Department of Energy
-Washington, DG 20585

March2,2016

Attention: Document Control Desk

Steve Ruffin, Acting Chief

Sperit Fui¢l Licensing Branch

Division of Spent Fuel Storage and Transportation,
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
"Washington, D.C. 20555-0001.

Dear Steve Ruffin:

The U.S. Department of Energy (DOE) is requesting renewal and amendment of U. S.
Nuclear Regulatory Commission Certificate of Compliance (CoC) Number 9315, for the
Model ES-3100 package (NRC Docket 71-9315). The current certificate, Revision 12,
expires April 30, 2016 and DOE has a.continued programmatic need for this package. This
request meets the "timely renewal" requirements of 10 CFR 71.38(b).

There were no changes to the packaging design since the last revision.of the CoC. However,
this request includes a minor content change to increase the mass of Teflon bottles used for
shipping highly enriched uranium (HEU) crystals. The package continues to meet the
requirements of 10 CFR Part 71.

This application submission includes one paper copy and one electronic copy on CD media of
the following documents:

o This Transmittal Letter

¢ Enclosure 1 — List of Page Changes from Safety Analysis Report (SAR) Revision 4 to
Revision 5, with 4 déscription and basis for each change

* Enclosure 2 — Mark-up of tlie Certificate of Compliance Revision 12 proposed for
Revision 13

e Enclosure.3 - Safety Analysis Report, ¥-12 National Security.Complex, Model ES-31 00
Package with Bulk HEU Contents, Y/LF-717, Révision 5, which incotporates:

o the supplement dated October 15, 2014,

o updates to implement administrative changes:to the license drawings and
change of the Y-12 contractor preparing the SAR from B&W-Y12, LLC to
Consolidated Niiclear Security, LLC, and

o Increasing the mass of Teflon bottles allowed for.shipping HEU crystals.

Note — SAR Rev 5 is a clean copy, that is, with no chan_gf _l?:ari E’ the page margins.

One €D will also be-mailed directly to Project Manager, Pierre Saverot:

[\W\éﬁ‘zbﬁ



DOE also requests NRC, for the benefit of the package users, to include on the CoC in the
References section the “SAR document number and revision” corresponding to the
application date in block 3.b., page one, of the CoC.

If you have any questions or need more details please call at 301-903-5513 or

james.shuler@em.doe.gov.
¢ f, M Q

Uam"es M. Shuler

Manager, DOE Packaging Certification Program
U.S. Department of Energy

Office of Packaging and Transportation

EM-33, CLOV-2047

1000 Independence Ave, SW

Washington, DC 20585
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NRC FORM 618 . ' . U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)

10CFRT1 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER . b. REVISION NUMBER ¢. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 Pk 71-9315 USA/9315/B(U)F-96

2. PREAMBLE

a. This certificate is issued to certify that the package (packaging and contents) described in ltem 5 below meets the -applicable safety standards set
forth in Title 10, Code of Federal Regulations, Part 71, “Packaging and Transportation of Radioactive Material.”

b. This certificate does not relieve the consignor from compliance with any requiremenit of the regulations of the U.S. Department of Transportation or
other applicable regulatory agencies, including the government of any country through or into which the package will be transported.

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION

a. ISSUED TO (Name and Address) ~ b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION
U.S. Department of Energy BWNI Y12 L J-C—applicatiomrdatstarchr$—2644: as
Washington, DC 20585 : supplementeds

, /V o a w/: aa?[top‘ 4&.{?'{ /))ﬂ"CA 2 '{
(ididhilMudear ™ ¥
&, , 4 20( é

4. CONDITIONS

5.
(a) Packaglng

(1)  Model No. jﬂes 3100

e

(2) DeSerptlongiég 5;*3

&,%
The outer drum assembly cd‘nsnsts of a remfo;nedé}stalnless steel, standard mil spec 30-gal
drum with an increased Iength The volume formed between the drum and the attached
inner liner is filled with an inorganic, ‘castable refractory material, Kaolite 1600™, which is
comprised of concrete and vermiculite. The Kaolite 1600™ acts as both a thermal insulating
and an impact limiting material.

The containment vessel is approximately 82 cm (32 in) in overall height and 13 cm (5 in) in
overall diameter and is constructed of 304L stainless: steel. The containment boundary
consists of the 0.1 in thick containment vessel body and the lid assembly. The lid assembly
consists of a sealing lid, a closure nut, and external retaining ring, which holds both the
assembly and closure nut together. The double ethylene-propylene elastomer O-rings in the
top flange of the containment vessel permit leak testing of the containment vessel. The
maximum gross weight of the package, including contents, is 190.5 kg (420 Ib).



NRC FORM 618 . ’ U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)

10CFR71 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES
1. @ CERTIFICATENUMEER ' b. REVISIONNUMBER | c. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 /1'2//3 71-9315 USA/9315/B(U)F-96

5.(a) Packaging (continued)
(3) Drawings

The Model No. ES-3100 package is constructed and assembled in accordance with:

[0) M Drawing No. M2E801580A037, sheets 1 through. 6, Rev. C,

“Consolidated Assembly Drawmg

i) BWXT Y-12, L.L.C., Drawing No. M2E801580A026, Rev. C “Heavy Can Spacer
Assembly.” _ ) 7 _

Ci1) gy Equipment Specnfcatlon J§ YMN3f80£5§03A901 Rev }Z “ES-3100 Containment

a i
Vessel.” ‘ﬂ »L{#_ i e ‘,5 > G

¢:~

C.l [ O Ly Equipment. SpeC|fcat|on JS-YMN3-801580-A002, Rev D, “ES-3100 Drum Assembly.”
f';- j’I’
¢ [ \/) ¢y~ Equipmerit Specification JS-YMN3- 801580-A003, Rev c,,C’ “Manufacturing Process

Spegﬁgﬂatlon"fq\r Gastlng Kaolite 1600™ |nto the ES 3100 Shlppmg Package.” -

(v)LVf)”

(Vi) o

Criticality Safety Ind“e’x (CSI))
ki

The weight of the rad|oact|ve contents, convemence contamers can I|ft attachments, polyethylene

bags, spacers, and other matenal in the containment vessel shaII ot exceed 90 ib. The maximum

mass of off-gassing packaglng materials i in the contamment vessel (e.g., polyethylene containers or

bagging, silicone rubber pads, nylon bags-»etc ). shaII ndtiexceed 500 grams. The maximum content

decay heat load shall not exceed 0.4 watts A

/1200

With the use of Teflon bottles as convenience containers an additional 380 g of off-gassing material

is authorized in t ntainment vessel. The additiona 5@-9 must be Teflon (e.g., three Teflon

bottles \%%gy .g eac ith Teflon bottjea Ahe maxum 1L M3ss Q ff-gassmg matenals is -
/600 14909:'986 ¢ Teflon and g ofany type of paraddnousiTa efig; phesp ase-of-shippirig

;."""E“::':"—. R-of-broxe y case-the hydibgencusrmateris » ave g nyaroge

I\/ZLU 77-6 Tn ﬁ\e, ase 07A /L/a/)/f’j YUahi U n f/ue ér‘m o]A ﬁroke,,,
Mf’fa[) /\yo(rdjehous m«’fewq[! '«(560/ n The '
contrin ment vessel must hawe « A drjen a7om alfhsf7[/v
Ness tHign o €7om/ tfo Yt OP Wct'léer‘.



NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)

10CFRT1 CERTIFICATE OF COMPLIANCE

~ FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER b. REVISION NUMBER ¢. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 71 12 71-9315 USA/9315/B(U)F-96

5.(b) Contents (continued)

The concentration limits of uranium and transuranic constituents shall be the following:

Isotope Maximum Concentration
U-232 0.040 ug/gu®
U-233 0.006 g/gu®
U-234 0.02 g/gu
U-235 _ ' 1.00 g/gu
U-236 0.40 g/gu
Transuranics (except Np) _. i &4 ‘? Era,, 40.0 pg/gu
e g v
Np-237 e *@\ ,M . 0.025g/guU

ug/gU 10%.grams pergram of total uraniurm™# :

¥
b g/gu ,tgral‘?ns per gram of total uranium - £
a@@ mi
@) Uranlum as solld metal -or alloy, packaged in stainless- stegl‘or,,«tln plated carbon steel
5y8:of uranium include uran 3
fhe nons uramum port

uramum-zu'comum Ma‘s
uramum—ZG?
@J

per package fbr‘thg}t content Spa :
cans, or in the casg; -of shipping one onvVenience can onlx, the spacer must be positioned on

top of the single caé‘“n:ﬁ"";;il By
% *’f l;,m} B .
(i) For metal and alloy in the formgof sol*'a geometnc shapes, meeting the following

restrictions, mass limits aré listed in‘Table 1. Contents not meeting the following
restrictions must be shipped as broken metal (see Condition No. 5.(b)(1)(ii)).

(A) Cylinders having a diameter no larger than 4.25 in
(maximum of one cylinder per convenience can) ’

(B)  ‘Square bars having a cross section no largerthan 2.29 in x 2.29 in
{maximum of one bar per convenience can)

(C) Slugs having dimensions of 1.5 in diameter x 2 in tall
(maximum of 10 slugs per convenience can)



NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)

10CFR 71 ‘ CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER . b. REVISION NUMBER c. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 13 71-9315 USA/9315/B(U)F-96

5.(b)(1) Contents (continued)
Table 1: Loading Limits for Metal énd Alloy in Solid Geometric Shapes
Solid uranium metal or alloy Uranium With Spacers No Spacers
(specified geometric shapes) | Enrichment | CSI Maximum Mass U-235 Maximum Mass
(weight : - (kg) U-235 Per
percent U-235) Package (kg)
Per Per
Convenience | Package
=R =4 Can
. Vo i,
Cylinders o "-%;?ﬁi;ﬂﬂ‘ 15.000
(3.24 in.< diameter £ 4.25in.) | %57
]
Cylinders @z - 2100 0.0 18.000
(diameter < 3.24 in. )
Square Bars {17 30.000
Slugs 17.374
Slugs Spacer req'd
Slugs Spacer req'd
Slugs 5‘:} Spacer req'd

a.l“"

(ii) For metal and’alloy def ned as’bro il i
and alloy pleces“‘fmust have a surface{areai-to-mass ratio ef‘*not greater than
1.00 cm?/g or mustn notﬁpass freely through a 3/8-inch - 0 00§5m) mesh sieve. The uranium metal
must also have had n6 moreithan_a limited contact4W|th "Water and been subsequently dried.
Particles and small shapes” that“do»not"‘ pas&thls s|Ze restriction, as well as powders, foils,
turnings, and wires, are not permltted*g tnless they are in a sealed container under an inert cover
gas. Uranium material or alloy which has been stored in water or is visibly wet at the time of
packaging is not authorized to be shipped in this package. .




NRC FORM 618 U.S. NUCLEAR REGULATORY COMMISSION.
(8-2000)

10CFR71 . CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER b. REVISION NUMBER ¢. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 M ’; 71-9315 USA/9315/B(U)F-96

5.(b)(1) Contents (continued)

.Table 2: Loading Limits for Solid Metal or Alloy in the Form Defined as Broken Metal

Uranium Enrichment With Spacers No Spacers
(weight percent U- CSl : Maximum Mass Maximum Mass U-
235) U-235 (kg)? : 235 Per Package
(kg)®

Per Convenience Per Package
Can

> 95 and £ 100 0.0 _ 0.925 2.774 Spacer req'd

0.4 1.850 5.549 Spacer req'd
s Spacer req'd

Spacer req'd

Spacer req'd

>90and =95 Spacer req'd

Spacer req'd

Spacerreq'd -

Spacer req'd

Spacer req'd

>80 and =90 Spacer req'd

Spacer reqg'd

Spacer req'd

Spacer req'd

Spacer req'd

>70 and < 80 2.967

5.192

8.900

17.059

27552 l
27443




NRC FORM 618 ' U.S. NUCLEAR REGULATORY COMMISSION

(8-2000)
10CFRT1 CERTIFICATE OF COMPLIANCE
FOR RADIOACTIVE MATERIAL PACKAGES
1. a. CERTIFICATE NUMBER b. REVISION NUMBER c. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER
9315 ;rz’l'} 71-9315 USA/9315/B(U)F-96
Uranium Enrichment With Spacers No Spacers
(weight percent U- Csli Maximum Mass Maximum Mass U-
¢ 235) U-235 (kg)® 235 Per Package
’ ' (kg)®
Per Convenience Per Package
Can '
>60and <70 0.0 1.733 5.198 3.249
0.4 4.332 12.996 5.848
0.8 6.931 20.793 13.646
2.0 8.231 24692 21444
32 | o G823 Wi 24.692 24692
:'S N E W‘
<60 0.0 | M""% «* 3718 kgU “11. 15Ié ng 5.576 kgU
R 9.604 kgU 14.872 kg
T
?.l?ig 11.733 kgU 28.814 kgU
B g
2.0 35.200 kgU
. 35.200 kgU

) A y*c'c;r‘\ in clumps and pellets Moisture content
in oxide is l|m|ted,, ‘ “‘arbldeli:ompo sjds;are not authorized. Two types

of Ioadlng are autHoriz

(i) A mass limit of 1’,5W13nkg of OX|de with 2 maxnmu%’mass of 9.682 kg U-235 and 921 g
carbon, with a CS| of 0l w,;;l ;j‘gw il . -

(ii) A mass limit of 15.13 kg oxmle with a Méaximum mass of 12.32 kg U-235 and no carbon,
with a CSl of 0.4.

The maximum uranium enrichment is 100 weight percent U-235. No spacers are required in the
containment vessel. Shipments of oxide must be complete within 12 months of sealing the
containment vessel.

3) Solid urany! nitrate in the form of uranyl nitrate crystals, UN,, and [UO(NO;),xH,0, where x is <
6]. Uranyl nitrate crystals must be contained in a non-metallic convenience container (such as
Teflon bottles). The mass limits are specified in Table 3. The maximum uranium enrichment is:
100 weight percent U-235." No spacers are required’in the containment vessel.



NRG FORM 618
(8-2000)
10CFR71

U.S. NUCLEAR REGULATORY COMMISSION

CERTIFICATE OF COMPLIANCE
FOR RADIOACTIVE MATERIAL PACKAGES

1. a CERTIFICATE NUMBER

9315

" b. REVISION NUMBER

> |

¢. DOCKET NUMBER

' 71-9315

d. PACKAGE IDENTIFICATION NUMBER

USA/9315/B(U)F-96

5.(b)(3) Contents (continued)
Table 3: Loading Limits for Solid Uranyl Nitrate Crystals
UNx Seal Time® Csl UNx loading limit U Content
(X.value) (months) (kg) (wt %)
o 2 o2 s L]
i ! I S e

a. Seal tlme is the Iength of time after the contalnment vessel is sealed that the shipment must be complete.

4) Unirradiated TRIGA fuel elements and pellets (sections). The fuel is composed of uranium
zirconium hydride (UZrH). The u;anugm st trgtlon in the fuel is-a nominal 8.5 weight percent,
and the maximum H to Zraraﬁo in‘the fuel

T be;?mammum uranium enrichment is 70 weight
percent U-235. The fuel sectlons may be from any of threé‘“ty es of fuel elements: standard fuel
elements, lnstrumer;ted standard fuel elements, and fuel follow er control rods. The U-235 mass
for standard and lnstrumented fuel elements is a nominal 136"grams per element, and the U-235
mass for fuel follow r.control rods is a nominal 112 grams per.e
contains three 48! se¢ gl i
are approxrmafely 15 inck
approxmategdlameter of
and 1.31 mches for the fu
within stalnless steel or tl
are to be paﬁ”kaged it

" conveniencéiéan. Fu
convenience can. A’
be loaded lnte, ”"’SI

i

' ssembled fuel elements
| elemehts, per

235. The CSl i |s

6. The vent holes on the outer steé% drurp shall be capped closed d ring transport and storage to preclude
~ entry of rain water into the msulatnon%avr%of Lbe drumm il
:a- .ﬁ _;i 7 ’
7. Content forms may not be mixed in a single ES- 3100 contalnment vessel.
8. Any combination of convenience can sizes is allowed in a single package, as long as the total height of

the can stack (including silicone rubber pads and spacers, if required) does not exceed thé inside
working height of the containment vessel (31in). Any closure on the convenience can is allowed.

C 9. Empty convenience cans, spacers, silicone rubber pads, and/or stainless-steel scrubbers (i.e., stainless.
steel trimmings.that act as dunnage) may be used to fill the void space in the containment vessel.
Empty convenience cans must have a minimum 0.125 in diameter hole through the'lid.

10. . The contents and the convenience cans may be bagged or wrapped in polyethyléne or nylon for
contamination control provided the limits of Condition No. 5.(b) are met.



NRC FORM 618 . . U.S. NUCLEAR REGULATORY COMMISSION
(8-2000)

10CFRT1 CERTIFICATE OF COMPLIANCE

FOR RADIOACTIVE MATERIAL PACKAGES

1. a. CERTIFICATE NUMBER b. REVISION NUMBER ¢. DOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER

9315 §r4 ( g : 71-9315 USA/9315/B(U)F-96

11.  The mass of unidentified constituents in the content to be shipped shall be counted against the fissile
mass loading limit. Content shall not contain unevaluated moderating materials.

12.  Transport by air is not authorized, except for shipment of unirradiated TRIGA fuel pellets, as described
and limited in Condition No. 5(b)(4).

13. in addition to the requiremenfs of Subpart G of 10 CFR Part 71:

(@) The package shall bé prepared for shipment and operated in accordance with the Package
Operations in Section 7 of the application (with the exception of the urany! nitrate shipping times in
Section 7.1.3.3 of the SAR). The uranyl nitrate shipping times shall be in accordance with Condition
5.(b)(3).

(b) Each package muist meet the Acceptar!c Testsrand:Maintenance Program of Section 8 of the
ST :iw%’j"“ 7
application. P .8 J’ *

o % = i** «ff
(¢) Either one or two Tampenéjndlcatmg Devices (TIDs) may be useﬁ‘for compliance with 10 CFR
71.43(b), as long as the*?l' ID(s) attach'through both TID lugs. &% .

ﬂ"ﬁ B re,
14.  The package authorizédiby t iis-certificate is hereby approved, ferfuse un%er the general license

provisions of 10 CFR{Z. k “ Sk

B, 2 i ‘wg
15. Expiration date: Ap Wl,f30 2046. : wk /1

;"f

(6. QQvgs‘loy\, {%2 O.
Cmso AM/\/uo&m W" dZt :

-BW*PH? LL.C., appllcatlo_,g;
U.S. Depafiment of Energy letteedat

Eoord

 THE U.S. Nucﬁé “AR REGULATORY COMMISSION

IRA/

Michele Sampson, Chief

Spent Fuel Licensing Branch )

Division of Spent Fuel Management

Office of Nuclear Material Safety
and Safeguards

- Date: December 8, 2014 ’
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List of Changes, ES-3100 HEU SAR (Y/LF-717, Rev. 5)

Page Description of Change
; o - ‘ Front Matter
Front covers Reformatted front covers to reflect the new contractor report cover, document
date, and contractor name change.
i Revised title page to reflect the revised document date and contractor name
change.
iii Updated Approvals page
v Revised Table of Contents for Apps. 1.4.9, 1.4.10, and 1.4.11.
XXvii Added Rev. 5 information to the Revision Log.
xxviii Added blank page.
§ ‘ i} | o ‘ Section 1 ,
1-1 Deleted occurrence of B&W in Sect. 1.1.
1-4 Corrected thickness of the third tier height in Sect. 1.2.1.1 from “5.99 cm
(2.36 in.)” to “3.00 cm (1.18 in.).”
1-6 Updated the contract number and contractor name in Sect. 1.2.1.2.
1-15 Corrected mass limit in Table 1.3 for broken HEU metal or alloy (>70, <80%

enrichment, CSI=3.2) from 27.692 kg to 27.443 kg ?°U to be consistent with
the results presented in Tables 6.1c and 6.9.1.1 for Case ncfSbmtl1 35 1 5 3.

1-16 Removed the reference to the carbon-steel can spacer Drawing
M2E801580A026 in Footnote d of Table 1.3. Revised the seal times presented
in Table 1.3a to be consistent with U.S. NRC Certificate of Compliance 9315,
Rev. 12. Revised Footnote ¢ in Table 1.3a to indicate the seal times have been
reduced for additional conservatism compared to the calculated values shown
in Table 3.6.7.1.

1-22 Revised Sect. 1.2.3.4 to remove the carbon-steel can spacer option. Increased
the total mass of offgassing material from 1490 g to 1600 g in Sect. 1.2.3.4
when Teflon bottles are used as convenience containers.

1-23 Revised the mass of each Teflon bottle from 330 g to 400 g and decreased the
polyethylene bagging mass from 500 g to 400 g in Sect. 1.2.3.4. Updated the
maximum normal operating pressure from “198.98 kPa (28.859 psia)” to
“98.84 kPa (14.336 psig) [200.20 kPa (29.036 psia)]” in Sect. 1.2.3.5.

1-24 Revised loading restriction (8) in Sect. 1.2.3.8 to increase the total mass of
offgassing material from 1490 g to 1600 g when Teflon bottles are used as
convenience containers.

1-27 Revised Appendices listing to include App. 1.4.11, Equipment Specification
SPC M801580-0002, ES-3100 Ethylene Propylene Diene Monomer (EPDM) —~ —
Containment Vessel (CV) O-rings.

1-55-1-66 Updated Equipment Specification JS-YMN3-801580-A001, ES-3100
Containment Vessel, from Rev. E to Rev. G.

Enclosure 1 Page 3 of 8



List of Changes, ES-3100 HEU SAR (Y/LF-717, Rev. 5)

Page Description of Change

1-137 Revised the engineering drawing listing to update the revisions for Drawings
M2E801580A001, M2E801580A005, M2E801580A009, M2E801580A013,
M2E801580A024, and M2E801580A043. Deleted the listing for Drawing
M2E801580A026 to remove the carbon-steel can spacer option.

1-139 Updated Drawing M2E801580A001 from Rev. B to Rev. C.

1-149 Updated Drawing M2E801580A005 from Rev. D to Rev. E.

1-157 Updated Drawing M2E801580A009 from Rev. C to Rev. D.

1-167 Updated Drawing M2E801580A013 from Rev. B to Rev. D.

1-175 Updated Drawing M2E801580A024 from Rev. B to Rev. C.

1-177 Delete Drawing M2E801580A.026 to remove the carbon-steel can spacer
option. Renumbered the subsequent pages accordingly.

1-179 Updated Drawing M2E801580A.043 from Rev. 0 to Rev. B.

1-229-1-246 Added Appendix 1.4.11, Equipment Specification, SPC M801580-0002,
ES-3100 Ethylene Propylene Diene Monomer (EPDM) Containment Vessel
(CV) O-rings.

1-247 Updated the revision for 10 CFR 71 and 49 CFR.

Section 2 , - ) }

2-6 Revised the maximum differential pressure for NCT and HAC in the
10 CFR 71.43(c) Compliance section of Sect. 2.1.2.1.

2-11 Revised the maximum normal operating pressure and maximum internal
pressure differential in Sect. 2.1.2.2.

2-14 Revised Table 2.7 Specifications row entry for the can spacers to remove the
carbon-steel option.

2-17 Revised Table 2.8 three Teflon bottle configuration column entries consistent
with the CVA 7 mass limits for Teflon bottles (i.e., 1200 g Teflon and 400 g
polyethylene).

2-24 Revised the Analysis section of Sect. 2.2.2 to remove the carbon-steel can
spacer option.

2-26 Corrected description for the polyethylene bags and bottles in Sect. 2.2.3.

2-28 Deleted former contractor name in Sect. 2.3.2.1.

2-29 Deleted former contractor name in Sect. 2.3.2.2.

2-30 Deleted two occurrences of the former contractor name in Sect. 2.3.2.2.

2-35 Revised the maximum regulatory reference air leakage rate in Sect. 2.6.

2-36 Revised three occurrences of the maximum internal pressure during NCT in
Sect. 2.6.

Enclosure 1 Page 4 of 8
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List of Changes, ES-3100 HEU SAR (Y/LF-717, Rev. 5)

Page Description of Change

2-37 Revised the maximum cyclic pressure differential from low to high
temperature in Sect. 2.6. Revised the maximum internal pressure in
Table 2.20. Revised two occurrences of the maximum internal pressure in the
Analysis section of Sect. 2.6.1.

2-41 Revised the calculated pressure in the Hot conditions column heading of
Table 2.21. Revised the Hot conditions column entries for the calculated stress
or load and the corresponding margin of safety.

2-42 Revised the maximum pressure differential in the Analysis section of
Sect. 2.6.3.
2-43 ' Revised the calculated pressure in the Reduced external pressure column

heading of Table 2.22. Rrevised the Reduced external pressure column entries
for the calculated stress or load and the corresponding margin of safety.

2-53 Revised one occurrence of the maximum normal absolute operating pressure in
Sect. 2.7.
2-80 Revised the calculated pressure in the Thermal condition column heading of

Table 2.51. Revised the Thermal condition column entries for the calculated
stress or load and the corresponding margin of safety.

2-893 Updated the revision for 10 CFR 71 and 49 CFR.
' ' ‘ Section 3
3-16 Revised CVA 7 to increase the Teflon bottle mass to 400 g each and limited

offgassing material to 1600 g.

3-17 Revised Table 3.10 row entries for CVA 7 molar quantities of gas and the total
pressure. Revised assumption 5 and the following text in Sect. 3.1.4.1 to be
consistent with the CVA 7 mass limits for Teflon bottles (i.e., 1200 g Teflon

and 400 g polyethylene).

3-18 Corrected description for the polyethylene bags and bottles. Revised
assumption 5 in Sect. 3.1.4.2 to be consistent with the CVA 7 mass limits for
Teflon bottles.

3-19 Revised Table 3.11 row entries for CVA 7 molar quantities of gas and the total

pressure. Updated the text to be consistent with the CVA 7 mass limits for
Teflon bottles (i.e., 1200 g Teflon and 400 g polyethylene).

3-29 Revised Table 3.16 row entry for maximum containment vessel pressure and
clarified Footnote d.

3-30 Revised Table 3.17 row entry for maximum containment vessel pressure and
clarified Footnote b.

3-31 Revised two occurrences of the maximum normal operating pressure in
Sect. 3.4.1.
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Enclosure 1

Revised maximum calculated internal absolute pressure in the containment
vessel in Sect. 3.4.2.

Revised occurrence of the maximum normal operating pressure in Sect. 3.5.1.
Updated revision listing for App. 3.6.4.

Revised CVA 7 to increase the Teflon bottle mass to 400 g each and limited
offgassing material to 1600 g. Revised assumption 3 and 5 to be consistent
with the CVA 7 mass limits.

Revised text to be consistent with the CVA 7 mass limits for Teflon and
polyethylene.

Revised the calculated free volume for CVA 7.
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Table 5 row entries for CVA 7 to be consistent with the Teflon bottle mass
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Clarified the text to indicate ‘Vy’ is the void volume of CVA 7.

Revised Table 7 row entries for CVA 7 molar quantities of gas and the total
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Revised CVA 7 to increase the Teflon bottle mass to 400 g each and limited
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Revised Table 4 row entry for CVA 7 mass of polyethylene material. Revised
Table 5 row entries for CVA 7 to be consistent with the Teflon bottle mass
limit.

Revised Table 6 CVA column entry and the row entries for CVA 7 to be

consistent with the Teflon bottle mass limit. Updated the calculation for the
molar quantity of water vapor in Sect. IV.

Clarified the text to indicate ‘nyy’ is the molar quantity for water vapor and
‘Vy/’ is the void volume of CVA 7. Revised Table 7 row entries for CVA 7
molar quantities of gas and the total pressure.

Updated the revision for 10 CFR 71.
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4-2 Corrected description for the polyethylene bags and bottles.
4-7 Revised Table 4.5 column headings for ‘Lgry’ for consistency and the Design
row entries to be consistent with the Teflon bottle mass limit. Updated
Table 4.6 to remove the references to Apps. 7.5.1 and 8.3.1. Revised two
occurrences of the maximum normal operating pressure in Sect. 4.3.
4-9 Revised Table 4.7 column headings for ‘Lra’ for consistency and the Design
row entries to be consistent with the Teflon bottle mass limit for CVA 7.
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4-28-4-30 Revised calculations to be consistent with the NCT pressure calculated for
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4-31-4-33 Revised calculations to be consistent with the HAC pressure calculated for
CVA 7.
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revised column entries for NCT and HAC regulatory leakage criteria.

4-35

Updated the revisions for 10 CFR 71 and 49 CFR.

Section 5

Updated the revision for 10 CFR 71 and 49 CFR.

5-39
' S‘ectionﬁ L _

6-1 Deleted the reference to Drawing M2E801580A.026 in Sect. 6.1.1 to remove
the carbon-steel can spacer option.

6-30 Corrected mass limit in Table 6.2a for solid HEU metal characterized as
broken metal (>70, <80% enrichment, CSI=3.2) from 27.692 kg to 27.443 kg
25U to be consistent with the results presented in Tables 6.1c and 6.9.1.1 for
Case ncfSbmtl1_35 1 5 3.
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Sect. 6.2.2 to remove the carbon-steel can spacer option.

