465: 12 0;012' -293 end
arkmcao 0.34864 2 0 0 0 20000 71.48151

8016 28.5185' 12 0.307 293 end
arbmngo 0.34864 2 0 0 0 12000., 60.3169

8016 _- 39.6831T 12 0.131 *293 end
arbmna2o 0.34864 2 0 0 0 11023' 74.1961-

8016 25.8039 12 0.020 293 end
'kaolite 1600 top plug' --- .
'sing.unit.density= (den.mult)(min.den.)'
' for arbmh20k = 0.965246*0.51655, for rest = 0.965246*0.34438'
'den.mult= 1.21592e4 cm3 (actual vol.) I/ 1.25970e4 cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arblmh2ok U.4Yvub z U U U

arbmal2o3

arbmsio2

arbmfe2o3

arbmtio2

arbmcao

arbmmgo

arbmna2o

'silicone
arbms iru

0.33241 2 0 0 0

0.33241 2 0 0 0

0.33241 2 0 0 0

0.33241 2 0 0 0

0.33241 2 0 0 0

0.33241 2 0 0 0

0.33241 2 0 0 0

rubber pads'
1.21791 4 0 0 0

1

1

.2

2

.2

1

.-'I

I*

1001 I.1.913-
8016 88.8087- 13 1 293
L3027 52.9390
8016 '47.0610 13 0.096 *293
4000 46.7570
8016 -53.2430 13' 0.367 293
6000. 69.9540
8016 30.0460 13 0.067 293
2000 59.9535'
8016 '40.0465 13 0.012 293
0000 '-:71.4815 i :
8016 -28.5185 13 0.307 293
2000 60.3169
8016 39.6831 13 0.131 293
1023 - 74.1961
8016 25.8039 "13 0.020 293

end

end

end

end

end

end

end

end

6012
1001
8016
4000

' 32.3767 -"'
8.1573: -

. 21.5782
317.8878 `14'
ssel' I_--

1.'0 293 -end'
'void space external to containment ves
arbmwecv 0.9982 2 0 0 0 1001 1

8016
'steel: liner'
ss304 - ,: ^
'steel: plug cover (pc) use-9.907 lb'
ss304
'steel: angle iron (ai) for single unit
ss304
'steel: angle iron (ai) for arrays' -

L1.1913
88. 8087 -- --15 1 - -

'16'- 1.0
. 17 1 0I3

. 17 1. 063 88
:S I r r ' ' - ;

293

293:

293.. ;1

end

end

end

: 18 1.0 293 ' end

'array density is multiplied by a volume fraction 7.08030/5.63249'
'ss304 ' '-- 18 1.25705 293 end
'steel: drum steel for single units'."" -'
ss304 ' , -' 19 1.0 293" end
'steel: drum steel for arrays' -. c- i
'array density is multiplied by a volume fraction 3.20482/3.20544'
'ss304 - - '. -. 19 0.99981'293 end
'void space external to drum' --
'array density is multiplied by a volume ratio'8.11698/6.98323'
'arbmwed 1.16235 2 0 0 0 .1001.-- '11.1913'

8016 88.8087 20 1 293 end
'reflective water' - :
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arbmh20r 0.9982 2 0 0 0 1001 11.1913
8016 88.8087 21 1.0 293 end

end comp
nbsrcy 3cyl,0.Oin thk np,l8000.OgU(18000.0g235,
read parameters nub=yes npg=2500 gen=215 nsk=15
read boun all=vac
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.105 in. at top
'cylinder 19 1 24.587200 0.26670 0.0
cylinder 19 1 23.329900 0.26670 0.0
cuboid 21 1 4p24.587200 0.26670 0.0

unit 1002
'above drum bottom flat cover and below contain:

9241.8gH20,hx= 13.40),fr=l.Oe+00
tme=100 end parameters
end boun

of unit]'
com='extended radius not used'
com='drum bottom flat cover'
com='drum chine outer radius'

ment vessel [Elev= 4.670 in.]'
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1003
'bottom of
. 4.11480
' 5.99639
I 0.63550

15
14
16
11
16
12
19
21

1
1
1
1
1
1
1
1

3. 175000
7.924800
8.077200

10.922000
11.074400
23.177500
23.329900

4p24.587200

11.59510
11.59510
11.59510
11.59510
11.59510
11.59510
11. 59510
11.59510

11.16330 com='void in pad-i'
11.16330 com='pad-1'
11.16330 com='np277_4 liner'
11.16330 com='np277_4'
10.85850 com='kaolite liner bottom'
0.0 com='kaolite'
0.0 com='drum'
0.0 com='drum chine outer radius'

cv to bottom of 1st step [Elev=35.270 in.]'
radius of cylinder'
height of HEU cylinder'
axial location of cylinder 1'

array 1 -4.361180 -4.361180 0.63550
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1004
'cylinder
cylinder
cuboid

unit 1005
'cylinder
2.99820
cylinder
cuboid
cuboid

unit 1006
'cylinder
cylinder
cuboid
cuboid
unit 1010
'cv at 1st
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1011
'vertical
cylinder
cylinder
cylinder
cylinder
cylinder

3
8
15
16
11
16
12
19
21

1 6.426200
1 6.680200
1 7.924800
1 8.077200
1 10.922000
1 11.074400
1 23.177500
1 23.329900
1 4p24.587200

77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400

0. 63500
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='stack in cv'
com='cv well cavity'
com='cv below 1st step'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='cylindrical content'
com='void space in cv'

)P'

content, -- spacerless'
1 1 4.114800 2p 2.99820
3 1 4p4.361180 2p 2.99820

content, -- cylinder plus spacer on tc
half thickness of cell'

1 1 4.114800 2p 2.99820
3 1 4p4.361180 2p 2.99820
2 1 4p4.361180 2.99820 -2.9982CI

com='cylindrical
com='void space
com='sngl-end np

content, -- cylinder plus spacer on
1 1 4.114800 2p 2.99820
3 1 4p4.361180 2p 2.99820
2 1 4p4.361180 2.99820 -2.99E

bottom'
com='cylindrical
com='void space

320 com='sngl-end np

content'
in cv'
spacer'

content'
in cv'
spacer'

step
3 1
8 1
15 1
16 1
12 1
19 1
21 1

in liner [Elev=35.330 in.]'
6.426200 0.15240 0.0
6.680200 0.15240 0.0
7.924800 0.15240 0.0
11.074400 0.15240 0.0
23.177500 0.15240 0.0
23.329900 0.15240 0.0

4p24.587200 0.15240 0.0

com='cv well cavity'
com='cv at 1st step'
com='void btw cv and liner'
com='liner 1st step'
com='kaolite'
com='drum'
com='drum chine outer radius'

flange [Elev=35.420 in.]'
com='cv well cavity'
com='cv at gap btwn step-flng'
com='void btw cv and liner'
com='liner wall'
com='kaolite'

gap
3
8
15
16
12

between 1st step
1 6.426200
1 6.680200
1 10.922000
1 11.074400
1 23.177500

in liner
0.22860
0.22860
0.22860
0.22860
0.22860

and cv
0.0
0.0
0.0
0.0
0.0
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cylinder 19
cuboid 21

unit 1012
'cv flange to
cylinder 3
cylinder 9
cylinder 15
cylinder 14
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 21

unit 1013
'cv flange ab
cylinder 10
cylinder 15
cylinder 14
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 21

unit 1014
'plugpad2 bel(
cylinder 14
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 21

unit 1015
'2nd step in
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 21

unit 1016
'abv 2nd step
cylinder 13
cylinder 17
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 21

unit 1017
'bottom of anc
cylinder 13
cylinder 17
cylinder 15
cylinder 16
cylinder 18
cylinder 12
cylinder 19
cuboid 21

1 23.329900 0.22860 *-O0.0.
1 4p24.587200 . 0.22860 0.0.

to
1
1
1
1
1
1
1
1
1

1p of cv well
6.426200
9.525000
9.525000
10.033000
10.922000
11.074400
23.177500
23. 329900

4p24.587200

[Elev=35.920 in.)
1.27000
1.27000
1.27000
1.27000
1.27000

. 1.27000
1.27000
1.27000
1.27000

0.0
0.0
0.0
0.0
0.0
0.0

.0.0*
'0.0
0.0

WCE
1
1
1
1
1
1
1
1

1w
1
1
1
1
1

B cv well [Elev=37.070 in.]'
9.525000
9.525000
10.033000
10.922000
11.074400
23.177500
23.329900

4p2 4 .587200

2.92100 0.0
2.92100 0.0
2.92100 0.0
2.92100 .0.0-
2.92100 0.0
2.92100 0.0
.2.92100 0 .0r,
2.92100 .0.0

[Elev=37.470 in
0.76200 0.0
1.01600 0.0
1.01600 0.0.
1.01600 0.0
1.01600 0.0
1.01600 0.0

com=='drum'
com='drum chine outer radius'

com='cavity'
com='flange to top of well'
com='void btw cv and pad-2'
com='pad-2' - - -
com='void btw cv and liner'
com='liner wall'.
com='kaolite'
com='drum'
com='drum chine outer radius'

com='flange above cv well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw pad2 -and liner'
com='liner wall'
com='kaolite'
com= 'drum'
com='drum chine outer radius'

com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com='drun'
com='drum chine outer radius'

com='void abv pad2' - ,
com='liner 2nd step'
com='kaolite'
com='drum'
com='drum chine outer radius'

liner 2nd step
10.033000
10.922000
11.074400
23.177500
23.329900

4p24.587200

Liner [Elev=37.530 in.]' :-
1 10.922000 0.15240 0.0
1 18.757900 0.15240 0.0
1 23.177500 0.15240 0.0-
1 23.329900 0.15240 ;; 0.0
1 4p24.587200 0.15240 0.0

in
1
1
1
1
1
1
1

1gl

1
1
1
1
1
1
1

t liner to bottom of aingl'e1iron [Elev=40.750 in.]'
18.097500 8.17880 0.49276 com='plug kaolite'
18.249900 8.17880 0.34036 com='sides of plug case'
18.605500 8.17880 0.0 com='void: plug to liner'
18.757900 8.17880 0.0 - com='liner wall'
23.177500 8.17880 0.0 - . com='kaolite'
23.329900 8.17880 0.0.- com='drum'

4 p24 .58720 0 8.17880 0.0-. com='drum chine outer radius'

t iron to bend
18.097500
18.249900,
18.605500
18.757900
19.392900
23.177500
23.329900

4p24.587 200

in angle
4.44500
4.44500
4.44500
4.44500
4.44500
4.44500
4.44500

-..4.44500

iron [Elev=42.500 in.]'
0.0,- com='plug kaolite'

com='sides-of plug case'
0.0 -r com=',void: plug to liner'
0.0 - :-com='liner wall'
0.0 com='lower angle iron'
0.0 com='kaolite'
0.0 com='drum' -
0.0 com='drum chine outer radius'

unit 1018
'bend in angle iron to top ofangle iron (Elev=42.750 in.]'
cylinder 13 1 18.097500.> 0.11176. 0.0... com='plug kaolite'
cylinder .17 1 18.249900: 0.26416 .0.0g com='sides of plug case'
cylinder '1i 1 18.605500 0.63500V 0.0 ..com='void:.plug to~liner'
cylinder 16 1 18.757900 0.63500 0.0 .com='.liner wall'
cylinder 18 1 23.177500 0.63500,- 0.0. * com='bend section of ai'
cylinder 19 1 23.329900 0.63500 0.0 com='drum'

I cuboid 21 1 4p2 4 .58720 0  0.63500 .0.0 ;com='drum chine -outer radius'
unit 1019 , -.

'drum lid and lip [Elev=43.500 in.]' ,1,
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I

cylinder 21 1 22.961600 1.90500 0.15240 com='void above lid'
cylinder 19 1 23.114000 1.90500 0.0 com='drum lid'
cylinder 21 1 23.177500 1.90500 0.0 com='void btw lid - drum wall'
cylinder 19 1 23.329900 1.90500 -0.0 com='drum'
cuboid 21 1 4 p24.587200 1.90500 0.0 com='drum chine outer radius'

global
unit 1020
'es31OO drum [Elev=43.500 in.]'
array 2 2r-24.587200 0.0
'cuboid 0 1 4p24.587200 110.4900 0.0 com='bare package'
cuboid 21 1 4p55.067200 140.9700 -30.48 com='reflected package'
'cuboid 20 1 4p22.88 9718 110.5048 0.0 com='interstital array space'
'global
'unit 1021
'array 3 3rO.O
'reflector 21 2 6r3.0 10
end geometry
read array
ara=l nux=l nuy=l nuz=3 fill 1005 1004 1006 end fill
ara=2 nux=l nuy=l nuz=13 fill
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019 end fill
'ara=3 nux=13 nuy=13 nuz=06 fill f1020 end fill
end array
'read bias id=500 2 11 end bias
read start nst=O
end start
end data'
end

=csas25 parm=size=3000000
hbsrsq, O.Oin thk np,36000.OgU(36000.0g235, 8286.7gH20
238groupndf5 infhommedium
'HEU wrapped dry content can hx=0.28'
uranium 1 den=18.81109 1.0 293 92235 100.00

92238 0.000

hx= 6.01),fr=1.Oe+00

end
'np277-4: spacer'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 1001 4.6190

5000 4.2330
6012 1.5060
8016 59.9960

11023 0.1300
12000 0.3860
13027 21.1600
14000 1.3200
16000 0.1500
20000 6.1800
26000 0.3200 2 1.0000 293 end

'flooded containmment vessel and content cans -- 10 CFR 71.55(d)(3)'
arbmwicv 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 3 1.0 293 end
'steel: containment vessel body 16.60 lb but use 15.74 lb'
ss304 8 1.0 293 end
'steel: cv flange lower use 3.36 lb'
ss304 9 0.97267 293 end
'steel: cv flange upper use 13.75 lb'
ss304 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 (4.6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wts for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877 =(density) (sumTi/100.0)I
'density = 1.6800 = (den.mult)(min.den.) = 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3) (453.59 g/lb)/(28316.84 cm3/ft3)'
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'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337
11023 0.2386
12000 0.7083
13027 ?38.8302
14000 2.4223
16000 L- 0.2753
20000 *11.3408
26000 0.5872 11 1.0000 '293

arbmnph2o 0.6942 2 0 0 0 1001 11.1913
8016 88.78087 11 -0.9000 293

end

end

end

'array densities are s.u.dens. multiplied by.a volume ratio 1.34888/1.10336'
'sing.unit.density= (den.mult)(min.den.)'
* for arbmh20k = 1.012373*0.51655, for rest - 1.012373*0.344381
'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual'vol.= 1.36557e5 cm3'- (28316.84 cm3/ft3)(108.33188 lb)/(22.464 lb/ft3)'
'nct vol.=1.34888e5 cm3' <-

'hac.s.u.dens= (hac.mult)(nct.den)'
' for arbmh2ok = 1.20172*0.52294, for rest = 1.20172*0.348641
'hac.mult= 1.34888e5 cm3 (nct vol.)/ 9.84895e4 cm3 (model vol.)'
arbmh2ok 0.62843 2 0 0 0 1001 -11.1913 --

8016
arbmal2o3 0.41897 2 0 0 0 13027

8016
arbmsio2 0.41897 2 0 0 0 14000

.~ 8016
arbmfe2o3 0.41897 2 0 0 0 26000

8016
arbmtio2 0.41897 2 0 0 0 22000

8016
arbmcao 0.41897 2 0 0 0 20000

8016
arbmmgo 0.41897 2 0 0 0 12000

8016
arbmna2o 0.41897 2 0 0 0 11023

8016

-88.8087 12 1
-52.9390

47.0610' 12 0.096
46.7570

- 53.2430' 12 0.367
69.9540 ;
30.0460 12 0.067
59'.9535-
40.0465 12, 0.012
71.4815 - ,
28.5185 12 0.307

- 60.3169
39.6831 12- 0.131
74.1961
:25.839-12: ,0.020

293 end

293 -end

293 end

293 end

293 end

293 end

293 *end

293 end
'kaolite 1600 top plug' ' - - I
'sing.unit.density= (den.mult)(min.den.)' "- -
I for arbmh20k = 0.965246*0.51655, for rest - 0.965246*0.344381 -

'den.mult= 1.21592e4 cm3 (actual vol.) / 1.25970e4 cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3--= (28316.84'cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0 0 0 1001

--8016
arbmal2o3 0.33241 2 0 0 0 13027

:8016
arbmsio2 0.33241 2 0 0 0 14000

8016
arbmfe2o3 0.33241 2 0 0 0 26000

8016
arbmtio2 0.33241 2 0 0 0 22000

8016
arbmcao 0.33241 2 0 0 0 *20000

8016
arbmmgo 0.33241 2 0 0 0 12000

8016
arbmna2o 0.33241 2 0 0 0 11023

... , ,, ., e ,, , _ , . . . .

11.1913

88.8087,
52.9390
47.0610
746.7570
53.2430

--69.95407
30.0460
59.9535
40.0465
-71.4815
28.5185
60.3169
39. 6831'
74.1961:

13 1

13 0.096

293 end

293 end

293 -end

293 end

13

13

13

13

13

0.367

0.067

0.012

0.307

-0.131

293

293

293

293

end

end

end

end

. C

:8016 --25.8039 13 0.020
'silicone rubber pads'
arbmsiru 1.21791 4 0

'void space external to
arbmwecv 0.9982 2 0

0 0 6012 32.3767
1001 8.1573
8016 21.5782 --

14000 37.8878 14 1.0
containment vessel'
0 0 1001 - 11.1913

8016 88.8087 15 1

293 end

293 end
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'steel: liner'
ss304 16 1.0 293 end
'steel: plug cover (pc) use 9.907 lb'
ss304 17 1.06388 293 end
'steel: angle iron (ai) for HAC'
'nct density is multiplied by volume fraction 7.08030/5.74516'
ss304 18 1.23239 293 end
'steel: drum steel for HAC'
'nct density is multiplied by volume fraction 3.20482/2.95645'
ss304 19 1.08401 293 end
'void space external to drum'
'array density is assumed not reduced by hac'
'arbmwed 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 20 1 293 enId
'reflective water'
arbmh2Or 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 21 1.0 293 end
end comp
nbsrsq 3bar,0.Oin thk np,36000.OgU(36000.0g235,
read parameters nub=yes npg=2500 gen=215 nsk=15
read boun all=vac
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.105 in. at top
'cylinder 19 1 21.838092 0.26670 0.0
cylinder 19 1 21.838092 0.26670 0.0
cuboid 21 1 4p21.838092  0.26670 0.0

unit 1002

8286.7gH20,hx= 6.01),fr=l.Oe+00
tme=100 end parameters
end boun

of unit]'
com='extended radius not used'
com='drum bottom flat cover'
com='drum(chine)outer radius'

'above drum bottom flat cover
cylinder 15 1 3.175000
cylinder 14 1 7.924800
cylinder 16 1 8.077200
cylinder 11 1 10.922000
cylinder 16 1 11.074400
cylinder 12 1 21.685692
cylinder 19 1 21.838092
cuboid 21 1 4p21.838092

unit 1003
'bottom of cv to bottom of 1st
2.90960 half lenc

'18.83826 height ol
0.63550 axial loc

array 1 -4.361180 -4.36118(
cylinder 3 1. 6.426200
cylinder 8 1- 6.680200
cylinder 15 1 7.924800
cylinder 16 1 8.077200
cylinder 11 1 10.922000
cylinder 16 1 11.074400
cylinder 12 1 21.685692
cylinder 19 1 21.838092
cuboid 21 1 4p2l.838092

and below
11.59510
11.59510
11.59510
11.59510
11.59510
11.59510
11.59510
11.59510

containment vessel [Elev= 4.670 in.]'
11.16330 com='void in pad-i'
11.16330 com='pad-l'
11.16330 com='np277_4 liner'
11.16330 com='np277_4'
10.85850 com='kaolite liner bottom'
0.0 com='kaolite'
0.0 com='drum'
0.0 com='drum(chine)outer radius'

VJ

t step [Elev=35.270 in.]'
gth-width of block'
f HEU block'
,ation of block 1'

0.63550
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400

0.63500
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='stack in cv'
com='cv well cavity'
com='cv below 1st step'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

com= 'block content'
com='void space in cv'

com='block content'
com='void space in cv'

unit 1004
'block content,
cuboid 1 1
cuboid 3 1

unit 1005
'block content,
1 9.41913
cuboid 1 1
cuboid 3 1
cuboid 2 1

unit 1006
'block content,
cuboid 1 1
cuboid 3 1
cuboid 2 1

unit 1010

-- spacerless'
4p2.909600 2p 9.41913
4p4.361180 2p 9.41913

-- block plus spacer on top'
half thickness of cell'

4p2.909600 2p 9.41913
4p4.361180 2p 9.41913
4p4.361180 9.41913 -9.419

-- block plus spacer on bottom'
4p2.909600 2p 9.41913
4p4.361180 2p 9.41913
4p4.361180 9.41913 -9.419:

13 com='sngl-end np spacer'

com='block content'
com='void space in cv'

13 com='sngl-end np spacer'
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'cv at 1st
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1011
'vertical c
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1012
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1013
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1014
'plugpad2 b
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1015

step
3 1
8 1
15 1
16 1
12 1
19 1
21 1

in liner (Elev=35.330 in.]P.
6.426200 : 0.15240 0 0
6.680200 0.15240 0 0 f

7.924800 0.15240 0.0 t
11.074400 0.15240 0.0
21.685692 0.15240;- 0:0.
21.838092 0.15240 0.0

4p21.838092 0.15240 0.0- <

com='cv well cavity'
com='cv at 1st step'
com='void btwz cv and liner'
com='liner 1st step'
com='kaolite'
com='drum' - - -
com='drum(chine)outer radius'

lap
3
8
15
16
12
19
21

to
3
9
15
14
15
16
12
19
21

between 1st ste
1
1
1
1
1
1
1

6.426200
6.680200

* 10.922000
11.074400
21.685692
21.838092

4p21.838092

p in liner
.- 0.22860
* 0.22860
-0.22860
0.22860
0.22 860

* 0.22860r
* 0.22860

and -c
0 ;, O -
O . .0 !

