
Rev. 0
Page 21 of 99

OSR 19-260# (10/27/93)

Calculation Continuation Sheet
Calculation No. Sheet No. Rev.

X-CLC-G-00121 21 of 96 0

Table 4. NCT-ST from Si

Table 5. NCT-ST from Heel Glass
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Table 5. NCT-ST from Heel Glass

Continued on next page



Rev. 0
Page 23 of 99

OSR 19-260# (10/27/93)

I Calculation

Calculation Continuation Sheet
Sheet No. Rev.

23 of 96X-CLC-G-00121 0
1

1 

23 of 96 
1

9.66E-12
7.43E-12
1.87E-12
1.83E-10
2.21E-12
1.14E-20
8.01E-13
8.70E-12

subtotal 6. -10]
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Table 7. NCT-ST from LDCC Internal to Melter

Content Leach Leached A2  MAR IDRIARFI L Release

S(Ci) IRatio I(Ci) (C/A2) I (A2) II m (A2)
nwl-UPC

Continued on next page
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Table 7. NCT-ST from LDCC Internal to Melter (continuation)
T 1 1 T r T 1

Content Leached Leached
(Ca) I raUo I (a)

A2
(Ci/A 2)

MAR
(A2)

DR IARFI LPF
melter

LPF
wymp

Release
(A2)

Isotope

From
Table 1

Leach Ratio
for glass

from Table 2

Calculated for
LDCC internal
to the melter

From
Table 2

Calculated
for internal

LDCC
From Table 2. LDCC Internal to melter

Calculated for Internal
LDCC



Rev. 0
Page 28 of 99

OSR 19-260# (10/27/93)

Calculation Continuation Sheet
Calculation No. Sheet No. Rev.

X-CLC-G-00121 128 of 96 10

Table 7. NCT-ST from LDCC Internal to Melter (continuation)

Content Leach Leached A2
I(CI) Ratio (Ci) (Cl/A 2)

From Leach Ratio Calculated for omT.for glass LDCCinterna
Table .ILL -- - 1 .- 4. - 4,. *Table 1

DR ARF LPF LPF

I melter WVMP

I



Rev. 0
Page 29 of 99

OSR 19-260# (00/27/93)

Calculation Continuation Sheet
Calculation No. Sheet No. Rev.

X-CLC-G-00121 29 of 96 0

Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter

ARFI RF I OF I LPFI ReleaseImelter wvmmp (A2)
Calculated for

From Table 2. LDCC internal to melter with inhalation from
pressure increase I LDCC internal to
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Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter
(continuation)

Content Leached Leached A2  MAR 1 LPF]LPF Release

Iooe (Ci) ratio (Cl) (Ci/A 2) (A2) I Imelter wvmp (AA)

Fm Leach Ratio Calculated for F Calulated From Table 2. LDCC internal to melter with Calculated
Table internal 2 for l pressure increase o intemal LDCfrmTbe2t h etr LDCC

-21.65E-17 2.75E-2
9.4E-42154-1

3.8o1 -21E-2At-217

Rn-217 7.22E-13 3.1E1.20E-17

Rn-219 4.12E-12 1.72E-09 6.87E-1
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Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter

(continuation)

Content Leach Leached A2  MAR LPF LPF Releasef (Ci) Ratio (Ci) (Cl/A 2) (A2 ) DR R melter WVMP (Az)

From
Table I

Leach Ratio Calculated for
for glass LDCC internal

f-rr T.hh. ? I tn th.ý m..dIt-

From
Table 1

Calculated for
LDCC internal
to the melter

Calculated for
inhalation from

LDCC internal to theFrom Table 2. LDCC internal to melter
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Table 9. NCT-ST from LDCC External to Melter

subtotal U26E-O
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Table 10. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC External to Melter

Content
(Ci)

Leach
Ratio

Leached A 2

(Ci) I (Ci/A 2)
MAR
(A2)

DR ARF RIF LPF
I I IWVMP

Release
(Az)

Isotope 4 .1- 4 4-- +

From Table 1
From Table 2 Calculated
for Bartlett's Ifor LDCC external

PBS I to melter

Calculated
for LDCC

external to
From Table 1

From Table 2. For LDCC external to melter.
Note OPF WVMP already credited as part 01

ARF number

Calculated for
inhalation from

LDCC external to

Subtota a4. 72E
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Table 11. Total NCT Release in Terms of A2

from Glass
Spout Glass 8.30E-10

Melter Heel Glass 6.33E-10
Refractory Glass 6.73E-10

from LDCC
LDCC inside the Melter 2.03E-10

Increased Pressure 4.06E-09
LDCC outside the Melter 2.36E-10

Increased Pressure 4.72E-08

TOTAL 5.38E-08

Based on Table 11, the NCT release is less than 1E-7 A2.

6.2. Methods and Calculations for Hypothetical Accident Conditions

Using the modified five factors formula shown in Section 2 for ST and using the input and

assumptions from Section 5, the corresponding source terms are calculated:

* Table 12 calculates HAC-ST from spout glass

* Table 13 calculates HAC-ST from heel glass

* Table 14 calculates HAC-ST from refractory glass

* Table 15 calculates HAC-ST from LDCC internal to melter

* Table 16 calculates HAC-ST from pressure increase (i.e., > 25 Psig) on LDCC internal to

melter

* Table 17 calculates HAC-ST from LDCC external to melter

* Table 18 calculates HAC-ST from pressure increase (i.e., > 25 Psig) on LDCC external to

melter

* Table 19 calculates HAC-ST for non-inhalation from LDCC external to melter

* Table 20 calculates the total HAC release in terms of A2
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Table 12. HAC -ST from
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Table 12. HAC-ST from Spout Glass (continuation)

Content

Isotope (Ci)

IFt

A2 2(Cl/A2)
MAR
(A2)

DR AF LPF LPF Release

I VV P melter (A2 )

Glass damage ratios and LPFS for melter and WVMP Calulated for
from Table 3 spout glass
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Table 12. HAC-ST from

Table 13. HAC-ST from Heel Glass

-UIIIIIUýU VII II•AL tP4ge
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Table 13. HAC-ST from Heel Glass (continuation)

Content A2  MAR DR ARF LPF i LP Release
I e (Ci) (C/A2) (Az) WVP melter (A2)

Input from Calculated for Glass damage ratios and LPFs for melter and WVMVP calculated for

L.U1LUIU U On llXt pdge
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Table 14. HAC-ST from

Continued on next page
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Table 14. HAC-ST from Refractory Glass (continuation)

Isotope

Content
(CI ) I

A2  I
(Ca/A2)

MAR
(A2) I

DR IARF LPF
WVMP

LPFI Release
(A2)

lculcated forGlass damage ratios and LPFs for melter and WVMP from

Table 15. HAC-ST from LDCC Internal to Melter

0
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Table 15. HAC-ST from LDCC Internal to Melter (continuation)

Content
(Ci)

Leach
Ratio

Leached
(Ci)

A2
(CiIA 2)

MAR
(A2) DR 

I
ARF LPF

WVMP

Release
(A2)

Isotope

From Table 1
From Table 3
for glass to

LDCC

Calculated for
LDCC internal to

*k- -i...
From Table 1

Calculated for ICalculated forC From Table 3 for LDCC internal to the
LDCC internal to j inhalation from LDCC

the melter I I internal to the melter
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Table 16. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC Internal to Melter

Content
(Ci)

Leach
Ratio

Leached
(CI)

A2
(Ci/Az)

MAR
(A2)

DR ARF I LPF
Melter

Release
(A2)

4 * * I I 1-

Isotope
From Table

1

From
Table 3
for glass
to LDCC

Calculated
for LDCC

internal to
the melter

From Table
1

Calculated for
LDCC internal to

the melter

From Table 3 or LDCC internal
to the melter from increase In

pressure

Calculated for
inhalation from
LOCC internal to
the melter from

Increase in
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Table 16. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC Internal to Melter

(continuation)

Content
(Ci) Ratio

Leached
(CI)

Az
(Ci/A 2)

MAR
(A2)

DR ARF
LPF

Melter

Release
(A2)

: t-2 2
I C., cl ON

Lr[ItIf1UeU Uon [ext page
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Table 16. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC Internal to Melter
(continuation)

Content
(Ci)

Leach
Ratio

Leached
(Ci)

A 2

(Ci/A 2)
MAR
(A2)

DRI ARF 
I

LPF
Melter

* 4- 4 4 4- . I.

Release
(A2)

Calculated for
Inhalation from
LDCC internal to
the melter from

increase in

Isotope
From Table

1

From
Table 3

for glass
to LDCC

Calculated
for LDCC

internal to
the melter

From Table
1

Calculated for
LDCC internal to

the melter

From Table 3 or LDCC internal
to the melter from increase in

pressure
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Table 17. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC External to Melter
Content Leach Leached Az MAR DR AF LPF Release

(Ci) Ratio (C) (Ci/A2) (A) DR WVMP (A21
Calculated for

inhalation
Isotope From Table Calculated Calculated From Table 3 for LDCC from LDCC

3 for PBS to external to the melter from external to the
1 3 external to Table I external to increase in pressure melter from

LDCC melter melter i
increase in

subtotal
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Table 18. HAC-ST from LDCC External to Melter

Content
(a)

Leach
Ratio

Leached
(Ci)

A2
(Cil/A 2)

MAR
(Az)

I LPF
DR ARF wv

I ]MP

Release
(A2)

4 I I + I ' t

Isotope
From

Table I

From
Table 3
for PBS
to LDCC

Calculated
for LDCC

external to
melter

From
Table I

Calculated
for LDCC

external to
melter

From Table 3 for LDCC
external to the melter

Calculated for
inhalation
from LDCC

external to the

6.97E-07

1.9411-subtotal
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Table 19. HAC-ST from Non-Inhalation LDCC External to Melter

Content Leac Leached A2  MAR DR LPF Release

(Ci) Fraction (Ci) (C/A2) (A2) WvI w (A2)

Isotope
From Table

1
From

Table 3

Calculated
for LDCC

external to
melter

From
Table i

Calculated
for LQCC

external to
melter

From Table 3 for
LDCC external to

the melter

Calculated for non-
inhalation from

LDCC external to the
melter

3.94E-08

1.62E-05

1.39E-04

=3.188E-3subtotal
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Table 20 summarizes the individual contributions and provides the maximum HAC release in terms of

A2 values.

Table 20. Total HAC Release in Terms of A2

from Glass A,

Spout Glass 2.49E-05
Melter Heel Glass 1.90E-05

Refractory Glass 2.02E-05

from LDCC
LDCC inside the Melter 5.08E-07

pressure increase 5.08E-06

LDCC external to melter 1.94E-05
pressure increase 1.94E-05

Non-inhalation Release 3.88E-03

Total 3.99E-03

Based on Table 20, the HAC release is conservatively less than 1E-1.

7. RESULTS

The calculated potential A2 release under NCT is < 1E-7 A2, while the A2 release under HAC is < 1E-1.
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8. CONCLUSIONS

The 10 CFR 71.51 requirements for HAC are that the release will be less than one A2 in one week.
Conservatively assuming the limit as an instantaneous release, with the HAC results concluding a
release to be < 1E-1 A2, demonstrates that the limit will not be exceeded.

The 10 CFR 71.51 requirements for NCT are that the release under NCT conditions will be less than 1E-6
A2 in one hour. Conservatively assuming the limit as an instantaneous release, with the NCT analysis
concluding a release to be < 1E-7 A2, demonstrates that the NCT limit will not be exceeded.

9. ATTACHMENTS



0 Formul* Table I

A B C D E F

Isotope A, Spout glass content (a) Heel Glass content (CJ) Refractory glass content (C) Surface contaminatrion (a)

4 H-3 1100 0.0000192270792596751
5 c-14 81 0.00222 0.00347 0.00378111123902642

6 Co-6O 11 0.00547 0.00316 0.01332 0.0013118141033357

7 K-40 24 0.0086 0.015

8 Mn-54 27 0.0000005 0.00000144

9 Fe-ss 1100 0.0157546301626101
10 Ni-59 unlimited 0.000506720349719867

11 Ni-63 810 0.098 0.152 0.0154974117109756

12 Sr-B0 8.1 63.3 31.2 106.8 2.84226389056067

13 Y-go included with Sr-90 63.3 31.2 106.8 2.84

14 Zr-95 22 3.17E-22 1.3E-20

15 Nb-95 27 6.99E-22 2.86E-20

16 Nb95m included with Zr-95 3.63E-24 1.49E-22

17 "c-99 24 0.0157 0.00201 0.0522 0.00104173472911952

18 1-129 unlimited 0.000385184631322589
19 Cs-137 16 857 542 213.2 6.43046129086125

20 Ba-137m included with Cs-137 809 512 201.2 6.07

21 Pm-147 54 0.0688059358122154

22 Eu-154 16 0.104 0.0812 0.5527 0.0293872080992359

23 Hg-206 0.54 0.000000000000000714 0.000000000000000979 0.000000000000 2537

24 Ti-206 Include with Bi-210m 0.000O000000000501 0.0000000000000688 0.00000000000001782

25 T1-207 0.54 0.00000000186 0.00000000256 0.00000000296

26 1-208 included with U-232 0.00173 0.00272 0.0001806

27 TI-209 included with Th-229 0.0000000558 0.0000000809 0.00000001434

28 1-210 0.54 0.000000000045 0.0000000000654 0.00000000001672
29 Pb-210m included with Th-229 0.00000258 0.00000375 0.0000006641

30 Pb-210 1.4 0.0000000376 0.0000000516 0.00000001335

31 Pb-211 0.54 0.00000000187 0.00000000257 0.000000002968

32 Pb-212 included with U-232 0.00482 0.00756 0.0005026

33 Pb-214 included with Rn-222 0.000000214 0.000000311 0.0000000796
34 Bi-209 included with Pb-210 5.97E-25 8.1E-25 1.457E-25

35 Bi-210 included with Bi-212 0.0000000375 0.0000000514 0.00000001331

36 91-211 included with Ra-223 0.00000000187 0.00000000257 0.000000002968

37 1-212 included with U-232 0.00482 0.00756 0.0005026

38 81-213 included with Th-229 0.00000258 0.00000375 0.000000664

39 Bi-214 included with Rn-222 0.000000214 0.000000311 0.00000007962

40 BI-215 0.54 0.00000000000000153 0.0000000000000021 0.000000000000002428

41 Po-210 included with Pb-210 0.0000000345 0.0000000471 0.00000001222

LU

1.01

en.0



Formulas for Table 1

A B C D E F
42 Po-211 0.0024 0.0000000000051 0.00000000000701 0.000000000008103

43 Po-212 included with Pb-212 0.00309 0.00484 0.0003219

44 Po-213 included with Th-229 0.00000253 0.00000367 0.0000006498

45 Po-214 included with U-230 0.000000214 0.000000311 0.0000000796

46 Po-215 inluded with Ra-223 0.00000000187 0.00000000257 0.000000002968

47 Po-216 included with U-232 0.00482 0.00756 0.0005026

48 Po-218 included with Rn-222 0.000000214 0.000000311 0.00000007962

49 At-215 0.0024 0.00000000000000747 0.0000000000000103 0.00000000000001187

50 At-217 included with Th-229 0.00000258 0.00000375 0.0000006641

51 At-218 0.0024 0.0000000000407 0.0000000000592 0.00OO0000001513

52 At-219 0.0024 0.00000000000000157 0.00000000000000217 0.000000000000002503

53 Rn-217 0.0024 0.00000000031 0.00000000045 0.00000000007969

54 Rn-218 included with U-230 0.0000000000000407 0.0000000000000592 0.00000000000001513

55 Rn-219 0.0024 0.00000000187 0.00000000257 0.000000002968

56 Rn-220 included with U-232 0.00482 0.00756 0.0005026

57 Rn-222 0.11 0.000000214 0.000000311 0.00000007962

58 Fr-221 included with Th-229 0.000002583 0.000003748 0.0000006641

59 Fr-223 0.54 0.00000000002623 0.00000000003608 0.00000000004172

60 Ra-223 0.19 0.000000001868 0.000000002566 0.000000002968

61 Ra-224 included with U-232 0.004823 0.007563 0.0005026

62 Ra-225 included with Th-229 0.000002591 0.00000376 0.0000006663

63 Ra-226 0.081 0.0000002143 0.0000003118 0.00000007972

64 Ra-228 0.54 0.00003409 0.00005144 0.00003211

65 Ac-22S included with Th-229 0.000002583 0.000003748 0.0000006641

66 Ac-227 0.0024 0.000000001901 0.000000002614 0.000000003023

67 Ac-228 included with Ra-228 0.00003409 0.00005144 0.00003211

68 Th-227 0.14 0.000000001854 0.000000002548 0.00000000295

69 Th-228 included with U-232 0.004822 0.007562 0.000502 0.0000455507276345423

70 Th-229 0.014 0.000002602 0.000003778 0.00000067

71 Th-230 0.027 0.00003892 0.00006047 0.0000152

72 Th-231 included with U-235 0.0000395 0.0000615 0.0000692

73 Th-232 unlimited 0.0000434 0.0000674 0.0000418 8.34853736085892E-07

74 Th-234 included with U-238 0.000241 0.000374 0.000116 3.04278860598743E-07

75 Pa-231 0.011 0.00000001066 0.00000001554 0.0000000178

76 Pa-233 included with Np-237 0.0007086 0.001052 0.000849

77 Pa-234 0.54 0.0000003615 0.000000561 0.000000174

78 Pa-234m included with U-238 0.000241 0.000374 0.000116

79 U-232 0.027 0.00466 0.007309 0.000441 =0.00101601288395608+9.943652681

80 U-233 0.16 0.00216 0.00335 0.000585 0.0000235354883245522

81 U-234 0.16 0.001034 0.001604 0.000284 8.29529506521102E-06

82 J-231 unlimited 0.0000395 0.0000615 0.0000692 6.09607730373647E-06

(.D



Formul* Table 1

A B C D E F
83 U-235m unlimited 0.03007 0.02608 0.0372 4.15407799389637E-06

84 U-236 0.16 0.000119 0.000184 0.000208 1.38254917753517E-06

85 U-237 included with Pu-241 0.000004556 0.000007365 0.00000508

86 U-238 unlimited 0.000241 0.000374 0.000116

87 Np-237 0.054 0.0007086 0.001052 0.000849 0.000016918294211786

88 Np-239 included with Am-243 0.004545 0.005973 0.00672

89 Pu-238 0.027 0.1139 0.1039 0.141 0.00378754170031728
90 Pu-239 0.027 0.03009 0.02609 0.0372 0.000983860577501772

91 Pu-240 0.027 0.02294 0.02005 0.0285 0.000681628896831293

92 Pu-241 1.6 0.185 0.299 0.206 0.00742164859034811

93 Am-241 0.027 0.3804 0.4952 0.845 0.0342743586802905

94 Am-243 0.027 0.004545 0.005973 0.00672 0.000134481633831818

95 CM-242 0.27 0.00000000001047 0.0000000003084 0.0000000000449 0.000136852889825064

96 Cm-243 0.027 0.001854 0.002162 0.00304 0.0000803761986794305

97 cm-24 0.054 0.04067 0.04696 0.0677 0.00215006331467477

98 1 =SUM(C4:C97) =SUM(D4:D97) =SUM(E4:E97) =SUM(F4:F97)

(D

W I



Formulas for Table 2

A B C D IE F G H I J K L M N 0 PaQ

Leadh DR

Glean Into LDCC Leadc Duration Glan 10CC Leaced glass Leach Ratio DR OR ARF Cant ARI ARI RI LPFIq..

(gWczn' day) (days) Interface (cm)) Blass Ratio Glass LOCC LOCC Inter Glass LCC Pressure Pressure LPFwwMu .s
PBS external

,.1 0.00001 28 267560.755 -A*03* C3 =F3/46720 0.01 0.001 0.01 0.002 0.000001 0.00001 0.005 0.4 1 0.1

d= ab*c I h I I k I m n 0

d/467200
Broken
Glass

Fracon
9r18s. WV1MPi not

at danaged
based Contained LDCC •ui Ib am NCT
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Formul* Table 3

Ij B C D E F G IH I I KJ LI M I 0 P Q I R S

Glass
Leach LOCC Surface Leached Leached HAC Frction Non-Inhalaton
Rate Days to Are Man Fraction Impacted/Brolken HAC Fraction Aerosolixed Leak Path Factors Eape haltko

Hsrd 

Es(p F)c•

(g3

GlassIntoLDCC Leach Glass LDCC Leach Leach DR OR Uncont

ured.n Interface Mas Le.h Ratio a i o DR LDCC ARF cant ARF R LPF E
(dimy) (cm) (n' Glass PS G exten, Inter Glas ARF LDCC LDCC P-

3 0 .0 0 0 0 2 8 2 6 7 5 W0 .7 5 5 :-A 3 C B*30 3 = F 3 /4 6 7 2 0 0 .0 1 0 .0 1 0 .3 5 0 .1 ý 0 .0 3 /1 0 .0 0 0 0 5 0 .0 0 7 5 O .O O S I 1 0 .1
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Formulas for Table 4

A BC D E F G IH
Cafnlent A. MAR DR .w 'N o

1 -tp 10/A.) JAI Menu NWVA IA~J

Caklculaed
From T~bl. 1 for spout From Table 2. Sam.e or ali NCra!Sim Calculated for 5.5.1.6..s fromPn. Smc~ga

2Si
3 b c f 9 h g A ierg-h

4 CG14 .01C.MnentICS .Ra.AI9S /C4 =ZClnualS 2NCThrtpcutL$3 .Z2NCnlnputs']QS3 *'2NCnhnpar&QS: =0 4E4FG-4

5 K-411 .Icwvtant`10 =lcwlurr1197 .95/CS ='29C1nputs'1$3 l'NCnlputeiLS3 *l2NCTnnputs'IWS -H4 -05'E5'FS*GS*

6 MRS54 .elcutertwCS ~ -1aatwills .916/Cli -'NCn~ullnpt,'3 .'29CTtnpuWL53 .,2NCflnpub111s3 454 .D6E6*WG*4Hb

7 -R4 I.'kafwrtefICR =1ewr-tsente 1697/C7 ='zdCflIWput.1163 *-ZNCllnputeqW$ 'e2NCI.pu&bIS3 J.444 =01lE7G7H7.

8 - NI63 jý.cwbmVnCICI *Icontent.CIBOO =9*/CR j.2NcTnap.tel$3 =l'NCtlnpute[LS3 .2N1CTlnpets10S3 .94 OEVFSGrII9

9 srO9 ='lcontenfiel2 .xconte..V1112 =-19/0R jlJIC~hrvebiS3 .I-NCTlnpat'[LS3 *l.NCTlnPcta1053 =154 I=09E9'F9'G9H9

10 v-o I-In~I1 -01cntenVISO

11 kr-9 1.1conr...tIC14 -caonten.181l4 I-Siiieu: Iý2Nlh.M-13 I=e2NCln~u~iI.3 I'2NCV1nptz'I0S3 1-..$4 I-DO1-ElFIIGI-1F1GUH

12 9993m 1.'kntennIClS *'Iwntent'161S 1=112/Cl2 j.2NClnrputu~IIS3 1=IwNC le aL$3 1'.2NCnpub'10,$3 =954 .Dl2-El2-Fl2GLZ-HU

13 ft-94.r -1ealtantluVC1

14 T-9 01cantantrIC17 laewtnrnIB17 1.9~f14/I I-.29anpt.'1953 1
Z'NCIrinpuWI.S3 1.11 CllpirwlaiS I=IHs* [-1-14FAG1-

15 -7 =Icont.ntlClR =laartenv]BlS 413/Cas [.ZNCnhpueb'RI 1.lNCllnpvtR'L$3 .l-n~raapubIQS3 I.954 =015VE15-F135'GSHIS

16 2.137lM .le.v.WrCZO 1odi'l"

17 i-is =l-'r.12 Iantrlg14122 1-817/eI7 1
.Z2NCThvajtsiIS3 1.2N1tcnn"IIWS I-'2NCTsrpat.'iosi 1454 I.DI7'E17'FI7G17'HI7

18 Hr-' .'Icaa.tfrI'C23 .1.~nterr 1923 .91*/CUB .I9e~riputs'II3 *29ZCnhpalILS3 I&2NC11npR13'IQ523 4=54 4WISE1R-FISRGIO-HI

19 Tn-me 1=lconentsICl4

20 n1-207 .'lcorctenrlC2S *lco.,enrn125 .9-0/0R .d2NCTnnpats'i153 .l'NCllnpusILS3 *-2NCTInAutsIlQS3 F=75 =D2VE2RROGZOH2O

22 1-20 *1'Imntn..tI07tet'R2

23 =lcnt-tiw 11~lRI9A =92V/0 =11NC1npah113 P2NCllnpveb1L$3 I,2NClnnvtsilQS3 IM54 IDW3EZ3MF23GWHZ3

24 p-o.

25 P9-Z0 *-'lcntenIVICO 'n..C130 -1otVS .. 2/. 1.2NCnlnputs1I53 1='NCnlaputa'I152 -lRZCln~patRI03 -454 =D25-EZ5F25'G25IH2

26 P-1 *'lea.,tenl 01 -.lntmrIS131 1.62W6/ .lg1Cfn~puta1153 1=ZNC4h.PutslRl.5 =l.N~llpa.&1053 j44 .0D26-E2607fl6G 'ý269

28 bI .utfI3. -crtVB

33 91-z 13 =IctenVlC37 .lcontenli1iO

34 84-214 ='lcont.entem3 'IlcffnlerB139

35 91-S1 &1Cvntflt*C4C .1..Rirtlen1-1940 .93/0 ='ZNcknp~ml5 .1-1NCnh.pab'ILS *lNCln~pata10S2 =95i4 .0356F35GM-3P3S

:37 po~fl =ln'tntlCc-lat~et1842 1.637/037 .-2NCflnpulRIISI lChet'IS .l9NClrpujtel053.94=3E77G

38 p.zn.f..eA

~0'
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Formulae Table 4

A B C D E F G H
39 o-a -.'1-tntlc"

40 Pa-na ,I.mltnaqcoS =CfIa14

41_ p-ns -'mefC6 .0cner

42 Po-f =lxontatt1C47 =lItantnt187

43_ Pa-2 ..ianta-.icu .1cwfl11f4111

44_ AtZIS =laaatantC49 =lcotem'B49 1.644/C44IA =NCTnapUIts't3 *IP4CT~nputeILS .-2NlbiputiIOS I.444 .DW4EWF44GW-H4

45_At.217 .'lcottanIC50 --.1.VntnflO

46_AI-218 =1,ottanVt11 dlcutent'1B51 4461/c46 I2NCTnftuts'IiS3 *Z'NCrinpu&1L$3 =l-'NflnpalaIO3 [$44546-"F4-"-4

47 A1-29 .lIcatanVICS2 =lItertaaiBS2 I=7c7 I-eC~.Mnn 'IS3 1
=-2Nklnpwts.ILS3 I='2NCfnp,.t.IQ$3 _=44' ID7 -WF4767H4

48 Rw-217 =lcantent'1C53 .'ImaaenhilBS3 =4C IA *ZNCThpats'11S3 1='244CfnputLS3 k2NclnsataiQS3 I=444 =-DU8E41P4V648441

49_ Rwn-i .ltontenVICS4 .'1=ttntIL85d

50_ Ca-ill *1IntmWWICS5 =Itoatnrt181 *-BSOICSO .-2N4Thrajts'I$3 *-'2NCllnputs'1LS3 -128C~h.patS3 .4454 =-DWES0FW06504450

5 1 R-~22 .,1tatnwtics ,coni

52 Ra.2fl *'1cntmt-IC57 *2aat87 =852/Cfz =-2krrCTIaprh3 .lINCThIputsILS3 &lNCllnputsI0J3 I.$4440ErF2S4

53 hillZ ='otet1f 'latentIlSO

54 Ff-rn .loa-tertIC39 *'lcanttBS9 I..4/.! I-'2NC~hpu&11$3 I-2NI79nputsIW$ 
1
-2NCTlnputsIQS3 1.1$4$ I=D5'E54FS4GS4-H54

55_ Ca-rn=3 atniS .lýWita'B60 .85/C.S j.2F4cTnpuU1s3 *-ZNC1Thpu&tIL$8 *Z-NCfn~pate103 =4454 .05YSE555SSGS4405

56 Ca-iZA =kaatntics

57 C-il -llcoalanrIC62 &1konent18111

58 R-il .lxata.,IC3l *lIcm.tnV1563 =858/C =lmn~nputvIIw I.2NCnhnputlaLS3 =l*NCllaputs1QS .45

59 Ca =ta~tntjC4. Vcq IniB64 I=8S9/CSS I=lNCTInputs'118 2N8paIS3 I l-NCTnpvtaIOS3 1.$44 =D59E59-FS9659HK50

60 .arn lcanm8rich .=kamant'iSS5

61 Ac.U7 v=ltnlaatlCN =1tantnt1854 *-Ml/C41 *l'NCTPIapta$3 ='NCflnpWtILS3 =-'2MCllaptta103 -4454 .0fi'61E11FiP6V'H611

62 A .lxa'UntentIC67 -Inn]6

63 Th-117 -In-rm .lcnteatN 11111 813/C83 ='214CTh~putaiI~I 1=NCllnpatsILSS 1.lNCTnnp.1Q$3 145S4 -Df3-E63-FS3Gf3I4113

64 T-rn -'..tentaaIC69 .lcafteflt'1819

65 -h29 -'lcotefrIC7O *ltantatIB70 I8US/Mf 1
l'nfpta'11$3 I'2PJC~hpu~t$I3 

1
='2N~innpLMC1IO53 145 0S~~5

66 Tb210 .l.taWntIC71 -'lat-at1871 .8146/C66 *Z'NCrt,pata113 *l2NClaTh*WILS3 .Z2NCFhnpau&C43 .444 .-D66E64FNGN464

67 Th131 =kaatanVIC72iiý VI

68_ Tf-lsl *kaalnt']C73 *lmewtnt 173

69 hw3m .1'a,44tnIC74 t.1.aanIBl4

70_P 1 -'1 *laroaIC7l ýl-kaanIB75 1-170/C00 .l2NCT~nputsIIS3 .l'NCTh~pat.ILS3 =l'NTM'CL$p~t143 1-54 .-DM0EM'7UP7 70H70

7 1 -ar ='1olntaatI011 ewter]

72_ Pa-M ~ ='ltnM.CIC7 .lcafl58nf 177 147M12 *-2NmrapabiIS3 *i'NCnhwuts'I453 *lN2CnlaaptIQ$3 .4454 1=072F721F720G721472

73 Pa-f4m =,Imatant108 -I.tVI7

74 U-32 *Itoatnt1079 IlwantenVI679 4874X74 ='2NCninputsIIS3 .l'NCnlnputsaL~lS 1='NCISpataIQS3 j=444 4=74-E74'F46744474

75 to-rn *IcaalnV1CO -67S/Ca75~ -ss '2 .NCFIaputeI151 
1

=iZC~llapteIIL3 Ie211C!1n42utw103 1=.$4 I-D7SrEh75-nG75VH/

76 t-m~ ..-. mlcaaar l .lIcortanr[Bal .876/06 2N.lflpatslI$3 *l.NCTnoputeILS3 =ljNCnmpsala1053 .4454 .mD71111F1f-6'714-76

77_ t-5
78 u-m i- wriataCu m- rf=tnt

79 U-txzaaen18 1=lcoataat188 [B79/08 1=2NCnhputtIIS3 1=lNCnlnpatf'II.3 =.211CrhnpatIQS3 I--$- .0D79679-F796G794479

w



Formulas for Table 4

_ A B c D E F G H-
80 '"37 =1'.~itetICB5 'wfnI5

81 -01c"WB.1ICS

82 ~P-n7 =kM.1'W. .It.ntIiBB7 -sf2/cu =eCnhnPuttsiIS3 *2NCrlnp~u&ILS3 =-2NC~hpuWhiOS2 =4454 ca2E82-F&2-GAZH.2

831 NP-i .'Iwrntri'CU lmef]8

84 *uz~ .'cot.iCS ='1 tenrIBN9 =W984/C .ZNCllnp,4s'i43 ='2NCT~nput.ILS4 -'2NClnrpUt'1C13 -H$4I .08WE94184H84"

85 P- Bwkntntn9 .kt-tBO M/CS NCnlnputs'1153 ='2NCflnpubILS3 =2Nclnp~uwaS3 HS44 -08S5f85'F85'G85H85

86 Pu- IcouIwtsnVIC31 .k...ntenIB91 =986/CM =2NCnh~pW2I5 *'2NCllnputsILSS -*2NC11nputz'1aS3 . -WS45 0 E FW48

87 PI-ol, =luMwntenIC9i ='lcofltenf892 =9871WB -'2NCrh.p~utIIS .2NCfn1npSILS3 ='2NCflnpv&10$3 r=444 -DB7 6871FB7*G$7'87

88 A-~ =1-'o,,t.'IG3 .1Io..tUfltB93 885Cls wiNCTnnputs'II53 -24'~.,,IS 2NC1Inpvts'IOS3 .4451 -V987CSVF&87GUWHU

89 P*,4 lcontssVIC94 =01-f.t~nt'B94 Bag/cog =ý2NCTInpuft5iI53 *'ZNCT~npubI.LS3 -'2NCllnputsIO53 -O54D897ER9FB87G893H8

90 C-4 ki~mt.BVIC95 .IcoiitentIMS =98/O 2NCflnpubt'i13 -'2NC11npuWsILS3 *'2NCrhkwWICOSS .4H$4 =040E9D*F9DG90-H90

91 06103 -'wntm,.tId6 =?'itntqsf .B9I/C1 .'2NCl~npuib143 &'2NCnhnputeILS3 .'2NCTb~xitsiO5 H$14 184119IF987691I491

92 c.m-4 .2uIntw~tIC97 V=kontent'1097 -982/C92 =Z-D npt1153 -=2NCTnnputVLS3 _=2NCrinp**1sIQ58 .4$4 -D92'E92-F2692149Z

[93 UM(14:192)
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0 FormulaoTable 5

_ A B C D E F G H I
Con~tent A2  MAR ORAFLPF LPF Release

istp1a (OI/Az (Aj Meaker WW.Ip (A~j

From Table 1 Calculated for From Table 2. Same or all NCT glass Caclae fot Inhalation from heal]

2 heel glass glass

3 a b c dab/c a f b lcd~af~g~h

4 C-14 ='icontent'1DS ='lcontent'185 =B4/C4 ='2NCTinputs'1l$3 ='2NCTlnputsaLtS3 ='3HACinputslIK$3 ='3HAClnputsalK$3 -D4*E4F4*G4*l4

5 K-40 ='1contentlID7 ='1content'lB7 9BS/CS =l2NCTlnputs'IlS3 ='2NCTlnputs'IL$3 .'3HArinputs'IK$3 -'3HACinputs'11S3 -DS*E5FSGSIH5

6 Mn-54 ='1content'ID8 -'lcontent'IBB =B6/C6 .=2NCnlnputs'11S3 =.ZNCT~n uts'ILS3 ='3lAClnputsll(S3 ='3HAClnputs'lKS3 =O6E6*F6*G6'H6

7 Co-60 W1contnntlID6 ='lcontent'lB6 1=87I0 -'2NCrlnpuUs'llS3 .='NCTlnputs'ILS3 .=3HACinputslIK$3 .- 3HACinputsl[K$3 =D7*E7*F7G7*H7

NlP1-63 =&lcontent'IDI1 ='lcontentlB1l21 =58/Cs ='2NCTlnputsllIS3 &2NClnputsI[LS3 ~ 3HAlr~nputslIKS3 3HACInputs'lK$3 =OS*EBF8*G8Ha

9 ~ ~ lsnenl~2 lcntntB1 4/c -NClnut'11$3 z'2NCTlnputs'IW$ -.3HAClnputs'IK$3 I=.3lACinputs'lK$3 =09*E9*F9
5
69

2
H9

10 Y-9 slcontent'I013 =lIcontent'IB1.3

11='lcontent10D14 -'lcwient1IB14 I=Bli/Cli I='2NCflnputs'11$3 7 ='2NCnlnpurtslL$3 F=3HA.nputslK$3 I=3HAC~nputs'1K$3 I=D11iE11*F11*G111l11

1.2 Nb-OS =,lcantentlID1S ='lcontent'IB15 1=B12/C12 1=2NCrlnputs'11S3 1='2NClnn uts'ILS3 l.3HAainputs'lKS3 1.'3HAClnputs'1K$3 l=Dl2*E12F12*GI2*ll2

13 Nb-95,n -'contentlOD16 ='lcontenit'816

14 Tc-99 ='1content'lD17 slcontent'1817 I=BI4/CI4 1='2NCTlnputs'11$3 Io2NC~inputs'IL$3 I='3HAClnputsIKl$3 I='31IAClnputs1K$3 I=D14-E14*F14-G14*H14

1.5 C-3 s'lcontent1ID19 -'lcontent'IBIB IBlS/Cis 1=2NCTInputs'IIS3 .2.Crinputs'IL$3 1=3HACinputs1IKS3 1=31ACInputs'IKS3 ID15.EWSFISIGISCH15

16 Ba-137m =Icontent 1020 =*lcontent'1820

17Eu154 =lIcontent'1022 =lIcontent18B22 I=B171C17 I=2NCTbsPuts'II$3 Is'2ltCTlnputs'IL$3 I=O3HAClnputs'IKS3 Is'3HAClnputs'lK$3 FI17*El7*Fl7*G17*27

1.8 Ng-206 =lcontent1ID23 ='content'1B23 818I/Cia 1=2NCrinputs'11S3 I=2PJCnnputs'[L$3 1='3lACInputs'IC$3 s=3HA~nsputs'IKS3 I=OI*l8E*FlS*G1S*Hl

1 9 TI fi0 -Ico n tentlrn s 4 l'content '1B 24 - = 220 1W20 =lIcontent1D25 =sleonterit1825 1=.20/C20 =-2NCTInputs11S$3 1=2NClnnPuts11LS3 .=3HAClnputs11CS3 =.3l4Aanputs'IK$3 -2E20-F20*G2G*H20

21 T1-ZO -Icontent'1026 =lcontent'IB26

22 71W 1i'content1ID27 ='Icontent 1827

23 7t1 -'lcontent'102B -'lcotent1IB28 1=623/C23 1='2NCTinputsll1$3 1=2NCflnputs'IL$3 l.3IAC~n uts'IK$3 1=3HAclnpu&sIK$3 =D23E23'F23*G23*H23

24 410m1f -lcontent'1029 =.lcontent1BS29

25 Pbzl-hO mlcontent'1030 =Ilcontenvt'1BI I=B25/C25 j=2NCTinputs'11S3 1=2NC~inputs'ILS3 I='3HAClnpute1KS3 I='31AClnputs1IKS3 L0D25*E25*F25aG25.l12S

26Pb-ill =leontent1ID31 =lIcontent'1B31. 1826/C26 I.2NCTinputsa11S3 ..2NClnn utsoILSI 13HAClnputsllC$3 1=3HACInputs'llC$3 =D26*E26aF26*G26*H26

27 Pb-22 Ploontent'1032 =.lcontent'IB32

28P0-214 klcontent'1D33 l'contant1IB33

29 B'Z0 l'content1ID34 l'contant'1834

30 91210 =lIcontant'103S l'content1IB35

31 91Z1 =.content'1036 ='lcontent1IB36

32 Bl-212 ='lcontent'l037 =.lcontent1IB37

33 B1-213 1=1content'l0338 l'content'IB36

3 4 91 -214 1= lcontent10 D39 = 'lc ntent1 IB 39 
= 3 E S * S G 5 H335 BI-21.5 =-lcontent1ID40 -olcontent1IB40 F=35//.S 12NCTlnpurtsllI$3 2NC2Nlnputs'IL$3 -=3HACinputs'lt$3 1=3HACinputs'1KS3 =3E53GS

36 Poli'O l'contentl0D41 l'conteuit1B41

37 Paill -'lrontent1042 =lcontent18B42 1=537/C37 1=2NCrinputs'11$3 F=lNCflnputs'[LS3 1.3HAalnputs'IK$3 1='31Aaonputs'IK$3 1=D37E37*F37*G37*H37

38 Po-21.2 =lIcortent'1D43 tlontent1

(0

w 0*



Formulas for Table 5

A B C D E F G HI
39 P-213 ='1content'ID4 =1contentIB8"

40 Po21 ='lcorteuit1D45 ='1content'1545

4 -1 5 Pc ~ 1e'Iontent'ID46 ='1coritent'IB46

42PC-216 =lIcontenvt'1047 .'1content'IB47

43 PO-218 =lcontent'ID48 ='1contentIS48

44 At-25 =lcontent'ID49 zlconterVIB49 I=.4/.4 '=2NCTinputsII$3 I=2NCTnnputIL$3 1='3JArirnputs'IK$3 3HIACinputs'IKS3 ~D44*E44-F44-G44-H44
45 At-217 &Icontent!ID5O ='1content'IBSO

46 A`1 clcontent'tD51 ='1content'IBS1 1=46/C46 1=2NCrinputs'IIS3 =2NCrincuts'iLS3 E'3HACIncutsIK$3 I=-3HACIn utsIK3 I=D46E46F4GF6-GM46H4

47 -2A" =-content'IDS2 -lcontent'IB52 1=.47/C47 I=.2NCTinpwts'11$3 I.. 2NCTinputs'IL$3 I='3HACInputsIIK3 I'3IIACInputs'IK$3 I=047E47*F47*G47*H47

48 R11-217 .- Icontent1ID53 -'1content'IBS3 IB48/C48 .='2NcrInputsII$3 *=2NCflnputs'IL$3 1=3HACIni ut'IK$3 1=3KACInputsIK$3 =DU8E48*F48*648*H48

49Ri-US k'1content'IbS4 =.lcontent1IB54

50 Rim-2u I., contentIDSS5 -'lcontent'IBSS 1=850/00 ='2NC~inputs'II$3 1=2NCTnn uts'[LS3 T3HACInputsIlKS3 &S'HACInputstIKS3 =D50*E50*F50*G50*H5

51R*UG I-content'1056 -'eoritmnt'1B56

52 Rrm-US =leontent10537 ='lcontert'1B57 1=852/C52 1=,,CTnnputs'II$3 =2NCTInputs'IL$3 =3HAainputs'IKS3 *-3HAC~nputs'IKS3 1=D521E52*F52*G52*H52

53Fr-fl -'lcontent'I0S8 ='lcontentlISS8

54Fr-rn3 =lcontent1D5g "lcontent'1B59 I=BU4c5 2~NCrlnputs'11S3 I=,2NCnnputs'gLS3 I3HACinputsI[K$3 I'='3HACanputs'IK$3 I=DS4*E54-FS4654*H54

55 R`223 =lIcontent'1060 ='lcontmnt1IB60 I=B5S/CSS 1=2NCTInputs'11$3 lfl2Cflnputs'IL$3 1.'lHAa~nputs'IK$3 ='3HAC~nputs1KS3 =055SE55*FSS3G5*H55