6-891
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Section 7 " ' s

7-6

7-13

Enclosure 1

Revised Step 12 of Sect. 7.1.2.2 to attach either one or two TIDs through the
drum TID lugs. ;

Updated the revisions for 10 CFR 20, 10 CFR 71, and 49 CFR.
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ABBREVIATIONS

ALARA as low as reasonably achievable

AM as-manufactured

ANC Average Net Count

ANSI American National Standards Institute

AS allowable stress

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

Cat 277-4 Thermo Electron Corporation (corporate name changed to Shieldwerx)
Catalog No. 277-4™ (or Cat. No. 277-4)

CD capacity discharge

CERCA Compagnie pour I'Etude et la Realisation de Combustibles Atomiques

CFR Code of Federal Regulations

CMTR certified material test report

CoC Certificate of Compliance

CSI criticality safety index

Ccv containment vessel

CVA containment vessel arrangement

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

EPDM ethylene-propylene-diene monomer

ETP explicit triangular pack

FEA finite element analysis

H/X ratio hydrogen-to-fissile isotope ratio

HAC Hypothetical Accident Conditions

HEU highly enriched uranium

IAEA International Atomic Energy Agency

key calculated neutron multiplication factor

LOD loss on drying

LTL lower tolerance limit

M.S. margin of safety

MNOP maximum normal operating pressure

MOCFR moisture fraction inside the containment vessel

MOIFR moisture fraction of the package external to the containment vessel

NCT Normal Conditions of Transport

NLF neutron leakage fraction

NRC U.S. Nuclear Regulatory Commission

NTRC National Transportation Research Center

OECD Organization for Economic Cooperation and Development

ORNL Oak Ridge National Laboratory

PGNAA Prompt Gamma-ray Neutron Activation Analysis

ppb parts per billion

ppm parts per million

QA quality assurance

QCPI Quality Certification and Procurement

RCSB Rackable Can Storage Box

SAR safety analysis report

SCALE Standardized Computer Analysis for Licensing Evaluation
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Si

SRS
SS304
SST/SGT
TGA
TI
TID
TS
UNH
UNX
USL
VF
Y-12

ABBREVIATIONS

standard error

Savannah River Site

type 304 stainless steel
Safe-Secure Trailer/Safeguards Transporter
thermogravimetric analysis
transport index
tamper-indicating device

test sample

uranyl nitrate hexahydrate

uranyl nitrate crystals

upper subcritical limit

Volume Fraction

Y-12 National Security Complex
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uranium
Evaluated air transport
Revised criticality safety calculations
to remove bias correct factors
Added a CSI option of 3.2
Increased mass of off-gassing
material allowed in containment
vessel

e Increased carbon concentration in
HEU contents

o Increased Np-237 concentration is
HEU contents

e Added uranium zirconium hydride
and uranium carbide as contents
(TRIGA fuel)

e Revised equipment specifications for
277-4 neutron absorber (CoC Rev. 3)

™~
. REVISION LOG
SAR
Date Revision Description Affected Pages
No.
2/25/05 0 Original issue All
8/15/05 0, Page Page changes resulting from Responses to | Title page, iv, xxiii, 1-4, 1-145, 2-2,
Change 1 | Request for Additional Information #1, 2-3,2-6, 2-31, 2-32, 2-33, 2-34, 2-57,
Y/LF-747 2-59,2-61, 2-107, 2-125, 2-131,
2-171,2-173, 2-181, 2-183, 2-185,
2-186, 2-189, 2-367, 2-458, 2-675,
8-8, 8-9, 8-31
2/6/06 0, Page Page changes resulting from
Change 2 | Responses to Request for Additional All sections
Information #2, Y/LF-761
3/20/06 0, Page Page changes resulting from 1.38, 1.48, Appendix 1.4.1, 2-120,
Change 3 | Responses to Request for Additional Table 6.4
Information #3, Y/LF-764
5/8/06 0, Page Added polyethylene bottles and nickel Various pages in Chaps. 1,2, 3
Change 4 | alloy cans as convenience containers for | and 4.
authorized HEU contents (CoC Revision
1)
8/21/06 0, Page Revised equipment specifications for Appendices 1.4.4 and 1.4.5.
Change 5 | Kaolite and 277-4 neutron absorber (CoC
Revision 3)
11/15/06 1 e  Updated definition of pyrophoric All sections

S
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REVISION LOG

SAR
Date Revision Description Affected Pages
No.
3/29/07 1, Page | Updated definition of TRIGA fuel for air | Title pages, viii, xi, xx, 1-12, 1-13,
Change 1 | transport and added TRIGA-related 1-20, 6-30, 6-54, 6-64, 6-66, 6-87,
criticality safety cases 6-119, 6-240 to 6-286, 6-385 to end
5/31/07 1,Page | Revised SAR in response to RAIs dated Title pages, xiii, xx, Sect. 1 and Sect. 6
Change 2 | May 9, 2007 in reference to CoC Rev. 4
6/30/07 1,Page | Revised SAR in response to RAIs dated Title pages, table of contents, Sect. 1, and
Change 3 | May 9, 2007 in reference to CoC Rev. 5 Sect. 7
7/31/07 1,Page | Removed oxidation as an option for Title pages, xx, 1-12, 1-201, 1-203,
Change 4 | treating pyrphoric uranium metal 1-212, 2-26, 7-4
8/28/07 1,Page | Modified TRIGA fuel definition to Title page, xx, 1-13, 1-17, 2-4, 6-29,
Change 5 | include fuel pellets with cladding 6-30a, 6-66¢, 6-66d, 6-73, 6-87,
6-119a
10/10/07 1,Page |e Revised criticality safety calculations | Table 6.2a and supporting calculations
Change 6

to remove bias correction factors
e Added a CSI option of 3.2

o Increased mass of off-gassing
material in containment vessel to
allow Teflon bottles

e Increased carbon and moisture
concentration in HEU contents

e Increased Np-237 concentration is
HEU contents

e Revised equipment specifications for
277-4 neutron absorber

e  Details of alloys of uranium in
contents definition

e  More precise specification of
maximum fissile mass in calculations
(changed from 36 kg to 35.2 kg)

Table 6.2a and supporting calculations

Figure 1.4, page 1-15, and Appendices
3.6.4 and 3.6.5

Pages 1-10 and 1-11, Table 6.2a and
pages 6-31 and 6-52

Pages 5-1 to 5-4, and supporting
calculations

Pages 1-83 and 1-97

Page 1-12

Administrative change affecting many
pages. Removed round-off. No new
calculations.
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REVISION LOG

SAR
Date Revision Description Affected Pages
No.
3/6/08 2 e Add the following contents for 1-10 through 1-17, 1-20, 1-22,
ground transport: 2-1,2-2, 2-4, 2-5, 2-15, 2-17, 2-18,
2-25, 2-26, 3-15 through 3-17, 3-22,
— HEU oxides (U303-Al and UO,- | 3-147, 3-149, 3-151 through 3-155,
Mg) 3-157 through 3-161, 4-2,
6-1, 6-2, 6-4, 6-5, 6-30 through 6-34,
— Research reactor fuel elements 6-51, 6-56, 6-69, 6-78, 6-83, 6-87,
or components (clad U-Al 6-92, 6-93, 6-95, 6-119,
U;04-Al, UO,, or UO,-Mg) 6-128 through 6-130, 6-168, ‘
6-282 through 6-286, 6-303 through
e Add the following contents for air 6-305, and 6-488 through 6-501.
transport:
— HEU oxides (UO,, UO,-Mg,
U30g, and U308-Al)
—  Broken HEU bulk metal and
uranium-aluminum alloy of
unspecified geometric form
— Research reactor fuel elements
or components (clad U-Al,
U303-A1, UOz, or UOz-Mg)
6/19/08 2, Page Revised SAR in response to RAIs dated i, ix, X, xxii, 1-15,
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1. GENERAL INFORMATION

1.1 INTRODUCTION

This safety analysis report (SAR) presents the results of the safety analysis prepared in support of
Y-12’s request for licensing of the ES-3100 package with bulk highly enriched uranium (HEU) contents
and issuance of a Type B Fissile Material Certificate of Compliance. This SAR, published in the format
specified in the Nuclear Regulatory Commission (NRC) draft guidance DG-7003 and using information
provided in NRC Regulatory Guide 7.10, demonstrates that the Y-12 National Security Complex (Y-12)
ES-3100 package with bulk HEU contents meets the applicable requirements of 10 CFR 71 and
49 CFR Pts. 100-178.

To protect the health and safety of the public, shipments of radioactive materials are made in
packaging that is designed, fabricated, assembled, tested, procured, used, maintained, and repaired in
accordance with the provisions cited above. Safety requirements addressed by the regulations that must
be met when transporting radioactive materials are containment of radioactive materials, radiation
shielding, and assurance of nuclear subcriticality.

A general description and a summary of the evaluation of the packaging are presented in this
section. Subsequent sections address structural (Sect. 2) and thermal (Sect. 3) responses to Normal
Conditions of Transport (NCT) and Hypothetical Accident Conditions (HAC) and the packaging’s
ability to contain the radioactive materials when subjected to the requirements of 10 CFR 71.71 and
71.73, respectively. A shielding evaluation was prepared to ensure adequate nuclear radiation shielding
(Sect. 5). Criticality evaluations that are unique to the contents were prepared to ensure nuclear
subcriticality (Sect. 6). Sections 7 and 8 discuss the operating procedures, the new packaging acceptance
tests, and the maintenance program for the planned use and refurbishment of the packaging.

The ES-3100 package was subjected to verification (analysis, similarity comparisons, tests, or a
combination of these) for NCT and HAC. Full-scale packages were used for design verification testing
(see Sects. 2 and 3). The ES-3100 package with bulk HEU content was verified solely on the ability of
the package to meet the requirements of 10 CFR 71. Transport vehicle influence on the package is not
required to meet 10 CFR 71 requirements.

The packaging verification activities (Sects. 2, 3, and 4), using content test masses of between
3.6 and 50.3 kg (8 and 111 1b), show that the packaging meets the containment requirements of
10 CFR 71. The shielding evaluations (Sect. 5) show that the packaging meets the NCT requirements
of 10 CFR 71.47, External Radiation Standards for all Packages, and the HAC requirements of
10 CFR 71.51, Additional Requirements for Type B Packages. Based on the results of the thermal and
shielding evaluations, the ES-3100 package with bulk HEU content may be shipped as a nonexclusive
use package. The criticality evaluation (Sect. 6) shows that the packaging meets the requirements of
10 CFR 71.55, General Requirements for Fissile Material Packages, and 10 CFR 71.59, Standards for
Arrays of Fissile Material Packages.

1.2 PACKAGE DESCRIPTION

A schematic of the ES-3100 shipping package is shown in Fig. 1.1, and an exploded view of the
packaging components is presented in Fig. 1.2. The packaging design drawings (Appendix 1.4.8) provide
material lists, dimensions, safety components, welding requirements, and gasket requirements. The
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Fig. 1.1. Schematic of the ES-3100 shipping package.
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Fig. 1.2. Exploded view of the ES-3100 package with bulk HEU contents.
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proposed maximum gross shipping weight of the ES-3100 package with bulk HEU content is 187.81 kg
(414.05 Ib). The certification drawing of the ES-3100 can be found in Appendix 1.4.1. The authorized
maximum gross weight of the ES-3100 package is 190.5 kg (420 1b). The ES-3100 packaging as
specified in this SAR is classified as a Category II package (see Appendix 1.4.6). However, since the
ES-3100 shipping package may be used for future contents having higher A, values, the package has been
designed and analyzed to meet the requirements of a Category I package.

1.2.1 Packaging

The main functions of the packaging are containment, shielding, and nuclear criticality safety.
The bulk HEU contents create a maximum decay heat of approximately 0.4 W (Sect. 1.2.3.7 and
Sect. 3.1.2); therefore, the packaging does not require any special design features such as coolant valves
or continuous venting to meet the thermal requirements of 10 CFR 71.

1.2.1.1 Drum assembly

The drum assembly consists of a double open-head reinforced stainless-steel 30-gal drum,
arched cover that forms the bottom, arched lid, inner liner, and top plug with cast refractory insulation
(Kaolite) [see Drawing M2E801580A001, Appendix 1.4.8]. The inside diameter of the drum is
46.36 cm (18.25 in.) with an overall height of 110.49 cm (43.5 in.) including the cover and lid
(Drawings M2E801580A004 and M2E801580A001, Appendix 1.4.8). The outside diameter of the
drum (including the chimes) is 49.2 cm (19.37 in.). The drum and lid are made from 16-gauge
[~0.152-cm (0.0598-in.)-thick] type 304 or 304L stainless steel. A 12-gauge [~0.267-cm
(0.105-in.)-thick] stainless-steel arched cover (Drawing M2E801580A005, Appendix 1.4.8) is
welded to the double open-head drum to create the bottom of the drum assembly. An inner liner
(Drawing M2E801580A003, Appendix 1.4.8) is attached to the drum by an internal flange (angle) that is
welded to both the drum and liner. The cavity created by the inner liner for placement of a containment
vessel is a three-tier volume. The uppermost tier accommodates the top plug and has an inside diameter
of 37.52 cm (14.77 in.) and is 13.26 cm (5.22 in.) deep (Drawing M2E801580A003, Appendix 1.4.8).
The second tier, which accommodates the containment vessel flange, has a 21.84-cm (8.60-in.) inside
diameter that is 5.59 cm (2.20 in.) deep (Drawing M2E801580A003, Appendix 1.4.8). The third tier,
which accommodates the containment vessel body, has a 15.85-cm (6.24-in.) inside diameter that is
78.31 cm (30.83 in.) deep (Drawing M2E801580A003, Appendix 1.4.8). An additional cavity is created
between the second and third tier liners. This cavity runs the full length of the third tier height [78.31 cm
(30.83 in.)] and is approximately 3.00 cm (1.18 in.) thick (Drawing M2E801580A003, Appendix 1.4.8).
This cavity is filled with a castable refractory (277-4 special dry mix) for neutron attenuation purposes.
The additional cavities between the liner and the drum are filled with an inorganic castable refractory
material (Kaolite 1600), which acts as both an impact-absorbing and thermal-insulating material.

In accordance with NUREG/CR-3854, Part 4.3 for a Category I shipping package, an acceptable
specification for drums used in any of the component safety groups is U.S. Department of Transportation
(DOT) Specification 17C or better. The drum used in the ES-3100 is fabricated in accordance with the
dimensional requirements of MIL-D-6054F and modified as shown on Drawing M2E801580A004
(Appendix 1.4.8). Material, fabrication, and quality control criteria are generally equivalent to those
imposed for a DOT Specification 17C drum. Furthermore, the drum of the ES-3100 is part of a
performance-based package that has been tested and analyzed to demonstrate its ability to maintain
confinement and containment of its contents under both NCT and HAC. By certifying that the outer shell
of the Drum Assembly used in production meets the same specifications as those tested and analyzed, as
described in subsequent sections of this SAR, the outer drum shell used for the ES-3100 is acceptable for
a Category 1 shipping package.
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As previously discussed, the drum has been modified by the attachment of an inner liner
connected to the drum by an internal flange welded to both the drum and the liner. Weld studs are
attached to the upper face of the internal flange. The body seams are welded. The following items are
conducted in accordance with Sect. IX of the American Society of Mechanical Engineers (ASME) Boiler
and Pressure Vessel Code (B&PVC, Sect. IX): welding procedures qualification and welders
certification to these qualified procedures.

The drum has four circumferential hoops formed into the body. The drum has four 0.795-cm
(0.313-in.)-diam holes equally spaced around the circumference about 3.81 cm (1.50 in.) from the top rim
to relieve pressure in the drum in the event of a thermal accident (Drawing M2E801580A002, Appendix
1.4.8). Plastic plugs (Nylon 6/6, Micro Plastic, Inc., Item Number 62MP0312) are placed into these holes
from the outside to prevent leakage of water into the drum during NCT and storage. The drum is
fabricated with a data plate, trefoil data plate, paint, and two lid TID lugs for use with tamper-indicating
devices (TIDs). The 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 (Appendix 1.4.8). The
trefoil data plate (M2E8015803A010-1) provides the owner’s return address, container model, container
serial number, and the trefoil symbol. The other data plate (M2E801580A010-2) provides the required
DOT markings—certificate number, maximum gross weight, and “Type B” designation.

The removable lid is attached to the drum body by a flange with eight silicon bronze,
5/8-11-UNC-2B hex-head nuts [C65100, American Society for Testing and Materials (ASTM) F-467]
with stainless-steel washers. These nuts are tightened onto the weld studs (304 or 304L stainless steel,
5/8-11-UNC-2A, ASTM A-493 or F-593) to 40.67 + 6.78 N'm (30 £ 5 ft-Ib) of torque with no sequence
specified.

The top plug is 36.5 cm (14.37 in.) in diameter and 13.41 cm (5.28 in.) in height at the center.
The skin is made from 16 gauge [~0.152-cm (0.0598-in.)-thick] type 304 or 304L stainless steel and is
filled with Kaolite 1600.

The drum assembly also contains three silicone rubber pads. The first pad (CV bottom pad) is
placed on the bottom of the innermost liner to support the containment vessel bottom during transport.
The second pad (CV flange pad) is placed on top of the containment vessel lid during transport. The third
pad (plug pad) is placed on the top shelf of the mid-liner to cushion the top plug during transport. The
locations of these three pads are shown on Drawing M2E801580A001 (Appendix 1.4.8), and the
dimensions of the pads are shown on Drawing M2E801580A009 (Appendix 1.4.8).

The drum is designed so that lifting can be accomplished with a forklift. It can either be
placed on the tines of the forklift from below, or a pincher assembly can be placed on the forklift and used
to grasp the exterior of the drum assembly. Based on analytical results for a similar package (the Model
ES-2100), forklift gripping forces of up to 5400 Ib can be used with no detrimental effects on the
package.

No tie-down devices are integral to the package, nor can any features be used for these purposes.

The ES-3100 package is designed to be shipped in accordance with the safe-secure trailer/safeguards
transporter (SST/SGT) requirements.
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1.2.1.2 Insulation

The void area formed by the drum and the attached inner liner is filled with an inorganic
castable refractory material (Kaolite 1600) made by Thermal Ceramics, Inc., which acts as both a
thermal insulating and an impact limiting material. The top plug assembly, which is placed between
the containment vessel and the drum lid, is also filled with Kaolite 1600. This material is a mixture
of cement and vermiculite and has a nominal cured density of ~358.8 kg/m’ (22.4 Ib/ft®). Additional
information regarding the characteristics and properties of this material is presented in Appendix 2.10.3.
Casting takes place while the drum is being vibrated in an inverted orientation to ensure that the castable
material penetrates into all areas in the void space formed by the drum and the inner liner and that no
considerable voids are formed during this process. The Kaolite material is then baked in a furnace
at elevated temperatures [~260°C (500°F)] as prescribed in Manufacturing Process Specification,
JS-YMN3-801580-A003, Manufacturing Process Specification for Casting Kaolite 1600 into the
ES-3100 Shipping Package, the specification which controls manufacture of Kaolite 1600 for the
ES-3100 (Appendix 1.4.4). The use of a thermal ceramic material, such as Kaolite 1600, as an impact
limiting/thermal insulating material in a Type B fissile material shipping package has been previously
used in other Y-12 owned and licensed packages (i.e., ES-2100 and DPP-2). The original decision to
use this material was the result of considerable research. This manufacturing process is protected under
U.S. Patent 6,299,950 B1 (Byington et al. 2001). The United States Government has rights in this
invention pursuant to Contract No. DE-NA0001942 between DOE and Consolidated Nuclear Security,
LLC.

One of the design goals of Y-12's packaging development program was to build a shipping
package entirely of materials that do not char, bumn, or thermally decompose when exposed to the
temperatures and conditions associated with HAC [800°C (1475°F)]. Cellulosic fiber board and
polyurethane foams, typically used for packaging applications, undergo decomposition when exposed
to these HAC thermal conditions. During thermal decomposition, these materials off-gas, producing
conditions that are potentially detrimental to the performance of the package. The hot gases generated
within the packaging can transfer heat to inner regions adjacent to the containment closure seals. Under
severe circumstances, this process could lead to loss of containment due to overheating of containment
seals. The Kaolite material is nonflammable and will not undergo chemical decomposition at
temperatures below 1260°C (2300°F). When Kaolite is heated above 100°C (212°F), water vapor
from free water contained within the casting will form. Pressurization of the drum and top plug is
prevented by pressure relief holes (vent holes) located near the top of the drum and on the top center of
the top plug (see Sect. 1.2.1.1 and Drawings M2E801580A002 and M2E801580A008, Appendix 1.4.8).
The cured Kaolite 1600 material does not decompose, and thus there are no exothermic chemical
reactions that could produce superheated off-gasses.

Extensive testing of Kaolite 1600 was performed by the Y-12 Development Division to determine
the performance of the material for this type of application (Oakes, Appendix 2.10.3). Testing showed
that Kaolite 1600 has a tremendous ability to absorb shock over a wide range of material densities, curing
temperatures and times, and material temperatures. The 10 CFR 71.73 HAC testing documented in
Sect. 2.7 demonstrates that Kaolite 1600 is a robust impact limiter and good thermal insulating material
for Type B shipping containers. Post HAC drop testing radiographs of a similar package, the ES-2100,
showed some minor cracking of the Kaolite structure in some cases. However, subsequent thermal testing
of these ES-2100 packages demonstrated that these cracks were inconsequential to the package’s ability
to meet regulatory requirements.
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Insulation thicknesses within the liner/drum volume adjacent to the side walls of the ES-3100
containment vessel are at least 4.27 cm (1.68 in.), with typical thicknesses of approximately 12.10 cm
(4.77 in.). Below the containment vessel, the minimum thickness of insulation is 10.05 cm (3.96 in.),
and the top plug, which is above the containment vessel, includes a 12.55-cm (4.94-in.) thickness of
insulation.

1.2.1.3 Shielding

The ES-3100 packaging does not require dedicated shielding materials of specific design to
control external radiation levels for the bulk HEU contents. However, the intervening packaging
materials of construction (stainless steel of the drum and containment vessel, the Kaolite material, and
the 277-4 material) provide some attenuation of the relatively low levels of penetrating radiation emitted
by the contents. The amount of shielding modeled for the NCT analysis is represented by the thickness
and density of the materials reported in Sects. 1.2.1.1, 1.2.1.2, and 1.2.2 and the packaging dimensions
(Appendix 1.4.8). HAC physical testing showed that the containment vessel and insulation remain
confined within the drum assembly. However, the HAC shielding evaluation conservatively assumes that
only the containment vessel remains for shielding purposes (i.e., no shielding credit is taken for the drum
and insulation in the HAC analysis).

1.2.1.4 Nuclear criticality safety

The packaging materials of construction in the ES-3100 provide neutron absorption
(stainless steel and 277-4) and reflection (stainless steel and insulation). The 277-4 (or Cat 277-4 as it is
sometimes referred) material is a noncombustible cast neutron-absorbing material. This material is cast
into the innermost liner of the package adjacent to the containment vessel as shown in Fig. 1.1. The
material is a high alumina borated concrete composed of aluminum, magnesium, calcium, boron, carbon,
silicone, sulfur, sodium, iron, and water. The 277-4 material was manufactured specifically for the
ES-3100 package by adding boron carbide to a standard material (Cat No. 277-0) and increasing
the boron content from 1.56 wt % to 4.23 wt%. Additional information on the neutron-absorbing
characteristics of this material is presented in Appendix 6.9.3. Properties of the 277-4 material are
presented in Table 2.17 and Appendix 2.10.4. The cast material has a nominal density of 1681.9 kg/m’
(105 Ib/ft’). The procedure for mixing this material and casting it into the ES-3100 shipping package is
documented in JS-YMN3-801580-A005, Casting Catalog No. 277-4 Neutron Absorber for the ES-3100
Shipping Package (Appendix 1.4.5).

Although shown by tests up to HAC as not being credible, the criticality analysis considers
water leakage into the containment vessel in accordance with 10 CFR 71.55(b). Depending on the
content being shipped and the shipping configuration being used, criticality safety index (CSI) values
for the ES-3100 package may range from 0 to 3.2 (see Sect. 1.2.3).

1.2.2 Containment System
A single containment vessel is used in the ES-3100 shipping package for the transport of bulk

HEU contents. The ES-3100 containment boundary (consisting of the containment vessel body, lid
assembly, and inner O-ring) is shown in Fig. 1.3.
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Fig. 1.3. Containment boundary of the ES-3100 shipping package.
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During fabrication, all ES-3100 containment vessels will be inspected and tested to the
requirements specified on the design drawings (Appendix 1.4.8) and equipment specification
(Appendix 1.4.3). Certification documents received from the vendor with each component acknowledge
the use of these drawings and specifications. These certifications are on file with the Y-12 Quality
Organization.

The containment boundary of the ES-3100 package is a pressure vessel that is designed,
fabricated, examined, and tested in accordance with the ASME Boiler and Pressure Vessel Code,
Sect. III, Division I, Subsection NB (B&PVC, Sect. III, Div. I). The ES-3100 containment vessel body
is constructed of 304L stainless steel and may be fabricated by one of two methods. The first method
uses a standard 5-in., schedule 40 stainless-steel pipe (ASME SA-312 Type TP304L), a machined
flat-head bottom forging (ASME SA-182 Type F304L), and a machined top flange forging
(ASME SA-182 Type F304L). Each of these pieces is joined with circumferential welds as shown
on Drawing M2E801580A012 (Appendix 1.4.8). The top flange is machined 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
fabrication method for the ES-3100 containment vessel 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. The top flange area using this
fabrication technique is machined identically to that of the welded forging method.

The lid assembly, which completes the containment boundary structure, consists of a
sealing lid, closure nut, and external retaining ring (Drawing M2E801580A014, Appendix 1.4.8).
The containment vessel sealing lid (Drawing M2E801580A015, Appendix 1.4.8) is machined from
Type 304 stainless-steel bar with final material properties in accordance with ASME 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 %-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 swivel hoist ring is only intended for use when
loading and unloading the containment vessel. The swivel hoist ring will be removed for shipment. The
lid assembly, with the O-rings in place on the containment vessel body, are joined together by torquing
the closure nut and sealing lid assembly to 162.70 = 6.78 N-m (120 + 5 fi-Ib). 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.

The use of a design that includes two O-ring seals permits assembly verification leak testing of
the containment vessel by measuring the leak rate from the volume between the inner and outer O-rings.
An evacuation port is located between the O-rings in the containment vessel to facilitate a pressure rise
or drop leakage test following assembly or 10 CFR 71 compliance testing. This port is sealed during
transport using a modified VCO threaded plug. Only the inner O-ring is considered a part of the
containment boundary. All O-rings on this containment vessel are fabricated to
ASTM D2000, M3BA712A14B13F17.
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The inner diameter of the containment vessel is 12.852 cm (5.06 in.) and the usable height
inside the containment vessel is 78.74 ¢cm (31.0 in.). The wall thickness of the body excluding the
flange is 0.254 cm (0.10 in.). The maximum nominal diameter of the containment vessel body is
19.05 cm (7.50 in.). The nominal thicknesses of the containment vessel’s flat bottom is 0.635 cm
(0.25 in.). The overall height of the containment vessel without the swivel hoist ring is 82.296 cm
(32.40 in.). The containment vessel drawing number, drawing revision, and serial number are
electroetched onto the side of the containment vessel body, as well as onto the top of the sealing lid
and the closure nut (Drawing M2E801580A011, Appendix 1.4.8). All outer surfaces, unless otherwise
specified, are either sand- or bead-blasted, buffed, or sanded to a matte finish. No penetrations,
connections, or fittings into this sealed container exist.

1.2.3 Contents

The ES-3100 shipping package will be used to ship bulk HEU in the form of oxide (UO,, UO,,
or U,0y), uranium metal and alloy in the form of solid geometric shapes or broken pieces, uranyl nitrate
crystals (UNX), and fuel elements from Training, Research, Isotopes, and General Atomics (TRIGA)
reactors. The ES-3100 package has been designed to accommodate uranium oxide, UNX crystals,
uranium metal, and uranium alloys. Actual loading limits are presented in subsequent sections of
the SAR. The maximum weight of all contents (including convenience cans or bottles, can spacers,
polyethylene bagging and other packing materials) shall not exceed 40.82 kg (90 Ib). The maximum
concentration of uranium isotopes permitted in the ES-3100 content are listed in Table 1.1. In addition
to the uranium isotopes shown in Table 1.1, transuranic isotopes (with the exception of *’Np) may be
present in the contents at a maximum concentration‘of 40.0 pg/gU. The concentration of #’Np is limited
to 0.0250 g/gU. Unless otherwise specified, the contents described in this section pertain to ground
transport only. A discussion of contents of air-transport is included in Sect. 1.2.3.1.

Table 1.1. Uranium concentration limits

Uranium isotope Limit
2y 0.040 pg/gU
By 0.006 g/gU
By 0.02 g/gU
U 1.00 g/gU
ey | 0.40 g/gU
=0 1.00 g/gU
1-10
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HEU Oxide

The HEU oxide content in the ES-3100 package includes UO,, UO,, and U;0,. Seven different
oxide categories have been identified (Appendix 1.4.7). Maximum overall uranium isotopic weight
percents representative of all seven oxide categories are presented in Table 1.2. The physical form
of all contents is dense, loose powder which may contain clumps. Moisture content in oxide is limited
to 3 wt % water (Note: loading restriction #8 in Sect. 1.2.3.8 also applies). Theoretical densities of UQO,,
U,04, and UQ, are 10.96 g/cm’®, 8.30 g/cm?, and 7.29 g/cm’, respectively. Allowable oxide densities are
2.0 to 6.54 g/cm®. Oxide may be shipped in tin-plated carbon steel, stainless steel, or nickel-alloy
convenience cans; or polyethylene convenience bottles.

Table 1.2. Bounding uranium isotopic concentrations in oxide

Isotope Bounding limit
0] 40 ppb
3y 200 ppm
V) 20wt %
2y 97.7 wt %*
By 40.0 wt %
2y 80.0 wt %

* 35U must be 220 wt %.

For convenience, the seven oxide categories are referred to as Groups 1-7. Groups 1 to 6 are
product oxides, and Group 7 is skull oxide. These groups are briefly described below.

Group 1 oxides are in the form of UO,. Material from this group contains at least 83.0% uranium
by weight and displays typical isotopic content (<0.977 g2*U/gU, <0.014 g ®*U/gU, <0.010 g*°U/gU,
<0.040 pg®?U/gU, <50.0 pg®*U/gU with the balance of the uranium being **U).