0;0 L'
0.0
0:0

0.0
' 0.0t

0.0 I

top of cv well
1 -:6.426200
1 9.525000
1 9.525000
1 10.033000
1 10.922000
1. 11.074400
1 21.685692 -
1 21.838092
1 4p21.838092

[Elev=35.920 in.
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000

0 .'0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

above
10 1
15 1
14 1
15 1
16 1
12 1
19 1
21 1

elow
14 1
15 1
16 1
12 1
19 1
21 1

4

cv well [Elev=37.070
9.525000
9.525000

10.033000
10.922000
11.074400
21.685692
.21.838092

4p21.838092

2.92100
2.92100
2.92100
2.92100
2.92100
2.92100
2.92100
2.92100

0n.0'
0.0
0.0
0.0

* 0.0
0.0
0.0

0.0:

v flange.[Elev=35.420 in.]'
com='cv well cavity'
com='cv at gap btwn step-flng'
*com='void btw cv and liner,
com='liner wall'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

com='cavity' - -

com='flange to top of well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw cv and liner'
com='liner wall'
com='kaolite'-
com='drum'
com='drum(chine)outer radius'

com='flange above cv well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw pad2 and liner'
com='lineriwall' -
com='kaolite'

; -com='drum'--
com='drum(chine)outer radius'

n.l'
com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

com='void abv pad2'
com='liner 2nd step'
com='kaolite'

- com='drum' :
.-com='dutim(chine)outer radius'

.. . .

liner 2nd step
10.033000
10.922000
11.074400
21.685692
21.838092

4p21.838092

[Elev=37.470 i:
0.76200 0.0
1.01600 0.0
1.01600 0.0
1.01600 0.0
1.01600 0.0
1.01600 0.0

'2nd step in liner (Elev=37.530-in.]!, ;
cylinder 15 1 10.922000 0.15240 0.0
cylinder 16 1 18.757900 -0.15240,-; 0.0
cylinder 12 1 21.685692 0.15240 0.0
cylinder 19 1. .21.838092 ->0.15240 0.0
cuboid 21 1 4p21.838092 0.15240 0.0

unit 1016 - - -
'abv 2nd step in liner to bottom of angleliron•(Elev=40.750 in.]'
cylinder 13 1 18.097500 8.17880 0.49276 com='plug kaolite'
cylinder 17 1 18.249900 8.17880 0.34036 com='sides of plug case'l
cylinder 15.1 18.605500 '8.17880 .0.0'r\. ~com='void: plug to liner'
cylinder 16 1 18.757900 8.17880 0.,0 i com='liner wall' -I
cylinder 12 1 21.685692 8.17880 0'0Oc, ; com='kaolite'
cylinder 19 1 21.838092 8.17880 0;:0 ; com='drum'
cuboid 21 1 4p21.838092 '8.17880 0.0'? com='drum(chine)outer radius'

I

'bottom of
cylinder
cylinder
cylinder
cylinder

angle
13 1
17 1
15 1
16 1

iron to bend
18.097500
18.249900
18.605500
18.757900

in angle
4.44500
4.44500
4.44500
4.44500

iron [Elev=42.500 in.]'
0.'O *. >com='plug kaolite'
o.0o ' com='sides of plug case'
0.0 com='void: plug to liner'
0.0 .'- com='liner wall'
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cylinder
cylinder
cylinder
cuboid

unit 1018

18
12
19
21

1
1
1
1

19.392900
21.685692
21.838092

4p21.838092

'bend in angle iron to top of
cylinder 13 1 18.097500
cylinder 17 1 18.249900
cylinder 15 1 18.605500
cylinder 16 1 18.757900
cylinder 18 1 21.685692
cylinder 19 1 21.838092
cuboid 21 1 4p21.838092

4.44500
4.44500
4.44500
4.44500

angle iron
0. 11176
0.26416
0. 63500
0. 63500
0. 63500
0.63500
0.63500

0.0
0.0
0.0
0.0

com='lower angle iron'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

[Elev=42.750 in.]'
0.0
0.0
0.0
0.0
0.0
0.0
0.0

corn
corn
corn
corn
corn
corn
corn

unit 1019
'drum lid and lip [Elev=43.500 in.]'
cylinder 21 1 21.469792 1.90500 0.15240 com
cylinder 19 1 21.622192 1.90500 0.0 com
cylinder 21 1 21.685692 1.90500 0.0 com
cylinder 19 1 21.838092 1.90500 0.0 com
cuboid 21 1 4p21.838092 1.90500 0.0 com

global
unit 1020
'es3100 drum [Elev=43.500 in.]'
array 2 2r-21.838092 0.0
'cuboid 0 1 4p21.838092 110.4900 0.0 com
cuboid 21 1 4p52.318092 140.9700 -30.48 com
'cuboid 20 1 4p21.838092 110.4900 0.0 com
'global
'unit 1021
'array 3 3rO.O
'reflector 21 2 6r3.0 10
end geometry
read array
ara=l nux=1 nuy=1 nuz=3 fill 1005 1004 1006 end fill
ara=2 nux=l nuy=1 nuz=13 fill
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019 e
'ara=3 nux=13 nuy=13 nuz=06 fill f1020 end fill
end array
'read bias id=500 2 11 end bias
read start nst=O
end start
end data
end

='plug kaolite'
='sides of plug case'
='void: plug to liner'
='liner wall'
='bend section of ai'
='drum'
='drum(chine)outer radius'

='void above lid'
='drum lid'
='void btw lid - drum wall'
='drum'
='drum(chine)outer radius'

='bare package'
='reflected package'
='interstital array space'

nd fill

=csas25 parm=size=3000000
nbiaox 1.Oin np,disp.24000.OgUO2 (21124.9g235, 6148.1gH20 hx=
238groupndf5 infhommedium
'HEU oxide, bulk density of oxide in cans= 6.54000 g/cm3'
'wrapped dry content can hx=0.47'
'oxide= 24000.0 g, sat. moisture in HEU oxide=1477.3 g, oxide
arbmuox 6.54000 2 0 0 0 92235 88.0203

8016 11.9797 1 1.0000 2'
arbmastm 4.0256e-01 2 0 0 0 1001 11.1913

8016 88.8087 1 1.0000 2'

9.42),fr=l.Oe+00

htox= 1.83'

93 end

93 end
'np277-4: spacer'
'min.den.= 1.6819
arbm2774s 1.6819

= (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
11 0 0 0 1001 4.6190

5000 4.2330
6012 1.5060
8016 59.9960
11023 0.1300
12000 0.3860
13027 21.1600
14000 1.3200
16000 0.1500
20000 6.1800
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.26000 0.3200 2 1.0000 293 end
'flooded containmment vessel and content cans -- 10 CFR 71.55(d) (3)'
arbmwicv 9.3926e-0l 2 .0 0 0 i-.1001 :11.1913

8016 88.8087 . 3 1.0 293 end
'steel: containment vessel body 16.60. 1b but use 15.74 lb'
ss304 - 8 1.0. 293 end
'steel: cv flange lower use 3.36 lb'
ss304 9 0.97267 293 end
'steel: cv flange upper use 13.75 lb' --
ss304 ; ; 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 :(4.6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wt%s for 10 remaining consistituents."-:
'density is normalized by 100.0/sumTi.; 0.9877. =(density)(sumTi/l00.0)'
'density = 1.6800 = (den.mult)(min.den.) = 0.99889*1.6819 where'
'den.mult 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293 end
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337
11023 0.2386
12000 0.7083
13027 .38.8302
14000 2.4223
16000. !:0.2753-
20000 11.3408
26000 0.5872 11 1.0000 293 end

arbmnph2o 0.6942 2 0 0 0 1001- 11.1913- -
8016 88.8087 11 1.0000 293 end

'kaolite 1600 body' -
'array densities are s.u.dens. multiplied by a volume ratio 1.34888/1.10336'
'sing.unit.density= (den.mult)(min.den.)';:5; ............................-
' for arbmh2Ok = 1.012373*0.51655, for rest-=-1.012373*0.34438'
'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3.=,(28316.84 cm3/ft3)(108.33188-1b)/(22.464 lb/ft3) -
arbmh2ok 0.63931 2 0-0-0 1001 ;!11.1913:- - -

8016 r, 88.8087 12 0.0287 -293 end
arbmal2o3 0.42622 2 0 0 0 13027 52.9390

8016 47.0610 12 0.096 293 end
arbmsio2 0.42622 2 0 0 0 14000 . 46.7570.- - - .

8016 :--53.2430. 12 0.367 293 end
arbmfe2o3 0.42622 2 0 0 0 -26000---...-.69.9540r

.8016 . -30.0460: 12 0.067 293 end
arbmtio2 0.42622 2 0 0 0 22000 59.9535

8016 2 40.0465 12 0.012 293 end
arbmcao 0.42622 2.0 0 0 20000.--: -71.4815 : :

8016 ;-28.5185 12 0.307 293 end
arbmmgo 0.42622 2 0 0 0 12000 :2:60.'3169 7 . : :

--8016 , 39.6831 12 0.131 293 end
arbmna2o 0.42622 2 0 0 0 :11023 :.74.1961 A . :

8016 --,-25.8039 12 0.020 293 end
'kaolite 1600 top plug' : . .

'sing.unit.density= (den.mult)-(min.den.)' . - --:
for arbmh20k = 0.965246*0.51655, for rest = 0.965246*0.34438'

'den.mult= 1.21592e4 cm3 (actual vol.):/,1.25970e4 cm3 (model volj.)'
'actual vol.= 1.21592e4-cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0.0 0 ;- 1001 ::c.111.1913 .

.- 8016 :88.8087. 13 0.0287 293 end
arbmal2o3 0.33241 2 0 0 0 13027 .52.9390.2 --

8016 -47.0610 ' 13. 0.096 293- end
arbmsio2 0.33241 2 0 0 0 14000 .-46.757.0:

.-- 8016 53.2430 13 0.367 293 end
arbmfe2o3 0.33241 2 0 0 0. 26000 r 69.9540. -

8016 -i.30.0460. 13 0.067 293 end
arbmtio2 0.33241 2 0 0 0. 22000 - 59.9535.;
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arbmcao 0.33241 2 0 0 0

arbmmgo 0.33241 2 0 0 0

arbmna2o 0.33241 2 0 0 0

8016
20000
8016

12000
8016

11023
8016

'silicone rubber pads'
arbmsiru 1.21791 4 0

'void space external to
arbmwecv 0.9982 2 0

40. 0465
71.4815
28.5185
60.3169
39. 6831
74. 1961
25. 8039

32.3767
8. 1573

21.5782
37. 8878

vessel'
11. 1913
88. 8087

13 0.012 293 end

13 0.307 293 end

13 0.131 293 end

13 0.020 293 end

0 0 6012
1001
8016
14000

containment
0 0 1001

8016

14 1.0 293 end

15 1 293 end
'steel: liner'
ss304 16 1.0 293 end
'steel: plug cover (pc) use 9.907 lb'
ss304 17 1.06388 293 end
'steel: angle iron (ai) for single units'
'ss304 18 1.0 293 end
'steel: angle iron (ai) for arrays'
'array density is multiplied by a volume fraction 7.08030/5.63249'
ss304 18 1.25705 293 end
'steel: drum steel for single units'
'ss304 19 1.0 293 end
'steel: drum steel for arrays'
'array density is multiplied by a volume fraction 3.20482/3.20544'
ss304 19 0.99981 293 end
'void space external to drum'
'array density is multiplied by a volume ratio 8.11698/6.98323'
arbmwed 1.16026 2 0 0 0 1001 11.1913

8016 88.8087 20 1 293 end
'reflective water'
'arbmh20r 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 21 1.0 293 end
end comp
nbiaox 1.Oin np,disp.24000.0gUo2 (21124.9g235, 6148.1gH20,hx= 9.42),fr=1.Oe+00
read parameters nub=yes npg=2500 gen=215 nsk=15 tme=100 end parameters
read boun all=specular end boun
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.111 in. at top of unit]'
'cylinder 19 1 22.866096 0.28150 0.0 com='extended radius not used'
cylinder 19 1 21.722275 0.28150 0.0 com='drum bottom flat cover'
cuboid 20 1 4p22.866096 0.28150 0.0 com='drum chine outer radius'

unit 1002
'above drum bottom flat cover and below containment vessel [Elev= 4.676 in.]'
cylinder 15 1 3.175000 11.59510 11.16330 com='void in pad-l'
cylinder 14 1 7.924800 11.59510 11.16330 com='pad-1'
cylinder 16 1 8.077200 11.59510 11.16330 com='np277_4 liner'
cylinder 11 1 10.922000 11.59510 11.16330 com='np277_4'
cylinder 16 1 11.074400 11.59510 10.85850 com='kaolite liner bottom'
cylinder 12 1 21.555075 11.59510 0.0 com='kaolite'
cylinder 19 1 21.722275 11.59510 0.0 com='drum'
cuboid 20 1 4p22.866096 11.59510 0.0 com='drum chine outer radius'
unit 1003
'bottom of
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

cv
3
1
8
15
16
11
16
12
19
20

to
1
1
1
1
1
1
1
1
1
1 4

bottom of 1st step [Ele
6.426200 77.72400
6.426200 77.72400
6.680200 77.72400
7.924800 77.72400
8.077200 77.72400
10.922000 77.72400
11.074400 77.72400
21.555075 77.72400
21.722275 77.72400

p22.866096 77.72400

.v=35.276 in.]'
28.92123 com='cavity abv HEU'
0.63500 com='HEU content'
0.0 com='cv below 1st step'
0.0 com='void btw cv-np liner'
0.0 com='np277_4 liner'
0.0 com='np277_4'
0.0 com='kaolite liner'
0.0 com='kaolite'
0.0 com='drum'
0.0 com='drum chine outer radius'
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unit 1010
'cv at 1st
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1011
'vertical 5
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1012
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1013
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1014
'plugpad2 h
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1015

step
3 1
1 1
8 1
15 1
16 1
12 1
19 1
20 1

in liner 2[Elev=35.336 in.]'
-6.426200

6.426200
6.680200
7.924800
11.074400
21.555075
21.722275

4p22.866096

lap
3
1
8
15
16
12
19
20

between 1st step
1 6.426200
1 6.426200
1 .6.680200
1 10.922000
1 11.074400
1 21.555075
1 21.722275
1 4p22.866096:

.0.15240
0.15240
0.15240
0.15240
0.15240
0.15240
0.15240
0.15240

in liner
0.22860
0.22860
0.22860
0.22860
0.22860
0.22860
0.22860
0.22860

0.00000 com='cavity abv HEU'
O.0- com-r'HEU content' --

0.0 com-'cv at 1st step'
0.0 com-'void btw cv and liner'
0.'0 com='liner 1st step'
0.0 com='kaolite'
0.0 com='drum'
0.0A com='drum chine outer radius'

and cv flange [Elev=35.426 in.]'
0.00000 com='cavity abv HEU'
0.0 - com='HEU content'
0.0 com='cv at gap btwn step-flng'
0.0 com='void btw cv and liner'
0.10 com='liner wall' -
0.0 com='kaolite'
0.0 com='drum' -
-0.0.- com='drum chine outer radius'

to tc
3 1
1 1
9 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

above
10 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

below
14 1
15 1
16 1
12 1
19 1
20 1

)p of cv well
6.426200

-6.426200
9.525000
9.525000
10.033000
10.922000
11.074400
21.555075:
21.722275
,p22.866096

[Elev=35.926 in.]'
1.27000 0.0000O
1.27000 0.0
1.27000 0.0
1.27000 0.0
1.27000 0.0
1.27000 0.0
1.27000 0.0;
1.27000 0.0>
1.27000 0;0O
1.27000 0.0

I :..

cv well [Elev=37.076 in.]'
9.525000 2.92100 0.0
9.525000 2.92100 0.0

10.033000 2.92100 0.0
10.922000 2.92100 0.0
11.074400 2.92100 0.0
21.555075 2.92100 0.0
21.722275 2.92100 0.0!

4p22.866096 2.92100 0.0

)com='cavity abv HEU'
com='HEU content'
com='flange to top of well'
com='void btw cv and pad-2'
com='padL2-
com='void btw cv and liner'

-com='liner wall'
com='kaolite' -
-com='drum'
com='drum chine outer radius'

com='flange above cv well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'-
com=Idrum -I

com='drum chine outer radius'

com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com= 'drum'
com='drum chine outer radius'

liner 2nd step
10.033000
10.922000
11.074400
21.555075
21.722275

4p22.866096

[Elev=37.476 in.'
0.76200
1.01600
1.01600
1.01600
1.01600
1.01600

.. . .. .

0.0
0.0
0.0
0.0
0.0
0.0

r.(: .

'2nd step in ]
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1016
'abv 2nd step
cylinder 13
cylinder 17
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

Liner (Elev=37.536 in.]'
1 10.922000 :0.15240
1 18.757900 . 0.15240
1 21.555075 0.15240
1 21.722275 0.15240
1 4p22.866096 0.15240

0.0. :com='void abv pad2'
'0.0.- com='liner 2nd-step'
0.0 com='kaolite' - -

0.0 com='druim'
0.0 'com='drum chine outer iadius'

in liner to bottom of angle iron'- [Elev=40.756 in.]'
1 18.097500 8.17880 0.49276rcom='plug kaolite'
1 18.249900: 8.178802 0.34036 com='sides of plug case'
1 18.605500 8.17880 0.0:- com='v6id: plug to liner'
1 18.757900 -8.17880 0.0 tcom='liner wall'
1 21.555075 8.17880 0.0 com='kaolite'
1 21.722275 8.17880 10:0.0 com='drum'
1 4p22.866096 8.17880 0.0' .--com='drum chine outer radius'

unit 1017 . '
'bottom of angle iron to bend in angle iron [Elev=42.506 in.]'
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cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1018

13
17
15
16
18
12
19
20

1
1
1
1
1
1
1
1

18.097500
18.249900
18.605500
18.757900
19.392900
21.555075
21.722275

4p22.866096

4.44500
4.44500
4. 44500
4. 44500
4. 44500
4.44500
4. 44500
4.44500

angle iron
0. 11176
0.26416
0.63500
0. 63500
0. 63500
0. 63 500
0. 63500

0.0
0.0
0.0
.0.0
0.0
0.0
0.0
0.0

com='plug kaolite'-
com='sides of plug case'
com='void: plug to liner'
com='liner wall'
com='lower angle iron'
com='kaolite'
com='drum'
com='drum chine outer radius'

'bend in angle iron to top of
cylinder 13 1 18.097500
cylinder 17 1 18.249900
cylinder 15 1 18.605500
cylinder 16 1 18.757900
cylinder 18 1 21.555075
cylinder 19 1 21.722275
cuboid 20 1 4p22.866096

[Elev=42.756 in.]'
0.0 com='plug kaolite'
0.0 comt='sides of plug case'
0.0 com='void: plug to liner'
0.0 com='liner wall'
0.0 com='bend section of ai'
0.0 com='drum'
0.0 com='drum chine outer radius'

unit 1019
'drum lid and lip [Elev=43.512 in.P'
cylinder 20 1 21.330090 1.91973 0.16720
cylinder 19 1 21.497290 1.91973 0.0
cylinder 20 1 21.555075 1.91973 0.0
cylinder 19 1 21.722275 1.91973 0.0
cuboid 20 1 4p22.866096 1.91973 0.0
global
unit 1020
'es31OO drum [Elev=43.512 in.]'
array 2 2r-22.866096 0.0
'cuboid 0 1 4 p24.587200 110.4900 0.0
'cuboid 21 1 4p55.067200 140.9700 -30.48
cuboid 20 1 4p22.866096 110.5197 0.0
'global
'unit 1021
'array 3 3rO.O
'reflector 21 2 6r3.0 10
end geometry
read array
ara=2 nux=1 nuy=l nuz=13
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019
'ara=3 nux=13 nuy=13 nuz=06 fill f1020 end fill
.end array
'read bias id=500 2 11 end bias
read start nst=O
end start
end data
end

com='void above lid'
com='drum lid'
com='void btw lid - drum wall'
com='drum'
com='drum chine outer radius'

com='bare package'
com='reflected package'
com='interstital array space'

I

fill

end fill

=csas25 parm=size=3000000
ibiaunhc l:Oinnp,disp. 6000.OgUNHc( 2825.8g235, 8500.2gH20 hx=140.41),fr=l.Oe-04
238groupndf5 infhommedium
'U(enr)02(N03)2+6H20 [2.81 g/cc for U(nat)], gU/L= 175.7800 dispersed'
'UNH crystals in cans 2.79329 g/cm3. wrapped dry content can hx=3.53'
'UNHc in cv 3668.49250 g.'
'water in cv 8500.22749 g.'
arbmunh 2.79329 5 0 0 0 92235 47.0962

92238
1001
7014
8016
1001
8016

0. 0000
2.4232
5.6116

44. 8690
11.1913
88. 8087

arbmh2oc 0.99820 2 0 0 0
1 0.12856 293 end

1 0.83360 293 end
'np277-4: spacer'
'min.den.= 1.6819 = (105 lb/ft3) (453.59 g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 1001 4.6190

5000 4.2330
6012 1.5060

6-196

YnY717Ch-(ES3 I00HEU SAR.'pc/2.25-05



8016 , 59.9960
.11023 0.1300
12000 0.3860

-,13027 21.1600
14000 1.3200
16000 0.1500
20000 6.1800
26000 0.3200

'flooded containment vessel and content cans --
arbmwicv 9.9820e-01 2 0 0 0 1001 (:11.1913-

8016 88.8087
'steel: containment vessel body 16.60 lb but'use
ss304 ,
'steel: cv flange lower use 3.36 lb' -
ss304

2 1.0000 293 end
10 CFR 71.55(d) (3)'

3 1.0.
15.74 lb'
8 1.0.