56 R11-22 =lwIcotent'ID61 ='lcontent'1B61

57 RAilS5 =1wcntent'ID62 =1lcontant'IB6Z

58 R*22 =1.cantent'1053 =Iconvtent1IB63 I=Bsa/csg I=Z2NCT~nputs11$3 1=-2NCrlnputs'ILS3 -::=,3HAC~nputs'IK$3 ]I'3HAdinputsIK$3 
1
=DSB*ES8-FSSBGSS*HSB

59Ra-zza *'lcontent'I064 -'lont.nt186S4 1.59/dim 'lINCThIputs'llS3 I='2NCTInputs'1L$3 =-3KAC~nputs'IIC3 k'3HAdInputs'1K$3 1=D59E59-F59-G59-H59

60 Ac22 ='lcontent'I065 ='lcontent'IB65

61 Atn ='lcantent'1066 .'lcontent1IB66 =-B61/61 I=INCTlnputeII$3 I=.NCrIn uts1ILS3 1='3Aafnputs'IIC$3 1.3HAC~nputs'IK$3 I=DW61-6F5I*Gi1*H61

62 Ac- ='lcontent'ID67 =lIcontent'I967

63 ThU ='lcontentl1D68 =lecontent1IB6 I=863c dl =lNCTlnput'II$3 1='2Ndrlnpt'1LS3 1=3HAdIn uts'1KS3 I,3HAC~nputsIK$3 .0D63*E63-Ffi63*6H63

64 ITm-ZU =Ilcontent'106 ='lcontent'1BS9

6.5 TiliU =lcantenft'ID70 =lIcontent'1B70 1=865/C65 1=12NCfnputs'11S3 I='lNdhinputs'IL$3 1='lHAr-inputs'[K$3 1=imHAClnputs'IK$3 I=D658E65F65G665H65

66 "30iS ='lcontent'1f71 clcontent'I571 1=866t66 1=2NC1InputstI$3 1='2hkCnput'IL$3 1='3HAC~n urts'IK$3 1.3HAdinputs'IKS3 I=DS6E66*F66*G66*H66

67 Ttmz~i z =lcantent10D72 ='lcontent'1B72

68Th-232 1s-lententI1073 .'lcontont 1673

69 Thm-2 -'lcontent'1074 =lIcontent'1874

70 P&-231 -'Icontenmt107S =lIcontent'1B75 1=870/C70 =l'NCrinputs'11S3 I=2NdTInputs'ILS3 1=SHAC~nputs'IK$3 =,3HACInputsIK$3 1=D70*M*70070IH70

71 Pa-US3 ='lcontent'1076 ='lcontent'1876

72 P`34 =lIcontentI1077 'IlcontentIS77 .B2C21=~fnusI3 '2Ndrlnputs'IL$3 =3I-DtII$ S~n tI$ 72*E72-F72*G72*H72

73 P*-234m =lIcontent10D78 .'lcontent1IB78

74 U'ZSz VlcontentrnIo ='lcontent'1B79 B71=074/0 1=2NCTlnputsII$3 ]'2NCrlInputs'IL$3 _='3HAdlnput1KS3 imHAdli uts1IK$3 =D74*E74*74G74*H74

75 t1255 ='leontentI1080 -lcontentIBSgo 1=875/C75 I='2NCTInputIsS1$ 1=1NT~dInputs'IIS3 I='3ACinputs'IK$3 j=S3HACInputs'IK$3 I=D758737S-G751.1-75

76 U2M ='lcontent1081I =lIcontent1881 1=876/C76 I=lNCrinputs'IISS =2CInusIS 3HACInputS'IKS3 3HAC~nputsIK$ D6766767

77 U-3 'Icantent'1082

78 U-235m =, Icntent'I0B3 ='lcontent'1882

79 U-US6 =lcontent'IDs4 !=1contentBS4 I=B79/d79 1=ild~nnputs'1153 l='NdlInputz'IL$3 1-3HAan iitsIKS3 1=3HAdfn uts11CS3 I=D79E79*F79*G79*H79

a)
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-in0 (

0



FormulITable 5

A B C D E F G H
80 -237 =1Icontsrnt'IDRS ='1content'IB85

U81 i ='lcontent'jD86 ='lcontent'IBS6

82 ;P-237 ='content'IDS7 ='Uorntont'1B87 I=B82/C82 1=2NCTinputs'11S3 '=2NCrinputs'IL$3 1='3HAanpurts'II(3 2'3NACinputs'IK$3 I-O82*ES2*FB2G82*HB2

83 NP-fiB =lcntent'IDBB =lcontent'IBBSS _________ _____________________

84 Pu-23 =lIcontent!ID89 ='1content'IBS9 =B84/CS.4 ='2NCflnputs'11$3 ='2NCrin uts'ILS3 -'3HACfnputs'IK$3 ='3HAC~nputs'IK$3 =34*E84'F84*G84*H34

85 Pu23 ='content'ID9D ='1conternt'IB90 =BBS/CBS ='2NCrinputs'IIS3 ='2NCrinputs'ILS3 .'3KAC~n~puts'IIC$3 ='3HACanputs'[K$3 .0B5*ES-B5F8GSS*HB5

86Pu-240 ='1content'ID91 ='lcontent'1B91 ~ B96/C86 ='2NCTnnputs'II$3 '12NCTihputs'IL$3 ='3HAa~nputs'IK$3 "'31ACinputs'IKS3 =DSGES6-F&6-G68HB6

87 pu-241 ='lcontent'ID92 ='lcontent'1B92 =B87/CS7 ='2NCflnputsII1$3 ='ZNCflnputs'1L$3 ='3HAa~nputsIK$3 ='3HAOnputs'IK$3 =D87E87*FS7-G87HS7

88 him-241 =.lcontent1ID93 ='1content'IB93 -B98/8/8 ='2NCrinputsII1$3 ='2NCTfnputs'IL$3 ='3FHACnputsjIK$3 ='3HAanputs'IK$3 =D88-E88IF988GW8H8

8 9 Am24 ='content'ID94 ='leontent'1B94 =889ftZ89 -'2NCrinputs'11$3 ='2NCrlInputs'IL$3 ='3HACfnputs'IK$3 ='3K4ACnputs'IIC$3 =D9*EB9*FB9G89*HB9

9o Cm-242 =lwtntent'ID95 ='lto~ftI19vI95 =690/00 m' =lChpVII3 ='2NCTlnpu&sIL$3 ='3HACinjpuWs'K$3 ='3HACanputs'IK$3 =D-OB F9o-GW*I19C

91 Cm24 W1eontont'ID96 W'1conterit'B96 -891/091 ='2NCrInputs'11$3 -'2NCrfnputs'IL$3 .'3HArinputs'IK$3 ='3HAC~npuWsIK$3 D91-E91-F91-G91*H91

92 Cm-244 1-'1conterit'ID97 1'1..nteit'IB97 =B2/2 ='2NCrinputsIIS$3 =sZNCnnputs'IL$3 ='3HACIn~puts'IK$3 Z'3HAainputs'IK$3 -D92*E92*F92*G92*H92

93 1 1SUM(14:192)
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Formulas for Table 6

_ A B C D E__ F_ G H I

Contenit A, MAR LPF LPF Release

(0i) (a/Ae) (AJ R R Melter WVMP (Az)

1 isotope

Calculated
From Table 1 for refractory From Table 2. Same or all NCT glass Cacuatdfor Inhlassn ro

2 1glass rfatr ls

3 a b c d=b/c af hlzd~ef~gh

4 co-GwO slcontent'IE6 "lIcontent'IB6 =84/C4 I-2NCTlnputs'IIS3 I=2NCnlnputs']L$3 1212NCrinputs'lQS3 1.ZNCrisputs'1Q3 .0D4*E4*F4'G4H4

5 Sr-9O "l1content1E12 ="lcornent'IB12 I=BS5/CS a-'2Ncllnputs'11$3 ='2NCnlnputs'ILS3 1=2NCrinputs'10S3 I-H$4 'ODSIESF5G5*H5

6 Y-4o 1='content'1E13 ='lcontent'1813

7 Tc-99 ='lcontent'Itl7 =lIcontent'IB17 1=87/C7 I=2Ncr~nputs'IIS3 =-'2NCninputsILSI j=2NCfnput'I0$3 I-H$4 '-D7*E7*F7G7H7

8 Ca =7'lcontent'IE19 ='1contentlIB19 j=B8/CB j='2Ncllnputsll$3 1=2NCTlnputs'IL$3 .Z'NCnlnputs'1Q$3 'HS$4 I=D8-EBaFBGB*Hg

9 Ba-137n =lcontent'IE2O ="lcontent'IB20

10 Eu154 -'lcntent'IE22 =,1con~tent'1ýB22 - B10/dlo 1=lNCnlnputs'11S3 ='12NCTlnputsILS.3 I=2NCrinputs1IQ$S 1=1$4 'OD1O'E10F1O*G1O*H1O

I1I Hg-206 ='lcontent'IE23 =1content'1B23 1=B1/C11 I='2NCTlnputs'IIS3 I='2NCflsputs'IL$3 I='2NCTinputsIQ$3 I=H54 I -DI1* UPF11 G 11*H11

12 T1-206 =lcorrtent1IE24 -.lcorntent'1924

13 11-201 ='lcontent'IE25 ='lcontent18B25 I=B13/CI3 1='NCrinputs'IIS3 1=ZNCTlnputslIL$3 1=2NCrinputslIQS3 IH$4 I=D3*E13*Fl3*G13*H13

14 Ti-205 ='lcontent'IE26 ="lcontent'1829

15 Ti-20 =lIcontentlt27 ='lcontent'1B27

16 T1.210 ='lcontent'It28 =lcontent'IB92 1-9115/C16 ='Nrpus13 .'2Ndmsputs'ILS3 ='Ntnus'Q3NA=D1616-F16-G16-H16

17 Pb-2iorn ='lcontent1IE29 ='lcontent'1B29

18 Pb-zio -'lcontent'1E30 ='lcontent'1B30 14B18/cz 1=12Nl~lnputsll3 I.2Ndflnputs'lL$3 I=.2NCnlnputs'10S3 I-HS4 1=018*E1B*F18r18H18

19 P6.211 =lIcontent'1E31 .lIcontent'1B31 1=B19/C19 I=2NCrlnpurts'11$3 1=2NCnlnputs1[L$3 a-'2NCnniputs10S$3 'NS4 1=D19'E19SFI'G19'H19

20 Pb-zn ='lcontent1IE32 =lIcontent'1932

21 P6.214 ='1content'IE33 =lconterrt 1533

22 w4-209 .'lcontent1IE34 -'lcortent'IB34

23 91-210 ='lcontent'IE35 ='lcontent'1B35

24_ 94-211 ='lcontent'IE36-- ='lcontent'1B36

25 BI-21.1 =.content'IE37 ="lcontent1IB37

26 &z-23 =lIcontent'1638 .'lcontentlIB3

27 &4214 'l.content'l139 =lIcontent'1B39

2894i-215 1=lcontent15E40 =lIcontent'1940 I=B29/C28 =.2NCrinputs'11$3 I=2NCTrrnputs'ILt3 =.2NCrinputs'1Q53 'NSA4 1D28-En*F28*G2SRH28

29 Po-210l klcontent'1E41 =lcontent18B41

30 Po-211 ='lcontent16E42 ='1cosrtentlIB42 1=830/C30 1=2NCln~puts'1153 1='2NCln~puts'ILS3 1=2NCrilputs'10S3 I-H$4 0=30-E30'F30-G301lIO

31_ Po-212 ='Icontent'IE43 ='lcontent'1343

32 P0-213 ='lcontent1IE4 ='lcontent'IB44

33 P0.214 =lIcontent1IE45 ='Icontentll145

34 Po-215 =lIcontent'IE46 ='lcontent18B46

35_ Po-216 -'Icontent'1E47 ='lcontent'1847

36 Po-2il klcontent'lE48 ='lcontent18B48

0( 1)

<0



Formula*Table 6 s
_ A B C I D I E I F I G I H I -- I

37 At 215 ='lcontent'IE49 -'1wntent'IB49 1=837/C.37 1=2NCllnpuhs11S3 j=2NCrlnpus'It.SS 1=2NC1Inputs'IO$3 44S$4 I=D37E37-F37*G37*H37

38 At-217 -'1eoinent'IE50 -'1content'IBSO

39 Atz-ni =lcontent'IES1 ml1wnrtent'151 1=639/C39 I=2NCnlnputsII1$3 'IN-CTinputsIlL$3 I.2NCTnnputs'IQ$3 *-HS4 I.D39*E39*F39*G39*H39

40 At-219 =lIcontent'!E52 ='iwnterit'1852 I=B40/=4 1=2NcTnn~u&s11S3 I=ZNCrinputs1L$3 1='2NCnhlputsIQ$3 I=H$4 F=b40E40-F40-G40-H40

41 Rn-217 ='lcorttent'IE53 .'1content'ISS3 =U14 2ClptII3 =NWnusL3 =2Elpt1S S41E4F41G41IH41

42 Rn-liE -'content'IES4 ='1content'IB54

43 Rn-zuS -'lwntent1IES5 zlcontent'IB5 1=843/C43 1='2NCTnnputs'iIS3 1.2NCrinputs'IL$3 1=2NCTnnputs'IO$3 I=H$4 0E3F3 43 3

44 Rfl-220 ='1conterit'IE56 ='1contenflS6

45 n-lZ ~ icot~nIE3 ~ 1ontntI57 B45/C45 =ZNCnlnputs'1ISI s'NT=.tIL3~ 2NCrinputs'IQS3 IH$4 4E54654

46 Fr-22i ='lcoytent'IE58 -'lcontent'1858

47 Fr-lIz3 =ilcontent'IES9 ='IcantentIBSS9 1=847/C47 I='2NCnhip.UtsI$3 I=2NfL~npuUsIL$3 I-'2Ncrlnput.'10Q3 I-HS4 I-D47-E47*F47*G47*H47

48 Ra-l3 =lIcontent'IE60 ='IcontentIB860 I=B4/C48 j-ZNcTlnputs'11S3 j-'2Ncrlnputs'IL$3 1='2NCrinputsIQS3 I=H$4 -D8*E48*F486G481448

49 Ra-l4 ='1crtont'nIE61 =Icontent'IB61

50 Ra-225 ='2content'IE62 'cnet12

5 1 Ra-226 ='lcontent'IE63 .'icontent'IB63 I.B~i/c5 1I=,2NCrInputs'11S3 I='2NCflnput$'IL$3 I=.2NCrinnuts'IQS3 I-H$4 I=DS11EIF51*GSI*HS

52 Ra42Ba ='1content'IE64 .'Icontent'IR64 I=RS2CS2 I=2NcrfnputsII$3 I-2NCTinpuUsILS3 1='2NCInnputs'IaS3 .=H$4 =-D52*E52'FS2-G52-H52

53 Ac-225 ='lcontent1IE65 -'1content'IB65

54 Ac-227 ='1content'IE66 .- '1content'IB66 I=S4/CS4 1=2NCrinputsII1$3 1=2NCnlnputs'ILS3 1=2NC11nputsIOS$3 ~I=$4 I=DS4*UA*FA*G54*H54

55 An-InE ='Icontent'IE67 ='icontent'IB67

56 Th-U?7 =1ccntent'IE68 ='1contenIB68 .=Bs6/C5r, l'2NcTnnputs'1IS3 1='2NCTlnputs11LS3 1=2NCrlnputs'IQS3 I=H$4 1=D56*E56'F56*G56*H56

57 Th.22 s'lcontent'1E69 ='Icontent'IB69

58 Thn-g ='lcontent1IE70 =ioonwtont1IB70 I=B581C58 I-'2NClin~ut.sI$3 I=,2NClnputs'ILS3 I='2NCTlnputft1QS3 I41$4 I -D358IFSB*8GSB*HSB

59 in-ZI =1.content'1E71 ='Icontent'IB71 I=B59/C59 1=2NCrinputsII1$3 1='2mnCnputs'II.3 jz2Ncrlnp.UtsIO3 I-HS4 I=DS9-ES9-F59*G59-59

60_ in-Z31 =1content1IE72 ~1=content'IB72
61 Thi2l ='UontentIE73 ='lcontertt1873

Th-lEE ='lcontent'IE74 *lIcontent'1B74 ____________________

63 Ps-231 ='lcontent'IE75 ='Icontent'IB7S =B53/C63 -'2NCrinputsII1$3 -'2NCflnputsIL$3 ~='2NCTlnputs'IOSI [=H$4 =D63E63*F6 3G63*H63

66 Pa-mIi ='icontent'IE76 ='lwntent'1876

67 U-232 -'1content'IE9 ='icontent1579 I=B67/C67 J=12NripuIs113 ='2NCTinputs1ltS3 =F2NCTnnputs'I0S3 =HS4 =JOrE67*F67*G67*H67

68 u-233 ='icont*M'IE80 ='2content'IBSO 1=668/C68 j=2~r,.1$ -'2NCrlnputs'ILS3 j='2NCflnput1Q$3 I=H$4 JDfA-EU*F68*GW8.HrA

69 u-mE ='icontent'IE82 -'icontent'lBB1 I=B69/C69 1=2~n.1$ 'NrnusI$ ,='2NCrTnputs'10S3 I=H$4 J=D69'E65FS9*G69'H5

70 1.543s ='lcontent'1E82 -'icontent'1B82

71 uI-11m c'lcontent'1E83 mllcontentI1883

72 u-mI ='Ucontent1IE84 =icontentIBE84 *B2C2 ='2NCninputs'11S3 1.ZNCninputs'ILS3 1='ZNCTnnputs'IQS3 I =HS4 027 2G H2

731.1437 t=lrontentlEG5 ='lcontent'IBES

74 UZE='onatE6 lcontontiBE6

75 Np-lI7 =ilcontenyt'IES7 ='icortent'IBE7 1=675/C75 1=2NCflnputsIIS$3 1=1NCflnputs'1L53 1=2NCTinputsIQ$3 I=H$4 0=7S5E75*F75'G7S*H75

76 Np-139 =elcontent'IESS ='lcoritent'ISEE

771Pu-lIE ='Icontent'IE89 =-'lwntent'IBE9 1=877/C77 I='2Ncfnp~uts'IIS3I -sZNCnlnputs'ILSI =lNCrlnputs'IQS3 I =H$4 IDT7-E77*G77H77

a)
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Formulas for Table 6

A B C D E F G H 1
7-8 P,-.139 -'lcontent'IE90 ='1coiiteit'IB90 -B78/C78 -'2NCflnputs'1IS3 -'2NCflnputs'IL$3 -'2NCTrinpuUsIO3 zH$4 =D78*E78*F78*G7SH78

79 u24o ='lcantent18E91 -'1content'IB91 4B79/C79 ='2NCTfnputs'1I$3 -'2NCrInputs'II.$3 ='2NCThiputs1IQ$3 =HU4 =079*E79*F79*G79*H79

80 .w241 =lIcontent'1E92 -'1covtont'IB92 =8,O/C80 -'2NCrinputs'11$3 ='2NCrlnputs'ILS3 ='2NCrinprUtsIOS3 =H$4 =DS0E80IFS*8068HBO

8 1 :ýam- .=Ic-ontent'IE93 ='leoftent'1B93 =481/c81 wINCT1nputs'1I$3 c'2NCrfnputs'ILS3 -'2NCrInputs'IO$3 -H$4 -sD8*EBI*FB1*Gg*HO1

82 8in243 ='1content'IE94 =1content'IB94 =482/CEZ m'2NCTnrkputsII1$3 ='2NCnlnputs1ILS3 ='2NCInnputsIOS3 =H$4 =082*EB2F2*GB2*HB2

83 Oi,-24 ='1content'IE95 =Icontent'IB95 =483/CB3 ='NCTInputs'11S3 ='2NCTnnputs'IL$3 z2NCrinputz'10S3 =H$4 =DB3*EB3*FS3*3*HS3

84 CflI2z43 ='1cointent'IEES96 ='lcontevt'1696 =BB4/CS4 ='2NCTInputsII1$3 ='2NCrlnputz'IL3 =l2NCrlnputs'IQ$3 =HS4 =DS4EB4*F84-G84HS4

85 cm-z44 ='lcoriten'IE97 -1content'IB97 48B5/CRS p&2NCTInputs'1I$3 ='2NCTnnputs'IU3 -=2NCrInputs1IQS3 =HS4 =D&5*EBaS*FGBS*HBS

86 1[UM(I4.185)
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FormulI* Table 7 S
A B C D E F G H I J K

Content Leach Leached Al MAR ILPF tJ ReleaseDR ARF ~ P FFRles

Is(otp Ratio (a) (C,/A) (All Metter WVMP (AJ

Leach Ratio for g Calculated for Calculated for Calculated for inhalation

From Table I from Table 2 LDCC inotrnal From Table 1 LDCC Internal to From Table 2. LOCC internal to melter from LDCC Internal to the

2 to the mcft the meater melter

3 b c d=b*c f=d/e h I k=faahh*hj

4 c- ='Icontent'|D5 ='2NCTinputs'lG$3 =B4_C4 l'1content IBS =D4/E4 :'2NCrlnputs'lK$3 :'2NCTfnputs'lM$3 :'2NClTnputs'1Q$3 ='2NCTlnput$'IQ$3 =F4-H4*G4*I4

5 X-40 ='lcontent'|D7 ='2NCTInputs'16$3 =B5*CS ='lcontent'1B7 =DS/ES ='2NCTinputs'lK$3 .'2NCTinputs'IlM3 ='2NCTlnputs'IQ3 ='2NCTInpputs'lC$3 =FS*HS*G515

6 Mn-54 l'lcontent'lD8 ='2NCnlnputs'lG$3 =86*C6 ='.content'1B8 =D6/E6 ='ZNCfinputs'lK$3 ='2NCTlnputs'IM$3 ='2NCflnput&'lOS3 ='2NClnputs'Q$3 =F6*H6*G6*d6

7 - co-O lcontent'lD6 ='2NCTlnputs'IG$3 =B7*C- ='lcontent'|B6 =D7/E7 ='2NCTlnputs'IK$3 ='2NCT'lnputs'IM$3 ='2NCTInputs'lO$3 '2NCIlnputs'l.$3 =F7*H7*G7*17

8 NW43 ='lcontent'lDIl ='2NCTinputs'lG$3 =B8"C8 ='lcontent'IBi1 =DR/E8 ='2NCTinputs'lK$3 ='2NCflnputs'iM$3 ='2NCflnputs'lC$3 ='2NCTlnputs'IQ$3 =F8HSVG818

9 S,-,o ='lcontent'lD12 ='2NCTinputs'[G$3 :491C9 ='lcontent'lB12 =D9/E9 a'2NCTlnputs'IK$3 --'2NCTInputs'IM$3 ='2NCTrnputsl|Ct3 ='2NCTInputs'l0$3 =F9eH9gG9gI9

10 Y-9O .'lcontent'lD13 =,lcontent'1B13

11 r-95 ='lcontent'D104 -'2NCTlnputs'lG$3 1=811"C1 I='lcont.nt'lB14 =D11/E i = 2NCnlnputs'IK$3 '=2NC'lnputs'lM$3 ='2NCnfnputslQ$3 '=2NCTnputs'IQ$3 =F1ll"Gll",11

12 Nb-95 ='lcontent'lDIS ='2NCTinputsKG$3 =812C12 =lcontent'lB15 =012/EU ='2NcflnpusIKS3 a2NCTnputSIM$3 ='2NCTinputsu'$3 ='2NCTlnputs'Q$3 =F12"H12*G12-112

13 Nb-9Sm -'lcontent'lD16 ='1content'lB16

14 rc-SI ='1content'lD17 =Z2NCn•nuts'IG$3 B14WC14 l='lcontent'lB17 =D14/E14 I..2NCTnnputs'lK$3 ='2NCTInputs'lM$3 ='2NCTInputs'IQl3 ='2NCTInputs'lOS3 =F14*H14*G14*I14

15 Ca-137 ='lcontentlB19 D E'2NCn.n ut•a's$3 B5• C'S 2=ncontent'IB1I DM/EIS 32NCTnn uts'll•S3 ='2Nn ut'IQ$3CTInut =F15 G1S1S

16 a8-137m ='lcontent'1D20 ='lcontent'1820

17 Eu-14 ='lcontent'lD22 ='2NCTInputs'lG$3 =B17*C17 1=1lcontent'1B22 =017/E17 1=2NCIn uts'IK$3 =12NCTInputs'lM$3 ='2NCn'nputs'lQ$3 ='2NCTInputs'lQ.3 =F17*H17*G17*I17

18 Ho-Z ='lcontent'ID23 =-2NCTfn uts'lG$3 -818*C18 -lcontent'1B23 =D18/E18 ='2NCTinputs'lK$3 ='2NCTnnputs'lM$3 ='2NCTfnputs'lOQ3 ==2NCflnputs'IQ$3 =FI8aH18SG1SII1S

19 TI-ZOO .'lcontent'tD24 ='lcontent'1824

20 I'-Z07 =lcontent'1025 ='2NCTinputs'IG$3 1=820'C20 1='lcontent'IB25 =020 o 120 'ZfCfnp.UtsK$3 I=2NClnnuts1M$3 lz2NCnnpuut'IQs3 =-2Ncrinput,'10S3 T=F20*H20*G20fl20

21 Ti-Zo ='lcontent'1026 ='Icontent'IB26

22 Tizog ='1content'ID27 ='1content'1B27

23 Thio ='lcontent'11028 ='2NCTIn uts'lG$3 F=B23-C23 =lcontent1IB28 a0D23/E23 1=2NCnlnputslK$3 I-2NCT~nuaM3 =FClnputs'IQ$3 ='2NCrlnputs;lQS3 P H263 3

24 Pb-21nm ='lcontent'1D29 ='lcontent'1829

25 Pb-210 ,'1contentnlD30 -'2NCrInputs'lGS3 l=B2S*C25 1='lcontent'1B30 =D2,/E.S . ='2NCTinpUtI'lK$3 ,'2NC~i`i s' lM$3 :=2NCTInputs'IQ$3 ,2NC'fnputs'l0$3 =F25aH.SaG25hl25

26 Pb-211 '1content'ID31 ='2NCTInputs'IG$3 1=826°C26 1='icontent'1B31 =O26/E26 :'2NCT'nputsIK$3 :=2NCTInputs'lM$3 ='2NClInputs'lQS3 ='2NCTInputs'IQ$3 F26*H26*G26*I26

27 Pb-zu ='lcontent'ID32 -'lcontentn'B32

28 Pb-214 s'lcontent'ID33 -'lcontent'1133

29 as-rn s'Icontent'lD34 ='lcontent'lB34

30 Bi-2o ='lcontent'1D35 ='lcontent'1B35

31 1-211 -'lcontent'1036 ='lcontent'1836

32 Bizi2 ='lcontent'1D37 ='lcontent'1837

33 I-23 ='lcontent'1D38 ='lcontent'1838

34 194-4 ='lcontent'1D39 ='lcontent'1839

35 81-21a; =lcontent1ID40 ='2NCT~nputs'IGS3 *.B35*C35 Plcontent1840 I=035/E35 ='2NCrln uts'[KS3 lzNCflnputsiM$3 1=NSCTInputs'lQ03 FZ'NcTnnuts'11253 j=F35-H35-G35*I35

36 Po-210 ='lcontent'1041 =lIcontent'lS4

37 Po0-21 =,contet1'4 -'2NCTinuts',GS3 1=837.C37 ='lcontent'1B42 =1D37/E37 1'2NCTlnputs'llK$3 '2NCTInputs',M,3 =2NCTInput'IQ$3 I-'2NCpin'utCIQ$3 .=F37d437*37d137

38 Po-Z12 -'2content'1D43 ='lcontent'1B43

39 P0-213 'ILcontent'lD44 .lcontent'lB44

40 Po0z14 ='lcontent1D45 ='lcontent'lB45
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Formulas for Table 7

A B C D E F G H IJK
41 1P4-205 .lwIcotenV1046 ='1conten'1U46

42 P0-216 ='lcontent'1047 .'lcontentl847

43 Pa-zIs ='1wntent'ID48 ='1wntent'IB48

44 .t-zn 71content'1D49 ='2NCfln.. uIGts'6 ka44C44 1='content'1649 1=04/E44 I.2NClnnputs'IK$3 I='2Ncfln uft-IM$3 j='2Nr'1n utsIOSS j=2NCnlnputsIQS3 .=F44-H -.44G4144

45 iAt-li -'IcontentlODSO =-lcontent'IBSO

46 At-lIE =lcontert'IDS1 =2NCrinputs'IGSS =546*C46 ='Icontent'IBSI =D4ý6/E46 =2NCT1n tts1KS3 =.ZNCT1n utsI1MS3 =.2NCflnputs'10S3 ='2NCnptsIn 103 =F46*H46*G46*146

47 At-liD ='lcontent10D52 .'2NCrinputs'IGS3 =647*C47 .'l1content'iBS2 .04 4 =NCrtn uts'IKS3 =.2NCThi uts'1M$3 .'2NCrinputs'10S3 .Z2NCfnputsIOSS3 =F47*H47*G47*147

48 Rn-li? =.lcontent'IDS3 ='2NCTnn uts'IG$3 =-B48C4 =1Icontent'IBS3 .048/14 7=2NCrln uts'1KS3 j=ZNCI~n utz'IM$3 42NCfln utsI033q 2n'CfnnPutsIQ$3 =-F48H485G4r148

49 Rn-lIE .'lcontent'IDS4 zicontent'18S4

50 Rn-liD .'Icontent'IDSS -'2NCrinputs'IG$3 1.BSOCSO 1='Icontent'1B55 I=050/ES0 j='2NCflI, wIKS3 1='2NCnlnp.UtIM$3 1=2NC1nn uts10SCI3 I=2NCTnnpUts'Q$3 I=FSOHSOG50-150

51 Rn-220 ='1ontent'IDS6 =-lcontent'1856

52 Rn-lu elcontent'1057 ='2NCrinputsI1G$3 =B52*CS2 .'l1content!1857 I=D52/E52 1='2NCT~nputsI1K$3 1='iNcflnputsIlM$3 1='2N fnputsIQ$3 j=2NCnnpUtS'1QS3 =FS21152652*152

53 F,-zlU micontent'ID5E =.lcontenVIBSS

54 Fr-lU3 =lcontent'IO59 "'2NCr~nputsilOSS I=BS4C54 =l1contentISSD9 .54ES .-2NCT1nputsuilSI 1'2NCTnn ut.IMSE .'-2NCInnutsI1Q$3 j.'2NCInnutsuIOSS .F54*M54*G54*154

55 Ra-US ='lwntent'ISD5 ='2NCTnn uts'1G$3 .BSS5CSS klcontent'IB60 I.055ES 5 .2NCTinputsI1K$3 j='2NCT~nputUIM$3 .=2NCTnn utsIQ$3 j='2NCrfnputsICI$3 .=FSS*H55G55155

56 Ra-zz4 ='lcontent106i1 =icoontent1IB61

57 Rip-2S elcontent1ID62 -"lcontent'1B52

58 Rj-l26 .lIcontent'1D63 ='2NCTnn uts'IG$3 .=BB5C55 .l1content1S63 =055S/E55 I.'2NCtnn Uts11C3 1='2NCTnnpvI'MS3 .=2NcrinputsIOSI3 1=ZNCfnputs'1QS3 I.F5S*HSS1GSEIDE

59 Ra-lS =.icontent'D64 -'ZNCTtnputsI1G$3 1=659C61 j=l1cnt.ntiBr.4 I=059/159 1=ZNiCInnutsI1K$3 j=2Nc1nn uts'IM$3 =-2Ncrinputs,10$3 1=ZNCTnn uts'IQ$3 j=F59HM59-59-159

60 Ac-R~s ='Icontont'IDGS =1icontent' 1965 
=2~~pt1$ =6*6*6*661 JL-227 ='Icontent10D66 ='2NCrlnpurts'IG$3 =B6i-C5i 1-lcontent15B66 .=061/Eft1. ='2NCflnputs'IK$3 =2NCT~nputsIM$3 'ZCInus'Q3 .'NCrtnputs-1O$3 F16611

62 At-lIE ='lwntent1ID67 'IlcontentI6867

63 Th-U27 =icontent'ID6S ='ZNCrlnputsI1G$3 .8663*C63 klcontent'1868 .063/E63 jz2NCfn.,utsIK$3 .='2NCflnputsI1M$3 1=2NCtnnuts'IQ$3 s'2NCTinp.Ut'IOSD j=F.3F163-G63-163

64 Th-22e ='Iwontert'ID69 =lcontenft1569

65 hi-liD ='icontent10D70 ="2NCr~n uts'IGS3 I=B6C65 .'Icontent'1B70 1=065/E65 I=2NCn.i ut,'1KS3 I-2NCnlnpuft'IM$3 I='2NCrfnputs'10S3 j=2NcTnn utu'IQS3 .=F65-H65G65-16S

66 Th-23o ='enen17 2NCr1n uts'1G 3 I=B66*C66 [e1content'IB71 I.t66/Er66 I-'2Ncrin uts'11C53 .=ZNcTnn ut.IM$3 I-2NCln uts'IQ$3 .=2NCfnn uteIQ$3 .=Fr6-H66-G66-166

67 Th-zi =.lcontent'ID72 =lIcontent'IB72

68 Th-23z =icontent'1073 ='lcontent'1B73

69 Th-234 .'icontent1074 .'1content'IB74

70 Pa-23i =1content10D75 =.ZNCTinputzulOSS .701C70 1-lcontont-1575 .=D0E70 0 .2NCTln utu'iKS 1=2NCnlnput'IMS3 1=2NCTnnputs1Q53 .-'2NClnn ut.u1Q53 j=F70-H70*G70*170

71 Pa-rn ='contentrnD76 ="lcontent'IB76

72 Pa-234 =lIcorttent'1077 -'2NCTinputs'1653 1B72*C72 =i-contentiB677 .072/E72 1=2NCflnputsI1K$3 1..NCrtnputs'IM$3 I='lNCrlnputsI1QS3 I=2NCtnn uts'IQ$3 I F2*H72*G72*172

73 Pa-lEmn =lconftnt10D78 ='content1IB78

74 u-l~z .'lcontent'ID79 -i2NCrinpurts'1GS3 =B74-C74 -.icontent'IB7D .074/E74 ='2NCT1npuWsIKS3 -2NCnlnputs'1M$3 .'2NCrtnputsI1Q$3 .Z-NCnnputs1053 F4*H746G741174

75 U-233 .'lcontent'1080 =1NCrinputsIlG$3 I.B75*C75 1='icoritent'IB&O -.7(15 I2NCr~mputzsIK$3 I='2NCrlnputsI1M$3 I=12NCTnnputs1Q5I3 I.'2NCntnputs'IQ$3 15*H75*G751175

76 u-z34 ='lcontent'IDS1 =.lNCT~nputsI1GS3 I.B76*C76 IPlcontent-IBSI -- D76/ E'76 ='2NcInnputzu1K53 Ino2NCflnautsuIM$S P2N~lnouts'IQ$3 1.ZNCflnput.-1Q$3 zF6*H76*GW176

77 u-u~s ='icontentlIDS2

78 u-U~sC =.lcontent109S3 ='lcontent'IBS2

79 Ut-236 =lIcontent10584 -'2NCnhi utsI[GSS -B79*C79 klcontent1IB84 1=079/7 1=2NCLnn utuilIK$ j=2NCr1nputs'1M$3 j=ZNCrlnputs'1Q$3 I.2NCfnn utslQ$3 I.F79-H79-G79*179

80 u-U37 ='lcontentIOSS =.icontent'IB&S

8 1 U-US .lIcontont'10S6 .'lcontent'1586

82 Np-U?7 -'cnet15 '2NCr uts1GS3 1=882-CS2 liconteit'IB57 1=082/E82 =.lNtet'DSflMrnputs'10S .=2NCT~nputsI1MS3 j=2NCfnn utlO$ I=-Ncrin utu-IC1S =FS2-HS2*GS2182

83 Np±23 =lIcontent'10S8 ='icontent1B58

84 Pu-U3S .'Ict.nt'1D89 z'2NCTfn ut~sIG$3 =BE4*CS4 1='lcontentl[689 .0984/E84 1=2NCr1nputs'1K$3 1=2NCT1nputsI1M$3 1='2NCr1Inputsl0$3 1=2NCfln utsnIOSS =FýH4G84*184
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Formul*Table 7 S
I A B C D E F G H I J K

85 pw239 =lwcntent'1090 =,2NCr~nputs'16S3 =BBS*CSS m1ronterit'IB90 =O85/E85 -'2NCnlnputs'IK$3 ='2NCr1nputs'IMS3 ='2NCrlntputs'IQ$3 ='2NCnhipubtsiQ3 -F&5*HBSGBSIIB5

86 pu-24o -'1content'ID91 ='2NCr~nputs16S$3 =86*CB6 ='lcontent'IB91 =DS6/E86 -'2NCrlnputs'IK$3 ='2NCTlnputs'IM$3 ='2NCrinputs'10S3 ='2NCrinputs'IQSS =FS6*H86*GB6*86

87 mu-241 =1coriernt'ID92 ='2NCTlnputs'IG$3 =BB7-CS7 -'lcontent'IB92 =DB7/E87 ='2NCrinputsIK$3 ='2NCflnputs'IM$3 ='2NCrlnputs'IQ$3 ='2NCfnmputs'f0$3 =F87*H871G87*187

88 Am,-z41 =lIcortent1ID93 -'2NCflnputs'IGS3 =BgB*Cg =lcontent1IB93 =DSB/EB8 ='2NCT~nputs'IK$3 ='2NCnlnputs1IMS3 =2NCrinputs'IQ$3 ='2NCflnputstIQS3 =FS8*HS8*GSBIS8

89 Am-243 =lcontent'ID94 ='2NCT~nputsI[G$3 =5891C9 -'lcontentIS894 =DB9/ES9 ='2NCTnnputs'IK$3 z"2NCflnputs'IM$3 ='2NCTlnpUWIQS3 1='2NCT~nputs1Q.$3 =Fg*HB9*GB9*189

90 cmZ-4Z =lwcntent'ID95 ='2NCrlnputs'IG$3 =B9o~cSo ='lcontent1IB95 0D90/E90 -'2NCrlnputs'IK$3 ='2NCTlnputs'IM$3 ='2NCrInputs'IQ$3 I='2Ncln.,-ubtsIQS3 =F90H90*G90*190

91 Dr,243 '='lcontent'1096 m'2NCrlnputs'IG$3 sB91C91 ='lcontent'1896 I=D91/E91 ='2NCrtnputs'IK$3 ='2NCrlnputs'IMS3 ='ZNCrlnputs'IQ$3 I=.2NCflnputs'IQS3 -91*H91*G91*191

92 Cm-244 elcontontVlD97 2NCrinputs'IGS3 =B92*C92 -lIcontent'1697 1=192/E92 ='2NCTtnputs'IK$3 -'2NCTlnputs'IMS3 s'2tdCrnputs'IQ$3 1'2NCrinputs'IQ$3 =F92-H926G92*192

931 1 SUM(M4K9Z)
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Formulas for Table 8

A B C D E F G H II L

Contenit Leach Leached At MAN O ARMR LPF LPF ees
1(a) Ratio (a (aI/A2  IA.) Pressure Pressure Melter WVMP Reas

ItpCalculated octe

FrmTbeI Leach Ratio from glass for LDCC FrmTbeI far LDCFrmTbl .LDCCitratomtewthpsueineseCalculated for Inhalation from ILDCC
Fro Tble1 om Table 2 Internal to FrmTbl tem.l tormTbe2 DCitra o etrwt rsueIces internal to thre melter

2 the melter tMr Melter

3 b cd~b~c e f-d/e 9 h I jk 1-elhf-1J-k

4 C-24 klcontent'IDS ='2fCTinputsII5$3 =B4Cr4 ='lcntent1B5 =04/E4 ='2NCTinputs'II$3 =2NC~inputs'INS3 ='2NCrlnputs'I0S3 ='2NCTInputs'IQ$3 =ZflInpus'oIS zF4*G4*H4*14J4*K4

5 K-40 1='contant1ID7 =&ZltCTnputs'IG$3 =BS*C5 .'contant'1B17 =o/t ZNCnlnputs1[KS3 =-ZNCrlnputs'IN$3 =2ltCflnputs'1O$3 ='2NCTlsputs'10S3 =K$4 =FS*GS*H5515*J5'KS

6 me-54 =l'content'IDB =,2Ncnnputs~iI33 =B6*C6 ='lconterrt188 =0/E ='2NCrinputaIK$3 -.2NCTlnputs'IN$3 ='2NClnmputs'l$3 ='2NCTIlputs10S$3 =K$4 =F6*G6116*16)6*KS

7 co-4 siwacotentlOB6 ='2NCTinputs'IG$3 1=B7*C7 ='lcontento1B16 .D7/57 1=2NCrinputs'lKS3 1='2NCflnputslINS3 1'2NCrinputs10OS3 I-ZNCTlnput$sIQ$3 =K$4 F7*7H7*1717*K7

8 ml163 sloIontent'lDll ='2NCnlnputs'IG$3 =BS*CB J=l1c.ntentlhh =oea/oE l'2NCrinpatsll($3 j=2NCTnnputs'INS3 I=.NCrinputslO0$3 1=2NCnlnputs'IQ$3 =K$4 =FS88HB31*Jg*KS

9 5,.tO l=lcontent1ID12 ='2NCTlsputs'IG$3 1=89-C9 1=lcontentIB1.2 I.04/Ea I-2NCnlnputs'IICS j=2NCTlsputs'IN$3 1-2NCTInputs'IOS3 -=2f4Crlnputs'IQ$3 -K$A -F9*GgH9'19*19*9

10 V40 -'.lconteft'ID1.3 =lIcontent'1813

I11 &r-9S al'content'IDlA Z'NCrinputsIG$3 j=B11*C11 =I'Lcontent1IB14 I.01IIi I=.2NC~lnputs'IK$3 i='2NCrinputs'IN$3 I=-2NCrlnputs10OS3 I=2NCTInputsIlQ$3 IslC$4 IsF1l1*1a*H11el11*J11'K11

12 ro-o =l'content10D15 ='2NCnlnputs1IGS3 B1= CI2*2 el.content1815L =012/0 12 ='2Ncrin utslIK$3 I=2Nclnn uts'IN$3 jz'NCTlnputs'I0$3 1.2NCTInputs'IQ$3 I-KS4 1=F12*G121H12*I12eJ122
0

12

13 ,"s-93 -l1content1016 l'cofitent'1816

14 Tc.-9 =Icontent'10117 ='2NCT~nputs'IGS3 1=8141C14 I=.leontentIB181 1.01D01 I-2NCTlnputs'IK$3 I&'2NCTlnputs'INS3 1=2NC~lnputs'IOS3 I=.NCrinputsIQ$3 I-KU$ I=F14*Gl4eH14al14eJl4*Kl(4

15 ca-ill -'content1ID19 ='ZNCTinputsI]G$3 1=1115*l .l1content'B1S1 J.015/0 I=2NfnputslK$3 I=2NcrInputs'1NS3 j'2NCTinputs'I0S3 .-2NCTlnpUts'IQ$3 =11S4 =F15-G15*H151I15*J1S*K15