Group 2 oxides are in the form of UO,. Material from this group contains at least 20.0% uranium
by weight and displays typical isotopic content (<0.977 g ®*U/g U, <0.014 g **U/g U, <0.010 g **U/g U,
<0.040 pg *?U/g U, <50.0 pg **U/g U with the balance of the uranium being **U).

Group 3 oxides are contaminated with up to 40 pg Pu/g U and are in the form of UQO,.
Material from this group contains at least 83.0% uranium by weight and displays typical isotopic
content for uranium (<0.977 g #°U/g U, <0.014 g ®*U/g U, <0.010 g #U/g U, <0.040 pg **U/g U,
<50.0 pg #*U/g U with the balance of the uranium being **U).

Group 4 oxides are in the form of U;0,. Material from this group contains at least

83.0% uranium by weight and displays typical isotopic content (<0.977 g **U/g U, <0.014 g #**U/g U,
<0.010 g 2SU/g U, <0.040 pg *?U/g U, <50.0 pg **U/g U with the balance of the uranium being **U).
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Group 5 oxides are in the form of UO,. Material from this group contains at least 20.0% uranium
by weight and displays typical isotopic content (<0.977 g #°U/g U, <0.014 g 2*U/g U, <0.010 g *¢U/g U,
<0.040 pg #*U/g U, <50.0 pg **U/g U with the balance of the uranium being 2*U). This material may
contain considerable activity in the form of unspecified beta emitters.

Group 6 oxides are in the form of UO,. Material from this group contains at least 20.0% uranium
by weight and may display unusually high isotopic concentrations of 2*U, #*U, and U (<0.977 g
B5U/g U, <0.020 g 2*U/g U, <0.40 g 2U/g U, <0.040 pg »*?U/g U, <200.0 pg **U/g U with the balance
of the uranium being *U).

Group 7 oxides are in the form of U;O;. Material from this group is a mixture of graphite
and U,0g, also referred to as skull oxides. The uranium concentration is up to 84.5% by weight and
enrichment is up to 93.2% by weight. Concentrations of other uranium isotopes are <0.014 g **U/g U,
<0.010 g Z%U/g U, <0.040 pg **U/g U, <50.0 pg **U/g U with the balance of the uranium being 2*U.
The carbon content in these oxides is limited to 921 g per ES-3100 package.

The oxides in Groups 1, 3, 4 and 7 are high purity uranium oxide purity (the remainder is
only trace impurities). Oxide Groups 2, 5, and 6 are listed to contain at least 20% uranium by weight,
which allows up to 80% non-uranium material. As oxides, depending on the purity and chemical form,
3% to 17% of the total material composition will be oxygen, leaving up to 77% impurity or "filler".
These three oxide groups include a range of scrap and recovered materials. For the least pure uranium
oxides, the majority of the filler material is aluminum oxide (from recovered alumina traps or from
oxidized uranium-aluminum alloys). Other materials that occur in appreciable quantities in some scrap
materials are oxides and compounds of boron, calcium, iron, sodium, lead, zinc, magnesium, copper,
molybdenum, and tungsten. These materials are essentially inert from the standpoint of criticality safety
and chemical interaction with the ES-3100 convenience cans and bottles identified in this section for the
shipment of oxides.

Uranium oxide shipments must be completed within 12 months after sealing the containment
vessel in order to prevent the buildup of hydrogen gas beyond 5 mol %. The time period begins when the
containment vessel is sealed. Hydrogen generation calculations are provided in Appendix 3.6.7.

HEU Metal and Alloy

HEU metal and alloy (alloys of uranium with aluminum, molybdenum, or zirconium) may be in
the form of solid geometric shapes. Solid shapes may include the following:

1. cylinders having a diameter no larger than 4.25 in. (maximum of one cylinder per convenience can);

2. square bars having a cross section no larger than 2.29 in. x 2.29 in. (maximum of one bar per
convenience can); and

3. slugs having dimensions of 1.5 in. diameter x 2 in. tall (maximum of 10 per convenience can).

HEU bulk metal and alloy contents not covered by the geometric shapes category specified above
will be in the broken metal category, and will be so limited.

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16
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Alloys of uranium may include aluminum, molybdenum, or zirconium. Uranium-aluminum
alloys are typically 70 to 95% aluminum. Uranium-molybdenum alloys are typically 1 to 12%
molybdenum. Uranium/molybdenum alloys may be plated with, clad with, or contain traces of
aluminum, gold, stainless steel, nickel and/or chromium.

HEU bulk metal and alloy contents in the broken metal category may be of unspecified geometric
form. HEU bulk metal and alloy in this category may also be of a specific shape where one or more of
the characteristic dimensions vary from piece to piece (i.e., the height, width, length, radius, etc.).

For pyrophoric considerations, HEU metal and alloy must meet the following restrictions:

1. Uranium metal and alloy (broken) pieces must have a surface-area-to-mass ratio of not greater than
1 cm?/g or must not pass through a 3/8-in. mesh sieve (or equivalent size-grading method).

2. Particles and small shapes which do not pass the size restriction tests in #1, and powders, foils,
turnings, and wires, are not permitted unless they are in a sealed, inerted container.

Metal and alloy may be shipped in tinned-carbon steel, stainless steel, or nickel-alloy
convenience cans. The only hydrogenous packing materials that can be used inside the containment
vessel when shipping broken HEU metal are those that have a hydrogen density less than or equal to
water.

Uranyl Nitrate Crystals

Uranyl nitrate crystals (UNX) are formed by dissolving uranium metal or any of the uranium
oxides in nitric acid. Uranyl nitrate hexahydrate (UNH) has a chemical formula of UO,(NO,), +6 H, O.
This most reactive form is used as the bounding composition for uranyl nitrate crystals in the criticality
evaluation. Therefore, for UNX contents, X must be less than or equal to 6. The theoretical density of
UNH crystals is 2.79 g/cm?®; however, the working densities will be less.

The user of the ES-3100 for UNX shipments will be required to use non-metallic containers only
(Teflon bottles) as the convenience container.

Shipments of UNX crystals must be completed within the times shown in Table 1.3a in order to

prevent the buildup of hydrogen gas beyond 5 mol %. The time period begins when the containment
vessel is sealed. Hydrogen generation calculations are provided in Appendix 3.6.7.
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TRIGA Fuel Elements

Fuel pellets from Training, Research, Isotopes, and General Atomics (TRIGA) reactor elements
are authorized to be shipped in the ES-3100. The fuel shall be unirradiated. The TRIGA fuel shall be
in the form of uranium zirconium hydride (UZrHx), where x < 2. Fuel from three types of TRIGA fuel
elements are allowed; TRIGA Standard Fuel Elements (SFE), Instrumented TRIGA Standard Fuel
Elements (FTC), and TRIGA Fuel Follower Control Rods (FFCR). These fuel elements have three
fuel pellets (or sections) per element. The fuel pellets from the SFEs and FTCs to be shipped are
8.5 wt% uranium and 70% enriched. Fissile loading is 45.33 g 2*U per pellet (136 g **°U per element)
and the dimensions are 5 in. in length and 1.44 in. in diameter. The fuel pellets from the FFCRs to be
shipped are 8.5 wt% uranium and 70% enriched. Fissile loading is 37.33 g 2°U per pellet (113 g **°U per
element) and the dimensions are 5 in. in length and 1.31 in. in diameter. Specific TRIGA fuel element
data is given in Table 1.4.

TRIGA fuel may be shipped as crimped fuel elements or as UZrHx fuel pellets (if disassembled),
both of which shall be packed into convenience cans prior to shipment. Convenience cans of 4.25-in.
diameter by various lengths shall be used. Fuel pellets loaded into convenience cans shall be up to 5 in.
in length (full-length) and no more than three full-length pellets shall be loaded into a convenience can.
Crimped fuel rods are clad fuel pellets and can be up to 15 in. in length (full-length of the fuel section
from one fuel element). Cladding material is stainless steel or aluminum. Only the fuel section of the
TRIGA fuel element is allowed to be shipped (Fig. 1.5); however, there may be residual cladding up to
Y in. in length at either end of the crimped fuel rod. Up to three 15-in. long crimped fuel elements shall
be loaded into a single 17.5-in. long convenience can for shipping (Fig 1.4). Maximum loading of bare
fuel pellets and crimped fuel elements shall be 3 fuel element equivalence per ES-3100 containment
vessel. Only 70% enriched TRIGA fuel will be shipped. For SFEs and FTCs, the maximum allowable
loading is 408 g **U per package, and for FFCRs, the maximum allowable loading is 339 g **°U per
package. No spacer cans are required.

1.2.3.1 Radioactive/fissile constituents

For the ES-3100 package with bulk HEU content, the maximum number of A,s is 294.00 (at
70 years) and the maximum activity is 0.3243 TBq (at 10 years) [Table 4.4].

Ground Transport

Fissile material loading limits for the contents of the ES-3100, as determined by criticality
analyses, structural analyses, or hydrogen gas generation evaluations, are presented in Tables 1.3
and 1.3a.
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Table 1.3. Authorized content * and fissile mass loading limits ™ for ground transport

Content No Basis 277-4 can Basis
description Enrichment CSI 2ssls)acers, 'fm: szls)sacers, d .fm:
U (kg) limit U (kg) limit
Cylinder A < 100% 0.0 15.000 Crit. 25.000 Crit.
Solid HEU Cylinder B < 100% 0.0 18.000 Crit. 30.000 Crit.
metal or alloy Square bars < 100% 0.0 30.000 Crit. 35.200° Struct.
(specified | Slugs < 95% 0.0 17.374 Crit. - -
iﬁ?::)‘if Slugs < 80% 0.0 ; - 29.318 Crit.
Slugs > 80%, < 95% 0.0 - - 24.324 Crit.
Slugs > 80%, < 95% 0.4 - - 34.749 Crit.
>95%, < 100% { 0.0 Spacers req’d¢ 2.774 Crit.
0.4 Spacers req’d 5.549 Crit.
0.8 Spacers req’d 9.248 Crit.
2.0 Spacers req’d 13.872 Crit.
3.2 Spacers req’d 24.969 Crit.
> 90%, < 95% 0.0 Spacers req’d 3.516 Crit.
0.4 Spacers req’d 6.154 Crit.
0.8 Spacers req’d 10.549 Crit.
2.0 Spacers req’d 18.461 Crit.
3.2 Spacers req’d 26.373 Crit.
> 80%, < 90% 0.0 Spacers req’d 3.333 Crit.
0.4 Spacers req’d 7.500 Crit.
0.8 Spacers req’d 12.500 Crit.
2.0 Spacers req’d 20.000 Crit.
3.2 Spacers req’d 28.334 Crit.
Broken HEU metal or alloy & - -
> 70%, < 80% 0.0 2.967 Crit. 4.450 Crit.
0.4 5.192 Crit. 8.900 Crit.
0.8 8.900 Crit. 16317 Crit.
2.0 17.059 Crit. 25.218 Crit.
32 27.443 Crit. 28.184 Crit.
> 60%, < 70% 0.0 3.249 Crit. 5.198 Crit.
04 5.848 Crit. 12.996 Crit.
0.8 13.646 Crit. 20.793 Crit.
2.0 21.444 Crit. 24.692 Crit.
32 24.692 Crit. 24.692 Crit.
< 60% 0.0 5.576 kg U Crit. 11.154kgU | Crit.
0.4 14.872kgU Crit. 28.813kgU | Crit.
0.8 28.814kg U Crit. 3520kg Uf | Struct.
2.0 3520kg U' | Struct. 3520kg Uf | Struct.
32 3520kg Uf | Struct. 3520kg Uf | Struct.
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Table 1.3. Authorized content * and fissile mass loading limits ™ for ground transport

Content No Basis 277-4 can Basis
description Enrichment | CSI spacers, for spacers, ¢ for
P 235U (kg) limit 235U (kg) limit
15.13 kg oxide Crit
0.0 |9.682 kg*U EL gon. | SPacer notreq’d -
HEU oxide * < 100% 921 g carbon 2 8-
’ 15.13 kg oxide Crit., ,
04 112323 kg U | H, gen. | SPRCCTROtreqd | -
TRIGA fuel 20 % 0.0 0.921 Cr%t. Spacernotreq’d | -
70 % 0.0 0.408 Crit. | Spacer not req’d -

o o 6 o ®

HEU in solution form is not permitted for shipment in the ES-3100.
All limits are expressed in kg U unless otherwise indicated.

Mass loadings cannot be rounded up.
277-4 can spacers as described on Drawing No. M2E801580A043 (Appendix 1.4.8).
Geometries of solid shapes are as follows:

- Cylinder A is larger than 3.24 in. diameter but no larger than 4.25 in. diameter: maximum of 1 cylinder per can.
- Cylinder B is no larger than 3.24 in. diameter: maximum of 1 cylinder per can.
- Square bars are no larger than 2.29 in. X 2.29 in. (cross section): maximum of 1 bar per can.

- Slugs are a maximum of 1.5 in. diameter x 2.0 in. tall: a maximum of 10 per convenience can where the actual

number permitted is restricted by the stated loading limit.

[

is #*U.

the shipment must be complete.

Maximum planned content weight is 35.20 kg. Maximum analyzed for criticality safety is 35.32 kg.
Mass limits for alloys (uranium with aluminum, molybdenum, or zirconium) must assume that non-uranium portion

Table 1.3a. Uranyl nitrate crystal content loading limits for ground transport

Seal time must be 12 months or less. Seal time is the length of time after the ES-3100 containment vessel is sealed that

ab Seal time® Loading limit%* U content’
Product (months) CSI (kg UNX) (Wt %)
0<X<3 4 0.4 6.70 52<U <61
X>3 4 0.0 4.75 46<U <52

? UNX is uranyl nitrate hydrate [UO,(NO;), * XH,0] where 0 <X < 6. Uranyl nitrate solution is not allowed.
® Must be shipped in Teflon bottles.

Seal time—Ilength of time after the ES-3100 containment vessel is sealed that the shipment must be complete. The

listed seal times have been reduced for additional conservatism compared to the calculated values shown in

Table 3.6.7.1.

o o

o,

Enrichment up to 100%.
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Air Transport

Content for air transport of the ES-3100 includes HEU in the form of unirradiated TRIGA fuel
pellets or crimped fuel elements. Fissile material mass loading limits for these contents, as determined
by the criticality analyses, are presented in Table 1.3b for air transport. The characteristics of the air

transport contents shall be similar to the ground transport contents. Fissile loading per package will be
as follows:

TRIGA fuel elements and pellets - 3 fuel element equivalence per package. Fuel shall be
70% enriched and in the form of SFEs, FTCs, and FFCRs. Maximum fissile loading for SFEs

and FTCs shall be 408 g **°U per package, and for FFCRs, the maximum allowable load shall be
339 g »°U per package.

Table 1.3b. Authorized content and fissile mass loading limits *® for air transport

Content . By
Description Enrichment CSI (kg)
20% 0.0 0.716
TRIGA fuel
70% 0.0 0.408

* All limits are expressed in kg **U unless otherwise indicated.
® Mass loadings cannot be rounded up.

1.2.3.2 Chemical and physical form

The fissile material contents are in solid (HEU metal, alloy, or TRIGA fuel), crystalline (UNX),
or powder (HEU oxide) form. Some moisture (up to 3 wt %) may be present in the HEU oxide material,
thereby making the oxide content clump together.
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Table 1.4. TRIGA fuel specifications

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16

Fuel Properties - .
Uranium Content/Cladding/Type U U235 ° ] ActiveFuel | | qul oD u u23s Hydrogen-to
(wt% of fuel) (M"/ﬁof U) { Length (in\) ] {in.) ) (grrams): .. (grams) ,, 1 ;Zirc’ Ratio
STANDARD ELEMENTS 7 T
8.5 wt% aluminum clad element, 15 inch 8.5 20 15.00 141 189 37 1.0
8.5 wit shinless steel clad element 8.5 20 15.00 144 197 39 1.6
12 wi% stainless steel, smooth clad element 12 20 15.00 1.44 285 56 16
12 wt% stainless steel, dimpled clad element 12 20 15.00 1.40 271 53 16
8.5 wi% stainless steel clad, High Enriched Uranium 8.5 70 15.00 1.44 194 136 16
20 wi% stainless steel clad element 20 20 15.00 144 503 89 1.6
30 wt% stainless steel clad element 30 20 15.00 1.44 825 163 1.6
45 wt% stainless steel clad element 45 20 15.00 144 1560 307 1.6
INSTRUMENTED ELEMENTS'
8.5 wt% aluminum clad element, 15 inch 85 20 15.00 141 189 37 1.6
8.5 wt% instrumented, stainless steel clad element 8.5 20 15,00 144 197 39 16
12 wt% instrumented, stainless steel, smooth clad element 12 20 15.00 144 285 56 1.6
12 wi% instrumented, stainless steel, dimpled clad element 12 20 15.00 1.40 n 53 1.6
8.5 wi% instrumented stainless steel clad, High Enriched Uranium 8.5 70 15.00 1.44 194 136 16
20 wt% instrumented, stainless steel clad element 20 20 15.00 1.44 503 99 1.6
30 wt% instrumented, stainless steel clad element 30 20 15.00 144 825 163 1.6
45 wit% instrumented stainless steel clad element 45 20 15.00 144 1560 307 1.6
FUELED FOLLOWER CONTROL RODS
8.5 wt% stainless steel clad fueled follower control rod 8.5 20 15.00 1.31 163 32 1.6
12wt% stainless steel, smooth clad fueled follower control rod 12 20 15.00 1.31 237 47 1.6
12 wt% stainless steel, dimpled clad fueled follower control rod 12 20 15.00 1.40 257 50 1.6
12 wt% stainless steel, dimpled clad fueled follower control rod 12 20 15.00 140 2N 53 1.6
Zus S;:’/:oztir;:ss steel high enriched fueled follower control rod for a 85 70 15.00 131 162 13 16
20 wthe stainless steel clad fueled follower control rod 20 20 15.00 1.31 418 82 1.6
30 wi% stainless steel clad fueled follower control rod 30 20 15.00 1.31 685 135 1.6
45 wt% stainless steel clad fueled follower control rod 45 20 15.00 1.31 1560 307 1.6
s-:l'ANDARD RODS FOR CLUSTER ASSEMBLY
8.5 wi% stainless steel clad cluster rod 8.5 20 15.00 1.37 166 33 16
12 wt% stainless stzel, smooth clad cluster rod 12 20 15.00 1.37 243 58 16
8.5 wi% stainless steel clad, High Enriched Uranium, cluster rod 85 70 15.00 137 175 122 16
20 wils stainless steel dad cluster rod 20 20 15.00 1.37 427 85 1.6
30 wt%e stainless steel clad cluster rod 30 20 15.00 1.37 710 141 1.6
8.5 wi% stainless stee! clad, HEU, fueled follower control rod 8.5 70 15.00 1.31 160 112 1.6
45 wit stinless steel clad fueled follower control rod 45 20 15.00 1.37 1348 267 1.6
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Six Cans Five Cans ‘ Three Cans Three Cans
24.25" x 4.88" Tall 24.25" x 4.88" Tall 24.25" x 8.75" Tall 24.25" x 10" Tall
& three spacers & two spacers 24.25" x 8.75" Tall

(one empty can)

Fig. 1.4. Typical shipping cionfigurations inside the ES-3100 containment vessel.
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S~ Eﬁ‘/ E’f/ ty
Six Nickel Cans Three Poly Bottles Three Teflon Bottles One Can
23.0" x 4.75" Tall 24.94" x 8.7" Tall ' 24.69" x 9.4" Tall 24.25" x 17.5" Tall (two

8.75-in. cans brazed together)
& one empty can

Fig. 1.4. Typical shipping configurations inside the ES-3100 containment vessel (cont.).
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Stainless Steel
top end fitting

Graphite (2 places)
thicknesses vary

Samarium Trioxide
disc* (2 places)
0.05 in. thick each

. R
Stainless
Steel tube

Uranium
Zirconium
Hydride
(3 sections)

15in.

Zirconium rod @ 0.05 in, thick
(3 sections)

0.225 in. dia.
@ Molybdenum disc*
0.031 in.

* molybdenum disc was
introduced several years
after samarium trioxide

discs were discontinued.

Stainless Steel
bottom end fitting E

Fig 1.5. TRIGA fuel element.
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1.2.3.3 Reflectors, absorbers, and moderators

The reflectors, absorbers, and moderators present in the ES-3100 package are those associated
with the materials of construction. For example, the thermal insulation acts as a neutron reflector to
the contents of a single package and as a neutron moderator in an array of packages. The degree of
neutron moderation is a function of the hydrogen content in the Kaolite 1600 and 277-4 materials.
The stainless-steel materials of the containment vessel and the drum also act as neutron reflectors to the
contents of a single package but act as neutron absorbers in an array of packages. The nuclear properties
of the materials of construction and of the contents are important and have been taken into account in the
criticality safety evaluation (Sect. 6). In addition to the materials of construction in the ES-3100 shipping
package mentioned above, the 277-4 material has been specifically added to the ES-3100 package for the
purpose of enhancing the neutron absorption characteristics for safety purposes (see Sect. 6 for additional
discussion of the neutron-absorbing characteristics of this material).

1.2.3.4 Shipping configurations

Authorized content convenience containers for the ES-3100 are cans constructed of
stainless steel, tin-plated carbon steel, or nickel-alloy (series 200, passivated), and polyethylene
and Teflon convenience bottles. These convenience containers are used to hold the HEU contents
for shipment in the ES-3100 package and to assure that the inside of the containment vessel does not
become contaminated with HEU under NCT. Convenience containers used in the ES-3100 package
must have an outer diameter less than or equal to 12.7 cm (5 in.). The height can vary up to the full
internal height of the containment vessel or 78.74 cm (31 in.). Some contents require the use of can
spacers (see Table 1.3). These can spacers are thin-walled stainless-steel cans filled with 277-4 material
(Drawing M2E801580A043, Appendix 1.4.8). Each convenience can and spacer may be equipped with
a stainless-steel band and nylon-coated wire to facilitate loading and unloading operations. Silicone
rubber pads may also be used between convenience cans to dampen vibration and minimize contact
between metal components. Any combination of convenience containers will be allowed in a single
package, as long as the total height of the stack-up (including spacers, if required) does not exceed the
inside working height of the containment vessel [78.74 cm (31 in.)]. If can spacers are required, no more
than one-third of the total HEU content mass limit shown in Table 1.3 may be placed between any two
spacers.

Typical configurations of authorized ES-3100 convenience containers are shown in Fig. 1.4.
The shipping configurations shown in Fig. 1.4 utilize 3.00 and 4.25-in.-diameter convenience cans of
various heights (such as 4.75, 4.88, 8.75, and 10 in.), 4.94 in. diameter by 8.7 in. tall polyethylene bottles,
and 4.69 in. diameter by 9.4 in. tall Teflon bottles. Although any combination of the convenience cans
that will fit inside the internal volume of the containment vessel may be used, content forms shall not be
mixed in a single package (i.e., HEU oxides may not be packed with HEU metal). Empty cans and/or
stainless-steel scrubbers may be used to fill the void space at the top of the containment vessel. If empty
cans are shipped, a minimum 0.32-cm (0.125-in.)-diam hole must be placed through the lid to prevent
over-pressurization of the can in the event of a thermal accident. In addition, these empty cans must be
placed on top of the loaded cans. In configurations not requiring can spacers for criticality control, can
spacers may be shipped for convenience if placed on top of loaded cans in the containment vessel. The
HEU contents may be bagged or wrapped in polyethylene, and the convenience containers may also be
wrapped in polyethylene to further reduce the possibility of contamination. If metal cans or polyethylene
bottles are used as convenience containers, the total amount of offgassing material (including
polyethylene bottles, polyethylene bagging, and lifting slings) is limited to 500 g per package. If Teflon
bottles are used as convenience containers, the total amount of off-gassing material (including Teflon
bottles, polyethylene bagging, and lifting slings) is limited to 1600 g per package (limit established by
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assuming three 400-g Teflon bottles and 400-g polyethylene bagging). If closed convenience cans with
an outer diameter greater than 4.25 in. are used, the containment vessel cannot contain any materials that
off-gas. The only hydrogenous materials that can be present in the containment vessel when shipping
HEU broken metal are those that have a hydrogen density less than or equal to water. In some shipping
configurations, silicone rubber pads will be placed between the convenience cans to reduce vibration.

1.2.3.5 Maximum normal operating pressure

As defined in 10 CFR 71.4, the maximum normal operating pressure is the maximum
gauge pressure that would develop in the containment system in one year under an ambient temperature
of 38°C (100°F) in still air, with appropriate insolation in the absence of venting, external cooling by
an ancillary system, or operational controls during transport. Under these conditions, the maximum
normal operating pressure in the ES-3100 containment vessel would be 98.84 kPa (14.336 psig)
[200.20 kPa (29.036 psia)]. In comparison, the design internal pressure of the containment vessel is
801.17 kPa (116.2 psia). The design internal pressure is a conservatively assumed value that was
assigned for the purpose of the ASME code calculations in Appendix 2.10.1.

1.2.3.6 Maximum and minimum weight

The maximum gross shipping weight for the ES-3100 package is 190.5 kg (420 Ib). The
proposed maximum gross shipping weight of the ES-3100 package with any proposed content is
187.81 kg (414.05 1b) [Table 2.8]. The total weight of the tested ES-3100 units ranged from 157.4 to
203.7 kg (347 to 449 1b) [Table 2.9]. '

The weight of HEU contents in the ES-3100 shipping package is limited to 35.2 kg (77.60 1b).
This limit has been established as a bounding case for the maximum structural, thermal, and containment
limit for the package. Actual mass restrictions for the various contents based on the various analyses
presented in the SAR are listed in Tables 1.3, 1.3a, and 1.3b. The maximum allowable payload weight
of any configuration, including packing components (convenience cans and bottles, polyethylene bags,
silicone pads, can spacers, etc.), is 40.82 kg (90 1b). There is no minimum payload weight requirement.
ES-3100 shipping package weights are discussed in greater detail in Sect. 2 and are broken down into
individual component weights in Tables 2.8 and 2.9.

The payload weight (including convenience cans, silicone rubber pads, can spacers, and the
HEU mockup) used in the ES-3100 package tests ranged from a minimum of 3.6 kg (8 Ib) to a maximum
of 50.3 kg (111 Ib).
1.2.3.7 Maximum decay heat

As shown in Sect. 3.1.2 , the conservatively calculated maximum heat generation rate of the
contents is approximately 0.4 W. The ES-3100 package was designed for a maximum heat load of 20 W.

Thermal analyses have been performed assuming heat sources of 0.4, 20, and 30 W in the ES-3100
containment vessel (Appendix 3.6.2).
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1.2.3.8 Loading restrictions

Loading restrictions based upon the results of the criticality safety calculations presented in

Sect. 6.2.4 and additional limitations on packing materials outlined in Sect. 3 are as follows:

(D

@)

€)

)
©)

(6)

)

(8)

€)

HEU fissile material to be shipped in the ES-3100 package must be placed in stainless-steel,
tin-plated carbon steel or nickel alloy convenience cans, polyethylene bottles, or Teflon bottles.
Convenience containers used in the ES-3100 package must have an outer diameter less than or equal
to 12.7 cm (5 in.). The height can vary up to the full internal height of the containment vessel or

-78.74 cm (31 in.). Any closure on the convenience can is allowed.

Any combination of convenience cans is allowed in a single package, as long as the total height
(including silicone rubber pads and can spacers, if required) does not exceed the inside working
height of the containment vessel (approximately 31 in.).

In situations where empty convenience cans are shipped in the package, they must be placed on top
of the loaded cans, and a minimum 0.32-cm (0.125-in.)-diam hole must be placed through the lid to
prevent over pressurization of the can.

The concentration of uranium isotopes in the content is limited as shown in Table 1.1.

For pyrophoric considerations, HEU metal or alloy pieces must have a specific area not greater
than 1 cm%g or must not pass through a 3/8-in. (0.95 cm) mesh sieve (or equivalent size-grading
method). Incidental small pieces that do not pass the size restriction tests, and powders, foils,
turnings, and wires, may only be shipped if they are in a sealed, inerted container.

The content shall not exceed “per package” fissile material mass loading limits specified in Table 1.3
based on the CSI. Where can spacers are required for a “per package” mass loading, the quantity of

fissile material located in any vacancy between or adjacent to can spacers shall not exceed one-third

of the mass loading limit in Table 1.3.

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-3100 containment
vessel.

If metal cans are used as convenience containers, the amount of polyethylene bagging and lifting
slings is limited to 500 g per package. If Teflon bottles are used as convenience containers, the total
amount of offgassing material (including Teflon bottles, polyethylene bagging, and lifting slings)

is limited to 1600 g per package. If metal cans or polyethylene bottles are used as convenience
containers, the total amount of offgassing material (including polyethylene bottles, polyethylene
bagging, and lifting slings) is limited to 500 g per package (see Item 7 in Sect. 6.2.4). If closed
convenience cans with an outer diameter greater than 4.25 in. are used, the containment vessel
cannot contain any materials that offgas. These mass limits do not include moisture in oxide.
Moisture is accounted for in criticality safety calculations (Sect. 6.1.2).

The only hydrogenous packing materials that can be used in the containment vessel when shipping
broken HEU metal are those that have a hydrogen density less than or equal to water.
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(10) Shipments of UNX crystals must be completed in the time period noted in Table 1.3a. Shipments
of uranium oxide must be completed in 12 months. This time period begins when the containment
vessel is sealed.

(11) The mass of any unidentified constituents in content to be shipped in the ES-3100 must be counted
against the fissile mass loading limit. Content must not contain unevaluated moderating materials.

1.2.4 Operaﬁonai Features

The ES-3100 package is a Type B fissile material package designed in accordance with DOT
and NRC regulations. These regulations require that the package be operated without undue risk to
the public, even in the event of a severe accident, and that the dose rate and nonfixed radioactive
contamination on the external surface of the package conform with 49 CFR 173.441 and 173.443,
respectively. These requirements are translated into the designs for the containment, shielding, and
nuclear criticality safety of the contents when subjected to NCT and HAC. Designs for containment,
shielding, and nuclear subcriticality safety are supported by operational procedures for loading,
unloading, and refurbishing to ensure that those design features are used and maintained in a manner
commensurate with their intended function. Drop tests, crush tests, puncture tests, thermal tests, and
water immersion tests (Sects. 2.6 and 2.7) show that the drum assembly maintains the insulation and the
containment vessel in their intended configurations when subjected to NCT and HAC.