293 end

293 end

9 0.97267 293 end
'steel: cv flange upper use 13.75.1b' ; -
ss304 ,- 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 (4.6190wt%) removes 0-(36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wt%s for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877 =(density)(sumTi/l00.0)'
'density = 1.6800 = (den.mult)(min.den.) - 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3,(model vol.)'-
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293 end
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337
11023 0.2386
12000 0.7083
13027 38.8302 -
14000 2.4223
16000 C.-0.2753
20000 11.3408

- 26000 0.5872 11 1.0000 293 end
arbmnph2o 0.6942 2 0 0 0 1001 11.1913 -

8016 .88.8087 11 0.9000 293 end
'kaolite 1600 body'
,array densities are s.u.dens. multiplied by a volume ratio 1.34888/1.10336'
'sing.unit.density= (den.mult)(min.den.)'
for arbmh20k = 1.012373*0.51655, for rest 1.012373*0.34438'

'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3 = (28316.84 cm3/ft3)(108.33188,1b)/(22.464 lb/ft3)'

'hac.s.u.dens= (hac.mult)(nct
' for arbmh2ok = 1.20172*0.52
'hac.mult= 1.34888e5 cm3 (nct
arbmh2ok 0.62843. 2 0 0 0

arbmal2o3 0.41897 2 0 0 0

arbmsio2 0.41897 2 0 0 0

arbmfe2o3 0.41897 2 0 0 0

arbmtio2 0.41897 2 0 0 .0

arbmcao 0.41897 2 .0 0 0

arbmmgo 0.41897 2 0 0 0

arbmna2o 0.41897 2 0 0 0

..den)'
294, for rest - 1.20172*0.34864'
vol.)/ 9.84895e4 cm3 (model vol.)'.
1001 ,.11.1913
8016 88.8087 12 0.0287 293 end

13027 c52.9390

8016 , 47.0610 .12 0.096 .293- end
i14000 46.7570
8016 53.2430 12 0.367 293 end

26000 69.9540
8016, 30.0460 12 0.067 293 end
22000 59.9535 -
8016 .:' 40.0465 ; 12 -0.012 293 end

20000 _-r.71.4815
8016 28.5185 12 0.307 293 end
12000 60.3169 ..
8016 39.6831 12 0.131 293 end

11023 74.1961 ,
-.8016 25.8039 , 12 0.020 293 end

'kaolite 1600 top plug'. ...-- ,-,- I
fsing.unit.density= (de05 .mult)(min.den.)51' f ,, ,, ,,-

' for arbmh20k = 0.965246*0.51655, for rest-,-,0.965246*0.34438'-
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'den.mult= 1.21592e4 cm3 (actual vol.) / 1.25970e4 cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0 0 0 1001 11.1913

8016 88.8087 13 0.0287 293 end
arbmal2o3 0.33241 2 0 0 0 13027 .52.9390

8016 47.0610 13 0.096 293 end
arbmsio2 0.33241 2 0 0 0 14000 46.7570

8016 53.2430 13 0.367 293 end
arbmfe2o3 0.33241 2 0 0 0 26000 69.9540

8016 30.0460 13 0.067 293 end
arbmtio2 0.33241 2 0 0 0 22000 59.9535

8016 40.0465 13 0.012 293 end
arbmcao 0.33241 2 0 0 0 20000 71.4815

8016 28.5185 13 0.307 293 end
arbmmgo 0.33241 2 0 0 0 12000 60.3169

8016 39.6831 13 0.131 293 end
arbmna2o 0.33241 2 0 0 0 11023 74.1961

8016 25.8039 13 0.020 293 end
'silicone rubber pads'
arbmsiru 1.21791 4 0

'void space external to
'UNHc in cv well 2331
'water in cv well 5402.
arbmunh 2.79329 5 0

0 0 6012
1001
8016
14000

containment
.50750 g.'
.31286
0 0

g9.23
92235
92238

1001
7014
8016
1001
8016

32. 3767
8.1573

21. 5782
37.8878

vessel'

47.0962
0.0000
2. 4232
5.6116
44.8690
11.1913
88. 8087

14 1.0 293 end

arbmh2oc 0.99820 2 0 0 0
15 0.13362 293

15 0.86638 293

end

end
'steel: liner'
ss304
'steel: plug cover (pc) use 9.907 lb'
ss304
'steel: angle iron (ai) for HAC'
'nct density is multiplied by volume fraction
ss304
'steel: drum steel for HAC'
'nct density is multiplied by volume fraction
ss304
'void space external to drum'
'array density is assumed not reduced by hac'
arbmwed 0.9982 2 0 0 0 1001 11.1913

16 1.0 293 end

17 1.06388 293 end

7.08030/5.74516'
18 1.23239 293

3.20482/2.95645'
19 1.08401 293

20 0.0001 293

end

end

end8016 88. 8087
'reflective water'
'arbmh2Or 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 21 l.Oe-20 293 end
end comp
ibiaunhc 1.Oinnpdisp. 6000.OgUNHc( 2825.8g235, 8500.2gH20,hx=140.41),fr=l.Oe-04
read parameters nub=yes npg=2500 gen=215 nsk=15 tme=100 end parameters
read boun all=specular end boun
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.105 in. at top of unit]'
'cylinder 19 1 21.838092 0.26670 0.0 com='extended radius not used'
cylinder 19 1 21.838092 0.26670 0.0 com='drum bottom flat cover'
cuboid 20 1 4p2l.838092 0.26670 0.0 com='drum(chine)outer radius'

unit 1002
'above drum bottom flat cover and below containment vessel [Elev= 4.670 in.]'
'v1002=1.36748e+01 '
cylinder 15 1 3.175000 11.59510 11.16330 com='void in pad-i'
cylinder 14 1 7.924800 11.59510 11.16330 com='pad-1'
cylinder 16 1 8.077200 11.59510 11.16330 com='np277-4 liner'
cylinder 11 1 10.922000 11.59510 11.16330 com='np277_4'
cylinder 16 1 11.074400 11.59510 10.85850 com='kaolite liner bottom'
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cylinder 12 1 21.685692 11.59510 0.0
cylinder 19 1 21.838092 11.59510 0.0
cuboid 20 1 4p21.838092 - 11.59510 0.0,,
unit 1003
'bottom of cv to bottom of 1st step [Elev=35.27
'v1003=4.43850e+03I
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

1
8
15
16
11
16
12
19
20

1 6.426200
1 6.680200
1 7.924800
1 8.077200
1 10.922000
1. 11.074400
1 - 21.685692
1 21.838092
1 4p21.838092

77.72400
77.72400
,77.72400
77.72400
77.72400
77.72400
77.72400
77.72400
77.72400

0.635C
0.0
.,0.0
0.0

;.0.0
: 0.0 .

0.0 i
0.0
0.0

unit 1010 -,

'cv at 1st step in liner [Elev=35.330 in.]'-:
'vlO10=8.70294e+00 I
cylinder 1 1 6.426200 0.15240 0.0
cylinder 8 1 6.680200 0.15240 0.0
cylinder 15 1 7.924800 , 0.15240 0.0
cylinder 16 1 11.074400 0.15240 0.0,
cylinder 12 1 21.685692 0.15240 0.0
cylinder 19 1 21.838092 -0.15240 0.0.,
cuboid 20 1 4p21.838092 0.15240 0.0
unit 1011 ..
'vertical gap between 1st step in liner and cv
'vlOll=5.36220e+01 ' ,
cylinder 1 1 6.426200 0.22860 0.0
cylinder 8 1 6.680200 0.22860,: 0.0
cylinder 15 1 10.922000 0.22860 0.0
cylinder 16 1 11.074400 0.22860 0.0
cylinder 12 1 21.685692 .0.22860 0.0.,
cylinder 19 1,. 21.838092 0.22860 0.0
cuboid 20 1 4p21.838092 0.22860 0.0,

unit 1012
'cv flange to top of cv well [Elev=35.920 in.],
'v1O12=7.43264e+01 ' I -

com='kaolite'
com='drum'
com='drum(chine)outer radius'

'0 in.]'

D0 com='HEU content'
com='cv below 1st step'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4.4'
.com='kaolite liner'
com='kaolite' ,
com='drum'
com='drum(chine)outer radius'

*com='HEU content'
com='cv at 1st step'
com='void btw cv and liner'
com='liner lst-step'
com='kaolite'-
com='drum'
com='drum(chine)outer radius'

flange [Elev=35.420 in.]'

com='HEU content'
com='cv at gap btwn step-flng'
com='void btw cv and liner'
com='liner wall'-
com='kaolite'
com='drum' ,
com='drum(chine)outer radius'

I

cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

1
9
15
14
15
16
12
19
20

1 6.426200
1 9.525000
1 9.525000
1 10;033000
1 10.922000
1 11.074400
1 21.685692
1. 21.838092
1 4p21.838092

1. 27000
1.27000
1.27000
1.27000
.1.27000

. 1.27000
1.27000
1.27000,
1.27000

0. 0
0.0
0.0

0.0

0.0 -
0.0 .. '
0.0 ,
0.0

unit 1013
'cv flange above cv well [Elev=37.070 in.]'
'v1013=1.70951e+02 '

cylinder 10 1 9.525000 . .2.92100. 0.0-
cylinder 15 1 ..9.525000., 2.92100. 0.0
cylinder 14 1 10.033000. ,2.92100, 0.0
cylinder 15 1 10.922000 2.92100 0.0
cylinder 16 1 11.074400 2.92100 0.0
cylinder 12 1 21.685692 2.92100 0.0
cylinder 19 1 21.838092 2.92100 0.0
cuboid 20 1 4p21.838092 2.92100 0.0

unit 1014
'plugpad2 below liner 2nd step [Elev=37.470 in.
'v1014=1.39785e+02 '
cylinder 14 1 10.033000 0.76200 0.0 -
cylinder 15 1 10.922000 1.01600 0.0.
cylinder 16 1 11.074400 1.01600 0.0
cylinder 12 1 21.685692 1.01600 0.0
cylinder 19 1 21.838092 1.01600 0.0
cuboid 20 1 4p21.838092 1.01600 0.0

unit 1015

com='HEU content'
com='flange to top of well'
com='void btw cv and pad-2'
com='pad-2,
com='void btw cv and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

com='flange above cv well'
~com='void btw cv and pad-2'
:com='pad-2'.,
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum(chine)outer radius'

com='pad-2'
com='void btw~pad2 and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum(chine)outer radius'
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'2nd step in liner [Elev=37.530 in.]'
'vlOl5=5.71136e+01
cylinder 15 1 10.922000 0.15240 0.0 com='void abv pal
cylinder 16 1 18.757900 0.15240 0.0 com='liner 2nd s
cylinder 12 1 21.685692 0.15240 0.0 com='kaolite'
cylinder 19 1 21.838092 0.15240 0.0 com='drum'
cuboid 20 1 4p21.838092 0.15240 0.0 com='drum(chine),

unit 1016
'abv 2nd step in liner to bottom of angle iron [Elev=40.750 in.]'
'v1016=6.92877e+02
cylinder 13 1 18.097500 8.17880 0.49276 com='plug kaolit
cylinder 17 1 18.249900 8.17880 0.34036 com='sides of pl
cylinder 15 1 18.605500 8.17880 0.0 com='void: plug
cylinder 16 1 18.757900 8.17880 0.0 com='liner wall'
cylinder 12 1 21.685692 8.17880 0.0 com='kaolite'
cylinder 19 1 21.838092 8.17880 0.0 com='drum'
cuboid 20 1 4p21.838092 8.17880 0.0 com='drum(chine)

unit 1017
'bottom of angle iron to bend in angle iron [Elev=42.500 in.]'
'v1017=1.83014e+02 I

d2'
tep'

outer radius'

:e'
ug case'
to liner'

outer radius'

cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

13
17
15
16
18
12
19
20

1
1
1
1
1
1
1
1

18.097500
18.249900
18.605500
18.757900
19.392900
21.685692
21.838092

4p21.838092

4.44500
4.44500
4.44500
4.44500
4.44500
4.44500
4.44500
4.44500

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='plug kaolite'
com='sides of plug case'
com='void: plug to liner'
com='liner wall'
com='lower angle iron'
com='kaolite'
com='drum '
com='drum(chine)outer radius'

unit 1018
'bend in angle iron to top of angle iron
'v1018=4.14168e+02
'Volume cv well=6.24674e+03

[Elev=42.750 in.]'

cylinder 13 1 18.097500 0.11176 0.0
cylinder 17 1 18.249900 0.26416 0.0
cylinder 15 1 18.605500 0.63500 0.0
cylinder 16 1 18.757900 0.63500 0.0
cylinder 18 1 21.685692 0.63500 0.0
cylinder 19 1 21.838092 0.63500 0.0
cuboid 20 1 4 p21.838092 0.63500 0.0

unit 1019
'drum lid and lip CElev=43.500 in.]'
cylinder 20 1 21.469792 1.90500 0.15240
cylinder 19 1 21.622192 1.90500 0.0
cylinder 20 1 21.685692 1.90500 0.0
cylinder 19 1 21.838092 1.90500 0.0
cuboid 20 1 4p21.838092 1.90500 0.0

global
unit 1020
'es3lOO drum [Elev=43.500 in.]'
array 2 2r-21.838092 0.0
'cuboid 0 1 4p21.838092 110.4900 0.0
'cuboid 21 1 4p52.318092 140.9700 -30.48
cuboid 20 1 4p21.838092 110.4900 0.0,
'global
'unit 1021
'array 3 3rO.0
'reflector 21 2 6r3.0 10
end geometry
read array
ara=2 nux=l nuy=l nuz=13
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019
'ara=3 nux=13 nuy=13 nuz=06 fill f1020 end fill
end array
'read bias id=500 2 11 end bias
read start nst=O
end start
end data

com='plug kaolite'
com='sides of plug case'
com='void: plug to liner'
com='liner wall'
com='bend section of ai'
com='drum'
com='drum(chine)outer radius'

com='void above lid'
com='drum lid'
com='void btw lid - drum wall'
com= 'drum'
com='drum(chine)outer radius'

com='bare package'
com='reflected package'
com='interstital array space'

fill

end fill
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end

=csas25 parm=size=3000000
nbfl5slg,1.0in np,32684.3gU(32684.3g235, 8076.8gH20 hx= 6.45),fr=l.Oe-04
238groupndf5 infhommedium
'HEU wrapped dry content can hx=0.30'
uranium 1 den=18.81109 1.0 293 92235 100.00

92238 0.'000 end
'np277-4: spacer' -

'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 1001 :4.6190

5000 4.2330 - i
6012 :1.5060 :
8016 59.9960:
11023 0.1300 .
12000 0.3860
13027 21.1600
14000 1.3200:.-
16000 :0.1500..
20000 6.1800-

- 26000 .0.3200>. 2 1.0000 293 end
'flooded containmment vessel and content cans'-- 10 CFR 71.55(d)(3)'
arbmwicv 0.9982 2 0 0 0 1001 11.1913 -

8016 88.8087 3 1.0 293 end
'steel: containment vessel body 16.60 lb but'use 15.74 lb'
ss304 f.. 8 1.0 293 end
'steel: cv flange lower use 3.36 lb'
ss304 9 0.97267 293 end
'steel: cv flange upper use 13.75 lb'
ss304 :;. 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 :(4.6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wts for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877. =(density)(sumTi/100.0)'
'density = 1.6800 = (den.mult)(min.den.) = 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293 end
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337:.-
11023 0.2386
12000 0.7083
13027 38.8302
14000 2.4223
16000 0.2753 -
20000 11.3408
26000 0.5872 11 1.0000 293 end

arbmnph2o 0.6942 2 0 0 0 1001 11;1913 - : .
8016 88.8087 .11 1.0000 293 end

'kaolite 1600 body' -
'array densities are s.u.dens. multiplied by a volume ratio 1.34888/1.10336'
'sing.unit.density= (den.mult)(min.den.)' !:
' for arbmh20k = 1.012373*0.51655, for rest-= 1.012373*0.34438w
'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3 = (28316.84 :cm3/ft3)(108.33188l1b)/(22.464 lb/ft3)'
arbmh2ok 0.63931 2 0 0 0 1001. -11.1913 . .

8016 88.8087 12 0.0287 293 end
arbmal2o3 0.42622 2 0 0 0 13027 52.9390

8016 47.0610 12 0.096 293 end
arbmsio2 0.42622 2 0 0 0 14000 46.7570-:

8016 53.2430.: 12 0.367 293 end
arbmfe2o3 0.42622 2 0 0 0 26000 69.9540 ;

8016 .30.0460.' 12 0.067 293 end
arbmtio2 0.42622 2 0 0 0 22000 59.9535
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8016 40.0465 12 0.012 293 end
arbmcao 0.42622 2 0 0 0 20000 71.4815

8016 28.5185 12 0.307 293 end
arbmmgo 0.42622 2 0 0 0 12000 60.3169

8016 39.6831 12 0.131 293 end
arbmna2o 0.42622 2 0 0 0 11023 74.1961

8016 25.8039 12 0.020 293 end
'kaolite 1600 top plug'
'sing.unit.density= (den.mult)(min.den.)'
' for arbmh20k = 0.965246*0.51655, for rest = 0.965246*0.34438'
'den.mult= 1.21592e4 cm3 (actual vol.) / 1.25970e4 cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0 0 0 1001 11.1913

arbmal2o3

arbmsio2

arbmfe2o3

arbmtio2

arbmcao

arbmmgo

arbmna2o

'silicone
arbmsiru

0.33241 2 0

0.33241 2 0

0.33241 2 0

0.33241 2 0

0.33241 2 0

0.33241 2 0

0.33241 2 0

rubber pads'
1.21791 4 0

8016 88.8087
0 0 13027 52.9390

8016 47.0610
0 0 14000 46.7570

8016 53.2430
0 0 26000 69.9540

8016 30.0460
0 0 22000 59.9535

8016 40.0465
0 0 20000 71.4815

8016 28.5185
0 0 12000 60.3169

8016 39.6831
0 0 11023 74.1961

8016 25.8039

0 0 6012 32.3767
1001 8.1573
8016- 21.5782

14000 37.8878
containment vessel'
0 0 1001 11.1913

8016 88.8087

use 9.907 lb'

for single units'

13 0.0287 293 end

13

13

13

13

13

13

13

0.096

0.367

0.067

0.012

0.307

0.131

0.020

293

293

293

293

293

293

293

end

end

end

end

end

end

end

'void space external to
arbmwecv 0.9982 2 0

'steel: liner'
ss304
'steel: plug cover (pc)
ss304
'steel: angle iron (ai)
ss304

14 1.0

15 0.0001

16 1.0

17 1.06388

18 1.0

293 end

293

293

293

293

end

end

end

end
'steel: angle iron (ai) for arrays'
'array density is multiplied by a volume fraction 7.08030/5.63249'
ss304 18 1.25705 293 end
'steel: drum steel for single units'
'ss304 19 1.0 293 end
'steel: drum steel for arrays'
'array density is multiplied by a volume fraction 3.20482/3.20544'
ss304 19 0.99981 293 end
'void space external to drum'
'array density is multiplied by a volume ratio 8.11698/6.98323'
arbmwed 1.16026 2. 0 0 0 1001 11.1913

8016 88.8087 20 0.0001 293 end
'reflective water'
arbmh20r 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 21 1.0 293 end
end comp
nbfl5slg,1.Oin np,32684.3gU(32684.3g235, 8076.8gH20,hx= 6.45),fr=l.Oe-04
read parameters nub=yes npg=2500 gen=215 nsk=15 tme=100 end parameters
read boun all=vac end boun
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.111 in. at top of unit],
'cylinder 19 1 22.866096 0.28150 0.0 com='extended radius not used'
cylinder 19 1 21.722275 0.28150 0.0 com='drum bottom flat cover'
cuboid 20 1 4p22.866096  0.28150 0.0 com='drum chine outer radius'
unit 1002
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'above drum bottom flat cover and below containment vessel [Elev=
cylinder 15 1 3.175000 11.59510 11.16330 com='void in pad-
cylinder 14 1 7.924800 11.59510 11.16330 com='pad-1'
cylinder 16 1 8.077200 11.59510 11.16330 com='np277_4 lino
cylinder 11 1 10.922000 11.59510 11.16330 com='np277_4'
cylinder 16 1 11.074400 11.59510 10.85850 com='kaolite lino
cylinder 12 1 21.555075 11.59510 0.0. ; com='kaolite'
cylinder 19 1 21.722275 11.59510 0.0.l com='drum'
cuboid 20 1 4 p22.866096 11.59510 0.0K- com='drum chine 4

unit 1003
'bottom of cv to top of 1st cc [Elev= 8.926 in.]'
'Reference CRC 29 Ed. pg 105' -
'side of pentagon denoted spent'
'radius of inscribed circle in pentagon denoted icrpent'
'radius of circumscribed circle outside pentagon denoted ccrpent'
'ccrpent equals 0.85065 times spent'-
licrpent equals 0.68819 times spent'
'side of pentagon equals diameter of a cylinder fit into cc'
'radius of cc equals ccrpent plus radius of cylinder fit into cc'
I 1.90500 half of side of pentagon'
3.24098 radius of circumscribed circle'
2.62200 radius of inscribed circle'

4.676 in.]'
-1'

er |

er bottom'

outer radius'

' 3.08236 x axis location of 2nd
1 1.00153 y axis location of 2nd
cylinder 3
hole 1020
hole 1020
hole 1020
hole 1020
hole 1020
cylinder 8
cylinder 15
cylinder 16
cylinder 11
cylinder 16
cylinder 12
cylinder 19
cuboid 20

1
0.0
3.OE
1.9C

-1.9C
-3.OE

6.426200 10.
3.24098

1236 1.00153
p500 -2.62200
'500 -2.62200
1236 1.00153

cyl in cc' I
cyl-in cc't r
79500 0.63500
0.63500
0.63500
0.63500
0.63500
0.63500 ^--.