1 6 ea ilim = 'Ico n ten t 'ID 2 0 = lo co n te n t '1 62 0 
= 1 * 7 H 7 I 7 J 7 K 717 08-13 ='content1ID22 ='2NCTInputs1GS3 1=B1rC17 I=lcontent1IB22 1.0171017 I.2NCrlnputs1IKS3 1='2NCrinputSIN$3 1.12NCnlnputsIOSS3 i&2NCTInputx'IQ$3 I=K$4 IF711117111

1 8 Hs-zte 1=lcontent'I23 ='2NCTinputs'IGS3 .=818*C18 ='content'1B23 1=018/E18 k2NCT~nputsslOS3 12NCln puts'IN$3 1=.NCnlnputs'10S3 1='NCflnputs'1QS3 =KS4 I.F18*618*H1B*118*J18*K1B

19 ii-2as 1=lcontent'ID24 ='lcontent'1B24

20 n=-S7 1=lcontent1ID25 ='2NCTlsputs10S$3 I=B20*C20 el.content1IB25 1.020/020 1=2NCfnn uts'IK$3 1=2NCrlnputIN$3 1='2NCOnnputulO$ ..2NCnlsputsIQ$3 1=04 =F2oeG20rH2O*I2OnJ2O*K20

21 Ti.me 1=1contant1ID26 included with U-232

22 nzog =lcotent10D27 =lIcontent'1827

23 n1210 ~1=.ostentlD28 -'2NCTIls utolOS i=Bg2 2 eZ 1='content1IB28 =onZ/Eon j=2NCTinputslIkS3 I.2NCT~n utsoINS3 1-ZNC~in uts'10S3 Z.1NCnnln 1Q$3 .0$4 1=F23-G23-H23I23-J23*K23

24 Pbn 1=leont.st'l029 =l1contenvt'1BZ9

25 pb-no j=lconterst1D30 ='2NCTInputs'IG$3 I=BW5CZS 
1
=lcontent'1630 1=0231125 Ie'2NCTlnputs'IKS3 i='2NCTlnpufts'IN$3 1I2NCflnputs'10S3 i.'2NCrlnpuftslQ$3 I=KS4 i=F25-G5H25*I2SJ25*K25

26 Pb-fl 1=lcontent10D31 '2flCrinputs'IG$3 1.826*C26 .l1content'1831 1.026/E26 Z2'NCnleputs1IKS3 1.2NCInn uts'INS3 L.2NCflnputslO$3 l.2NCTltrputs'IQ$3 I-K$4 =F26-G26-H26*I26J26*K26

27 Pb-lU =l1content1ID32 oelcntent'1B232

28 pb-iS =.lcorrtent10D33 ='lcontent'IB33

29 &z-ot M'lcontent'i034 ='lcontent1IB34

30 si-iio ='content10D35 =.lcontent1IB35

3 1 Bi-nil .'Icontent10D36 .lIcontentIBIO6

32 ai-m2 1='conent'103
7  

='lcontent'1837

33 Bi-212 l.lcontent'1D38 =lconterit'B3B

34 tn4n I-1content'1D39 ='lcontent'1839

35 Bi-ns ='leostent10D40 =2NCflnp .uts16S$3 .835*C35 1=lcontenvt1B40 I.D351535 1=12NCTInputsslKlS 1=2NCTlnputs'INS3 ..2itCflnputs1I0$S 12NCTIO uts1Q53 45K4 1=F35*G3S*H35*I35*J35IC3

36 pa-no .lmvtntestlO1 zlconterrt'1141 
11Nrnus1$ -----37 Pe-22 ='lcontent'I042 ='2NCTinputs'IGS3 .=B37*C37 .nlcontent'iB42 I=537/037 1.12N4Crnputs'IK$3 .=2NCTnn utsnINSI _TCl t1S 2CInusQ3 .5 F3G7173J7
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0 Formul* Table 8 S
-A B C D E F G H I JK L

38 .a-an cocantent'Io43 ='lcontent'1543

39 1 V! 3 -'lcontent'1044 ='lcontent'B44

40 P-214 ='lcontontID045 ='lcontent'I845

41 u01 -='lcontent'1046 -1content'184f

42 P-ns -'lcontent'1D47 ='lcontent'1847

43 va-au ='lcont&.t'1D48 -'lcontritet1848

44 At-z23 -'lcantent'I049 ='2NCfnn uts'IG$3 I=144C4 a.Icantaent'169 =044/044 1=2NCTnn uts'IK$3 j=2NCflnp uts'INS3 aZ'NC~inputsIO0$3 a='2NCT~nputs'IQ$3 0$4 I=F44*G44H4414444"K44

45 At-wl ='lcoftent11250 =lIcontet'IB50

46 &.z -'lcontent'IDSI -'2NCrinputs'iG$3 I=B46*C46 1='lonteant'IBSI. .0"46/4 ='2NCThnputs'IK$3 -'2NCTnsputs'IN$3 ='2NCrinputs'lOSS -2NCTimputs'IO$3 =K$4 -F46 G46*H46* 4*6*4K46

47 62-zi9 1'lcontent'1D52 ='2NCTnnputs']G$3 I'CB47*C47 =Ilcontent'1552 1=D47/E47 1=1 NCflnputs'[KS3 I=ZNCrinputs'IN$3 I=2NCTnnprts'10$3 =i2NCrinputsI[Q$3 I=KS4 j.F47*G47* 47I 471J47*K47

48 R.0-21 I-'lcontent'I0S3 a'2NCrinp utIG$3 I=B48-C48 1=lconten1853 -0D4A4/0 I=.2NCflnputsI[K$3 1=2NCTInputs'INS3 1='ZNCfloputsIO$S3 Z=.NCrinputs'IQ$3 I-KS4 .F48IG4BH48IS748*J8K4B

49 Ia-Ou l 'lcontent'I054 ='lconvtenitIB54

50 Rb-zOO 1=contont'IDSS ='2Ncrinputs'IG$3 1=050*C50 =lcontent'IBS5 1==.5/5 a'ZNCrinputslIk$3 1=2NCTIn uts'INS3 1='2NCT~nputs'1O$3 1=2NCr1O uts'1QS3 a=K$4 TPSO*GSO*HS50I5 SOJ 50K

51 Ft-221 j=lcontosmt'I056 -'lcontent'1B56

52 it-22 -lcontent1ID57 ='2NCrInp utIG$3 aBS2*CS2 =elcontant'1B57 I.0521052 I=-NCTInputs'IKS3 aZ'NCTInputs'INS3 a=2NCrInputs'10S3 1='2NClnn uts'1QS3 1=04 ZFS*G52*H52I152*JS2*KS2

53 F~-zZ =lcontent'[DSB ='contenvt'IB8S

54 F.-fE -=lcontbnt'I059 c2NCflnputsI[G$3 1=854'CS4 elcontent-1859 1-05GA4 1=2NClnn uts'IK$3 k 2NCrlnputs'1N$3 1=2NCrinputs'1053 1=ZNCT~nputs'IQ$3 a=K$4 =F5G H54*154IJ54*K5

55 Pm22 l'content1ID59 -'2PdCrInputsIGSB aMBSS*CSS 1=leorrtart'IB6O I-055/05 1=12NCInnputs'IK$3 =.2NCInn uts'IN$3 =.2NCTInputsIO$S3 I=2NCrfnput3s1Q$3 I=K4 I=FSS*GSSH55155SJ55*KSS

56 Ita22 a=Icontent1061 =lIcontent18B61

57 Ra-2is I-content'D62 ='1eantent'IBS2

58 00-223 Ilontont'1063 ='2NCr~n utsIGS3 I=BSS*CSB al-content'IB63 .0D53/5 I-'2NCrinputs'lOSS 1=204CTnputoINS3 1= 2NCT~n utsolOSO 1=ZNC:Tln u1053 I =$4 I=FSB-G58H5V15S8-J8*258

59 oa-n I-'contnt'ID64 -'2NCrlo utslIG$3 1B59*CS9 1=IcontentIBO64 j=09/059 1='2NCTinputs'IK$3 =.2PdCflnputs'IN$3 a'ZNPCTnputsIOS3 1m2NCnn~fln 103 I =K4 5.F96S9159*159*J591C59

60 ou-US Ialcontent'ID65 alIcontent'1865

61 A0-227 I-lcont.nt'D66 a'2NCriptsIo 13 1=861*CSI 1=lcontefnt'B66 I.062/00 I=2NCrinp uts'I03 1.1NCTinputs'1NS2 1.2NCInn uts'IO$3 I=2NCrinputs'1Q53 I=114 --- =F6V61-G H611I61J6I*K61

62 60-22* I-'cntant'It67 =lIcontant 18167

63 in-f? I-'lcontant1068 -'2NCT1n uts'IGS3 a-B63*C63 ='lcontent-1B68 J=003/23 ='2nC1rputs'10S3 1.2NCfnn utsINS3 I=ZNCrhInuts'10S3 =m2NCTnn uts'IOS3 I=054 I=F63-G63*H63*163*J63IK63

64 in-na o'lcontent'1069 -'content'IB69

65 Th-rn ='2cantent10D70 ='2NCflnpuU'IG$3 I=B65C65 I.lcontent'1870 1.255/00 j='2NCrInputsI1C53 1='2NCTnnputs'IN$3 I=IZNCfloput3'10$3 1='2NCrinputs105$3 I=K$4 I=F6S56S'65116165*J.5-K65

66 in-am ='lcontant'ID71 ='2NCrlnputs'10S3 1=B66-C6r 1='lcanttIB71 I060/06 1=2NCT~nputs'IK$3 1=2NCTno uts'INS3 1='2NCInn uts'1OSS 1=2NCfrinut'1053 IK$4 IFfiG666H66*166*J660K66

67 lb-lu -lconvtentfID72 ='1.content' 872

68 Th-23z ='lcontenVID73 ='leontent'1B73

69 in-os j='ontonVID74_ -'content' 1174

70 va-rn a'lconterro'175 ='2NC1nn utIG$3 =870*C70 1='lcontents1B75 =0o70/070 1=2NCrinputs'IKS3 I=.2NCTinputs1IN53 =.2NCTlnputsI10S3 =2NCTnn utulIQS3 oIC$4 =F70*G70IH70'I70J70070

71L pa-033 .Ia'ntent'ID76 ='Icontent'1876

72 P0-23 =lcontent1ID77 ='2NC1nn uts'IG$3 I=B72*C72 1='content'lB77 .-07/C7a 1='2NCfln utoIK$3 1=ZNCrInputs'IN$3 a'.2NCrIn uts'IO$3 I=2NCTnn uts'IQS3 JK$4 .72-G72*H72*172*J72*K72 -0

73 P0234.. =lIcontent'1078 -lIconteflt'1978 1

74 Lzzz ='lenent'nOD79 ='2NCTlnputs'1053 =874-C74 ='lcontent'IB79 =01/7 
1
=.2NCrInputsIK$3 1='2NCTinputs'IN$3 1=ZNCflnputs'10S3 1=t2NCrInputs'IQS3 =KS4 =F4674-H74*174*J74'K74 -

75 Lu-r -"lcoisoont'IDSO ='2NCTInputs165$3 =B75*C7S 1='lcontant'IBB0 =0505T2CQpus03 =NfnusI$ Zclpt'05 2Clpt'3 =KS4 =F75*G75*I17S*175*J75*K75

.76 U-234 -'lcontent1081I .=2NCInsputsa1653 1=876C76 1='lcnt..t1B81 .070/07 1'2NCrin utis'103 aI=NCrinputs'IN$3 I-2NCTin uts10S3 I=2NCTInpuits'IQ$3 --K$4 =F76*76*H76*176'J761276 t

77 U;-zn -'lcontent'I082 iI

178 Uo-mam =l.contantlD93 =I-Icontent'IBB2



Formulas for Table 8

IA B C I D I E I FI G I H I I I J 1K I L
79 L, zu =lIcontent'1084 -INCrinputs'IGS3 6B79C79 =l~content'IB84 1-079/E79 1='2NCflnputs'IKS3 1.2NCrinputs'IN$3 &2INCrinputs'10S3 1=2NCTInputs'IQ$3 I=I$4 I=79*G79*H79*179*J7Yk79

80 u- .lIcontent'10B5 ='lcontent'1BS5

8 1 uj-rn =lvcontont'1086 ='lcontent'IBS6

82 -po237 Wlcontent'1D87 =2NCrInputs'IGSS '2B821C2 1=lcontent'1B87 I.DuI2S I=2NCTnn uts'IKS3 1.'2NCrinputs'IN$3 1.1NCrinputsIO0$3 1.12NCrinputs'IQ$3 KSX4 I=FS2*2*H&2*1B2JS2*KB2

83 Np-rn ='lcontent'108 -'lcontent'IB8S

84 Pw-rn .lcontent'ID89 .Z2NCInnputsiIG53 =B84*C84 ='Ieontent'IBS9 =084/ES4 ='2NCrInputs'IK$3 ='2NCrInputs'IN$3 ='2NCInnputs'1O$3 ='2NCflInputs'IOSS =K$4 .F84*GS4*HB4184*J84'KB4

85 P-239 ='lcntent'ID90 ='2NCTnnputs'[G$g =B8SC85S ='1content'IB90 -MAS/S ='2NCFInputs'IK$3 =S2NClnpwts'IN$3 ='2NCnlnputs'lOSS ='2NCrhnputs'10S3 =K$4 Fg*GBS'H85'B5*JgS*KgS

86 PuzNo ='lcontent'1D91 ="2NCrinputsIGS3 =BS6*C86 =lcontanVIB9l -084/E88 ='2NCrInputsIK$3 -'2NCrInputs'IN$3 ='2NCTlnputs'10S3 =Z2NCTnnputs'1QS3 =K$4 -FBGSG88861186JB6*KB6

87 Pu-Ni j'lcontent'1092 ='2NCrInputs'lG$3 B87'C87 ='lconteivt'1992 .087/E87 ='2NCrInputs'1853 -'2NCnlnpuusIN$3 -x2NCTlnputs'1O$3 -'2NCTnnputsIQS3 =KS4 =F87*G87HB7187*J87K87

88 Am41 I-lcntent'1093 ='2NCTInputs'IG$3 =BB8Cg8 ='leontent'1893 -0K/EU '-'2NCTlnputs'IIC$3 ='2NCIlriptts'IN$3 z.2NCTlnputsIO0$3 -.2NCrInputi'IQ$3 =KS4 .=FU*Ggg*H&818IU*WK8

89 A,,-m4 J=conterWlO94 ='2Ncfnputs'IG$3 =BS9*C88 -'lcontont'1B94 -0B5/EB9 ='2NChinputs'IK$3 -'2NChInputs'IN$3 -'2NCrfnputs'10SS -.2NCflnputs'IQ$3 .1K$4 =F89*GB9HS9*189JB9*KB9

90 Cm-24 -='Iontent'ID95 -'2NCnlnput&'1653 =B90'C9O -'lcontent1IB95 =0"90/o =ZEJCrlnputs'IKS3 =.2NCrInputs'1N$3 -'2NCrtnputs'10S3 -2NCrlnpvUt'fQS3 =K$54 -F90-G90H90-190-J90K90

91=-' lotn196 j2C~~E'G3 B91IC91 ='lcontent'1896 =D9Ii/91 ='2NCTInputs'IK$3 ='2NCrlnpuU'1N53 ='2NCrInputs10$3 =2NCrInputs10S$3 =K$54 =F91'G91*H91*191*J91*K91

92 0.2 klcntent10D97 j-92NCTinputslIG$3 -892-C92 ='lcontent'1B97 o092A92 ='MNrmputs'1K53 'S1NCllnputsIN$3 "=2NCflnputs'10S3 -=2NCnlnputslOSS =154F92-G92*H92*192*J92-K92

93 SUM L14:92)

-0-

(-D



Formul* Table 9 s
_ A B C D E F G H I f

content teach Leached Am MAR I.PF Release

(a) tatiO (CII (CIAj (A24 aft ARF j WdP (A5)

Calculated Calculated

FrmTbeI From Table 2 for for LDCC FrmTbeI for LDCC From Table 2. For 10CC external to melter. Note LFF WVMP already credited as Calculated for inhalation from 10CC
Bartilett's PBS external to external to part of ARF number extermal to the metter

2 melter melter

3 a b C d a f--d/e II h 1111117 ~h
4 Cs-Ill ='lcorttent'IF19 ='2NCnnputs'l153 =84*C4 ='lcontant'1B19 =-D4/E4 I=2NCflnputs'U$3 1=2Cipus[$ 1-2Cipt'Q =F4G4*H4*14

5 Oa-1.17m =lIcontent'1F20 =ZNCTlnputs'IHS3 =85*C5 ='lcntent'IB20

6 sr4t1 ='lcontent'1F12 &'2NCTinputs'1HS3 =B6*C6 2='contnt'1B112 I=06/E6 ]=INcrinputuSS I='2NC~input'MS3 1=1SI [=F6-G6H6=HE=

7 -9 ='lcontent'IF13 ='2NCrinputs'[Hl4St =B7*C7 ='lcontent1IB13

8 Pm14 =lIcontent'IF21 -'2NCrinputs'IH$3 =BB=CB .='lcontent'IB21 =DB/EB ='2NCTinputs'1J53 ='2NCIrlnpurts'1MS3 =1$4 =FS.B=6B *18=
9 Am-241 =lIcontont'1F93 ='2NC~lnputs1lH$3 =B9*0 ='lcontervt'1893 =09/E9 ='2NCTInputs'U$3 ='2NCTlnputs'1M53 =154 =F9*G9BH9*I9

10 FA-S =lIcontent'IF22 ='ZNCrlnputs'Il13 =B1O*C1O -'lcontent'1B22 =D10/ElO ='2NCnlnputs'lJ$3 ='ZNCflnputs'IMS3 =1$4 =FIO-GlOlflO*110

11 " =lIcontent'IFS1 ='2NCTInputs'lll$3 =6S11C11 =lcontent'IB11 =D11/Eli '2NCrlnputs'US3 ='2NtfnputsIMS3 =1$4 =F21*Gtll-llalll

12FL-55 ='lcontent'IF9 ='2NCTlnputs'IH$3 =B12*C12 -'1contentlIB9 =012/E12 ='2NCririputs'U$3 ='2NCrlnputs'1M53 =1$4 =F12*G21ZHI2*112

1.3 Pii23 =-Icontent'IF89 =Z2NCInnputs'1H$3 =B13*C13 =l2cartent'1BS9 =013/EI3 ='2NCnlnputs'U$3 ='2NCflnputs'IM$3 =f$4 =F13%13=H,13*113

14 C-1 -=leontent'IFS ='2NCflnputs'IH$3 =B14'C14 -'Icontent'IBS =D14/EtA ='2NCrinputs'U$3 ='2NCT~nputs'IMS3 =1$4 FI4-GI4-HI4'114

15Co-E ='lcontent1IF6 ='2NCrinparts'1H$3 =BIS5CIS =ilcontent'IB6 =DIS/EIS ='2NCrinputs1J53 =s2NCrlnpurts'lMS3 =154 =F1S*G15=HIS=115

16 u-lIz ='lcontent1F79 ='ZftXfnputsIHS3 =B160C16 =lIcontent1IB79 -D1B/EIG ='2NCflnputs'US3 ='2NCnlnputs'1MS3 =IS4 =F1BGI6=160H6116

17 Pu-z29 ='lcontent'IF90 ='2NCnlnputslll$3 =B17-C17 =lIcontant'1B90 i=017/17 1='2KC~nputs'USI =c'ZfCnlnputs'IMS3 1=1$4 !=F17GI7*HI70127

1.8 Pu-240 .='lwontent'1F91 ='2NCnfnpfts'lH$3 =BIB=C1S =1lonentlB891 I=D1B/E18 1=2NC~lnpijts'S3 -'2NClnputslIMS3 1=1$4 I=FlgSGIBIIIV*1B

19 MI5 1-'Icontent'IF1O -=2NCTlnputs1IH$3 =B19,C19

20 I1429 ='lcontent'IF1B s'2NCTlnputs'IHS3 =B20*C20 =lIcontent'IBIO ________________

21U-233 1='lcontant'IFSO ='2NClnpurts'IH$3 =B21VC21 ='lcontent'IBSO zD21/E21 =2ZNCTiinputs'1i53 ='2NCllnputsIM$3 1=1$4 J=F21*G21eH21*121

22 TO-99 -=lconvtent1IF17 n'2NCTlnputs'IM$3 -B22*C22 ='lcontent'1B17 s022/E22 ='2NCrlnputs'lJ$3 ='2NCTlnputs'1M$3 =154 J=F22*G22=H22I122

23 H-3 -Icontent'1F4 -'2NCTInputs'IHS3 =B23=C23 -'lcorntent'1B4 =D23/E23 ='2NCTlnputs'U$3 ='2NCnlnputslIM$3 -1$I4 j=F23*G232H23=123

24 L"3 =lIcontant'IFB1 ='2NCnlnputsll153 824*C24 ='IcontantIBS11 =D24/E24 ='2NC~lnputs'U$3 ='2NCnlnputsIMS3 j=1$4 j=F24=624*H24012A

25 u-2 =.lcontent'IF82 -='2NCllnputs1IH$3 =625*C25 =lcontent'1B86 - F2G2*21626 "3 P=lcontent'IF83 =l2NCTlnputs'1H$3 =B2B=C26 =lIcontent'1B8 7 [=0z6/E26 I='2N~~nnpIts'U$3 (=.2NC~nnputs1IM$3 1=1$4 =2=2H5

27 u-zIs -icontent'IF84 =lNCflnputslll$3 =B27*C27 ='lcontent'IB82

28 CmS42 ='lcontent'1F95 ='ZNCTlnputs'lH53 =828*C28 ='lcontent'1B95 j=D28/E28 I='2NCrinputs'IJ$3 [='2NC~lnpats'1M$3 =1$4 =F26*G28'H28=128

29 Am-z43 ='lcoxtent'1F94 -'2N'Crlnputs'1H$3 -B29*C29 -!leontent1IB94 =029/E29I-=2NCTln"pUtl$3 -[2NCnnputsIM$3 1=1$4 l=F29*G291HB*129

30 Co-243 -lcontent'1F96 ='2NCYInputs']H$3 =B3V*C3O ='lcontent'1B96 =D3tt/E3O 1=2NCflnputs'USI$ ='ZNCTlnputs'1MS3 =1-14 I=FI=30HG3D 030~3

31 ~Th-zz ='lcontent'IF69 ='2NCnlnputs1IH$3 =B32*C31 ='lcontent'IB69

32 Np-237 ='lcontent'1F87 ='lNCntnputs'[H$3 =832*C12 -'lcontmntlIBS7 I=D32/E32 1.'2NCrinputs'LJ$3 I=-2NCrlnputs'1MS3 1=1S4 1=F32*G32*H321132

33 u-232 ='lcontent'IF79 ='2NCllnputslIH$3 =B330C33 =lcoxtent1IB79 I=033/El3I ='2NCflnputs'U$3 o-2NCTnnputs'1M$3 1 =154 l=F33*G31=133*133

34 Tb-lIzz ='lcontent'IF73 =.2NCTlnputs'1HS3 B834*C34 =lIcontont'1873

35 Th2 -'lcontent'IF74 1=,2NClnputs'1H$3 =B35*C35 ='lcontent'1B71 I=D35/E35 1='2NCtlnputsUlS3 1='2NCTlnputs'IMS3 1=1$4 I=F35=G3S*H35*135

-0
0J
O(

-I,
-o•0"- D

k.0 C



Formulas for Table 9

A_ I B I c D E F G H I J
3 P--3b klotntI9 =1Nnputs'111S3 =B36*C36 =lIcontenitIB92 -D36/E36 ='2NCflnputs'US3 ='2NCnnfputt'IMS3 =1S4 =F36-G63H36*136

3 __7______ I-Ico~erlt'F97 :=2tlCfnputs'[HS3 =637*C37 =lIcontent1B97 =D37/E37 ='2NCnlnputs'U$3 2'NCflnputsIMS3 =1S4 A F376G37-H37-137

38 1 _____ ______ M-(JJ37)

O'-.

-9.

wo0

0 S



Formulawable 10 S
A B C D E F G H I J K

Content Leach Leached Az MAR LPF Release

L DiR Ratio (CVA2) (R RF (As

Isotope Calculated Calculated

From From Table 2 for BartlttoTable I for CC From Table 2. For LDCC external to melter Note LPF WVMP already credited as part of ARF number Calculated for Inhalation From

PBS external to external to LDCC external to the melter2 melter melter

3 a b • c c f=d-'e h I k=Pgrh1l-J

4 C,437 ='lcontent'IFI.9 ='2NClnputs'lH$3 =84*C4 ='lcontent'1819 =D4/E4 N'2NCnpnpLtslU$3 0'2NC3inputs'lN3 0'2NCrinputs'0$3 I='2NCllnputs'IQ3 :F4G4*H4*14*J4

5 Ba-U7m 'lcontent'lF20 ='2NCTlnputs'IH$3 =BS*CS ='lcontent'1820

6 s1-90 ='lcontent'lF12 ='2NCTinputs'H$3 =B6"C6 ='lcontent'1B12 I=D6/E6 '2NCTiputs'U$3 1=&2NClinputs'lN3 =Z2NCTInputs'10$3 1-J4 FF6*G6*H6*I16J6

7 Y-90 -lcontentlF13 ='2NCnlnputs'IH$3 =B7*C7 ='Icontent'lB13

8 Pm-147 =lcontent'lF21 ='2NC"lnputs'IH$3 =B8"CB =Ilcontent'1B21 =DB/E. ='2NCTInputs'UJ$3 ='2NCTnnputs'IN$3 ='2NCTlnputs'lO$3 =J4 =FSGBCH8*IS*J8

9 Am-241 ='lcontent'lF93 ='2NCTInputs'IH$3 =B9*C9 ='lcontent'1B93 =D9/E9 ='2NCTnnputs'U$3 ='2NCTnnputs'oN$3 ='2NCTinputs'lO$3 -A4 -F9*G9gHglg*J9

10 E-154 ='lcontent'IF22 ='2NCTinputs'1H$3 =610*C10 ='lcontent'1B22 =DI0/E1O ='2NCTinputs'U$3 '2NCrTinputs'INS3 ='2NCTlnputs'lO$3 =J4 =F100GIO*H101*10*J10

1 I N1-3 ='Icontent'lFil ='2NCTlnputs'IH$3 =B11*C11 -1content'IBI1 =D11/Eli ='2NC'lnputs'U$3 ='2NC-lnputs'lN$3 ='2NCl-nputs'lOS3 =J4 =Fll*Gh1THl.Ill*J.1

1/2 Fe-S• =-'content'1F9 ='2NCTnnpute']H$3 =B12*C12 ='lcontent'189 0D12/E12 ='2NCTinputs'J$3 -'2NCTinput&'lN$3 ='2NCTlnputo1OS3 =J4 =F12*G12*H12*I12*J12

13 Pu-I38 ='1content'1F89 ='2NCTInputs'IH$3 -B13*C13 ='lcontent'lB89 =D13/E13 a'2NCTlnputs'IJ$3 ='2NCTlnputs'IN$3 ='2NCrlnputs'lO$3 =J4 =F13GL3*H13*113*J13

14 C-14 ='lcontent'IFS -'2NCTinpuvt'lH$3 =B14*C14 =icontent'185 =D14/E14 ='2NCTlnputs'lJ$3 ='2NCTInputs'INS3 ='2NCTlnputs'10S3 =J4 =F14*G14*H14*114*J14

15 Co- ='lcontent'lF6 ='2NCTlnputs'H$3 .B5*C1.5 =-lcontent'1B6 =D15/E15 ='2NCrnputs'U$3 ='2NC•lputu'IN$3 ='2NCTInputs'10$3 J4 :F15*GlS*H151*5*Jl5

16 U-232 'lcontent1F79 -'2NCTinputs'IH$3 =B16'C16 ='lcontent-lB79 :D16/E16 .'2NCninputs'U$3 ='2NCrInputs'INS3 -'2NCrlnputs'10$3 44 PF16"G16.6*H 16J16

17 Pu'39 ='lcontent'iF90 ='2NCTCnputs'lH$3 =B17*C17 ='lcontent'1B90 =D17/E17 ='2NC~lnputs'U$3 1'2NCrlnputs'IN$3 ='2NCTlnputs'lO$3 J4 =F17*G17*H17*117"J17

18 Pu-240 ='lcontent'IF91 ='2NCTInputs'lH$3 =B1BJC18 ='lcontent'lB91 :D18/EI8 s'2NCTnputs'U$3 :'2NCrinputs'IN$3 ='2NCTlnputs'10$3 =J4 =F18SG1SHl18*l18*J18

19 NI-59 = lcontent'IFIO ='2NCrinputs'lHS3 =B19*C19 =1contentlIB10

20 b129 = lcontent'IF18 -'2NCTinputs'IH$3 =B20*C20 ='lcontent'1818

21 U-233 ='lcontent'IF80 = 2NCTinputslH$3 =B21"C21 ='lcontent'lB79 =D21/E21 ='2NCTInputs'U$3 =:2NCTinputs'lN$3 ='2NCTnnputs'l0S3 =J4 =F21*G21*H21*121*121

22 Tc-99 ='lcontent'lF17 ='2NCTlnputlH$3 =822'C22 ='1content'lB17 D7221E22 ='2NCflnputs'U$3 '2NCTInputs'lN$3 s'2NCTnnps'l0$3 =A _F22*G22*H22*I22*J22

23 14-3 ='lcontent'1F4 ='2NCTInputz'IH$3 =B23C23 ='lcontent'1B4 =023/E23 ='2NCTlnputs'US3 -'2NCTlnputs'[N$3 ='2NCflnputs'lO$3 -A JF236G23*H23*I23*J23

24 u-234 ='lcontent'lF81 =2NCTlnputs'iH$3 =B24*C24 ='lcontent'lB81. =024/E24 ='2NCTnnputs'US3 :'2NCTinputs'N$3 ='2NCTlnputs'l0S3 =J4 -F24*G24*H24d124*J24

25 U-23B ='1content'[F82 ='2NCTInputs'IH$3 =825'C25 ='lcontent'1B86

26 u2 ='lcontent'IF83 ='2NCTinputs'IH$3 =B26*C26 -'lcontent'lB84 1=026/E26 1=12NCTlnputs'IJ$3 ='2NCTlnputs'IN$3 I=2NClnputs'lO$3 j=J4 =F26*G26*H26*126*J26

27 U-23S ='lcontentlF84 ='2NCTInputs'|H$3 =B27*C27 ='lcontent'1B82

28 Cm-242 ='lcontent'1F95 ='2NCTlnputs'[H$3 =BZS*C28 ='lcontent'1B95 =D28/E28 ='2NCTlnputs'I$3 ='2NCTlnputs*IN$3 j=2NCTnnputs'10$3 J44 JF28*G28dH28*i28*128

29 Am-243 =1'content'lF94 ='2NCTInputs'IH$3 B29"C29 =lcontent'1B94 I=D29/E29 1'2NCTlnput.'U3 I=2NLrleputslN$3 =2NClnputslOS3 J =F29G29H29I29J29

30 cn-243 -'1content'1F96 ='2NCTnputs'IH$3 =B30*C30 ='1content'1B96 =D30/E30 ='2NCTInputs'U$3 ='2NCTlnputs'lN$3 j='2NCTinputs'lO$3 144 =F30-G30-H30*I30*J30

31 n2r ='lcontent'IF69 :'2NCTInputs'uH$3 =B31C31 -'lcontent'IB69

32 Np-z7 =lcontent'lF87 = 2NCTnnputs'lH$3 =B32"C32 = lcontent'lB87 I=D32/E32 1=.2NC1inputs'US3 1=2NCTlnputs'IN$3 J='2NCTnnputs',O$3 -14 1=F32"G32"H32"I32"J32

33 2u-2 ='lcontent'lF79 ='2NCTInputs'lH$3 =B33*C33 ='lcontent'1B79 I=D33/E33 1=12NCTlnputs'US3 1=2NCTfnputs'lN$3 j='2NCTlnputelO$3 -J4 =F33 G33-H33*I33*J33

34 rh23 =lcontent'IF73 -'2NCflnputs'IH$3 =BM4C34 ='lcontent'lB73

35 Th-230 ='2content'IF74 ='2NCTlnputs'1H$3 =B35-C35 =-'contentflB71 =D35/E35 ='2NCTlnputs'IJ$3 ='2NCTInputs'IN$3 J=2NCTinputs'lO$3 :J4 =F35lG35-H35dl35.J135

36 Pu-241 ='lcontent'IF92 ='2NCTinputs'1H$3 =836=C36 ='Icontent'IB92 =D36/E36 I=2NCTicnputs'U$3 I=2NCrInputs'INS3 j=.2NCTnnputs'10$3 =J4 IF36-G36-H36-136'J36

37 C,,-2" =lcontent'lF97 ='2NCTnputs'lH$3 =B37*C37 'lcontent'1B97 =D37/E37 ='2NCTinput&'oU3 ='2NCTinputu'IN$3 ='2NCTInputs'lO$3 =J4 =F37IG37*H37*I37*J37

-0-

-I'

-- j

U10



Formulas for Table 10

_IA l I B I C ID E IFI H I J I K
381 1M(4:1

Ofl,

-4
al



Formula#able 11 I
A B

I SOURCE RELEASE

2 Lrom Glass A2
3 Spout Glass ='4NCTspoutglass1193
4 Melter Heel Glass ='5NCTheelglass'!193
5 Refractory Glass ='6NCTrefractglass'1186
6 from LDCC
7 LDCC inside the Melter ='7NCTintLDCC '1K93
8 Increased Pressure ='8NCT<25LDCCint 'I1L93
9 LDCC external to Melter ='9NCTextLDCC 'lJ38
10 Increased Pressure ='1ONCT<25LDCCext'IK38

11 Total =SUM(B3:BlO)

0 fl



Formulas for Table 12

A B C D E F G H I

Content Az MAR LPF UA Release

1 Isotope (CI) (CI/A.j (Az) WVMP Melts (A5]

From Table 1 Calculated for From Table 3. Same for all HAC glass Calculated for Inhalation from spout

2 mmaspout glass glass

3 a b c d=b/c • f g h i=d*e*f*gih

4 c414 ='lconent1'Cs =1lcontent'lB5 =84/C4 ='3HACanputs'1lS3 ='3HACinputs'IL$3 ='3HACinputs'0S3 ='3HACinputsIR$3 =D4'E4*F4*G4H4

5 K-40 =:lcontent'IC7 ='lcontent'1B7 =55/Cs ='3HAanputs'll$3 ='3HAClnputs'IL$3 ='3HACnputsI'|O$3 o'3HAClnputs'IR$3 =DS*FSEFSGSH5

6 Mn-44 ='lcontent'lIC ='lcontent'1B8 =B6/CS ='3HAClnputs'll$3 =sH-IACanputs'll.S3 ='3HAanputs'|Q$3 ='3HACanputs'R,3 =D6*E6*F6*G6*H6

7 Co-SO ='lcontent'sIC ='lcontent'186 =B7/C7 ='3HAClnputs'1lS3 ='3HACinputs'IL$3 ='3HAClnputs'lQ$3 ='3HACinputs'IR$3 =D7-ET*Fl*G7-H7

8 N143 ='lcontent'IC11 ='lcontent'IB11 =85/Cs ='3HAanputs'II$3 ='3HACJnputs'IL$3 l='3HACJnputs'IQ$3 ='3HACinputs'IR$3 =D8*ES*F8*G8*H8

9 Sr-90 ='lcontent'IC12 ='lcontent'lB12 =B9/C9 ='3HACnputs'11$3 *'3l4ACJnputs'IL$3 ='3HAClnputs'lQS3 -'3HAC~nputs'tR3 =DgE9*F9*G9'H9

10 Y-4 ='lcontent'lC13 ='lcontent'lB13

11 zri ='lcontent'lC14 ='lcontent'IB14 .B1.1/CJI ='3HACinputs'll$3 ='3HAClnputs'IL$3 ='3HAClnputs'IQ$3 ='3HACanputs'1RS3 D=11tll*VF11*GII*Hll

12 Nb.s8 ='lcontent'IC15 =l1content'1815 =8 C12C ='3HAClnputs'II$3 ='3HAClnputs'1LS3 ='3HACanputslO.$3 ='3HACinputs'lRS3 OD12*E12*F12-G12HI12

13 NbSrnm 'lcontentIC16 ='1content'1816

14 Tc-SS =1content'IC17 o'lcontant'lB17 =B14/C14 ='3HAnHnputsS3 I=sHAClnputls'L3 I='3HAClnputrlsl3 I='3HAC~nputs'IR$3 I=14"E14*F104* 14*H14

15 Ca437 ='lcostent'1C19 ='lcontent'BI19 =B1S/ClS ='3HACIlputs33 s3NACinputqIL$3 1=3HACinputslIQ$3 A='3HAClnputSIR$3 =D15-EtS=F15-F159G15

16 a-*m7m *lcontent'lC20 ,lcontent'1l20

17 5Eu44 .'1content'C22 -'lcontent'122 1-B17/C17 I.'3HACnputs'll$3 I'3HACilnputs'IL$3 I=3HAClnputs1QS3 l3NACInPus'IR$3 =0D7'EI7*FI7*G17*H17

18 Hg-ZOS ='content'1C23 ='lcontent'1B23 =B18/C18 ='31AanpuUts'll$3 ='3HACanputs'IL$3 S'3HACInputs.'1$3 ='3HAC~nputs'IR$3 =D18*E189F18
5
618EH18

19 71-206 ='lcontent'C24 ='lcontent'1824

20 11-207 ='lontert'lCZS ='lcontent'lB25 =B20/C20 =B3HACJnpusts'lS3 ='3HAClsputs'IL$3 ='3HAanputs'lQ$3 I=3HACnputs'IR$3 .D20*E20=F2O*G20*H2O

21 11-z08 ='lcontent'IC26 =1lcontent'lB26

22 11-209 ='lcontent'lC27 ='Icontent'1B27

23 TI-RiO ='lcontent'IC28 ='lconsent'i828 =B23/C23 =lNAanputsll$3 ='3HAClnputs'lL$3 ='3IAClnputsIlQ$3 ='3HsAClnputs'lR$3 =D23*E23*F23*G23*H23

24 Pb-zIaII ='lcontent'1C29 ='lcontent'iB29

25 Pb-110 ='lcontent'lC30 ='lcontent'1l30 I=25/C25 I='3HACJnputs'1$3 I'3HAanput s'IL$3 I'3HAa~nputs'IQS3 I'3HACInputs'IR$3 j=D25'E25F25"132G 25

26 Pb-21 ='lcontentVC31 ='lcontent'1B31 =826/06 ='3HAC'nputs'11S3 =lHAClnputs'll.S3 l=HArinputsQ$3 '3SAClnputs'1RS3 0D26V826*F26*G265H26

27 Pb-2il ='lcontent'1C32 =*lcontent'1832

28 Pb-214 ='lcontent'1C33 ='lcontent'lB33

29 9-209 ='lcontent'.34 ='1content'lB34

30 -1410 =lcontent'IC35 .'lcontent'IB35

3 1 81-211 ='1contet'C36 o'lcontent'lB36

32 B1-R1U ='lcontent'1C37 ='lcontent'1537

33 84-213 ='Icontent'lC38 =1contert'lB38

34 S-It ='1content'1C39 ='lcontent'lB39

35 &Z-Rs -'lcontsnt'IC40 ='tcontent'I840 =835/C35 ='3HACinputs'11$3 ='3HACanptts'IL$3 =k3HACnputs'IQ$3 ='3HIAClnputs'IR$3 =D354E3SaF35*G3S*H35

36 Po-210 ='lcontent'1C41 ='lcontent'lB41

37 Po-R1 ='lcontent'1C42 'lcontent'IB
4

2 1=37/C37 =3HAClnputslI$3 ='HACinputsIL3uts'l$3 .D37*E3F7F37*G37*H37

38 Po-2R2 ='lcontent'lC43 .lcontent'1B43

39 P-213 ='lcontent'lC44 'lcontent'lB44

9
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Formula:able 12 S
A'l B C D E F G HI

40 Po-21 ='lcontent'1C45 ='lcontentt1B45

41 po-21s ='corntent'IC46 -'lcontent'IS46

42 Pa-216 =lcontent1IC47 allcontentIU57

43 Po-zis 1'lcontent'1C48 .lIcoritentlIB48

44 At-215 ='lcontent'1C49 ='lcoriterit'1U9 I=B44/C44 1.3HAanputsII1$3 1=3HACfnputs'IL$3 1=3HAC~nputs'IQ$3 ='3HACInputs'IRSS I=D44-E44*944G44*H44

45 At-217 ='1content'ICSO ='lcontent'ISSO

46 AtziE -'1content'ICS1 =lcontent'1851 4B46/C46 ='3HAClnp t'11S3 ='3HAClnputsILS3 ='3HAainputs'IQ$3 ='3HACinputs'!R$3 =D46-4F466G46*H46

47 At-219 ='lcontent'ICS2 ='IcnteritIBS2 -4471C47 I=3HAanputs'11$3 I=3KACanputs5IL$3 I'3HAChnputs'IQS3 I=3HAalnputs'IRS3 If347*E47*F47*G47*H47
48 Rmý-21 l1cntent'IC53 ='lcontent'IBS3 =B48/CAl ='3HAajnputsII1$3 ='3HAonputs1[LS3 ='3HACanputs'IQ$3 ='3HACanputs'IR$3 .048*E48-F48*G48*H48

49 RnrZ1B -'lcontent'IC54 ='lcontent'1554 F3AnptlS- 
DOEO*SGO*D50 Rn-2uS ='lcontent1IC55 ='lcontent'1855 -BS0/CSO 13ACnut'IS 3HAClnputs'IL$3 1=3HAa~nputs'IQ$3 I.'3HACinputs'IR$3 ~ 5EO5GOS

51J Rn-220 =lIcontent'ICS6 =elcontentlIB56

52 Rfl-2 -'Icontett'IC57 ='lcontentVIB57 1=BS52/2 I-'3HAainputsIIS3 j=3lHACI.putsILS3 j='3HAClnp"UtIO,$3 1-'3HACinputs'IR$3 I-DS2*E52F52*G52*52

53 F,-221 ='1corutent'ICSS ='contentIBaSS

54 Fr-rn3 ='lcontent'ICS9 ='1content'IB59 145S4/C54 I=3HACinputs'11S3 I='3HAahnputs'I.S3 I=3HAanpLrts'IQ$3 I='3HAanputs'IR$3 I=DS4*E54*F54G54*H54

55 Ra-m2 ='1content'IC60 ='Uvntent'IB6O 1=85/CSS j='3HA~lnputsII1$3 I-'3HAC~nputsj]L$3 1='3HAanputsIQS$3 I='3HACinputsIRS3 I=DS5ESS-F55'GS5515

56 Re-z4 =lcontent'IC61 Ilwcntent'1861

57 Rn-US clcontent'IC62 ='1content'IB62

58_ R-Z26 -'lcontent'IC63 ='lcontent'IB63 l=B58/CSB I='3KAClnputsII1S3 l='3HA~nputs'IL$3 j=I3HAanputs'1QS3 l='3HAa~nputs'IR$3 I=..-E58-F58GSB*HSB

59 Re-228 -'Icontent'IC6A =lcontent'1B64 45B9/C59 I-3HAainputsII1S3 j'31IAChIputs'ILS3 1='3HAC~nputs'IQS3 1='SHAC~nputs'1RS3 1=0S9*E59*F59*59NS9