The decay heat generated by the contents (maximum of approximately 0.4 W) is negligible for a
package of this size (Sect. 1.2.3.7 and Sect. 3.1.2).

Design features that provide shielding, containment, and nuclear criticality control perform these
functions in a passive manner. No valves, connections, gauges, active coolants, or operationally
pressurized parts are integral to the ES-3100 package.

1.3 GENERAL REQUIREMENTS FOR ALL PACKAGES

This section demonstrates compliance with 10 CFR 71.43(a) and (b), “General Standards for
All Packages.”

1.3.1 Minimum package size
Requirement. The smallest overall dimension of a package may not be less than 10 cm (4 in.). -
Analysis. The drum’s outside diameter (including the chimes or rolling rings) is 49.2 cm

(19.37 in.), and the outside height including the lid is 110.49 cm (43.5 in.). The minimum outside

diameter of the ES-3100 containment vessel is 13.36 cm (5.26 in.), and the overall height is 82.30 cm
(32.4 in.). Therefore, the packaging meets this requirement.
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1.3.2 Tamper-indicating feature

Requirement. The outside of a package must incorporate a feature, such as a seal, that is not
readily breakable and that, while intact, provides evidence that the package has not been opened by
unauthorized persons.

Analysis. The removable drum head is attached to the body by eight 5/8-11-UNC-2B
silicon bronze nuts and 5/8-in. nominal washers. Two 0.51-cm (0.20-in.)-thick lugs with 0.953-cm
(0.375-in.)-diam holes project through slots in the drum lid and provide attachment for wire-type TIDs.
These TIDs consist of a stainless-steel cable with an aluminum crimp closure or equivalent. The
requirement is satisfied by the TIDs, which are installed as specified in Sect. 7.1.2.2. The seal is only
required when HEU is in the package. It is not required for empty shipments.
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1.4 APPENDICES

Appendix Description

14.1 PACKAGE CERTIFICATION DRAWING

142 EQUIPMENT SPECIFICATION JS-YMN3-801580-A002, ES-3100 DRUM ASSEMBLY

1.4.3 EQUIPMENT SPECIFICATION JS-YMN3-801580-A001, ES-3100 CONTAINMENT
VESSEL

1.4.4 EQUIPMENT SPECIFICATION, JS-YMN3-801580-A003, MANUFACTURING
PROCESS SPECIFICATION FOR CASTING KAOLITE 1600™ INTO THE ES-3100
SHIPPING PACKAGE

1.4.5 EQUIPMENT SPECIFICATION, JS-YMN3-801580-A005, CASTING CATALOG
NO. 277-4 NEUTRON ABSORBER FOR THE ES-3100 SHIPPING PACKAGE

1.4.6 PACKAGE CATEGORY DETERMINATION

1.4.7 HEU OXIDE MATERIAL SPECIFICATION AS PROVIDED BY Y-12 HIGHLY
ENRICHED URANIUM DISPOSITION PROGRAM OFFICE

1.4.8 PACKAGE ENGINEERING DRAWINGS

1.4.9 DESIGN ANALYSES AND CALCULATIONS, MIXING WEIGHTS AND
ELEMENTAL COMPOSITION OF 277-4 NEUTRON POISON USED IN
THE ES-3100

1.4.10 PYROPHORICITY OF URANIUM METAL

1.4.11

EQUIPMENT SPECIFICATION SPC M801580-0002, EQUIPMENT SPECIFICATION
FOR ES-3100 ETHYLENE PROPYLENE DIENE MONOMER (EPDM) CONTAINMENT
VESSEL (CV) O-RINGS
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Appendix 1.4.1

PACKAGE CERTIFICATION DRAWING

Drawing No. Rev. Title

M2ER01580A037 C ES-3100 Shipping Container, Consolidated Assembly Drawing
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—  CONTAINMENT VESSEL BODY ASSEMBLY L 279072 ]
WELDED OPTION

WELD NOTES:

1. ALL WELDS ON THE CONTAINMENT VESSELS SHALL BE DONE EITHER BY THE GTAW OR GMAW PROCESS,
MANUAL OR AUTOMATIC, AT THE DISCRETION OF THE SELLER UNLESS SPECIFICALLY CALLED OUT ON THE
DRAWINGS. BACKING RINGS, EVEN IF REMOVED AFTER THE WELD HAS BEEN MADE, SHALL NOT BE USED.
AS PREVIOUSLY STATED, WELD SYMBOLS ARE PROVIDED ON THE DRAWING INDICATING FOR EACH WELD
THE TYPE OF WELD AND DIMENSIONS OF THE WELD.

2. EXCEPT AS LIMITED BY THIS SPECIFICATION, THE APPLICABLE REQUIREMENTS OF NB-4300 AND NB-4400
SHALL APPLY TO THE CONTAINMENT VESSEL.

3. PRIOR TO WELDING, ALL WELD PREPARATION AREAS AND THE SURFACES WITHIN ONE INCH OF THE WELD
AREA SHALL BE EXAMINED VISUALLY AND WITH LIQUID PENETRANT. THE ACCEPTANCE CRITERIA FOR

THESE EXAMINATIONS ARE THOSE STATED IN NB-5130 (A) THROUGH NB-5130 (D). THE RESULTS OF THESE

SURFACE EXAMINATIONS SHALL BE REPORTED TO THE COMPANY TOGETHER WITH THE WELD EXAMINATION
REPORTS, SEE SECTION 3.4 OF THIS SPECIFICATION.

4, WELDERS PERFORMING TWO OR MORE WELDS IN ONE DAY THAT ARE REJECTED BASED UPON WELDER
TECHNIQUE SHALL BE SUBJECT TO BE RE-QUALIFIED TO THE APPROPRIATE WELDING PROCEDURES, SEE
SECTION IX, PARAGRAPH QW-320 OF THE ASME CODE.

5. THE APPLICABLE REQUIREMENTS IN PARAGRAPHS NB-5110, NB-5120, NB-5210, NB-5220, NB-5260, AND
NB-5300 SHALL APPLY TO THE CONTAINMENT VESSELS. THE PLUG WELD SHOWN ON DRAWING
M2E801580A015 SHALL BE EXAMINED VISUALLY AND WITH PENETRANT. THE APPLICABLE REQUIREMENTS
IN PARAGRAPHS NB-5110, AND NB-5350 SHALL APPLY TO THE PLUG WELD. NOTE THAT THE REFERENCE TO
THE INSPECTOR IN NB-5112, FOR THE PURPOSES OF THIS SPECIFICATION IS EITHER THE COMPANY‘S
INSPECTOR OR A SUBCONTRACTOR DESIGNATED BY THE COMPANY.

6. MATERIALS USED IN THE PENETRANT EXAMINATION OF WELDS AND IN THE FINAL SURFACE EXAMINATION
OF FINISHED COMPONENTS (SEE SECTION 3.7) SHALL BE SPECIFICALLY RECOMMENDED BY THEIR
SUPPLIERS FOR USE WITH AUSTENITIC STAINLESS STEELS, AND COPIES OF THE CERTIFICATION OF
CONTAMINANT CONTENT OF MATERIALS USED (SEE SECTION V, ARTICLE 6, T-641) SHALL BE SUPPLIED TO
THE COMPANY WITH THE EXAMINATION REPORTS.

7. REPAIR WELDING SHALL MEET THE APPLICABLE REQUIREMENTS OF NB-2500.

8. CERTIFIED WRITTEN WELD EXAMINATION REPORTS TOGETHER WITH THE CORRESPONDING MATERIAL
SURFACE EXAMINATION REPORTS, AND WELD MAP SHALL BE SUBMITTED TO THE COMPANY AS STATED
IN THE PROCUREMENT SPECIFICATION FOR THE ES-3100 CONTAINMENT VESSEL. WELD EXAMINATION
REPORTS FOR ALL WELD AND SURFACE EXAMINATION SHALL INCLUDE: THE CONTAINMENT VESSEL SERIAL
NUMBER, A WELD MAP SHOWING THE LOCATION OF THE WELD AND EXAMINATION AREA, THE WELDER’S
NAME, THE EXAMINER S NAME, THE TIME AND DATE OF THE WELD EXAMINATION, THE EXAMINATION
PROCEDURE(S) NUMBER USED, THE WPS NUMBER, THE HEAT NUMBERS OF THE MATERIALS JOINED, THE
HEAT NUMBER OF THE WELD FILLER, AND EXAMINER S REMARKS. THE EXAMINER S§ REMARKS SHALL
INCLUDE THE RESULTS OF THE EXAMINATION AND ACCEPTANCE, OR REJECTION OF THE WELD BASED ON
THE STATED CRITERIA. ONE SET OF RADIOGRAPHS SHALL BE PROVIDED TO THE COMPANY WITH
RADIOGRAPHIC EXAMINATION REPORTS. IF THE WELD OR SURFACE 1S REJECTED, A DESCRIPTION OF THE
DEFECT AND SKETCH SHOWING THE LOCATION SHALL BE PROVIDED.

9. IF A WELD 1S REJECTED, THE AREA SHALL BE WELD REPAIRED BY THE SELLER AND RE-EXAMINED.
AFTER TWO UNSUCCESSFUL REPAIR ATTEMPTS, THE COMPANY SHALL BE NOTIFIED FOR APPROVAL TO
PERFORM MORE REPAIR ATTEMPTS. THE COMPANY MAY, AT ITS OPTION, CHOOSE TO REJECT FURTHER
REPAIR EFFORTS AND REQUIRE THAT A REPLACEMENT PART BE FABRICATED.
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ES-3100 Shipping Package Y-12 AREA
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A Issue Approved

B Change the title of drawing M2E-801580-A001 from Confinement Boundary Assembly to Drum Assembly. Change
the fitle this specification from ES-3100 Confinement Boundary Drums to ES-3100 Drum Assembly. Deleted
reference to drawing M2E-801580-A009, Pad Details. Added the reference to drawings M2E-801580-A010, Data
Plates and M2E-801580-A031, Main Assembly. Changed the wording in the first paragraph of Section 3.3

Cc Revised the third paragraph of Section 3.0 in accordance with REDC PE-06-058.

D Section 3.0, paragraph 3, the phrase “certifying authority's written approval” has been revised to “regulatory
authority’s written approval.”

SIGNATURE DATE SIGHATURE DATE
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1.0 SCOPE 1
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3.0 DETAILED REQUIREMENTS 2

3.1 Materials
3.2 Welding

3.3 Weld Examination
3.4 Cleaning and Passivation
3.5 Dimensional Inspection Reports
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LIST OF COMPANY DRAWINGS

Drawing Number Title
M2E-801580-A001 Drum Assembly
M2E-801580-A002 Body Weldment
M2E-801580-A003 Inner Liner Weldment

M2E-801580-A004
M2E-801580-A005

Double Open Head Reinforced Drum
Misc. Details

M2E-801580-A006 Drum Lid Weldment
M2E-801580-A007 Drum Lid
M2E-801580-A008 Top Plug Weldment
M2E-801580-A010 Data Plates
M2E-801580-A031 Main Assembly
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SPECIFICATION NO. REV,

EQUIPMENT SPECIFICATION  [memiet0iote e

10-15-03 3115/06
ES-3100 DRUM ASSEMBLY it Pice
Y-12 10F5

1.0 SCOPE

This specification, the Procurement Specification for the ES-3100 Drum Assembly,
specifications JS-YMN3-801580-A003 and JS-YMN3-801580-A005, the Company’s
drawings, and the referenced codes and standards in section 2.0 of this specification state the
requirements for the procurement of materials and components, fabrication, inspection,
examination, assembly, and testing of the Drum Assembly for the ES-3100 shipping package.
If conflicting requirements appear between the Company’s documents, and the standards listed
in section 2.0 of this document, the Seller shall immediately notify the Company, so that these
can be resolved. The Seller shall provide the number of completed assemblies specified in the
purchase order.

This specification describes the applicable procedures to be followed in the fabrication,
welding, examination, inspection, quality assurance, and documentation requirements for a
Drum Assembly used in a Type B nuclear shipping package.

The Drum Assembly shall be manufactured in accordance with those paragraphs of the
American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section
VIII, Division 1 that are specified in this document. The Drum Assemblies are not pressure
vessels and are not to be hydrostatically tested, nor are they to be stamped. If the Seller does
not have certificate of authorization from the ASME to apply the U stamp, the Seller shall be
familiar with, and capable of meeting those requirements in Section VIII, Division 1 of the
ASME Boiler and Pressure Vessel Code that are referenced in this specification.

Company specification JS-YMN3-801580-A003 gives requirements for casting Kaolite, and

JS-YMN3-801580-A005 gives requirements for casting Catalog No. 277-4 in the drum as
shown on the Company’s drawings.

2.0 APPLICABLE CODES AND STANDARDS

The Drum Assembly shall be fabricated, inspected, and tested according to the design
drawings, and the portions of the codes, standards, and regulations to the extent described
herein.

- American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section
VIII, Division 1, 2001 Edition with 2002 and 2003 addenda

- American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section II,
Parts A and C, 2001 Edition and 2002 and 2003 addenda

EXEMPT FROM 10-155
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- American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section V,
2001 Edition and 2002 and 2003 addenda

- American Society of Mechanical Engineers, Boiler and Pressure Vessel Code, Section
IX, 2001 Edition and 2002 and 2003 addenda

- American Society For Nondestructive Testing, No. SNT-TC-1A-1992, Recommended
Practice for Nondestructive Testing Personnel Qualification and Certification, Dec 1992

- Military Standard, MS27683, Drum, Metal-Shipping and Storage 16 to 80 Gallons

- American Society For Testing Materials, ASTM A 380-99°!, Standard Practice for
Cleaning, Descaling, and Passivation of Stainless Steel Parts, Equipment and Systems.

All references to the ASME Code in this document are to the ASME Boiler and Pressure
Vessel Code, the 2001 Edition with the 2002 and the 2003 addenda.

3.0 DETAILED REQUIREMENTS

Detailed dimensional requirements and the materials of construction are called out on the
Company’s drawings. Additional requirements for materials are given in section 3.1 of this
specification. The Seller shall be responsible for determining stock sizes so that the finished
machined components meet the dimensions, tolerances and surface features called out on the
attached drawings.

Weld symbols are provided on the Company’s drawings indicating for each weld the type of
weld and dimensions of weld. Additional welding requirements are stated in section 3.2 of this
specification

Any material substitution or any other deviation from the requirements shown on the
Company’s drawings, or stated in the Company’s document is not permitted without the Seller
submitting a written request for waiver or deviation, Company’s written approval, and
regulatory authority’s written approval (see the Procurement Specification for the ES-3100
Drum Assembly).

The assembled Drum Assembly shall be marked according to the Company’s drawings. The
Company will assign permanent serial numbers for each Drum Assembly. Drum Assembly’s
records may be maintained based upon a temporary serial number assigned by the Seller. The
temporary serial number for the Drum Assembly shall be cross-referenced to the Drum
Assembly’s permanent serial number.

The following additional requirements apply as follows:
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3.1 Materials

Except for the weld studs, documented Certified Material Test Reports (CMTR’s) shall be
provided to the Company for all materials used in weldments for the fabrication of the Drum
Assembly, including weld filler metal. The CMTR’s shall be traceable to heat numbers and
shall demonstrate compliance with the SA or SFA material specifications called out. For all
other the materials documented Certificates of Compliance shall be provided to the Company
certifying that the materials provided comply the requirements stated on the Company’s
drawings and specifications. See the Procurement Specification for the ES-3100 Drum
Assembly for specific documentation requirements.

The markings on the weldment materials shall not be removed until after all weld examination
is complete. Note that the heat numbers of base metals and weld filler are required on all weld
examination reports (see section 3.3 of this specification).

The weld filler metal used in the fabrication of the Drum Assemblies shall be procured to
comply with the SFA specifications of Section II, Part C of the ASME Code that are stated in
the Seller’s welding procedure specifications. Weld filler metal shall be procured traceable to
heat numbers, and Certified Material Test Reports shall be furnished to the Company for each
heat of weld wire filler. The control of weld filler by the Seller shall permit a weld examiner to
be able to determine the heat number of the weld filler used in any weld on the Drum
Assembly.

Prior written approval of the Company shall be obtained for any weld repair on materials, and
the weld repair areas shall be noted in a sketch supplied with the CMTR for the material that
was weld repaired. Note that depending on the specific defect in a specific material, the
Company may or may not approve the weld repair, even if it is permitted by the material
specification.

3.2 Welding

All welding shall be done in accordance with welding procedure specifications that are written and
performance qualified in accordance with the ASME Code, Section IX. All welders shall be
performance qualified to weld using these procedures, and their qualifications documented in
accordance with the ASME Code, Section IX. The welding fabrication requirements stated in the
ASME Code, Section VIII, Division 1, paragraphs UW-26 through UW-48 shall be met. The
Inspector referenced in these paragraphs shall be an individual or individuals that are employed by
the Company or subcontractors to the Company.

All butt welds in rolled sheet, pipe and angle joints shall be full penetration butt welds. With the
exception of the seam welds in the drum body, all welds shall be done by the GTAW, GMAW,

PAW or a Capacitive Discharge (CD) stud welding process.
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Welders performing two or more welds in one day that are rejected shall be subject to be re-
qualified to the appropriate welding procedures, see Section IX, and paragraph QW-320 of the
ASME Code.

3.3 Weld Examination

A qualified weld examiner using a written weld examination procedure shall visually examine
all designated welds. Weld examiners shall be qualified to perform visual weld inspection in
accordance with their employer’s written practice, which must be in accordance with either
SNT-TC-1A (2001 Edition), “Personnel Qualification and Certification in Nondestructive
Testing;” or ANSI/ASNT CP-189 (2001 Edition), “ASNT Standard for Qualification and
Certification of Nondestructive Testing Personnel;” published by the American Society for
Nondestructive Testing. The weld examination procedure shall meet the requirements of the
ASME Code, Section V. The weld examination procedures, the weld examiners qualifications,
and the weld examination reports shall be submitted to the Company.

Written weld examination reports for all weld examination shall include: the Drum Assembly
serial number, a weld map showing the location of the weld, the welder’s name, the examiner’s
name, the time and date of the weld examination, the examination procedure number used, the
WPS number, the heat numbers of the materials joined, the heat number of the weld filler, and
the examiner’s remarks. The examiner’s remarks shall include the results of the examination,
and acceptance or rejection of the weld based on the stated criteria and include a description
and sketch showing the location of any defects found. Weld examination reports shall be
submitted to the Company as stated in the Procurement Specification for the ES-3100 Drum
Assembly.

The acceptance criteria for joint fit-up and alignment, and for visual examination of welds are
given in the ASME Code, Section VIII, Division 1, paragraphs UW-31 through UW-36. In
addition, any visible defects such as lack of fusion, lack of penetration, linear or crack like
defects, and visible porosity, shall be cause for rejection.

If a weld is rejected, the area may be weld repaired by the Seller and re-examined. After two
unsuccessful repair attempts, the Company shall be notified for approval to perform more
repair attempts. The Company may, at its option, choose to reject further repair efforts and
require that a replacement part be fabricated.

If penetrant examination of welds or materials is performed the materials used in the
examination shall be specifically recommended by their suppliers for use with austenitic
stainless steels, and copies of the certification of contaminant content of materials used (see
Section V, Article 6, T-641) shall be supplied to the Company with the examination reports.
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3.4 Cleaning and Passivation

Cleaning procedures for the stainless steel, including weld areas, shall be submitted to the
Company for approval prior to the start of fabrication, see the Procurement Specification for
the ES-3100 Drum Assembly. Only non-chloride bearing chemicals shall be used for cleaning
(such as trisodium phosphate detergent or acetone). Water used in cleaning shall have a
maximum chlorine content of 0.5 parts per million.

Finished components awaiting assembly and assemblies shall be free of dirt, debris, foreign
objects, cutting fluids, metal chips, grinding residue, and other foreign substances. The Seller
shall clean, cover, and protect parts and subassemblies from becoming dirty while in storage,
and to the extent practical, in the shop environment while in work.

After final machining and examination of all welds except the attachment welds for the drum
bottom and the closure weld on the top plug, and prior to filling with Kaolite and Catalog No.
277-4 (see JS-YMN3-801580-A003 and JS-YMN3-801580-A005), clean and passivate all
stainless steel surfaces of the Drum Assembly in accordance with ASTM A 380. After the
closure weld on the top plug weldment and the attachment weld on the drum bottom are
examined, clean and locally passivate the weld areas and heat affected zone areas.

3.5 Dimensional Inspection Reports

Straightening, flattening, and forming by mechanical or thermal means of some features and
components after welding may be required to ensure proper assembly. The surfaces of areas of
the weldment that have been worked shall be visually examined to ensure that no cracks are
present or that the weldment has been degraded. Adjacent welds to these areas shall also be
visually examined. The acceptance criteria are that no cracks are found. The areas worked and
the visual inspections shall be noted on the dimensional inspection report. This work and
examination shall be performed prior to the installation of Kaolite or Catalog No. 277-4.

After all testing, inspection and final machining, the Drum Assemblies shall be dimensionally
inspected. The dimensions, and features such as flatness, runout, etc, to be inspected are
indicated on the Company’s drawings. A written inspection report shall be prepared, and
submitted to the Company as stated in the Procurement Specification for the ES-3100 Drum
Assembly.
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Equipment Specifications SPC-M801580-0001 (for Viton O-fing) and SPC-M801580-0002 (for EPDM Q-ring).
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1.0 SCOPE

This specification, equipment specifications (SPC-M801580-0001, £5-3100 Fluorocarbon Rubber
Elastomer (Viton) O-rings, and SPC-M801580-0002, £5-3100 Ethylene Propylene Diene Monomer
(EPDM) CV O-rings), the Company’s drawings, and the referenced codes and standards in Sect. 2.0 of
this specification state the requirements for the procurement of materials and components, fabrication,
inspection, examination, assembly, and testing of the containment vessels for the ES-3100 shipping
package. If conflicting requirements appear between the Company’s drawings and specifications, the
Seller shall immediately notify the Company, so that these can be resolved. The Seller shall provide the
number of completed assemblies specified in the purchase order.

The containment vessel will be manufactured in accordance with the applicable requirements stated in
the American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (ASME Code),
Sect. llI, Div. 1, Subsection NB for Class 1 Components as described on the Company’s drawings and in
this specification. If the Seller does not have certificate of authorization from the ASME to apply the

N stamp, the Seller shall be familiar with, and capable of meeting those requirements in Sect. lll, Div. 1,
Subsections NB and NCA of the ASME Code that are referenced in this specification. The reference to
the Inspector in any of the ASME Codes shall in this particular case be that person designated by the
Company. '

2.0  APPLICABLE CODES AND STANDARDS

The Containment Vessel shall be fabricated, inspected, and tested according to the design drawings and
the following codes, standards, and regulations as described in this document.

e ANSI N14.5-1997, American National Standard for Radioactive Materials — Leakage Tests on
Packages for Shipment, American National Standards Institute.

e ASME Boiler and Pressure Vessel Code, Sect. lll, Div. 1 - Subsections NB and NCA, Class 1
Components, 2001 Edition and 2002 and 2003 addenda.

e ASME Boiler and Pressure Vessel Code, Sect. |l, Parts A and C, 2001 Edition and 2002 and
2003 addenda.

e ASME Boiler and Pressure Vessel Code, Sect. V, 2001 Edition and 2002 and 2003 addenda.
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e ASME Boiler and Pressure Vessel Code, Sect. 1X, 2001 Edition and 2002 and 2003 addenda.

o ASTM A 380-99%, Standard Practice for Cleaning, Descaling, and Passivation of Stainless Steel Parts,
Equipment and Systems, American Society for Testing and Materials.

e SNT-TC-1A-1992, Recommended Practice for Nondestructive Testing Personnel Qualification and
Certification, American Society for Nondestructive Testing, Dec 1992,

e SSPC SP 5/NACE No. 1, White Metal Blast Cleaning, Society for Protective Coatings.

3.0 DETAILED REQUIREMENTS

Detailed dimensional requirements and the materials of construction are called out on the Company’s
drawings. Additional requirements for materials are given in Sect. 3.1 of this specification. The Seller
shall be responsible for determining stock sizes so that the finished machined components meet the
dimensions, tolerances and surface features called out on the attached drawings.

Weld symbols are provided on the Company’s drawings indicating the type of weld and dimensions for
each weld. Additional welding and repair welding requirements are stated in Sects. 3.1 and 3.3 of this
specification.

Any material substitution or other deviation from the requirements shown on the Company’s drawings
or stated in the Company’s specifications is not permitted without the Seller submitting a written
request for waiver or deviation, and Company’s written approval, and regulatory authority’s written
approval.

The term ASME Code in this specification refers to the ASME Boiler and Pressure Vessel Code. A
paragraph referenced as NB-XXXX or NCA-XXXX, where XXXX is a specific paragraph number, is that
paragraph in Sect. Ill, Subsection NB or Subsection NCA, respectively, of the ASME Code. If a given
paragraph is referenced as a requirement, all the paragraphs under the stated paragraph are also to
be considered as requirements. For example, if NB-2430 is referenced as a requirement, not only do
the applicable requirements of NB-2430 apply, but also those of NB-2431, NB-2431.1, NB-2431.1(a),
NB-2432, etc. apply. Note that the Company shall act as the Authorized Inspector, and that the
Inspector referenced in the ASME Code shall be a representative of the Company.

The assembled containment vessels shall be marked according to the Company’s drawings. Permanent
serial numbers for each containment vessel shall be assigned by the Company. Containment vessel
records may be maintained based upon a temporary serial number assigned by the Seller. The
temporary serial number for the containment vessel shall be cross referenced to the containment
vessel’s permanent serial number.

The following additional requirements apply as follows:
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31 Materials and Material Examinations

The containment vessel body (Drawing M2E-801580-A012), the sealing lid,

{Drawing M2E-801580-A015), and the closure nut (Drawing M2E-801580-A016), shall be considered
pressure retaining materials as defined in NB-2110, and meet the applicable requirements of NB-2120.
Documented Certified Material Test Reports (CMTRs) shall be provided to the Company for the
materials used to fabricate these components in accordance with NCA-3860. The suppliers of these
materials shall meet the requirements of NCA-3800. Such parts shall be traceable to each containment
vessel by means of a serial number assigned by the Company. The Seller shall maintain control of
materials to ensure this traceability. Other metallic materials, and the O-ring seals shall be supplied with
Certificate of Compliances in accordance with NCA-3862(g) and {h).

Procured materials shall be examined in accordance with NB-2500, and shall meet the stated
acceptance criteria. The results of these examinations shall be included with the CMTRs provided to

the Company. Prior written approval of the Company shall be obtained for any weld repair on materials,
and the weld repair areas shall be both surface and volumetrically examined. The repair area shall be
noted in a sketch supplied with the CMTR for the material that was weld repaired and the documented
results of the weld examination shall be provided to the Company. Note that depending on the

specific defect in a specific material, the Company may or may not approve the weld repair, even if it

is permitted by the material specification or by NB-2500.

The weld filler metal used in the fabrication and repair welding as permitted, of the containment
vessels shall meet the applicable requirements of NB-2400. It shall be procured to comply with the
SFA specifications of Sect. ll, Part C of the ASME Code that is stated in the Seller’s welding procedure
specifications. Weld metal filler shall be procured traceable to heat numbers, and CMTRs shall be
furnished to the Company for each heat of weld wire filler used. The results of the delta ferrite
determination shall be included in the CMTR for the weld filler metal (see NB-2433). The control of
weld filler by the Seller shall permit a weld examiner to be able to determine the heat number of the
weld filler used in any weld on the containment vessel.

The Seller shall provide the Company with CMTRs, certified material examination reports and
Certificates of Compliance for the materials stated above as required.

There are two containment vessel assemblies shown on Drawing M2E801580A012,

Parts M2E801580A012-1 and M2E801580A012-4. The containment vessel assembly(s) to be fabricated
will be specified in the Company’s purchase order. Note that Part M2E801580A012-4 is fabricated by
welding a forged bottom, and forged top flange to a cylindrical shell machined from seamless pipe as
shown on the drawing.

The formed containment vessel body, Part M2E801580A012-1, shall be flow formed from a single forged
billet or bar. Special requirements for this part are given as follows.
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Repair welds may be permitted depending on the nature of the defect to be weld repaired, and after
receiving the written approval of the Company for such repair welds.

The formed, heat treated, and finished machined containment vessel body, Part M2ER01580A012-1,
shall meet the applicable requirements of ASME SA-182 for Grade F304L for a forged component. After
final forming, parts shall be solution annealed and quenched per the requirements of ASME SA-182

for Grade F304L. In addition, the requirements of NB-2180 shall also apply. A certified heat treatment
report shall be provided stating for each furnace charge the following information: the serial numbers
of the containment vessel bodies heat treated in the furnace charge, the time and date of the heat
treating, the person responsible for the heat treating, the time-temperature profile of the furnace and
representative parts of the furnace charge, the quench medium, and all other pertinent details of the
heat treating. Such a heat treating report is required for all heat treating, both in process annealing and
final heat treatment.

it shall be demonstrated that the formed, heat-treated containment vessel bodies,

Part M2E801580A012-1, meet the mechanical property requirements of ASME SA-182 for Grade F304L
by mechanical testing of coupons. The test coupons are to be machined from the same heats of
materials used to form the containment vessel bodies, and shall have the same or greater amount of
cold word (plastic strain) as the containment vessels will have as a result of the forming process. The
mechanical tensile testing of coupons shall be done in accordance with ASME SA-370. A minimum of
six test coupons shall be tested for each final heat treatment furnace charge. The first set of three test
coupons, chosen at random, shall be tested without being heat treated. The second set of three of
more test coupons shall be heat treated together with the containment vessel bodies, and then tested.
The heating rates and maximum temperatures of the test coupons shall be representative of the
entire furnace charge. Test coupons are not required to be heat treated with intermediate processing
annealing steps, but are required in the final heat treatment furnace charge.