1
1
1
1
1
1
1
1

6.680200
7.924800
8.077200

10.922000
11.074400
21.555075
21.722275

4p22.866096

10.79500
10.79500
10.79500
10.79500
10.79500
10.79500
10.79500,
10.79500

0.0 .
0.0 .0.
0.0..
0.0 . .
0.0 . '
0.0
0.0 :
0.0

unit 1004
'cv at np277-4 can spacer .[Elev=10.046
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1005
'bottom to

2
3
8
15
16
11
16
12
19
20

1
1
1
1
1
1
1
1
1
1

4.921250
6.426200
6.680200
7.924800
8.077200

10.922000
11.074400
21.555075
21.722275

4p22.866096

2.69290
2.84530
2.84530
2.84530
2.84530
2.84530
2.84530,

-2.8453&;
2.84530
2.84530:

in.] :'.
0.15240
0.0
0.0 . i.

0.0 . .
0.0
0.0 -
0.0
0.0 . .t
0.0 ,_
0.0

com='cv well cavity'
com='cyl (O,ccrpent)'
com='cy2 (xtwo,ytwo)'
com='cy3 (hspent,-icrpent)'
com='cy4 (-hspent,-icrpent)'
com='cy5 (-xtwo,ytwo)'
com='cv at top of 1st cc'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='np277-4 thickness'
com='cv well cavity'
com='cv top of np can spacer'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='cv well cavity'
com='cyl (O,ccrpent)'
com='cy2 (xtwo,ytwo)'
com='cy3 (hspent,-icrpent)'
com='cy4 (-hspent,-icrpent)'
com='cy5 (-xtwo,ytwo)'
com='cv st top-of 2nd cc'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

top of 2nd cc [Elev=14.046.in.]' -i:
cylinder 3 1 6.426200 10.16000: 0.0
hole 1021 0.0 3.24098 :0.00000 i
hole 1021 3.08236 1.00153 0.00000
hole 1021 1.90500 -2.62200 0.00000
hole 1021 -1.90500 -2.62200 0.00000
hole 1021 -3.08236 1.00153 0.00000
cylinder 8 1 6.680200 10.16000> 0.0>
cylinder 15 1 7.924800 10.16000- 0.0
cylinder 16 1 -,8.077200 - 10.16000, 0.0 K

cylinder 11 1 10.922000 10.16000 0.0
cylinder 16 1 11.074400 10.16000- 0.0:
cylinder 12 1 21.555075 10.16000- 0.0
cylinder 19 1 21.722275 10.16000- 0.0-
cuboid 20 1 4p22.866096 10.16000 0.0

unit 1006
'cv at np277-4 can spacer [Elev=15.166 in.]' .
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cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

2
3
8
15
16
11
16
12
19
20

1 4.921250
1 6.426200
1 6.680200
1 7.924800
1 8.077200
1 10.922000
1 11.074400
1 21.555075
1 21.722275
1 4p22.866096

2. 69290
2. 84530
2. 84530
2.84530
2. 84530
2. 84530
2. 84530
2.84530
2.84530
2. 84530

0.15240
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='np277-4 thickness'
com='cv well cavity'
com='cv top of np can spacer'
com='void btw cv-np liner'
com='np277-4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

unit 1007
'bottom of 3rd cc to bottom of 1st step [Elev=14.046 in.]'
cylinder 3
hole 1022
hole 1022
hole 1022
hole 1022
hole 1022
cylinder 8
cylinder 15
cylinder 16
cylinder 11
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1010

1 6.426200 51.07840 0.0
0.0 3.24098 0.00000
3.08236 1.00153 0.00000
1.90500 -2.62200 0.00000

-1.90500 -2.62200 0.00000
-3.08236 1.00153 0.00000
1 6.680200 51.07840 0.0
1 7.924800 51.07840 0.0
1 8.077200 51.07840 0.0
1 10.922000 51.07840 0.0
1 11.074400 51.07840 0.0
1 21.555075 51.07840 0.0
1 21.722275 51.07840 0.0
1 4p22.866096 51.07840 0.0

'cv at 1st
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1011
'vertical q
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1012
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1013
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1014

step
3 1
8 1
15 1
16 1
12 1
19 1
20 1

in liner [Elev=35.336 in.]'
6.426200 0.15240 0.0
6.680200 0.15240 0.0
7.924800 0.15240 0.0
11.074400 0.15240 0.0
21.555075 0.15240 0.0
21.722275 0.15240 0.0

4p22.866096 0.15240 0.0

lap
3
8
15
16
12
19
20

between 1st step
1 6.426200
1 6,680200
1 10.922000
1 11.074400
1 21.555075
1 21.722275
1 4p22.866096

in liner
0.22860
0.22860
0.22860
0.22860
0.22860
0.22860
0.22860

and cv
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='cv well cavity'
com='cyl (O,ccrpent)'
com='cy2 (xtwo,ytwo)'
com='cy3 (hspent,-icrpent)'
com='cy4 (-hspent,-icrpent)'
com='cys (-xtwo,ytwo)'
com='cv below 1st step'
com='void btw cv-np liner'
com='np277_4 liner'
com='np277_4'
com='kaolite liner'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='cv well cavity'
com='cv at 1st step'
com='void btw cv and liner'
com='liner 1st step'
com='kaolite'
com='drum'
com='drum chine outer radius'

flange [Elev=35.426 in.]'
com='cv well cavity'
com='cv at gap btwn step-flng'
com='void btw cv and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='cavity'
com='flange to top of well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw cv and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='flange above cv well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='pad-2'

to tc
3 1
9 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

above
10 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

DP

4r

of cv well
6.426200
9.525000
9.525000
10.033000
10.922000
11.074400
21.555075
21.722275
p22.866096

[Elev=35.926 in.]'
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000
1.27000

*0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

cv well [Elev=37.076 in.]'
9.525000 2.92100 0.0
9.525000 2.92100 0.0
10.033000 2.92100 0.0
10.922000 2.92100 0.0
11.074400 2.92100 0.0
21.555075 2.92100 0.0
21.722275 2.92100 0.0

4p22.866096 2.92100 0.0

'plugpad2 below liner 2nd step [Elev=37.476 in.
cylinder 14 1 10.033000 0.76200 0.0
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cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1015
'2nd step in
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1016
'abv 2nd step
cylinder 13
cylinder 17
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1017
'bottom of ang

1
1
1
1
1

10.922000
11.074400
21.555075
21.722275

4p22.866096

1.01600
1.01600
1.01600
1.01600
1.01600

0.0 com='void btw pad2 and liner'
0.0 com='liner wall'
0.0 :com='kaolite'
0.01- com='drumx'
0.0 1- com='drum chine outer radius'

Liner [Elev=37.536 in.]'
1 10.922000 0.15240
1 18.757900 0.15240
1 21.555075 0.15240
1 21.722275 0.15240
1 4p22.866096 0.15240

0.0
0.0
0.0
0.0
0.0

com='void abv pad2'
com='liner 2nd step'
com='kaolite'
com='drum'
com='drum chine outer radius'

in liner to bottom of angle iron [Elev=40.756 in.]'
1 18.097500 8.17880 0.49276-com='plug kaolite'
1 18.249900 8.17880 0.34036 com='sides of plug-case'
1 18.605500 8.17880 0.0 com='void: plug to liner'
1 18.757900 8.17880- 0-0" com='liner wall'
1 21.555075 8.17880 + 0.0 X^com='kaolite'
1 21.722275 8.17880 0.0 ':com='drum'
1 4p22.866096 8.17880 0.0 '- 'com='drum chine outer radius'

Ile iron to bend
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

13 1
17 1
15 1
16 1
18 1
12 1
19 1
20 1

18.097500
18.249900
18.605500
18.757900
19.392900
21.555075
21.722275

4p22.866096

i.n angle'i
4.44500
4.44500
4.44500
4.44500
4.44500
4. 44500
4.44500
4.44500

angle iron
0.11176
0.26416 -
0. 63500
0.63500
0.63500
0. 63500
0.63 500

ronAlElev=42.506 in.]'
0.0 i com='plug kaolite'
0.0 . com='sides of plug case'
0.0- com='void: plug to liner'
0.0 com='liner wall'
0;0 com='lower angle iron'
0.0 com='kaolite'
0.0 - com='drumx
0.0 -' com='drum chine outer radius'

[Elev=42.756 in.]'
0.0 - com='plug kaolite'
-0.0 -com='sides of plug case'
0.0::, com='void: plug to liner'
.O;.)- -com='liner wall'

*0.0-. com='bend section of ai'
0.0 com='drum'
0.0 com='drum chine outer radius'

unit 1018
'bend in angle iron to top of a
cylinder 13 1 18.097500
cylinder 17 1 18.249900
cylinder 15 1 18.605500
cylinder 16 1 18.757900
cylinder 18 1 21.555075
cylinder 19 1 21.722275
cuboid 20 1 4p22.866096
unit 1019
'drum lid and lip [Elev=43.512
cylinder 20 1 21.330090
cylinder 19 1 21.497290
cylinder 20 1 21.555075
cylinder 19 1 21.722275
cuboid 20 1 4 p22.866096

unit 1020
'HEU cylinder content, 3.81000c
cylinder 1 1 1.904500 10

unit 1021
'HEU cylinder content, 3.81000c
cylinder 1 1 1.904500 10

unit 1022
'HEU cylinder content, 3.81000c
cylinder 1 1 1.904500 10
'global
unit 1023
'es3100 drum [Elev=43.512 in.]'
array 2 2r-22.866096
'cuboid 0 1 4p24.587200
'cuboid 21 1 4p55.067200
cuboid 20 1 4p22.866096

global
unit 1025

U array 3 3rO.O
reflector 21 2 6r3.0 10
end geometry

in.]'
1.91973- 0.16720 com='void above lid'
1.91973: 0.0-. :com='drum lid'
1.91973: 0.0;' com='void btw lid - drum wall'
1.91973! 0 .0 com='drum'
1.91973- 0.0'- com='drum chine outer radius'

:m diameter Iby 10.16000cm height'
).1600 0.0 com=Icyl'

m diameter by 10.16000cm height' -
0.1600 0.0 com='cyl'

m diameter by 10.16000cm height'
D.1600 0.0 com='cyl'

0.0
110.4900 0.0:.- com~'bare package'
140.9700 d 30ee comb6 reflected package'
110.5197 0.0'' 'com='interstita' array space'
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read array
ara=2 nux=1 nuy=l nuz=17 fill
1001 1002 1003 1004 1005 1006 1007 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019
ara=3 nux=13 nuy=13 nuz=06 fill f1023 end fill
end array
read bias id=500 2 11 end bias
read start nst=O
end start
end data
end

end fill

=csas25 parm=size=3000000
nbf2bm hocv,l.Oin thk np,17570.7gU(17570.7g235, 8878.8gH20 hx= 13.19),fr=l.Oe-04
238groupndf5 infhommedium -
'HEU wrapped dry content can hx=0.57'
uranium 1 den=18.81109 0.09503 293 92235 100.00

arbmh20i 0.90334 2 0 0 0 1001
8016

'np277-4: spacer'

92238 0.000
11.1913
88.8087 1 1.(

end

0000 293 end

'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
arbm2774s 1.6819 11 0 0 0 1001 4.6190

5000 4.2330
6012 1.5060
8016 59.9960

11023 0.1300
12000 0.3860
13027 21.1600
14000 1.3200
16000 0.1500
20000 6.1800
26000 0.3200 2 1.0000 293 end

'flooded containiment vessel and content cans -- 10 CFR 71.55(d)(3)'
arbmwicv 0.9982 2 0 0 0 1001 11.1913

8016 88.8087 3 1.0 293 end
'steel: containment vessel body 16.60 lb but use 15.74 lb'
ss304 8 1.0 293 end
'steel: cv flange lower use 3.36 lb'
ss304 9 0.97267 293 end
'steel: cv flange upper use 13.75 lb'
ss304 10 0.94348 293 end
'np277-4: confinement -- neutron poison inner liner 4 wt% boron'
'See np277-4 spacer. Regarding H20 loss, H2 (4.6190wt%) removes 0 (36.6541wt%)'
'Residual 0 bound to other constituents is (23.3419wt%). Wt%'s are normalized by'
'sumTi/100.0 = 0.587269, where sumTi are wt%s for 10 remaining consistituents.'
'density is normalized by 100.0/sumTi. 0.9877 =(density)(sumTi/100.0)'
'density 1.6800 = (den.mult)(min.den.) = 0.99889*1.6819 where'
'den.mult = 1.32561e4 cm3 (actual vol.) / 1.32708e4 cm3 (model vol.)'
'actual vol.= 1.32561e4 cm3 = (28316.84 cm3/ft3)(49.15423 lb)/(105 lb/ft3)'
'min.den.= 1.6819 = (105 lb/ft3)(453.59 g/lb)/(28316.84 cm3/ft3)'
'use 75% of boron in calculations per NUREG-1609 Section 6.5.3.2'
arbmboron 7.1195e-2 1 0 0 0 5000 100.0000 11 0.7500 293 end
arbmnp277 0.9165 9 0 0 0 6012 2.7636

8016 42.8337
11023 0.2386
12000 0.7083
13027 38.8302
14000 2.4223
16000 0.2753
20000 11.3408
26000 0.5872 11 1.0000 293 end

arbmnph2o 0.6942 2 0 0 0 1001 11.1913
8016 88.8087 11 1.0000 293 end

'kaolite 1600 body'
'array densities are s.u.dens. multiplied by a
'sing.unit.density= (den.mult)(min.den.)'

volume ratio 1.34888/1.10336'
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' for arbmh20k = 1.012373*0.51655, for rest-= 1-.012373*0.344381
'den.mult= 1.36557e5 cm3 (actual vol.) / 1.34888e5 cm3 (model vol.)'
'actual vol.= 1.36557e5 cm3 = (28316.84 cm3/ft3)(108.33188 lb)/(22.464 lb/ft3)'
arbmh2ok 0.63931 2 0 0 0 1001 -.11.1913 :

8016 - 88.8087 12 0.0287 293 end
arbmal2o3 0.42622 2 0 0 0 13027 52.9390

8016 47.0610 12 0.096 293 end
arbmsio2 0.42622 2 0 0 0 14000 46.7570 .

8016 53.2430 12 0.367 293 end
arbmfe2o3 0.42622 2 0 0 0 26000 -69.9540

8016 -.30.0460 12 0.067 293 end
arbmtio2 .0.42622 2 0 0 0 22000 59.9535

8016 40;0465i- 12 0.012 293 end
arbmcao 0.42622 2 0 0 0 20000 71.4815-

8016 28.5185 12 0.307 293 end
arbmmgo 0.42622 2 0 0 0 12000 60.3169--

8016 -39.6831' 12 0.131 293 end
arbmna2o 0.42622 2 0 0 0 11023 74.1961.

8016 -25.8039. 12 0.020 293 end
'kaolite 1600 top plug'
'sing.unit.density= (den.mult)(min.den.)'
' for arbmh2Ok = 0.965246*0.51655, for rest = 0.965246*0.344381
'den.mult= 1.21592e4 cm3 (actual vol.) /-1.25970e41cm3 (model vol.)'
'actual vol.= 1.21592e4 cm3 = (28316.84 cm3/ft3)(9.646 lb)/(22.464 lb/ft3)'
arbmh2ok 0.49860 2 0 0 0 1001 .11.1913

8016 88.8087 13 0.0287 293 end
arbmal2o3 0.33241 2 0 0 0 13027 *-52;9390-.

8016 47.0610' 13 0.096 293 end
arbmsio2 . 0.33241 2 0 0 0 14000 46.7570

8016 53.24301 13 0.367 293 end
arbmfe2o3 0.33241 2 0 0 0 26000 69.9540

8016 30.0460. 13. 0.067 293 end
arbmtio2 0.33241 2 0 0 0 22000 59.9535

8016 40.0465: 13 0.012 293 end
arbmcao 0.33241 2 0 0 0 20000 71.4815 '

8016 28.5185t 13 0.307 293 end
arbrnmgo 0.33241 2 0 0 0 12000 60.3169

8016 39.6831 13 0.131 .-293 end
arbmna2o 0.33241 2 0 0 0 11023 74.1961--

8016 25.8039 13 0.020 293 end
'silicone rubber pads' -
arbmsiru 1.21791 4 0 0 0 6012 32.3767

1001 8.1573
8016 21.5782

14000 37.8878 r_14 1.0 293 end
'void space external to containment vessel'- i-
arbmwecv 0.9982 2 0 0 0 1001 .11.1913

8016 88.8087 1 15 0.0001 293 end
'steel: liner'
ss304 ,. .i 16
'steel: plug cover (pc) use 9.907 lb' 9
ss304 . : -17
'steel: angle iron (ai) for single units'
'ss304 I I. - 18
'steel: angle iron (ai) for arrays'
'array density is multiplied by a volume fraction 7.
ss304 . 18
'steel: drum steel-for single units'
'ss304 ... ,- 19
'steel: drum steel for arrays' -
'array density is multiplied by a volume fraction-3.
ss304 - --19
'void space external to drum'
'array density is multiplied by a volume ratio 8.11(
arbmwed 1.16026 2 0 0 0 1001 11.1913

8016 88.8087 20
'reflective water'
arbmh20r 0.9982 2 0 0 0 1001 11.1913

1.0 293 end

1.06388 293 end

1.0 293 end

.08030/5.63249'
1.25705 293 end

1.0 293 end

;20482/3.20544'
.0.99981 293

;98/6.98323'

0.0001 293

end

end
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8016 88.8087 21 1.0 293 end
end comp
nbf2bm hocv,l.Oin thk np,17570.7gU(17570
read parameters nub=yes npg=2500 gen=215
read boun all=vac
read geometry
unit 1001
'drum bottom flat cover [Elev= 0.111 in.
'cylinder 19 1 22.866096 0.28150
cylinder 19 1 21.722275 0.28150
cuboid 20 1 4p22.866096 0.28150

unit 1002
'above drum bottom flat cover and below
cylinder 15 1 3.175000 11.59510
cylinder 14 1 7.924800 11.59510
cylinder 16 1 8.077200 11.59510
cylinder 11 1 10.922000 11.59510
cylinder 16 1 11.074400 11.59510
cylinder 12 1 21.555075 11.59510
cylinder 19 1 21.722275 11.59510
cuboid 20 1 4 p22.866096 11.59510

unit 1003
'bottom of cv to bottom of 1st step [Ele
* 0.63550 bottom location of variable
'32.34336 height collapsed c
array 2 -4.54386 -4.54386 0.63550
cuboid 1 1 4p4.54386 32.97936
cylinder 1 1 6.426200 77.72400
cylinder 8 1 6.680200 77.72400
cylinder 15 1 7.924800 77.72400
cylinder 16 1 8.077200 77.72400
cylinder 11 1 10.922000 77.72400
cylinder 16 1 11.074400 77.72400
cylinder 12 1 21.555075 77.72400
cylinder 19 1 21.722275 77.72400
cuboid 20 1 4p22.866096 77.72400

unit 1004
'cubical content, stacked per cc'

8878.8gH20,hx= 13.19), fr=l.Oe-04
tme=100 end parameters
end boun

of unit]'
com='extended radius not used'
com='drum bottom flat cover'
com='drum chine outer radius'

containment vessel [Elev= 4.676 in.]'
11.16330 com='void in pad-l'
11.16330 com='pad-1'
11.16330 com='np277-4 liner'
11.16330 com='np277-4'
10.85850 com='kaolite liner bottom'

0.0 com='kaolite'
0.0 com='drum'
0.0 com='drum chine outer radius'

.v=35.276 in.]'
height stack'
c plus spacer CALCULATED

0. 63550
0.63500
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

com='array of content'
com='array of content'
com=' cv well cavity'
com='cv below 1st step'
com='void btw cv-np liner'
com= 'np277_4 liner'
com='np277_4'
com= kaolite liner'
com= 'kaolite'
com= 'drum'
com='drum chine outer radius'

V~

I0
0

I

I

I

9.08802 3.57796 lattice width-depth'
2.54000 1.00000 cube dimension'
1.27000 0.50000 cube half-dimension'

16.38706 1.00000 volume of HEU cube in unit cell'
308.25850 HEU mass one cube'

19 number of HEU cubes per can'
5856.91155 HEU mass of cubes in cc'

3 3 number of cubes in -x direction'
3 3 number of cubes in -y direction'
9 9 number of HEU cubes in a layer'
3 VARIABLE number of HEU layers in z-axis'
1 VARIABLE number of HEU cubes in top layer modulus (Z%N)'
8 VARIABLE number of HEU voids in top layer'
ara=1 nux=3 nuy=3 nuz=3 fill 19rlO04 8rlO05 end fill'
0.48924 0.19261 gap dimension CALCULATEI
3.02924 1.19261 unit cell dimension CALCULATE)
1.51462 0.59631 unit cell half-dimension CALCULATEI

27.79719 1.69629 volume of unit cell CALCULATEI
11.41013 0.69629 volume of water gap in unit cell CALCULATE]

750.52419 lattice volume in cc CALCULATEI
439.16998 moderator volume in lattice in cc CALCULATE)
311.35422 HEU volume in lattice in cc CALCULATE]

D
D
D
D
D
D
D
D

0.09503 volume fraction of
0 0.90334 bulk dens of water
cuboid 1 1 6pl.51452

unit 1005
'cubical void, filler for layers'
cuboid 1 1 6pl.51452

unit 1006
'array of cubical contents, -- spacerless'

HEU in CV
in CV

com=

CALCULATED
CALCULATED

'unit cell'

com='unit cell'
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' 4.54386
' 9.08772
'array 1
cuboid

unit 1007
'np277_4 sl
cuboid
cuboid
unit 1010
'cv at 1st
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
unit 1011
'vertical c
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1012
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

unit 1013
'cv flange
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid

1.78892 half width-depth lattice
height lattice

2r-4.54386 I0.0'
1 1 4p4.54386 9.08772 0.0

CALCULATED'
CALCULATED'

com='homog. content-array'

,acer'
2 1 4p4.36118
1 1 4p4.54386

I . r .