60 Ac-z22 ='1content'IC65 ='lcontent1IBS5

61 Ac-227 I.'1content'IC66 ='lcoritent'1B66 1=61/C61 s='3HACanputs'II$3 1=3HAC~nputs'ILS3 =I.HAC~nputsI[Q$3 1=3HAC~nputsI[R$3 TD61*E61*F61*G61-H61

62 Ak-22 -1content'IC67 =lIcantent'1B7

63 Tht-227 =1Iconftent'IC68 ='lwntent'IB68 1=863/C63 1=3HAClnputs'II$3 1=3HACinputs'ILS3 1=3HAanputs'IQ$3 =z'3HACinputs'IR$3 I=O63*ES3F63*G63*H63

64 in-2n ='cnetI6 l'wntent'IM6

65. inz-zi " coritent'IC7O =lIcontent'1B70 I =B60/C6 k'3HACinpuus11S3 I.'3HACinpuut'1L$3 I='3HAClnput5'IQS3 I='3HACinputs1IRS3 Isb65SE65*F65*G65H6S

66 Th230 =l'content1IC71 =*conteit'1871 1=666/C66 1='3HArinputs11S3 I=3HACinputs'IL$3 1=3HAClnputs1JQS3 k3HACinputs'iRS3 I=D66*E66-F66*G66*H6

67 in-ill =&lcontent1IC72 ='lcoritent18B72

68 Tb-23u ='lcontent'1C73 -alcontent'IB73

69 Th-234 =lIconvtent1IC74 =1eocntent'1B74

70_ P3-3 slonet7 ='lcontent1IB75 I=870/C70 j=Bi4AClnputs'11S3 1=lHAa~nputsh.$3 k3HACanputsIQS3 F-3KA~inputstIR$3 -=D70*E70*F70*G70*H70

71 Pa-233 =lIcontant'1C76 ='lcontent'1676

72 Pa-234 ='lcontent'IC77 ='lcontent'IB77 1=87ZC72 .z3HACinputs'IISI 1=lHACinputs'IL$3 1=3HAClnputs'IQ$3 1='3HA~inguts'IRS3 I=D72IE72*F72*G72H72

73 Pm-2341f -lwnrtent'1C78 -'lcntent'IB78

74 u-z3z ='lcontent'IC79 =lcontent19B79 _]B74/C74 j=SHACnputs'11S3 I-'HACinputs'ILS3 1=3HACInputs'1Q$3 1=3HAClnputs'IR$3 1=D74*E74*F74*G74*H74

75 U-233 ='lcontent'ICSO ='lcontent1IBS0 1=875/C75 I='3HAClnputs'11$3 1.13HAainputs'ILS3 l='3HAanpurts'103 j='3HACinputs'[F$3 I=D7E75*F75*G75H75

76 U-134 ='lcontent'ICSl ='lcontent'1BBI IB76/C76 j='HAClnputsII$S3 j=3HACanputbIt$3 j.IHAalnputs'1QS3 [=3HAanputs'IRSS 076*E76I76*G76IH76

77 u-ms 'lcontent'1CS2

78 u-n-fei -'ccntent1ICS3 l'content188S2

79 u.323 -'2content'IC84 *lcmnteit1IB84 I=B79/C79 =.'3HAalnputsII1S3 1=3HAa~npits'IL$3 1=3HACInputs'IQ$3 .I3HACinputs'IRS3 I=D7Y-E7Y'F79*G79*H79

F8-0 U-Z37 =lwcntent'ICEI l='content'1B85

(D
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Formulas for Table 12

_ A B C D E F G HI
8 1 u-zn ='lcontent'ICS6 ='lcoft~nt'IB86

82 Np-zl? -'lcontent'1C87 ='lcontent'IBE7 88B21CB2 k3HACInputeII$3 I-3HAainputs'[LS3 ".3HACInputeIO$3 .=314AClnputs'IR$3 T=82*E821FS2GS2*HB2

83 NP-R39 ='lcontent'IC88 ='content'15B8 ______________

84 Pu-Ru m1content'iCS9 ='1eontent'IB89 484U/CM ='3HACinputs'11S3 c.3HAa~nputs'IL$3 -'3HACinputsI$S3 ='3HACInputs'IR$3 =DS4-E84*F84*GWHB4

85 Pu-R39 =lcontent'IC90 s'Icontent'IB9 =483K8S ='3HAclnputsII1$3 ='3HAC~nputsII.S3 =SHKACjnputs'IQ$3 =3HACinputsIRS3 -D85E&S*Fg5*GSHBS

86 Pu-24o klcontent'lcgl ='Ixontent'1891 =886/CB6 -'3HACinputs'II$3 -'3HAa~nputs'IIS3 ='3HACinputziIO$3 ='3HACinputs'1RS3 =D86-EB6'F86GS6'H86

87 Pu-241 1=1ccntentIfC92 ='lcontent'IB92 *BB7/cB7 -'3HArinputs'IIS3 v'3HAanputs'II$3 s-'3HA~inputz'IQS3 ='3HAanprts'IR$3 =U7-EB7'FB7*B7*HB7

88 Amn-241 1='lcontent1IC93 ='Icontent'IB93 =B88/CSB ='3HACInputs'II$3 ='3HAa~nputs'uS3 ='3HArtnputs'IQS3 ='3Hainputs'IRS3 .088SEg*BF8*GS8*HS8

89 Amn-RU k'1contentIC94 .l'content1B93 4=89/CB9 ='3HACInputs'11S3 ='3HACJnputs'1LS3 ='3HACinputs'IO$R =3HAahiputs'IR$3 =DB9*E89*FB9G89*H89

90 Crn-RU ='lcOntrIt'C95 ='lcontent'IB9S 1=890/C90 ='3HACInputsIIS3 ='3HAC~riputs'IL$3 ='RHACinputs'1033 ='3MACnputs'IR$3 .090-E90*F906G90*H90

9 1 C-rU24 ='content'IC96 =Ilcontent'1896 =691/091 ='3HACInputsII$S3 =3HACIniputsILS3 ='3HAa~nputs1IQS3 ='3HACinpu&IR$3 =D91*E91*F91*G91*H91

92 Cn,-R244 ='lccrtent'1C97 =lIcontent'1B97 1=92/C92 ='3HACInputs'II$3 &'3HACIiiputeILSS ='3HACinputs'1$S3 ='31AClnputs'If$3 -D92-E92*F92*G92'I92

93 1SFUM(14:192t
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10 Formula*STable 13

A BCDE lF G_ H__I

Content A2 MAR DR F I OFF Release

1 a ~(CO] (a/A3 (A~j t Metter WVp (A.)

FrmTal2 Calculated for From Table 3. Same for all HAC glassCacltdfrIhaiofomelgas
FrmTb21Cluae o naa~nfo heel glass

3 a b c d=b/c a f 9 h l=d'elfg~h

4 C-14 =*1content'ID5 =,1convtent'lB5 -B4/C4 ='3HAClnputs'11$3 ='3HAalnputs'lL$3 ='3HACln~putslIQS3 ='3HAClnpuWlRS3 =D4*E4CF4*G4H4

5 KC*40 =lIcofltent'1D7 ='1content'lB7 45S/C5 .u3H.A~lputs'll$3 =3Ha~nputslILS3 =uSHACmnputslOQ$3 ='3KAClnput&`RS3 =DS*E5-F5G5*HS

6 m-154 ='lcontentlOBS ='IcontentIBS =66/C6 s'3H.AClnpvts'II3 ='31IAcnputsalL$3 l=3HAClnputsalQS3 I-3HAClnvuts'lRS3 =DS*ESF6-G6al.6

7 CofB ='lvorttentlID6 ='1contentlB56 =B7/C7 ='3HAClnpvtsll1$3 ='3lACinputsl[L$3 ='3HAClnputsslQS3 ='3HACinputs'IRS3 -D7*E7*F7*G7aH7

8 NI6 W1content'lD11 ='1content'lB11 -B8/Ce W3llA np t'11$3 -'3HAClnputs'L$3 -'3HAClnputs'IQ$3 ='3HAalnputslIRS3 =D8*E8*F8G8*HS
9 SrSO *'lcontent'ID12 -'lcontentlIB12 B9/C9 1='3HACinputell$3 ='3HACanputs'lLS3 1=3HAClnputs'lQS3 1.3HACInputslRS3 4=9*E9F9*G9-H9

10 Y-9 ='corttent1ID13 -'1contentlIB13

11ZrBS ='lcontent'lD14 ='1contervtlB14 4.81Cili u.3HACinputsll$S3 1='3HAC~nput'ILS3 1='3HACln uts10S$3 1=3HAC~n uts'IR$3 I D1 1E1 1F11 G 11 -Hh1

1.2 Nb45 ='1cofltent'lD15 -1contentlB1S1 412I/C12 1='3HACinputs`11S3 1='3HAalnputs'IL$3 1='3HAainputs'IQ$3 1='3HAClnputs'IR$3 I=DU*I2FIZF2*Gl2'Hl2

13 Mh-95m Vicofltent'lil m1contentl1816

14Tc-99 o'l1corttent'ID17 =lIcontent'1617 1=B14/C14 o.3H.AClnputs'11$3 1=3HACInputs11S$3 3'HAClnputs'IQ$3 1.3HAalnputsIR$3 I.Dl4*E14*F14G14*H14

15 C*U I.lcorttert'ID19 .'lcontent'IB19 .=815/CIS 1='3HAClnputsll1$3 1=3HACInputs'lL$3 1=3HACinputs'IQ$3 1=3HACinputs'IR$3 I.DIE1Y*FISG5G1HlS

16 Ba17 klcontent' 1020 ='lcontent'1820

17 Eu 1lcorttent'lD22 -"lcontent'1B22 o=Bll/C17 u3HAC~nputs'll$3 =&3HAlnpwts'IL$3 ='3HAClnputsoIOS3 -3HAClnputs'IRS3 1=D17*E171FI17117Hl7

18 lHgZO O=lcOlttent1ID23 ='lcontent'lB23 k518/CIZ 1=3HAClnputsll$3 1=3HArlnputslIL$3 .='3HAC~nputs'IQ$3 1=3HACinputslIR$3 ~ 0~1aD8E8F1r*G18*H18

19 Tl" ~ 1-conttentlID24 ='lconterst'IB24

20 Tl" 1=1cofltentlID25 clcontent'1B25 1=620/C20 1=3HACInputs'IIS3 u.'3HACanputsIL$3 lz'3HACinputs'ICX$3 a'R3HAClnputs'1R$3 1=D20.E20*F20*G2GaH2O

21 T2I3 klcontent'ID26 =lcontent18B24

22 T" k'lcontent'ID27 olIcontent'IB27

23TI210 Plcontent'1D28 ='icontent'IB29 4=23/C23 1='3HAClnputs'IIS3 1z3HAClnputs'IL$3 T.'3HACinputs10S3 1='3HACInputs'IRS3 1=D23*E23aF23*G23aH23

24Pb-210- j='1wMnenlD29 ='lcontent'1829

25Pb-nlO *'lcofltent'1030 ='lcontent'1130 I43C2 ='3HAClnputs1153B is3HA..Lrpts'IL$3 i'.3HArinputs'10S3 I='3KACinputs'[R$3 I=-1-1F2e 25H2

26Pb-fl 1=lwforentlID3l -'Icontent'IB31 1=626/C26 L.3H'AClnputs'lI$3 kaSHAClnputs1IL$3 iz3HAC~nputs'lQ$3 1='3HAClnputs'IR$3 I.D26-E26*F2*G26*H26

27 Pb-zU *l-content'1D32 wlcontent'1B32

28Pb-214 ~ 1=coritent'ID33 ='lcontent'IB33

29 &w klcornent'ID34 clcontent'1B34

30 8111 1=1content'ID35 =lIcontant'183S

31 6121 1=lcoritent'1036 -1content'1B136

32 6121 klcontant'107 ='1content'IB37

33 6121 kicorient'ID38 =lcontentsIBM

34 B;Z1 ='2corgtent'1D39 =lIcontent18S39 
- TI3-3*3*3*335 Bl-215 ='1content'ID40 .lcontent1B40 w35/C35 j=3HACInputsllI$3 1='RlAClnputs`1LS3 =3~nusI$ 'IA~ tI$ 05E53G53

36 Po-21 ='2COflternt'ID41 ='lcontent'1841

37 Pc-ill -'lcorvtent1ID42 -'lcontent'IB42 1=037/C37 ='13lACInputsuIISS 1'3HACinputs'ILS3 1=3HACiflputs'IQ$3 1='3HAC~nputs'[R$3 1=D37*E37'F37*G37*H37

38 Pa 212 =2cofittentlID43 ='lIcontent1B43
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Formulas for Table 13

A B C D E F G H1
39 P04213 =1Icontent'ID44 ='lcvntent15B44

40PO-214 ='content'IC45 =lIcontent15B45

41 P'0-l ='lcontent'ID46 clcontent'IB46

42 Po-216 Vlcontent1ID47 =lIcontent' 547

43 Pa-218 klcontent'ID48 clcorttent'IB48

44 At 215 I=lcontent'1D49 ='lcontent1IB49 T=844/C F3MACInputsa1iS3 12'HAaflputs'ILS3 1='3HACIn uts1IQS3 1=sHAa~nputs1RS3 I=O"44*4F44*G44H44

45 At-2i? l'cariteft'ID50 ='lcontent'1B50

46 At21 =lcon~tent'IO51 ='lcontent1B51 =B46/C46 -&3HAClnputsII1$3- .3HACIn uts'IL$3 ='3HACanputs'IQ$3 -'31AC~nputs'IR$3 =D46*E46-F46VG46*H46

47 At-219 =Icontent'ID52 ='Icoritent'IS52 =647/C47 ='3HAainputsII1$3 ='3HAainputs'IL$3 -'3HAC~n uts'IQ$3 ='3HAC~nputs'IR$3 =D47*E47*F47*G47*H47

48 Rn-2l? -=lcontent105S3 =*icortent155S3 =B48/C48 =SHNACIn utsII1$3 J =3HACInputs'IL$3 'IAnps'Q3 '3CnutIR D8 F4G H8

49Rn-lIE ='lcontenvt10S4 ='iccritent'1854

50 Ru-uS9 ='Icontent1ID55 =lIcantent1IB55 I=550/5o 1=3HACanp '11S3 .z'3HAanputz'ILS3 ='S3HAClnputstOQS3 I=3HAC~n utds1RS3 IDS*5050FSOG50*H50

51 Rn-ZM -'Icontent'ID5s =lIcontent'1556

52 Rn-222 =ileontent'1057 ='lcontent'1657 .5B52/c52 j=3HACa, uts'11S3 1=3HAan utsIL$3 =3Ar us03 ='3HAClnputs'IRS3 1052*52'F526S2*HS2

53 Fr-ill l'content'IDSE ='1cont~nt'IB55

54 FillS -'Icontent'ID59 zleantentlIB59 1=854/.5 1=SHACInputsiI1S3 j=EHA-nputs'ILS3 ='3HACru uts'IQSE 1='3HAClruputs'IRS3 I.054ES4F4*GS4*H54

55 Rail3 =Imcontent'ID60 =l1contesnt'IB50 1.855/c5S I=SHACanputs'11$3 I.'3HA~inputs'IL$3 1-'3HAanputsIQS3 1='SNAanputs'IR$3 I=055E55*F5*GSS*HS

56 POIn4 '1.1ontsnt'1O61 =lIcontent'1561

57 Rallzs 1=1content'1062 ='lcontent1IB62

58 Ra-il6 =z'lcontent'ID63 =lcontent'1863 =.B58/C58 1-s4ACan uts'11S3 1=3HACIn uts'IL$3 1=3HACInputs'10S3 SII3ACInputs'IR$3 -.D58-E5S-nSG58*H58

59 ________ .'Icontent'1D64 -='1content'IB64 I=559 CIS ='3HAC~nputsIIS3 1=3HACanput'ILSS 1=3HACInputs'IQS3 1=SHACanputs'IRSS I=D59*E59-F5590G 59HS

60 Ac-2 klcontent'1065 ='Icontent'IB65

61 il AL` zcontent'ID66 ='lcontent'IB66 I=561/C6I sI'HAC~nputs'11S3 I='HACanputs1ILS3 TZ3HA~inputs'IQ$3 1='S3tA(nptutsI[R$3 =MD61*E61*F610G6IH61

62 ALZz ='Icontent'1057 ='Imntent'1567

63 Th22 =lIcontent10D68 .'lcontent'IB68 1=863/C63 I=3HACInputs'IISS 1=3HAC~nputsiIL$3 1=3HAC~nputs'IQX$3 ='3HACanputz'IR$3 I=D63-E63*F63*G63KH63

64 rTh-22 ='Icntent10D69 =icorvtent1569

65 Th22 =lcontent107 ='lcontent'1570 1=.6/C5 I='3HAalnputsII1$3 I..3HACInputs'IL$3 T=3HACInputs'IQ$3 I=1HACInputz'IRS3 j=D6S-E65*F65*G65*HrS

66 T`3 ='Icontent'1071 =lcontent'IB71 I=B66/C66 j=3HACanput5IISS3 lzSAC~rputsILS3 1.3KACinputs'IQ$3 S-'HACtnputs'IR$3 I=D66E666F66*G66*H56

67 ili-231 =lcontent'ID72 ='lcgntent'1872

68 Ihul32 =icontent'1D73 .'lcontent'1873

69 Th2 =lcontenI1ID74 =lIcontent'1874

70 P-a" l'content'1D75 ='lcontent1575 I=B7O/C70 1=3HACIn uts'IIS3 1='IHAC~nputs'L.$S T3HAa~nputs'IQ$3 =S3HACinputs'IR$3 I=D70E70F0*G70*H70

71 Pa-233 ='lcontentgtns6 =lIcontent'1576

72 P`3 ='lcontent'ID77 ='lconteyut1577 I=B7Z/C72 =S'HACInputs'11S3 I='3HAC~nputs'ILSS 1.3HAdlnputs'IQ$3 1='3HAanputs'1RS3 1=D72-E72*F72*G72'N72

73 PD-234 ='Icontentiois8 nlcontent'IB78

7 -I r23 acontent'ID79 =ilcontent1IB79 1=874/C74 __='HAC~nputsIISS3 I=3HAC~nputs1[LS3 1=3HACInputs'IQS3 =SHKACIn uts'IRS3 -D74*E74*F74*G74*H74

75U-233 -'lcontent'I080 ='leontentIBEO0 I=675/C75 I='SHACInputs'11S3 I=S3HArinputs'ILS3 I=3HACanputs10QS3 IS'HACInputs'[RSS I=D75*E75*F7S*G75*H75

76 "234 =lIcontentVI05l ='1content'IBi J=B76/C76 j=3HACinputs'IISS j='3HACInputs'IL$S d=3HAanputs'10S3 'S.HAdlnputs1IRS3 I=076*E6F6G76*H75

77 1,-135 ='Icontent'1D52

78 u-35 =lecontent'IDE3 alwntdnt'1582

U9l-236 I'cnetD4 ='cn~t 4 =../. C79 SHACinputs'11S3 1=3HACinputs'IL$3 1'3HACInpiits10QS3 -'HCnutIS D79*79*F79-G79479

(D

00

0



Formula@Table 13 0
A B C D E F T G H

80 U-237 =lcontent'ID95 =1content'IBS5

81 LL3 ='lcontent'IDS6 =*1ccntenVIB86 
T HCnusS3 =3Hapt'S ZD2E2F2G2HB82 Np-237 -'lcontent'IDS7 -icontent'1BB7 I=BS2/C82 S='HACInputs11S3 I=HArinputs1ILS3 =HCnuiOS =HCnusR3 ~ 8E28G23

83 Np-U9 .=.lcntent'ID88 =1canterveIBSO

84 P"' 1='1corwent'ID89 ='1content'IB89 =BR4/CS4 ='3HAatnputsIIS$3 ='3HACinputsII$3 ='3HAainputs'IOS3 ='3HAClnpuUsIRS3 =DS4*B4*F84*G4*HB4

85 __-__39 _ lecontent'ID90 ='1content'IB90 4B85/C8S ='3HACfriputs'II$3 ='3HAainputs'ILS3 ='3KAC~nputs'IQ$3 -'3HAtinputs'Ift3 =D85BSFBS*GS5HB5g

86 P`4 -l'coritent1ID91 ='1content'IB91 =BB6/CBG ='3HAC~nputs'II$3 -'3HAanpurts'IL$3 -'3HAOnputs'IOS3 ='3HAanputs'IR$3 =0gi*858NFB6*GB61B6

87 Pu-241 =zlcontent'ID92 ='1wntent'192 =8517/CB7 ='3HAClnputsII$S3 ='3HACinputsIlLS3 ='3HAantputs'IQ$3 ='3KACnputs'IR$3 =DO7*EB7FB7GS7*H87

88 "24 =lcontent1ID93 ='lcontent'IB93 =888/CBB =B3HAC~nputs'II$3 ='3HACinputs'IL$3 =l3HAC~nputs'IQ$3 ='3HACinputs'IR$3 =DU*E8VFBB*G88HB

89 '243 =lcontent1ID94 =lcontritnt1B94 =889/CB9 ='3HACinputs'1IS3 =l3HACTputIL$3 ='3HAClnputs'IQS3 ='3HAa~npuutsIR$3 =D8*EB9'F98GS9*H89

90 C.i-4Z sIlcontentID9S ='lcntent'1B95 =890/Cgo ='3HAClnputs'11S3 ='3HACinputs'Ii.3 ='3HAanputs'IQ$3 =S3HAanpuftsIRS3 =D90*E90*F90*G90H90

91 0,4 ='lcontent10D96 -=lcorntent'1B96 =891/c91 =3HArinputs911S3 ='3HACnputs'[LSI -=HACinpurts'IQ$3 ='3IlACnputs'IRS3 =91-E9l*F91-G91*H91

92 01--24 ='lcontent'ID97 =.lcontent1IB97 =B92/c92 ='3HAainputs'11$3 -. 3HACinputs'IL$3 -='3HAClnputsuiQS3 ='3HAC~nputs'IR$3 -D92*E92*F92*G92*H92
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Formulas for Table 14

B D E F G H

1 contentA MAR OR IR P ees
(a)A~ (A2)as j Mefter WA2

Calculated
From Table 1 for refractory From Table 3. Same for all MIAC slams Calculated for inhalation from

2 gasrefractory glass

3 b c dab/c af h I~de~f~gh

4 -'1content'lE6 &I~content'186 cB4/C4 SH3AClnputs'11S3 I='31IAClnputs1lL$3 L-'-3HClrrputs'lQS3 1='3HAClnputslIRS3 =D4*E4*F4CG4*H4

5 ='1content'IE12 m'1.contentl1822 =B5/C5 ='3HAClnputslI1$3 =&3KACinputs'IL$3 [='3HACinputslO.$3 e-'31lA~nputs'IR$3 =DSIE5*FS*GS.H5

6 =lIcontent1IE13 ='lcontent'1823

7 VloonterrtIE17 =lIcontent'1B17 I=11710 I='3HArlnputs'll$3 I.'3H.ACInputs'ILS3 I='3HAClnputs'IQ$3 I.'3HAC~nputsIlRS3 [=D7.E7en-G7*H7

8 ='lcont.nt1IE19 =lIcontarrtIB1S1 1=8/CB 1=3HACInputs'113 1=SHlACInput.'ILS3 I-'3HA~inputs'IQ$3 j='3HACirrputsliR$3 I=DBaEBaFB-GS-eH

9 s'lcontentlIE2 -Icontent'1B120

10 ='lcontent1IE22 ='lcontent'1B22 =110/C1O 1=3HAC~nputslIS$3 c.3l4ACinputslIL$3 c'.3H'AClnput~s1043 ý='HAClnputs'1RS3 O1'DO*E1OaFIOeGIO*H1O

I1I ='lcontentt1E23 ='1contentlIB23 1=BS11IIC1 e3HAClnpurtsllS3 &=3HAC~nputs'lL$3 o-'3HACinputslQS$3 1='3HACinputs'lRS3 1=D11*atIVFll*GlleHl

12 =lIcontent'1E24 ='Icontent13B24

13 ='1contentlE25 =lIcontent1IB25 I=B13/C13 1=3HAClnputs'll$3 1=3HACinputs'iL$3 1='3HAClrrputs'ICL$3 =-'3HACanputs1lR$3 =D13*EI3*Fl3*GI3*H113

14 ='lcontentlI26 -'1content'lB26

15 ='1contentlIE27 a'lcontent1IB27

16 =lcontent'IE28 ='2content'1B28 I=Bl6/Cl 16 13HAClnputs'lIS3 1='3lArinputs'ItS3 1='3HA~nputslIQS3 1=3HAainputs'[RS3 1=O16CEI6*F1EI6*6Hl6

17 =.lcontent'IE29 =lcorrtent1929

1 8 I-'lcontentlIE30 =lconterrt'1B130 =1118/018 I='3HA~inputs'11$3 I='3HACinputslIL$3 I='3HA(3nputslQC$3 I='3HAalnputs'lfS3 I=D1BCE1BCFI8aGIB*H1S

19 ='1content'1E31 -'lcontent'1531 =B19/C19 1=SHACinpuls'll$3 .-'3HAClnputs'lLS3 1=3HAClrtputsIQ$3 P3tlAClnputs'lR$3 I=D19*E19*FlSGl9*Hl9

20 =lIcontent'IE32 ='1contentlIB32

21 ='Icontent'lE33 -.lcontentlB833

22 ='lontent1E34 =Iotn'13

23 ='lcontentlIE35 ='1contentlB135

24 ='lcontant'IE36 ='lcontent'IB36

25 ='1content'lE37 =lIcontent'IB37

26 ='2content'IE3 ='lcontent'IB38

27 ='1corterrtlI39 ='lcontent'1B39

28 ='Icontent'IE40 ='1corrtent'IB40 1=82/C28 1='31AClnputs'11S3 1=3HAClnputs'ILS3 1='3HA~lnputs1QGS3 1=SHA~inputsIRS3 I=DnrE2ECF2BCG2SCH2B

29 =.icontent'1E4 -'rcorrtent'1B41=3I30F0G3I3

30 ='lcontent'lE42 -'lcontec~t'IU42 I=B301C30 =.3HAC~nputs'lI$3 1=3llA~nputslIL$3 I..3HACinputs'IQ$3 1=SHAClnputs'IR$3 ~3EOFO3e3
3 1 ='1content'IE43 ='1content'1643

32 =licontent1E44 =lIcontent'1B44

33 -&lcorsntent'IE =lIcontent'1545

34 ='lconterrt'IE46 .'lcontent'1646

35 =1content'lt47 ='lcontent'1847

36 .'lcontent1IE48 -'1content'1848 -- 3/3 =3Aipt'13 1'HCnusI$ =3Aipt'Q3 1'H~nusI$
r37 7-'o,,,WIE49 -'lcontent'18

4
9 ~S7c7 =HCnusi3 ~ H~nusL3 ~ H~nuaQ3 =1l~nusT$3 D3E37aF37-G37el37

00



FormulaeTable 14 S
i B C D E F G HI

38 =1con.t.nt-i~o ='content'IBSO

39 ='1content'IESI ='content'1551 -839/C39 I='3HACinputsIIS$3 1='aHACnputeILS3 .=3HAanp.UtIQI$3 I='3HACinp.UtIRS3 -- =D39-E39-F39*G39*H39

40 ='1content'IE52 -'1ccrtent'IBS2 =540/C40 ='3HAa~n '11I$3 -L'3HACinputs'IL$3 I..3HArinputsIQ0$3 =3HACinputs'IR$3 0=40*E40*FQ40I4H40

41 -'cont.M'IE53 ='lcontent'1853 =841/C41 ='3HA~lnputs'1I$3 1=3HAalnputs'1LS3 1='3HA~inputs1Q~S3 1=SHAClnputstft$3 J=D41-41-F41Gr4iH41

42 1-icontentu.s ='lwntont'ID4

43 -'cntent'IES5 l=Mt~t~S 83/C43 1='3HAc~nputsIIS$3 1='3HACinputs'IL$3 ='3HAalnputs'IQ$3 1=3HAC~nputsI[R$3 =43-E43-F43G4A3*M3

44 -'1content'IES6 -'lcontent'1856

45 ='1content'IE57 ='Icontent'I557 l=B45/C4S 1='3HACinputsII1$3 k3HACInputs'IL3 1=3HACanputs10QS3 I=3HAamputs'IR$3 s-D4S*E4S5F45*G45*H44

46 -'±content'IESS *lIcontantISS85

47 =1contentIE59 =lIconvtent'1B59 I=847/C47 I='3HACinputsII1$3 I.'3HACinputsZIL$3 I=,3HAcanpuftsIQ$3 I-'3HAanputf'IR$3 I=D47*E47-F47*G47*H47
48 ='Icontent'IE60 .lcoiitent'1660 448/C48 1=3HAanputsII1$3 j=3HACInputs'ILS3 I-'3HAClnputs'IQ$3 1=3HACfnputs'IR$3 I=D48*E48*F48*G48HK48

49 =iwcntent'sIE ='lcotent'1861

50 ='1eontent'IE62 =lecontent'1M62

51 -1content'IE63 ='1coritent'IB63 1=851/CS1 j='3HACInputsiIS$3 Iz'3HA~dnputs't$3 I='3HAClnputs'IQ$3 :T3HýA:Ciputs'lR$3 j=D51-E51-F516G5I*HS

52 ='lontentjIE64 =lcontent'1864 IB52IC32 I=3HArin.puusIIS3 1='3HA~nputs'ILS3 1='3HAanputs'IQ$3 I=-3HArinputs'IR$3 05D2-E52-F52-G52-Hs2

53 *'lcontent1IE65 ='lcontent'IS65

54 ='lcontsnt'IEr6 -,1contenvIBB I=654/CS4 I-'3HAOriputs'1IS3 lm3HACinputs'ILS3 IMIHA~nputsIQS3 I=3HAanputs'IR$3 -OS4*ES* 54G54*H54

55 ='Icontent'IE67 .lIcontent1IB67

56 ='1.content'IE68 ='1cnt.t'IB68 I=B56/C56 I-'3HAClnputs'IIS3 IZ3HAainputs'ILS3 1='3HACinputs'IQ$3 1=3HAanputs'IR$3 I=56*E56*FS6G56*HS6

57 -'1content'IECO -&lcontent'IB69

58 ='1content'IE70 ='lcontent'IB7O I=BS8/C58 I='3HACinputIs1$3 I=.3HAanputs'1LS3 [IH:AC~ln~puts$3 I'3HAClnputs'IR$3 IZDSB*S*58-GSG8H58

59 -'1wntent'IE71 =2ccntent'1871 I=B39/CS9 .-'3HAa~nputsII$S3 I=3HAanputs'ILS3 .=3HAClnputs1Q~S3 1=3HAClnputs'IRS3 I=DS95E9'F59G59*H59

60 =lwcntent'1E72 ='lcontent'IB72

61 ='1content'IE73 ='1content'IB73

62 =&1content1IE74 -'Icontent'1B74

63 ='lwnt~nt'1f75 =1cont.nt'IB75 j=Br63/c63 &=3HA~aiputsIIS3 _[=3HAClnputs'ILS3 1-'3HACiinputs'IQ$3 (='3HAa3npwts'IR$3 (=D63*E63*F63*G63*H53

64 ='Uont~ntIE76 =1cnt..t'IB76II11

65 ='lcontentIE77 ='lcontent'IB77 14B65/C65 I=3HAC.nput'1I$3 J='3HACinputs'IL$3 1=3HAClnputs'IQ$3 j.'3HAanputs'1RS3 IZD65*E65*F65*6B5N65

66 ='Iwontent'IE78 ='lcontent'IB7B _________

67 =leontsiit'1E79 -'lcontent'IB79 -B67/C67 ='3HAClnputsII1S3 =3HAa3nputs'1LS3 ='3HAClnputs'IO$3 =S3HACInputs'IRS3 =D67E67*F67*G67*H67

68 ='lwntent'IESO ='Imntent'IBSO '=B68/C68 ='3HACAnputsII1S3 ='3HAcinptts!IL$3 -o3HAainputs'IQS3 ='3HAClnpwUtIR$3 ~ D6BE68*F6B*G68*H6B

69 =lIcontent'IEBI. -'content'IS81 =BS9/c69 l.'3HAC~nputsII1$3 __________________ ____________________t'IS3 lM69E6*F9*69H6

70 ='ontent'IEB2 =lcontent'IBS2

71 ='1wontent'IE3 ='1content'IBS3

72 ='1contont'IE84 =lcntent1IB8 1=672/C72 j=3HA~i.putiII1S3 j=3HAClnputs'ILS3 1='3HAr~nputs'IQ$3 .Z3HACinputs'IR$3 I=D72E2*F72*G72II72

73 ='1content'IEBS =&lcoritentlIBBS

74 -'lcontmnt'IES ='1content'IB86

75 ='lcontent'IEB7 -'1contenttIB87 1=87S/C75 .z'3HACinputs'11S3 1=3HACinputs'IL$3 1=3HAC~nputs'IQS3 1='3llAanputs1RS3 I=075*E75'F7G75-H75

76 ='lcontent'IEaa =lotetIB

77 ='Icontent'IES9 =-lcon.ntnIBB9 l=877/C77 I=3HACInputs'II$3 1='3iAC~nputstIL$3 I-'3HACinputs10S$3 lI'3HACiflput'IR:$3 I=D77*E77*F776fl7H77

78 j='lcontent'1E90 1=1content'1B90 I=B78/C78 1='3Aanput.'II$3 1='3HACanpvtbILSS I-'3HAanputsIQ$3 1='HAC~np.UtIft$3 j078E78-F8-78-H78
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Formulas for Table 14

B C D -E F G H 1
79 ='lcontent 'IE91 =lcnntB2 B79/C79 ='3HAa~nputs'1IS3 -'3HAC~nputs'IL$3 .'3H.Aanputs'IQ$3 ='3HAClnputs'1RS3 =D79*E79YF79'G79*H79

80 -'2contentlIE92 zlcontent'IB92 =BSO/cSO ='3I4Aanputs'IIS3 ='3HAC~nputs'ILS3 -*3HAanputs10S$3 ='3HAanpuuiIR$3 =080*EW*FSD*GS0H80

81 -'lcontent'IE93 =*lcontent'1B93 =8S1/Co1 ='3HACanputs'Il$3 ='3HAClnputs'IL$3 c.'3HAC~nputslIQ$3 ='3HACanputs'IR$3 =DB81E81*FB1GB1I*H1

82 -'1content'lE94 V'1cntent'1694 .=a824Cf2 ='3HAClnputs'1I1 .It$nut'L3 .'..nuM1S ~ Hanputs'IftS3 08D2*EB2F2*G82*HB2

83 .1co~ntent'1E95 s='leontent1B-95 .BB3/c83 ='314AClnputs'11$3 -. '3HAainputs'ILS3 ='3HAC~nputs'IQ$3 ='3HAajnputs'lRS3 I=Dg3EB3-FB3683*HS3

841 =lotn'E9 'enen'B6 m8/c.8 .3HACInputs'Il$3 ='SHAanpurts'lL$3 ='3HACjnputs'IQ$3 ='3HAClnputs'IR$3 =SE48648
V ' inE7 'cantent'1397 *-BSS/CS5 ='3HACinputsII$53 .3HA CinputsII.53 -'314Aclnputs'IQ$3 3'HAQnpUts'IR53 .'DSSE35-F85"G35H35

X5 ()IIIIIJSUM(14:15
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Formul* Table 15

A B C D E F G H

Content Leach Leached A2  MAR LPF Release
(a) Ratio (CI) (l/A 5 ) ARJ WVMP (A2

1 Isotope

Calculated for Calculated for Calculated for Inhalation
From Table 1 LDCC LDCC Internal to From Table I LDCC internal to From Table 3 for LDCC internal to the melter from LDCC Internal to the2 the matter the matter meater

3 a b c d=blc f--d/e h I J--fg*h*i

4 c-14 ='lcontent'lIDS '3HAClnputs'IGS3 =B4*C4 ='Icontent'IBS =D4/E4 ='3HACiputs'l(3 ='3HACInputs;'MS3 ='3HAClnputs'IQ$3 =F4*H4'G4*14

5 x-40 -'lcontentVD7 -'3HAanputs'lG$3 =BS*CS ='lcontent'lB7 =D5/E5 -'3HACinputs'lK$3 ='3HAClnputs'lMS3 ='3HACInputs'lQ$3 =FSH5*HG5*IS

6 Mn-s4 -'lcontent'ID8 -'3HACinput'aGS3 =BS-C6 ='lcontent'IB8 =D6/E6 ='31AClnputs'I Y3 ='3HACinputs'IMS3 ='3HACInputsllQ3 =F6*H6*G6*I6

-7 Co-6o -'Icontant'ID6 ='3HACInPuts'IG$3 :=B7*C7 ='lcontentlB6 -D7/E7 ='3HAClnputs'1l43 ='3HACinputs'IM$3 ='3HAClnputs'1Q$3 =F7*H7*G7*17

8 Ni-S =-lcontant'ID1I ='3HACInputs'lG$3 :88C8 *=lcontent'l5ll =DB/ES ='3HACnputs'lYK3 -=3HAClnputs'IM$3 S3HACinputs'IQS3 =F8dHS*GS*I8

9 ,-90 -'lcontent'iD12 ='3HAClnputs'lG$3 +=9*C9 ='lcontent'1812 =D9/E9 .'3HACnputs'1K$3 I=3HACinputslM$3 S'3HAC~nputs;'Q$3 =F9*H9*Gg9l9

10 Y-SO :lcontent'ID13 :'lcontent'lB13

11 ZrS ='Icontent'lD14 ='3HAClnputs'lG$63 =BB1,*C1 I.'lcontent'1B4 1=011/E11 I='3HAanputslK$3 i=3HAC~nputzIM$3 ='3HAanputs'lQ$3 LFIHliG11111

12 Nb-gS '1content'lD15 :'3HACinputs'lG$3 :B12eC12 :.lcontent'1B15 .=D121E12 1='3HACInputs'IKS3 '3HAClnputslM$3 ='3HAGnputs'IQS3 .F12'H12*G12*I12

13 b-Osm ='lcontent'lD16 .'1content=lB16

14 T-99 ='lcontent'lD17 -'3HAClnputs'1G$3 =B14"C14 ='tcontent'1817 I=D14/E14 1='3HACInputs'l$3 ='3HACinputs'lM$3 .'3HACInputs'Q$3 =F14H14 414

15 ca-in ='lcontent'1019 ='3HAC~nputs'IG$3 =B1S*C1S =lcontent'IB19 =ID1S/E. 1='3HACInputs'l$3 ='3HAClnputs'IM$3 ='3HACinputs'Q$3 F14SH1,15-G15-I15

16 8a-137m ='lcontent'1020 ='lcontent'1620

17 Eu-14 :'lrontentl22 ='3HACInputs'1G$3 I'B17*C17 i='lcontent'1l22 1=D17/E17 I6'HACnputs'KS3 ='3HAanputs'IMS3 I'3HAanputs'lQ$3 I=F17*H17*G17*17

18 Hg-ZO -'Icontent'lD23 ='3HAClnputs'lG$3 =B2C1818 ='lcontent'lB23 I=D18/E1 I 1='3HACnputs'IK$3 ='3HACfnputs'lMS3 ='3HACInputs'lQi3 =F18*H18*G181I18

19 "1-206 :'1content'1024 ='lcontent'lB24

20 i1-20m =lcontent'l.2S '3HACinuts'IG$3 =B20C20 .'lcontent',B25 I=o0/E20 1='HAClnputs'1KS3 1='3HAClnputs!1M53 ='31tAClnpute'lOQ3 =F20*H20*G20*120

21 11-208 k-1content'1D26 ='lcontent'1126

22 Ti-20 ='lcontent'lD27 ='1content'lB27

23 TI-210 1=lcontentlIDZ8 -'31ACinputs'IGS3 I.B23*C23 1=Icontent'1B28 0=23/E23 .32HACiII uts'IK($3 .'SBHACanputs'IM$3 1='3HACInputs'lCXS3 =F2r*H23'G23*123

24 Pb-zlfh ='lcontent'1D29 :'lcontent'lB29

25 Pb-21 ='lcontent'130 ='3HACinputs'IG63 B2S*C25 
1='lcontent'1B30 1=DZ'/H2S I.3HACinputs'IK$3 i.3lHAClnPuts'IM$3 .'3HACinputs'IQ$3 I=F25IH25*G25*I25

26 Pb-z1i ='lcontent'ID31 :'3HACInputs'lG$3 =B26*C26 =lcontent'1831 I=026/.26 l.'3HAClnputlIK$3 ='3KACinputs'lM$3 ='3HACInputs'IQ$3 sF261H26*G26*126

27 Pb-21.2 -lcontentlD32 ='lcontent'1832

28 Pb-214 ='lcontent'1D33 ='lcontent'1B33

29 -w9-2 ='lcontent'1D34 ='1content'IB34

30 -210 ='lcontent'ID35 ='lcontent'1B35

3 1 BI-211 ='lcontent'1D36 :lcontent'l136

32 1-212 -'lcontent'i037 ='lcontent'1B37

33 •5•-23 ='lcontent'lD38 m'.content'1B38

34 ui-214 ='lcontent'lD39 =lcontent'1839
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Formulas for Table 15

A B C I D I E I F I G I H I I I i
35 a4-215 ='lcontent'1D40 ='3ACinputs'IGS3 =B35C35 ='lcontent'1840 =D35/E35 F5 '3HACInputi'IK3 ='3HACn"'IM$3 3='HAanputs'lC1S3 =F3SVH356G35*13S

36 PI2-i ='lcontent'1D41 :'icontent'1641

37 P1a-il ='content'1042 u'3HACnputs'IG$3 =B37"C37 1=1conterr'lB42 0=D37/E37 '3kHACinputs'Il3 :'3HAC~nputs'1MS3 :'31ACIneuts'iQ3 =F37*H37*G37*137

38 Pa-2lU ='lcontent'1D43 ='2content'lB43

39 pa-z, '1wcontentoD44 ='icontent'lB44

40 PO-li4 ='lcontent'1045 ='lcontent'194S

41 Pa-2s ='contentI'D46 *'lcontent'1B46

42 Poz16 ='icontent'1D47 i'icontent'1947

43 Pa.n =i'content'iD4 .'Icntent'1B48

44 At-zus r'lconterWIOD4g "SNHACn uts'Itl$3 1=84'C44 1='lconterit'1949 l=D44/E44 1='SHACInputs'IK$3 =3HACln utz'IMS3 1='3HACanp ts'1Q33 MF44*H4CG44*144

45 At-217 ='lcontent'1DS0 ='lcontent'IBS0

46 At-liE ='lcontant'1D51 S'3HACInputs'1G$3 =B46*C46 &=lcantont'IBSi 1046/E46 ='3HArinputs'IK$3 ='3HACnputs'M$3 ='3HACInputs'IQ$3 =F46f44*G46*I46

47 At-2i =Wicantent'1D52 ='3HACInputs'IG$3 j=B47"C47 ='icontent'1B52 1=D47/E47 I='3HAanputs'lK$3 I'3HAClnputs'IM$3 1=3HAanputs'lQS3 =F47'H47*G47*I47