The results of all the testing of the sample coupons shall be documented, certified and reported to the
Company. The mechanical properties test report shall contain the following information: a descriptor
of the furnace charge in which the test coupons are to represent; the times and dates of the heat
treating and the testing; the person responsible for the testing; a statement that these coupons are
prior to or after heat treatment; a description of the testing including a sketch of the tensile test
specimen; the make, model, serial number, and current calibration data of the testing machine(s) used
in the testing; reference to the written testing procedure used; the resulting measure yield strength,
ultimate strength, % elongation and % reduction in area; and any pertinent remarks.

It is permissible to deviate from the liquid quench requirements stated in SA-182 provided that the
cooling rates of the alternate quench are such that the heat treated material is not susceptible to
intergranular corrosion due to chromium carbide precipitation. This is to be demonstrated by testing
according to Practice E of ASTM A 262, and meeting the stated acceptance criteria. This shall be
accomplished by obtaining test coupons from each furnace batch that represent the slowest cooling
rates of the batch, or by following a heat treating procedure that has been qualified to ensure that the
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3.2

3.3

heat treated batch will not be sensitive to intergranular corrosion. [n any case, the requirements of
NB-2180 shall apply.

The heat treating procedure must be qualified by measuring the annealing temperatures, soak times
and cooling rates of the furnace batch, and then testing heat treated specimens that represent the
lowest annealing temperatures, soak times and cooling rates for that furnace batch for sensitivity to
intergranular corrosion using Practice E of ASTM A 262. For subsequent annealing operations, the
temperatures, soak times, and cooling rates of subsequent furnace batches must be measured and
compared to the qualified procedure. Other factors, such as variations of the size and arrangement of
the furnace batch that can affect part temperatures and part cooling rates, and the calibration of the
furnace temperature sensors must be assessed in the procedure qualification to ensure that minimum
temperatures and cooling rates of production heat treating batches can be properly compared to those
of the qualified procedure. Such a procedure should be requalified for each individual furnace used, and
for significantly different furnace batch sizes. The procedure shall be requalified annually, or if it has not
been used for a period of at least three months.

Forming, Fitting and Alignment

The forming, fitting and alignment requirements stated in NB-4200 shall be met in the fabrication of the
Containment Vessels unless more stringent requirements are called out on the Company’s drawings.

The roundness of cylinders, profile of formed head surfaces, and misalignment or offsets in weld joints
shall be included in the dimensional inspection reports for the each containment vessel, see Sect. 3.11
of this specification.

Welding and Weld Repair

All welds on the Containment Vessels shall be done either by the GTAW or GMAW process, manual or
automatic, at the discretion of the Seller unless specifically called out on the drawings. Backing rings,
even if removed after the weld has been made, shall not be used. As previously stated, weld symbols
are provided on the drawing indicating for each weld the type of weld and dimensions of the weld.

Except as limited by this specification, the applicable requirements of NB-4300 and NB-4400 shall apply
to the containment vessel.

Prior to welding, all weld preparation areas and the surfaces within one inch of the weld area shall be
examined visually and with liquid penetrant. The acceptance criteria for these examinations are those
stated in NB-5130 (a) through NB-5130 {d). The results of these surface examinations shall be reported
to the Company together with the weld examination reports, see Sect. 3.4 of this specification.

Welders performing two or more welds in one day that are rejected based upon welder technique shall
be subject to be re-qualified to the appropriate welding procedures, see Sect. IX, Paragraph QW-320 of
the ASME Code.
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34 Weld Examination

The applicable requirements in NB-5110, NB-5120, NB-5210, NB-5220, NB-5260, and NB-5300 shall
apply to the containment vessels. The plug weld shown on Drawing M2E801580A015 shall be examined
visually and with penetrant. The applicable requirements in NB-5110 and NB-5350 shall apply to the
plug weld. Note that the reference to the Inspector in NB-5112, for the purposes of this specification is
either the Company’s inspector or a subcontractor designated by the Company.

Materials used in the penetrant examination of welds and in the final surface examination of finished
components (see Sect. 3.7) shall be specifically recommended by their suppliers for use with austenitic
stainless steels, and copies of the certification of contaminant content of materials used (see Sect. V,
Article 6, T-641) shall be supplied to the Company with the examination reports.

Repair welding shall meet the applicable requirements of NB-2500.

Certified written weld examination reports together with the corresponding material surface
examination reports, and weld map shall be submitted to the Company. Weld examination reports
for all weld and surface examination shall include: the containment vessel serial number, a weld map
showing the location of the weld and examination area, the welder’s name, the examiner’s name,
the time and date of the weld examination, the examination procedure(s) number used, the welding
procedure specifications (WPS) number, the heat numbers of the materials joined, the heat number
of the weld filler, and examiner’s remarks. The examiner’s remarks shall include the results of the
examination and acceptance, or rejection of the weld based on the stated criteria. One set of
radiographs shall be provided to the Company with radiographic examination reports. If the weld or
surface is rejected, a description of the defect and sketch showing the location shall be provided.

If a weld is rejected, the area shall be weld repaired by the Seller and re-examined. After two
unsuccessful repair attempts, the Company shall be notified for approval to perform more repair
attempts. The Company may, at its option, choose to reject further repair efforts and require that
a replacement part be fabricated.

3.5 NDE Examiner Qualifications

The qualifications of the personnel performing material or weld examination shall be those stated in
NB-5500.
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3.6

3.7

Welding Documentation Submittals

Submittal of the following are required with the bid unless the current revisions of these submittals have
been previously approved by the Company. Submittals that do not demonstrate compliance with this
specification will be cause for rejection of the proposal.

e Typical WPS for the applicable code.
e Procedure qualification records (PQR).
e Typical welder performance qualification (WPQ) records for the appropriate code.

Submittal of the following documents are required prior to welding unless the current revisions of these
submittals have been previously approved by the Company.

e WPS.

e PQR

e  WPQ records, including evidence of process usage updates.

¢ Visual examination and nondestructive examination procedures.
e Certification records of examination personnel.

e CMTR.

To facilitate prompt review by the Company of the Seller’s weld program, the welding documentation
required above shall be submitted electronically in Adobe pdf format either on compact disk (CD) or by
email. All information submitted shall reflect the Seller's most current documentation. Upon review and
approval of the documentation, the Seller will be notified.

If the latest revision of the Seller’s welding documentation required above has been previously
submitted electronically and reviewed and approved by the Company, this shall be so stated with the
offer. The Seller shall submit a detailed list of the welding documentation to be used for this contract
including title, revisions/dates, type components to be used on (i.e., piping, structural, sheet metal, etc.)
and indicate the previous contract and approval date. The Company will then review the documentation
for applicability on the new contract and approve or comment.

If changes have occurred since the last approval of the welding documentation, in addition to the list
of welding documentation that they propose to use the Seller shall submit those documents that have
changed. The Company will then review, comment, and/or approve the Seller's documentation.

Hydrostatic Testing

After all machining is complete, the assembled Containment Vessel shall be hydrostatic tested by the

Seller in accordance with the applicable sections of NB-6000 at a test pressure of 150 psig +/- 5 psig at
ambient temperature (60°F to 80°F). Water with a maximum chlorine content of 0.5 parts per million
shall be used as a test medium.
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It will be necessary to hydrostatically test the container body assembly separately from the lid
assembly. It is recommended that the tooling shown on the Company’s Drawings M2E801580A021,
M2E801580A022, and M2E8B01580A023 be used to pressurize the components to be tested. The use
of this tooling is not mandatory, but the Seller shall provide suitable fittings to perform the hydrostatic
testing.

A written hydrostatic test procedure shall be prepared by the Seller and submitted to the Company for
approval prior to testing. Certified written hydrostatic test reports for each containment vessel shall
contain the following data: serial number of the containment vessel; time and date of the test; name of
person responsible for the hydrostatic testing; the hydrostatic test procedure number; the name, serial
number and calibration date of all gages and transducers; and a sketch showing any areas of leakage or
any areas where surface defects were observed after hydrostatic testing. Hydrostatic test reports shall
be submitted to the Company.

38 Final Examination of Finished Surfaces

After all finish machining, load testing and hydrostatic testing, all surfaces of the containment vessel
body, Drawing M2E801580A012; the containment vessel sealing lid, Drawing M2E801580A015; and

the containment vessel closure nut, Drawing M2E801580A016, shall be examined with penetrant in
accordance with NB-2546. See Sect. 3.4 for additional requirements for the materials used in the
penetrant examination. The results of the final surface examinations shall be documented in a certified
examination report and provided to the Company.

If a defect is found, the Company shall be notified in writing. The area may be weld repaired by the

Seller only if specifically permitted by the Company in writing, and the area re-examined. After two

unsuccessful repair attempts, the Company may, at its option, choose to reject further repair efforts
and require that a replacement part be fabricated.

3.9 Leak Testing

There are three [eak tests to be performed on the ES-3100 containment vessel. The leak testing is to be
performed after hydrostatic testing. Following the hydrostatic pressure test and prior to conducting any
leak test, the containment vessel and O-ring cavities must be thoroughly dried. The leak testing is to

be performed in accordance with the applicable sections of ANSI N14.5-1-1997. A written leak test
procedure(s) shall be prepared to perform this testing and submitted to the Company for approval.

The written test procedure(s) and leak testing report shall comply with the applicable requirements of
Sect. V of the ASME Code. The leak testing for the first two leak tests shall have the sensitivity to detect
aleak less than or equal to 5 x 107 ref-cm?¥/sec of air, or 1 x 107 em>/sec helium and shall use the leak
test fixtures shown on the Company’s Drawings M2E801580A021, M2E801580A022, and
M2E801580A023.

If a leak is found the Company shall be natified in writing. The leak may be weld repaired by the
Seller only if specifically permitted by the Company in writing, and the leak test repeated. After two
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unsuccessful repair attempts, the Company may, at its option, choose to reject further repair efforts,
and require that a replacement part be fabricated.

The first leak test shall be performed with the containment vessel body assembled as shown on
Drawing M2E801580A023, (Part M2E801580A023-1, Containment Vessel Body Leak Test Assembly).
Note that the outer O-ring in the containment vessel body is not to be installed for this test. The leak
testing acceptance criteria is that the assembly shall not have an integrated leak rate greater than

1 x 107 ref-cm®/sec of air, or 2 x 10”7 ecm®/sec helium.

The second leak test shall be performed with the containment vessel lid assembly as shown on
Drawing M2E801580A023, (Part M2E801580A023-2, Containment Vessel Lid Leak Test Assembly). The
leak testing acceptance criteria is that the assembly shall not have an integrated leak rate greater than
1x 107 ref-cm®/sec of air, or 2 x 10”7 cm®/sec helium.

The third leak test is to be performed with the containment vessel assembled as shown on

Drawing M2E801580A011. The leak testing acceptance criteria is that the assembly shall not have an
air leak rate greater than 1 x 10 ref-cm®/sec and the sensitivity of the leak testing procedure shall be
less than or equal to 5 x 10”® ref-cm®/sec.

Certified written leak test reports shall be supplied to the Company that describes the leak testing and
results. The test report shall identify the containment vessel serial number, identify all standard leaks,
gauges, transducers and electronic readouts, give the date on which these instruments were certified,
identify the leak detector, give the date on which the leak detector was last certified, the date of the
test, time of the start and end of the test, the recorded pressures and leak rates at the start and end of
the test, the name of the person conducting the test, the qualifications of the person conducting the
test, identify areas of the Containment Vessel where repairs were made and any pertinent remarks.
Leak testing reports shall be submitted to the Company. ’

3.10 Cleaning, Passivation, and Bead Blasting

Cleaning procedures for the stainless steel, including weld areas, shall be submitted to the Company for
approval prior to the start of fabrication. Only non-chloride bearing chemicals shall be used for cleaning
(such as trisodium phosphéte detergent or acetone). Water used in cleaning shall have a maximum
chlorine content of 0.5 parts per million.

Finished components awaiting assembly and assemblies shall be free of dirt, debris, foreign objects,
cutting fluids, metal chips, grinding residue, dye penetrant and developer, and other foreign substances.
The Seller shall clean, cover, and protect parts and subassemblies from becoming dirty while in storage,
and to the extent practical, in the shop environment while in work.

After final machining, and all examination of welds and surfaces, clean and passivate all stainless steel
surfaces of the containment vessel in accordance with ASTM A 380. After passivating is complete, bead

EXEMPT FROM 10-155

1-65

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16



EQUIPMENT SPECIFICATION {CONT. JS-YMN3-801580-A001, Rev. G PAGE 10 OF 10

blast all exterior surfaces in accordance with SSPC-SP 5/NACE No. 1, White Metal Blast Cleaning, with
the exception of all sealing surfaces and threaded surfaces.

3.11 Dimensional Inspection Reports

After all testing, inspection and final machining, the containment vessels shall be dimensionally
inspected. The dimensions and features to be inspected are indicated on the Company’s drawings by

a diamond symbol containing an “I”. This dimensional inspection includes surface features such as
flatness, runout, etc, as called out on the drawings. The dimensional inspection report shall also include
the recorded diameter dimensions that show compliance with the requirements of NB-4200. A certified
written inspection report shall be prepared and submitted to the Company.

EXEMPT FROM 10-155

1-66

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16



Appendix 1.4.4

EQUIPMENT SPECIFICATION, JS-YMN3-801580-A003, MANUFACTURING PROCESS
SPECIFICATION FOR CASTING KAOLITE 1600™ INTO THE ES-3100 SHIPPING PACKAGE

1-67

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16



THIS PAGE INTENTIONALLY LEFT BLANK.

1-68

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16



SPECIFICATION N0 REV. I5SUE DATE
JS-YMN3-801580-A003 C 11/24/03
PAGE REVISION OIATE
EQUIPMENT SPECIFICATION i OF i 61106
PROCURED BY INSTALLED BY
PLANT BUILDING
ES-3100 SHIPPING PACKAGE Y-12 YAREA-00
JOBTINE W.O.ORESD, RECQRD KUMBER
Production Design Definition 7RCPCAO8 2003-0328
SPECIFICATION FOR - SSC IDENTIRCATION NUMBER .

MANUFACTURING PROCESS SPECIFICATON FOR CASTING KAOLITE
1600™ INTO THE ES-3100 SHIPPING PACKAGE

ENGINEERING AND PLANT APPROVALS

SIGNATURE DATE SIGHATURE DATE
PREPARED BY PROJECT ENGINEER
R. D. Aigner 11-25-03 | G. A. Byington 11-25-03
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REVISIONS/ENGINEERING AND PLANT APPROVALS
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A Issue for procurement

B Removed the reference fo the Prototype Procurement Specification document number OO-PP-1210. Change the

equipment reference in Section 3.1.3(c) from a “large mortar mixer-or plaster mixer with moving vanes or a smooth
wall cement mixer with the fixed vanes removed"” to “Whiterhan Multiquip's WM700S-H8 plastér/mortar mixer,
refereed to as WM700". In Section 3.2 changed the method and time that the water and dry mix were. added into
the mixer based upon the niixér qualification in Section 3.5. Added Section 3.5, added attachments E and F to
determine the proper mixing time and the Mixer Qualification Castings. In section 3.3.1 and 3.3.3 added misting
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code requ:res using 1.65 times the dry weight for the water welght (instead of 1.5) and generates an acceptable.
wet mix density of 56.2+/- 5.8 Ib/ft>. This additional water requires between 36 to 46 hours of bake time at 500°F.
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1 Scope

This manufacturing process spemficatlon describes the quahty assurance and technical requirements that
shall be met when weighing, mixing, pouring, vibrating, curing, and baking the Kaolite 1600™ for the
ES-3100 shipping container Body Weldment and Top Plug Assemblies. The product produced by
following this manufacturing process is protected under U.S. Patent 6,299,950. The United States
Government has rights in this invention pursuant to Contract No. DE-AC05-840R21400, between the
U.S. Department of Energy and BWXT Y-12L.L.C.

This specification describes the instructions that shall be followed for these activities. The components
(Body Weldment and Top Plug Assembly) will be fabricated to the design requirements specified on the
engineering drawings for the components.

Reference to the Company in this specification shall mean the package certificate holder and reference to
the Seller shall mean the supplier of the fabricated Body Weldment and Top Plug Assemblies.

2 Applicable Documents

The following documents apply when Casting Kaolite 1600™ Into ES-3100 Shipping Containers.

ES-3100 Drawing Numbers
M2E801580A002, Body Weldment
M2E801580A008, Top Plug Weldment,

Procurement Specification for ES-3100 Confinement Boundary Assembly
JS-YMN3-801580-A002 Equipment Specification for the ES-3100 Drum Assembly

3 Kaolite 1600™ Processing Requirements

3.1 General

The Kaolite 1600™ material referenced with in this specification shall be provided by Thermal
Ceramics, Incorporated or an authorized distributor. The material certification documentation
(Certificate of Conformance) for the Kaolite 1600™ must be provided by the supplier for each
manufacturer’s lot of material to a product code of GISOACCUMDO0027.

3.1.1 Kaelite 1600™ Receiving and Storage Instructions

a. Damaged packages of Kaolite 1600™ shall be rejected by the Seller upon receipt.
Damaged packages are those that are wet, those that are visually determined to have
been wet, and packages that have been torn.

b. Packages of Kaolite 1600™ must be stored unopened in a dry location and protected
from damage. Opened unused and partial used Kaolite 1600™ packages are to be
discarded at the end of the work shift. The term work shift shall be defined by the
Seller and approved by the Company before commencing operations.
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3.12  Cleaning Instructions

a.

Use NO CHLORINE BLEACH for cleaning. Potable water shall be used and if
required some mild soap (tri-sodium phosphate) may be added to the water to clean all
processing equipment and manufactured components before casting: Before the start
of any m1x1ng/blendmg operation, the mixer shall be clean from all fore1gn materials
or previous mixing residues from the inner surface of the mixer. The mixer shall be
flushed thoroughly with potable water at the completion of the final mixing operation
of the work shift to remove residues. Mixing, and casting shall be performed within a
temperature range of 70 (= 25) °F.

Fabricated assemblies must be cleaned and protected prior to the casting operation to
provent the introduction of foreign materials into the assemblies. The assemblies shall
be inspected and wiped clean prior to casting to' ensure no-visible contaminants are
present inside the casting cavity. This inspection shall be documented in the checklist.

3.1.3 Mixing Water and Mixing Equipment Requirements

a.

Potable water, that has been filtered through a 20-micron filter and has a chlorine
content less than 4 mg/L (4 ppm, 0.0004 percent by mass) for chlorine shall be used
for the mixing of Kaolite 1600™. If the potable water is higher then 4 ppm, then use
an activated charcoal filter or some other means to reduce the amount of chlorine to at
ot below 4 ppm. Test the water quality for chlorine weekly during casting operations.
Unfiltered potable water may be used for the cleaning of equipment used to process
Kaolite 16007,

All weighing operations of assemblies and materials shall be conducted on certified
scales with a minimum accuracy of % Ib.

This specification has been developed around the Whiteman Multiquip's WM700S-H8
plaster/mortar mixer, refereed to as WM700. This steel-drum machine mixes 7-cubic
feet (193 liters) of material with an 8-horsepower Honda engine running at a slow
speed. Other models of plaster/mortar mixers may be used if the speeds and mix
times are qualified per section 3.5 and approved by the company.

A Heavy Duty Drum Vibrator/Packer(like McMaster-Carr, No. 5809K11, or
Company approved equal) shall be used to clamp the Body Weldment, M2E-801580-
A002 or Top Plug Weldment, M2E-801580-A008 upside down for vibration casting
the Kaolite 1600™ into the welded stainless steel forms.

3.2 Mixing of Kaolite 1600™

Mixing shall be performed by operators qualified in accordance with requirements in Section 4.4.

The term batch is defined as a mixture of one bag of Kaolite 1600™ with the appropriate amount of
water. The required mix ratio is 1.65 pounds of filtered water per pound of Kaolite 1600™.,
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The miixing activity shall be recorded on Attachment A, Kaolite Mixing Control. Each batch shall be
given a mixture control number (MCN) and recorded upon its data Attachment. (A 10-digit control
number is recommended consisting of the date and the time format using a 24-hour clock. Example:
1021041515 for October 21, 2004 at 3:15 pr.)

The Kaolite 1600™ miixing shall be performed as follows:

a.

b.

Record the weight of the bag of Kaolite 1600™ on the mixing Attachment.

The required mix ratio is 1.65 pounds of filtered water pér pound of Kaolite 1600™. For.a 50
pound bag of Kaolite 1600™., weigh and record 82.5 (+4) Ibs. of filtered water generating an
acceptable wet mix density of 56.2+5.8 Ib/At’.

Start the mortar mixer motor and when ready to engage the moving vanes, pour the weighed
filtered water, pour all of the 50-pound bag of Kaolite 1600™ over the water. Immediately
start the WM700 moving vanes for 3.0 (0.2) minutes.

3.3 Vibration Casting and Curing of Kaolite 1600™ into Assemblies

331

Body Weldment Casting Instructions

Casting operations shall be performed by operators and witnesses qualified in accordance with
requirements listed in Section 4.4.

Use Attachment B, Body Weldment Vibration Casting Control, to record information gathered
during this operation.

Complete the casting of the mixture in less than 70 minutes. This timed procedure starts
when the first batch is poured into the vibrating component. The casting and vibrating
procedure must be completed within 77 minutes from initial pour for each assembly.
Casting operations shall be performed as follows:

a.  Weigh the Body Weldment clean and empty. Record the weight.

b.  Fill the Body Weldment with potable water that has been filtered through a 20 micron
filter and has a chlorine content of < 4 ppm and weigh it. Record the weight.

c.  Remove the water from the assembly as much as is practical.

d.  Secure the assembly on the vibration table. Set the vibration table dial indicators to
approximately 800 Ib-force at 450 vibrations per minute (VPM). Assure that the Body
Weldment is properly secured to the table and start the vibration table. The Body
Weldment must be vibrated continuously throughout the casting operation.

e.  The mixture shall then be poured directly into the assembly after mixing through the fill
hole provided.

f.  Repeat the mixing operation in Section 3.2 and continue pouring until the mixture
overflows the fill hole by % to % inch.
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332

333

g.  Mist the top surface of the mixtuie with a bottle water sprayer if nécessary to gét'the
mixture into a solution after the pouring is completed. Do not add more than 8 ounces
of water.

h.  Vibrate the filled assembly for 5 to 7 minutes after the casting is completed.

Body Weldment Curing Instructions

A designated area shall be set aside for curing the assemblies. The temperature of the curing

area shall be controlled to 70°F (+25°F) and shall prevent the introduction of foreign

aterials into the mixture.

Curing operations shall be performed as follows:

a.  Remove the Body Weldment from the vibration table and place it in the curing area.
Let it rest uncovered for 2% (+12) hours.

b.  Weigh and record the Before Baking weight of the cast assembly. Ifthe weight is
outside 0f 330 to 386 Ibs range it is recommended not to cure the casting but to clean
.out and recast the Kaolite. This Before Baking weight is a recommended process
control for the finished baked density. The manufacture may continue with a part
outside of this weight range but it has a high chance being rejected fornot meeting the
finished baked density.

c.  After resting, scrape the excess mixture from the fill opening until the Kaolite surface
has a circular concave of .32+.10 to match drawing M2E801580A002.

d.  Weigh the cast assembly, and photograph the fill opening. Record the weight.

e.  Cover the fill opening with plastic sheeting and let the assembly set undisturbed in the
curing area for at least 24 hours.

Top Plug Assembly Casting Instructions

Use Attachment C, Top Plug Assembly Vibration Casting Control, to record information
gathered during this operation.

Complete the casting of the mixture in less than 70 minutes. This timed procedure starts
when the first batch is poured into the vibrating component. The casting and vibrating
procedure must be conipleted within 77 minutes from initial pour for each assembly.
Casting operations shall be performed as follows:

a.  Weigh the top plug assembly clean and empty. Record the weight.

b.  Fill the top plug assembly with potable water that has been filtered through a 20-micron
filter and has a chlorine content of < 4 ppm and weigli it. Record the weight.

¢.  Remove the water from the assembly as much as practical.
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d.

h.

Place the assemibly on the vibiatior table. Assure that the assembly is properly secured
to the table. Set the vibration table dial indicator to approximately 120 Ib-force at 450
vibrations per minute and start the vibration table. The top plug assembly must be
vibrated continuously throughout the casting operation.

The mixture shall then be poured directly'into the assembly after mixing through the fill
hole provided. '

Repeat the mixing operation in Section 3.2 and continue pouring until the mixture
overflows the fill hole by % to % inch.

Mist the top surface of the mixture with a bottle water sprayer if necessary to get the
mixture into a solution after the pouring is completed. Do not add more than 4 ounces

of water.

Vibrate the filled assembly for 5 to 10 minutes after the casting is completed.

3.3.4 Top Plug Assembly Curing Instructions

Curing eperations shall be performed as follows:

a.

Remove the top plug assembly from the vibration table and place it in the curing area.
Let it rest uncovered for 2V% (%) hours.

Weigh and record the Before Baking weight of the cast assembly. Ifthe weight is
outside of 29.2 to 34.2 Ibs range it is recommended not to cure the casting but to élean
out and recast the Kaolite. This Before Baking weight is a recommended process
control for the finished baked density. The manufacture may continue with a part.
outside of this weight range but it has a high chance being rejected for not meeting the
finished baked density.

After resting, scrape the excess Kaolite mixture from the fill opening until surfaces are
a circular convex shape of .09+.06 before it is baked to match drawing
M2E801580A008.

Weigh the cast assembly, and photograph the fill opening. Record the weight.

Cover the fill opening with plastic sheeting and let the assembly set undisturbed in the
curifig area for at least 24 hours.

3.4 Baking of Assemblies Cast and Cured with Kaolite 1600™ mixture

3.41 Baking Instructions

Several assemblies may be baked together during each furnace heating cycle. Once the
furnace heating cycle has started, no additional assemblies may be inserted into the furnace.
The furnace and temperature control requirements to perform the baking operation are as
follows:

a.

The furnace shall be a gas-fired or a forced convection fresh air circulating electric
furnace.
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b.  The furnace heat zone shall be certified to +25°F from the furnace set point
temperature at each baking temperature process point.

c¢.  Fumace time and température strip charts for each furnace heating cycle shall be
provided with each completed Altachment D. Alternatively, an ASCII furnace time and
temperature. data file may be provided for each completed Attachment D.
3.42 Baking Documentation

Use Attachment D, Furnace and Baking Control, to rec_ord information gathered during this
operation..An Attachment D identified by the Baking Control Number (BCN) shall be
generated for each.set of assemblies subjected to the furnace baking operations. Record the
BCN from. Attachment D' for cach assembly baked during this fumace heating cycle utilizing
the proper assembly Casting Attachments B; C, and F. Qualified operators as indicated in
Scction 4.4 shall'perform the baking.of the cured assemblics. Movement of the cured
assemblies before baking shall be minimized. The time and actual furnace exhaust air
‘temperature shall bé recordeéd at least every 15 minutés for baking control during a furnace
heating cycle. ) '

The baking furnace heating cycle shall be completed as follows:

a.  Place the assemblies into the furnace.

b.  Set the initial set point temperature to 200 (+10) °F.

c.  Hold the temperature for 4 hours at a 200 (z 10) °F steady state.

d.  Increase the furnace set point temperature to 275 (:10) °F.

e.  Hold the temperature for 1 hour at a 275 (1 10) °F steady state.

f  Increase the furnace set point temperature to 350 (+10) °F.

g Hold the temperature for 1 hour at a 350 (+ 10) °F steady state.

h.  Increase the furnace set point temperature to 425 (+10) °F.

i.  Hold the temperature for 1 hour at a 425 (+10) °F steady state.

j-  Increase the fumace set point temperature to 500 (+10) °F.

k.  Hold the temperature for 41 (= 5) hours at a 500 (+10) °T steady state.

1. Remove assemblies.and allow cooling in still air until they reach ambient temperature.

m. Weigh the assemblies after the baking process and record the weights upon the

appropriate Attachment (Attachment B or C). Calculate the baked density of the cured
mixture using the equation at the bottom of Attachment B or C and record.
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Acceptance Critetia:

An acceptable baking process is defined as the process in which the density of the
baked mixture in ani assembly is within the acceptance range of 22.4 +3 Ib/ft as
defined on Attachments B or C. Ifthe density is less than the allowable value, contact.
the Company for disposition. Ifthe density is greater than the allowable level, then re-
bake the assembly using Section 3.4.5.a through k, with the exception of the final hold
time which shall be 5 (+0.5) houss. Remove assemblies and allow cooling in still air
until they.reach ambient temperature. Recalculate and record the density on the
appropriate Attachment. If the density still is greater than the allowable level, contact
the Company for disposition.

n.  Photograph the surface of the baked mixture (digital imageés are preferred).

o.  Following the acceptable baking process, weld the cover plate onto the assemblies in
accordance with the appropriate engineering drawing within 24 hours.

p.  Weigh the final assembly and record on the appropriate Attachment (Aftachment B or
Q). |

3.5 Mixer Qualification for Kaolite 1600™ C‘as,ti'ng,Pla_cement

The mixer qualification process shall verify that the mixer speed and mix time are properly set to mix
the Kaolite 1600™. The eiid result of the mixer qualification is the as-baked density of 22.4+1 Ib/A in
the Baked Mixer Qualification Samples. This baked density can be estimated by monitoring the wet
density. The baked density is approximately-41% of the wet density; therefore, the Target Wet
Density is 56.2 b/ for an average baked density of 22.4+1 ib/A’. The longer the Kaolite 1600™ is
mixed the denser it becomes. The mixer qualification process shall verify the mix time required at a
fixed and repeatable speed. The operators shall use the mixer to determine a repeatable speed to
operate the mixer for all of the tests. Record the speed setting and assure that the speed setting is
repeatable. The mixer qualification tests are a two step process: first is a Wet Density Mixer Time
Vibration Casting test used to determine the range of mix time versus wet deiisity; second is the mixer
Baked Density Qualification Sample Vibration Casting. It is recommended that a 4-gallon or larger
metal pail be used for the testing like the 4-1/2 gallon Tin-Plated Steel Pail (McMaster-Cair 4243T16
or equivalent), 9" Top Dia, 19-3/8" Height.