2.54010 0.0k com='sngl-end np spacer'
2.54010 0.0, com='void space in cv'

step
1 1
8 1
15 1
16 1
12 1
19 1
20 1

in liner [Elev=35.336 in.]'.,
6.426200 0.15240 0.0,
6.680200 0.15240 0.0,.
7.924800 0.15240 0.0.,-
11.074400 0.15240 0.0
21.555075 f 0.15240:' 0.0
21.722275 0.15240 0.0

4p22.866096 0.15240 0.0

lap
1
8
15
16
12
19
20

between 1st step
1 6.426200
1 6.680200
1 10.922000
1 11.074400
1 21.555075
1 21.722275
1 4p22 .866096.

in liner and cv
0.22860 0.0,
0.22860 0.0..:
0.22860 0.0.,-
0.22860 0.0
0.22860 0.0
0.22860 0.0..,
0.22860 0.0.

to ti
1 1
9 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

abov
10 1
15 1
14 1
15 1
16 1
12 1
19 1
20 1

Op

41

of cv well
6.426200
9.525000
9.525000
10.033000
10.922000
11.074400
21.555075
21.722275
p22.866096

[Elev=35.926 in.]
1.27000 0.0..
1.27000 0.0
1.27000 0.0
1.27000 0.0
1.27000 0.0
1.27000 0.0c
1.27000 0;i0:
1.27000 O.OL.
1.27000 0.0

com='cv well cavity'
com='cv at 1st step'
com='void btw cv and liner'
con='liner 1st step'
com='kaolite'
com='drum'
com='drum chine outer radius'

flange [Elev=35.426 in.]'
com='cv well cavity'
com='cv at gap btwn step-flng'
com='void btw cv and liner'
com='liner wall'
com='kaolite'
com='drum'
com='drum chine outer radius'

com='cavity' -

com='flange to top of well'
com='void btw cv and pad-2'
com= 'pad-2'
com='void btw cv and liner'
com='liner wall'
com='kaolite'
com= 'drum'
com='drum chine outer radius'

com='flange above cv well'
com='void btw cv and pad-2'
com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com='kaolite'
com='drum'
,com='drum chine outer radius'

com='pad-2'
com='void btw pad2 and liner'
com='liner wall'
com= 'kaolite'
com='drum'
com='drum chine outer radius'

com='void abv pad2'
com='liner 2nd step'
com='kaolite'
com='drum'
com='drum chine outer radius'

a cv well [Elev=37.076 in.]'
9.525000 2.92100 0.0
9.525000 2.92100 0.0
10.033000 2.92100 0.0
10.922000 2.92100 0.0,-;
11.074400 2.92100 0.0.
21.555075 2.92100 0.0
21.722275 2.92100 0.0

4p22.866096 2.92100 0.0,.
unit 1014
'plugpad2 belc
cylinder 14
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20
unit 1015
'2nd step in
cylinder 15
cylinder 16
cylinder 12
cylinder 19
cuboid 20

unit 1016
'abv 2nd step
cylinder 13
cylinder 17
cylinder 15
cylinder 16

1w
1
1
1
1
1

liner 2nd step
10.033000
10.922000
11.074400
21.555075
21.722275

4p22 .866096

[Elev=37.476 in.
0.76200 JD.0
1.01600 0.0
1.01600 0.0
1.01600 0.0
1.01600 0.0
1.01600 0.0

Liner [Elev=37.536 in.]'
1 10.922000 0.15240
1 18.757900 0.15240
1 21.555075 0.15240
1 21.722275 0.15240
1 4p22.866096 0.15240

0.0
0.0
0.0
0.0
0.0

in
1
1
1
1

liner to bottom of angle iron [Elev=40.756 in.]'
18.097500 8.17880 0.49276 com='plug kaolite'
18.249900 8.17880 0.34036 com='sides of plug case'
18.605500 8.17880 0.0 com='void: plug to liner'
18.757900 8.17880 0.0 com='liner wall'
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cylinder
cylinder
cuboid

unit 1017

12
19
20

1
1
1

21.555075
21.722275

4p22.866096

I'bottom of angle iron to benc
cylinder 13 1 18.097500
cylinder 17 1 18.249900
cylinder 15 1 18.605500
cylinder 16 1 18.757900
cylinder 18 1 19.392900
cylinder 12 1 21.555075
cylinder 19 1 21.722275
cuboid 20 1 4p22.866096

unit 1018
'bend in angle iron to top of
cylinder 13 1 18.097500
cylinder 17 1 18.249900
cylinder 15 1 18.605500
cylinder 16 1 18.757900
cylinder 18 1 21.555075
cylinder 19 1 21.722275
cuboid 20 1 4p22.866096

8.17880
8.17880
8. 17880

in angle i:
4. 44500
4. 44500
4. 44500
4. 44500
4. 44500
4.44500
4.44500
4.44500

angle iron
0.11176
0.26416
0. 63500
0.63500
0. 63500
0.63500
0. 63500

ron [Elei
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0

com='kaolite'
com='drum'
com='drum chine outer radius'

7=42.506 in.]'
com='plug kaolite'
com='sides of plug case'
com='void: plug to liner'
com='liner wall'
com='lower angle iron'
com='kaolite'
com='drum'
com='drum chine outer radius'

[Elev=42.756 in.]'
0.0
0.0
0.0
0.0
0.0
0.0
0 .0

unit 1019
'drum lid and lip [Elev=43.512 in.]'
cylinder 20 1 21.330090 1.91973 0.16720
cylinder 19 1 21.497290 1.91973 0.0
cylinder 20 1 21.555075 1.91973 0.0
cylinder 19 1 21.722275 1.91973 0.0
cuboid 20 1 4p22.866096 1.91973 0.0
'global
unit 1020
'es3100 drum [Elev=43.512 in.]'
array 3 2r-22.866096 0.0
'cuboid 0 1 4p24.587200 110.4900 0.0
'cuboid 21 1 4p55.067200 140.9700 -30.48
cuboid 20 1 4p22.866096 110.5197 0.0
global
unit 1021
array 4 3rO.O
reflector 21 2 6r3.0 10
end geometry
read array
ara=l nux=3 nuy=3 nuz=3 fill 19rlO04 8rlO05
ara=2 nux=l nuy=l nuz=5 fill 1006 1007 1006 1007
ara=3 nux=l nuy=l nuz=13 fill
1001 1002 1003 1010
1011 1012 1013 1014 1015 1016 1017 1018 1019
ara=4 nux=09 nuy=09 nuz=04 fill f1020
end array
read bias id=500 2 11 end bias
read start nst=O
end start
end data
end

com='plug kaolite'
com='sides of plug case'
com='void: plug to liner'
com='liner wall'
com='bend section of ai'
com='drum'
com='drum chine outer radius'

com='void above lid'
com='drum lid'
com='void btw lid - drum wall'
com='drum'
com='drum chine outer radius'

com='bare package'
com='reflected package'
com='interstital array space'

end fill
1006 end fill

end fill
end fill
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7. PACKAGE OPERATIONS

- Shipping packages used to transport radioactive materials shall be operated in accordance with
applicable U.S. Department of Energy (DOE) orders and Nuclear Regulatory Commission (NRC),
U.S. Department of Transportation (DOT), and other federal, state, and local regulations to protect the health
and safety of the public, workers, and the environmenit. Furthermore, the packages shall be operated
according to Y-12's quality assurance plan.

Applicable DOE orders and federal regulations containing the policies for the management of
hazardous materials transportation activities includes DOE Order 461 .IA The applicable NRC regulations
for packaging and transportation of radioactive materials are given in Title 10, Code of Federal Regulations
(CFR), Part 71 (10 CFR 71) and 10 CFR 830 Subpart'A. The applicable DOT requirements for shipments
and packaging of hazardous materials are given in 49 CFR.

Specific criteria for operating the ES-3100 package with highly enriched uranium (HEU) contents
are presented in this section. The packaging user shall develop detailed operating procedures based on these
criteria and on the NRC-issued Certificate of Compliance (CoC). These procedures shall be in accordance
with DOE orders; 10 CFR 20.1101; Subparts A, G, and H of 10 CFR 71; and other NRC, DOT, federal, state,
and local regulations as cited above. The package operations should be consistent with maintaining
occupational radiation exposures as low as reasonably achievable (ALARA) as required by
10 CFR 20.1101(b) of 10 CFR Part 20, "Standards for Protection Against Radiation."

This section is presented in the format provided by Draft Regulatory Guide DG-7003 (Proposed
Revision 2 of Regulatory Guide 7.9).

7.1 PACKAGE LOADING

The user of the packaging shall have the following:-.

1. authorization to acquire, package, transport, or transfer radioactive, fissile, or special nuclear
material;

2. the latest NRC CoC for the ES-3 100 package with HEU contents;

3. the latest copy of the Safety Analysis Report (SAR) for the ES-3 100 package with HEU contents;

4. compliance with all actions and restrictions specified in both documents described in Items 2 and 3
above (written procedures);

5. registration as a user of the packaging with Y-12; and

6. Y-12's quality assurance program that meets the requirements of 10 CFR 71, Subpart H.
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7.1.1 Preparation for Loading

Detailed, written operating procedures shall include, at a minimum, the process steps listed below
before the contents are placed in the ES-3 100 package. These steps, initiated by the operating personnel and
their supervisor, ensure that:

1. all appropriate documents have been reviewed by operating personnel and are available for further
review, if necessary.

2. the radioactive material contents are authorized by the CoC and the SAR, and the use of the package
complies with all conditions in the CoC and the SAR.

3. the packaging has been properly maintained and is in unimpaired condition. (All required periodic
maintenance shall have been performed and documented within the scheduled requirements of the
CoC, the SAR, and the maintenance program.)

4. the packaging is free of surface corrosion and moisture as noted by a visual inspection.

5. A valid leak-test sticker must be present on the containment vessel to ensure that the required
acceptance leak test or the annual leak test has been performed.

6. packaging interior, nonfixed surface contamination levels are not high enough to significantly
contaminate the contents. Nonfixed surface contamination limit requirements are given in
10 CFR 20.1906, 10 CFR 71.87(1), and 49 CFR 173.443 for alpha, beta, and gamma-emitting
radionuclides.

7. all closure fasteners are those furnished with the packaging or are certified replacements and are
acceptable for use.

Note: The threads on the containment vessel body and closure nut are to be visually
inspected for damage and wear. A damaged closure nut (evidence of cross-threading or
flattened threads) or excessive wear (visible rounding of the fastener threads) must be
replaced with certified replacement. Contact Y-12 Packaging Engineering to report
containment vessel body thread damage.

8. all required parts of the packaging and all necessary equipment are available and ready for use.

9. the silicone rubber pads (3 in number) have been inspected prior to use to verify that:

* there is no moisture between the pad and drum inner cavity;
* there is no pad swelling due to moisture absorption;
* there are no gouges, cuts, tears, or ne.,design voids in the pad;
* there are no unauthorized modifications to the pad; and
* there is no substitution of the pad with unauthorized replacements.

Package preparations should be made to reduce the potential to contaminate the packaging. Special
precautions should be taken to protect the packaging from inadvertent contamination by radioactive materials
during content loading.
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Other package preparations should be made to minimize damage or loss of packaging and packaging
components. Nuts, washers, O-rings, lids, and pads are removed from the package during loading, unloading,
and refurbishment. Care should b'eexercised to control the packagin'g components when they are removed
from the package to ensure that parts are kept with the packaging and not co-mingled with others. Loose
parts (washers, nuts, O-rings) may be reused if it cani be shown that they are the parts that were removed and
that no damage to the parts has occurred. Otherwise, they shall be discarded and replaced with certified
parts.

The user may replace certain certified parts during loading. Parts that may be replaced by the user
are identified in Table 7.1. The certification of all'replacement parts must be traceable. The user must
document the replacement and forward a copy of the document to Y-12.

Table 7.1. Certified replacement parts for the ES-3100 packaging

Part Description Material Specification/Drawing

Containment vessel 5.359-in. inner diam (ID) by 0.139-in. Ethylene propylene ASTM D-2000
inner O-ring diam stock M2E801580A013

Containment vessel 5.859-in. ID by 0.139-in. diarn stock Ethylene propylene ASTM D-2000
outer O-ring 7 M2E801580A013

Drum lid washer 0.844-in. ID by 1.375-in. outer diamn Stainless steel ASTM A240 or ASTM A276
(OD) x 0.25-in.-thick :;:. .M2E801580A005

Drum lid hex nut %-in.-l 1 unified coarse thread (UNC) Silicon bronze ASTM F467 per ANSI B 18.2.2
M2E801580A005

Plug (Plastic plug around circumference of Nylon 6/6 62MP0312
drum assembly and top of top plug) - Micro Plastic, Inc.

M2E801580A002
M2E801580A008

Modified VCO Leak-test port plug Brass P/N 04-2126
Threaded Plug M2E801580A011

Containment vessel Closure nut Nitronic 60 SST M2E801580A016
closure nut ASME SA-479

External Retaining Spiral retaining ring 302 SST P/N WSM400-502
Ring ; , M2E801580A014

Silicone rubber pads Silicone rubber M2E801.580-A009-1
22 - 5 Shore A M2E801580-A009-2

-M2E801580-A009-3

7.1.2 Loading of Contents

The operating procedures for the ES-3 106 package with HEU contents shall be'specific regarding
handling of all package components. They shall also "clearly state all safety aspects or activities such as
personnel protection (radiation, chemical, physical); surface contamination or radiation surveys; nuclear
criticality safety; and environment temperature. ' -

:7-3

YIL.F-717ICh-7IES-3100 HEU SAR/pc/02-25-0S



M

The detailed operating procedures for inserting the content into the packaging shall include, at a
minimum, the process steps listed below. The operating personnel and their supervisor shall ensure that:

1. the appropriate containment vessel is ready for packing and verify that the vessel was loaded
according to these steps. Verify that the Cat 2774 liner is intact and there is no evidence of damage
or leakage of Cat 277-4 material.

2. the HEU material has been verified as being within the limits specified in this SAR and the NRC
CoC for material mass, material dimension, uranium content, and "5U enrichment as required in
Sect. 1.2.3. The content shall be verified using accountability records and weight measurements.

3. all contents and their associated packing material are weighed and are within the allowable weights
specified in Sect. 1.2.3.6.

4. the HEU material and associated packing material (convenience cans, spacers, bagging, pads, etc.)
have been inserted as required by Sect. 1.2.3.

The detailed operating procedures should also describe interim activities to be followed if the
package is to be temporarily stored prior to shipment.

7.1.2.1 Closure Placement, Package Assembly, and Leak Testing

The detailed operating procedures shall describe activities to prepare the packaging for final closure
and shipment. They shall include, at a minimum, the process steps listed below when preparing the
containment vessels for closure. Operating personnel and their supervisor shall ensure that:

1. the containment vessel 0-ring grooves and sealing surfaces are visually checked for scratches that
may have occurred during insertion. If scratches are found, Sect. 8.2.2 should be reviewed for
criteria for evaluating surface scratches, possible repair methods for minor scratches, and rejection
criteria for significant scratches.

2. the 0-rings and the containment vessel sealing surfaces are free from debris and have not been
damaged during loading operations. Isopropyl alcohol and lint-free cotton cloth or swabs should be
used to clean the grooves and sealing surfaces. The 0-rings may be wiped with lint-free gloves,
cloth, or swabs. Note that the 0-rings shall be lubricated with a thin coat of Super O-Lube.

3. the containment vessel sealing lid is positioned over the containment vessel body with the notches
aligned.

4. the containment vessel sealing lid is lowered into position.

5. the containment vessel sealing lid is secured to the containment vessel body by the contain nent
vessel closure nut.

6. the closure nut is tightened to 162.7 + 6.78 N-m (120 + 5 ft-lb) of torque as specified in
Drawing M2E801580A01 1 (Appendix 1.4.1). No impact wrench shall be used.

7. the assembled and loaded containment vessel is prepared for leak testing.
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8. the annulus between the 0-rings shall be leak tested to an acceptable leak rate of I x 10-4 atm-cm3/s
(or lower) in accordance with the requirements in American National Standards Institute (ANSI)
N14.5-1997, Sect. 7.6, TPreshipment leakage rate test." ,

9. the vacuum coupling is removed. . * :

10. the modified VCO threaded brass plug is tightened into the leak-test port opening.

The procedure in Appendix 7.5.1 (Y-12 Plant Procedure Y51-01-B2-R-074, DT-Type Shipping
Container Leak Test) is an example ofa leak-test procedure that can be used with the ES-3 100 package. Use
of this procedure is not mandatory; however, the user must ensure that his or her procedure meets the
requirements of ANSI N14.5-1997.

The leak-test equipment used for this test should be calibrated with a known leak. The leak tests are
to be performed indoors in a temperature-controlled environment where the temperature is nominally 21 'C
(70TF). As such, there are no active controls on the temperature of the leak-test equipment or the leak
(known and unknown), nor are the temperatures recorded.

The following measures should be taken if the containment vessel assembly leak test fails to reach
the required vacuum pressure:

1. review the operating procedures,

2. check the leak-test equipment, -

3. check the vacuum couplings and connections,

4. check the test gauges, and

5. check all equipment certifications.

The containment vessel lid assembly shall be removed if the above measures do not uncover the root
cause. Care shall be taken to control the lid assembly parts on removal. The 0-rings shall be visually
inspected for roughness, porosity, scratches, and foreign matter. The sealing surfaces on both the
containment vessel sealing lid and body shall be visually examined for surface scratches. Review Sect. 8.2.2
for criteria for evaluating 0-rings and sealing surfaces.

The 0-rings shall be replaced with certified 0-rings if none ofthe measures described above properly
identify a possible cause of the failure to pass the leak test. After examining the new 0-rings, the closure
steps cited above shall be repeated. The assembly must be retested to a leak rate of 1 x 10- atm-cm3/s of
air. If the leak test fails again, then the contents shall be removed using the unloading procedures (beginning
with step 13, Sect. 7.2.2). The containment vessel, aiong with both sets of 0-rings, shall be tagged as
"potential" nonconforming parts and returned for closer examination and disposition.

Following a successful leak test, the containment vessel Writh its content is ready to be loaded into
the drum assembly for closure and sealing.
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7.1.2.2 Closing and Sealing

The containment vessel shall be inserted into the drum body cavity prior to drum closing. A
radiation check of the contents may be conducted prior to loading to measure the content dose rate. The
measured dose rate should be compared with known values for such a test. This is not a requirement and
should generally only be performed if there are ALARA concerns. After loading is complete, radiation
measurements shall be taken to determine the package dose rate, which establishes the transport index (TI).

The detailed operating procedures shall include, at a minimum, the process steps listed below when
preparing the drum assembly for closing and sealing. The operating personnel and their supervisor shall
ensure that:

1. the containment vessel assembly with content is ready for loading into the drum assembly.

2. the drum assembly (with top plug removed) is ready to receive the containment vessel assembly and
that the containment vessel assembly, silicone rubberpads, drum lid, drum-lid nuts and washers, and
tamper-indicating devices (TIDs) are available.

3. the approved lifting equipment is available and in place. For lifting equipment restrictions, see
Sect. 7.1.3. 1.

4. the containment vessel bottom pad is placed in the drum assembly cavity.

5. the containment vessel is lifted by the swivel hoist ring and placed into the drum assembly cavity
in a manner that minimizes damage to the packaging and Cat 277-4 liner. The swivel hoist ring is
removed.

6. the CV flange pad is placed on top of the containment vessel and the plug pad is placed on the inner
liner shelf.

7. the top plug is placed into position over the containment vessel using eye bolts attached to the
threaded holes provided on the top plug.

8. the eye bolts are removed from the top plug.

9. the drum lid is placed in position.

10. the drum washers and bronze drum nuts are installed.

11. the nuts are tightened to 40.67 A 6.78 N-m (30 ± 5 ft-lb) of torque with no sequence specified. No
impact wrench shall be used.

12. the TIDs are attached through both TID lugs.

13. the gross package weight does not exceed 190.5 kg (420 lb).
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14. surveys for nonfixed surface contamination and radiation dose rate measurements are conducted.
K) The nonfixed surface contamination survey shall be conducted in accordance with the user's facility

procedures. The survey shall use criteria that are derived from the surface radioactivity guidance
of 10 CFR 20.1906, 10 CFR 71.87(i), 49 CFR 173.443, or the user's site-specific criteria, whichever
is the most stringent. -

15. nonfixed surface contamination is removed as applicable.

16. all "empty" or inappropriate labels or tags are removed from the exterior surface of the package.

17. the package is labeled with the appropriate material description, nuclides, activity/mass, and TI in
accordance with 49 CFR 172.403.