48 Rn-Z17 :'lcontent'lO53 :'3HACInputs'IG$3 =548"C48 'lcontent'1B53 -D48E48 ='3HAanputs'IKS3 ='3HACInputs'lM$3 .'3HACn puts'1QS3 =F48*H4*G48*I48

49 Rili ='icontent'1054 ='icontont'1B54

50 r-l19 :='lcontsnt'1D05 ='3HACInut'IG3 .BOCSO .'lcontent'BS5 I=0so/50 I='3HACInputs'IK$3 ='3HAanputs'IM$3 --'BHACnpu•'IQ,3 =FSO*HSO*GSOI150

5 Rn-l= ,'lcontnt'1D56 ='lcontent'9B56

52 Rtn-l, =i'content'1057 ='3HACInputs'lG$3 :BS2"C52 I='lcontent'1B57 I=D52/E52 I&.3HACJnputs'IK$3 13HACInputs'iM$3 ='3HACInputs'1QO3 uF52H52*GS2*152

53 Fr-zi ='lcontent'ID58 -icontentliBSB

54 Fr-lU ='icontsnt0'59 ='SHACInputs'IG$3 oBS4"C54 I='lcontent'IB59 I.054/E54 1='3HAanputs'1K$3 i'3HAclnputs'IM$3 ='3HAClnputs'lQ3 =ZF54'H5C54*154

55 FR-2Il ='lcontent'll60 ='3HAanputs'IG$3 =BSS*CS5 =icotntent'9S0G =055/SS5 1='3HAanputs'IK$3 '3HACInputs'lM$3 ='3HAOnputs'IQ$3 =FSS9HSS*GSSIISS

56 Ra-4 ='icontsnt'0D61 ='Icontent'la61

57 R•-2.5 ='lcantent'1D62 'lcantent'1B62

58 Na-l6 ='1content1063 ='3HAdnputs'IG$3 :=58"C58 =lwcontent'1B63 I=0S9/F8 1='3HACInputs'IK$3 ='3HACInput%'lM$3 .'3HACinputs'eQ3 FrFSB*H58*GSB*IS8

59 Rn-.l ='1content'1D64 ='3HACInputs'lG$3 =B59*C59 =i1content'B64 I I=D593ES9 ='3HACnputs'IK$3 ,3HAClnputs'IM$3 =E3HACinputs'IQ3 =FS5YHS5*659*1I9

60 A•-rns -icontent'1D65 ='icontent'1B65

61 Ac-li? =&lcantent10D66 =SHKACInpuss'IG$3 I=961PC6 1 =lcantent'1666 1=061JE61 1='SHAClnputs'IkS3 P3HACinputs'IM$3 3KACnputs'IQ$3 4i=F1H6I*G61I6l

62 A,-rn ='lcontent'1067 ='lcontent'1B67

63 Ti-r ='ucanten'0D68 ='3HACInputs'1G$3 1=63C63 ='lcontent'1968 I=D63/E63 ' K=3HAC~nnuts'IM$3 =,'3HACnputsIQ.3 =F63*H63*G63*I63

64 Th-rn ='lcontent'1D69 =icantent'1l69

65 nTi-li ='cantent'1D70 z'3HAClnputs'IG$3 
1=B65C65 1

='lcontent'lB70 I.D65/E65 I='3HACinputs'[lK$3 ='3HACnputs'IM$3 Im'3HACInputs'IQ$3 1 F65H65*G6S*I6S

66 Th-lD ='icontent'1D71 ='3HACInputs'IG$3 *-B66*C66 ='lcontent'1671 =D66/EM ='HACInputs'IK$3 ='3HACInputs'lM$3 ='3HACInputs'IQ3 =F66VH66G66*661

67 ni-i31 ='lcontent'lD72 =lcontenl'lB72

68 Ti-l, ='content'1D73 ='Icontent'1B73

69 T.-34 ='icontent'1D74 ='lcantent'1974

70 pa-ni ='±ccntent'1075 ='3HAC~nputs'IG$3 =870"C70 ='content'1B75 I70/o70 0=SHACIn utsI ='IHAC~nputs'IM$3 'HAGn7uts'IQ$300 70

71 Pe-.U ='lcontent'D76 -'IUcntent'1B76

72 Pa-. .'lcontant'1D77 ='3HACInputs'IG$3 =B72"C72 -'lcantint'1l77 I=D72/•72 1='3HACinputs1l33 ='3HACInputs'IM$3 =:'3HACInputs'I0$3 =F72H72G72"172

73 Pa-4nm -'lcantent'1D78 :'icontent'1B78

74 u-lU ='lcontent'1D79 -'3HAanputs'G$3 I=674C74 1
=lcantent'1B79 1=D74/E74 I.'3HACInputs'IK$3 i='3HAanputs'IM$3 ='3HACnputs'IQS3 

1
=F74*H74674*174

75 u-r3n ='lconten'lDSO -'3HACInputs'IG$3 =75IC75 ='lcontent'1680 =D75/E75 ='3HACInputs'IK$3 -'3HACInputs'IM$3 ©'3HACnputs'1Q33 sF75*H75*G75*175
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Formul* Table 15 0
_ A B C ID E IF G I H I I J

76 u-234 =lcontontiIDSI .'31AClnputs'1GS3 =876*C76 k-1contsntIB881 =.D76/E76 .=3KACfrn uts'IK$3 1=3HAainputs'IMS3 .B'HACinputs10S$3 .76'H76*G76rI76

77 u-23s mlcontent'ID82

78 u-23ns -'Icontent'IDB3 ='1content'IBS2

79 u-n36 =*lcontent10894 .=3HACInputs'IGS3 I=B79IC79 1=lcontent1IBS4 I=079/E79 I..3HArinputsI[K$3 I..3HAC~nputsI[M$3 =3HACInputs'IQ$3 l=791H79*G79*179

80 u237 ="lcontent'1085 ='lcontent'1885

81 u-z38 ='lcontent'ID86 ='lcontent1IBS6

82 Np-n7 ='1.content'IDS7 -.3HACinputs'IGS3 F=B82C2 1=lcontent'IBS7 I=O82JEB2 1=3HAC[nputs'IK$3 1='3HAC~nputs'IM$3 1='3HACanputs'IQS3 I-F82*HS2*G82I82

83 N -239 -'1content'IOS8 -'lcoIntent1BBB ______ _______ _________ _________

84 Pu-23 .lcontent10389 =S3HAanputs'16S3 BB84*CU =lIcontontiBS9 08&4/Eg4 '3KAainputs'IK$3 .'3I4A~nputs'IM$3 -=3HACInputs'IQ$3 -FB4*H84*G4I184

85 Pu-z39 ='lcontent'iD90 -.3HA~inputs1IG$3 -B&5*CB5 ='lcontent'1890 -DSS/EB5 ='3HAanputsI'c$3 ='3HACanputs'1MS3 ='3HACanputs'IO$3 =FB5*HS5*GBSI8S

86 Puz-40 ='1content'ID91 ~-'3HA~inputs'IG$3 B86*CB6 ='Icontent'IB91 -086/E86 ='3HAanputs'IK$3 ='3HAonpuu'IM$3 ='3HACanputs'10S3 =FB6-H86*G68186

87 Pu-zlU ='1ontent'ID92 ='3HACfnputszIGS3 =BS71C37 -'1conterit'1892 =DB7IEB7 -'3HA(Jnputs'IK$3 -'3MACinputs'1MAS3 -'3HAC~nputs'IQS3 -F&7*H87-G7-187

88 A.,-241 ='1wntent'IO93 -'3HACInputsIGS3 =BSBCSS8 Wlconteit'1B93 =D83/EBB -'3HACInputs'IKS3 ='3HACInputs'IM$3 ='3HACInputs'IQ$3 =FBB*H88G&8rIBS

89 Am-za -'leontent'1094 =-3HACInputs'IGS3 =889,C89 a'lcontent'IB94 =D89/E89 ='3HACinputs'IK$3 -'3HAainputs'IM$3 =SHKAClnputsIO$3 =F89*H89*GB9189

90 cm-lU ='lcontent1ID95 ='3HACInputs16GS3 =B90~C90 ='lcoritent'1B95 =D90/E90 ='3HACinputsI[K$3 ='3HACJnputs'IMS3 ='3HACInputs'10QS3 -F90*H90*G90*190

91 cm-143 ='1conteiitID96 ='3HACinputs'IG$3 =B9Ic91 =lcrontent18B96 =D91/E91 .lHRAOnputs'IK$3 o'3HACinputsIM$3 '='3HACanputsIQS3 =F9I*H91*G91I191

ý92 c mv-2 44 P 'contentID97 -. SHACinputs'16S3 =B92*C92 -'lcontent'1B97 I=D92IE92 j='3HAC fnputs'IKS3 1='3HA C~nputs'IM$3 I-'3HACinputs'IQ$3 I-F92*H92-G92 I192

93 _ 1111111[SUM(i4:J92)
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Formulas for Table 16

B C D E F G H I J

Content Leach Leached A, MAR LPF ReleaseDR ARF
(Ci) Ratio (Ci) (Ci/Az) (A,) Melter (A,)

Calculated for Calculated for Calculated for inhalation from LDCC

From Table 1 From Table 3 for glass to LDCC internal From Table 1 LDCC internal From Table 3 or LDCC internal to the melter from increase in pressure internal to the melter from increase in

to the melter to the melter pressure

2

3 b c d=b*c e f=d/e g h j=f*g*h*i

4 ='1content'!D5 ='3HACinputs'l!G$3 =B4"C4 ='lcontent'!B5 =D4/E4 =3HACinputs'!KS3 =lHACinputs'i0S3 -'lHACinpats'IR$3 -F4H4G4*I4

5 ='tcontent'lD7 3HACinputs'!GS3 =B5"C5 =lconteet'!7 =DS/ES =3HACieputs'!S3 l='3HACinputslO$3 =HACinputs!R3 =FS*H*G*15

6 ='lcontent'lDg ='3HACinputs'!G$3 =B6C6 ='lcontentlB8 =D6/ED ='3HACinputs'1K$3 =3HACinputs'O$3 ='3HACinputs'!R$3 F6H6C6I6

7 ='lcontent!D6 ='lHACinputsIG$3 =B7C7 ='lcontent'IB =D7/E7 ='3HACinputs'IK$3 :'3HACinputs'lO$3 V'3HACinputs'[R$3 =F7*H7*G7-I7

8 ='lcontent"D1I =3HACinputs'lG$3 =B8"CS ='lcontent'lBlt =DR/E8 =3HACinputs'l03 ='3HACinputs'IR$3 =FS*HS*GSI8

9 =1content'!D12 ='3HACinputs'!G$3 =B9"C9 1content'Bt12 =DS/E9 ='3HACinputs'lK$3 ='HACinpsts't0S3 -'3HACinputs'!R$3 -=F9*HS*GgI9

10 ='lcontent'lD13 ='lcontent'!Bl3

11 ='1content'lD14 =3HACinputs'IG$3 =B1"Cll ='lcontent'lB14 I=D11/EI1 ='3HACinputs!KS3 ='3HACinputs'!O$3 ='3HACinputs'IR$3 
1
=FIVIH11ll*lll

12 ='1cnntent'lD15 =3HACinputs'l$3 =B12"C12 =lcontent !B15 =D12/E12 ='3HACinputs'!K$3 &'3HACinputs'!0$3 ='3HACinputs'IR$3 =F12*H12"G12f12

13 =lcontent'lDl6 =1content1R16

14 ='1content'!D17 ='3HACinputs'1G$3 
1
=B]4*C4 I='lcontent'lB17 I=D14/E14 ='3HACinputs'IK$3 I='3HACinputs'!O$3 ='3HACinputs'IR$3 =Fl4*Ht414G114

15 ='1content'1D19 ='3HACinputs'!G$3 =B15CCIS I='lcontent'!B19 =DI5/EI5 ='3HACinputs'lKS3 ='3HACinputs'!O$3 ='3HACinputs'lR$3 =F15*H15*G 15

16 ='1content'!D20 ='lcontent'!B20

17 ='1content'lD22 ='3HACinputs'!G$3 
1
=817"C17 I=lcontent'l821 

1
=D17/E17 I='3HACinputs'!K$3 

1
='3HACinputs'lO$3 

1
='3HACinputs'IR$3 =F17*H17*GIT1*17

18 ='lcontent'!D23 ='3HACinputs'!G$3 I=B18*C18 =1content'1B22 =D18/El8 ='3HACinputs'fK$3 ='3HACinputs'!0$3 ='3HACmputs'lR$3 =F18*H1G8*G 18

19 ='lcontent'!D24 ='lcontent'!B24

20 ='1content'!D25 ='3HACinputs'!G$3 =B20C20 ='lcontent'!B25 I=D20/E20 1='3HACinputs'!K$3 ='3HACinputs'!O$3 &'3HACinputs'lR$3 =F20*H20*G20*20

2 1. ='lcontent'lcD26 ='1content'!B26

22 ='lcontent'lD27 ='lcontentliBl7

23 ='tlontent'lD28 =lHACinpats'!G$3 =B23VC23 ='lcontent',828 =D23/E23 '='HACinpats'lK$3 ='3HACinputs'lO$3 ='3HACinputs'IR$3 :F23*H2V023"123

24 ='lcontent'!D29 ='lcontent'!B29

25 ='1content'!D30 ='3HACinputs'lG$3 
1

=B25*C25 
1
='lcontent'!B30 I=D25/E25 ='3HACinputs'!K$3 

1
='3HACinputs'!O$3 k 3HACinputs'!R$3 

1
F25'H25*G25*I25

26 =lcontent'D3l ='3HACinputs'!G$3 =B26"C26 =1content'!831 =D26/E26 ='3HACinputs'!K$3 ='3HACinputs'l0S3 =='3HACinputs'R$3 =F26*H26*G261I26

27 = '='lcontent1'!32

28 =lcontent!D33 ='1content'!B33

29 ='lcontent'!D4 ='lcontent'!B34

30 =lcontent'l035 ='lconfent'lR3S

31 &'content'lD36 ='1content'l836

32 I=.content!D37 ='lcontent'!B37

33 ='icontent'ID38 ='lcontent'!B38
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0 FormulaeTable 16

B c D E F G H I
34 =1content!D39 =lcontent'1B39

35 ='cnet00 ='3HACinputsIlG$3 =B335C35 1=.Icontent'fl4O =D35/E35 ='3HACtnputs'IKS3 I='3HACinput5'!O$3 1=SHACinputs'IR$3 I=F-35H35*G35*135

36 'lconrent!D41 =lcontent'!B41

37 =11content'!D42 ='3HACinputsIG$3 1=B37C37 =lcontent'842 I=D37/E37 ='3HACinputsIK$3 ='3HACinputs!O$3 ='3HACinputs'!R$3 =F37*H37*G37*I37

38 ='lcontent'!D43 ='lcontent'1B43

39 ='lcontent'!D44 =lcontent'1844

40 ='lcontent!D4S =lcontent1B45

41 ='lcontent'!D46 ='lcontent'!B46

42 ='lcontent1D47 =l1content'1B47

43 ='1cnten'ID48 ='lcontent'!B48

45 ='lcontent'!DSO =lcontent'!B50

46 ='lcontent'!D51 ='3HACinputs'!GS3 =B46C46 ='lcontent'IB51 =D46/E46 ='3HACinputs'!K$3 ='3HACinputs'IO$3 ='3HACinputs'IR$3 -F46*H46*G46*I46

47 ='lcontent'ID52 ='3HACinputs'!GS3 =B47*C47 
1
='content'1B52 I=D47/E47 ='3HACinputs'!K$3 ='3HACinputs'!OS3 '3HAcinputs'RS3 =F47*H47'G47*I47

48 ='1content1D53 ='3HACinputs'!GS3 =B48*C48 ='lcontent'!B53 =D48/E48 &='3HACinputs'1KS3 ='3HACinputs'!0$3 ='3HACinputs'!R$3 =F48*H48G48*148

49 ='lcontent'!D54 ='lcontent'!B54

50 l'1content'ID55 =13HACinputs'!G$3 I=B50*C50 1='lcontent'!B55 I=D50/E50 &='3HACinputs'!K53 ='3HACinputs'!O$3 ='3HACinputs'!RS3 =FSO*HS0*G50*I50

51 ='content'!D56 ='lcontent'!B56

52 ='lcontent'!D57 ='3HACinputsIGS3 I=B5C2 =:'lcontent'!B57 D52/E52 &'3HACinputs'!KS3 ='3HACinputs'103 ='3HACinputs'!R$3 =F52*H52*G52*152

53 ='1content'!58 ='lcontent'!B58

54 ='lcontent'!D59 ='3HACinputs'IG$3 I=BS4*C54 ='lcontent'!B59 I=D54/E54 ='3HACinputs'!IK$3 
1

='3HACinputs'IO$3 ='3HACinputs'!R$3 =F54*HS4IG54*G 54

55 ='lcontent'!D60 ='3HACinput5'!G$3 I=B55*C55 =Icontent'!B60 =DSS/E55 ='3HACinputs'!K$3 ='3HACinput5'10S3 ='3HACinputs'!R$3 =F55YH55*G5*155

56 ='1content'!D61 ='lcontent'IB61

57 ='lcontent'!D62 ='lcontent'!862

58 ='lcontent'!D63 ='3HACinputs'!G$3 I=B58C58 
1
='lcontent'1B63 

1
=D58/E58 I='3HACinputs'!K$3 

1
='3HACinputs'!O$3 ='3HACinputs'lR$3 =F5g*H58G5gI58

59 ='Icontent'!D64 =3HACinputs'!G$3 =B59"C59 ='lcontent'1B64 =D59/E59 ='3HACinputs'!K$3 ='3HACinputs'!O$3 -3HACinputs'IR$3 =F59*H59*G59*I59

60 ='lcontent'!D63 =IcontentIB65

61 ='lcontent'!D66 =3HACin uts'GS3 I=B61"C61 ='lcontent'!B66 I=D61/E61 &='3HACinputs'IKS3 ='3HACinputs'!O$3 ='3HACinputs'!R$3 =F61I1G61*G161

62 ='lcontent'1D67 lcontent'867

63 ='lcontent'1D68 ='3HACin uts'G$3 I=B63*C63 1='lcontent'!B68 I=D63/E63 ='3HACinputs'!KS3 ='3HACinputs'!O$3 ='3HAcinputs'!R$3 =F63*H63'G63*I63

64 ='content'IDGS -'lcontent'!B69

65 =lcontent'!DO ='3HACinputs'!G$3 I=B65*C65 1='content'IB7O I=D65/E65 I='3HACinputs'!K53 
1
='3HACinputs'10$3 

1
='3HACinputs'lR$3 j=F65*H65*G651I65

66 ==contentID71 ='3HACinputs'!G$3 =866"C66 =Ilcontent'1B71 =D66/E66 ='3HACinputs!KS3 '3HACinputs!O$3 ='3HACinputs'!RS3 =F66*H66*G66*166

67 ='='IcontentD' B72

68 ='1content'1D73 ='lcontent1873

69 ='1content'!D74 ='lcontent'!B74

70 ctI ='lcontent'1B75 I=D70/E70 1='3HACinputs'!K$3 ='3HACinputs'!O3 0$ 3HACinputs'R$3 =r7OH70*G7OfI70

71 ='lccntent'1D76 ='content'!B76

72 =lcontent!D77 '3HACinputs'!G$3 I=B72"C72 ='Icontent'1B77 I=D72/E72 ='3HACinputs'!K$3 ='3HACinputs'!O$3 =3ACinputs!R$3 =F72H72G72r72

73 ='tcontent'!D78 =Ilcontent'1B78

74 ='Icontent'!D79 ='3HACinputs'!G$3 I=B74*C74 =lcontent'!B79 I=D74/E74 I='3HACinputs'!K$3 ='3HACinputs'!0S3 ='3HACinputs'!R$3 =F74*H74*G74*I74
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Formulas for Table 16

B C D E F G H I J
75 ='1content'IDSO ='3HACinputs'!G$3 =875C75 =lcontent'IBBO =D7575 5 =-3HACinputs'!K$3 = 3HACinputs'!O$3 ='3HACinputs'1RS3 

1
F7YH75G75fI75

76 ='lcontent'FD81 ='3HACinput5'!G$3 =876C76 =lcontent'!BS1 =D76/E76 ='3HACinputs'!K$3 =3HAtinputs'!O$3 = 3HACinputs'IR$3 F76H76*76I76

77 ='lcontent'!D82
78 ='lcontent'!D83 ='lcontent !B82

79 = 1content'ID84
79 lcoteit!84 ='3HACinputs!,G$3 IB7C9. =cotn'84 D7/79 ='3HAcinputs'!KS3 ='3HACinputs'!OS3 =13HACiniputs'1RS3 =F79"H79G79fl79

80 =1content'ogs =lcontentI88S

81 ='lcontent'1D86 ='lcontent'!B86

82 = lcontent'!D87 ='3HACinputs IG$3 -=B82C82 -l= content' B87 I=D82/E82 I='3HACinputs'!K$3 ='3HACinputs'0O3 '=3HACinput5'sR$3 =F82"H82"G82"182

83 ='lcontent'!D88 ='lcontent'!B88

84 ='1content'!D89 = 3HACinputs'IG$3 =B84C84 =lcontent!B89 =D84/E84 =3HACinputs !K$3 ='3HACinputs'!O$3 ='3HACinputs'!RS3 =F4H84*G84I84

85 ='1content'!D90 ='3HACinputs'IG$3 =B85"C85 =11content!B9O =D85/E85 ='3HACinputs!K$3 ='3HACinputsIO$3 ='3HACinputs!RS3 F85H85G85*I85

86 ='Icontent !D91 ='3HACinputsIGS3 =B86'C86 ='lcontent!B91 =D86/E86 =3HACinputs'1K53 ='3HACinputs0S3 = 3HACinputsRS3 =F86*H86*G86186

87 ='lcontent'!D92 l3HAcinputs'!G33 =B87Cs7 ='lcontent'!692 =D87/E87 =3HACinputs'!KS3 =3HACinputs'10S3 =3HACinputs'IR$3 F87*HS7*G87187

88 ='lcontent'!D93 ='3HACinputs'G$3 =B88CS8 =lcontent'!B93 =D88/E88 ='3HACinputs'!KS3 ='3HACinputs'!0S3 ='3HACinputs'!R$3 =F88'H88G88188

89 =lcontent'!D94 ='3HACinputsl!GS3 =B89"C89 ='content'fl94 =D89/E89 '3HACinputs!K$3 =3HACinputs'!O$3 ='3HACinputs'!R$3 =F89H89GS9*I89

90 ='lcontent'ID9S -'3HACinputslG$3 =B90C90 ='lcontentlB9S =DSO/E90 =33HACinputs'IK$3 ='3HACinputsIO$3 ='3HACinputs'IR$3 =F90*H90*G90*190

91 =lcontent!D9S &3HACinputs'!G$3 =B91C9l ='lcontent!B96 =D91/E91 = 3HACinputsl!K$3 ='3HACinputs10$3 ="3HACinputsIR$3 =F9PH91091I91

92 =&content'!D97 = 3HACinputsCG3 =B92C92 ='Icontent'!697 =092/E92 ='3HACinputs'IKS3 ='3HACinputs10S3 ='3HACinputsMIR$3 :F921H92692-192

93 IISUM(J4:J92)
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FormulaoTable 17 0
A -B C D E F G H I J

contenit Leach Leached Az MAR ORAFLPP Release

L (a) Ratio ()(Cf/A 5) (A IP (A5j

IooeCalculated Calculated
FromTabe 3for BS o fr 1CC Fom or 0CCCalculated for Inhalation from

From Table 1 FrmTbe3frPSt o DC Fo o DCFrom Table 3 for LDCC external to the melter from Increase In pressure 10CC external to the melter from
LDCC external to Table I external to Ices npesr

2 Metter metter

3 a b c dzb-c e t-dle h jk-Pg~h-ij
4 ~1S ~ ='1content'lF19 ='3HAC~nputsIHS3 =Be4 ='lcontent119 -+ -1E =SA1nutU$ 3HACinputs'lO$ 04Alpt$3 3 =F4*G4e14*14

5 80-137- =lIcontent'IF20 =S3HAClnputs'IHS3 =151CS =lIconttent'IB2O

6 sr9 =lIcontent'IF12 =3HAalnputsINSS3 =B6eC6 =lcontent'1B12 1-6E I='3HACinputs'U$3 k3HACinputs'lO$3 1='3HACinputs'Q$3 =6G**1

7 Y-9 oIcontent'IF13 =3HACInputs'IHS3 =B7*C7 olcontent'IB13

8 Pm-.147 1='lcontent'IF21 ='3HAClnputs'IH$3 =B-8CB --- mlcontent'1821 =08/E8 =3HArinputsIJS3 ='3KACinputst10S3 a'3HArinputs'IQS3 =FSeGg*Hgelg

9 Am-241 ='lcontent'IF93 .'31ACinputs'IHS3 =69*0 =lIcontent'1892 =09/E9 =S3HAalnprts'U$3 ='3HAanputs'lO$3 ='3HAanputs'IQ$3 aF9*G9*H9*19

10Eu-154 ='lcontent'IF22 ='3HAClnputs'lHS3 =8110C10 =lIcontent'1B22 =010/EIO -'3HAClnputs'U$3 c'3HAainputs'10$3 ='3HArinputs'IQS3 =FIOG10*HIO110

1.1 NI6 a'Icontent'IFII ='3HArinputs'IN$3 =B11*C11 ='lcordent'iB11 =011/Eli ='3fACgnputs'US3 ='3HA~inputs'10$3 =S3HAClnputsIlQ$3 =FllGll*H11111

12 Fe5 ='lcontentt'IF9 ='3HAC~nputs'IH$3 =B12*C12 ='lcontent'189 =012/E12 ='3HAClnputs'IJS3 .'3HACinpjts'l0$3 ="3lACnputs'IQ$3 =F12*GI2*HI2'i2

13 P-z =lIcontent'1F89 =SHAalnprts'IH$3 =B13*C13 ='leontent'1889 =D23/ES,3 ='31Aalnputs'IJSS ='3llA~nputslOS$3 -'3HAalnputs'10S3 =F13*GI3*H3*11.3

14 C-14 ale1ontent'IF5 ='31lAanputs'IHS3 =B14*C14 ='lcontentl185 w014/E14 ='3HAclnputs'US3 ='3HAalnputs'10$3 ='3lACinputs10S$3 =F14*G14*14*14

15 coU6 klcontant1IF6 .=31lACinputs'IH$3 =81SC15 ='lcontent'1B6 =0SJ15/l .'31AClnputs'US3 ='31ACinputs'10$3 ='3lAClnputsIQ$3 =FIS*GlSSI115115

16 LJ-2 =lconten~t'IF79 ='3HAClnputslll$3 =B216C16 =alcoritent'1879 =D16/E16 =Sl4AClnputs'U$3 ='31AClnputs1l0S3 ='31ACinputs'laS3 =Fl6eGlu.16aH1G16

17 Pt,-239 alIcontent'IF90 -.31AClnputs'lll$3 =B17*C17 a'Icontent'IB9O 1=017/Eli a=3KACinputstiJ$3 1=SHACinputs'10S3 o=3HAClrspuU'1QS$3 I=Fl7eGl7el.47*127

18 Pu24 =acontent'IF92 ='3lAalnputs'IH$3 .8i8eCiB a'lcontent1IB91 I=018/E15 P3HArlnputs'U$3 S='HAClnputs'I0S3 a-'3HAClnputs'llS3 =FIB*GlSHB*lS

19 NI-59 alIcontentIF1O ='31AClnPuts'IHS3 =B1R*ClR

20 1-2 =zlcontent'IF1B .3HAC~nputs'[l$S =B20*C0 ='lcontent'BO___________ ______________

21 IU-23 1=lcorttent'IFSO ='3HAC~nputs'IHS3 =621*C2 FleontentIBSO 1=021/E21 a'3lA~nputs1JS3 =3HAClnputs'10$3 ='3HACinputs'1QS3 IF21ll22aH21al21

22 Tc-99 klcontentI'lli ='31AClnputslll$3 =BZ2*C22 2'content'lBh7 j=D22/822 ='3HACInputs'IJ$3 -allAa~nputslo0$3 =.3KACanputsl0Q$3 jF22-G22rH22l22

23 H- .l1content1IF4 .=SHAalnputs'1HS3 =B23*C23 =lIcontent1iB4 jD23/E23 a'3HACanputs'US3 j='3HAClnput10$3 ='3HAanputs10S$3 jF23'G2r'H23*123

24 U-3 klcontent1Fl81 SllHAanputs'IHS3 -824*C24 -1contentIB11i J=D24/E24 j=31lAClnputs'US3 J=3l4Aarnputs~l0$3 -aSHa~nputs'1Q$3 1.F24*G2A*H24*124

25 U-23 klcontent'1F82 ='3HACinputs'll$3 =825*C25 ='lcontent'1B86

26 LI-23 1=lcontent1IF83 =3HACinputs'IH$3 -B26*C26 -alconteet1IBS4 =0D26/E26 1=3HAClnpvtsIJS3 a.3l4ACinputs'10$3 j.'3lAClnputsIlQ$3 1=F26*G26aI426d126

27 lI-z3 =lcontent'IF84 -e3HAClnputs'll43 - =B27*C27 =lIcontent1IB82

28Cns-42 =lIcontentIlFgS =S3HArinputs'IH$3 =B28*C28 =lIcontent'IBR5 0=23/E28 o=3A1p.LS =3HAClnputslJ$S ==3HAa~nputsal0$3 F2*2*2*2

29 Ans-243 ='lcontent'IF94 =S3HACinputssIHS3 =B29RC29 ='lcontent'IBR4 1=29/E29 I='31lACnputsIJ$3 P11HArinputs'100$3RA~ptsI$ =F296G29*HZ9129

30 Cms-243 =alcontent1IF96 =a3H.AClnputs'IHS3 =630*C30 =acontentIBRE6 =030/E30 =Sl4ACinputs'U$3 I-3A~lN nputslI0S3 1 riut'01=3*0H0l0

31 Th-22 =lcoritant'1F69 =3HAClnputslll$3 -B31*C31 ='lcontent1IB69

32 Np-297 kicontentt1F87 -'3HAClnputs'IHS3 =B32*C32 =lIcontent'1BS7 I=D32/E32 1=13HAClnputsUS3 Ia'3HAanfpuu'10$3 1=13HAalnputsl0C$3 =3G23?2

33 LL*32 1=lcontent1IF79 -=3HAClnptztsIH$3 =B33*C33 ='lcontert'IB79 I=D33/E33 I-'3lAClnputs1JS3 Sl43AClnputs'I0$3 1='3lACinputs112$3 =F33'G33*H33*133

34 rh-rn ='lcontent'IF73 ='3HAClnpwts'IHS3 =B34*C34 =1content'1B73

35 115430 -alcontent'IF74 a'31ACinputs'1HS3 =B35*C3S ='1contet1ýB71 =03S/E3S I=3HAainputs5US3 I-3HAflnputs'I0S3 I='3HAanputs'l0S3 I=F35*G35*H3$*135

36 Pu-241 l.'conten~t1F92 I.31lACinputs'IH$3 IB36*C36 -=lcontent'18R2 =0D36/E36 1='HAainputs1IJ$3 lz3HA~lnputs'10S3 1=S4ACinprts1[QS3 1=F36*G36*H36*I36
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Formulas for Table 17

A I B C I D I E I F I GI H I IJ
I37 c,-4 I='lcontent1IF97 I='3HACInputs1IHS3 1=B37*07 JI~'coiitntiegi7 I=D37/E37 j='3HACInputs'US3 I-'3HACInputs'IO$3 j='3HAairwuts'1$3 I=F376G37-H37-137
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Formul* Table 18 0
A B C D E F G H I

content Leach Leached A, MAR OR Ai PF Release
(CI) Ratio (OQ JaAJ ORJ IJM AM

1 Imoope
Calculated Calculated

From From Table 3 for PBS to for LOCC From for LDCC Calculated for Inhalation
Tale2 OC xtralo aleI xeraloFrom Table 3 for WDCC exernal to the melter from LDCC external to the

2 1metter meaker melter

3 a b c d-bac c f-d~e £h I foglhl

4 C- 137 ='lcontentIF19 ='3HAa~nputsll1S3 =B4*C4 ='IcontentIB19 I=D4/E4 I-'3HAanputsUS3 I-'3HAClrtp.Ut'1O$3 +'3llAC~nputs'lQS3 mF4Gr4-H4l14

5 Sa-137m =lIcontent1IF20 ='3HAa~nptitslll3 =B51C5 ='lconteM'tlI20

6 sr9 l'content1IF12 ='3HArInputs'lIH$3 -B6*C6 ='2content'1612 VoD6EE Ij.3HAalnpusLI$3 I=31tAClnputs0S3 lm3HA~npxrts'lQ$3 j=F6*G6*H6*16

-7 Y-9 Vlcontent'IF1 -'3HACtnputs'lHS3 =B7*C7 ='lcontent'111.3

8 Pm-147 ='lcontent'IF21 ='3HAClnputs'IH$3 =68*CB -'lcontent'IB21 =DS/Eg c'3HAClnput;'IJ$3 -31lACinputs'10$3 ='3HACinputs'lQS3 =FS368HB*18
9 Am-241 ='lcontent1IF93 ='3HAClnputs'l1H$3 =89C9 ='lcontent1IB92 =D9/E9 ='3HAClnputsUL$3 ='31AClnputs1I0S3 ='3lAClnputslC1$3 =Fg*G9Hr919

1.0 Eu-154 =lIcontert'IF22 ='31lAClnputs'IHS3 =810,C20 ='lcontenrtlB22 2010/E1O ='3HAClnputsaU$3 ='3HAClnputsolO$3 =S3HAClnputs'IQS3 =F10610*H10*110
I11 Ni-63 ='lcontentI[FX1 -=3HAanputs1IH$3 811*C11 m'1contentlB111 =D11/E11 -.SHAClnputsULS3 ='3HAClnprts'10S3 ='3lACIrnputsolOS3 =F116G11-H11111

1.2 Fe-Si ='lcontent1IF9 ='3HAClnputs'IHS3 =B1Z*CSZ ='2contentlB69 =D12/E12 ='3HAClnputs'U$3 ='3HAClnputo10S3 ='3HAClnputs'IQ$3 =F12G12'H12?l12

13 Pu~-m3 1=lcontent'IF89 ='3KAanputsolHS3 z513*C13 2*lcontent'1889 =0113/E13 ='SHAClnputs;'I$3 ='3HAClnputs'lO$3 .S3HAClnputa'lO$3 =F13-G13*H13*I13

1.4 C-1 1=lcontent'IF5 -.3HACInputs'IH$3 =B14*C14 ='Icontont'lB5 -D14/EI4 ='3HACInputs'US3 ='3HACinputs'1aS3 ='3HAalnputS[n43 -F24*G24H14*11

15 C040 1-'content1F6 ='3HACinputs'IH$3 =Bls*C15 ='1content'186 s015/EI5 ='31lAClnputsa1J$3 .S3HACinputslO0$3 -iHAanputs'[Q$3 =F25G61PH1.5*11

16 U-232 ='lcontent'1F79 -'3HACinpurts'IH$3 =B16*C16 ='lcontent'1879 .=O16/E26 ='3HAClnputs'US3 .=SliACinputslO0$3 l=3HAClnputs'10S3 =F26*G~Il 6*H2612

17 PuZ3 ='lcontent'IF90 =3HA~lnputsIHS3 -927*C27 ='1contentlIB9O 1=017/E17 -o31ACinputs'U$3 1='3HA~lnputslO0$3 1=31A~lnpurts'[Q$3 .F17*G17H17*127

1.8 P-2f ='leorntenvt1F91 ='3HAClnputs'1HS3 618*C18 ='1coxtent'lB91 1=DIS/E18 ='3HACinputs'IJS3 ='3I4AClnputs'1OS3 .-'31AClnputs'IQ$3 I=F1B*G1lS*Hlg18

19 NI-S9 =lcontent'IF20 ='3HAClnputsl1H$3 =29*C29

20 I-U ='content'lF1E ='3HACinputs'1HS3 cS2O*C20 =lcontent'l1O ___________

21 "3 ='lcantent'IFSO ='3HAClnputs'IH$3 =B2I'C21 ='content'lBO =0221E21 I=3HACjnputs'US3 I'3HACanputs'lOS3 I'3HAalnputs'lQ$3 =F21-G21-H21Vl21

22 Tc9 ='1content'IF27 ='3HArtnputWIH$3 *822*C22 ='lcontent'1B17 =022/E22 J23HACl~lputs'US3 j=3HACintputs'IO$3 j2'3HAanputs'[0S3 =FZ2*G22*H22l122

23 W43 ='2content1IF4 =&3lACInputs'IH$3 =B23*C23 ='1corvtentlB4 =D23/E23 j='34AalnputslJS3 =&3HAC~nputs'I0S3 -'3HAClnputs'[QS3 =F23aG23*H23al23

24 U-234 ='2content'IFSI ='3HArlnputs'IHS3 =B24*C24 ='1content'lS82 =D24/E24 J23HACinputs'LJ$3 J&3HAClnputs'I0S3 J='3HAClnputslIQS3 =F24*G24*H24-124

25 U-238 ='1content'IF32 ='3HAanputslIH$3 =IB2SC2 ='2contentlS816 __________

26U-236 .'lcontent'IF83 =S3HA~inputs'IH$3 =B26*C26 ='1contentlIBS4 I=2/2 =SltACnputsIJ$3 12'SHAanputsolaS3 1=SHAanputs'IaS3 ___________________

27 U-US 2'Icofltent'IF84 -'3IACinputsIH$3 -B27*C27 -1context'1182

28Cot 42 kklontent'IFSIS =S3HAClnputs'IHS3 =B28*C28 =lIcontent'1895 I=D2/E28 1='3KAClnputsU$3 =-'3HACinpts10S3 j='3HAClnputs'IQ$3 (-F28WG28.H28al2

29 AiitZ .MIcontent'IF94 .S3HAClnputs'lH$3 =B29*C29 .lIcontent'IB94 1=029/E29, I='3HAanputs'U$3 I='3HACinputsolO$3 I-'3HAClnpuuoIQ$3 j=F29*G29*H29*129

30 Cm4 1='IcontentlIF96 -'3HACinputs'lHS3 B30*C30 ='lcontent'1B96 1=130/E30 I-'3HAatmputs'U$3 I-3HAan~putslo$3 j=3HAClnputs'10S3 j=F30eG30-H30-130

31 Tb-Uzs ='2.content'IF69 -'3HAClnputslIHS3 =B31*C32 ='lcontent1BS69

32 Np-237 1=Icontent'1F87 =3HAa~nputs'IHS3 432*C32 ='1contentl88B7 I=0321E32 I.'3HACanputs'U$3 ['3HAC~nputs'I0S3 k=3HAalnputsI[Q$3 1=F32I32*H32*132

33 U-232 sl1content'IFTB ='3HAianputs'l1S3 =633*C33 =Icontent'1879 .0D33/E33 s-3HAalnputs'IJ$3 1='HACinputs'1OSS =S'HAClriputs'103 .-F33-G33-H335133

34 Th-232 .content'IF73 =51iACinputs'IH$3 =B34*C34 ='2content'1073

35 Th**zS =lcontent'1F74 ='3HAClnputsoIHSS =B35*C35 ='1content'1871 I=D35iE3 I-=3iACinputU'I$3 I1H~nutlS =SHACinputs'IQ$S =363H53

36 Pu24 Icontent1IF92 !=3HAalnputoIHSS 4=36*CB6 1=11content'11192 .0D36/E36 1-1HACleputs'IJ$3 .-'SHAanputs'10S3 =H$nuo13 *F3 6 -G3B6lIS6alS
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Formulas for Table 18

I A I B I C I D I E I F I G I H I IJ
IT 3 CM2~44 I=1lcontent'1F97 I='3KAanputt'IHS3 k=B37*C37 I='1ccntent'IB97 IcD37,E37 j='3KAanputs'U$3 j='3HACanputs'10S3 1='3HAr~nputs'IQ$3 I=F3?-G37-H37I137
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Formula@Table 19

A B C D E F G H I

Content Leach Leached A2  MAR 1FF Release

()FracA n (a) (CIA,) (Aj OR WVMP (Aj

Isotope
C.alcuJlatedforclate Calculated Calculated for non-

From Table 1 From Table 3 for to From Table I for LDCC external From Table 3 for LDCC exernal to the melter inhalation from LOCC
external to

to melter external to the melter
2 melter

3 a b c dzb*c a frd*/e .h fl*h

4 Csa-3? ='lcontent'lF19 ='3HAClnputs'|H$3 =B4CC4 ='lcontent'lBl =D4/E4 :'3HAClnputsU$3 1='3HACinputs'lS$3 =F4*G4*H4

5 Ba1l37m 'alcontentfIF2O ='3HAClnputs'll-$3 =RS*CS ='18HACexLDcC 'IEl

6 sr-90 ='lcontent'IF12 ='3HAClnputs'1H$3 =B6"C6 ='lcontent'lR12 [D60E6 /='3HAlinputs'U$3 ='3HAClnputs'lS$3 [=FBGG*H6

7 Y-90 =l'content'1F13 ='3HAClnputs'IH$3 =B7CC7 ='lcontent'lB13

8 Pmi-147 ='lcontent'IF21 ='3HAClnputs'IH$3 uae*Cs ='lcontent'1521 =D8/E8 ='3HACnputs'JS3 :'3HAClnputs'IS$3 =FS%8a*HB

9 Arnx241 =-lcontent'1F93 ='3HAClnputs'lH$3 =B9C :'lcountent'lB92 =09/Eg -'3HACinputs'U$3 -'3HAanputs'S$3 =Fg9Gg*H9

10 EU54 ='icontent'1F22 :'3HAClnputs'lH$3 =BIO*CO =l'content'1822 =D10iE1t ='3HAClnputs'U$3 ='3HAanputs'lS$3 =F10'G10*HO 0

1I NW-3 'tcontent'IFll ='3HAClnputs'lH$3 =:j11Cll ='lcontent'lB11 .D01/Ell ='3HAClnputs'U$3 ='3S-IACanpus'lS$3 :F~lG11*H11

12 F•-5 u'lcontent'IF9 ='3HAClnputs'lH$3 =B12"CI2 ='lcontent'lB9 =D12/E12 ='3HAClnputs'U$3 ='3HAClnputs'IS$3 =Fi2aGl2*H12

13 Pzu ='lcontent'IF89 ='3HAC~npuUs'[K$3 -Bi3aCI3 ='lcontent'1B89 =D13/Ei3 ='3HACnputs'U$3 ='3HAClnputs'5S$3 -F13*G13*H13

14 C-14 :lcontent'IFS ='3HAClnputs'lH$3 .B14lCl4 ,lcontent'lBs :D14/E14 ='3HAlnputs'U$3 -'3HAClnputs'lS$3 =FI4G14*H14

15 c-O ='lcontent'IF6 ='3HACinputs'lHS3 =B15*CIS ='lcontent'lBS =DIS/EI ='3HAclnputs'JS3 ='3HACtnputs'lS$3 =FlsaG1s*Hl5

16 U-32 =Iconter1F79 -'3HAClnputs'lH$3 =B16C16 ='lcontent'IB79 --316/E1i ='3HAClnputs'U$3 e='31.A(nputs'lS$3 =F[GG16IHl6

17 Pu-2f3 ='1content'IF9O ='3HAClnputs'lH$3 =B127C17 ='lcontent'lB90 =D17/El7 ='3H1AClnputs US3 ='3HAClnputs'lS$3 =F17*G17*H17

18 Pu-240 ='lcontent'IF91 ='3HACinputs'IH$3 =B18*C18 l 'lcontent'lB91 =D18/E18 e'3HACinputs'U$3 =*3HAClnputs'iS$3 eF1B*GlS*HlS

19 Ni-S9 ='lcontent'lFlO ='3HACinputs'lHS3 =BISC*c1

20 1-129 ='lcontent'IF18 ='3HAClnputs'lH$3 =820*C20 ='1content'lB 18

21 1-233 ='lcontent'IFBO ='3HAa3nputs'|H$3 =821*C21 ='lcontent'lB80 =D21F21 ='3HACInputs'U$3 ='3HAClnputs'lS$3 =F216G21*H21

22 Tc-99 'lcontent'lF17 ='3HACinputs'lH$3 =B22"C22 ='lcontent'1817 hD2Z/E22 ='3HAClnputz'U$3 -'3HACinputs'lSS3 =F22*G22*H22

23 H-3 ='lcontent'lF4 ='3HACInputs'IH$3 =823aC23 ='lcontent'lB4 =D23/.23 ='3HACinputs'U$3 ='3HAClnputs'lS$3 =F23*G23*H23

24 u-zm =lcontent'IF81 ='3HAclnputs'lH$3 =B24*C24 =lcontentlB81 =024/E24 ='3HACJnputs'U$3 ='3HAanputs'IS$3 =F24*G24*H24

25 u-238 ='lcontent'1F82 ='3HAClnputs'IH$3 =B25*C25 -'lcontent'IB86

26 U-rn ='content'IF83 ='3HACinputs'lH$3 =B26*C26 ='Icontent'1884 J=D26/E26 I='3HAanputs'U$3 ='3HAanputs'lSs I=F26G26*H26
27 u-z3S ='lcontent'1F64 ='3HACJnputs'lH$3 =B27*C27 ='lcontent'1B82

28 Cm-242 ='1content'1F95 ='3HAanputs'lHS3 =B28C28 ='lcontent'lB95 =D28/E28 ='3HACinputs'U$3 m13HACInputs'IS$3 TF28*G28*H28

29 Arn-M ='1content'lF94 ='3HAClnputs'lH$3 -e29*C29 ='lcontent'lB94 =D29/E29 ='3HAClnputs'JS3 ='3HACinputs'5S$3 4=F29YG29*H29

30 Cm-243 =u'content'IF96 ='3HACInputs'IH$3 =B30*C30 ='lcontent'1B96 j=D30F/.30 ='3HACJnputs'lJ53 ='3HACanputs'lS$3 }'F30SG30*H30

3 1 iTn-2 ='lcontent'lF69 S3HAC[nputs'IH$3 =831=C31 ='lcontent'1B69

32 Np-237 1=lcontent'lF87 ='3HAClnputs'lH$3 =832*C32 ='lcontent'1B87 =D32/F.32 ='3HACinputs'U$3 '31.HACInputs'IS$3 =F32*G32*H32

33 -232 ='lcontent'1F79 ='3HAanputs'IH$3 =B33'C33 =*lcontent'lB79 =D33/E33 ='3HACInputs'U$3 ='3HAClnputs'lS$3 =F33*G33*H33
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Formulas for Table 19

_ A B C D E F G HI
34 T,-2zn -'Iwntent'IF73 ='3HAainpuUsIH$3 =B34*C34 ='1cont~ntIB73

3 5 Ti-,230 =lIconteht'1F74 ='3HAC~nputs'IHS3 =B3S*C3S -'2contenVI871 IO3S/E35 I.3HACinputs'U$3 L='.HAC..puts'IS$3 _ IF35*G35*H35

36 PU241 ='lcontent'IF92 ='3HAanputs'IH$3 =B36GC36 =Ilcontent'1B92 =D~36/E36 I='3HAC~nputs'tJS3 I='3HACinputs'[S$3 I=F36*G36*H36

137 cniz44 Plcontent'1F97 i=3HACjnpuu'IK$3 VB37*07 P1content'IB97 I=D37/E37 1='3HACInputsiU$3 1="3HAC~npvts'IS$3 I=F37*G37*H37
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Formul * Table 20

A ( B
10 SOURCE RELEASE

11 from Glass A2
12 Spout Glass ='12HACspoutglass'1193
13 Melter Heel Glass ='13HACheelglass'!193
14 Refractory Glass ='14HACrefrglass '1186
15
16 from LDCC
17 LDCC inside the Melter ='15HACintLDCC'IJ93
18 pressure increase ='16HAC>25intLDCC '!J93
19 LDCC external to melter ='18HACexLDCC 'J38
20 pressure increase ='17HAC>25exLDCC '1iJ38
21 Non-Aerosol Release ='19HACnon-areoLDCC '!138

23

24 Total =SUM(B12:B21)
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3.0 WASTE CHARACTERIZATION

The Processing Equipment was characterized using dose to curie conversion techniques.
Representative isotopic sample data is used in conjunction with gross radioactivity
measurements and point kernel shielding models to estimate activity by nuclide. As a
practical matter all the measured gamma radiation can be attributed to Cs-1 37. Geometry
models along with measured dose rates can be used to calculate Cs-137 activity.
Representative samples are used to determine Cs-1 37 based scaling factors to calculate
the hard to detect nuclides.