3.51 Wet Density Mixing Test

Use Attachment E, Wet Density Mixer Time Vibration Casting, to record information
gathered during this operation.

Prepare the Kaolite 1600™ and water for mixing per section-3.2 except for the mix time. A
digital stop watch shall be used to monitor the running mix time. The mix time shall vary per
Form F from 1 to 15 minutes in 1 minute intervals. Use a quick release attachment to affix
the two metal pails (at least 4 gallon) to the vibration table. Start the mixer and run it for one
minute; start the vibration table and pour the Kaolite 1600™ into the two pails after filling let
them vibrate for 2 minutes, stop the vibration table, scrape them flush, and remove the pails
and weigh them. Record the weight, dump the Kaolite 1600™ back into the mixer and start
the mixer for another minute and repeat the process.

Plot the wet mix density of the two pails versus the mix time in an Excel file. An Excel file
generated by the Company can be provided for this task upon request. Curve fit the data
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3.5.2

using a third order polynomial curve and show the equation. Plot the target density of

56.2 1b/ft’ on a chart in Excel along-with the wet mix density. Where the.curves intersect the
target density line'is the mixer’s target mix time. Consult the Company for verification of
this data. Use the Company verified mix time for the Mixer Baked Density Qualification
Castings in Section 3.5.2. '

Mixer Baked Density Qualification Castings

Use Attachment F, Baked Qualification Density Sample Vibration Casting, to record
information gathered during this-operation.

Prepare the Kaolite 1600™ and water for mixing per section 3.2.1 except for the mix time. A
digital stop watch shall be used to obtain the Company verified mix time. Start mixer andrun
it for the Company verified mix time. Stait the vibration table and pour the Kaolite 1600™
into the two pails. After filling, let them vibrate for 5 fo 7 minutes then stop the vibration
table.

Remove the two pails from the vibration table. Place the filled two pails in the curing area,
and let them sit uncovered for 2% (%) hours. After sitting 2% (+%4) hours, s¢tape the excess
mixture from the fill opening until surfaces are flush. Cover the fill opening with plastic
sheeting or a metal lid and let the assembly sit undisturbed in the curing area for at least 24
hours before weighing. Remove the two pails and weigh the cured qualification samples to
an accuracy +1 pounds, Record the as-cured and after-baking weights and follow the baking
instructioiis in section3.4.

4, Quality Assurance Requirements

4.1 General

4.1.1

4.1.2

413

4.1.4

The Seller shall have a quality assurance pregram that meets the applicable requirements of
Title 10 CFR Part 71, Subpart H for packaging and transportation of radioactive material.
The quality assurance plan shall be in accordance with the requirements identified in the ES-
3100 procurement specification. The Seller shall submit an approved quality assurance
program plan that describes the quality assurance policies and practices to be implemented in
identifying, controlling and verifying quality of the Kaolite 1600™ processes (weighing,
mixing, pouring, vibrating, curing, and baking).

The Seller shall submit a Manufacturing Plan as defined in procurement specification, and
shall describe how the Seller will comply with the instructions in this specification. If
subcontractors areutilized for any of the processing of the Kaolite 1600™, the Seller shall
ensure that the requirements of this specification (including quality assurance requirements)
are met by all suppliers and subcontractors. The subcontractor’s procedures, approved by the
Seller, shall be included in the procedures submitted to the Company for review and approval.

The Seller’s quality assurance program plan shall include the requirements for the process
controls for the operations, operator and witness” qualifications, and verification records.
Operator qualification requirenients are identified in Section 4.4.

The Seller shall generate the documentation niecessary to show compliance with the approved
quality assurance program plan. All records shall be identified based on the assembly serial
numbers. The Seller shall maintain quality-related documentation in accordance with
requirements in the procurement specification. The Company reserves the right to request any
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such documentation and to witness all aspects of the fabrication process in accordance with
this specification. The Seller shall ensure that the specified manufacturing and inspection
records are generated and supplied to the Company as part of the certification package.

4.1.5 The Seller must ensure-all operators are aware of and comply with the quality assurance
requiréments identified in this specification. The Seller must énsure all operators use and
follow written procedures for the respective processes. The Seller shall ensure operators and
witnesses are aware of the operational requirements for the common industrial equipment:
(material handling equipment, mixers, vibration tables, ovens/furnace) used for the processes.

4.2 Material and Eq_ui_pment Certification

4.2.1 Material certification for the Kaolite 1600™ must be provided by the supplier as defiried in
Section 8.0 of the procurement specification. Bags of Kaolite 1600™ must be identified with
the product name and unique lot number. The material certification will be incorporated into
the quality assurance records of the certification package.

4.2.3  All weighting, mixing, casting, curing, and baking processes shall be controlled and
performed by qualified personnel (see Section 4:.4). Written procedutes shall be utilized by
the operator at each operation and shall identify process hold points where required by the
Company.

4.2.4  All process equipment used for mixing, casting, and baking of the Kaolite 1600™ and water
mixture must be the model type identified in this specification, and must be in good working
condition. Equipment used for measurements must be certified to traceable NIST standards or
similar agency. Variation from specified equipment (vibration table, mixer, and fumace) is
not allowed without the written approval of the Company before implementation.

4.3 Nonconformance Control

4.3.1 The Seller shall have an approved procedure for the control of nonconformances, waivers, and
deviation requests during the.execution of this manufacturing specification.

4.3.2 Nonconforming components shall not be used unless it has been determined by analysis or
assessment by the Company that the nonconformance does net impact the physical properties
of the material.

423  The disposition of nonconforming components shall be documented. Any nonconforming
component shall be clearly identified and all nonconformance reports shall be traceable to the
actual component affected. Copies of all approved nonconformance reports, except for
scrapped components shall be supplied by.the Seller to the Company as part of the
certification package.

4.4 Operator and Witness Qualifications

The Kaolite™ 1600 mixing and vibration casting qualification evaluations shall be sequential. Each
operator must mix and cast at least one simulated drum. Mixing and casting operations shall be
repeated as necessary to achieve fully cast mock drums. The simulated ES-3100 drums cast during
qualification activities shall be baked according to procedure.

EXEMPT FROM I0-155
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EQUIPMENT SPECIFICATION cont. SPEC.NO. JS-YMN3-801580-A003 Rev. C PAGE 120F 12

44.1 Kaolite 1600™ Mixing Process Qualifications

Each opérator and witiess performing Kaolite 1600™ mixing activitie§ must be qualified to
petform this activity. This qualification'shall be documented. This qualification shall consist

of the following:

a. Location and time.

b, Properly identifying a bag of Kaolite 1600™ the bag of material and associated
certification data (such as lot numbers)

c.  Inspection .of the bag for observable damage (such as water damage)

d.  Successfully weighing the bag of Kaolite 1600™ on an industrial scale

e.  ‘Successfully calculating the required amount of water to be mixed with the Kaolite
1600™ (1.65 pounds of water per pound of Kaolite 1600T)

f. Properly inspecting the mixing equipment for foreign materials (such as oil, grease, free
liquids, trash, or evidence of non-Kaolite 1600™ material affixed to the inner surfaces.)

g Successfully operating the mixing equipment while mixing a complete bag of Kaolite
1600™, '

h.  Successfully preparing a uniformly mixed batch of Kaolite 1600™ (Uniformly shall be

defined as a.thoroughly mixed matcrial with no dry material and ne frce liquids
remaining in the mixer.)

442 Kauolite 1600™ Vibration Casting Process Qualifications
Each operator.and witness performing Kaolite 1600™ casting activilies must be qualified by
successfully performing a casting activity. This qualification shall consist of the following.

a.

Propetly inspecting the inner surfaces of an empty simulated ES-3100 drum body for
residues (oil, grease, free liquids) and waste material, (A simulated ES-3100 drum body
shall consist of a 55-gallon carhon steel open-head drum which has a 16-gallon carbon
steel drum secured to the bottom center. The 16-gallon drum may be secured by tack
welding or snitable fasteners. The lid of thé 53-gallon dram must have an openirig 15"
in diameter through which the Kaolite 1600™ can be poured into the drum.)

Properly securing an empty simulated ES-3100 drum body to the vibration table.

Properly adjusting the vibration table controls to the specified values for drum
assemblics.

Successfully transferring the Kaolite 1600™ from the mixer into the drum while the
drum is vibrating.

443 Kaolite 1600™ Baking Process Qualifications
Each operator and witness performing Kaolite 1600™ baking operations shall review the
procedure steps for calculating the as-baked density of the Kaolite 1600™ in the assemblies
and perform a sample calculation.

EXEMPT FROM 10-155
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Attachment A Specification Number Revision
JS-YMN3-801580-A003-1 c
EQUIPMENT SPECIFICATION Issue Date Revision Date
ES-3100 Shipping Package 11/24/03 6/1/06
Kaolite Mixing Control Plant Page of
Y-12 1 1
Caster’s Company Name Supplier’s Company Name
Mixing Start Date Time Air Temp. Thennal Ceramics Kaolite 1600™ Certificate of Conformance’

Kaolite 16007 Mixing and Vibration Casting Information

Comments Operator

Witness

50 1b. Bag ID Number

Bag Wt.

1.65 x Bag Wt.

Mixing Control Number
MCN*®

Water Wt, =0.5 Ibs.
(1.65 times Kaolite Bag Wt.)

Mix Finish Time

a

A 10-digit control number is recommended for the Mixing Control Number (MCN) consisting of the date and the

time format using a 24-hour clock (i.€. 1021041515 is used for October 21, 2004 at 3:15 pm.)

EXEMPT FROM 10-155
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Attachment B SpecificationNumber Revision
_ » o JS-YMN3-801580-A003-2 c
EQUIPMENT SPECIFICATION Issue Date Revision Date
ES-3100 Shipping Package 11/24/03 6/1/06
Body Weldment Plant ' Page of
Y-12 1 1
Caster’s Company Name Sellér’s Company Name
Part.Serial Number Body Weldment Drawing Number
MZ2E801580A002
‘Mcasurgc;-\lf;’)cights Césting Information Comments Operator Witness
. Weight Daté
Clean and Empty
Filled with Water®
Before Baking’
After Baking Cycle 5
After Baking Cycle 5A 4
After Welding
‘Water Information Water \_Veight Water Comments Operator Witness
£0.51b Temp.
Water Conditions ® Ib °F
- . . . b
Casting Start Dato Air Temp. | Vibration Settings
°F Ibf VPM
Operation MCN* Time Comments Operator Witness
Pour Start '
Pour Start
Pour Start
Vibration Start i
Vibration Stop
Baking Control Num. © Dite Time | Density® Operator Witness
Baking Cycle 5
) Baking Coritrol Num.® Date Time | Density * Operator Witness:
Baking Cycle 5A*

a8

. Record the water weight and water temperature Within 10 minutes from commpletion of the weighing process.

Recommended Vibration settings are at 430 VPM and twice the total vibrated weight. The total vibrated weight is
the finish cast part and fixtures weight; for a setting of approximately 800 pound-force.

* A 10-digit Baking Control Number shall be used to define the date and the time of baking using the format with a
24-hour clock (i.e. 1021041515 is used for October 21, 2004 at 3:15 pm.)

Use the above weights to calculdte the Dénsity as shown below. 1f the density is greater, then 25.4 1b/ft” then
proceed with'the next Baking Cycle. If the dehsity is less then 19.4 Ib/f® then contact the:Company for disposition.
(AfterBaking — CleanAndEmpty)

(WithWater — CleandndEmpty)
Recommend Before Baking weight is to be 330 to 386 Ib range.

Density = % 623 1b/f? @ T0°F

EXEMPT FROM [0-155
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Attachment C Specification Number Revision
] JS-YMN3-801580-A003-3 A C
EQUIPMENT SPECIFICATION Issue Date Revision Date
ES-3100 Shipping Package 11/24/03 6/1/06
TopPlug Assembly Vibration Casting Control Plant Page of
Y-12 1 1
Caster’s Company Namée Seller’s Company Name
Part Serial Number Top Plug Assembly Drawing Number
M2E801580A008
i Casting Information
Measurg%\l?&{)mgh s - "8 Comments Operator Witness
£ Weight Date
Clean and Empty
Filled with Water*®
Before Baking f
After Baking Cycle 5
After Baking Cycle 5A¢
After Welding
- Water Weight Watér .
1
‘Water Information +051b Temp. Comments Operator Witness
Water Conditions® b oF
. .. . . b
Casting Start Date Air Temp. Vibration Settings
°F Ibf VPM
Operation MCN Time Comments Operator Witness
Pour Start
Pour Start
Vibration Start
Vibration Stop
Baking Control Num. ¢ Date Time Density ¢ Operator Witness
Baking Cycle 5
Baking Control Num, © Date Time Density® | Operator Witness
Baking Cycle 5A ¢

Record the water weight and water temperature within 10 minutes from completion of the weighing process.

®  Recommended Vibration settings are at 450 VPM and twice the total vibrated weight. The total vibrated weight is
the finish cast part and fixtures weight, for a setting of approximately 120 pound-force.

° A 10-digit Baking Control Number shall be used to define the date and the time of baking using the format with a
24-hour clock (i.e. 1021041515 is used for October 21, 2004 at 3:15 pm.)

¢ Use the above weights to calculate the Density as shown below. If the density is greater than 25.4 Ib/ft’ then
proceed with Baking Cycle 1A. If the density is, less then 19.4 Ib/ft’ then contact the Company for disposition.

(AfterBaking — CleanAndEmpty)

(WithWater — CleanAndEmpty)
f  Recommend Before Baking weight is to be 29.2 to 34.2 b range.

Density = x 623 /i @ 70°F

EXEMPT FROM [0-155
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Attachinent D

EQUIPN[ENT SPECIFICATION
ES-3100 Shipping Package:
Furnace and Baking Confrol

Specificatioh Niguber

Revision

TS:¥YMN3-801580-A003:4 c

Issue Date
11/24/03

Révision Date
6/1/06

Plant
Y-12

Baking Company Narme

Seller’s Company Namte

Baking Control Number *

Fumace Serial Number

Bake Start Date:

Aif Temp.

F

Compiitef Data Filé Name ®

Furnace

Baking Procéss Contiol Check or NA

Start Timé

Start Date

Stop Time

Stop Date

Opérator Witriess

Baking Cyele (1) 200F
for 4 hrs.

Baking Cycle (2)275°F
for 1 hrs.

Baking Cydle (3) 350°F
for 1 hrs.

Baking Cycle (4) 425°F
for 1 hrs.

Baking Cydle (5) 500°F
for.36 to 46 s, ©

Baking Cycle (1A) 200°F
for 4 hrs.

Baking Cycle (2A)275°F
for | hrs.

Baking Cycle (3A) 350°F
for 1 hrs.

Baking Cycle (4A) 425°F
for 1 hrs.

Baking Cycle (54) S00°F
for 4.5105.5 ls. ©

*  Record the Baking Control Number in MMDDY YTIME (with time the 24 hour format i.e. 1021041515 is used for
October 21,2004 at 3:15 pm.) on Casting Forms B, €, and F for each part baked under this furnace heating cycle.
The sample baking cycle time and temperature data could be presented both in a digital and graphical form. For

example, an Excel file showing the original data and time verses temperature plots shall be acceptable.

greater than 25.4 ]b/fi®, then proceed with the remaining furnace phases.

‘Calculate the density.as shown.on Forms B or C fullowing this furnace heating cycle phase. Ifthe part density is

EXEMPT FROM 10-156
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Attachment E Specification Number . Revision
v 71S-YMN3-801580-A003-5 _ o
EQUIPMENT SPECIFICATION Issue Date Revision Date
» ES-3100 Shipping Package 11/24/03 6/1/06
Wet Density Mixer Time Vibration Casting Plant Page of
Y-12 1 1
Caster’s Company Name Seller’s Company Name
Mixer Make and Model
Wet Mix Density Qualification Number® Mix Control Number?
: s , .
Mcasuirg ds '\ﬁ)c:ghts Casting Information Comments Operator | Witness
Weight *(Ib) Date
Clean and Empty
Filled with Water®
. ioht &P 7. R
Water Information Water \X{elght Walar Comments Operator Witness
+0.5 1b Temp.
Water Conditions SF
. _ Air Temp. | Vibration Settings® Mixer Speed Settin,
Casting Start Date |* P a P £
°F Ibf VPM
Operation Weight **(Ib) Time (min) Wet Density ¢ (Ib/1t°) Operator | Witness
Wet Cast® 1.0
Wet Cast® 2.0
Wet Cast® 3.0
Wet Cast® 4.0
Wet.Cast® 5.0
Wet Cast® 6.0
Wet Cast® 7.0
Wet Cast® 8.0
Wet Cast® 9.0
Wet Cast 10.0
Wet Cast® 11.0
Wet Cast® 12.0
Wet Cast® 13.0
Wet Cast® 14.0
Wet Cast® 15.0
Curve fit the Time required to generate the target Target Density
density and contact the Company for confinmation. 56.2 b, /ﬁ'?

3 Record the Wet Mix Density Qualification Number and the Mix Control Number in MMDDY Y TIME (with time
the 24 hour format i.¢. 1021041515 is used for October 21, 2004 at 3:15 pm.).

b

Record water weight and water temperature within 10 minutes from completion of the weighing process.
Use both steel pails'to calculate the weights and density.

¢ Recommended Vibration séttings are at 450 VPM and twice the total vibrated weight: The total vibrated weight is
the finish cast part and fixtures weight, for 2 setting of approximately 120 peund-force.
®  Use the above weights to calculate the Wet Density as shown below.

Wet Density =

WetCast —CleanAndEmpty)

(WithWater — CleanAndEmpty)

x 623 b/t @ 70F

EXEMPT FROM I0-155
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Attachment F Specification Number Revision
JS-YMN3-801580-A003-6 C
EQUIPMENT SPECIFICATION Issue Date Revision Date
ES-3100 Shipping Package 11/24/03 6/1/06
Baked Qualification Density Sample Vibration Casting | Plant Page of
Y-12 1 1
Caster’s Company Name Seller’s Company Name
Mixer Make and Model
Baked Qualification Density Number * Mix Control Number *
Measured Weights .Castmg Inforiation Comments Operator Witness
+0.5Ib Weight 0.5 Ib Date
Clean and Empty
Filled with Water®
Before Baking
After Baking Cycle 5
Water Information Water Weight Water Comments Operator | Witness
+0.5Ib Temp.
Water Conditions ° oF
. ir Temp. | Vibration Settings®
Casting Start Date Atr Temp ibration Settings
°F Ibf] VPM
Operation MCN Time Comments ‘Operator Withess
Pour Start
Vibration Start
Vibration Stop
Baking Control Num. Date Time | Density® | Operator Witness
Baking Cycle 5

24 hour format i.e. 1021041515 is used for October 21, 2004 at 3:15 pn.).

b

the finish cast part and fixtures weight, for a setting of approximately 120 pound-force.

23.4 1b/f? or less then 21.4 Ib/ft* contact the Company for disposition.

Qualification Density =

(AfterBaking — CleandndEmpty)

(WithW ater—

CleanAndEmpty)

x 62.3 Ib/ft? @ 70°F

Record the Baked Qualification Density Number and the Mix Control Number in MMDDY YTIME (with time the
Recommended Vibration settings are at 450 VPM and twice the total vibrated weight. The total vibrated weight is

Record water weight and water temperature within 10 minutes from completion of the weighing process
Use the above weights to calculate the Qualification Sample Density as shown below. If the density is greater then

EXEMPT FROM 10-155
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Appendix 1.4.5

EQUIPMENT SPECIFICATION, JS-YMN3-801580-A005, CASTING CATALOG NO. 277-4
NEUTRON ABSORBER FOR THE ES-3100 SHIPPING PACKAGE
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JS-YMN3-801580-A005 G 02-18-05
PAGE REVISION DATE
EQUIPMENT SPECIFICATION | of i 08/31/2009
APPROVAL/REVISIONPAGE |™, - .
BWXT Y-12 L.L.C. B&W Y-12 L.L.C.
PROJECTTITLE PLANT BUILDING
ES-3100 Shipping Package Y-12 AREA
JOBTITLE W.0.0RES.0. RECORD NUMBER
Production Design Definition 7ADDEQO1 Y2003-0328
SPECIFICATION FOR SSC IDENTIFICATION NUMBER
Casting Catalog No. 277-4 Neutron Absorber For The ES-3100 Shipping Package NA
APPROVALS ‘
SIGNATURE DATE SIGNATURE DATE

PREPARED BY PROJECT ENGINEER

G. A. Byington /s/ 2/18/05 G. A. Byington /fs/ 2/18/05

DESIGN VERIFICATION CRITICAUITY SAFETY
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DISCIPLINE MANAGER
D. P. Sooter /s/ 11 Feb 05
' ~ REVISIONS/APPROVALS

REV. NO. DESCRIPTION OF REVISION

A Issued for Procurement.

B Changed the minimum LOD from 25.3% to 30.1% at three locations on page 13 section 4.7.3 and one location on
page 23 Form D.

o} General changes. Went from an off the shelf item to a two part system of boron carbide plus high alumina cement.

D General revision. Reformatted sections and attachments. Deleted references to drawing numbers.

E The mass limits were changed to account for volume tolerances in the 277-4 annulus. Section 3.3.8, ltem |, “inner
liner” was replaced with “can”. A.3.1 was separated into two sections; the second part of A.3.1 became A.3.1.a with
the title “Net Count Rate Time Determination”. Section A.6.3 was modified by adding “Define the repeatable
accuracy for” before the first sentence. JS-YMN3-801580-A005-5 was expanded to include more approval data
requirements. A typowas fixed cn JS-YMN3-801580-A005-6. Added Rev level to Ferms and headers.

F In Section 3.3.9.3, added maximum and minimum LOD% table based upon cured density and made reference to
table on Form F.

G Shieldwerx, supplier of 277-0 was Thermo Electron Corporation. Added Figures 9, 10, & 11 to represent design and
procurement changes made to the ES-3100 Heavy Spacer Can Assembly, see drawing M2E801580A043 Rev. ¢ for
supplementary details. Added additional reference to M2E801580A043.

SIGNATURE DATE SIGNATURE DATE

PREPARED BY PROJEGT ENGINEER
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. 09/10/09
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Date:
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EQUIPMENT SPECIFICATION 2812005

SPECIFICATION NO. REV.
JS-YMN3-801580-A005 G
REVISION DATE
08/31/2009
PAGE

i of ii
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Appendix A Prompt Gamma-ray Neutron Activation Analysis Testing Setup & Too]jng ................................. 16

FORM A 277-4 Dry Blend Batch Control

FORM B 277-4 Wet Mix Control (Overcast or Special Batch)
FORM C ES-3100 Body Weldment Casting Control

FORM D ES-3100 Neutron Absorber Form Casting Control
FORME ES-3100 Heavy Can Spacer Assembly Casting Control
FORMF ES-3100 Companion Sample Casting Control and Tests
FORM AA  PGNAA Tooling Setup Control

FORM AB PGNAA Standard Setup

FORM AC PGNAA Daily Standard Setup Control

FORM AD PGNAA Measurements

Offer Apprasial Data - Subcontractor, JS-YMN3-801580-A005-1
Approval Data - Subcontractor, JS-YMN3-801580-A005-2
Certified Data - Subcontractor, JS-YMN3-801580-A005-3

Offer Apprasial Data - PGNAA Subcontractor, JS-YMN3-801580-A005-4

Approval Data - PGNAA Subcontractor, JS-YMN3-801580-A005-5
Certified Data - PGNAA Subcontractor, JS-YMN3-801580-A005-6
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EQUIPMENT SPECIFICATION (CONT.) SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 1 OF 21

1.2

- 1.0 Scope
1.1 This specification describes the requirements for the procurement, preparation, casting, and verification of

a neutron absorber material into the ES—3100 shipping package. The neutron absorber material shall be
cast into ES—3100 Body Weldment (Figure 1), Neutron Absorber Form (Figures 4 and 5), Heavy Can
Spacer Assembly (Figure 6 and 9), and 10 oz. double friction can (Figures 7, 8, 10 and 11) with tooling,
i.e., Neutron Absorber Casting Funnel Assembly (Figure 2), and Body Weldment and Casting Funnel
Assembly (Figure 3).

Definitions

277-0 - Shicldwerx Catalog No. SWX-277-0 or equivalent, Heat Resistant Shiclding “Non-Borated” high
alumina cement.

277-4 - A mixture of 277-0 and boron carbide (B,C) powder to form a neutron absorber material.

Companion Sample Cans - The 10 oz. double friction cans in Figures 7 and 8 or 10 oz. crimp style cans
in Figures 10 and 11 used for sampling.

Company - B&W Y-12L.L.C.
Dry Batch - A dry mix of batch size of 277-4.
Dry Blend Batch - A thoroughly mixed Dry Batch.

Heavy Can Spacer Assembly - The 10 oz. double friction can in Figure 6 or 10 oz. crimp style can in
Figure 9.

Overcast — Additional cast material required to achieve the fill requirements.

PGNAA Subcontractor —Independent testing firm that performs the Prompt Gamma-ray Neutron
Analysis on the companion sample cans for the Company.

Process Procedures - Dry mixing, wet mixing, casting, sampling, and inspection procedures.
Subcontractor - The manufacturer of the ES-3100 Drum Assembly per JS-YMN3-801580-A001.
Vibration Casting — Vibration during casting to remove the air bubbles.

Wet Mix Batch - A wet mix of Dry Blend Batch and water.

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.)

SPECIFICATION NO. JS-YWN3-801580-A005 Rev G

PAGE 2 OF 21

D

Body Weldment

D

Casting Fill Hole
2.10 Wide

Three @.25 by 90° Apart
¢ Casting Vent Holes

277-4 Cured Density
Minimum 100 Ib/f
Maximum 120 IbAt

277-4 Cured Weight
Minimum 45.3 lbs
Maximum 57.8 Ibs

42

G14.77
] —@5.40 /l 5.L2
/ P24 — /> L 742
477 /? // 74
N &
( N / > 3825
(21825 £
/ N / 43
T N /
Absorbing N
Casting ., >
/ N N /
Kaolite —__ /
Thermal
Insulation / /
< / NV
R
4.28
¢ |
396

Figure 1 ES-3100 Neutron Absorbing Casting

132]‘r

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.)  SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 3 OF 21

-1 NEUTRON ABSORBER CASTING FUNNEL ASSEMBLY
VIBRATOR POWERED CASTING FUNNEL

Figure 2

-6 BODY WELDMENT AND CASTING FUNNEL ASSEMBLY

Figure 3

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.)  SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 4 OF 21

o et P2

277-4 Cured Density
Neutron Absorber Form @ Minimum 100 Ib/f3

D | e

-2 NEUTRON ABSORBER
FORM WELDMENT

Figure 4

Maximum 120 Ib/ft®

2774 Cured Weight
- @ Minimum 45.3 1bs
Maximum 57 .8 Ibs

( 7) 277-4 Cast Heutron Absorber

or equivalent

N NN SN S S

N SN NG S S N S NN

/

-1 NEUTRON ABSORBER
FORM ASSEMBLY

Figure 5

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.)  SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 5 OF 21

HEAVY CAN SPACER ASSEMBLY 100z DOUBLE FRICTION CAN
FILLED WITH 277-4

@ Figure 7

Figure 6

&
o

/ gzsa%_os
&

A MIN. CURED WEIGHT: 1.16 LBS [526 G]
MAX. CURED WEIGHT: 1.56 LBS [707 G]

a2 EILLED CAN

SECTION B-B

100z DOUBLE FRICTION CAN
FILLED WITH 277-4

Figure 8

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.) SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 6 OF 21

JA043 Rev 0
NUMBER

HEAVY CAN SPACER ASSEMBLY 100z CRIMP STYLE CAN
FILLED WITH 277-4

Figure 9

8¢

7 // Zi

D4.13+.09

Figure 10

LB [526 G)
B [707 G)

MINIMUM WEIGHT: 1.16
MAXIMUM WEIGHT: 1.56

-2 FILLED CAN

SCALE 2/1

100z CRIMP STYLE CAN
FILLED WITH 277-4

Figure 11

EXEMPT FROM I0-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.)  SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 7 OF 21

R

TN 20 Applicable Documents

21 The following documents are a part of this specification. When there is a conflict between the
specification and the applicable documents, the Subcontractor shall bring it to the attention of the
Company for resolution.

2.2 Standards

ASTM A 380-99 Standard Practice for Cleaning, Descaling, and Passivation of
Stainless Steel Parts, Equipment and Systems

ASTM C 750-03 Specification for Nuclear-Grade Boron Carbide Powder

ASTM C 791-04 Test Methods for Chemical, Mass Spectrometric, and
Spectrochemical Analysis of Nuclear-Grade Boron Carbide

ASTME 11-04 Standard Specification for Wire Cloth and Sieves for Testing
Purposes

10 CFR 71 Subpart H Code of Federal Regulations - Energy - Packaging and

Transportation of Radioactive Material - Quality Assurance

23 Company Documents

JS-YMN3-801580-A002 ES-3100 Drum Assembly

JS-YMN3-801580-A003 Manufacturing Process Specification for Casting Kaolite ™ Into the
ES-3100 Shipping Package

M2E801580A026 and Heavy Can Spacer Assemblies

M2E801580A043

2.4 Referenced Documents (Not Provided with Request for Proposal)

DAC-PKG-801624-A001 Mixing Weights And Elemental Composition of 277-4 Neutron Poison
used in the ES-3100
Ltr. No. COR-NDA-04-93 Canberra Oak Ridge, LLC, January 5, 2005, Resuits of Prompt

Gamma-ray Neutron Activation Analysis and Neutron Transmission
Measurements on Prototype Confinement Vessel Inner Liners and
Spacers.