18. the package is marked with the'minimrum marking "Radioactive Material, Type B(U), Fissile,
UN3328" in accordance with 49 CFR 172.3 10.

19. the package radiation dose rate at the surface is measured. The package radiation dose rate at I m
from the surface shall be measured to establish the TI for the package and to ensure that content does
not exceed the expected or allowable dose rates (see Sect. 5). The analysis presented in the
containment evaluation (Sect. 4) has determined that this is a Type B, fissile material package.

7.1.3 Preparation for Transport

7.1.3.1 Package Transfer or Handling

The transfer of a package on-site to storage or to a staging area prior to off-site shipment shall be
accomplished in accordance with the user's approved on-site transport safety manual. Criticality Safety
Index (CSI) values for the ES-3 100 package with various payloads can be found in Table 6.2.

The ES-3 100 is handled using industry-standard drum-handling equipment. Operating procedures
shall include requirements to limit clamping pressures on forklift drum-handling equipment to prevent
damage to the ES-3 100 drum body (see Sect. 1.2.1.1 for limits on forklift gripping forces).

The detailed operating procedures shall include,'at a minimum, the process steps listed below for
preparing the package for transfer or handling. Operating personnel and their supervisor shall ensure that:

1. the package nonfixed surface contamination isbelow the minimumoff-site and on-site transportation
requirements, '.-

2. all appropriate package labels are affixed to the package's exterior surface,

3. all lifting and handling equipment is available and certified for use, and

4. all transfer equipment is available and certified for use.

The user shall identify placement restrictions associated with the handling, transfer, or shipping of
radioactive materials as they relate to persons and animals for off-site and on-site operations. The minimum
acceptable distance between a package and a human or animal is a function of the TI in accordance with

K 49 CFR 177.842 for.carriage on public highways.; When shipping off-site, such restrictions shall be
identified to the carrier.
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7.13.2 Decontamination

The reference to nonfixed surface contamination is repeated throughout the various operating
procedure steps. It is essential that radiation exposure to the worker and the workplace be minimized. As
the package is being prepared to enter the public domain, it is very important that the nonfixed surface
contamination level of the package and the transport medium [Safe-Secure Trailer/Safeguards Transporter
(SST/SGT) or other approved conveyance] be maintained at ALARA levels.

The package may be placed onto areas that are covered by disposable covering, such as plastic or
paper, to reduce the nonfixed surface contamination of physical structures.

The package must be shipped in an enclosed conveyance. Generally, the exterior surfaces of the
package will remain relatively clean. However, each user shall prepare written procedures to clean dirty
packages. These procedures shall, at a minimum, consider the following:

1. The drum is austenitic stainless steel.

2. The drum nut is silicon bronze.

3. The drum vent holes are covered with plastic push-in plugs.

4. The labels and markings on the drum must remain legible.

5. The cleaning solution must be checked for contamination.

7.1.3.3 Requirements Prior to Shipment

The shipper shall ensure that the quality control requirements of 49 CFR 173.475 and the routine
determination requirements of 10 CFR 71.87 have been satisfied prior to each shipment. Detailed operating
procedures [10 CFR 71.87(f)], initiated by the operators and their supervisor, shall provide evidence that
these requirements are met and ensure that:

1. the package is proper for the content shipped and verified with the appropriate records by the user
prior to content loading [10 CFR 71.87(a)];

2. the package is in unimpaired physical condition [10 CFR 71.87(b)];

3. the closure devices of the package are properly installed, secured, and free of defects
[IO CFR 71.87(c)];

4. the containment vessel has been loaded properly and preparation for shipment has been followed,
witnessed, and checked;

5. the internal pressure of the containment system does not exceed the design pressure during
transportation [10 CFR 71.85(b)] as demonstrated by analysis (Appendix 2.10.1) and that there are
no pressure-relief devices [10 CFR 71.87(e)] in the package;

6. the external radiation levels for all transport conditions are within the allowable limits as
demonstrated by analysis (Sect. 5) and as measured for Normal Conditions of Transport (NCT)
[10 CFR 71.87(i)];
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7. the nonfixed external contamination levels are within the allowable limits as demonstrated by
surface wipes prior to. content insertion, containment vessel loading, package closure, on-site
transfers, and off-site shipment [10 CFR 71.87(i)]; . - -.

8. the contents are adequately sealed and have adequate space for expansion [10 CFR 71.87(d)];

9. all records for shipment are prepared and maintained; and

10. all lifting attachment features are either inoperative during transport [10 CFR 71.87(h)] or meet the
Requirements of 10 CFR 71.45(a).

7.1.3.4 Testing

Leak tests shall be conducted following the content loading and the containment vessel closure. The
annulus between the O-rings shall be leak tested to an acceptable leak rate of 1 x I1- atm-cm3/s of air
(or equivalent) or lower in accordance with ANSI N14.5-1997, Subclause 7.6.

All operations involving the use of the packaging shall emphasize safety and radiological control for
the operator. Package loading and unloading shall be preceded and followed by surface radiation surveys
to control radioactive contamination.

The radiation (gamma, neutron) emanating from the radionuclide in the package shall be measured
before the package is released for transport [10 CFR 71.47 and 71.87(j)]. The package radiation dose rate
at the surface is measured to ensure that the content does not exceed the expected or allowable dose rates.
The package radiation dose rate at I m from the surface is measured to establish the TI for the package.

7.1.3.5 Surveying

Radiation surveys shall be conducted before the package is released for final shipment preparation
to control radioactive contamination and to protect the worker (10 CFR 71.47). The package exterior surface
contamination level limits are found in 10 CFR 71.87(i) and 49 CFR 173.443. The regulations present both
fixed and nonfixed surface contamination level limits for the various radionuclides for DOE facilities. The
test methodology is also given in these references. In addition to these limits, the user may have more
stringent surface contamination levels that shall also be followed.

A final visual survey of the package and loading paperwork shall be conducted to ensure that the
package was assembled correctly and that it is ready for final shipment preparation. This survey may include
a thorough review of the loading checklists by someone other than those who filled out the list to verify the
loading operations. The area immediately surrounding the assembly operations should be surveyed, and all
spare or extra parts should be identified. A final package survey may include weighing the package, hand-
testing the closure nuts on the drum lid, and flexing the TIDs. The loading checklist should include a place
for this final quality check to be properly recorded-including a signature and date-as being successfully
completed.

7.1.3.6 Marking

The user shall ensure detailed marking procedures are consistent with 10 CFR 71.85 and the
applicable subsections of 49 CFR 172, Subpart D.. Each shipper shall ensure that each package containing
radioactive material is marked in the manner required.
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Two electrochemically etched data plates are affixed to the exterior of the drum body in the
locations, and with the methods, indicated on Drawing M2E801580A031. Data plate M2E801580A010-1
provides the owner's return address, container model, container serial number, and the trefoil symbol. Data
plate M2E801580A0 10-2 provides the required DOT marking-certificate number, maximum gross weight,
and "Type B" designation.

The packaging components (drum assembly, containment vessel body, lid, and closure nut) are also
marked with their serial numbers. The numbers are used to control these parts and to accumulate their
respective histories.

7.13.7 Labeling

The user shall prepare detailed labeling procedures that are consistent with the applicable subsections
of 49 CFR 172, Subpart E. The procedures should include the following steps, to ensure that:

1. the proper label is affixed to the package and the TI is determined at the time of loading;

2. the correct label (White-I, Yellow-fl, or Yellow-I) is determined using the table from
49 CFR 172.403(c);

3. the appropriate label is affixed to two places on opposite sides of the drum;

4. the content name, nuclides and activity/mass (49 CFR 173.435), and the TI are entered in the blank
spaces on the radioactive label; and

5. the information is entered legibly using a durable, weather-resistant means of marking.

Additionally, two Fissile labels are required per 49 CFR 172.402(d)(2). These labels must be affixed
two places on opposite side's of the drum adjacent to the radioactive labels. The CSI must be legibly entered
on the Fissile label using a durable, weather-resistant means of marking.

The user should be advised that DOE Order 470.1 for safeguards and security of special nuclear
material may require that the content and activity or weight information be omitted from the exterior surface
of the package. However, such information shall be provided indirectly through the proper security channels
and referenced to the particular package by the package serial numbers. The detailed operating procedures
shall consider such methods.

7.13.8 Securing to Vehicle

The package shall be secured against movement within the vehicle in which it is being transported
under conditions normally incident to transportation [49 CFR 177.834 and 177.842(d)]. The loading
procedures shall include the following measures, at a minimum, to ensure that:

1. only a SST/SGT or other approved conveyance is used,

2. all reasonable precautions are taken to prevent motion of the vehicle during loading,

3. no tampering with packages occurs during transit,
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4. no vehicle is loaded or unloaded unless a qualified person is in attendance at all times, and

5. no radioactive material package is loaded onto a vehicle also carrying Div. 1.1 or 12 explosives
(49 CFR 177.848). .. ,

The following represents acceptable loading practices that shall, at a minimum, be applied:

1. Before a shipment is loaded onto a transport vehicle, the user shall visually survey the equipment
to determine its general operating conditions, its capability to transport the shipment; the existence
of appropriate restraint devices in good condition, and that the gross weight of the shipment does not
exceed the authorized carrying capacity. of the conveyance.

2. Reasonable precautions such as wheel chocking are taken to prevent motion of the conveyance
during the loading operations.

3. The loading devices used to load the packages are appropriate for the dimensions and weight of the
packages. . - . - -

4. The shipment is positioned on the conveyance in such a way that the weight is properly distributed
over the width and length of the conveyance.

5. The ends, sides, or doors of the conveyance are not relied upon to prevent shifting of heavy loads.

The following represents acceptable blocking, bracing, and tie-down practices that shall, at a
minimum, be applied to ensure that:

. ; .. ... I. -.

1. packages are prevented from shifting or changing position in the conveyance during NCT (the cargo
is restrained in accordance with the provisions of 49 CFR 393.100-102), and

2. packages remain stable after the restraints are removed.

All loading, blocking, bracing, and tie-down practices for loaded ES-3 100 packages in a SST/SGT
must be in accordance with requirements in the current release of the technical manual Tiedown Procedures
for Type-B Containers Shipped in Safe-Secure Trailer/Safeguards Transporter (SST/SGT).

7.2 PACKAGE UNLOADING

7.2.1 Receipt of Package from Carrier

Prior to shipment, the user shall verify that the receiver can accept the special nuclear material. The
user (shipper) shall ensure that appropriate documentation is submitted to the receiver to ensure that the
physical characteristics and hazards of the material are conveyed to the receiver..

The user shipping the package shall provide any, special instructions to the receiver to safely open
the package (10 CFR 71.89), including special tools and precautions for handling or unloading. These
instructions shall include special actions in the event that TIDs are not intact, or if surface contamination or
radiation surveys are too high.
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The receiver shall accept the radioactive material by surveying the conveyance and package surface
for contamination and external radiation levels. The receiver's procedures shall clearly indicate that the
contamination and radiation surveys and inspections be conducted upon receipt of the package. The receiver
shall, at a minimum, include the following in their procedures (in compliance with 10 CFR 71.111):

1. receive the package when offered by the carrier for delivery and,

2. monitor external surfaces ofthe conveyance and package forradioactive contamination and radiation
levels.

Surface contamination and radiation-level monitoring shall be accomplished within 3 hours of
receipt. If the package is received after normal work hours, then the monitoring must be done no later than
3 hours from the beginning of the next work day.

All users shall include provisions in their operating procedures for reporting safety concerns
associated with the packaging or its use. The user shall notify DOE in accordance with DOE Order 231.IA
and 10 CFR 20.2202. Although 10 CFR 20.2202 provides a graduated reporting period based on the severity
of the incident, DOE Order 231.lA delineates specific reporting periods in accordance with the category of
the occurrence. Incidents requiring notification include:

1. removable radioactive surface contamination in excess of the limits provided by 10 CFR 71.87, and

2. external radiation levels in excess of the limits provided by 10 CFR 71.47.

At a minimum, the user shall maintain the records outlined below ofthe radiation protection program
and of dosimetry records for all monitored individuals.

I. ALARA plans and programs and their implementation;

2. individual occupational dose records;

3. monitoring and area control records;

4. monitoring methods records;

5. training records of plant employees, radiation workers, and radiation safety personnel; and

6. records of exposure (provided to all workers).

The receiver shall compare the cargo with the list provided by the shipper. If a discrepancy appears
between the cargo and the list, the receiver shall notify DOE in accordance with DOE Order 231.1A.

7.2.1.1 Inspections and Surveys

A radiological survey of the conveyance and the package shall be conducted to determine ifrnonfixed
contamination has been picked up during shipping. The receiver shall include the following instructions, at
a minimum, in written procedures for surface contamination and radiological inspections and surveys to
ensure that:
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1. surveys are made,

2. instruments and equipmenft are calibrated periodically for the radiation measured,

3. persons performing surveys use personal dosimeters that are routinely processed and evaluated, and

4. persons performing surveys are properly trained and their records are kept.

The receiver's written procedures shall also include general inspections of the conveyance and
package. The following inspections that provide an indication of the condition of the package from shipping
shall be included, at a minimum, to ensure that:

1. the conveyance is examined for entrapped moisture (water or moisture);

2. such moisture is identified, surveyed for contamination, and removed;

3. the general appearance and condition of the conveyance and the package are noted;

4. labeling and placarding of the package and conveyance are checked for compliance;

5. TIDs on the conveyance and the package are examined for signs of tampering; and

6. the package tie-downs were properly used and have no visible signs of wear.

The receiver shall notify DOE in accordance with DOE, Order 231.1A if moisture, surface
contamination, noncompliant items, visible damage, or wear is found.

7.2.1.2 Removal from Vehicle ' -.

The package shall be removed from theconveyance prior to unloading the content. Unloading
procedures shall, at a minimum, ensure that:

1. the package nonfixed surface contamination is below the minimum on-site or off-site requirements,

2. all appropriate package labels are affixed to the package exterior surface,

3. all lifting and handling equipment is available and certified for use,

4. all transfer equipment is available and certified for use,

5. the package is visually examined to ascertain surface damage that may have occurred during
shipping or handling, and

6. the TIDs are examined to ensure that the package has not been tampered with during shipment.

If the package surface was damaged during handling or shipping, a nonconformance tag shall be
completed and attached to thepackage for subsequentrefurbishment (10 CFR 71.131). If theTIDs are found
to be compromised, DOE shall be notified in accordance with DOE Order 231.1A.
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7.2.2 Removal of Contents

Transfer of the package from an on-site storage or staging area or from the conveyance prior to
unloading shall be in accordance with the user's approved on-site transport safety manual.

When a package is prepared for transfer or handling, the detailed unloading procedures shall include,
at a minimum, the process steps listed below. The appropriate steps, initiated by the operating personnel and
their supervisor, shall ensure that:

1. the package nonfixed surface contamination is below the minimum on-site and appropriate off-site
transportation requirements;

2. all appropriate package labels are affixed to the package;

3. certified equipment (such as visual inspection gauges, scales, and radiation detection gauges) is used
(no impact wrenches shall be used);

4. segregated work stations, curtains, lead blankets, or other such equipment is used to protect workers
or nearby personnel from hazards associated with radioactive materials; and

5. appropriate material-handling equipment (forklifts, hoists, drum handlers, etc.) is available.

Detailed operating procedures shall describe activities required for content removal. These
procedures shall identify any safety and health measures required to protect workers and the environment.
The procedures shall include, at a minimum, the process steps listed below. The appropriate steps, initiated
by the operating personnel and their supervisor, shall ensure that:

1. All appropriate labels for the material shipped are affixed to the exterior surface of the drum body.

2. Surveys for nonfixed surface contamination and radiation dose rate measurements are conducted.

3. As applicable, nonfixed surface contamination is removed before the contents are removed.

4. The TIDs remain intact until removal. (Notify Safeguards and Security if they have been tampered
with.)

5. The weld stud nuts and washers are removed and controlled.

6. The drum lid is removed.

7. Visible portions of the interior of the drum body and top plug are still in good condition-no visible
signs of damage, water damage, or tears.

8. The top plug is removed using eye bolts that can be attached to the threaded holes provided on the
top plug.

9. The silicone rubber CV flange pad and plug pad are removed from above the containment vessel.

10. The containment vessel top is in good condition-no visible signs of damage or loose closure nut.
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11. A surface contamination check is conducted to discover any leak of radioactive material.

12. The containment vessel is removed from the drum assembly. The'containment vessel is placed onto
the work area. (This step may not be required.) -

13. The external retaining ring, containment vessel closure nut, and containment vessel sealing lid are
removed and controlled. (No pressurebuildup is expected underNCT.) Hand force maybe required
to disengage the sealing lid because of the slight vacuum.

14. The 0-rings and the 0-ring grooves on the containment vessel flange are protected from damage
during unloading.

15. The HEU content (convenience cans) and associated packing materials (can spacers, stainless-steel
scrubbers, or silicone can pads) are removed from the containment vessel using the cable lanyard
in accordance with site-specific HEU material-handling procedures.

16. The items removed and the inside of the containment vessel are checked for nonfixed surface
contamination.

7.3 PREPARATION OF EMPTY PACKAGE FOR TRANSPORT

The user shall develop detailed procedures to prepare an empty package for storage or transport.
These procedures shall, at a minimum, ensure that:

1. The package has been emptied of all radioactive contents.

2. The radiation level at any point on the external surface of the package does not exceed 0.5 mrem/h.

3. The nonfixed radioactive surface contamination on the external surface of the packaging does not
exceed the limits specified in 49 CFR 173.443(a), and the internal contamination level does not
exceed 100 times the limits in 49 CFR 173.443(a).

4. The package is not damaged, and there is no visible internal or external surface moisture or
corrosion.

5. The packaging is closed. Steps 1-11 from Sect. 7.1.2.2 should be performed.

6. No leakage of radioactive material under conditions normally incident to transportation can occur.

7. Any labels previously affixed in accordance with Subpart E of49 CFR 172 are removed, obliterated,
or covered. Leak-test labels should not be removed from the drum body.

8. The "EMPTY" label prescribed in 49 CFR 172.450 is affixed to the drum.

9. An appropriate notice is provided giving the name of the consignor or consignee and the statement:
For example, "This package conforms to the conditions and limitations specified in 49 CFR 173.428
for radioactive material, excepted package-empty packaging, UN2908."
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7.4 OTHER OPERATIONS

All shipments involving the ES-3 100 packages on an SST/SGT will be subject to special operational
controls (e.g., route, weather restrictions, time restrictions, etc.) that are imposed by the Office of Secure
Transportation.
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7.5 APPENDIX

Appendix Description

7.5.1 Y-12 PLANT PRODUCT SPECIFICATION PROCEDURE Y5 1-01 -B2-R-074, DT-TYPE
SHIPPING CONTAINER LEAK TEST
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APPENDIX 7.5.1

Y-12 PLANT PRODUCT SPECIFICATION PROCEDURE Y51-01-B2-R-074,
DT-TYPE SHIPPING CONTAINER LEAK TEST
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PRODUCT SPECIFICATION PROCEDURE

Lockheed Martin Energy Systems, Inc.
Oak Ridge Y-12 Plant
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Page:

Y51-01-B2-R-074
A.0
New
1 of 10

USE CATEGORY II
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3

Effective Date: 6-13-97
Approvals:
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Operations Manager Signature

Dennis Nabors
Print Name

Stephen T. Holder
Print Name

Stephen T. Holder
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Date
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Date
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CC Review

CONCURRENCE BY THE FOLLOWING ORGANIZATIONS IS DOCUMENTED IN
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YS1-01-B2-R-074
DT-Type Shipping Container Leak Test Revision A.0

Page: 2 of 10

MODIFICATION LOG

Effective Affected
Revision Date Modification Description Page(s)

A.0 6-13-97 PMR-96-0228 New Y51 Series procedure. All
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Y51-01-B2-R-074
DT-Type Shipping Container Leak Test Revision A.0

Page: 4 of 10

1. INTRODUCTION

1.1 Purpose

To provide instructions for operating the DT-type shipping container leak test station. The
leak test station consists of a mechanical vacuum pump, pressure gauges, chart recorder,
flow orifice, and the connecting valve manifold.

1.2 Scope

[11 Applies to leak test of the 0-ring seal found in the DT-Type leak testable inner
containers. The equipment is capable of determining a leak rate of 1.0 x IO-4 cc/sec.

121 The system correlates the pressure drop across an orifice as compared to the pressure
drop across the orifice when a calibrated leak is installed. When the pressure readings
have stabilized at predetermined calculated values, the leak rate of the container being
tested should be less than I x IO-' cc/sec.

[31 Program: WC

1.3 General Information

[11 Use of standard tools and equipment as needed is acceptable without being listed in
the tooling/equipment list.

[2] It is acceptable to turn off the chart recorder during long pumping periods to minimize
the use of chart paper.

2. PRECAUTIONS AND LIMITATIONS

2.1 Safety and Health Organization

In case of liquid nitrogen spill, ensure personnel in area back away from the spill and allow
the liquid nitrogen to evaporate. DO NOT attempt to clean up a liquid nitrogen spill.

3. ACCEPTANCE CRITERIA

The container has passed the leak test when:

[al PI is less than 5 mtorr.
lb] P2 is less than 330 mtorr.
[cl P2 pressure trace has stabilized or is declining.
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Y51-011-B2-R-074
DT-Type Shipping Container Leak Test Revision A.0

Page: 5 of 10

4. PREREQUISITE ACTIONS

4.1 Special Tools, Test Equipment, Parts, and Supplies

Supervisor
Ensure the following equipment is available to perform this procedure:

* Container Leak Test Adapter
* Container Leak Test Plug
* Leak Test Manifold (Appendix A)
* Liquid Nitrogen

4.2 Field Preparations -

Assemblyperson
l11 Ensure power on to leak test manifold. >

[2] IF system is started from power off condition,
THEN ensure MKS Baratron transducer is allowed at least four (4) hours warm up
time.