The radioactivity in the Processing Equipment is contained in two separate sources. One
source is contained in the Processing Equipment cavity and the other is in the plugged
discharge port. The sources are treated separately because a thick layer of refractory
material separates them. The refractory material that separates the sources consists
mainly of Monofrax Z, which is the best shield material in the refractory assembly, and
varies in thickness from approximately 18 to 35 inches.

Due to the relatively complex geometries involved in the Processing Equipment cavity
source, a detailed dose to curie model was employed to reduce conservatism in the
calculations. Typically, complex geometries can be modeled using simple shapes and
conservative assumptions to bound the results. Since excessive conservatism limits
disposition options, the best available information was used in conjunction with advanced
modeling techniques to provide the most accurate results available. Therefore, the QAD-
CGGP-A(2) code was used for point kernel modeling. The QAD-CGGP-A code provides
for combinatorial geometry input, which allows the user to model complex shapes using
unions or intersections of relatively simple shapes. This code is used routinely in the
commercial sector to support reactor decommissioning activities. There have been
published guidelines regarding integration parameters for point kernel applications( 3) and
these were adhered to in the analysis. Due to relatively simple geometry involved in the
discharge port, a less detailed dose to curie model was employed using the Megashield( 4)
computer code.

The Processing Equipment cavity model accounted for the inverted pyramidal shape of
the residual glass in the cavity as well as a 1/8" internal wall coating up to a fill height of
28". The compounds totaling over 99% of the weight fraction were used to create a
custom material type in the QAD-CGGP-A and Megashield models. Table 1 shows the
weight fraction by chemical compound and Table 2 shows density by nuclide assuming a
density of 2.6 g/cc for the borosilicate glass.

WVNSCO Processing Equipment 4005-RE-024, Rev. 4
Characterization Results 08/13
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HNAinc.
Table 1

Borosilicate Glass Composition

Material Weight Material Weight
Fraction Fraction

Li20 0.039 SiO 2  0.434
B203 0.137 K20 0.053

Na20 0.085 Fe203 0.127
MgO 0.009 ZrO2 0.014
A120 3  0.064 ThO 0.038

Table 2
Borosilicate Glass Density by Element

Element Partial Element Partial
Density Density

Li (3) 0.047 Si (14) 0.528
B(5) 0.110 K(19) 0.114
0(8) 1.184 Fe (26) 0.232

Na (11) 0.164 Zr (40)* 0.027
Mg (12)* 0.015 Th (90) 0.092
AI (13) 0.087

*Not used in shielding model due to their low
partial densities / attenuation percents

A total of ten (10) source regions were required in the QAD-CGGP-A model to accurately
duplicate the remaining glass inside the Processing Equipment cavity. Four (4) sources
were used to simulate the inverted pyramid shape while six (6) were used for the wall
coating. The wall surface coating contributed about 15% to the measured dose rate.
Dose locations reported in the RIR(5) as well as an external dose point recorded on 2/5/04
were used to estimate the Cs-137 activity. A detector was lowered into Nozzles A and
BB and recorded dose rates of 749 R/hr and 700 R/hr respectively. A duplicate
measurement was taken in Nozzle A of 748 R/hr. A reading of 2.1 R/hr was taken at a
1-foot offset from the lid of the Processing Equipment assembly about midway between
nozzles R1 and R2. These points were selected because they provide a profile starting
at the center of the cavity and proceed north along the cavity centerline. It is
conservatively assumed that the source in the discharge port does not contribute to the
dose rates used to characterize the Processing Equipment cavity. See Appendix A for
VVVNSCO supplied survey data.

VVNSCO Processing Equipment
Characterization Results

4005-RE-024, Rev. 4
08/13
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Savannah River Nuclear Solutions
Criticality Safety Methods Manual

SRNS-IM-2009-00035
Revision Date: January 2014

Revision 3
Page 2 of 10

DISCLAIMER

This document was prepared by Savannah River Nuclear Solutions LLC (SRNS), under contract with the United
States Department of Energy (DOE).

Release to and Use by Third Parties. As it pertains to releases of this document to third parties, and the use of or
reference to this document by such third parties in whole or in part, neither SRNS, DOE, nor their respective
officers, directors, employees, agents, consultants or personal services contractors (i) make any warranty, expressed
or implied, (ii) assume any legal liability or responsibility for the accuracy, completeness, or usefulness, of any
information, apparatus, product or process disclosed herein or (iii) represent that use of the same will not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by trademark,
name, manufacture or otherwise, does not necessarily constitute or imply endorsement, recommendation, or favoring
of the same by SRNS, DOE or their respective officers, directors, employees, agents, consultants or personal
services contractors. The views and opinions of the authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency thereof.
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Table 1.Specifications of Materials Commonly Associated with Criticality Analysis (cont.)

Material/Formula Density, Element /I .. , Atom Atom Density,
g/cc lsotopej,• .Weight Percent ". Percent At/ b-cm

H 0.3319 5.97 4.25748E-03
C 10.532 15.91 1.13374E-02
O 49.943 56.63 4.03600E-02
Na 0.1411 0.11 7.93547E-05
Mg 9.4200 7.03 5.01113E-03
Al 0.7859 0.53 3.76600E-04

8 Si 4.2100 2.72 1.93812E-03
S 0.2483 0.14 1.001 18E-04
Cl 0.0523 0.03 1.90736E-05
K 0.9445 0.44 3.12337E-04
Ca 22.631 10.24 7.30092E-03
Ti 0.1488 0.06 4.01927E-05

Mn 0.0512 0.02 1.20497E-05
Fe 0.5595 0.18 1.29538E-04
H 0.6186 10.67 8.49878E-03
C 17.519 25.35 2.01981E-02
O 41.018 44.56 3.55019E-02
Na 0.02706 0.02 1.62995E-05

C Mg 3.265 2.34 1.86024E-03
Concr, akige 2.2995 Al 1.083 0.70 5.55831E-04

Si 3.448 2.13 1.70007E-03
K 0.1138 0.05 4.03056E-05
Ca 32.129 13.93 1.11013E-02
Fe 0.7784 0.24 1.93019E-04
H 1.0 16.80 1.37417E-02

Concrete, Regular 6.8 0 53.2 56.32 4.60557E-02
conete, Rur Na 2.9 2.14 1.74719E-03

(Recommended for use 2.30 Al 3.4 2.13 1.74537E-03
in RBOFaL-Basin Si 33.7 20.32 1.66197E-02
analysis.7) Ca 4.4 1.86 1.52063E-03

Fe 1.4 0.42 3.47232E-04
H 0.75 13.33 1.04004E-02
C 5.52 8.23 6.42367E-03
N 0.02 0.03 1.99580E-05
0 48.49 54.29 4.23615E-02

Na 0.63 0.49 3.83027E-04
Mg 1.25 0.92 7.18849E-04

Concrete, Rocky Flats8  2.321 Al 2.17 1.44 1.12413E-03
Si 15.50 9.89 7.71388E-03
S 0.19 0.11 8.28194E-05
K 1.37 0.63 4.89763E-04
Ca 23.00 10.28 8.02130E-03
Ti 0.10 0.04 2.92003E-05
Fe 1.01 0.32 2.52790E-04

8 NUREG/CR-0200, Revision 6, Standard Composition Library.
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Executive Summary

The Defense Waste Processing Facility's (DWPF) first melter operated continuously for more than
eight years. In November 2002 it was decided to replace the melter. As part of the decommissioning
and replacement of the first DWPF melter, three samples were collected from the melter, one from
the melter surface and two from the core sampler. The melter samples were analyzed for chemical
composition and crystal content.

The interface layer glass appeared as a typical pour stream. The surface was dark and reflective with
no obvious inclusions. Little information could be obtained from visual observation of the core
glasses. The surfaces were coarse from the sample sectioning.

The materials and methods used to sample to melter core influenced the analytical results. The
stainless steel sampler contributed measurable amounts of chromium to the samples. The retrieval of
the samples after the melter had cooled permitted the core glasses to crystallize extensively. The
crystalline species were consistent with long slow cooling.

The consistency of the compositions throughout the melter, from the interface layer to the two melt
pool samples to a previously collected pour stream sample, indicate that there is no measurable
stratification of actinides or noble metals.

CSEM/EDS analysis of the core samples suggest that the smooth areas are glass, the inclusions are
predominantly iron/silicon compounds and that some of the debris on the surface is alumina from the
sectioning blade. CRXD analysis identified the inclusions as aegirine (acmite). CSEM analysis of
the interface layer did not reveal any appearance other than glass. CXRD analysis confirmed the
amorphous state of the interface layer.

Introduction

The Defense Waste Processing Facility's (DWPF) first melter operated continuously for more than
eight years, including six years of radioactive operations - more than three times its design life. It
produced more than 1,300 waste glass canisters, about 27 percent of the projected total canisters for
DWPF. In November 2002 it was decided to replace the melter. Prior to melter shutdown, one
sample was taken and a sampler was put in place to retrieve additional samples from the melt pool.

SRTC delivered four samplers to DWPF to collect samples. Two samplers were designed to remove a
surface sample from the melt pool while the other two samplers were designed to remove core
samples to provide a cross section of the melt pool.

As part of the decommissioning and replacement of the first DWPF melter, three samples were
collected from the melter, one from the melter surface and two from the core sampler. The melter
samples were analyzed for chemical composition and crystal content.

Objective

The objective of this task is to inspect, characterize and evaluate glass samples from the melter
surface and the melt pool. The interface layer was sampled to provide data to aid in the identification
and cause of the layer'. Two samples of the melt pool were obtained from two depths in the melter.
Two depths were chosen to compare relative concentrations of noble metal and actinides to evaluate
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concerns regarding settling of denser species. It should be recognized as the melt pool samples
cooled in the melter, no definite conclusions could be drawn from the amount of crystalline species
present.

Discussion

Sample Collection

Interface Layer

A platinum boat sampler was used to sample of the interface layer from the surface of the glass pool
that remained after the cold cap was burned off (prior to melter shutdown). The interface layer sample
was taken through the north feed tube nozzle, approximately two feet north of melter center. The
sampler was lowered into the melter by the crane until it just broke the surface and filled with glass.
It was then lifted out and allowed to cool. The interface sample was removed from the boat using the
extractor provided by DWPF Engineering. Slightly more than 45 grams of sample were retrieved
from the platinum boat. It is believed that a representative sample of the surface layer was obtained
during the sampling.

Core Samples

Two samples from the core of the melt pool were obtained from different heights in the melter. The
core samples were also obtained through the north feed tube. After glass draw-down via the pour
spout was completed, leaving approximately 16 inches of glass in the melter, the stainless steel core
sample tube was slowly lowered into the pool till it hit bottom. It was then left in place during melter
cooldown. Figure I shows the average cooling schedule of the upper and lower thermocouples. It is
assumed that the core samples experienced a cooling curve bounded by the two curves in Figure 1.
The melter cooled over several days2 , Figure 1. Upon retrieval, the bottom of the sampler broke off
and remained in the melter, discontinuing the attempt to sample the very bottom of the glass pool.
The remaining sampler was sectioned with a predominantly aluminum oxide saw to retrieve the
"upper" and "lower" core samples. DWPF-Engineering estimated that the lower sample was four to
six inches above the melter bottom and the upper sample was ten" to fifteen inches above the bottom.
An effort was made to retrieve glass from the interior of the core samples. The extractor used for
platinum boat samples was used to punch out glass near the center of the core samples. This was
done to minimize the influence of the stainless steel sampling tube on the composition and
crystallization products of the glass.
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Figure 1. Measured Cooldown Rate of melter one.

Sample Analysis

Visual Observations

The three (one interface layer and two core) samples were placed in the Savannah River Technology
Center (SRTC) Shielded Cells, removed from their primary containers, and photographed. Figure 2 is
A) the interface layer sample and B) the lower core sample (The upper core sample appeared
comparable to the lower core sample). The interface sample was contained in a platinum sampling
boat and appeared black and shiny similar to previous pour stream samples3. The surfaces of both of
the core samples vere coarse and low luster from the sectioning procedure. It also appeared that the
cutting process smeared the stainless steel sampler across some of the glass surface.

Figure 2. A) Interface layer in platinum sampler, and B) lower core sample
(within black circle).

sampler
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Chemical Compositions

Samples were prepared for dissolution by pulverizing a portion of the sample using agate balls and
vial. Four replicates of each of the glass samples were dissolved by two methods* to account for all
of the elements of interest. The resulting solutions from the dissolutions were analyzed by
Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) by the SRTC Analytical
Development Section (SRTC-ADS). Table I is the average composition of four replicates of the three
samples. Boron and silicon values are determined from the sodium peroxide/sodium hydroxide
dissolution. The use of boron in the acid dissolution method precludes the use of boron values
reported in acid dissolution samples. Sodium and zirconium values are determined solely from the
acid dissolution method. The use of sodium peroxide and sodium hydroxide to perform the fusion in
zirconium crucibles excludes the use of reported sodium and zirconium values obtained by this
method. In the upper core sample, two of the acid dissolutions were incomplete (oxides did not total
>95%) and were discarded. In the lower core sample, one of the acid dissolutions was incomplete
(oxides did not total >95%) and was discarded. The composition of the interface layer is similar to

s n 3both core samples as well as a pour stream sample taken inFY02 .

Table 1. Composition of the Interface Layer Glass and the Core Glasses with Previously Reported
Cnmna~itinn from a Pooir 5qtrpnm (ja~qq (Wlt O/A ,(N€M-Nqnt Mea~nimd'i'

Interface Layer Upper Core Lower Core Pour Stream*
A120 3  4.13 4.08 4.02 4.22
B20 3  7.63 7.54 7.54 7.31
CaO 1.33 1.42 1.35 1.39

Cr 2O3  0.19 0.37 0.36 0.06
CuO 0.02 0.02 0.02 0.07
Fe20 3  13.09 13.38 12.93 12.29
La2 3  0.02 0.04 0.04 0.02
Li2O 3.20 3.11 3.05 3.29
MgO 2.37 2.35 2.27 2.35
MaO 1.54 1.51 1.47 2.14
Na2O 11.12 10.52 10.07 11.38
NiO 0.73 0.80 0.78 0.54
SO3  0.94 1.21 1.19 NM
SiO2  48.96 52.36 52.36 48.73
Ti 1 2 0.04 0.04 0.04 0.05
U30 8  3.21 3.19 ,3.14 3.57
ZnO 0.07 0.07 0.06 0.09
ZrO2  0.08 0.07 "0.07 0.09
Sum 98.67. 102.08 100.76 52.53

* Sampled during filling of canister SO 1753.

The solutions that resulted from acid dissolution of the three samples also were analyzed to gain more
detailed information about the composition of the samples not available by ICP-AES. Noble metals
resulting from neutron fission of U-235 and a sampling of other U-235 fission products as well as
other select actinides were analyzed by Inductively Coupled Mass Spectroscopy (ICP-MS) and other
radioactive species were analyzed by counting... Concentrations in weight percent along with the

ADS-2502 - Sodium Peroxide/Sodium Hydroxide Dissolutions of Sludge and Glass for Elemental and Ion Analysis.
ADS-2227 - Acid Dissolution of Glass and Sludge for Elemental Analysis.
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respective concentrations measured in the pour stream sample are given in Table 2. The isotopes Co-
60, Cs-137, Eu-154, Eu-155, and Am-241 were measured by gamma counting. All others were
measured by fCP-MS. Results were consistent among the three current (one interface and two core
samples) glasses and the previous pour stream glass for the gamma emitters and actinides. Although
the core samples were similar in noble metal content, both of the core samples were depleted in noble
metals with respect to the interface layer and the pour stream glass, As mentioned in the previous
section, incomplete dissolution of the core samples could skew the noble metal concentrations. It is
most likely that the undissolved portions of the core glasses consisted primarily of crystals that
formed during melter cooldown and that a disproportionate amount of the noble metals would
contained in these undissolved crystals and would therefore not be available for measurement via
ICP-MS.

Table 2. Isotopic Concentrations (wt.%) of the Three Melter One Glasses and the Pour Stream Glass.
R- nor repo ed)~

Isotope Interface Layer Upper Core Lower Core Pour Stream3

Co-60 1.46E-07 1.37E-07 1.39E-07 1.54E-07
Tc-99 2.96E-04 1.52E-04 1.34E-04 2.75E-04

Ru-101 4.03E-03 2.92E-04 2.72E-04 2.97E-03
-!n Ru-102 3.78E-03 2.60E-04 2.73E-04 2.89E-03

o Rh- 103 3.90E-03 3.19E-04 3.33E-04 6.22E-04
Z • Ru-104 2.38E-03 NR NR 1.91E-03

Pd-105 1.92E-04 2.07E-04 1.53E-04 2.0713-04
Cd-I 12 1.06E-02 8.95E-03 6.43E-03 1.06E-02
Cs-137 1.0013-04 9.65E-05 9.76E-05 1.03E-04
La-139 7.1413-03 3.91E-02 1.07E-02 6.54E-03
Nd-143 3.77E-03 6.3913-03 3.38E-03 6.1OE-03
Eu- 154 9.0213-07 9.08E-07 9.30E-07 8.45E-07
Eu- 155 2.2613-07 2.65E-07 2.566E-07 2.52E-07
Th-232 5.94E-03 8.14E-03 1.131E-02 NR
U-235 1.2813-02 1.21E-02 1.27E-02 NR
U-238 2.93E+00 2.81E+00 2.95E+00 NR
Pu-239 4.09E-03 4.22E-03 4.97E-03 NR

Am-241 3.20E-04 3.09E-04 3.05E-04 2.85E-04

Contained Scanning Electron Microscopy

For contained scanning electron microscopy with energy dispersive spectroscopy (CSEM/EDS), the
samples ranged from eight to twelve milligrams to minimize the interference of radiation with the
detector and personnel exposure. The small size of the sample limits the representative nature of the
analysis. That is, there is an assumption that the eight to twelve milligram sample is representative of
the larger sample from which it was collected. This is fair in homogeneous samples, however, in
partially crystallized or otherwise heterogeneous samples the representative character of the sample
could be questioned.

The interface layer is uniform across the sample, Figure 3. The debris on the surface is from sample
preparation and, when the image is viewed using the backscatter electron imaging (BSI) mode, Figure
4, the debris is of similar overall composition as the main sample (i.e., the "shaded" or color is
similar).
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Figure 3. Interface layer glass, 500x.
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Figure 4. Interface layer glass from Figure 3, viewed using BSI.

The upper and lower core samples exhibited similar features under microscopic examination. Figure
5is the upper core secondary electron image (SEI) of a typical core particle. The texture of the core
samples is indicative of a heavily crystallized glass. The mirror and hackle marks in Figure 5 are
confined to areas devoid of inclusions. In addition to the debris seen in the image of the interface
layer the glass contains a significant quantity of inclusions. The circled features in the figure are
typical of the inclusions noted.
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Figure 6 is the BSI image of the sample. Energy dispersive spectroscopy (EDS) evaluations, were
performed on the spots labeled "A" and "B".

* -

0

0 ~

2pi 25V 2 9

Figure 6. BSI image of upper core glass in Figure 5.

The radioactivity associated with the core glasses limited the ability of the EDS analysis to identify
any but the major components of the areas being investigated. The radioactive components can
"flood" the EDS detector, limiting the amount of time a spot can be counted. Therefore only sample
components with strong signals (from high concentrations) can be easily identified. The interference
was such that the EDS analysis was not possible for the interface layer glass. Figure 7 is the
associated EDS spectrum of spot "A" in Figure 6 and the corresponding area in Figure 5 and most
closely resembles a typical glass sample. Silicon is identified as a major component and iron as a
secondary component. The other glass components present in quantities that would be expected to be
identified are sodium and boron. In this spectrum, the sodium peak is masked by the leading edge of
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the silicon peak. Boron is too light an element to be detected with this method. The gold (Au) and
palladium (Pd) present in all of the spectra is the conductive coating used to prepare the samples.
Figure 8 is spot "B" from Figure 6, which corresponds to the inclusion in Figure 5, identifies iron, in
addition to silicon, as a major component of the feature. Aluminum is also identified as part of the
area.

*~ ~ ~ ~~ ~~ , .4..~..... .......

.. .. ...*....... . ... .

. .. .. . ..

.... ........ -

M ' ..... ... ...

Figure 7. EDS spectrum of Figure 6 spot "A". Au-Pd alloy is used to provide a conductive coating
on the sample.

Figure 8. EDS spectrum of Figure 6 spot "B". Au-Pd alloy is used to provide a conductive coating
on the sample.
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Contained X-ray Diffraction Analysis

For contained x-ray diffraction analysis (CXRD), sample masses were between 15 and 35 milligrams.
As with the CSEM samples, the small size of the CXRD samples could limit the representative nature
of the samples. Although large samples are preferred for improved signal to noise ratios, the ALARA
program encourages the minimization of personnel exposure to radioactive samples. The XRD
pattern of the interface layer sample was typical of a borosilicate glass and free of any indicators of
crystalline matter, Figure 9. As opposed to the interface layer sample that was collected from the
melter prior to shut down of the power (and rapidly cooled to room temperature), the core samples
were collected after the melter had cooled significantly as shown in Figure 1. The CXRD analyses of
the core samples were similar to each other and indicated the presence of three distinct phases. Along
with the amorphous hump associated with a glassy phase, a spinel phase and a clinopyroxene phase
were identified. The clinopyroxene phase is the major phase and was identified as aegirine (acmite)l.
The spinel phase most likely resembles trevoritet as identified in prior DWPF samples3. Figure 10 is
the CXRD pattern for the lower core sample.

0
U

'a
Ca
C.

Figure 9. CXRD pattern of the interface layer sample.

t Aegirine ICDD card 71-1 066 NaFe(Si20 6)
Trevorite ICDD card 10-0325 NiFe204
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Figure 10. CXRD patter of the lower core sample.

Conclusions

Visual Observations

The interface layer glass appeared as a typical pour stream sample as described in Reference 3. It is
therefore possible that a sample of the actual interface layer was not obtained. The surface was dark
and reflective with no obvious inclusions. Little information could be obtained from visual
observation of the core glasses. The surfaces were coarse from the sample sectioning.

Chemical Compositions

All three of the melter samples, the interface layer, the upper core and the lower core samples, were
similar in composition to each other and the pour stream glass sampled in Reference 3 for the
elements measured using ICP-AES. Both of the core samples were enriched in chromium. This can
be attributed to.chromium contribution from the stainless steel sampler. It is evident that the attempt
to reduce the influence of the materials of construction of the samPler (stainless steel) on the chemical
analysis was not completely successful.

For the elements analyzed by gamma counting (Co-60, Cs-137, Eu-154, Eu-155, and Am-241), the
results were consistent among the three melter samples as well as the pour stream sample analyzed
previously.

Elements associated with the fission ofU-235 were consistent among the three melter samples as well
as the pour stream sample analyzed previously with the exception of noble metals in the two core
samples. Both the upper and lower core samples were depleted in the noble metals analyzed (Ru-101,
Ru-102, Rh-103, and Pd-105). This can be attributed to the sole use of the mixed acid dissolutions
for ICP-MS analyses. The core samples both contained significant quantities of crystallized material.

I
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The mixed acid dissolution is not as aggressive as the fusion dissolution and, based on ICP-AES
results, did not fully dissolve the core samples. It is probable that the apparent noble metal depletion
in the core samples results from the noble metals participating in the formation of the crystalline
phases.

The consistency of the compositions throughout the melter, from the interface layer to the two melt
pool samples to a previously collected pour stream sample, indicate that there is no measurable
stratification of the more massive actinides or noble metals. These are of interest because increased
levels of these elements could contribute to either a criticality concern (actinide segregation) or a
reduction in melter life (settling of noble metals).

Contained Scanning Electron Microscopy

The interface layer glass was uniform in appearance. EDS analysis of the sample was not possible
due to the radiation emitted flooding the detector. The core samples were similar to each other in
appearance. Both samples had a heavily textured surface with inclusions. EDS analysis suggests that
the smooth areas are glass, the inclusions are rich in iron and silicon and that some of the debris on
the surface is alumina from the sectioning blade.

Contained X-ray Diffraction

X-ray diffraction analysis of the interface layer glass indicated that the sample was amorphous.
Analysis of the core samples identified aegirine (acmite) and trevorite (spinel) as the two crystalline
phases. These results are consistent with results reported during waste glass compositional region
development work4-5 . An amorphous hump in the spectra suggests that significant quantities of
amorphous material remain in the sample.
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5.0 PROCEDURE DETAILS

5.1 Special Tools and Equipment

The following special tools and equipment, provided by WVNSCO, need to be

staged for installation of the container cover plates:

" Rigging and lifting attachments (i.e., slings, hoist rings, shackles, etc.),

inspected, tagged, and ready for use

" Torque wrench and adapters for installation of 5/16" SHCS's (i.e., 0 to 50

ft-lb range)

" Torque wrench, adapters, and torque multiplier capable of applying 500 ft-

Ib, inspected and ready for use

" Two (2) 2-3/8" sockets (i.e., for the 1-1/2" bolts and nuts)

• Two (2) 2-3/8" open wrenches

* Two (2) 1-5/8" sockets (i.e., for the 1" bolts and nuts)

* Two (2) 1-5/8" open wrenches

* Two (2) 1/4" hex bit sockets (i.e., for the 5/16" SHCS's)

* Four (4) spud wrenches

* Anti-galling lubricant (nickel antiseize, or equivalent)

• Silicone rubber sealant (Dow 732 - clear, or equivalent)

* Caulk guns

* WVNSCO approved gasket adhesive

5.2 Installation of the Melter Container Cover Plate

5.2.1 Perform an ALARA pre-job.

5.2.2 Stage the Melter container cover plate horizontally on wood cribbing under
the Load Out crane, in a low dose area, and as close as possible to the
loaded container, in preparation for installation.

Container Closure Procedure for the 4005E-P-002, Rev. 2
WVDP Melter Shipping Package 11/04

-31 1 1 20 08 8
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5.2.3 Clean the container cover plate gasket seating area, if necessary, with
isopropyl alcohol, or equivalent approved cleaning solution.

5.2.4 Align the cover plate to the container by aligning the cover lift tabs to the
slots in the container top skirt to guide it into positiot). Use pry bars and
the pry bar slots, if necessary, to complete the final cover alignment of the
cover to the container.

5.2.5 WVDP RP shall verify dose rates and revise the radiation protection
controls, as necessary, prior to continuing work.

INSP HOLD Witness the installation of "anti-galling lubricant" and the
torquing of the cover plate attachment bolts to 500 ft-lbs (450
ft-lbs to 550 ft-lbs).

Actual torque applied: .4? d ft-lb

Tool No. ½-5-d 1.5- Cal Due Date: JA/3k:;"

INSP: 3/ ,4_
Signature Date

NOTE: A minimum of 30 bolts. and washers are required to be installed for
installation of grout or installation of securement devices, prior to
movement, of Melter package at the West Valley site. All 32 bolts and
washers are required to be installed prior to transport of the package
from the West Valley site. Step 5.2.6b can be performed at any time
after receipt of the remaining two (2) bolts, but must be performed prior to
transport of the package from West Valley.

5.2.6a Apply "anti-galling lubricant" to the threads of each of the 1-112" diameter
bolts, then tighten thirty (30) of the bolts and washers to "snug tight"
attach the cover plate to the Melter container (Note that a minimum of
four (4) bolts are required to hold the cover plate to the container).
Torque the bolts to 500 ft-lbs (450 ft-lbs to 550 ft-lbs) using a calibrated
torque wrench. Use a crisscross tightening sequence that alternately
tightens the bolts located 180 degrees apart. Perform the crisscross
torquing sequence for three (3) torque increments starting at 200 ft-lbs,
then 400 ft-lbs, and finally 500 ft-lbs. The tightening to the final torque
value of 500 ft-lbs shall be performed by tightening the bolts sequentially
clockwise.

(
Container Closure Procedure for the 4005E-P-002, Rev. 2
WVDP Melter Shipping Package 11/04

-4- 112008
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INSP HOLD Witness the instalation of "anti-galling lubricant" and the
torquing of the cover plate attachment bolts to 500 ft-lbs (450

,ýP ft-lbs to 550 ft-lbs).

"k/ ' , ctual torque applied: ft-lb

iol .Yo No. Cal Due Date: _ -_-__ "-

~~%~~JýlNSP 49:A2
iL~ Signature Date

S52.6/1Jpp "anti-galling lubricant" to the threads of each of the remaining two

(2) 1-112" diameter bolts, then tighten the bolts and washers to 500 ft-lbs
(450 ft-lbs. to 550 ft-lbs) using a calibrated torque wrench.

5.2.7 Disconnect the rigging from the hoist rings, then remove the: hoist rings
from the cover plate tabs.

5.2.8 WVDP RP shall perform the "loaded package" survey and again revise the
radiation protection controls, as necessary, *prior to continuing work.(Surveys shall be provided to the WMG representative.

5.3 Installation of the Melter Securement Devices

NOTE: The Melter securement devices shall be installed if the 'low density
cellular concrete is not placed in the Melter container prior to movement
of the packaged Melter on site.

5.3.1 Install Melter securement devices in accordance with Reference 3.1.5
(drawing 4005-DW-007, (current revision) "West. Valley Melter
Securement Device.")

5.4 Installation of the Melter Container Grout Port Plugs

This section is included to provide the user with instructions for installation of the
grout port plugs following the placement of low density cellular concrete (not
covered by this procedure) into the Melter container. It assumes that the
threaded holes in the container, into which the 5/16" socket head cap screws
(SHCS's) will be attached, and the associated gasket seating surfaces, have
been cleaned (or verified clean) prior to beginning this work.

Container Closure Procedure for the 4005E-P-002, Rev. 2
WVDP Melter Shipping Package 11/04

112008 FC1S
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5.6.7 Use hand tools in the glove bag to pry the device and slightly separate it from the container allowing the
container to vent into the glove bag.

5.6.8 Allow the container to vent into the glove bag and the PVU to take up vented air.

5.6.9 After the container is vented THEN unscrew and remove the four bolts.

5.6.10 Carefully pull the securement device completely out of the melter.container and into the glove bag.

5.6.11 Remove scrape and clean any gasket material (neoprene) and or RTV from the recessed area of port.

5.6.12 If required wipe down the inside of the glove bag and recessed area of port using Wypalls and Windex.

5.6.13 Twist the glove bag at the port and tape.

5.6.14 Allow the ventilation to suck air out of the bag and allow the bag to collapse.

5.6.15 Peel bag away from container and J-seal the bag.

5.6.16 RC perform survey around port area.

A. IF removable contamination levels are >20 dpm/100cm 2 alpha and >200dpm/1OOcm 2

beta/gamma.

THEN DDWO decontaminate surfaces to <20 dpm/100cm 2 alpha and <200dpm/100cm 2

beta/gamma.

B. Waste created during decontamination shall be disposed with profile VGAS.001. Windex cans
shall be emptied and punctured.

5.6.17 Bag glove bag containing the securement device as rad waste using waste profile VGAS.001 and remove
4"duct from bag.

5.7 Install Container Plug into port left by removal of securement Device. (See Photo on Attachment A Page

2 and "Melter Container Plug Details" SKJHS052913)

5.7.1 RTV new gasket onto new 6" Deep plug.

5.7.2 Lubricate 5/16" x 3 %" long Cap Screws with a small amount of never seez (or equal)

5.7.3 Position plug into recessed area of .container port.

5.7.4 Install Cap Screws and tighten (hand tight).

FCI> A. Torque each to 35 ft lbs. (+or- 4 ft Ibs) QA to witness torqueing.

[+1 QA Print/Sign/Date / 1-,o- -a)2. ±--.. 9-1/l -I?

[+] Calibrated Torque Wrench ID - - - IS W"

Calibration Due Oat 31 - 1
B. Apply RTV in the gap around the top of the port cover.

C. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/lOOcm 2 alpha and >200dpm/lOOcm 2

beta/gamma.

THEN DDWO decontaminate surfaces to <20 dpm/lOOcm 2 alpha and <200dpm/lOOcm 2

betalgamma.

2. Waste created during decontamination shall be disposed with profile VGAS.001. Windex
cans shall be emptied and punctured.

OR

5.7.5 If Cap screws cannot be made, remove screws and plug, secure penetration with temp cover, position
shield blanket, and notify WGS and cog engineer

8 W1303663 FC2



A. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm 2 alpha and >200dpm/100cm2

beta/gamma.

THEN DDWO decontaminate surfaces to <20 dpm/100cm 2 alpha and <200dpm/100cm 2

beta/gamma.

2. Waste created during decontamination shall be disposed with profile VGAS.001. Windex
cans shall be emptied and punctured.

5.8 Remove port cover. (Top of container on West Side). (See Photo on Attachment A Page 2, and SK-NJA-
071613 Sheet 10 of 18 (Step 10 for reference)

5.8.1 DDWO field install herculite or equivalent around port.

5.8.2 Run a 4" duct from the PVU for ventilation. Alternately, an environmentally sampled HEPA vacuum may
be used.

5.8.3 Loosen and remove the three 5/16" SHCS cap screws securing the port cover.

5.8.4 Use Y2" lift eye or T-handle, and lift the port cover and separate it from the container.

A. Remove the port cover and bag as waste using waste profile VGAS.001.

5.8.5 RC perform survey around port area.

A. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm 2

beta/gamma.

1. THEN DDWO decontaminate surfaces to <20 dpm/100cm 2 alpha and <200dpm/100cm 2

beta/gamma.

2. Waste created during decontamination shall be disposed with profile VGAS.001. Windex
cans shall be emptied and punctured.

5.8.6 Remove scrape and clean any gasket material (neoprene) and or RTV from the recessed area of port
recessed area drop into waste container.

5.8.7 Remove herculite or equivalent from the port area.

5.8.8 RC perform survey around port area.

A. IF removable contamination levels are >20 dpm/1O0cm 2 alpha and >200dpm/100cm 2

beta/gamma.

1. THEN DDWO decontaminate surfaces to <20 dpm/1 00cm 2 alpha and <200dpm/1 00cm 2

beta/gamma.

2. Waste created during decontamination shall be disposed with profile VGAS.001. Windex
cans shall be emptied and punctured.

5.9 Install Grouting Support Assembly. (See Sketch SKJHS052813 Melter Vessel Grouting Support Assembly
and SK-NJA-071613 Sheet 10 of 18 (Step 10 for reference))

[+1 5.9.1 Ensure to CLOSE all valves on the Grouting Support Assem y anq instalall caps.

WGS or Designee Print/Sign/Date AOt u 10r JO'

5.9.2 Place the Grouting Support Assembly. (with gasket) inside of the port.

5.9.3 Install three 5/16" x 2 /4" Hex Head Bolts with washers through the hole pattern securing the assembly to

the container.

5.9.4 Tighten all bolts wrench tight.

5.9.5 If bolts cannot be made, remove screws and Grouting Support Assembly, secure penetration with temp
cover, position shield blanket, and notify WGS and cog engineer 40

5.9.6 RC perform survey around port area.
9 W 1303663 FC2



A. IF removable contamination levels are >20 dpm/100cm 2 alpha and >200dpm/100cm 2

beta/gamma.

1. THEN DDWO decontaminate surfaces to <20 dpm/100cm 2 alpha and <200dpm/100cm 2

beta/gamma.

2. Waste created during decontamination shall be disposed with profile VGAS.001. Windex
cans shall be emptied and punctured.

5.10 Remove Vertical securement Device #1. (top of container North Side) (See Photo on Attachment A Page
3, WMG Sketch "Securement Device 4005-DWO07" and SK-NJA-071613 Sheet 11 of 18 (Step 11 for
reference)

NOTE: Either of 5.10.1 or 5.10.2 may be performed to remove the vertical securement device form the North Port. (if
device will not fit out the port using 5.10.1 then 5.10.2 may be used instead to cut the rod)

5.10.1 Pull the whole device from the container

A. Place herculite or equal around Jack Screw Port cover prior to removing port cover. cYt
.- o~ 0 rM . ..... v the-t : ead•e •pe Gp4."om the-securemernt cnetii, hblf cnrlplinn

C. --hfstai he securement device cap (SKJHS062513),Fo ~ r i" I .CA-; ,, co & ?-/I- %6 1% C

D. Remove the four screws holding flange in place. ý\qk

E. Place sleeving approximately 6 feet long around the diameter of the securement device and seal
to container.

F. Secure the sleeving to the flange.
[+] G. Complete WV-21 80,; 'e-edet, ýY 9-11-13 .i,-'

H. If a rigging sketch is needed then obtain one from Engineering.

I. Rig to the securement device, 1r' t)eec4 ktZ Is1- 1-33 •q-I

J. Lift the device up and out of the container.

K. Tape sleeving and perform and umbilical cut.

L. Remove sleeving from port area.

M. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm 2 alpha and >200dpm/1OOcm 2

beta/gamma.

a. THEN DDWO decontaminate surfaces to <20 dpm/100cm2 alpha and
<200dpm/1 00cm2 betalgamma.

b. Waste created during decontamination shall be disposed with profile VGAS.001.
Windex cans shall be emptied and punctured.