Lir. No.: COR-NDA-05-015 Canberra Oak Ridge, LLC November 3, 2005, Results of Prompt
Gamma-ray Neutron Activation Analysis On 20 Slip F'it Spacer Cans.
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3.0

Requirements

3.1

3.2

3.21

322

323

3.2.4

3.2.5

3.2.6

General Requirements

The Subcontractor shall be responsible for supplying all materials, services, facilities, and equipment to
meet the requirements of this specification unless otherwise noted. Items needed to meet the
requirements of this specification that are not identified in this specification shall be specified by the
Subcontractor and submitted as Approval Data.

Equipment Requirements
Certified Scales

All weighing operations of assemblies and materials shall be conducted on certified scales with a
minimum accuracy of £1% of the required measurement or as specified by the measurement tolerance.
Scale certification shall be submitted as Approval Data.

Dry Blending the 277-0 and B,C

A small parts tumbler shall be used to dry blend the ingredients. The small parts tumbler shall be a Multi-
Barrel Small Parts Tumbler Benchtop Base (McMaster-Carr No. 44235A11) with Multi-Barrel Small
Parts Tumbler 8 Gallon Barrel, 15-3/4" Dia X 14-3/4" W (McMaster-Carr No. 44235A24) or Company
approved equal.

Mortar or Plaster Mixer

A mortar or plaster type mixer with moving vanes to shear the wet mix shall be used. The batch volume
is approximately 0.5 ft* (15 quarts or 3.8 gallons). Therefore, it is recommended that the mixer volume
should be 1.5 to 2 times the mix volume or around 0.75 to 1.0 ft* (22.5 to 30 quarts, ~6 to 8 gallons). The
277-4 wet mix is thixotropic when mixed and it is recommended that a heavy duty adjustable vibrator
mounted to the mixer for both mixing and pouring is used.

Small Plaster Mixer

A drill-powered mortar or plaster mixer and a 5-gallon plastic bucket may be used on small batches of
277-4 instead of the mortar or plaster type mixer. The 5-gallon plastic bucket shall be placed upon the
Heavy Duty Drum Vibrator (see Section 3.2.6).

Vibration Powered Funnel Assembly

The Neutron Absorber Casting Funnel Assembly with a vibration- powered funnel (Figures 2 and 3) shall
fill both the Body Weldment (Figure 1) and the Neutron Absorber Form (Figure 4). The Casting Funnel
Assembly may be modified as required by the Subcontractor to get the wet mix to flow.

Heavy Duty Drum Vibrator
A Heavy Duty Drum Vibrator/Packer shall be used to hold the Body Weldment (Figure 1) or Neutron

Absorber Form (Figure 4) for vibration casting the 277-4 into the stainless steel forms. The Heavy Duty
Drum Vibrator/Packer shall be McMaster-Carr No. 5809K 11, or Company approved equal.

EXEMPT FROM 10-155 (8-02)
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3.2.7 Bench Vibrator

A bench vibrator shall be used during the mixing of the companion sample cans and Heavy Spacer Can
Assemblies. The bench vibrator shall be Tabletop Vibration/Mixing Table 10-in. by 7-in. Platform, 10-1b
Capacity Continuous Use (McMaster-Carr No. 5714K61) or Company approved equal.

33 277-4 Neutron Absorber
3.3.1 Raw Casting Material Requirements and Inspection
3.3.1.1 2770

Shieldwerx Catalog No. SWX-277-0 Heat Resistant Shielding “Non-Borated” shall be procured. The
manufacturer model or catalog number and expiration date shall be clearly indicated on the container. A
Certificate of Conformance shall be provided with each lot or batch. The Certificate of Conformance
shall include the lot or batch number and the expiration date. The 277-0 shall be sealed and stored in a
dry place.

3.3.1.2 Type 1 Nuclear-Grade Boron Carbide Powder

B,C powder shall be procured as Type 1 Nuclear-Grade Boron Carbide Powder per ASTM C 750. 100%
of the powder shall pass through a No. 140 Sieve per ASTME 11. A Certificate of Conformance and a
copy of the chemical and elemental analysis purity in accordance with ASTM C 791 shall be provided.

3.3.1.3 Water

The water shall be potable, filtered through a 20-micron filter and an activated charcoal filter, have a
chlorine content of less than 4 ppm, and have a temperature of 65+15°F. Unfiltered potable water may be
used for the cleaning of equipment used to cast the neutron absorber system.

3.3.2 Dry Blending Process
3.3.2.1 Dry Batch

A dry batch of 277-4 shall be a mixture of 93.6 wt% 277-0 and 6.4 wt% B,C. It shall be of sufficient
quantity to fill one ES-3100 Body Weldment or Neutron Absorber Form, i.e., approximately 0.55 ff*
poured volume and 50 1bs. of dry 277-4 weight. The batch size may be adjusted as necessary based on
experience for the ES-3100 Body Weldment or Neutron Absorber Form. The tolerance for 277-0 and
B,C weighting shall be the following:

277-4 Dry Batch Size 27790 B,C
Equal to or greater than 30 1bs. +.2 Ibs. £.01 Ibs.
Less than 30 Ibs +.01 Ibs. +.01 Ibs.

The data shall be recorded on Form A.

EXEMPT FROM 10-155 (8-02)
1-99

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16



EQUIPMENT SPECIFICATION (CONT.)  SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 10 OF 21

3.3.2.2 Blended Dry Batch

333

3.3.4

3341

The dry batch of 277-4 shall be thoroughly blended. The data shall be recorded on Form A.

If the blended dry batch is not used immediately, the blended dry batch shall be sealed and stored in a dry
place with a Blended Dry Batch control number attached to the container.

The Blended Dry Batch shall not be used if the 277-0 expiration date has expired.
Wet Mixing

The weight of the dry mix and water shall be to the following weight proportions of 100% dry mix and
27+1% water. The 277-4 is thixotropic when mixed. It is recommended to have a heavy duty adjustable
vibrator mounted to the mixer for both mixing and pouring. Place the water in the mixer and add the dry
mix into the water. Before casting, mix the dry powder and water for at least 3 minutes and less than 60
minutes. Any material in the mixer after 60 minutes shall be discarded. Mix only in a room with a
temperature range of 70+25°F.

The data shall be recorded on the appropriate form, 1.e., Form B for overcast, Form C for Body
Weldment, Form D for Neutron Absorber Form, and Form E for Heavy Can Spacer Assembly/PGNAA
Acceptance Standards.

Body Weldment and Neutron Absorber Form Vibration Casting
Vibration Casting Requirements for Body Weldment and Neutron Absorber Form

During the vibration casting of the 277-4, record the Body Weldment (Figure 1) casting data on Form C
and the Neutron Absorber Form (Figure 5) casting data on Form D. A stainless steel vibration powered
funnel (i.e., Neutron Absorber Funnel Assembly shown in Figure 3) fits inside the 2.10-in. wide slotted
fill hole shown in Body Weldment and in Neutron Absorber Form.

Weigh and record the data on Form C or on Form D.

Weigh and record the water weight and temperature data when filled with water to within .25 in.
of the top metal surface.

Remove the water.

Secure the part on the drum vibrator.

Plug the 6.24 in. diameter cavity to keep the wet mix from falling into the liner bottom.

Place the Neutron Absorber Funnel Assembly in the slot and secure in place. If required,
additional vibrators may be added.

Prepare the Wet Mix per Section 3.3.3.

Start the drum vibrator.

Scoop the wet mix into the Neutron Absorber Funnel Assembly.

Turn on the vibrating funnel and adjust the vibration force until the wet mix flows.

About half way through filling the wet mix in either the Body Weldment or Neutron Absorber
Form, cast two companion samples for Section 3.3.7. Record the companion sample data on
Form F and either Form C or Form D.

Continue filling the wet mix until the part will take no more.

After filling is complete, vibrate the container for 45+15 seconds to remove air bubbles.

IS o
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3.3.4.2 Overcast Requirements for Body Weldment and Neutron Absorber Form

3.3.4.3

3.3.5

A few hours after casting, the 277-4 will settle in the vertical direction and leave a layer of watery fluid
on the top of the casting. Remove this fluid and overcast the top between 4 and 24 hours from the first
casting. After the overcast has cured for between 4 and 24 hours inspect the depth of casting to the top
metal surface and verify that it is within 0.25 in. If not within the 0.25 in., cast additional 277-4 material
and perform the following:

Remove the water.

Secure the Body Weldment or Neutron Absorber Form on the drum vibrator.

Plug the 6.24 in. diameter cavity to keep the wet mix from falling into the liner bottom.

Record the Overcast Wet Mix Control Number (WMCN) on the appropriate casting data form.
Prepare the Wet Mix per Section 3.3.3.

Start the drum vibrator.

Scoop the wet mix into the Body Weldment or Neutron Absorber Form Assembly until the vent
hole is filled.

@mHo e oW

The final shrinkage of the 277-4 shall be within 0.25 in. of the metal surface as shown in Figures 1 and 5.
Curing Requirements Body Weldment and Neutron Absorber Form

Cover the newly cast wet component with plastic or metal for 7 days. Do not store the cast 277-4 castings
in temperatures below 35°F for the first 30 days after casting.

After 7 days, remove the plastic or metal cover and dehydrated using either or both vacuum and heat to
create an acceptable density and weight. If heat is used, the maximum temperature of the inner liner shall
not exceed 250°F.

Record the diamond I measurements shown on Figures 1 and 5 on the appropriate casting data forms.
The acceptable cured height measurement shall be less than 0.25 inches. The acceptable cured casting
weight shall be between 45.3 and 57.8 Ibs. Cured casting weights shall be used to calculate the cured
density. If the cured casting density is greater than 120 Ib/ft’, continue the dehydration process. If the
cured casting density is less than 100 Ib/f>, the casting shall be unacceptable, the appropriate form shall
be completed, and a copy of the form shall be sent to the Company.

Heavy Can Spacer Assembly

The Heavy Can Spacer Assembly shown in Figure 6 or 9 shall be the 10-oz. double friction metal can as
shown in Figures 7 and 8, or 10-0z. crimp style metal can as shown in Figures 10 and 11. The cured
casting weight for each can shall be measured and the cured casting density recorded on Form E. A cured
cast density of 100 to 120 Ib/ft’> and a cured weight range of 1.16 to 1.56 1bs shall be acceptable. If the
cured casting density is outside the acceptable range, a copy of the form shall be sent to the Company.

Two cans from the middle of the lot on Form E, i.e., a maximum lot of 22 cans, shall be selected and
identified as companion sample cans. Cans that are not from the middle of the lot on Form may be
selected with Company approval.

EXEMPT FROM 10-155 (8-02)
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3.3.6 PGNAA Acceptance Standards

The PGNAA Acceptance Standards shall be made with a Company representative witnessing the
manufacturing processes of weighing, blending, wet mixing, and casting. The PGNAA Acceptance
Standards shall be the 10-oz. double friction metal can as shown in Figures 7 and 8, or 10-oz. crimp style
metal cans as shown in Figures 10 and 11. The cured casting weight for each can shall be measured and
the cured casting density recorded on Form E. A cured casting density of 100 to 120 1b/ft’ and a cured
casting weight of 1.16 to 1.56 Ibs shall be acceptable. If the cured casting density is outside the
acceptable range, a copy of the form shall be sent to the Company.

One can from the middle of the lot on Form E, i.e., a maximum lot of 22 cans, shall be selected and
identified as a companion sample can for Loss On Drying (LOD) testing. The remainder of the lot shall
be sent to the PGNAA Subcontractor.

3.3.7 Companion Sample Cans

In addition to the companion sample cans selected in Sections 3.3.5 and 3.3.6, two companion sample
cans shall be made half way through the casting process for the Body Weldment and the Neutron
Absorber Form per Section 3.3.4.1. Companion sample can data shall be recorded on Test Form F.

a. The cured casting density of all companion sample cans shall be calculated per Section 3.3.9.2
and recorded on Form F. If the cured casting density is outside the acceptable range, a copy of
the form shall be sent to the Company. A low cured casting density of a companion sample can
shall not be a reason to reject the Body Weldment, Neutron Absorber Form, Heavy Can Spacer
Assembly casting lot, or PGNAA Acceptance Standards casting lot.

b. The odd serial number companion sample cans for the Body Weldment, Neutron Absorber Form,
Heavy Can Spacer Assembly casting lot, or PGNAA Acceptance Standards casting lot shall be
LOD tested to verify the hydrogen content per Section 3.3.9.3.

c. The even serial number companion sample cans for the Body Weldment, Neutron Absorber
Form, or Heavy Can Spacer Assembly casting lot shall be PGNAA tested to verify the '°B
content per Section 3.3.9.4.

3.3.8 Casting the 10 oz. Double Friction Metal Cans or 10 oz. Crimp Style Cans

a. Select a labeled can which has a drawing and serial number per drawings M2E801580A026 or
M2E801580A043.

b. Weigh the empty labeled can and lid and record the casting can data on Forms C, D, or E. It is
acceptable to weigh ten cans with ten lids for each purchase order of cans and to use the average
can and lid weight on each form.

c. Weigh the water and measure the water temperature. Record this data on Form C, D, or E. Fill
with water only up to the bottom of the inside rim. The can lid shall be on the scale. It is
acceptable to weigh the water weight of the first ten cans with ten lids of the same lot of cans and
to use the average water weight for each of the following cans if the measurements are consistent.

d. Remove the water from the cans.

e. Prepare the Wet Mix Batch following Section 3.3.3. ‘

f Hold the can on the bench vibrator during filling with the 277-4 wet mix. Quickly vibrate and
continue to add wet mix to the can lip.

g Once all of the cans are full of wet mix, return the first can back to the vibrator for at least 3
minute at a high frequency setting. During the 3 minutes of vibration, continue to add 2774 wet
mix until the can stays full. Repeat this process for all the cans in the casting lot.

h. Between 1 to 24 hours after casting, scrape the top of the casting to meet 1.37+0.06 dimension
from bottom of can noted on Figures 8 and 11.

EXEMPT FROM 10-155 (8-02)
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3.3.9.2

-

Clean the can rim around the edge per Section 3.4.2.

J- Perform an in-process measurement of the scraped casting height to ensure that the casting height
parameters are met shown in Figures 8 and 11.

k Cover the casting by placing the properly labeled can lid on the can for 7 days.

L Remove the can lid and let the can air dry or use either or both vacuum and heat to create an
acceptable density and weight. If heat is used, the maximum temperature of the can shall not
exceed 250°F.

m. Measure casting height and weigh the can with lid. Record this data on Forms C, D, or E.

n Record the final Companion Sample Can casting density, weight, or casting height measurements
data on Form F.

0. Crimp lid onto crimp style can, as applicable.

Verification

All verification shall be completed after the casting is cured.
Cured Casting Density Verification

The density of cured casting in the Body Weldment, Neutron Absorber Form, Heavy Can Spacer
Assembly, and PGNAA Acceptance Standards shall be determined by weighing the casting container
before casting, while filled with water, after casting, and when cured.

Since the density of water is known, a simple relationship between the weight differences shall determine
the cured casting density. '

Density = Cured — Empty
\ WithWater — Empty

J x 62.3 Ib/ft’

Companion Sample Can Cured Casting Density Verification

The density of cured casting in each companion sample can shall be determined by weighing the can
before casting, while filled with water, after casting, and when cured.

Since the density of water is known, a simple relationship between the weight differences shall determine

the cured casting density.

Density = Cured — Empty
WithWater — Empty

j % 62.3 /i
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3.3.9.3 Companion Sample LOD Verification

The companion sample cans identified in Section 3.3.7.b shall be LOD tested. The acceptable LOD
percent range shall be based upon the companion sample can cured casting density in Section 3.3.9.2.
The Acceptable Maximum and Minimum LOD% at Density is in this table developed from data in DAC-
PKG-801624-A001 Table 7, 277-4 Composition @ Extreme Densities and LOD% and compared to the
average values as manufactured.

Sa

R o a0

Acceptable Maximum and Minimum
LOD% at Density
Density Maximum Minimum
(Ib/ft%) LOD% LOD%
100 31.80% 28.61%
101 32.47% 28.33%
102 33.12% 28.06%
103 33.77% 27.79%
104 34.40% 27.52%
105 35.03% 27.26%
106 35.64% 27.00%
107 36.25% 26.75%
108 36.84% 26.50%
109 37.42% 26.25%
110 37.99% 26.01%
111 38.56% 25.78%
112 39.11% 25.55%
113 39.65% 25.32%
114 40.18% 25.10%
115 40.70% 24.88%
116 41.21% 24.66%
117 41.71% 24.45%
118 42.20% 24.25%
119 42.68% 24.05%
120 43.15% 23.85%

The lid shall have the serial number permanently transferred by vibro etch or other method.

The lid shall have a small vent hole in it. It is recommended that a nail be used to punch a hole
0.12+0.06 in. diameter in the metal lid from the inside surface of the lid.

Match the can serial numbers and place the 1id on the can.

The weight of the can shall be recorded on Form F.

The cans shall be placed in an oven at 1500+150°F (800°C) for 4 hours.

The weight of the can shall be recorded on Form F with the can temperature not below 100°F.
Calculate the LOD% using the equation below and record it on Form F. Due to can oxidizing and
gaining weight during the heating cycle, a 0.024 Ib correction factor is included in the following
LOD% calculation.

_ (LODWeight — Empty —0.0241b)
(Cured & Clean— Empty)

Verify that the LOD% is within the acceptable range. If water content is outside the acceptable
range, a copy of the form shall be sent to the Company.

LOD% = l:l % 100%

EXEMPT FROM 10-155 (8-02)
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3.3.9.4 PGNAA Verification

The companion sample cans identified testing in Section 3.3.7.c shall be sent to the PGNAA
Subcontractor. The PGNAA Subcontractor will test to the requirements in Appendix A and record the
data on Forms AA to AD. The PGNAA Subcontractor will send copies of the completed Forms AC and
AD to the Subcontractor and Company.

The PGNAA testing acceptance results on From AD shall be transferred to Form F.
3.4 Cleaning Requirements
3.4.1 Contact with Chlorides or Fluorides

The stainless steel material shall be protected from contact with chlorides in accordance with ASTM
A380, paragraph 8.5, during all operations including packaging. The Material Safety Data Sheet (MSDS)
for all cleaning solutions or products used on the ES-3100 shall be submitted as Approval Data to verify
that no chlorides or fluorides are present.

3.4.2 Satisfactory Cleanliness

Cleaning procedures for the stainless steel per Section 3.4 of equipment specification JS-YMN3-801580-
A002 shall be submitted as Approval Data. Only non-chloride-bearing chemicals shall be used for
cleaning (e.g., trisodium phosphate detergent or acetone). Water used in cleaning shall have a maximum
chlorine content of 4 parts per million.

After casting but prior to packaging, stainless steel components of the forms and cans shall be cleaned per
the approved cleaning procedures. Satisfactory cleanliness shall be determined by visual inspection as
can be observed by a person with normal visual acuity (natural or corrected) and without magnification.
Light intensity of at least 100 ft-candles shall be provided on the surface to be inspected.

4.0 Quality Assurance

4.1 Quality Assurance Program
The subcontractors shall have in place and maintain a Quality Assurance (QA) Program and inspection
system that meets the requirements of 10 CFR 71 Subpart H. If not previously submitted, an uncontrolled
copy of the subcontractor’s QA Program shall be submitted as Offer Appraisal Data.

4.2 ES-3100 Casting Quality Assurance Requirements

4.2.1 ES-3100 Documentation Package
All records shall be identified based on the ES—3100 serial numbers. The ES-3100 Documentation

Package shall be provided as Certified Data with each ES-3100 casting. The ES-3100 Documentation
Package shall be complete, legible, indexed, and traceable to the material supplied and include the

following;

a. Material measuring, dry blending, wet mixing, casting, sampling, and inspection forms, i.e,
Forms A through F.

b. A Certificate of Compliance for each lot of the 277-0 Heat Resistant Shielding “Non-Borated™

dry mix documentation with the expiration date identified on each container.

EXEMPT FROM 10-155 (8-02)
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4.2.3

424

4.2.5

4.2.6

5.0

c. A Certificate of Compliances for B,C powder to Type 1 Nuclear-Grade Boron Carbide Powder
per ASTM C 750, chemical and elemental analysis per ASTM C 791, and 100% of the powder
passes through a No. 140 Sieve per ASTME 11.

d. A Certificate of Compliance signed by an officer of the Subcontractor confirming that the cast
neutron absorber in ES—3100 shipping package meets the subcontract requirements.

Batch Processes

Batch processes such as mixing, pouring, curing, sampling, inspection, etc., shall be performed in
accordance with detailed written procedures. These procedures shall specifically describe the exact
manner in which these processes are to be performed. All records shall be traceable to the ES—-3100
Shipping Package, Neutron Absorber Form, Heavy Spacer Can Assembly, PGNAA Acceptance Stands or
Companion can serial numbers.

Materials Traceability

A manufacturing lot or batch number shall identify material furnished to make up the neutron absorber
system. Materials shall be identified by material type; applicable specification and revision number, and
be traceable to their lot numbers. Traceability records shall be available for review by the Company’s
representative.

Procedures

Preparation, installation, sample collection, and inspection processes shall be controlled and performed by
qualified personnel. The procedures must incorporate a mechanism to identify process step completion.
Procedures shall be submitted as Approval Data. The approved procedures shall be provided as Certified
Data prior to the start of casting.

Training and Qualification of Personnel

The Subcontractor shall provide for the training and qualification of personnel to ensure their competence
in the use of process procedures and specifications. Records of personnel qualifications shall be made
available to the Company upon request. Only those personnel who have been qualified to perform a
specific batch process used in the casting of Kaolite per equipment specification JS-YMN3-801580-A003
shall be used to perform work in this process.

The Company reserves the right to request any documentation and to witness any of the processes
performed in accordance with this specification.

Preparation for Delivery

After cleaning of stainless steel surfaces per Section 3.4, aluminum foil duct tape shall be applied over the
fill and vent holes in the Body Weldment (Figure 1) and the Neutron Absorber Form (Figure 5).

N
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Offer Appraisal Data shall be submitted with the offer. This data shall become part of the subcontract

Approval Data will be reviewed and approved by the Company. Subcontractor shall not proceed with the
casting activity until Company approval is given for all the Approval Data. The Approval Data shall be
transmitted to the Company by the dates agreed to by the Subcontractor and the Company Subcontractor

Certified Data will be used by the Company as the record for the ES-3100 shipping packages. The
Certified Data shall be transmitted as noted.

6.0 Manufacturer’s Data
6.1
requirements.
6.2
Administrator.
6.3
6.4

A request for Company approved equal shall be submitted as Approval Data. Adequate information shall
be provided with the request for Company approved equal so that the Company can determine if the item
is equivalent.

EXEMPT FROM [0-155 (8-02)
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ATTACHMENT A - / 1
Prompt Gamma-ray Neutron Activation Analysis Testing Setup & Tooling N
(Page 1 0of 4)

A1l  Prompt Gamma-ray Neutron Activation Analysis Can Testing
Prompt Gamma-ray Neutron Activation Analysis (PGNAA) of boron performs one of the acceptances of
the ES-3100 277-4 casting. Specifically, '°B gives rise to a 478-keV gamma-ray produced by the recoil
of the lithium nucleus from the neutrons captured in '°B. The gamma-ray is Doppler broadened by 10-15
keV. The PGNAA shall be performed upon a companion sample can cast made during the drum casting
in accordance with JS-YMN3-801580-A005 and Body Weldment (Figure 1), Neutron Absorber Form
(Figure 5), Heavy Can Spacer Assembly (Figure 6 or 9), and the cast companion samples in the same 10-
oz. double friction metal can on (Figures 7 and 8), or 10-0z. crimp style metal cans as shown in (Figures
10 and 11). PGNAA 1s a relative measurement therefore daily baselines are required to define the
acceptance values.

Canberra Industries to perform the PGNAA testing.

Canberra Industries, Inc.

Linda C. Ostrowski

1133-C Oak Ridge Turnpike Suite 260
Oak Ridge, TN 37830-6442
865-241-3963 fax 865-241-3965

A2  PGNAA Quality Assurances
The equipment and software used in the PGNAA shall be certified to a national standard.

A3 PGNAA Measurements Setup
A PGNAA measurement setup number shall be required for each unique setup recording the pertinent
data of the setup on Form AA. A new setup is required from previous prototypical work. Several setups
may be tried to determine the most efficient testing setup. These changes shall be documented using
Form AA. Once the setup is defined on Form AA reference the setup number each time it is used.
Measure the PGNAA acceptance standards using the defined setup to verify the setup distances are
repeatable within +0.13-in.

A.3.1 Net Count Rate Measurements
Time shall be consistently applied throughout all of the PGNAA testing. For the prototype system setup,
a time of at least 15 minutes (900 seconds) for each spectrum measurement was found to be satisfactory.
A net count rate (NCR) in counts per second shall be used throughout with a set target standard time limit
of around 900 seconds. Record both the count and time in seconds for that count on Form AA and
calculate the count rate to three decimal places (i.e., 34.245 counts/sec).

A.3.1.a Net Count Rate Time Determination
The time of the measurement shall be determined by performing the Tooling Setup on Form AA
at different times like 300, 600, 900, 1800, and 72000 seconds. Determine the accuracy effect of
the total counting time on the counting statistics, based upon at least a 72000 seconds (20 hour)
count. The testing time shall be re-evaluated when a significant change in the source system
occurs.

A.3.2 Neutron Source
A spontaneous fission neutron source similar to the 1.8-pg **>Cf prototype shall be used to perform the ;
tests. This source was rated at 4.4x10° neutrons/sec on November 15, 2004. The neutron source is sealed
in a 32.5-mm-long, 9.4-mm-diameter stainless steel cylinder and placed in a collimator.

EXEMPT FROM |0-155 (8-02)
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EQUIPMENT SPECIFICATION (CONT.) SPECIFICATION NO. JS-YMN3-801580-A005 Rev G PAGE 19 OF 21

A3.3

A3.4

A35

A3.6

ATTACHMENT A
(Page 2 of 4)

Collimator and Neutron Source Setup

A collimator similar to the prototype collimator shall be used to hold the source. The prototype

collimator was a 3-in. cube of high-density polyethylene covered on five sides with 2 mm of cadmium as

a neutron shield with at least 0.5-in. of lead on six sides as a gamma shield. The center of the sixth side of
the polyethylene cube has a 9.5-mm hole into which the source was pressed. The sixth side is covered
with cadmium except for a 1-in. square in the center. A 1-in. diameter hole in the cadmium at the source
location shall be provided in the collimator to generate a better shaped neutron source for the sample can
tests. The location of the collimator and source shall be defined in a fixture and shall be inspected to be
repeatable to within +0.13-in. to locate the collimator, can, detector, and other materials, e.g.,
polyethylene.

Record the setup and the results in the net detector count rate on Form AA. Record the setup source
distance (SD) £0.13-in. from the sample can lid. Move the filled sample can further away from the
source, and repeat the process, increasing the distance in increments to identify the setup distance that
maximizes the NCR for that source arrangement. Record the setup information on Form AA.

Detector

A detector system similar to the prototype shall be used. The prototype was a Canberra Model BE3825
Broad Energy Germanium (BEGe) detector, which was a gamma-ray detector, in a 2-in. thick lead shield
with a Canberra Model 7935SL-7 cryostat and Canberra Model 2002CSL preamplifier to capture the
gamma spectrum for the PGNAA measurements. This detector has a side lead shield but no shielding in
the front to collimate the field-of-view. An Inspector 2000 along with the Genie2K gamma-ray analysis
software package from Canberra was used for distinguishing the '°B peak from the rest of the gamma-ray
spectrum. It is recommended that a fixture be made to locate the collimator, can, and detector. Document
the method used to determine the Compton boundary end points.

Detector Net Count Rate Determination

Use software equivalent to the Genie2K gamma-ray analysis software package from Canberra for
performing the gamma-ray spectrum collection and analysis. The peak fitting routine in Genie2K does
not expect a peak as broad as 1015 keV; therefore, a region-of-interest (ROI) was set around the broad
boron neutron activation peak of 478 keV. The data gathered has three components. The gross count is
the total count of the gamma-rays detected with an energy that falls within the ROI. The Compton
background is the portion of the gross count that is caused by scattered gamma-rays. The NCR is the
portion of the total count that is from the boron in a period of time. The NCR is the difference between
the gross and the Compton counts.

Detector Location Setup

The setup distance of the prototype detector setup was as close as possible using about 1-in. thick lead as
a gamma shield to keep the detector noise signal low. This thickness was applied during the PGNAA
documented in Ltr. No.: COR-NDA-05-015; Canberra Oak Ridge, LLC November 3, 2005, Results of
Prompt Gamma-ray Neutron Activation Analysis On 20 Slip Fit Spacer Cans. Figure A.1 shows the
direction this development work was heading. Document and verify that the detector setup distance (DD)
from the sample can generates a maximum NCR by adjusting the detector setup distance and repeating
this test. It is recommended that a fixture be made to locate the collimator, can, and detector.

EXEMPT FROM 10-155 (8-02)
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ATTACHMENT A
(Page 3 of 4)

Figure A.1 Preliminary Tooling Generated for PGNAA

A.3.7 Detector Operation Setup
Set the detector setup distance (DD) £0.13-in. and the setup source distance (SD) +0.13-in. from the filled
sample can. Record the set detector setup distance, setup source distance, 277-4 sample serial number,
NCR value, and the day and time of the measurement in the setup form. Repeat this final test
measurement in 30 minutes to verify the stability of the detector and this shall become the setup standard
test measurement on Form AA. The repeatable measurement tolerances shall be part of the testing fixture
certification inspection.