K.> [31 Ensure the chart recorder has:

* At least 50 cm of chart paper
* Channel pens have ink
* Channel pens are in contact with the paper.

[4] Ensure that all equipment,'fixtures, 'and accessories'are:

* Operable -

* Current on required inspection and/or maintenance
* Determined to beiin good-conidiiioi '" '

15] Ensure certification stickers are attached and NOT expired on the following:

* Pressure gauges - -

* Chart recorder

4.3 Approvals and Notifications

Supervisor
Obtain permission from the Shift Manager to start the Performance Section of this
procedure.
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Y51-01-B2-R-074
DT-Type Shipping Container Leak Test Revision A.0

Page: 6 of 10

5. PERFORMANCE

5.1 System Set Up

Assembly person
[11 Ensure the following valves are OPEN:

* Valve I
* Valve 2

121 Ensure Valve 3 is CLOSED:

131 Set the chart recorder switches to the following positions:

CHA DWN
CHB DWN
CHART SPEED I
SPEED CIMIN/
RANGE CH A 1 VOLT
x 5 MULTIPLIER CH A DEPRESSED
RANGE CH B 1 VOLT
x 5 MULTIPLIER CH B PULLED OUT
POWER ON
CHART STOP

[41 Zero the chart recorder as follows:

la] Latch IN the ZERO/RECORD CH A and ZERO/RECORD CH B switches.

lb] Align the pens with the zero line on the chart paper.

[c] Release the ZERO/RECORD CH A and ZERO/RECORD CH B switches.

151 Ensure that the Granville- Phillips gauge (P1) reads less than 5 mtorr.

161 Ensure that the MKS Baratron gauge (P2) reads less than 5 mtorr.
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Y51-01-B2-R-074
DT-Type Shipping Container Leak Test ..,'Revision A.0

Page: 7 of 10

5.2 Leak Testing

Assembly person - , ,: -

[1] Ensure the leak test plug has been removed from the test port on the container to be
tested.

[2] Connect the flexible hose from the Leak Test Station to the container test port.

13] Place the chart recorder CHART switch to START.

[4] Open Valve 3 to begin evacuating the test volume.

[5] ONCE PI pressure is less than 20 mtorr,
THEN wait approximately five minutes -

AND close Valve 2.

Warning

Failure to wear apron, facesheild, and insulated gloves when handling liquid nitrogen
may result in personnel injury.

[6] Ensure the cold trap vacuum flask is filled with liquid nitrogen.

NOTE 1 P2 pressure is considered stabilized when the chart recorder P2 pressure
trace shows aflat line forfour centimeters.

NOTE 2 When all thefollowing conditions are tnre, the container has passed the
leak test.

[71 Monitor Pl, P2, and the chart recorder paper for the following conditions:

[a] PI is less than 5 mtorr.

lb] P2 is less than 330 mtorr.

[c] P2 pressure trace has stabilized or is declining.

[8] IF ALL three of the conditions in Step 5.2 [7] are NOT met,
THEN

[a] Contact Supervisor.

lb] Refer to Appendix B "Troubleshooting Instructions" for possible causes.
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IY51-01-B2-R-074
DT-Type Shipping Container Leak Test Revision A.0
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5.2 Leak Testing (cont.)

[91 AFTER All three of the conditions in Step 5.2 [7] are met,
THEN

[al Close Valve 3.

Ib] Open Valve 2.

[c] Place the chart recorder CHART switch to STOP.

[d] Disconnect flexible hose from shipping container.

6. POST-PERFORMANCE ACTIVITIES

6.1 Extended Shutdown

Assembly person
Turn off all power to leak test manifold.

7. RECORDS

None

8. SOURCE REQUIREMENTS

None
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DT-Type Shipping Container Leak Test
Y51-01-B2-R-074

Revision A.0
Page: 9 of 10

Appendix A
L . M I

Leak Test Manifold
.I..' §l t

NIKS
Baraoun

Granville
Phillips
Gauge

Vam 1 Valme 2 valve 3
Container
Connection
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DT-Type Shipping Container Leak Test
Y51-01-B2-R-074

Revision A.0
Page: 10 of 10

I

Appendix B

Troubleshooting Instructions

CONDITION POSSIBLE CAUSE(S) CORRECTIVE ACTIONS

P1 pressure still greater Mechanical Pump faulty Repair faulty equipment and restart
than 5 mtorr, after 15 test from Section 5.2.-
minutes of pumping Valve 2 faulty

P2 pressure still greater Container leaking Restart test from Section 5.1
than 330 mtorr, after 20 without venting container.
minutes of pumping Fittings leaking

Disconnect flexible hose from
container, plug flexible hose and
evacuate. Repair hose if found to
be leaking. Restart test from
Section 5.2.

P2 pressure is not Monitor P2 pressure until stable or
stable, or is increasing, declining, or until P2 pressure
after 20 minutes of reaches 330 mtorr.
pumping
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8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM'

Shipping packages used to transport radioactive materials shall be fabricated, procured, and
maintained in accordance with applicable U.S. Department of Energy (DOE) orders and Nuclear Regulatory
Commission (NRC), U.S. Department ofTransportation (DOT), and other federal, state, and local regulations
to protect the health and safety of the public, the workers, and the environment. Furthermore, the packages
shall be fabricated, procured, and maintained according to Y-12's quality assurance (QA) plan.

DOE Order 461.1 A contains the policies and directives for the management of hazardous materials
transportation activities associated with radioactive materials. The NRC regulations for packaging and
transporting radioactive materials are given in Title 10 of the Code of Federal Regulations (CFR)
(10 CFR 71). The DOT requirements for shipping and packaging hazardous materials are given in
Title 49 CFR.

Minimum requirements for fabricating, procuring, and maintaining the packaging are presented in
this section. The owner and user shall develop detailed procedures based on criteria contained herein and
on the Certificate of Compliance (CoC). These procedures shall be in accordance with DOE orders,
Subparts G and-H of 10 CFR 71, and other NRC, DOT, federal, state, and local regulations as cited.

Fabrication specifications for ES-3100 components are listed on fabrication drawings
(Appendix 1.4.1) and equipment specifications (Appendices 1.4.2 -- 1.4.5). The containment vessel is
designed and built to meet American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel
Code, Sect. m, Division I, Subsection NB (ASME B&PVC, Sect. HI, Div. 1).

- This section is presented in the format provided by Draft Regulatory Guide DG-7003 (Proposed
Revision 2 of Regulatory Guide 7.9 (DG-7003).

8.1 ACCEPTANCE TESTS

The owner shall determine that the packaging has been fabricated in accordance with the'approved
design [10 CFR 71.85(c)]. The owner may use the inspection guidance provided by the NRC in
NUREG/CR-5717 for conducting QA inspections of packaging suppliers. An exploded view of the
packaging design is presented in Fig. 1.2. The package drawings are in Appendix 1.4.1. The packaging
includes:

1. a reinforced 30-gal stainless-steel drum, inner liner, lid, weld studs, Kaolite 1600; Cat 277-4; drum
flat cover plate; nylon vent hole plugs; top plug (consisting of sheet steel and Kaolite 1600); hex
nuts; washers; paint; and

2. a containment vessel body, sealing lid, closure nut, and retaining ring; O-rings; swivel hoist ring;
modified VCO threaded brass plug.

Quality certification and procurement'instructi6ns (QCPIs) are used by the BWVXT Y-12 (Y-12),
Quality Division to establish the minimum requirements for records and reports for the packaging. These
requirements are derived from the packaging drawings. Although these procurement documents may be
unique to Y-12, the requirements included shall be considered as minimum requirements, and their
information shall be present in the owner's fabrication records. QCPIs for the ES-3 100 are available upon
request.
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The containment vessel procurement specification is presented in Appendix 1.4.3. This specification
indicates the records and reports required to properly document the quality of the containment vessel
fabricated by a vendor in accordance with the QA requirements.

If any acceptance inspection or test identifies a nonconforming condition for a packaging, the
packaging is segregated and tagged, and the appropriate manager evaluates and approves final disposition
of the item. Any one of the following actions may be taken:

1. Return the item to the vendor or shop; reject the item outright.

2. Return the item to the vendor or shop; repair the item to a usable condition, record the repair, and
prepare a deviation report.

3. Return the item to the vendor or shop; rework the item to specification and record the rework.

4. Accept the item as is; prepare a deviation report.

The minimum acceptance inspection and test requirements for the packaging components (Tables 8.1
and 8.2) are presented in the following sections. Prior to first use of the package, these requirements must
be met.

8.1.1 Visual Inspections and Measurements

Visual inspections with the unaided eye of all pertinent features on the package shall be performed
during fabrication. These inspections include paint color; surface condition; marking content; gauging
(toleranced dimensions, positioning, edge breaks, surface finish); and welding. The required inspections,
as described in Tables 8.1 and 8.2, are provided in the QCPIs, which are available upon request.

8.1.1.1 Paint color

Paint color, which is not a safety item, is used to identify, segregate, and document packages and
packaging. The acceptance criteria for paint color are given in the respective federal specifications
referenced by the drawings (Appendix 1.4.1). Incorrect or incomplete application of paint is cause for
rejection. An application of incorrect letters or misspelled words is also cause for rejection. The item may
be reworked to meet the specification.

8.1.1.2 Surface condition

The surfaces of the drum assembly and containment vessel shall be visually inspected for
penetrations, dents, and corrosion. Dents >1-in. deep in the drum body will be cause for the drum body to
be reworked to remove the dent. The containment vessel surfaces must be in accordance with the dimensional
requirements on the drawings. Penetrations will be cause for the component to be reworked, including dye-
penetrant and radiographic testing.

The ES-3 100 components shall be stored in indoor facilities. HoWever, before acceptance of any
ES-3 100 component, all surfaces shall be inspected for corrosion. The presence of surface corrosion (rust)
on any component will be cause for further inspection. If the rust can be easily wiped off and no pitting is
apparent beneath it, the component is acceptable. If the rust cannot be easily wiped off, or if scaling is
present or pitting is observed, then the surface will be repaired and the component must undergo a
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.Table' 8.1. Acceptance tests for the drum assembly

Packaging' Visual inspe~ction Straktralsan
-.. -pressure tests La et

Drum, 30-gal modified, including
lid, drum flat cover

Weld stud, ARC Fl'S/S -I IUINC
x 7/8 LG, 304!304L stainless steel

Inner liner weldment and top plug,
304!304L stainless-steel

3041304L stainless-steel 0.25-in.
internal flange

Material certification ga nb

marking, liquid penetrant, weld
repair, corrosion, dents

Part certifications, gauging

Material certifications, gauging

Material certifications, gauging

Tensile, percent elongation,
impact, yield point, chemistry

Pressure test
(1 0 psig for 5 min)

Tensile, percent elongation,
impact, yield point, chemistry

Tensile, percent elongation,
yield point, chemistry

Tensile, percent elongation,
yield point, chemistry

NAc

NA

NA

Nut, %-in.-lI I UNC silicon bronze

Tamper-indicating device

Data plates,
4.00 x 7.50 x 0.0625 in. and
4.75 x 9.00 x 0.0625 in.

Paint: black enamel

Cat 277-4

Material certifications, damage

Material certification, damage

Material certification, gauging,

marking

Material certification, color
comparison

Material certification, -samplie
pour

NA NA

NA NA

NA NA

NA NA

NA NA

Kaolite 1600 castable refractory-
cured thenrmal insulation

Flat washer, 0.8 12-in. ID x
1.375-in. OD x 0.250-in.-thick
stainless steel

Lid TID lug, modified 304L
stainless steel chain 3/16-in trade
size, .20 diamn

Plug, plastic push-in, Micro Plastic
Inc., 62MP0312

Silicone Rubber Pads
22 + Shore A
Parts M21ES015SOA009-1
Parts M2ES015S0A009-2
Parts M2ES015S0A009-3

Material certification, sample
pour . -

Material ~ertificaiion,`damiag'e

Material certification, damage

Material certification -

Material certification, damanige,
marking

NA NA

NA NA

NA NA

NA NA

NA NA

* Appendix 1.4.1.
Gauging refers to dimensional inspections for height,'width,'thickness, diamieter, position, and surface finish.

C NA-Not applicable.
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Table 8.2. Acceptance tests for the containment vessel assembly

Packaging' Visual inspections pressure tests Leak tests

Body assembly, lid assembly Material certification, gauging,b marking, Hydrotest Helium
(as applicable) radiography, liquid penetrant, weld repair, leak test

qualification tests, corrosion, scratches

0-ring (inner), 5.359-in. ID, Material certification, gauging, packaging, Shore A durometer, NAc
0.139-in. diameter stock marking elongation

O-ring (outer), 5.859-in. ID, Material certification, gauging, packaging, Shore A durometer, NA
0.139-in. diameter stock marking elongation

Closure nut Part certifications, gauging, Tensile, percent elongation, NA
Nitronic 60 SST, ASME SA-479 impact, yield, chemistry

External Retaining Ring Material certification, damage NA NA

Swivel hoist ring Material certification, gauging Load test NA

Modified VCO threaded brass Material certification, damage NA NA
plug for leak-test port

4.25-in. can pad, Material certification, damage NA NA
M2E801 580A024,
silicone rubber A50-83B,
hardness 75 A 5 Shore A

Heavy can spacer assembly Material certification, damage NA NA

' Appendix 1.4.1.
b Gauging refers to dimensional inspections for height, width, thickness, diameter, position, and surface finish.
' NA-Not applicable.

dimensional inspection and dye-penetrant and/or radiographic testing to determine the extent of the damage.
In the case of the containment vessel, a hydrostatic test shall be performed. All acceptance criteria for a
newly fabricated component (Appendices 1.4.1, 1.4.2, and 1.4.3) shall apply to the repaired component. If
the rust has compromised the structural integrity of the component [i.e., the component no longer meets
dimensional criteria for a new part as specified on the drawings], then the component shall be rejected.

8.1.1.3 Marking package components

Markings on the package components identify the hazardous content and provide traceability to the
fabrication and past use of the package. All markings (serial numbers, model numbers, instructions,
identification) shall be compared with the drawings' requirements for correct content. The acceptance
criteria (paint color and dimensions) for markings are given in the drawings in Appendix 1.4.1. Incorrect
or incomplete marking is cause for rejection. The item may be reworked to meet the specification.

8.1.1.4 Gauging

The drawings list the dimensions/tolerances (height, width, thickness, diameter); positions (bolt
holes, grooves, leak-test port); edge break, and surface finishes (smoothness, passivation, coating, bonding,
plating, cleanliness). Inspection of gauging features shall be performed to ensure that each component meets
dimensional tolerances, which are provided on the drawings. Gauging outside the tolerance is cause for
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rejection. The item may be reworked to meet the specification, or the specification may be deviated from
and accepted.

8.1.2 Weld Examinations

All welded or weld-repair surfaces shall be visually inspected for indications of inclusions, cracks,
or porosity. ASME Boiler and Pressure Vessel Code, Sect. II, Part C, 'and Sect. IX is the applicable
requirement for welds (ASME'B&PVC, Sect.II and Sect. IX). Any indication of inclusions, cracks, or
porosity in the weld is cause for rejection. The itemnmay be reworked to meet the specification, or the
specification may be deviated from and accepted.

8.1.3 Structural and Pressure Tests : ' ..'

Structural tests for the drum and containment vessel include load, mechanical properties, and
chemical tests to ensure that the correct materials are used. -The containment vessel is hydrotested (pressure
tested) to ensure that the vendor fabrication meets the requirements. These tests are discussed below. The
drum body is mechanically tested (handling test) and pressure tested in accordance with the QA provisions
in Military Specification, Drum, Metal-Shipping and Storage, MIL-D-6054F.

8.1.3.1 Mechanical Property Tests

Material mechanical property tests shall be performed to determine the ultimate tensile strength,
yield strength, percent elongation, percent reduction in area, and hardness of the containment vessel
materials. Their acceptance criteria at operating temperature are provided in the appropriate material
national standard referenced by the drawings (Appendix 1.4.1). An out-of-specification property is cause
for rejection.

8.1.3.2 Chemical tests

Tests shall be performed to determine the chemical properties of the packaging materials. The
acceptance criteria and their sensitivity are provided in the appropriate material national standard referenced
by the drawings (Appendix 1.4.1). An out-of-specification chemical property is cause forrejection. Material
that cannot be traced to the mill or heat-treatment lot shall be rejected.

8.1.3.3 Pressure tests

The containment vessel shall be pressure tested following the load test per ASME Boiler and
Pressure Vessel Code, Sect. m, Div. 1. The vessel shall be subjected to an internal water pressure of 150%
of design pressure (Sect. 2.1.2). Visible'indication of a leak on the exterior surface ofthe containment vessel
is cause for rejection. All containment vessels will undergo such testing.

8.1.4 Leakage Tests

The fabrication vacuum leak test of the'c6ntainrnent boundary shall be performed after the pressure
test in accordance with ANSI N14.5-1997, Sect. 7.3, "Fabrication Leakage Rate Test" with a test flange
assembly (Drawing M2E801580A021) installed?. (Note: Periodic and maintenance leak tests are'discussed
in Sect." 8.2.2.) The fabrication vacuum leak tesi demonstrates that the containment vessel is fabricated
properly and that"the containment boundar 'is "leaktight." An integrated leak rate exceeding
'1.9 x 10'i atm-cm3/s of helium (or equivalent) is cause for rejection. Per ANSI N14.5-1997, the test
procedure should have a sensitivity of one-half the reference air leakage rate (LR).
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The procedure in Appendix 8.3.1 (Y-12 Plant Product Specification Procedure Y51-01-B2-R-140,
Leak Testing Using LT-285 and LT-283) is an example of a leak-test procedure that can be used with the
ES-3 100 package for the fabrication leak test. Use of this procedure is not mandatory; however, the user must
ensure that his or her procedure meets the requirements of ANSI N14.5-1997.

Following the successful completion of the leak test, the original test date and signature shall be
entered on two copies of the label shown in Fig. 8.1, and these labels shall be attached to the exterior surface
of the containment vessel and to the drum. Section 8.2.2 addresses the acceptance vacuum leak test during
refurbishment. All containment vessels shall undergo such testing.

All containment vessel leakage rate tests will be performed using certified equipment. All
containment vessels will be tested when they are initially received from the manufacturer, orY-12 personnel
will witness final testing at the vendor.

Y-12 PLANT ASSEMBLY
DIVISION

LEAK TEST APPROVED

K)J

DO NOT REMOVE

EXPIRATION DATE

NAME

Fig. 8.1. Label for use on the exterior surface of the containment vessel and the drum.

8.1.5 Component and Material Tests

8.1.5.1 O-Ring Tests

The O-ring visual and mechanical tests are described below. Additionally, the fabrication leak test
required in Sect. 8.1.4, the periodic and maintenance leak tests required in Sect. 8.2.2, and the preshipment
leak test required in Sect. 7.1.2.1 test the functionality of the O-rings within the package.

Visual inspection

A visual inspection of the O-ring surface shall be performed. The surface shall be smooth,
nonporous, and free of skin defects. O-rings that do not meet these requirements shall be rejected.

Each O-ring shall be packaged separately to provide traceability. Each O-ring package shall be
marked with the O-ring identification number, lot number, cure date, and compound number. The material
identification numbers shall be assigned uniquely to each lot and to each size of O-ring. The identifications
shall be adequate to trace the O-rings to their raw material master batch. Improper packaging or marking is
cause for rejection.
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Mothsaniena nnranertioc . . ..

The O-ring material mechanical properties of hardness and elongation shall be determined for each
lot. Their acceptance criteria and sensitivity are:

1. hardness of Shore A 70 4 5 durometer, and ;

2. elongation of 100%, minimum.

All O-rings in a lot that fail to meet these criteria shall be rejected. If O-rings from a rejected lot
have already been used, the licensee shall locate all such O-rings and either examine or discard them.
0-rings from a rejected lot that are in a containment vessel that is still loaded shall be removed at the earliest
possible time.

8.1.6 Shielding Tests

No gamma or neutron radiation shields are integral to the packaging.

The Cat2774 (JS-YMN3-801 580-A005, Appendix 1.4.5) liner is specifically designed forcriticality
safety. Acceptance testing for the Cat 277-4 liner will be described in a testing procedure which includes
the following information: . ,

- Description of the measuring technique including the electronics
- The source type and strength used to measure the shield effectiveness
- The standards and methods used to calibrate the source, sensors, and other equipment
- The grid pattern used to check the shield_:-
- The type of neutron sensor used to measure the shield effectiveness
- The specific test requirements and measurements;
- The acceptance criteria

8.1.7 Thermal Tests

A thermal acceptance test is not required for this package. The maximum decay heat generated by
the radioactive material is 0.4 W (Sect. .1.2.3.7 and 3.1.2), which is negligible. Fabrication of the
Kaolite 1600 thermal insulation in accordance with the process specification (Appendix 1.4.4) fulfills the
obligation for a thermal acceptance test.

8.1.8 Miscellaneous Tests ; - '

Material certification and visual inspection for damage are required for the following packaging
components: plastic pieces, washers, tamper-indicating devices (TIDs), and paint. All materials shall be in
compliance with the respective material properties and tested when applicable, as stated in their respective
specifications. A nonconforming or damaged part is cause for rejection.