OR

5.10.2 Cut the threaded rod

A. Place herculite or equal around Jack Screw Port cover prior to removing port cover.

0%L e"•tt'%ý C. -4n.telA-he securement device cap (SKJHS062513), (-or % 51'&.-l UA.-•

D. Remove the four screws holding flange in place. Ar, j-'(1-13 N.-

E. Place sleeving approximately 12 feet long around the diameter of the securement device and seal
to container.

F. Secure the sleeving to the flange.

10 W1303663 FC2



[+] G. Complete WV-2180,• • r, e-me_,

H. Rig to the top of the Securement Device. -Qe e

I. Lift the Securement Device flange section up approximately lft above the container and hold.

J. Install cribbing under flange to safely prop it up at approximately 1 ft high.

K. Disconnect rigging from fork lift.

L. Tape sleeving tight to threaded rod for contamination control during cutting.

M. Drape a sheet of herculite over the securement device and tape on three sides to create a small
tent.

N. Run a 4" duct from the PVU for ventilation. Alternately, an environmentally sampled HEPA
vacuum may be used.

0. Use a reciprocating saw or equivalent to cut the threaded rod. (Allow the lower section of rod to

fall into the waste container)

P. Tape to and secure open edges (on threaded rod)

0. Remove sleeving from port area.

R. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/1OOcm 2 alpha and >200dpm/1OOcm 2

beta/gamma.

a. THEN DDWO decontaminate surfaces to <20 dpm/1 00cm2 alpha and
<200dpm/1 00cm 2 beta/gamma.

b. Waste created during decontamination shall be disposed with profile

VGAS.001. Windex cans shall be emptied and punctured.

S. Remove herculite tent.

5.10.3 Bag the securement device and herculite.

5.10.4 Remove the securement device from the top of container.

5.10.5 Package and remove waste using waste profile VGAS.001.

5.11 Plug port on North Side (See Photo on Attachment A Page 2)

NOTE: The Plug (4") and Cap Screws (5/16x2 -4" SHCS) required by this section are different sizes than those items
required by Section 5. 7.

5.11.1 RTV new gasket onto new 4' Deep plug.

5.11.2 Lubricate (5/16 x 2 Y4" SHCS) long Cap Screws with a small amount of never seez (or equal)

5.11.3 Position plug into recessed area of container port.

5.11.4 Install Cap Screws and tighten (hand tight).

FC1> A. Torque each to 35 ft lbs. (+or- 4 ft Ibs) QA to witness torqueing.

[+] QA Print/Sign/Date -Lt-Or7A_4Wu ,Atraj /

[+1 Calibrated Torque Wrench ID#.41 TZtJ- 1

[+1 Calibration Due Date 1 2-1 ? 13
B. Apply RTV in the gap around the top of the port cover.

C. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm2 alpha and >200dpm/1OOcm 2

beta/gamma.

11 W 1303663 FC2
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MELTER WASTE PACKAGE GROUTING IMPLEMENTATION=QA PLAN
(SUBJECT TO CHANGE BASED ON ENCOUNTERED CONDITIONS)

(Rev 2, October 23, 2013)

1.0 BACKGROUND

The current Certificate of Conformance for the melter waste package, as designed and provided by WMG,
Inc., indicates:

"Packaging requirements, prior to shipment, include the addition of Low Density Cellular
Concrete (LDCC) at a density that yields a minimum compressive strength of 1,000 PSI. The
maximum gross weight of the completed package shall not exceed 390, 000 pounds."

GeoScience Group was awarded a contract to develop a LDCC recipe that meets these criteria and provide

such material to the WVDP for placement into the melter waste package.

1.1 1,000 Pounds Per Square Inch (PSI) Specification

As indicated in Section 2.2 of the Statement of Work (SOW) (Mix Design), GeoScience is required to:

"... submit a mix design for the proposed grout, to meet the above specification requirements. The
mix design shall be proven by laboratory testing (e.g., compressive strength tests) with the results
submitted to CHBWV for approval prior to grout placement. If the schedule does not permit
sufficient time to perform a 28 day compressive strength test, then the compressive strength test
results for 3, 5, 7, etc. day tests shall meet or exceed the expected strength results plotted on the
strength cure for the designated mix design."

As of October 23, 2013, the 70 pounds per cubic foot (PCF) wet-density LDCC recipe mocked up at Wayne
Concrete by GeoScience on September 30, 2013 has resulted in four (4) day cylinder breaks ranging from
520 to 900 PSI with the latest 22 day breaks at >1,000 PSI for all the 3"x6" cylinders (Attachment D). It is
anticipated that the PSI results will continue to graph upward as the curing cycle continues through the
ASTM spec-required 28th day break on October 28, 2014. It appears worst case is that the PSI results do
not continue to graph upward but remain at the 22 day PSI results (i.e., results would not trend downward).

1.1.1 Lifts

As also required in Section 2.2 of the SOW (Mix Design), to be conservative and for risk management
purposes, GeoScience's has determined that the grout should be added to the melter waste package in two
lifts (i.e., -three (3) to six (6) cement trucks per day for two (2) days). The two (2) lift approach:

* Further insures the integrity of the cellular structure of the grout is maintained
* Reduces time-limit stresses associated with emptying six (6) cement trucks into the package in one

day versus all 12 in one (1) day, and
* If deployment issues require abandonment of first day grouting activities (e.g., unexpected rad

concerns), then only six (6) truckloads of grout would be wasted versus 12.

1.2 390,000 Pound Maximum Gross Weight Capacity

The melter waste package has an approximate height, length, and width of 13 feet and currently weighs 160
tons. The annular void space that is required to be filled is approximately 910 cubic feet. However, passive
migration of the LDCC in spent equipment cavities may occur which would increase the volume to 1025
cubic feet. [See Attachment A how void space volume was calculated]. [The maximum void space
calculation was validated by WMG in June 2013 (see Attachment B)]. Upon completion of grouting, the
package must weigh less than 390,000 pounds as measured by CHBWV.

Page 1 of 10



The 2004 SOP 300-07 Appendix D for the melter waste package (TC-474) states that the pre-grout weight
of the melter waste package, that was determined using a crane, was 318,200 lbs (with lift lugs). The only
crane on site at the time that was capable of performing the lift was the 500 ton gantry; the gantry would
have been lifting eight 55 ton shackles and other assorted rigging.

In September 2013, the melter waste package was re-weighed using WIP# 1303663 with 310,672.1 pounds
or 155.34 tons being recorded. The 2013 weighing method used (as explained in the WIP) would result in a
more accurate weight than the 2004 500 ton gantry method by its very nature and allow cost effective
weighing of the container while grouting. The more accurate weight is reflected in a new SOP 300-07
Appendix D data sheet for the waste package (TC-474) (supporting documentation is also in container file)
[See Attachment C]

The annular void space in the melter waste package needs to be grouted to meet the package's Certificate
of Conformance. If only the annular void space was grouted, the final gross weight of the grouted package
would be far less than its currently stated 390,000 capacity. However, there are open penetrations in the
melter inside the package which may allow grout to enter the melter cavity, which is not required. Using a
grout with a PCF of 70 (see above) and assuming as a worst case the entire melter cavity if passively filled
with grout, the entire package may weigh between 377,710 to 387,477 pounds (as compared to the current
package maximum gross weight capacity of 390,000 pounds) [The conclusion that the grouted package,
assuming all voids were filled with grout, would weigh below the package's gross weight capacity was
validated by WMG in June 2013 (see Attachment B)]. (Although the Certificate of Conformance does not
state that the annular void space needs to be "filled" nor a requirement as to how such is qualified, the
above reflects a scenario where the final level of grout comes to approximately six to twelve inches from the
inside top of the melter package to insure that grout is not allowed to come out of the penetrations on top of
the waste package and the melter is encased in grout.)

2.0 RISK MANAGEMENT

2.1 1,000 PSI Specification

28-day PSI data will be generated, by its nature, after the grout is placed into the melter waste package.
(Note: although the ASTM C495 spec for LDCC recognizes the 28-day cure period for LDCC, if required,
but not anticipated, the use of 56-day break data to confirm achievement of the 1,000 PSI requirements is
an option.) As such, a high degree of confidence is needed to insure such results will be obtained. In other
words, once the melter package is filled with grout and if subsequent associated grout cylinder breaks do
not meet 1,000 PSI (or the package weights more than 390,000 Ibs, as discussed below), since we will not
be able to remove the grout easily, the entire grouted waste package we will have to repackaged which will
cost millions of dollars and may not even be feasible (size and weight restrictions will not allow rail/road
transport of such a package).

Recipe mockups at 70 PCF indicate 22 day breaks exceeding the 1,000 PSI specification. As an additional
risk management option, in discussions with WMG, it appears the 1,000 PSI may be very conservative and
that models could be re-run at a lower PSI (e.g., 750 PSI) to determine if a less stringent PSI grout could be
used and still meet regulatory requirements for the package (for an -$45,000). If the less conservative PSI
meets regulatory requirements, WMG would modify the Certificate of Conformance appropriately to reflect
the new PSI requirement. Given the 22-day cylinder data [>1,000 PSI for all 3"x6" cubes, worst case
potential that the PSI through 28 days (October 28, 2013) would stay at 22-day levels and not decrease
(would expect it to increase)], the re-modeling by WMG and their Russian subcontractor will not be
performed unless needed after the waste package is grouted and 28-day cylinder break data is received.

2.2 390,000 Pound Maximum Gross Weight Capacity Specification

Assuming a 70 PCF grout is realized and the.entire package void space and the entire melter cavity
becomes filled with grout due to open penetrations on one (1) side (a unplugged discharge chute/pour spout
approximately half way down the side of the melter) and on top of the melter [R1, R2 (-5" open plenum /
glass thermowell ports)], it is anticipated that there will be an approximately 2,500 to 12,300 pound cushion

Page 2 of 10



before the package's rated weight capacity of 390,000 pounds is reached.

Risk management actions to be taken in the field include, as discussed more below, include re-weighing the
waste package as it is being filled and using optics to determine height of grout as the package is being
filled.

As an additional risk management option, in discussions with WMG, it appears, like the package PSI spec,
the weight capacity spec may also be very conservative and that models could be re-run to determine a
higher weight capacity that would still meet regulatory requirements (for -$45,000).

If the worst case scenario is realized (entire melter cavity if passively filled with grout in addition to the
required annular void space), a calculated cushion of between 2,500 and 12,300 pounds is expected before
the maximum gross weight capacity of the package is reached. Field activities, as discussed in more detail
below will be utilized to insure the package weight does not exceed 390,000 pounds. As such, the re-
modeling by WMG and their Russian subcontractor will not be performed unless needed.

3.0 IMPLEMENTATION/QUALITY ASSURANCE WORK PLAN

3.1 Meeting PSI Spec

As indicated in Section 2.5 of the SOW (Testing and Laboratory Services) GeoScience's is required to:

"2.5.1 The subcontractor shall provide testing and laboratory services from a third party
independent testing laboratory. The independent testing laboratory shall have a qualified
quality control field representative present each day of grout placement, including the batch
plant testing operation.

2.5.1.2 The quality control field representative shall test each load of grout for wet density,
to assure that it falls within the specified range, in accordance with ASTM C-138.

2.5.1.3 The quality control field representative shall cast a minimum of 8 test cylinders per
day, for each container placement, to be taken at a point in the discharge line that
has been subjected to a maximum head pressures developed in the discharge line.
Test specimens shall be prepared, handled, cured and tested for compressive
strength in accordance with the requirements of ASTM C495."

3.1.1 Wet Density Range (corresponding to SOW Section 2.5.1.2)

One sample from each concrete truck load (after the addition of the foam additive) will be taken. The PCF
will be required to be between 68 and 72 PCF (with a goal of 70 to 72) for each truck (or an average of all
the day's trucks) to reflect a nominal PCF of between 70 and 72 PCF inside the melter waste package. The
70 to 72 PCF range inside the melter was calculated as indicated in Table A.

3.1.2 PSI Test Cylinders (corresponding to SOW Section 2.5.1.3)

For additional risk management purposes, for each cement truck load that passes wet density testing, test
cylinders will be cast (not just one truck per day as indicated in SOW Section 2.5.1.3). Grout volume to fill
the cylinders will be taken at a sample station located post-grout at a location that has been subjected to the
maximum head pressures developed in the discharge line. Cylinders may be stored in cure box. For one
of the trucks on each day of grouting, a full sequence of test cylinders will be generated and tested, at a
minimum, as follows:

* 2 cylinders for 8-day breaks
* 4 cylinders for 28 day breaks
* 4 cylinders for 56-day breaks (if needed)
* Contingency: 2 cylinders
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For the remainder of the trucks to be used in a particular day, the following sequence of test cylinders may
also be generated, at a minimum. For each day of grouting, these remaining truck cylinders will be broken
only if the full sequence of cylinders for that day fails to display 1,000 PSI at 28 days. If these cylinders are
broken, the 28 day (or 56 day) results from all broken cylinders will be averaged together, with the data
generated from the other days of grouting, to document the final PSI of the grout inside the waste package.

* 4 cylinders for potential 28-day breaks

* 4 cylinders for potential 56-day breaks (if needed)

3.2 Meeting Gross Weight Capacity Spec

The largest unknown factor relative to staying below the melter waste package's stated gross weight
capacity of 390,000 pounds is to what degree grout is going to enter the melter's cavity via open
penetrations R1 and R2 located on top of the melter (approximately 20" from underside of top of waste
container) and the one non-plugged discharge chute located approximately half way down the melter's side.
As such, the tentative plan to monitor the weight of the package is being filled is as follows. Although
subject to change, while pouring the lifts, the melter is anticipated to be weighed before the level of the open
penetrations in the side and top of the melter are approached. As the grout level approaches the
penetrations and after the penetrations are immersed in grout, more frequent weighing may occur. Visual
and dose rate readings will be collected to determine the approximate height of the grout within the
package. Once the waste package weighs approximately 387,000 pounds, no further grout will most likely
be added to maintain a 3,000 pound cushion.
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b.Waste created during decontamination shall be disposed with profile
VGAS.001. Windex cans shall be emptied and punctured.

5.10.4 Inspect port for grout clean and remove grout from port if needed.

5.10.5 Perform Section 5.11 to install container plug.

5.11 Install Container Plug into port left by removal of Grout Support Assembly. (See "Melter Container
Plug Details" SKJHSO52913)•tV ,,510 N \\I'<jI3 Ok!. 1I-5.,3

" j ,- t •\ & tL

5.11.1 RTV new-ggsket onto new-4" Deep plug.

5.11.2 Lubricate (5/16 x 2 -" SHCS) long Cap Screws with a small amount of never seez (or equal)

5.11.3 Position plug into recessed area of container port.

5.11.4 Install Cap Screws and tighten (hand tight).

A. Torque each to 35 ft lbs. (+or- 4 Ibs) QA to witness torqueing.

QA Print/Sign/Date Qat* Z '4 -4 S/•

Calibrated Torque Wrench ID# Ll ( - ,' If ' 3
+] Calibration Due Date _ •- 2 1 1 .

B. Apply RTV in the gap around the top of the port cover.

C. RC perform survey around port area.

N wo"-k 1. IF removable contamination levels are >20 dpm/100cm 2 alpha and /0 c
( ' '>200dpm/1OOcm 2 beta/gamma THEN.

a. DDWO decontaminate surfaces to <20 dpm/100cm 2 alpha and
<200dpm/1 00cm 2 beta/gamma.

b.Waste created during decontamination shall be disposed with profile
VGAS.001. Windex cans shall be emptied and punctured.

OR

[+1

5.11.5 If Cap screws cannot be made, remove screws and plug, secure penetration with temp
cover, position shield blanket, and notify WGS and cog engineer

A. RC perform survey around port area.

- .o 1. IF removable contamination levels are >20 dpm/100cm 2 alpha and A
>200dpm/100cm 2 beta/gamma THEN.

a. DDWO decontaminate surfaces to <20 dpm/1 00cm 2 alpha and
<200dpm/1 00cm 2 beta/gamma.

b. Waste created during decontamination shall be disposed with profile
VGAS.001. Windex cans shall be emptied and punctured.

5.12 Remove vent ducting, box filter and knock out pot.

NOTE: Keep PVU running during vent line breakdown. The PVU will remain running until directed to be secured
by the Cognizant Engineer.

5.12.1 Close the 4" Ball Valve on the Grouting Support Assembly on the (vent side) of the

container. (vent assembly)

5.12.2 Disconnect the 4" vent duct from the vent assembly and bag open ends.

5.12.3 Disconnect vent duct from the Knock Out Pot and bag open ends on each.

5.12.4 Disconnect duct (bag open ends) from the filter box. Bag filter box as waste using waste
profile VGAS.001.
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5.12.5 Dispose of the ventilation duct as waste using waste profile VGAS.001.

5.12.6 Check knock-out drum for liquids.

A. If -> 2 gallons of liquid is collected THEN Sample for interceptor acceptance Per
Attachment A "Liquid Sampling Instructions".

B. IF < 2 gallons of liquid is collected THEN obtain field pH of the liquid and check
for visible oil sheen and provide results to WPD. If pH is <2 or -12.5, See
Attachment A, Step 1.1.4.

5.12.7 Set-up contamination area with herculite on container around the port.

5.12.8 Disconnect grout inlet valve assembly.

WARNING:

EXCESS GROUT MAY OVERFLOW FROM PORT WHEN DISCONNECTING VALVE ASSEMBLY. GROUT
IS POTENTIALLY CONTAMINATED.

5.12.9 Tape & cut sleeving between valve assembly & port to maintain seal on container.

5.12.10 Remove sleeving and Inspect port for grout.

5.12.11 RC survey prior to cleaning port.

A. RC perform survey around port area.

N R I-i 1. IF removable contamination levels are >20 dpm/100cm 2 alpha and/0 r

,r•- to- IL 3 >200dpm/100cm
2 beta/gamma.

2. THEN DDWO decontaminate surfaces to <20 dpm/ 00cm2 alpha and
<200dpm/100cm 2 beta/gamma.

3. Waste created during decontamination shall be disposed with profile
VGAS.001. Windex cans shall be emptied and punctured

5.12.12 Inspect port for grout clean and remove grout from port if needed.

5.12.13 Perform Section 5.13 to install container plug.

5.13 Install Container Plug into port left by removal of Grout Support Assembly. (See "Melter Container
Plug Details" SKJHS052913)

5.13.1 RTV few gasket onto new 4" Deep plug.

5.13.2 Lubricate (5/16x2 -4"SHCS) long Cap Screws with a small amount of never seez (or equal)

5.13.3 Position plug into recessed area of container port.

5.13.4 Install Cap Screws and tighten (hand tight).

A. Torque each to 35 ft lbs. (+or- 4 Ibs) QA to witness torqueing.
[+] QA Print/Sign/Date ./-,.

[+] Calibrated Torque Wrench ID# Lfl- Tw'J - I

[+1 Calibration Due Date I x ' 3 i - / 2,

B. Apply RTV in the gap around the top of the port cover.

C. RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm 2 alpha and
>200dpm/1 00cm 2 beta/gamma THEN.
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Decommissioning

Team

CH2MHILL - B&W West Valley, LLC

ENGINEERING PROCEDURES

TITLE: ADMINISTRATION OF WORK INSTRUCTION PACKAGES

1.0 PURPOSE

This engineering procedure provides instructions for the administration of Work Instruction Packages
(WIPs) including development, revision, cancellation, closeout, and periodic review/recall of issued WIPs.

The administration of WIPs is a Worker Safety and Health Administrative Control program as identified in
Addendum 1, "WVDP Worker Safety and Health Plan" (WVDP/WSHP) to WVDP-310, "WVDP Integrated
Safety Management System (ISMS) Description." The WVDP/WSHP includes a program statement
associated with each Worker Safety and Health Administrative Control program. In accordance with 10
CFR 851.11 (c)(1), any proposed change (i.e., modification, addition, or deletion) to EP-5-002 that would
invalidate the program statement in the WVDP/WSHP requires prior DOE approval.

2.0 GENERAL

2.1 Terms used in this procedure are defined in Attachment A, "Definitions."

2.2 Attachment B, "Writing Guidelines and Document Structure," assists originators with WIP
formatting and writing guidelines.

2.3 Attachment C, "Reviewer/Planning Team Selection Checklist," is provided to assist in identifying
the required reviewer/planning team members for WIP development.

2.4 When necessary, approval signatures may be obtained via telecon or the use of emails.
Attachment D, "Telecon/Email Approvals," provides the method for obtaining approvals via telecon
or email.

3.0 WIP DEVELOPMENT PROCESS

This section may be performed in the order that best suits the efficiency of time and effort to develop and
issue WIPs.

3.1 Originator: Defines the scope of the WIP, identifies the hazards associated with the work, and
develops the work instructions. To accomplish this task:

3.1.1 Perform a scoping assessment of the assigned task with the work group(s) that will use the
final instruction as well as applicable support groups, including hazard control specialists
(HCS), as deemed appropriate. The scoping assessment should include a walkdown of
the proposed tasks to assess actual field conditions.

3.1.2 Refer to historical files (e.g., completed work instructions, related operating procedures,
lessons learned documents) for guidance and experience that can be incorporated into the
work instructions.
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3.1.3 Refer to available resources (CHBWV Intranet Lessons Learned, WVDP Operating
Experience Program Coordinator, Occurrence Reports [ORPS], and/or DOE lessons
learned system) for lessons learned information on activities similar to those being
proposed. Incorporate applicable lessons learned information into the work process and/or
identify the information for inclusion into training or briefing material, if applicable.

3.1.4 Identify hazards using form WV-3909, "Activity Hazards Analysis" (AHA).

NOTE The originator may obtain a Work Control Number (WIP number) from Work Control at any time.

3.1.5 Develop WIP using form WV-2571, "WVDP Work Instruction Package (WIP Form)" and
guidelines in Attachment B, "Writing Guidelines and Document Structure."

3.1.6 Include hazard controls in the WIP in accordance with WV-921, Hazards Identification and
Analysis. Ensure that hazard controls not specifically discussed in the WIP are captured in
other permits (e.g., RWP, IWP) or are identified on the Pre-Job Briefing form (WV-3745) as
required by WV-921.

NOTE When the risks to the planning team outweigh the potential benefits of the walkdown, a tabletop review
using photographs and drawings with group discussion may be performed in-lieu of the walkdown, as
approved by the Work Review Group Coordinator (WRGC).

3.2 Work Group Supervisor and/or Originator lead Planning Team Walkdowns in accordance with SOP
00-46, Work Instruction Walkdowns, Pre-Job and Daily Briefings and Post-Job Feedback/Lessons
Learned, as needed during the development and review of the work package.

3.3 The originator sends an electronic copy of the WIP draft and supporting documents to the planning
team participants and any other required reviewers identified on Attachment C for review and
approval.

3.3.1 Discuss and ensure applicable HCSs concur with hazard mitigations addressed in the WIP.

3.3.2 Regulatory Strategy shall evaluate and approve all WIPs to determine whether or not each
WIP is a RCRA Operating Record and determine whether all applicable environmental and
regulatory requirements are addressed in the WIP.

3.4 Work Review Group Coordinator (WRGC) performs a Work Control Management review of the
WIP and ensures the following:

3.4.1 The WIP was developed following the processes in this procedure.

3.4.2 Hazards and controls identified by the hazard analysis process are incorporated into the
WIP and supporting documents (e.g., RWP, IWP, GDP).

3.5 A USQD Evaluator determines the applicability of WV-914, Unreviewed Safety Question Process
(USQP), to the proposed activity and indicates if Form WV-3306 is required.

3.6 The Responsible Manager (RM) and Operations Manager approves the WIP and ensures the
following:

A. Referenced permits do not provide conflicting directions, PPE, or other mitigations
and controls.

B. Post maintenance tests are specific, have acceptance criteria, and are approved
by the appropriate Cognizant Systems Engineer and Operations authorization.
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3.7 Additional Management Review Processes

3.7.1 Final Interactive Meeting for High Hazard or Complex Work (see def.)

A. Held when deemed necessary by the Responsible Manager.

B. The Final Interactive WIP review meeting is a face-to-face review of the draft work
order with planning team members, which allows the reviewers to improve the final
product based on the shared discussions.

C. During the interactive WIP review meeting, the following contingency planning
techniques will be discussed and documented in the meeting minutes:

1. What is the critical work scope
2. What can go wrong when performing the work scope
3. What Error likely situations/Error precursors are applicable to performing the

work scope
4. What are the Defenses in depth barriers to improve safety when performing

the work scope

3.7.2 Hazard Review Board (HRB)

A. Convened at senior management discretion for particularly complex/high hazard
tasks (e.g., work in High Radiation Area; work with high electrical hazards or fire
hazards, work requiring fall protection, work involving cranes, work affecting facility
design).

B. The HRB focuses on the implementation of Integrated Safety Management
principles, best practices, lessons learned and key elements of the Voluntary
Protection Program. (Refer to EMD-002).

C. Upon satisfactory completion of the HRB, the Hazard Review Board Chairman will
document with signature on WV-2571 indicating approval to perform work.

3.8 The originator forwards WIP to Work Control for issuance when WIP is approved.

3.9 Work Control reviews the WIP for completeness, makes data entry, and issues the WIP with all
supporting documents (e.g., RWP, IWP, GDP).

3.10 If Work Control is not available, (e.g., off-shift, weekends, and holidays) originator performs the
following:

3.10.1 Obtains the Work Control Number, if not already assigned, from the Daily Log Book
located in the PSO Supervisor's office and enters the number on WV-2571.

3.10.2 Writes "Issued" and the date and time on the cover page.

3.10.3 Ensures a copy of the cover page is placed under the cover of the logbook.

3.10.4 Ensures that Work Control is notified the next working day.
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4.0 WORK INSTRUCTION PACKAGE REVISION PROCESS

4.1 Type of Change Determination

The originator and WGS determine the type of change to be used by utilizing the following
guidelines as approved by the RM or Work Review Group Coordinator (WRGC):

4.1.1 A direct document change (DDC) may be used when:

A. Change does NOT exceed the boundaries of the original scope.

B. Hazards originally reviewed are NOT increased, no new additional hazards are
identified, and no hazard mitigations are added or modified.

C. Change does NOT modify the process that generated a previously identified
hazard.

D. Change does NOT affect technical identification (e.g., valve designation).

E. Hazard is identified and mitigated in the work instructions but unintentionally left

unchecked in the AHA or requires additional clarification.

F. Limiting conditions or acceptance criteria are NOT changed.

G. The change DOES NOT affect QA activities, requirements, or functions.

H. The change DOES NOT affect Regulatory Strategy activities or requirements.

1. The change DOES NOT affect a critical step, hold or verification point step.

J. Hazardous energy boundaries are NOT changed or added.

4.1.2 Examples of changes that may be performed as a DDC are:

A. Corrections of typographical errors, misspellings, worker designations, correcting a
cross-reference to another step, updatingthe reference number to a permit or JSA
or other administrative corrections.

B. Addition or deletion of steps, if the above requirements are met.

C. Sequence of steps is changed that DOES NOT affect the intent or any critical
steps.

4.1.3 A Field Change (FC) shall be used when:

A. Change is outside the boundaries of the original scope.

B. Hazards originally reviewed are increased, additional hazards are identified, or
hazard mitigations are added or modified.

C. Limiting conditions or acceptance criteria are changed.

D. The change affects QA activities, requirements, or functions.

E. The change affects Regulatory Strategy activities or requirements.



EP-5-002
Rev. 37
Page 5 of 25

F. The change affects a critical step, hold or verification point step.

G. Hazardous energy boundaries are changed or added.

H. A partially worked WIP is cancelled (see Section 5.3).

4.2 Direct Document Changes (DDC)

NOTE When the originator of the WIP is not available (e.g., off-shift) and the work needs to be performed, another
person having the qualifications of an originator may act as the originator to write the DDC.

4.2.1 The originator reviews the Activity Hazards Analysis (WV-3909) to confirm that the
modifications do not increase or add to the hazards originally reviewed.

4.2.2 If a hazard is identified and mitigated in the work instructions but unintentionally left
unchecked in the AHA checklist, then update AHA checklist and annotate or provide
additional clarification in the hazard control/mitigation section.

4.2.3 The originator performs a DDC as follows:

A. Annotates the changed step(s) or information in the work instruction and lines
out/deletes step(s) or information no longer applicable

B. The originator and WGS reviews and approves each DDC by initialing and dating.

C. The originator provides a copy of DDC to Work Control.

4.3 Field Changes (FC)

NOTE1 When the originator of the WIP is not available (e.g., off-shift) and the work needs to be performed, another
person having the equal qualifications of an originator (see Attachment A for qualifications) may act as the
originator to perform the FC.

NOTE2 For field changes that are required immediately in the field, it is acceptable to obtain Form WV- 1085 and
hand write the change, then obtain signatures per telecon.

4.3.1 If performing an electronic field change, the originator checks for and incorporates all
previous DDCs in the electronic FC.

4.3.2 The originator determines the FC number by reviewing the entire document for previous
FCs. The next sequential number following the last FC is used.

4.3.3 The originator completes form WV-1085, 'Work Instruction Package (WIP) Field Change
Form."

4.3.4 Include change lines for each revision change - indicate changes, additions, and deletions
in the DRAFT review copies using the Track Changes feature.

4.3.5 The originator annotates the changes with the symbol FC# (where # represents the
number of the FC, e.g.,FC1, FC2, FC3) in the left margin of the items changed.

4.3.6 The originator reviews the original Activity Hazards Analysis (WV-3909), if not done
already, to determine if the FC imposes additional hazards, hazardous situations or
increases hazards/consequences which have not been evaluated and updates WV-3909 in
accordance with WV-921, as needed.
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NOTE HCSs should work with the WGS to determine applicable permit requirements and hazard mitigations prior

to and/or during the walkdown.

4.3.7 The WGS or designee performs a walkdown in accordance with SOP 00-46, Work
Instruction Walkdowns, Pre-Job and Daily Briefings and Post-Job Feedback/Lessons
Learned. This includes coordination with applicable support groups (e.g., RS, Safety) and
work groups (e.g., Maintenance) if applicable.

4.3.8 The originator provides the description of the FC including additional hazards and controls

required and pages affected that are required to be replaced.

4.3.9 The originator provides the reason(s) the FC was necessary.

4.3.10 The originator obtains signatures from all other departments and work groups affected by
the change. See Attachment D for assistance in determining affected groups.

4.3.11 If Regulatory Strategy requires change to the status of the document as an RCRA
Operating Record, change the designation on the original cover page and initial and date.

4.3.12 USQD Evaluator determines the applicability of WV-914, Unreviewed Safety Question
Process (USQP), to the proposed activity and indicates if Form WV-3306 is required.,

4.3.13 The Responsible Manager (or designee) and the Operations Manager approves the FC.

NOTE FC pages supersede existing pages of the WIP. All sign-offs are made on the latest FC page unless the
steps were already performed.

4.3.14 Work Control reviews WV-1085 for completeness and issues the FC.

4.3.15 If Work Control is not available (e.g., off-shift, weekends, holidays), the WGS or originator

performs the following:

A. Writes "Issued" and the date and time on the Field Change form.

B. Ensures a copy of the Field Change is placed under the cover of the Daily Log
Book located in the PSO Shift Supervisor's office.

C. Ensures that Work Control is notified the next working day.

5.0 WORK INSTRUCTION PACKAGE CANCELLATION PROCESS

5.1 Voiding Work Instruction Packages

NOTE Only WIPs given a number, but NOT issued, may be voided.

Voided WIP's shall be recorded as such in the CMMS database

5.2 Cancelinq Work Instruction Packages (Work NOT started)

5.2.1 The originator and WGS complete WV-2571.

5.2.2 The originator forwards WV-2571 to Work Control.
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NOTE A partially worked WIP may be canceled if a task is no longer required to be completed or is replaced by

another work instruction.

5.3 Canceling Partially Worked Work Instruction Packages

5.3.1 The originator forwards the entire WIP (including permits [e.g., ALARA PRE/Post Job
briefings, IWP, GDP] that were used) to Work Control.

5.3.2 Work Control will determine if DDC, Field Change or Cancellation per 5.2 is required.

6.0 WORK INSTRUCTION PACKAGE COMPLETION, REVIEW, AND DOCUMENTATION

6.1 The WGS conducts a post-job review in accordance with SOP 00-46. Where lessons
learned/problems encountered or input from the workers indicate that there is a benefit for the
review, the WGS documents feedback on form WV-2573, "Work Package Status Log and Post-Job
Feedback/ Lessons Learned." The WGS also indicates if lessons learned apply on WV-2571.

6.2 When required, the WGS conducts a post-job of ALARA jobs in accordance with WV-984, ALARA
Program. The WGS attaches a copy of Form WV-3118, "West Valley Demonstration Project,
ALARA Post-Job Review," to the WIP.

6.3 The WGS verifies documents (e.g., IWP, HWP, Pre-Job Briefing) associated with the WIP are in

the WIP folder.

6.4 The originator and WGS verify completion of the work and sign on WV-2571.

6.5 For WIPs used to perform maintenance on site equipment, the originator shall provide a brief
description of the work performed and the cause of the problem if known on form WV-2573 and
Work Control will enter this information into the CMMS database.

6.6 Originator forwards the WIP to Work Control.

6.7 Work Control reviews the completed WIP to ensure package is properly prepared for storage and
transfers the closed out WIP to Records in accordance with WVDP-262, WVDP Records
Management Program Plan.

7.0 PERIODIC REVIEW AND RECALL OF WORK INSTRUCTION PACKAGES

7.1 Work Control performs a periodic review and 90 day recall on all work instructions for:

7.1.1 Any WIP in which work has not commenced and notifies the applicable WGS.

7.1.2 Any WIP that has been authorized and work performed but not worked in 90 days.

7.1.3 Any WIP that has significant multiple revisions (more than 5 or content is no longer clearly
defined)

7.2 The WGS and originator determine if the work still needs to be performed and if the WIP is in
compliance with current requirements.

7.3 If it is determined that the work instruction is no longer needed, the WGS or originator closes out
the WIP by canceling it per step 5.0.
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7.4 If it is determined that the work needs to be performed but the work instruction does not meet
current requirements, the originator should field change the WIP or cancel the WIP and issue a
new one.

8.0 RECORDS

The following forms, data sheets, logs, reports, or any other form of documentation are considered records
and when created are to be prepared, maintained, and transferred to Records in accordance with
WVDP-262 and WVDP-529. Refer to the CHBWV Master File Plan for further information.

8.1 Work Instruction Package (WV-2571, attachments, and associated documents).

8.2 Work Instruction Package (WIP) Field Change (WV-1085and associated documents0

9.0 REFERENCES

NOTE Refer to E-docs for the latest version of WVDP Controlled Documents. Refer to the S:!1WPFORMS folder
for the latest revision of WVDP forms used in this procedure.

EP-3-007
SHIP-108
SHIP-201
SOP 00-04
SOP 00-11
SOP 00-30
SOP 00-38
SOP 00-46

SOP 00-49
SOP 00-52
SOP 00-54
SOP 300-07
WV-370
WV-914
WV-921
WV-984
WVDP-01 0
WVDP-1 06
WVDP-1 11
WVDP-200
WVDP-227
WVDP-204
WVDP-262
WVDP-274
WVDP-352
WVDP-357
WVDP-485
WVDP-529

Engineering Change Notice
Job Safety Analysis (and form WV-3043)
Industrial Work Permits (and form WV-1 107)
Lock, Tag, and Confirm Procedure
Troubleshooting and Maintenance of Electrical Equipment
System and Component Labeling
Administration of Hoisting and Rigging Activities
Work Instruction Walkdowns, Pre-Job and Daily Briefings and Post-Job Feedback/Lessons
Learned (and forms WV-2573 and WV-3745)
Control of Temporary Modifications (and form WV-381 1)
Conduct of Operations
Minor Work Request
Waste Generation, Packaging, and On-Site Transportation
Underground Utility Review Policy (and forms WV-3521 and WV-3522)
Unreviewed Safety Question Process (USQP) (and form WV-3306)
Hazards Identification and Analysis (and form WV-3909)
ALARA Program (and forms WV-2404, WV-4281 and WV-3118)
WVDP Radiological Controls Manual
WVDP Conduct of Operations Applicability Matrix
CH2M HILL - B&W West Valley, LLC Quality Assurance Program
West Valley Demonstration Project (WVDP) Waste Acceptance Manual
WVDP Facility Identification and Categorization Matrix
WVDP Quality List Q-List
WVDP Records Management Plan
Maintenance Implementation Plan (MIP)
WVDP Site Welding Manual (and form WV-1888)
WVDP Issues Reporting Program
Work Control
WVDP Records Disposition Plan

10.0 ATTACHMENTS

Attachment A, "Definitions"
Attachment B, "Writing Guidelines and Document Structure"
Attachment C, "Reviewer/Planning Team Selection Checklist"
Attachment D, "Telecon/Email Approvals"
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1. Activity Hazard Analysis (AHA) - an activity hazard analysis that documents:
1) Hazards Controls Specialists (HCSs) included in the work planning process; 2) identification of specific
task activities where hazards are present; 3) identification of hazards applicable to the specific tasks; and
4) incorporation of the mitigation of the hazards into the work document/associated documents using a
hierarchy of controls whenever elimination is not possible.

2. Bench Top - a small scale mockup used when the size of the modeling is restrictive.

3. Coqnizant Manager - the manager, or designee, with the technical cognizance over the work to be
performed.

I 4. Cognizant System Engineer (SE) - the individual with design cognizance over the system or the work to
be performed, who is officially recognized as responsible for a specific system. See the Cognizant
Responsibility List for an up-to-date listing of all SEs.

5. Criticality Safety Engineer (CSE) - an individual that is responsible for providing support to the Nuclear
Criticality Safety Program, including the preparation of Nuclear Criticality Safety Evaluations (NCSEs) and
for providing recommendations to the Engineering Manager with respect to Criticality Control Zones
(CCZs). See the Technical Specialist List for an up-to-date listing of CSEs.

6. Critical Work Steps - steps which have significant importance to safety, the safety basis, or are regulatory
in nature and require the continuous presence of supervision during completion.

7. Facility Manager - an individual, or designee, that authorizes work in their assigned facility. The Cognizant
Responsibility List maintains the list of currently identified Facility Managers.

8. Higqh Hazard or Complex Work - Work that meets any of the following criteria:

* Performed at or above ALARA trigger levels;

* First-of-a-type complex work evolution;

* Critical lifts;

* Certain types of elevated work (per ESH&Q direction);

* Facility demolitions;

* Electrical work with the potential of encountering live conductors;

• Confined Space entry (per ESH&Q direction);

* Non-routine hazardous, radiological, or mixed waste packaging or transportation;

* Certain types of Hot work activities;

* Non-routine electrical troubleshooting or repair work;

* Any other activity as prescribed by senior management.
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9. Independent Verification - verification performed INDEPENDENTLY of the initial application to verify the

isolation point has been correctly identified:

NOT performed by the person who performed the original activity;

NOT done at the same time as the original activity. There must be enough time and distance
between the original activity and verification to ensure that they are independent of each other.

10. Mockup - performance of a proposed work activity or portion of a work activity in a low risk, low hazard
environment using actual, exact, or nearly exact replica models of the equipment, system, or area. The
purpose of the mockup is to evaluate and/or develop the hazard controls, sequencing, tooling and/or ability
to perform the actual work activity.

11. Operatinq Experience Program Coordinator - an individual that interfaces with functional organizations to
assist in accessing information systems for identification of potential lessons learned for incorporation into
work documents.

12. Operations Manager - for purposes of this procedure, the Operations Manager or designee responsibilities
are:

* Provide prerequisites and facility initial conditions requirements to Originators/Planners during the
development of Work Control document (WCD).

* Authorize, release and coordinate work activities;

* Ensure facility conditions are established, (including LOTO), to support performance of scheduled
maintenance activities;

* Ensure that the appropriate Unreviewed Safety Questions (USQ) actions are completed per WV-914,
Unreviewed Safety Question Process (USQP) prior to the modification of a Hazard Category 1, 2, or 3
facilities;

" Ensure post maintenance testing or functional testing is incorporated into the WCD;

* Ensure prescribed post maintenance testing is performed and properly documented;

13. Originator- an individual assigned to prepare a WIP/WCD that has completed Q071 Work Planning TRVC
TR1486Q and is responsible for the following:

* Leads the Planning Team in work site walkdowns, work scope definition, job hazard identification,

analysis and control selection, and WCD development;

* Reviews Lessons Learned database and feedback for entries with applicability to the work to be
performed;

* Develops the WCD incorporating input from the Planning Team, the RM, and appropriate task related
requirements;

* Coordinates WCD comment resolution and submits the package for concurrence by Work Group
Supervisor and relevant Subject Matter Experts (SME/HCSs) and approval by the RM;

* Confirms the WCD is ready to issue and forwards to Work Control for issuance.
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14. Permits -written documents specifying hazard controls for identified hazards, such as an Industrial Work
Permit (IWP), Radiation Work Permit (RWP), Ground Disturbance Permit (GDP), Confined Space Entry
Permit, Hot Work Permit (HWP).

15. Planning Team - the Planning Team consists of personnel/departments identified as applicable in
Attachment C, "Reviewer/Planning Team Selection Checklist," (e.g., Hazard Control Specialists
(HCSs)/SMEs identified on the AHA, Work Review Group Coordinator, applicable system engineers and
other support groups). The Planning Team provides an integrated approach to the review and issuance of
work documents by participating in the walkdown, development, review and approval process.

16. Planning Team Walkdown -HCSs/SMEs identified on the AHA and other support groups from the Planning
Team as deemed necessary by the Originator or Work Group Supervisor perform Planning Team
walkdowns in accordance with SOP 00-46. Planning Team walkdowns may be performed at various times
during the work package generation process and may consist of multiple walkdowns, meetings, and
individual or smaller group settings based upon resource availability and need.

17. Planner - an individual that has completed Q071 Work Planning TRVC TR14860 and is responsible for the
following:

* May act as the Originator to prepare and issue a WIP/WCD.

* Ensures work is ready to commence as scheduled (e.g., obtains required tooling and parts, coordinates
the integration of controls and preparation of the required permits (e.g., industrial work permits (IWP),
radiological work permits (RWP), hot work permits, confined space permits)).

18. Responsible Manager - for purposes of this procedure, the Responsible Manager (RM) or designee, is the
individual responsible for organizing, scheduling, and approving expenditures for individual, specific
projects in progress at the WVDP

* Reviews and approves all WCDs;

" Reviews and approves changes to WCDs;

19. Routine Work - work performed that is well understood, repeated regularly, and is within recognized
skill-of-the-craft attributes.

20. Source Requirements - requirements that are directly implemented by a controlled document. The
following are some examples of source requirements: DOE, Federal, State, or Local laws or regulatory
requirements; Process Safety Requirements (PSRs); Waste Qualification Reports (WQRs); Documented
Safety Analysis (DSA); Industry Codes and Standards; and other requirements and contractual
commitments.



EP-5-002
Rev. 37
Page 12 of 25

ATTACHMENT A
DEFINITIONS
(Page 4 of 5)

21. Subject Matter Expert (SME/HCSs) - are drawn from various site functions (e.g., Radiological Controls,
Safety, Industrial Hygiene, Engineering, etc. - See Technical Specialists List in Web Publishing):

* Participates in the work site job/task walkdowns, job hazard analysis and control selection, and WCD
development as part of the Planning Team when assigned;

* Ensures Planning Team decisions are consistent with programmatic requirements;

* Reviews WCDs to ensure that the hazard controls have been incorporated consistent with
programmatic requirements;

* Participates in development of WCD instructions ensuring that the steps with safety basis or other
regulatory permit requirements are properly incorporated;

* Specifies inspections and acceptance criteria, identifies hold and witness points;

* Reviews subcontractor prepared documents for suitability;

" Reviews completed WCDs to ensure that required data is properly recorded in accordance with
programmatic requirements;

" Concurs with the WCD as part of the approval process.