A.3.8 Net Count Rate Baseline Measurements
Once the setup 1s completed and the fixture dimensions are certified, Form AB shall be used to record the
NCR for the twenty acceptance standards using the 10-o0z. double friction metal cans or 10 oz. crimp style
cans. The baseline acceptance 277-4 NCR shall be set daily using five of the twenty acceptance standards
using the 10-oz. double friction metal cans or 10 oz. crimp style cans and recorded on Form AC. The
twenty acceptance standards cans shall be inspected with a Company representative as a witness.

Select five PGNAA acceptance standards from Form AB as the Daily Standard Setup that generate
approximately the same average and standard deviation as on Form AB. The baseline acceptance 277-4
NCR shall be set daily using five of the twenty acceptance standards using the 10-0z. double friction
metal cans or 10 oz. crimp style cans and recorded on Form AC. Verify the Daily Standard cans selection
with the Company. The Body Weldment (Drum), Neutron Absorber Form (From), and Heavy Can
Spacer Assembly (Lot) acceptance criteria for the '°B interaction is based upon this test. The Minimum
acceptable standard NCR shall be set daily using the following formula.

Minmimum Acceptable NCR = Can Five NCR Average — 3 x Standard Deviation Can Five NCR

EXEMPT FROM 10-155 (8-02)
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A4

AS

A6

A6l

A.6.2

A.63

A.6.4

A.65

A.6.6

ATTACHMENT A
(Page 40f 4)

Net Count Rate Acceptance Measurements

The NCR acceptance measurement shall be made following the Daily Standard Setup using Form AC and
calculating a Pass Rate. Record the PGNAA setup number, day and start time of the measurement, the
associated Body Weldment, Neutron Absorber Form, Heavy Can Spacer Assembly Lot’s serial number,
companion sample can serial number, actual net count, acceptable net count, and testing results on the
inspection form. For the testing results, if the actual NCR is equal or above the Pass Rate, then record a
PASS; if less than, enter FAIL in the test Form AD. It is acceptable to group the test results for several
sample cans on one form following one testing setup.

Once a 277-4 sample can NCR failure has occurred verify that the setup has not shifted by rerunning the
Daily Standard Setup using Form AC and calculate a new Pass Rate. If the Pass Rate has changed more
then 1% than perform a new detector operation setup and NCR baseline measurements and verify the test
failure rate by retesting the failed can. If the companion sample can receives two failures in a row, the
associated parts shall be rejected from service, the Company Subcontract Administrator notified, and the
testing continued.

Documentation of the Acceptance or Rejection Measurements

Documentation of the acceptance or rejection NCR measurements shall be made with the Forms AA
through AD plus a detailed description of the active NCR measurement hardware and software that was
used.

Results

Equipment and Software Quality Assurances
The national standard used in the PGNAA (see Section A.2) shall be provided as Certified Data.

Certified Tooling Setup and Repeatable Dimensions
The final tooling setup shall be manufactured and certified that the placement of the source, detector,
sample can, and tooling materials are dimensional stable and repeatable to +0.13-in.

Measurement Time and Repeatable Accuracy

Define the repeatable accuracy for the Nate Rate Count time selection for the production certification
inspections. The Nate Rate Count time justification (see Section A.3.1.a) shall be submitted as Approval
Data.

Measurement Software and Methodology
For the final setup the measurement software and methodology method used to generate the net counts
(see Section A.3.4) shall be documented and provided as Certified Data.

Forms AA through AD
Forms AA, AB, and AC shall be submitted as Approval Data.

After the process is approved, filled-in Forms AC and AD shall be provided as Certified Data to the
Company and the casting company.

Can Disposition
After PGNAA testing is completed on a lot of companion sample can lot, the cans shall be returned to the
Company. The PGNAA Acceptance Standards cans shall be stored for the life of the subcontract.

EXEMPT FROM 10-155 (8-02)
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FORM A 277-4 Dry Blend Batch Control RevG Pagelofl

Casting Company Name Certificate of Conformance of the 277-0 dry mix

Blended Dry Batch Control Number ? Record the expiration date of the 277-0 dry mix °

Certificate of Conformance of the B,C dry mix |277-0 Heat Resistant Shielding Drum ID Number

Planning 277-4 Weight Units Operator
Batch Size Ib

Operation Measurement Units Operator
277-0 Weight b

(Target = 277-4 Weight x 93.6 wt%)

B,C Weight b
(Target = 277-4 Weight x 6.4 wt%)
Dry Blending Time min.

Comments

® A 10-digit Blended Dry Batch Control Number shall be used to define the date and the time of mixing the casting
batch using the format with a 24-hour clock (i.e. 1021041515 is used for October 21, 2004 at 3:15 pm.)

Record the expiration date of the Blended Dry Batch and confirm that it is still acceptable to be cast following this
specification.

EXEMPT FROM 10-155 (8-02)
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FORM B 277-4 Wet Mix Control (Overcast or Special Batch)

RevG Pagelofl

Casting Company Name

Blended Dry Batch Control Number

Wet Mix Control Number (WMCN)*

Record the expiration date of the Dry Blend Batch

Water Temperature oF Adr Temperature oF Measurement Units Operator
277-4 Weight Ib
- Water Weight b
(Target = 277-4 Weight x 27+1 wt%)
Mix Time min.
Mix Finish Time min,

Comments

? A 10-digit Wet Mix Control Number (WMCN) shall be used to define the date and the time of mixing the casting
batch using the format with a 24-hour clock (i.e. 1021041515 is used for October 21, 2004 at 3:15 pm.)

EXEMPT FROM |0-155 (8-02)
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FORM C ES-3100 Body Weldment Casting Control RevG Pagelofl
Casting Company Name Body Weldment Casting Control # *
Part Serial Number Drawing Number
MZES(01580A002
I’v.[easlirgd5 Willz;el ghts Casting Information Comments Operator
- Weight Date
Clean and Empty
Filled with Water®
Water Information Wa::g ;N;;ight Water Temp.® Comments Operator
Water Conditions ° 1b °F
Vibration Settings © 1bf VPM
. Blended Dry Batch Dry Blend Batch
Wet Mix Control Control No. Expiration Date
(Target Water =277-4 . .
¢ 277-4 Weight Ib | Water Weight Ib
Weight x 27+1 wt%) & &
. Water
[+ [}
Air Temperature i Temperature ¥
Mix Time Mlx Finish
Time
Companion Samples ¢ -1 -2
Time Date Comments Operator
Vibration Start
Vibration Stop
Overcast WMCN
After Casting Ib Date
After Cured and Clean 1| Date
Measurements Height® P;s:ilor Cured Weight Pass or Fail D(:rl:::d f Pass or Fail
. . 16 -
@ CHE (b) Cured Weight ol 100-120 (b/)
Body Weldment

a

A 10-digit Body Weldment Casting Control Number shall be used to define the date and the time of mixing the
casting batch using the format with a 24-hour clock (j.e., 1021041515 is used for October 21, 2004 at 3:15 pm).

®  Record the water weight and water temp erature within 10 minutes from completion of the weighing process.
®  Recommended vibration settings are at 450 VPM and three times the total vibrated weight. The total vibrated
. weight is the finish cast part and fixtures weight, for a setting of approximately 800 pound-force.

Use Form F, for ES-3100 Companion Sample Casting Control and Tests to control the companion sample castings.
The acceptable cured height measurement is less than 0.25 inches. The Body Weldment cured casting weight shall
be between 45.3 and 57.8 lbs.

Cured — Empty
WithWater — Empty

Use the above weights to calculate the density as shown below. Density = [ ]x 62.3 Ib/ft

EXEMPT FROM 10-155 (8-02)
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FORM D ES-3100 Neutron Absorber Form Casting Control RevG Pagelofl
Casting Company Name Body Weldment Casting Control # °
Part Serial Number Drawing Number
M2E801580A034
Measirg(; \i?\;el ghis Casting Information Comments Operator
: Weight Date
Clean and Empty
Filled with Water®
‘Water Information Watie; ;N’l:.)ight Water Temp. b Comments Operator
Water Conditions b °F
Vibration Settings © Ibf VPM
. Blended Dry Batch Dry Blend Batch
Wet Mix Control Coniro] No. Expiration Date
(Target Water =277-4 . .
< 277-4 Weight 1b | Water Weight 1b
Weicht x 2741 wt%e) & :
. Water
)
Air Temperature ¥ Temperature °F
Mix Time l\@x Finish
Time
Companion Samples ¢ -1 -2
Time Date Comments Operator
Vibration Start
Vibration Stop
Overcast WMCN
After Casting Ib Date
After Cured and Clean 1p|Dte
Measurements Height® Pa;s:ilor Cured Weight Pass or Fail Df:::ied f Pass or Fail
- H e —
@ (in) Height (b) Cured Weight s 100-120 (Ib/fE%)
Neutron Absorber Form

& A 10-digit Body Weldment Casting Control Number shall be used to define the date and the time of mixing the
casting batch using the format with a 24-hour clock (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm).

Record the water weight and water temp erature within 10 minutes from completion of the weighing process.

¢ Recommended vibration seitings are at 450 VPM and three times the total vibrated weight. The total vibrated
weight is the finish cast part and fixtures weight, for a setting of approximately 800 pound-force.

Use Form F, for ES-3100 Companion Sample Casting Control and Tests to control the companion sample castings.

®  The acceptable cured height measurement is less than 0.25 inches. The Neutron Absorber Form cured casting
weight shall be between 45.3 and 57.8 Ibs.

f Use the above weights to calculate the density as shown below. Density = [

Cured — Empty

WithWater — Empty

Jx 62.3 b/’

EXEMPT FROM 10-155 (8-02)
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FORM E ES-3100 Heavy Can Spacer Assembly Lot Casting Control RevG Pagel of1

Casting Company Name Can Lot Serial Number * Drawing Number
M2E801580A026 or M2E801580A043

Average 10 Canand Lid Empty Weight | Temperature of Water Weight (°F) Average 10 Can and Lid Water Weight

Wet Mix Control Blended Dry Batch Dry Blend Batch
Control No. Expiration Date
(Target Water = 277-4 3 . .
Weisht x 27:1 wi%) 277-4 Weight 1b | Water Weight Ib
Air Temperature °F | Water Temperature °F
Mix Time Mix Finish Time
Wet Mix Control Number (Overcast), if required
After Casting Cured Pass or Fail Cured Pass or Fail Cured Pass or Fail
Can Serial # Weight Weight Cured Height Cured Density Cured
(Ib) (Ib) Weight" (in) Height® b/t Density ©
Companion Samples * -1 -2
Operator Comments

* A 10-digit Can Lot Serial Number shall be used to define the date and the time of setup using the format with a 24-
hour clock (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm).
Heavy Can Spacer Assembly acceptable weight is 1.16 to 1.56 Ibs and height 1.37+0.06 as shown in Figure 8.

Cured — Empty
WithWater — Empty

¢ Use Form F, for ES-3100 Companion Sample Casting Control and Tests for Heavy Can Spacer Assembly
companion samples..

¢ Use this equation for the; Density :( J x 62.3 Ib/fE . Acceptable 100 to 120(Ib/ft%).

EXEMPT FROM 10-155 (8-02)
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FORM F

ES-3100 Companion Sample Casting Control and Tests

RevG Pagelofl

Y/LF-717/Rev 5/ES-3100 HEU SAR/Ch-1/and/3-24-16

\‘Lst' c N | Ave. 10 Can and Lid Empty Weight ® | Ave. 10 Can and Lid Water Wgt. * | Temp. of Water Weighit Drawing Number
Aong Lompany Rame ) M2E801580A026 or
M2E801580A043
. . For Record Loss On Drying PGNAA
Serial Numbers Can Measurement Weights £0.01 (Ib) Only (Odd Serial Numbered Cans) (Even Serial Numbered Cans)
Part # . ; Cured Pass Or Fail Pass
After Castin .
or | Comeon, | Ao | cursaveon | 90| owy | Cpgieed | Tese™ | rewe | 'S
Can LoB# (Ibfit") 3383 Fail

Complied by Comments

a For the same lot of sample cans, it is acceptable to use an average weight of ten can bodies and ten can lids.

b Recommended vibration settings are at 450 VPM and three times the total vibrated weight. The total vibrated weight is the finish cast part and fixtures weight, for a setting of

approximately 5 pound-force.
c Record the PGNAA Measurement Number (PMN) from Form AD for each Companion Sampie Can tested.
Cured — Em, LODWeight - Empty — 0.024
Density=| —4e4—2MPY _ |, 633 /g8 LoD% = |1 S Py )| x 100%
WithWater — Empty (Cured & Clean — Empty)
EXEMPT FROM [0-155 {8-02)
\J
L
EXEMPT FROM 10-155 (8-02)
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FORM AA PGNAA Tooling Setup Control RevG Pagelofl

\

AN

Inspecting Company Name Casting Company Name
PGNAA Tooling Setup Number * 277-4 Baseline Can Serial Number
Setup Distance ° Counts Count Time Net Count Rate
# Collimator | Detector Gross Compton Net (sec) (Net Counts/Sec)

Describe the source and the amount of cadmium, lead and polyethylene surrounding the source for each Setup Number.

Describe the Software used and method to generate the net counts.

Operator

* A 10-digit PGNAA Tooling Setup Number shall be used to define the date and the time of setup using the format with a 24-
hour clock (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm). A —# will define the setup used for testing.

The 10-0z. double friction metal lid or crimp style can lid shall face the source. The setup distances shall be measured from
the can lid to the collimator face and from the can lid to the detector front face and must be documented to be repeatable to
+0.13”. Also define all thickness of lead and polyethylene surrounding the source measurement to +£0.13”.

¢ Use one 277-4 cast 10-oz. double friction metal can per drawing M2E801580A026 or 10-oz. crimp style can per drawing / .

M2E801580A043 as the PGNAA reference to verify the Tooling Setup.

S

EXEMPT FROM 10-155 (8-02)
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7 7ORMAB PGNAA Standard Setup

RevG Pagelofl

i ﬁ‘lspecting Company Name

Casting Company Name

PGNAA Standard Setup *

PGNAA Tooling Setup Number (with —#)

277-4 Standard
Can Serial Numbers

Counts

Gross

Compton

Net

Count Time
(sec)

Net Count Rate
(Net Counts/Sec)

Wl | NN | B~ ]JWIN]|=

—
o

_——
f—
[a—

o
N

[a—
(V8]

[y
~

fa—y
(9}

j—
=)

—
~1

J—
xR

f—
O

S

Average Values

Comments

Operator

© "~ a Al0-digit PGNAA Standard Setup Number shall be used to define the date and the time of setup using the format with a 24-hour clock
X ; (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm).
~-~" b  The 10-0z. double friction metal can lid or 10-0z. crimp style can lid shall face the source following the PGNAA Standard Setup.

EXEMPT FROM |0-155 (8-02)
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FORM AC PGNAA Daily Standard Setup Control RevG Pagelof|

Inspecting Company Name Casting Company Name W
PGNAA Daily Standard Setup * PGNAA Tooling Setup Number (with —# )
277-4 Standard Counts Count Time Net Count Rate
Can Serial Numbers ° Gross Compton Net (sec) (Net Counts/Sec)
1
2
3
4
5
Average Values
Standard Deviation
3 x Standard Deviation
(Pass Rate) Minimum Acceptable Net Count Rate = Average — 3 x Standard Deviation =
Comments
Operator

* A 10-digit PGNAA Daily Standard Setup (DSS) shall be used to define the date and the time of setup using the format with a
24-hour clock (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm). .
Select five PGNAA acceptance standards from Form AB as the Daily Standard Setup that generate approximately the same- ™
average and standard deviation as on Form AB. .

b

EXEMPT FROM 10-155 (8-02)
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/" YORMAD PGNAA Measurements RevG Pagelofl

ﬁ]Specting Company Name . Casting Company Name
PGNAA Measurement Number (PMN) * PGNAA Daily Standard Setup Num. |PGNAA Pass Rate (Net Cnt/Sec)
Even Serial Numbers ® Counts (Cnt) Pass
Drum/Neutron Count Time Net Cnt Rate or
Absorber Form/Lot# | Sample # Gross Compton Net (sec) (NetCnt/Sec) Fail
(\ '
Comments
Operator

2 A 10-digit PGNAA Measurement Number (PMN) shall be used to define the date and the time of setup using the format with
L a 24-hour clock (i.e., 1021041515 is used for October 21, 2004 at 3:15 pm).
i *  Record the Body Weldment, Neutron Absorber Form, or Heavy Can Spacer Assembly can lot with the Companion Sample

! /
S Number.

EXEMPT FROM 10-155 (8-02)
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Specification Number Revision
JS-YMN3-801580-A005-1 G
Issue Date Revision Date
EQUIPMENT SPECIFICATION ate s iDate
Page 1 of 1

MANUFACTURER’S DATA REQUIREMENTS

Item . .. Specification Number of a
No. Data Submittal—Purpose and Description or Reference Copies Form
OFFER APPRAISAL DATA - Subcontractor
The Offerer shall submit the following data with the
offer.
1 Subcontractor’s quality assurance program manual 4.1 1 E
*Indicate the following:
A—Full-size prints D—Manual (booklet, brochure, report, etc.)
B—Full-size reproducibles E—Other (Specify)_Subcontractor’s standard form
C—Microfilm aperture card F—Other (Specify)_Specimen

EXEMPT FROM 10-155 (8-02)
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Specification Number Revision
JS-YMN3-801580-A005-2 G
Issue Date Revision Date
EQUIPMENT SPECIFICATION e nDate
Page 1 of 1
MANUFACTURER’S DATA REQUIREMENTS
It . . Specificati Numb a
N(e:n Data Submittal—Purpese and Description ofi;;;::en:l; ofqu(;p?:s Form
APPROVAL DATA - Subcontractor
The Subcontractor shall provide the following data prior
to the start of production casting.
1 Process equipment approval 3.1 1 E
2 Scale Certifications 3.2.1 1 E
3 Request for Company approved equal 3.2.2,3.2.6, 1 E
3.2.7,6.4
4 MSDS for cleaning products 3.4.1 1 E
5 Procedures 4.2.4 1 E
‘Indicate the following:
A—Full-size prints D—Manual (booklet, brochure, report, etc.)
B—Full-size reproducibles E—Other (Specify) Subcontractor’s standard form
C—Miicrofilm aperture card F—Other (Specify)
S—Sample of Workmanship
"

EXEMPT FROM 10-155 (8-02)
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Specification Number Revision
JS-YMN3-801580-A005-3 G
EQUIPMENT SPECIFICATION e 2005 e B 1/2009
Page 1 of 1

MANUFACTURER'S DATA REQUIREMENTS

It . e Specificati Numb a
Nf:n Data Submittal—Purpose and Description 05 ;::;::en?: ofl(lflzpfers Form
CERTIFIED DATA - Subcontractor
Item 1 shall be provided prior to the start of production
casting.
1 Approved procedures 4.2.4 1 E
Item 2 shall be provided with each ES-3100 unit.
2 ES—3100 Documentation Package 4.2.1 1 E

“Indicate the following:
A—Full-size prints
B—Full-size reproducibles
C—Microfilm aperture card

D—Manual (booklet, brochure, report, etc.)
E—Other (Specify) Subcontractor’s standard form

F—Other (Specify)
S—Sample of Workmanship

EXEMPT FROM 10-155 (8-02)
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Specification Number Revision
JS-YMN3-801580-A005-4 G
Issue Date Revision Date
EQUIPMENT SPECIFICATION ate Dats
Page 1 of 1
MANUFACTURER’S DATA REQUIREMENTS
I;;’:' Data Submittal—Purpose and Description 35;3;:::::2 ngzg:;d Form®
OFFER APPRAISAL DATA - PGNAA
Subcontractor
The Offerer shall submit the following data with the
offer.
1 Subcontractor’s quality assurance program manual 4.1 1 E
‘Indicate the following:
A—TFull-size prints D—Manual (booklet, brochure, report, etc.)
B—Full-size reproducibles E—Other (Specify) Subcontractor’s standard form
C—Microfilm aperture card F—Other (Specify) Specimen
N

EXEMPT FROM 10-155 (8-02)
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Specification Number Revision.
J3-YMN3-801580-A005-5 G
Issue Date Revision Date
EQUIPMENT SPECIFICATION 517/2005 08/31 2009
Page 1 of 1
MANUFACTURER’S DATA REQUIREMENTS
Il\tke)l.n Data Submittal—Purpose and Description ffggfi::::;: g‘::m;::ie:s Form®
APPROVAL DATA —PGNAA Subcontractor
The Subcontractor shall provide the following data prior
to the start of production inspection.
1 Source, detector, and software must be certified to a A6l 1 E
national standard.
2 Final tooling setup shall be manufactured A6.2 1 E
- Results of final tooling setup dimensional inspection
shall be provided showing repeatability to +/- 0.13”
- As built drawing of final tooling setup that was
manufactured shall be provided showing setup distances
and materials of construction
3 Results of Net Count Rate Measurements performed on | A.6.3 1 E
manufactured final tooling setup per section A.3.1.a of
specification, based upon at least a 20 hour PGNAA
measurement count and time justification.
4 Software used to determine net count rate and A6.4 1 E
methodology used to determine net count rate shall be
identified and documented
5 Completed Forms AA A.6.5 1 E
6 Completed Forms AB, and AC A.6.5 1 E
“Indicate the following:
A—Full-size prints D—Manual (booklet, brochure, report, etc.)
B—Full-size reproducibles E—Other (Specify)_ Subcontractor’s standard form
C—Microfilm aperture card F—Other (Specify)

S—Sample of Workmanship

EXEMPT FROM 10-155 (8-02)
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EQUIPMENT SPECIFICATION

Specification Number Revision
JS-YMN3-801580-A005-6 G
Issue Date Revision Date
2/17/2005 08/31/2009
Page 1 of 1

MANUFACTURER’S DATA REQUIREMENTS

llé(e:n Data Submittal—Purpose and Description osfg:?::;ilzz ggg:; Form®
CERTIFIED DATA - PGNAA Subcontractor
Item 1 and 2 shall be provided prior to the start of
production PGNAA inspection.
1 PGNAA national standard A6.1 1 E
2 PGNAA measurement software and methodology A6.4 1 E
Item 3 shall be provided after each companion can lot is
mspected.
3 Forms AC and AD A6.5 2 E
(1 copy
going to
Casting
Company)
‘Indicate the following:
A—Full-size prints D—Manual (booklet, brochure, report, etc.)
B—Full-size reproducibles E—Other (Specify)_Subcontractor’s standard form

C—Miicrofilm aperture card

F—Other (Specify)
S—-Sample of Workmanship

EXEMPT FROM I0-155 (8-02)
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Appendix 1.4.6

PACKAGE CATEGORY DETERMINATION
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Appendix 1.4.6
PACKAGE CATEGORY DETERMINATION
The ES-3100 with HEU content package has a maximum activity of 0.3243 TBq (8.76 Ci) at
10 y after initial fabrication; the maximum number of A,s carried is 294.00 at 70 y after initial fabrication
(Table 4.4). Based on the guidance from Regulatory Guide 7.11, Fracture Toughness Criteria of Base

Material for Ferritic Steel Shipping Cask Containment Vessels with a Maximum Wall Thickness of
4 Inches (0.1 m), this package is classified in Table 1.1 of NUREG-1609 as a Category II package.
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Appendix 1.4.7

HEU OXIDE MATERIAL SPECIFICATION AS PROVIDED BY
Y-12 HIGHLY ENRICHED URANIUM DISPOSITION PROGRAM OFFICE
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Uranium oxide material limits

Specified item Units Limit Group1l Group2 Group3 Group4 Group5 Group6 Group?7
Chemical form* uo, uo, Uo, U,0, uo, uo, U0,
Physical form Dense, loose powder, may contain lumps

Uranium content

Uranium purity gU/gSmpl > 0.830 0.200 0.830 0.830 0.200 0.200 0.845
U-235 g/gU < 97.7% 97.7% 97.7% 97.7% 97.7% 97.7% 93.2%
U-238 g/gU < 80.0% 80.0% 80.0% 80.0% 80.0% 80.0% 80.0%
U-232 pg/gu < 0.040 0.040 0.040 0.040 0.040 0.040 0.040
U-233 pg/gu < 50 50 50 50 50 200 50
U-234 g/gU < 1.4% 1.4% 1.4% 1.4% 1.4% 2.0% 1.4%
U-236 g/gU < 1.0% 1.0% 1.0% 1.0% 1.0% 40.0% 1.0%
Transuranics (Np, Pu, Am, etc.)
Concentration limit ng/gu = 0.2 0.2 40.0 0.2 0.5 0.5 0.2
Activity limit Bq/gU < 50 50 600,000 3,000 5,000 1,000 3,000
Unspecified beta emitters
Activity limit Bq/gU < 200 200 200 200 1,000,000° 10,000 200
Moisture g/gSmpl < 6% 6% 6% 6% 6% 6% 6%
Carbon pg/gu < 600 1,000 600 600 1,000 1,000 8
EBC"® ngEBC/gU < 4 10,000 4 -+ 10,000 10,000 -

* UO, may be UO, or UO;.

® EBC = equivalent boron content, as defined in ASTM standard C1233-98.

¢ The oxide contents of the ES-3100 were characterized with the beta emitters as an "unspecified" feature in order to establish one group limit for these nuclides rather
than limits on each (of many) individual nuclides. The beta emitters are either daughter products from the decay of uranium isotopes, or activation and fission products
from reprocessed material. The beta nuclides most often seen in this material are Tc-99, Sr-90, and Cs-137. Table 1.4.7-1 gives a complete list of the beta-emitting
nuclides that have been observed in various oxides intended for shipment in the ES-3100. The maximum mass concentration allowable by the 1,000,000 Bg/gU activity
limit is for Group 5 oxides.

In this case, the total carbon allowed per ES-3100 container is 921 g.
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Table 1.4.7-1

Radionuclide Reference Data - Beta Nuclides

Mass Conc
Isotope Specific Activity Calculation Rad | at 106 Bq/gU
Element [Sym|At#| Iso Mass T, Yr SA, Bqg/g | Type ug/gu
Cobalt Co 27 58| 57.935755 0.194| 1.177E+15| R+ 8.500E-04
Cobalt Co 27 60| 59.933819 5.271| 4.187E+13| B- 0.024
Strontium Sr 38 90| 89.907738 29.100| 5.056E+12| R- 0.198
Zirconium  |Zr 40 95| 94.908042 0.175| 7.951E+14| R- 0.001
Niobium Nb 41 95| 94.906835 0.096| 1.456E+15| R- 6.870E-04
Technetium |Tc 43 99| 98.906254| 2.130E+05| 6.279E+08| R- 1,592.656
Ruthenium |Ru 44| 103| 102.906323 0.108| 1.196E+15| R- 8.365E-04
Ruthenium |Ru 44| 106[ 105.907321 1.020| 1.224E+14| R- 0.008
Antimony Sb 51| 125| 124.905252 2.758| 3.840E+13| R- 0.026
Cesium Cs 55| 134| 133.906696 2.065| 4.784E+13| R- 0.021
Cesium Cs 55| 137|136.907073 30.300| 3.189E+12| R- 0.314
Cerium Ce 58| 141|140.908271 0.089| 1.055E+15| R- 9.479E-04
Cerium Ce 58| 144]|143.913643 0.779| 1.180E+14| B- 0.008
Europium Eu 63| 155| 154.922889 4710 1.813E+13| R- 0.055
Thallium Tl 81| 208]|207.981988| 5.805E-06| 1.096E+19| R- 9.127E-08
Thallium Tl 81| 209|208.985334| 4.183E-06| 1.513E+19| R- 6.609E-08
Lead Pb 82| 209|208.981065| 3.708E-04| 1.707E+17| R- 5.858E-06
Lead Pb 82| 210|209.984163 22.600| 2.787E+12| R- 0.359
Lead Pb 82| 211]|210.988735| 6.864E-05| 9.134E+17| R- 1.095E-06
Lead Pb 82| 212|211.991871 0.001| 5.141E+16| B- 1.945E-05
Lead Pb 82| 214]|213.999798| 5.134E-05| 1.204E+18| R&- 8.305E-07
Bismuth Bi 83| 210]209.984095 0.014| 4.592E+15| R- 2.178E-04
Bismuth Bi 83 211|210.987255| 4.069E-06| 1.541E+19| R-,a 6.490E-08
Bismuth Bi 83| 212|211.991255| 1.151E-04| 5.421E+17| R-,a 1.845E-06
Bismuth Bi 83| 213]|212.994359| 8.670E-05| 7.163E+17| [3-,a 1.396E-06
Bismuth Bi 83| 214]|213.998691| 3.784E-05| 1.634E+18| R- 6.121E-07
Thorium Th 90| 231]|231.036298 0.003| 1.967E+16| R- 5.083E-05
Thorium Th 90| 234|234.043593 0.066| 8.565E+14| R- 0.001
Protactinium |Pa 91/234m | 234.043303| 2.225E-06| 2.541E+19]| R- 3.936E-08
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Appendix 1.4.8

DETAILED ENGINEERING DRAWINGS

Drawing No. Reyv. Title

M2E801580A001 C Drum Assembly

M2E801580A002 B Body Weldment

M2E801580A003 B Inner Liner Weldment (2 sheets)
M2E801580A004 B Double Open Head Reinforced Drum
M2E801580A005 E Misc. Details

M2E801580A006 B Drum Lid Weldment

M2E801580A007 B 18.25" Diameter Drum Lid

M2E801580A008 B Top Plug Weldment

M2E801580A009 D Pad Details

M2E801580A010 D Data Plate Details

M2E801580A011 C Containment Vessel Assembly
M2E801580A012 C Containment Vessel Body Assembly (2 sheets)
M2E801580A013 D Containment Vessel O-ring Details
M2E801580A014 B Containment Vessel Lid Assembly
M2E801580A015 C Containment Vessel Sealing Lid
M2E801580A016 B Containment Vessel Closure Nut
M2E801580A024 C Containment Vessel Vibration Absorbing Silicone 4.25” Can Pad
M2E801580A031 D Main Assembly

M2E801580A043 B Heavy Can Spacer Assembly (SST)
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