To prevent the use of noncertified fasteners; acceptance inspection and tests have been added to
ensure their quality. The fastener structural tests include mechanical property tests and chemical tests to
ensure that the correct materials were used.- -*:
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8.2 MAINTENANCE PROGRAM

When the package is being loaded or unloaded, it shall be examined to ensure that all parts are
present and functional. A record shall be generated of this examination activity with the affected part
numbers, personnel doing the work, and the date of the activity being recorded. This examination activity
and the activities associated with the periodic and maintenance leak tests are considered refurbishment
activities. The refurbishment requirements are given below.

8.2.1 Structural and Pressure Tests

Structural and/or pressure tests, as identified in Sect. 8.1.3, shall be performed as appropriate for the
respective part or component after welding or other structural repairs are made. Welding and structural
repairs of the containment vessel involve rework operations and are considered beyond the scope of
refurbishment activities.

8.2.2 Leakage Tests

Maintenance and periodic leak tests, as defined by ANSI N14.5-1997, Sects. 7.4 ("Maintenance
Leakage Rate Test") and 7.5 ("Periodic Leakage Rate Test"), shall be performed during refurbishment when
necessary. The fabrication leakage rate test (Sect. 8.1.4) is performed prior to the package's first use; the
package must be retested following repair or replacement of a containment system component (maintenance
leakage-rate test) or annually while the package is in use (periodic leakage-rate test). Packages that are not
in use and have not had a periodic leakage-rate test within the last 12 months must be tested prior to use.

Note: Interpretation of the intent of ANSI N14.5-1997, Sect. 7.4, and implementation
guidance of the ANSI standard prepared by the certifying organization is that only
the preshipment leakage-rate verification (ANSI N14.5-1997, Sect. 7.6) be
completed when suspect O-rings are replaced at times other than during the annual
package recertification maintenance. This is acceptable for O-rings (such as the
ES-3100 O-rings), which are procured, evaluated, and maintained in accordance
with Y-12's QA program.

Following the successful completion of the leak tests, two copies of the label shown in Fig. 8.1 shall
be filled in and attached to the exterior surface of the containment vessel and the drum. Note that completion
of the leak tests recorded on these labels satisfies the requirement that the fabrication leak test be performed
before the first use and that periodic leak tests are performed annually thereafter while the package is in use.
Packages must be loaded onto the Safe-Secure Trailer/Safeguards Transporter, and DOE must take custody
of the package prior to the expiration date for the leak test. The package must arrive at its destination prior
to expiration of the CoC.

Maintenance and periodic leak tests shall be performed using the same procedure and with the same
acceptance criteria as the fabrication leakage rate test described in Sect. 8.1.4. The maintenance and periodic
leak tests performed in the manner described in Y-12 Plant Product Specification Procedure
Y51-01-B2-R-140 (Appendix 8.3.1) test the entire containment boundary with an integrated leak rate
exceeding 1.9 x 10-7 atm-cm3 /s of helium (or equivalent) as cause forrejection. With successful completion
of the test, the entire containment boundary is considered "leaktight." Use of the Y-12 procedure presented
in Appendix 8.3.1 is not mandatory; however, the user must ensure that his or her procedure meets the
requirements of ANSI N14.5-1997.
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If a package does not pass the preshipment leakage-rate test described in Sect. 7.1.2.1 of this Safety
Analysis Report, the O-ring sealing surfaces shall be examined. Nicks and scratches of the O-ring groove
in the containment vessel flange or sealing surfaces of the containment vessel sealing lid may be smoothed
with a stone or with fine sandpaper to return them to specification. Deep scratches are cause for rejection.
The O-rings shall be visually examined with the unaided eye for roughness, porosity, or surface defects and
wNill be replaced as necessary. If such actions'fail to rectify the inability of the vessel to pass the leak test,
further inspection of the containment boundary, including inspection of the welds if present for cracks, may
be performed, or the vessel may be perimaneiitly rejected. If further work is' required for the containment
vessel to pass the leak test (such as repair of deep scratches in the O-ring groove orrepair of anyofthe vessel
welds), the vessel shall undergo the acceptance tests outlined in Sect. 8.1 prior to reuse.

8.2.3 Component and Material Tests

Since the Kaolite insulation material arid Cat 277-4 are encapsulated within the stainless steel liner,
no damage or deterioration is expected. The dru assembly and top plug will be weighed prior to first use
and during each refurbishmnent to'ensure that there have been no density changes in the Kaolite 1600 or the
Cat 277-4. Other components, such a's fasteners, O-Rings, etc., are examined and replaced as needed.

8.2.4 Thermal Tests

Because the insulation is not accessible, visu! examination is not required. However, the drum,
liner, internal flange, flat cover, and t6p'plug shall all be visually inspected for tears or punctures or other
defects that would allow for the escape of crushed insulating material.

8.2.5 Miscellaneous Tests

8.2.5.1 Visual Inspection for Corrosion . .

The ES-3 100 package will be stored in controlled indoor facilities; thus, surface corrosion is not
expected. However, before each use and during annual inspections, all surfaces shall be visually inspected
for corrosion (rust). The observation of surface rust on any component will be cause for further inspection.
If the rust can be easily wiped off and no pitting is apparent beneath it, the package is acceptable for use.
If the rust cannot be easily wiped off, if scaling is present, or if pitting is observed, the component must
undergo dye-penetrant and radiographic testing to determine the extent ofthe damage before the package can
be used. -. . c - -- .

8.2.5.2 Visual Inspection of Containment Vessel

The containment vessel surfaces shall be examined for moisture. Water could enter the containment
vessel due to improper assembly, defective'O-rings, scratches' on the O-ring groove or sealing surfaces, or
through cracks in welds.' Any containment vessel exhibiting signs of water inside will -be tagged and
segregated until the cause is determined and corrected and the cointainmnent vessel has been successfully
reinspected.

8.2.5.3 Subsystem Maintenance

Defects in the drum (tears, broken welds, or dentis > l-in. deep) are cause for rejection. Failure of
the drum seam weld or bottom end-to-body weld shall be recorded as a failure and compared to others. If
a statistically significant quantity of drum-weld failires fr6mn a single lot exist, then all drums from that lot
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shall be examined for weld failures. Those with failures shall be repaired; those without failures shall be
released for use. K)

Touch-up paint for cosmetic purposes may be applied to the markings.

The data plates shall be visually examined. The ES-3 100 data plate shall contain the appropriate
certification numbers and shall be welded to the drum surface. All surfaces of the drum body shall be
visually inspected for moisture prior to content loading, during preparation of empty packages for shipment
and storage, and during maintenance activities.

8.2.5.4 Fastener Inspection

The Y-12 Procurement Organization verifies that all fasteners received for use are certified and that
they meet the requirements identified in the procurement specifications. During refurbishment of the
ES-3 100 package, the operators shall verify that the original fasteners are still with the package. This is done
by inspecting the fasteners to determine if they have the proper certification markings. If there is any question
about the certification status of the fasteners, all the fasteners shall be replaced.

Containment vessel lid assembly fasteners (closure nut and retaining ring) and the drum lid fasteners
(5/8-in.-l 1UNC bronze hex nuts) shall be visually inspected during all routine maintenance activities and
pre-use inspections. Fasteners with damaged threads (evidence of cross-threading or flattened threads) or
excessive wear (visually apparent rounding of the fastener threads) must be replaced with certified
replacements. Fastener replacement will be documented in the package's maintenance records.

8.2.5.5 Valves, Rupture Disks, and Gaskets on Containment Vessel

The 0-rings are visually inspected for defects such as roughness, porosity, and outer surface defects.
Defective 0-rings are discarded. Each time a containment vessel is refurbished, the containment boundary
(including the 0-rings) is checked for sealing ability. See Sect. 8.2.2 for the requirements of the leak test of
the containment boundary during refurbishment.

All 0-rings in use will be replaced annually. Furthermore, new 0-rings, which are stored in sealed
containers, will not be stored for more than four years from the date of manufacture. Thus, no 0-rings will
be used that have been manufactured more than five years prior to the date of last use.

There are no valves or rupture disks in the packaging.

8.2.5.6 Miscellaneous

The drum assembly and top plug will be weighed prior to first use and during each refurbishment
to ensure that there have been no density changes in the Kaolite 1600 or the Cat 2774. Weights will be
compared to the weights prior to first use, and the drum assembly or top plug will be rejected and evaluated
for rework if the weight change is >3 lb.

The silicone rubber pads shall be inspected during the annual recertification maintenance to verify
that there are:

1. no pad swellings due to moisture absorption;
2. no gouges, cuts, tears, or nondesign voids in the pads;
3. no unauthorized modifications to the pads; and
4. no substitutions of pads with unauthorized replacements.
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83 APPENDIX

Appendix Description

8.3.1 SAMPLE LEAK TEST PROCEDURE

Y-12 PLANT PRODUCT SPECIFICATION PROCEDURE Y51-01-B2-R-140, LEAK
TESTING USING LT-285 AND LT-283

K-'
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APPENDIX 83.1

Y-12 PLANT PRODUCT SPECIFICATION PROCEDURE Y51-01-B2-R-140,
LEAK TESTING USING LT-285 AND LT-283

8-13

Y/LF-717/Cb.8/ES.3 I00 HEU SAPJPC/02-25.05



K-)

8-14

YILF-717,'Ch-8/ES-3100 HEU SAR/pc/02-25-05



PRODUCT SPECIFICATION PROCEDURE
I m,

- -^---_. _. ...... W~ _Numb~r.

BWXT Y-12, LLc . ..
Management Requirements'

Revision:
Supersedes:
Page:

Y51-01-B2-R-140
A.2
A.l
1 of 13

; .: ¢ - - USE CATEGORY IT

ISubject: Leek Testing Using LT-285 ind LT-283 I
..l

Verified to be the latest revision
I-itials . Effective Date: C4 71/o

~provals:

9204.212E Operation Manager / Signature

ici EnginectingZ Nuclear Packaging Programs)

J~/_

Print Name

F JA~< rl~g
'Print Name

Aq. W. 5At
DateU st RHaAssurance (Quality Engineering)

CC Review

Print Name

CONCURRENCE BY THE FOLLOWING ORGANIZATIONS IS DOCUMENtED IN
THE PROCEDURE HISTORY FILE:

Industrial Safety
Radiological Control

. Distribution by.
Product Engineering Transmittal

#047546 Rev I
06/1612003

lbis procedure bas been reviewed by an Authorized
Dcrivative Ctuifier and an UNCI Reviewing OfficIal
and has bee dermined to be UNCLASSiIED an
comeain no UNCL Thi review does not constice

lefu or_ IL:f /
g'NMM 6z02t-

Na -, -Y a

, 8-15

YILF-7171Ch-8MS-3100 HEU SARPpc/02-25-5



- - - - --if

Y51-01-B2-R-140
Leak Testing Using LT-285 and LT-283 Revision A.2

Page: 2 of 13

MODIFICATION LOG..

I Effective - eted
Revision Date Modification Description - Pae(s)

k-j

A.0

A.1

02/07/0�

04/12/02

PMR-2002-001, New YS1 Series procedure.

PMR-B2E-2002-037, Non-intent Xmnediate,
Modification to delete a redundant step.

PMR -B2E-2003-007, Immediate Modification to
include LT-283.

AR

11

A.2 0�4-zyos 4,6,9,10,
12, 13

A

8-16

Y/11.717'Ch-Si1S-3 IGO H-IU SAR/pc02-25-05



YSl-O1-B2-R-140
Leak Testing Using LT-285 and LT-283 R Revision A.2

Page: '3 of 13

TABLE OF CONTENTS

1. INTRODUCTION ......... .. 4
1.1 Purpose .4
12 Scope ................................. ;. 4

1.3 General Information .4............ 4

2. PRECAUTIONS AND LIMITATIONS . .5
2.1 Industrial Safety .5
2.2 Radiological Control 5

3. ACCEPTANCE CRITERIA .................... .; 5

4. PREREQUISITE ACTIONS ... . .5...... .S
4.1 Performance Documents . S
4.2 Special Tools, Test Equipment, Parts, and Supplies ... 6
4.3 Field Preparations . .......................... 6
4.4 Approvals and Notifications- .-- ...............................- 6

5. PERFORMANCE . ............................ 7
5.1 Veeco Operational Check ............................ 7
5.2 Leak Testing .................................- 9

6. POST-PERFORMANCE ACTIVITIES .... 12

7. RECORDS .............................................. 12

8. SOURCE REQUIREMENTS .12

9. APPENDIX. ................-.-.-... 12
LT-285 and LT-283 Leak Test Stations .; ; 13

8 17

Y/LF.7171CM-IES-3 I100 HEU SAPJpc/02-25.05



ti

Y51-01-B2-R-140
Leak Testing Using LT-285 and LT-283 RevisiondA.2

Page: 4 of 13

1. INTRODUCTION

I.1 Purpose

To provide instructions for operating the LT-285 and LT-283 Leak Test Stations. The
LT-285 and LT-283 Leak Test Stations consists of Veeco MS-50 leak detectors,
mechanical vacuum pumps, pressure gauges, and the connecting valve manifold.

1.2 Scope

(11 Applies to leak test equipment used to determine leak rates. The equipnieh:d as:
currently set-up, is sensitive to Helium leak rates as low as 1 x 104 cclsec. Although
intended primarily to perform leak testing on the DT-Type inner container, this
equipment may to used to leak test any component which can be mechanically fitted
to the test port hookups.

[21 The component to be tested is first vacuum evacuated. Then the component's exterior
surfaces are exposed to a helium atmosphere. The atmosphere internal to the part is
then valved into the leak detector to check for the presence of helium.

131 Program: WC

1.3 General Information

[11 A gross leak is indicated by a severe leak rate that exceeds the value normally
encountered for the component being tested, and in some instances, may also exceed
the pumping capacity of the vacuum system. A gross leak may be the result of an
unacceptable part, or a poor quality vacuum test connection.

121 This system has a multiple unit capability which allows the system operator to pump
down the other units while running a leak test. Although there are four roughing
pump valves, four manifold valves, and two vacuum gauges, during Section 5.2
"Leak Testing," NO valve number is given. These valves and gauges are referred to.
as "valve (gauge) associated with the part under test" to allow the operator to perform
a leak test on whichever unit roughs down first.
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1.3 General Information (cont.) * .. ,

[31 Use of standard tools and equipment as needed is acceptable without being listedrin
the tooling/equipment list. :

f4l For Drum Type containers, this test is performed using an appropriate test ring as
specified.

[5] Leak test may be repeated as directed by supervisor.

161. Leaks may be repaired as directed by the supervisor and the test repeated.

2. PRECAUIONS AND LIMITATIONS-;

2.1 Industrial Safety

[1i Safety shoes shall be worn while perfoming material activities detailed in this
procedure. -

[2) General purpose gloves will be worn, as needed.

2.2 Radiological Control

RADCON SHALL perform any surveys requested or surveys that are deemed necessary by
RADCON.

3. ACCEPTANCE CRITERIA

None

4. PREREQUISITE ACTIONS

4.1 Performance Documents

None
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4.2 Special Tools, Test Equipment, Parts, and Supplies

Supervisor
Ensure the following equipment is available to perform this procedure:

* LT-285 QA LT-283 Leak Test Station
a Helium supply bottle with regulator and tubing

4.3 Field Preparations

Assemblyperson
[11 Ensure that all equipment, fixtures, and accessories are:

* Operable
* Current on required inspection and/or maintenance
S Determined to be in good condition

[21 Ensure helium supply bottle pressure is 200 psig or greater.

[31 Ensure certification stickers are attached and NOT expired on the following:
* Vacuum gauges
* Internal Standard Leak
* Internal Thermistor
* Leak Test Station

[41 Ensure printer is on, and 'On Line" is displayed, and Leak Test results forms are in
the paper tray.

4.4 Approvals and Notifications

Supervisor
Obtain permission from the Shift Manager to start the Performance Section of this
procedure.
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5. PERFORMANCE

NOTE A Veeco operational check is required before each day's run.

5.1 Veeco Operational Check

Assemblyperson
111 Ensure the following Vacuum Manifold (VM) and Vacuum Pump (VP) valves are

* CLOSED:-
* VM-A
* VM-B

* VM-D

* VP-A
* VP-B
* VP-C
* VP-D .

NOTE The vertically arranged blue soft-keys (numbered 1-5) correspond to settings
and selections that appear on the CRT.

121 E Veeco Screen Saver is on, '
THEN press any key to wake up.

*131 E Veeco is in SLEEP MODE,
THEN press 1 POWER UP on the front panel,
AND GO TO Step [5]. - - .

141 E the Veeco is turned off,
THEN turn on the POWER I/O switch located on the unit's front panel.

[51 Verify the 'READY TO TEST" screen is displayed.

[6] Find the green FIL ON/OFF soft-key under MASS SPEC.

(71 IE the FIL "ONIOFF" LED is off,
THEN press the FIL ON/OFF key,
AND wait 15 seconds.

f8-21

YILF-717/Ch-8.'ES-3100 HEU SAR'Ipc/02-25-05



a-

YSI-01-B2-R-140
Leak Testing Using LT-285 and LT-283 . ' '-RAeiain&:

Page: 8 of 13

5.1 Veeco Operational Check (cont)

181 Perform calibration check-.;

[al Find the green CAL CHECK key under the SYSTEM.

[bl Press the CAL CHECK key.

[cl When the Cathode Ray Tube (CR1) reads "Leak Rate Should Read,"
fHEN compare the TEST PORT reading to the value of the LEAK RATE
reading&

191 IF the TEST PORT reading is within f 10% of the internal LEAK RATE reading,
THEN press 3 END CAL CHECK,
AN GO TO Section 5.2.

1101 IE reading is within 4 15% of the leak rate reading,
TIHEN press 1 CALIBRATE.

1111 IE reading is now within : 10% of the LEAK RATE reading,
II1B press 3 END CAL CHECK,
AND GO TO Section 5.2.

(121 E reading is greater than h 15% of the leak rate reading,
TJEEN press 2 FINE TUNE,
AND repeat Step 181, 191, and [101, once.

f131 E the CAL Check is not within * 10% of the internal leak rate standard;
THEN notify Supervisor.
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5.2 Leak Testing

Assemblyperson -,

[11 Ensure the following valves are CLOSED:
* VM-A
* VM-B
* VM-C
• VM-D
. VP-A
* VP-B
* VP-C

VP-D

121 Connectpart(s) to be leak tested to station hookup(s).

[31 Open all VP valve(s) associated with the parts under test to evacuate parts.

NOTE The bottom ofthe plastcbag must be below the bottom of the part (or
section of part) being iested

[4J Ensure the part (or section of part) to be leak tested is filly enclosed with a plastic
bag. -

NOTE A vacuum source may be used to aid in collapsing the bag and removing
air pockets.

[51 Collapse the plastic bag around the part,
AM secure with tape or by placing weights on the bag touching the floor as

appropriate, ensuring that the part is fully encapsulated.

161 Seal the opening in the side of the plastic bag with tape where the vacuum hose is
inserted. .
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5.2 Leak Testing (cont.)

NOTE To ensure a helium atmosphere, helium mustJlow into the bag aid be
purgedfrom a point below the part being tested througho t the test. Thu-
continuous purge may be at a lower helium pressure than the pressure
used to inflate the bag.

171 Insert the helium fill tube,
AM12 secure to the plastic bag with tape.

NOTE To ensure a helium atmosphere, a slight purge of hellun may be necessary
during testing.

181 WHEN Granville Phillips (GP) vacuum gauge associated with the part under test
reads I5 mTorr or less,
THEN close VP valve associated with the part under test.

[91 Verify the CRT shows "READY TO TEST' and the appropriate REJECT POINT is
displayed.

1101 IE the appropriate REJECT POINT is not displayed,
THEN perform the following steps:
[a] From READY TO TEST screen Press 5 SETINGS/HELP. K.)

[b) From HELP/SETNIGS menu press 3 SELECT UP
Q! 4 SELECT DOWN until TEST RECIPE field is highlighted.

[cl Press 2 CHANGE to access SELECT TEST RECIPE menu.

[d] Press 3 SELECT UP or 4 SELECT DOWN to specify test recipe with
appropriate REJECT point.

[el Press 5 EXIT to return to test mode.

111 Open VM valve associated with the part under test.

NOTE Pressing STARTa second time afler testing begins will halt testing.

[121 Press START button to begin leak test,

8J
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52 Leak Testing (cont.)

[131 (Deleted)

1141 IE leak rate is less than REJECT set point,
THEN "ACCEPT" is displayed, -
AND end test by,
[a] Closing VM valve.

[b) Pressing VENT key.

(51 JE ' LEAK TES1TING ACCEPT" is not displayed after 5 minutes,
THEN end test by,
la] Closing VM valve.

- - [bi Pressing VENT key.

(16] Print leak test results by pressing the following keys on the connected printer.
[a] On line.

lb] Form feed.

[c] On line.

[171 Write part number and expirations date on the leak test results,
AND attach to the part card.

(18] IE another part has been attached, and the part has been roughed down for testing,
THEN GO TO Steps 52 [4] through 52 (16].

[191 Ensurc the following valves are CLOSED:
VP-A
VP-B

* VP-C
. VP-D
* VM-A
* VM-B
* VM-C

VM-D

(20] Disconnect part(s) from leak test station hookup(s).
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5X. Leak Testing (cont.)

[21] IE additional part(s) are to be leak tested,
lE1 repeat Section 52. "Leak Testing."

6. POST-PERFORMANCE ACTIVITIES
None

7. RECORDS

Print outs

8. SOURCE REQUIREMENTS

'VIC Leak Detection, MS-SO Automatic Leak Detector, Operation and Maintenance
Manual," Vacuum Instrument Corporation, Vacuum Metrology Division, New York.

9. APPENDIX

LT-285 and LT-283 Leak Test Stations
I

_ .
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Appendix

LT-285 and LT-283 Leak Test StationsI

Test
Port -A Test

Port -D
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