22. Use Classification - determines the manner in which a work instruction must be used in the field. The Use
Classification for WIPs is as follows:

* Critical Use - WIPs are classified as Critical Use and require the worker(s) to have the work
instruction present and open with each step performed exactly as written. Initials and/or signoffs
shall be made, where required, at the time the step is performed or as directed in the WIP.

* Reference Use - Sections and steps considered as Reference Use may be performed out of
sequence and/or in parallel. Sections and steps must be specified as such.

23. WIP - Work Instruction Package that is used for more complex and infrequently performed work, with

moderate to high consequences of improper performance:

* Contain detailed step-by-step instructions with a suggested or required sequence of performance;

* Require the highest level of review and approval;

* Require activity level work instructions in the body which include work steps, special requirements,
hazards, and controls.

24. Work Group Supervisor - for purposes of this procedure, the Work Group Supervisor (WGS) is the
individual responsible for the supervision of workers safely performing work activities, assuring work is
performed continuously within scope, and in compliance with written instructions. In addition:

" Participates as a Planning Team member in the WCD walkdown

* Concurs with the WCD, confirming workability, as part of the approval process;

* Ensures the WCD is approved and work is released;

" Conducts Pre-Job Briefings to review scope of work, hazards and controls with assigned workers;

* Ensures that the prerequisites for work have been performed;

" Ensures hazard controls are implemented;

" Ensures that personnel executing the work have attended the Pre-Job Briefing or are briefed
separately;
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" Ensures a pre-issuance and workability walkdown is conducted

* Ensures referenced documents are current prior to start of work;

* Ensures workers are aware of their responsibility to stop work and notify supervision whenever
changing conditions or unidentified hazards are encountered or work practices compromise quality or
safety;

* Reviews training requirements and ensures workers are qualified to perform their duties;

• Supervises work activities to meet WCD requirements;

" Ensures the safety and health of workers during the conduct of work activities including proper wearing
of PPE;

* Ensures a proper turnover of work status when transferring WGS responsibilities and documents in
Work Package Status log (WV-2573);

• Ensures that good housekeeping practices are followed during performance of work, and that work

areas are cleaned and restored after completion of work.

* Conducts a post-job review and documents feedback / lessons learned on (WV-2573).

25. Work Package Status Log and Post-Job Feedback / Lessons Learned (WV-2573) - a log that SHALL be
added to a WIP that provides the WGS or designee a place to record information pertinent to the
performance of the WIP. This includes information such as the status of field work, changes in conditions,
issues and events which have influenced or may influence work performance or schedule, notifications
made or concurrences obtained on operational decisions, or any other information relevant to the job task,
personnel, equipment, or planning. A section of this log is for documentation of post-job feedback / lessons
learned.

26. Work Review Group - for the purpose of this instruction, the Work Review Group (WRG) is part of the
iterative Planning Team process that participates in the work site job/task walkdowns, activity hazard
analysis (AHA) and hazard control/mitigation selection, WCD development, and review and approval. This
process is also applicable to procedures developed in accordance with DCIP-1 00, "Controlled Document
Preparation".

27. Work Review Group Coordinator - for the purpose of this instruction, the WRGC is the Work Control

Management responsible for:

* Screens requests for work ensuring work scope and associated boundaries are clearly defined;

* Ensures Planning Team is comprised of the appropriate personnel (e.g., planner/originator, workers,
operations, safety and health Subject Matter Experts (SME), other SMEs/HCSs, etc.);

* Working with the Planning Team, determines the type of work document to be used for each work task
based upon the criteria established for work types which takes into account the degree of hazards, and
complexity of the work activity;

• Ensures the WIP was developed following the processes in this procedure;

* Ensures hazards and controls identified by the HIM process are incorporated into the WIP;

* Conducts periodic assessments of the work control process in accordance with Contractor Assurance
System guidance.
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NOTE This attachment is a guideline for proper writing style. There may be exceptions wherein the authors and
work groups may use a different style or method.

The following is a list of sections that are used when writing a Work Instruction Package. Included is a description
of each section. ALL section headings are required. If there is no information or need for a section, the originator
shall enter "NONE," or equivalent, under the section heading (the reason for requiring all section headings is to
maintain numbering consistency for all sections, e.g., Section 5.0 PERFORMANCE will always be Section 5.0).

Microsoft WORD shall be used for preparing all WIPs.

1.0 Scope

1.1 This section provides supplemental information the originator believes will help users understand
the purpose of and reason for the task to be completed including:

1.1.1 A clear definition of the work scope, major tasks, and associated boundaries required.

1.1.2 Critical steps (see def.).

1.2 DO NOT include action statements, warnings, cautions, or other statements that are critical to the
completion of the task.

.2.0 Precautions and Limitations

NOTE Any precaution or limitation that applies to an individual action step should be written as a warning or
caution and placed just before the affected section or step.

2.1 This section delineates precautions and limits that must be considered for multiple steps, sections,
or throughout the procedure.

2.2 Precautions alert users to actions and conditions that represent actual and potential hazards to
personnel or possible damage to equipment or establish abnormal conditions.

2.3 General hazards and controls may be listed in this section.

2.4 Limitations define the boundaries that must not be exceeded to ensure the work is performed
safely.

2.5 In general, do no put actions steps in this section. If action is required in response to the
precaution or limitation, provide action steps at the appropriate location in the procedure. There
may be exceptions where a required response best fits with the precaution.

3.0 Material/Special Tools and Equipment

3.1 This section lists all material, special tools, measuring and test equipment, parts and supplies
necessary to perform the procedure that must be staged prior to commencing the procedure. Do
not specify ordinary craft tools such as standard pliers and wrenches or materials/tools and
equipment normally found in the area.
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NOTE If using foam containing isocyanates (e.g., Handi-Foam), see Attachment B, step 5.1.24.

3.2 If using a chemical, list the chemical name and product number and include an MSDS with the
product number used.

4.0 Prerequisites

This section identifies actions that must be completed and the requirements and conditions that must be
met before the user commences the Performance Section. The following information may also be included
in 5.0 Performance Section:

4.1 Field Preparations - provide instructions for any field activities that must be completed before
continuing with the procedure. This includes:

4.1.1 Initial Conditions - specify the physical parameters associated with an area, facility,
system, component operation, or job, which are the conditions required prior to the
initiation of work.

NOTE See SOP 00-04, "Lock, Tag, and Confirm Procedure," for LOTO requirements.

4.1.2 Lockout/Tagout of Equipment

A. Specify all equipment and components which require LOTO for the safe
performance of the work. DO NOT specify any LOTO requirements in the
performance section that can be performed prior to the commencement of the
work.

B. Specify the type of LOTO required (e.g., Operations, Single Point, Multi-Point)

C. If the work instruction includes lockout/tagout instructions where an operations lock
is not required per SOP 00-04, identify all LOTO points and include required
independent verifications in the work instruction.

D. If the work instruction includes the use of a Multi-Point LOTO, include a step to
obtain/verify the NOS Manager's approval to use a Multi-Point LOTO as required
by SOP 00-04.

4.1.3 Performance of Valve Lineups - specify the valve(s) position and description with
independent verification required.

4.2 Required Permits - include those not listed on WV-2571 or WV-1 085.

4.3 Completion of Mockup - If a mockup or bench top is used, a prerequisite should be included
requiring verification of the completion of the mockup or bench top and satisfactory incorporation of
all changes resulting from the mockup or bench top.

4.4 Training Requirements- include required Health and Safety Training and any other additional
training required.

4.5 Approvals and Notifications - provide instructions to ensure that all necessary notifications are
made and approvals are obtained before initiating the procedure.
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5.0 Performance

5.1 General Guidelines

5.1.1 Organize activities in the logical order they will be performed.

5.1.2 Specify sections and steps that are Reference Use. This may be written as a note stating
something similar to the following: "The steps in the following section may be performed
out of sequence and/or in parallel with concurrence from the WGS."

5.1.3 DO NOT write steps that state "Perform activities to verbal instructions,' or "at the direction
of..... etc. Originators, or other personnel authorized by the originator, may make
decisions and provide field instructions for clarification of work steps that are within the
scope of the work and hazard controls. Steps that allow decision making within specific
parts of the procedure are permitted.

5.1.4 Do not write action steps containing multiple actions unless necessary to ensure proper
performance of the work.

5.1.5 Avoid action steps that require workers to convert numbers from one unit of measure to
another. If conversions are required, provide an aid. Specify numbers at the same
precision and the same units of measure as those marked on, or indicated by the
instrument. Specify appropriate limits and tolerances for parameters. Be consistent with
the readable accuracy of the instrument.

5.1.6 If someone other than the primary user of the procedure is responsible for performing an
action step, identify the department or group to perform the task.

5.1.7 Steps within WIPs may direct actions to be performed in other supporting documents (e.g.,
IWP's, RWP's, Confined space permits, Hot Work permits, SOPs).

5.1.8 At the originator's discretion, if only a few steps of an SOP are to be performed in the work
instruction, or a deviation from an SOP is needed, the originator should add excerpted
steps to the WIP and not mention the SOP. If specific section(s) of an SOP is specified to
be performed as part of the work instruction, specify the SOP number, revision to be used,
applicable section(s) number, and section(s) description. If the SOP is referenced in its
entirety, the revision and FC number are not needed.

5.1.9 Use of Conditional action steps. Steps to direct the performer to NOT perform or bypass
the applicable step. Conditional action steps are used when a decision is based upon the
occurrence of a condition or a combination of conditions.

Conditional action steps use the following terms:

* IF or WHEN to present the condition

* THEN to present the action

* OR, AND, OTHERWISE, or OR ELSE to present more complex conditions

5.1.10 If a task or step cannot be performed and provisions have not been made to allow the step
to NOT be performed or bypassed, then a revision to the WIP is required.
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5.1.11 All references to equipment or components must match label plate identifiers. Where a
drawing and label plate is not consistent, an ECN or an Issue Documentation Form (IR) is
to be initiated and issued. Temporary tags may be used as an interim measure in
accordance with SOP 00-30, System and Component Labeling.

5.1.12 Write work instructions to the level of detail consistent with the qualifications and training of
the expected users as well as commensurate to the level of detail necessary to perform the
work.

5.1.13 The chosen method of implementing the hazard control from the hazard analysis into the
work documents is appropriate. The stated hazard control in the hazard analysis may
have several ways to implement the control, but the intent of the control is maintained.

5.1.14 Control selection is based upon the following hierarchy: (1) hazard elimination or reduction;
(2) engineered controls; (3) administrative controls; (4) personal protective equipment.

5.1.15 The level of control established for a hazard is maintained throughout the activity or until
the hazard has been eliminated or reduced (controls can be graded to level of hazard
reduction).

5.1.16 Provisions are also included to assure evaluation of the possibility of creating additional
hazards due to selected controls (e.g., excessive PPE causing heat exhaustion) and also
evaluate the possibility of negative synergistic effects of selected controls.

5.1.17 If the WIP performs sampling for data collection, the sampling shall comply with the
applicable planning procedure (e.g., Sampling and Analysis Plan [SAP] or Data Quality
Objectives [DQOs].

5.1.18 If the WIP installs/removes a Temporary Modification (TM), include instructions to complete
WV-381 1, "Temporary Modification Control," in the WIP. See SOP 00-49, Control of
Temporary Modifications, for instructions concerning TMs.

5.1.19 If the WIP involves underground or utilities work, or penetrating the surface of a floor, wall

or ceiling; at a minimum perform the following:

A. Complete a Ground Disturbance Permit (GDP).

B. Conduct a thorough review of drawings (including as-built) to determine the
presence of electrical conduit, mechanical piping (e.g., air, water, steam,
chemical), and structural steel in the ground, floor, wall, or ceiling.

C. Conduct interviews with Cognizant System Engineer and/or facility personnel that
are familiar with the area where the work will be performed.

D. Conduct non-destructive techniques, when practical, to verify the presence or
absence or electrical conduit or mechanical piping.

E. Consider the potential for cooling water from cutting/drilling/core boring to create
radiological or electrical issues (conduit or piping may become a flow path to
energized circuits or adjacent areas).
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5.1.20 If the WIP involves physical isolation of piping or electrical conduit by cutting or mechanical
means:

A. Include step(s) in the WIP requiring independent verification of isolation points
prior to cutting. Independent verification shall be performed as defined in
Attachment A.

NOTE Once physical isolation is complete and piping/conduit being removed is properly labeled per SOP 00-30,
remaining cut points are no longer required to be marked in the field.

B. Indicate that isolation points shall be clearly marked in the field.

C. Reference SOP 00-30, Section 5.6, for labeling instructions and requirements
applicable to D&D work.

D. Attach a photo, drawing, or sketch that indicates all isolation points.

5.1.21 Identify steps in the procedure which implement specific source requirements (refer to
Attachment D of DCIP-100) per one of the following:

A. Reference the source document in the left margin adjacent to the step:

Example:

PSR-3 [3] Make sure Blower 15K-20 is operating.

B. Place the text and source requirement in a box format prior to the step that it
applies:

Example:

Radiological control records SHALL be maintained as necessary to
document compliance with the requirements of 10 CFR 835. 10 CFR
835.704(c)

C. List the source requirement after the text in bold or as a reference statement.

Example:

Radiological control records SHALL be maintained as necessary to document
compliance with the requirements of 10 CFR 835.
10 CFR 835.704(c).

OR

Radiological control records SHALL be maintained as necessary to document
compliance with the requirements of 10 CFR 835. (Refer to 10 CFR 835.704(c).)
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5.1.22 If the WIP has embedded within it a mechanism allowing additional work without requiring
a field change, the following must be met:

A. The change or addition does NOT alter the original scope of the work and is still
within the risks, hazards and location(s) that were originally analyzed and
documented on WV-3909 and USQP.

B. The change mechanism is authorized by the WRGC.

C. Examples of acceptable use of this approach are:

1. Taking additional samples at different locations within the same project
area.

2. Adding tasks to a work instruction package for Maintenance to perform
shop work.

3. Packaging and handling multiple waste components within the same
project area when component-specific instructions are required.

4. Introducing the use of different remotely operated tools within the same
project area to perform the same task (e.g., mechanical size reduction,
using different types of saws or shears).

5. Providing additional guidance in performance of existing task activities
where limiting conditions or acceptance criteria are NOT changed, or does
NOT affect a critical step, hold or verification point step.

6. Using work travelers for repetitious tasks such as logging the contents of
waste containers.

D. Signatures are obtained from departments that are directly affected by the added
work instructions.

1. If the addition will involve any changes to facilities as described in the
documented safety analysis, involve tests or experiments, or differ from
assumptions or limitations in the USQD for the WIP, a USQD Evaluator
must review and determine if USQP Form WV-3306 is required.

2. Include QA for the following:
a. The work is Quality Level 'C' or 'B' as defined by WVDP-204 (Q-

List) or WVDP-1 11, section 1.4.2 (QA Program).
b. The work will involve QA acceptance testing or verification
c. The work involves a Critical Lift activity.
d. The work will involve RCRA or Regulatory Closure Plans.
e. The work involves the use of any Measuring and Test Equipment

(calibration).
f. The work involves Load Testing of H&R equipment.
g. The work will involve Welding, or Nondestructive Examination.
h. The work will involve pressure testing to ensure process

line/system integrity (e.g. Hydro, or Pneumatic) or any In-Service
Leak testing.

i. The work will involve the utilization of LOKRING's.
j. The work will utilize concrete expansion anchors or adhesive

anchors (excluding core boring machine anchors).

5.1.23 If the WIP involves application of fixatives for radiological purposes, specify the approved
fixatives and method of application. Radiological Controls (RC) must approve and/or
specify the type of fixatives used and the methods of application.
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5.1.24 If the WIP involves the use of foam containing isocyanates (e.g., Handi-Foam), include

instructions to track the amount used and the location used.

5.1.25 If the WIP includes the use of a LOTO in the Performance Section,

A. Specify the type of LOTO required (e.g., Operations, Single Point, Multi-Point)

B. If a non-operations LOTO is specified, identify all LOTO points and include
required independent verifications in the work instruction.

C. If the use of a Multi-Point LOTO is specified, include a step to obtain/verify the
NOS Manager's approval to use a Multi-Point LOTO as required by SOP 00-04.

5.2 Critical Steps, Verifications, Notifications, Data Recording, and Hold Points

5.2.1 Critical Steps are steps with significant importance to safety, safety basis, or are
regulatory in nature and require the continuous presence of supervision during completion.

5.2.2 Verifications confirm that an action, including filling out paperwork, was performed
accurately.

5.2.3 Hold Points are where an action or condition is required to be satisfied and signed off
before proceeding with the activity.

5.2.4 Notifications inform another person or department of the starting or stopping of an activity.

5.2.5 For steps requiring signoff or data recording:

A. Place a "[+]" in the left margin.

B. Indicate who is to sign and where the individual is to sign.

C. Indicate where data recording is to be made if it is not immediately at the action
step to be performed.

D. Specify the expected method of verification to be used (e.g., personal observation,
direct report of a worker, review of official records).
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5.3 Warnings, Cautions, and Notes

Warnings, Cautions, and Notes are information that is NOT action steps. They are essential to the
safe and effective completion of work step(s) which follow. Use Warnings to alert workers of
actual or potential hazards that may harm personnel.

Example

WARNING

ELECTRICAL HAZARD: Unmarked electrical systems or systems that penetrate walls, ceilings, and floors
shall be identified / verified or considered as energized. No electrical activities shall be performed without
positive confirmation / zero energy verification to protect personnel from arc, shock, blast, electrocution
hazards.

5.3.1 Use Cautions to alert workers of actual or potential hazards that may damage equipment

or facilities, or harm the environment.

Example

CAUTION.
To prevent a potential release to the environment or spread of contamination: Anticipate the probability of

abandoned tanks, vessels and piping containing residual liquids.

5.3.2 Use Notes to assist in making decisions or to improve performance of action steps.

Example

NOTE The following steps 5.0.1 through 5.0.7 may be performed out of sequence and throughout the work
instruction to support work activities.

5.3.3 Place Warnings, Cautions, and Notes immediately before and on the same page as the
step to which they apply.

5.3.4 Warnings and Cautions shall include the hazard(s), consequence of the hazard(s), and any
critical time constraints, when applicable.

5.3.5 Do NOT include actions in Warnings, Cautions, or Notes.
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ATTACHMENT B
WRITING GUIDELINES AND DOCUMENT STRUCTURE

(Page 9 of 10)

6.0 Post Maintenance Testing

When operability of equipment has been affected while performing a procedure and operability has to be
verified before returning the equipment to service, include action steps that specify these tests.

6.1 Unless otherwise specified in the work instruction, the Post Maintenance Testing Section is

considered "Critical Use."

6.2 Include testing acceptance criteria and tolerances.

6.3 Specify testing requirements, including documenting data sheet and verification that the results
meet acceptance criteria.

7.0 Post Completion Configuration

Ensure steps are written in the Performance and/or Post Maintenance Testing Sections to perform the
necessary actions to achieve the conditions stated in this section. Performance steps (except WGS
verification) are not to be placed in this section.

7.1 List intended final conditions of the area, equipment, systems, etc. that were affected by the
performance of the WIP and have been verified by the WGS.

7.2 Include a step for signoff by the WGS to document verification of the following (examples):

7.2.1 All personnel locks/tags are removed.

7.2.2 The work area has been cleaned up (e.g., disposal of waste generated, all temporary
utilities used for the job such as extension cords and hoses have been removed).

7.2.3 System(s) and/or equipment are/is ready for turnover to the applicable operations group.

8.0 References

8.1 List the documents used to create the work instructions and those used for the performance of
work associated with the work instruction.

8.2 List applicable drawings, P&IDs, and electrical one-line drawings.

8.3 Include a list of required design, process, and instrument drawings with the work instruction, if
applicable. Include the revision number, sheet number(s), and Engineering Change Notice (ECN)
numbers, if pending.

8.4 List SOPs where WIP users must perform actions contained within the referenced SOP (e.g.,
"Perform hoisting and rigging activities in accordance with SOP 00-38.")

9.0 Source Requirements

9.1 List source requirements documents and the specific sections of those documents which are
implemented by the procedure.
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ATTACHMENT B
WRITING GUIDELINES AND DOCUMENT STRUCTURE

(Page 10 of 10)

10.0 Attachments

10.1 When the work instruction includes opening, modifying, or removing part of a system containing
radioactive or hazardous materials or energy sources such that personnel or the environment are
potentially exposed to the hazard, the system boundaries shall be identified on a marked up P&ID
or isometric drawing, sketch, diagram, or a photograph accompanying the work instruction
indicating the isolations/engineering barriers surrounding the work area. The system status (e.g.,
active, abandoned, pressurized, vacuum) is to be verified and considered in the hazard analysis
and controls.

10.2 Include information in an attachment/appendix when it is more convenient to locate the information
outside the main body of the procedure.

10.3 Attachments should be numbered independently.

10.4 Reference all attachments in the WIP.
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ATTACHMENT C
REVIEWER/PLANNING TEAM SELECTION CHECKLIST

(Page 1 of 1)

Situation Required Reviewers

Work Group Supervisor
All work packages Facility Manager

Work Review Group Coordinator

Hazard present in area of expertise (i.e., hazard identified as "Yes" HCS specified on WV-3909
on WV-3909)

Work steps performed by personnel other than the work group. Department performing work step

Work activities performed by subcontractors under the direction of a STR
Subcontractor Technical Representative (STR)

Any work activity performed by Maintenance

NOTE: NA if the Work Group Supervisor is the Maintenance Maintenance

Supervisor.

Work activities performed on equipment, or in an area, under PSO's PSO
cognizance.

Work activities performed on equipment, or in an area, under an Applicable Operations Supervisor
Operations Supervisor's cognizance other than PSO.

Work activities affect a system or involve work on a system. Applicable System Engineers

Work activities under the cognizance of an engineer other than the Cognizant Engineer
System Engineer or the Originator.

Work activities involve QA review, inspection, verification, or
oversight activities:
> The work is Quality Level 'C' or 'B' as defined by WVDP-204 (Q-

List) or WVDP-1 11, section 1.4.2 (QA Program)
>' The work will involve QA acceptance testing or verification
>' The work involves a Critical Lift activity
> The work will involve RCRA or Regulatory Closure Plans
>' The work involves the use of any Calibrated Measuring and Test

Equipment QA
> The work involves Load Testing of H&R equipment
> The work will involve Welding, or Nondestructive Examination
> Will the work involve any pressure testing to ensure process

line/system integrity (e.g. Hydro, or Pneumatic) or any In-
Service Leak testing

> The work will involve the utilization of LOKRING's
> The work will utilize concrete expansion anchors or adhesive

anchors (excluding core boring machine anchors)
HLW Process and WQR

Work identified as High Level Waste (See WVDP-200). Compliance Engineer

Any other department affected by the work activities. Applicable departments
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ATTACHMENT D
TELECON/EMAIL APPROVALS

(Page 1 of 1)

The following may be used to obtain and document telecon or email approvals when the person required to sign
(signatory) is not physically present.

To obtain the signatory's approval, the originator or his designee should perform the following:

A. Contact the signatory via telephone, email, or other means of communication.

B. Provide the signatory with a description of the purpose and scope of the work instruction and read
verbatim the part of the work instruction explaining what the signatory is being asked to approve.

C. Provide the signatory with any additional information needed to fully explain what is to be
approved.

D. Answer any questions the signatory may have.

NOTE The signatory shall NOT grant approval until satisfied and fully understands what is to be approved.

E. Once the signatory has approved, the originator or designee documents approvals as follows:

1. Telecon approval - as shown in the following example:

Jim Jones for Bob Brown per telecon 12/17/99

2. E-mail approval - as shown in the following example:

See attached e-mail approval 12/17/99

a. Print the e-mail message and attachments (if applicable) and retain with the record copy of
the work control document (Ref.: WVDP-262).
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WVDP RECORD OF REVISION CONTINUATION FORM

Revision On
Rev. No. Description of Chanaes Page(s) Dated

31 General Revision - Administrative changes and ALL 12/01/11
Revised Attachment A, "Definitions" with additional responsibilities
for WGRC, RM, WGS, Planner and SMEs/HCSs
Revised Attachment B, "Writing Guidelines and Document Structure"
This change affects WIP originators, HCS, SME's, and Responsible Managers

32 General Revision - Administrative changes. ALL 08/16/12
Revised QA section 3.4.6 to include QA review required for
Regulatory Strategy RCRA Plans, and Critical lifts only.
This change affects WIP originators and QA.

33 Minor Revision - Administrative changes. 10/31/12
3.23 & 9.0 Updated title of SOP 00-46. 2, 9
Steps 3.4.3, 4.3.8 A and Attachment B revised USQD Originator and 3, 7
Safety Analyst to USOD Evaluator. 9, 22
Attachment A-Changed ESH&Q to Engineering Manager. 11
Added WVDP-227 to the references.
Engineering, Records, Work Control and Planners are impacted
by this change.

34 General Revision - Administrative changes. ALL 12/17/12
Steps affected are 3.2, 3.4, 4.1 thru 4.4, 5.1, 6.5, 9.0 and
Attachments A and B.
Revision changes documentation of hazard analysis on AHA or JSA.
Revised QA review applicability,
Revised Field Change process to include hand-written WV-1 085.
Clarified Attachment guidance.
This change affects WIP originators and QA.

35 Minor Revision - Administrative changes: 01/08/13
Deleted form WV-3743 in reference section, form is cancelled. 9
Clarified documentation for obtaining telecon/e-mail approvals in 26
Attachment C.
This change affects WIP originators

WV-1807, Rev. 10 (DCIP-101)
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WVDP RECORD OF REVISION CONTINUATION FORM

Revision On
Rev. No. Description of Changes Page(s) Dated

36 General Revision All 09/05/13
Added requirement for Originator to ensure that hazard mitigations
not specifically addressed in the WIP are captured elsewhere in the
work package (e.g., RWP, IWP, Pre-Job Brief).
Added new attachment D for determining required reviewers. Text in the
procedure related to determining reviewers was deleted as the
requirements are captured in this attachment.
Deleted reference to the TRT as TRT actions are outside the scope of
this procedure.
Deleted part of note allowing USQ signatures to be obtained per telecon.
Deleted detail on planning team walkdown and referred to SOP 00-46
for performance
Deleted Training from the Material/Special Tools and Equipment Section
as training requirements are contained in the Prerequisite Section
Added steps in the performance section of Attachment B on specific
requirements pertaining to the use of LOTOs.
Modified requirements for using a DDC for clarity and consistency
with SOP 00-54.
Deleted definitions in Attachment A that are no longer refered to
in this procedure.
Added requirement to track foam use when using foam
containing isocyanates in Attachment B.
Clarified definitions for Originator and Planner.
Attachments reordered to follow the procedure flow.
Additional editorial changes made throughout.
This change affects WIP Originators/Planners.

37 Administrative Changes. All 03/19/14
Added a new step 4.3.4, requiring all current field changes be identified
by a change line generated by utilizing the Microsoft Word "Track Changes"
function.
Revised step 4.3.5 to simplify the symbol used to identify field changes.
Revised Attachment "A", Definitions, deleting requirement that Cognizant
System Engineer (SE) be a trained work instruction originator, and
incorporated language from WV-921, "Hazards Identification and Analysis"
into the definition of Hazard Control Specialists.
Paginated Attachment "D".
These changes affects WIP Originators/Planners, System Engineers, and
Hazard Control Specialists.

WV-1807, Rev. 10 (DCIP-1 01) ii
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Receipt Inspection, Quality Assurance Procedure QP 10-2,
Revision 15, CH2M HilI-B&W West Valley, LLC, West Valley,

New York, October 22, 2013



VERIFY HARD COPY AGAINST WEB SITE IMMEDIATELY PRIOR TO EACH USE
OP 10-2
Rev. 15
Page 1 of 7

S(0Date 10/22/13
Decommissioning

Team

CH2MHILL • B&W West Valley, LLC

QUALITY PROCEDURES

TITLE: Receiving Inspection

GENERAL REVISION
1.0 PURPOSE

This procedure establishes the method to be followed for planning and performance of material receipt
inspection by Quality Assurance personnel.

This procedure details the method to conduct inspection of items when receiving inspection is required for

Quality Levels A, B, C, and selected N items.

2.0 REQUIREMENTS, REFERENCES, AND FORMS

Refer to E-DOCS for the latest version of WVDP Controlled Documents. Refer to the S:\WPFORMS
directory and/or site standards word processing templates for the latest revision of WVDP forms used in
this procedure.

2.1 Requirements

2.1.1 WVDP-1 11 "CH2M HILL • B&W West Valley, LLC Quality Assurance Program"

2.2 References

2.2.1 QP 4-1, "Procurement Document Review"

2.2.2 QP 10-1, "Inspection"

2.2.3 OP 15-2, "QA Hold Tag Procedure"

2.2.4 WVDP-204, "WVDP Quality List Q-List"

2.2.5 WVDP-310, "WVDP Safety Management System (SMS) Description"

2.2.6 WVDP-357, "WVDP Issues Reporting Program Manual"

2.2.7 WV-620, "Purchase Requisitions and Supplements"

2.2.8 WV-695, "Procurement Card Purchases"

2.2.9 PROP- 11, "Warehouse Receiving, Storage, Inventory, and Withdrawal"

2.3 Forms

2.3.1 WV-3245 - Material Receiving Inspection and Release (MRIR)

2.3.2 WV-01 72 - CHBWV Procurement Card Requisition Checklist, for QA signature and
inspection criteria.
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3.0 GENERAL INFORMATION

3.1 Quality Assurance Receiving Inspector - performs inspections and tests per the acceptance
criteria provided on the Material Receiving Inspection and Release (MRIR) and approved
procurement document.

3.2 Quality Assurance Representative (QAR)

3.2.1 Reviews procurement documents such as: Purchase Requisitions (PR), Procurement
Technical Specifications or attachments to Purchase Requisitions, Purchase Requisition
Change Orders, and Credit Card Orders (CCO) per QP 4-1.

3.2.2 Plans inspections, concurs with inspection acceptance criteria and ensures a MRIR is
prepared with the requisitioner based on information contained in the purchase requisition,
or credit card order.

3.2.3 The inspection criteria should include consideration for verifying completeness, markings,
calibrations, adjustments, protection from damage or other characteristics as required to
verify the quality and conformance of the item(s) to specified requirements. Quality records
are required to be examined for adequacy and completeness.

3.2.4 Items may be added to procurement documents as desirable quality attributes, such as
painted surfaces being smooth and free of visible imperfections in waste boxes, even
though these attributes do not affect the integrity or DOT rating of the box. Quality will
inspect for such attributes if they are listed in the applicable procurement documentation.

3.2.5 Provisions shall be made for prohibiting delivery or acceptance of suspect/counterfeit
items.

3.3 Receipt Inspection is required for items identified as Quality Level A, B or C per WVDP-1 11 and
WVDP-204, including credit card orders, unless other inspection provisions have been approved by
QA.

3.4 Personnel shall always be cognizant of Integrated Safety Management System (ISMS)

policies/objectives when planning and performing inspections.

4.0 PROCEDURE

4.1 Inspection Criteria

4.1.1 The OAR reviews the procurement document per QP 4-1 and concurs with the receipt
inspection acceptance criteria established by the requisitioner per WV-620 and/or WV-695.

4.1.2 The OAR establishes a MRIR in the W:\MRIR drive if required. If the W:\MRIR file does
not contain a procurement specific MRIR a standard receipt inspection MRIR can be used
(W:\MRIR\STNDMRIR) as denoted on the copy of the procurement document. The OAR
shall designate the applicable standard MRIR which is to be used.

4.1.3 The OAR shall ensure that the procurement document and MRIR acceptance criteria is
adequate for the procurement and that a Material Receiving Inspection and Release
(MRIR) is prepared for Receiving Inspection that includes the inspection acceptance
criteria. As a minimum, basic acceptance criteria shall include:
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Item(s) ordered is the item(s) received;
There is no shipping damage;
Item(s) is not suspect/counterfeit (ref: form WV-0141);
MSDS is received or is on file, and is item specific if a chemical containing material is
ordered.

4.2 Inspection Performance

4.2.1 The QAR enters the procurement information into the QA reports database and creates an
informational file.

4.2.2 Inspector is notified that items requiring receipt inspection have arrived. Inspector obtains
approved procurement document and MRIR.

NOTE Typically, items are delivered to the warehouse, tagged "Hold for QA Inspection" by warehouse personnel
and placed in the QA hold cage. Some items that are too large for the cage or are delivered to another
location (e.g., hard stand, Vit Test Facility) are staged for receipt inspection at their drop location.

4.2.3 Inspect the item(s) per the MRIR and the approved procurement document as reference.

4.2.4 If item(s) is/are acceptable:

Obtain an MRIR number from QA reports.

Complete and issue MRIR. Original certificates must also be retained with the MRIR. For
credit card receipts, attach a copy of the CHBWV Procurement Card Requisition (WV-
0172) as part of the MRIR. The requisitioner receives copies of the MRIR, certifications
and the original packing slip.
Apply Accept Tag or QA release stamp to the item(s), as appropriate.
Release the item from QA Receiving Inspection area.

NOTE Some items are received as multiples within a single or several containers. For example, small bolts
packaged within a single plastic bag. If determined to be acceptable by receipt inspection, the package
may be released for use if stored within a controlled, secure area that tracks usage. The MRIR for such
items will be specific in detail to describe the multiple items.

4.2.5 If Item(s) is/are unacceptable, discuss the discrepancy with the requisitioner and proceed

as follows:

A. Documentation Inadequacy

If documentation is insufficient (e.g. missing, incorrect documents, or insufficient
data) and requisitioner agrees to obtain corrected documentation, keep item(s) in QA
hold cage area or ensure the "Hold for QA Inspection" tag is on the item.

When acceptable documentation is received, follow 4 .2.4.

If acceptable documentation is not received in 30 days, implement WVDP-357.

B. Substitutions, minor changes and damage

If unacceptability was caused by substitution of material, wrong quantity, minor
change etc. and the discrepancy is considered acceptable by requisitioner, complete
the MRIR with documented written requisitioner approval on the MRIR, or attach
email authorization.
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If unacceptability is caused by substitution of material or shipping damage, which
makes the material unacceptable, the material or item(s) may be returned. Issue a
MRIR marking the Requirements Met column with an X in the NO column opposite
the criteria not met and note that the item is to be returned to the vendor in the
Comments section.

NOTE Coordination of the decision to return must be with the concurrence of the requisitioner and the Purchasing
agent.

Inform warehouse personnel that the material must be returned to the vendor and
request that they prepare the L Order to allow the material to be shipped off site. A
QAR will verify that the material has been shipped off site by signing the L-Order
for QA.

C. Quality Requirements Not Met
If quality requirements are not met and the item(s) or material requires
disposition or further justification for acceptance, implement WVDP-357 and
process per 5.2.6.

4.2.6 Processing Nonconforming Item(s)

Place Hold Tag(s) on the item(s) per OP 15-2.

Maintain the item(s) in QA Hold Area or segregate.

Note the Issue Report (IR) number on the MRIR, retain the MRIR and a copy of the IR with
the PO file until disposition has been received.
Follow the requirement of the dispositioned Issue Action Documentation Form, document
the disposition and IR closure date in the comment section of the MRIR:

1) If disposition is "Use-as-is," complete the Material Release section of the MRIR,
remove the Hold Tag per QP 15-2, place Accept Tag, and release the item(s) from
the QA Hold Area.

2) If disposition is "Rework" remove the Hold Tag per QP 15-2 when item(s) is/are
acceptable and complete MRIR. Use of a Conditional Release tag may be
required.

3) If disposition is "Repair" use acceptance criteria as defined in the Issue Action
Documentation Form, if applicable. Upon completion of the repairs(s) and a
successful re-inspection, remove the Hold Tag per QP 15-2 and complete MRIR.
Use of .a conditional release tag may be required.

4) If disposition is "Scrap," ensure that the material is scrapped by destroying the item
or by placing the item in an on-site scrap receptacle for the proper type of material.

5) If the disposition is "Return to Vendor" secure a copy of the completed L Order.
This will show the item shipped off site.

NOTE Conditional Release Tags may be attached to material to allow further testing, repair, rework, or mock-up

work. See Attachment B.

5.0 RECORDS

5.1 The following forms, data sheets, logs, reports, or any other form of documentation are considered
records and when created are to be prepared, maintained, and transferred to Records in
accordance with WVDP-262 and WVDP-529. Refer to the CHBWV Master File Plan for further
information
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NOTE Original MRIR reports for Purchase Orders and QA documentation (eg. certifications, test reports) are sent
to purchasing. For Credit Card orders, the original MRIR reports and QA documentation (e.g.
certifications, test reports) are sent to the Purchase Card Holder.

5.1.1 WV-3245, Material Receiving Inspection and Release (MRIR)

5.1.2 WV-01 72, WVES Procurement Card Requisition and Certifications received with Credit
Card Orders.

6.0 ATTACHMENTS

Attachment A Accept Tag & "Q.A. RELEASE" Stamp
Attachment B Conditional Release Tag
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ATTACHMENT A
ACCEPT TAG

ACCEPT TAG
(Green)

ACCEPT TAG

P.O. MRIR
Insp. By Date
Piece Of

Accept Tag will contain the following information:

1. Purchase Order number

2. Material Inspection and Release (MRIR) number

3. Initials of the Inspector who determined that the item(s) were acceptable

4. Date material was accepted.

5. If multiple pieces or parts are received at one time, multiple tags will be issued for the
same MRIR number. This avoids loss of control. Tags might read "Piece 1 of 6,"
"Piece 2 of 6"; this increased piece count is continued until all pieces/parts have been
tagged or a "QA Released" stamp may be utilized when quantities are high. The "QA
Released" stamp may be used on boxes within which the procured items are not
suitable for stamping or tagging. For example, PPE filters contained within boxes may
have just the boxes stamped since it is impractical and unsafe to tag or stamp each
individual filter.

Example of Q.A. Release Stamp

QA RELEASED



QP 10-2
Rev. 15
Page 7 of 7

ATTACHMENT B
CONDITIONAL RELEASE TAG

CONDITIONAL RELEASE TAG

(Yellow)

CONDITIONAL RELEASE

Limiting Condition

PO/WIP/etc. IR

Inspector:

Print Name

Sign DATE

DO NOT REMOVE THIS TAG

This tag may be used to allow further testing, repair, rework, fit-up or mock-up prior to full release. The item shall
not be allowed to be used for its intended use until the condition is met. After the testing, repair, rework or mock-up
is complete, the item may be released or a red Hold Tag may be required to continue control of the item.
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WVDP RECORD OF REVISION

Revision On

Rev. No. Description of Chanaes Page(s) Dated

6 Added 7.2.5.1 to clarify how items that are unacceptable 3 04/14/03
are handled.
Procedure also updated to the requirements of DCIP-100 (e.g., All
modified section 8, "Records Maintenance," added titles
and pagination to attachments, changed font throughout)

This change affects QA.

7 This change is made to add a reference to location 1-3 04/13/04
of receipt inspection MRIR, add a note concerning
items delivered to the warehouse, change QA
receiving area references to QA hold cage,
update step to place a red hold tag on the
item received, delete step 6.2.5.1, and
update procedure per DCIP-100.
This change affects QA.

8 Adds explanation for Drawing/Specification 01/24/05
block on MRIR and change numbers accordingly
on example form 10-11
Changed days to implement WVDP-357
from 90 to 30 days. 3
This change affects QA

9 Added a note for clarification
Revised wording; added P-Card statement 3 12/27/05
Added to item 5 to address other items 6
Updated "Conditional Release Tag" as shown. 7
This change affects QA

10 General Revision All 10/10/06
Clarified and added information to general instructions.
Deleted form WV-3245 from procedure.
This change affects QA

11 General Revision 1,5 04/15/09
Update to WVES template
Update sections to reflect current department activities
This change affects QA

12 Periodic Review - Revision 12/03/09
Clarified inspection criteria. 2
Update Records responsibilities. 5
Minor editorial changes throughout.
These changes affect QA.

WV-1807, Rev. 10 (DCIP-101)
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WVDP RECORD OF REVISION CONTINUATION FORM

Revision On

Rev. No. Descriotion of Changes Page(s) Dated

13 Combined Responsibilities with General Information. 2 09/16/10
Added Section 4.2.3 2
Delineated Section 5.1 Inspection Criteria 2
Section 5.2.5 separated paragraphs into sections A. B. C. 3
Replace PO and PR with procurement document and/or All
approved procurement document.
Minor editorial comments. All
These changes affect QA.

14 General Revision- minor document revision to address CHBWV All 04/23/12
Transition Team Blue Sheet & Terminology Replacement Matrix
Comments. Updated company logo & name, department names,
etc., throughout. Other editorial format changes made as needed.
These changes are administrative in nature and have no direct
affect on any department.

15 General Revision- New bullet added in General Information All 10/22/13
moved 3.2.4 to 3.2.5 and added new bullet 3.2.4 to address
mechanism by which quality attributes are added to receipt
inspections that are not requirements but are desired by
the requisitioner. These changes are administrative in nature and
have no direct affect on any department.

WV-1807, Rev. 10 (DCIP-101) ii
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Material Receiving Inspection and Release (MRIR) report
#04-1152, West Valley Nuclear Services Company, West

Valley, New York, October 15, 2004.



Material Receiving Inspection and Release Pae o 04-1152F Page I of I

• I is ý- [i.
iTrcit Card 19-30Material Description:K:p1.plItcr \\ \IG. inc.

Dri\mt n pcc No 401)5-D\\ -I)). slits 1-8.
Rek No reý 4.

RequIsitioner: T.J. Jones QAR: Robert Czxzewski

Inspection Requirements Requirements Met

Yes No

I. Material does not show any shipping damage. x

-. 1t*Lerial received is as specified on purchase crjer. X
-- _..d 4 gaI:ets (Items ana 9 on Bill of Materials)

Nis suspect/counterfeit parts are used. (A193-87 w/washers X
" h Ld as Item rro # n Bill cf Materials)

'cc-rmeniatirn Fa:i.age Received. X

Certifi-ate cf Confcrmance Received and acceptable. x

Package marked with the following: X
-USA

- TYPE-IP2

N/. .,'A Inspected BN/Date:'

Paula Ciszak 10/15p4_

C Om enlCIIIS N.' A

Distrihutio,: Requisitioner Warehouse (Purchasing, General
Accounting)

QA Purchase Order File QA DCC (Original)

ORIGINAL
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Nondestructive Test Reports MT-1 10-04, VT-35-04, X-R-I
Testing Division of X-Ray Industries, Inc., Troy, Michigan,

October 13, 2004.



XRI TESTING Division of X-Ray Industries, Inc.

The American Tank & Fabricting Co.
12314 Elmwood Avenue
Cleveland, OH 44111

Shop Order/# 40945-0000

Magnetic Particle Inspection

Report Number: MT-1 10-04

Date: 10/13/2004

P. O.# 19-104320-C-LH

Inspec. Operation # NA

PART #: 4005-DW-001-Rev.3 IQUANTITY I Assembly
INSPECTION PERFORMED IN ACCORDANCE WITH:

STANDARD AWSDI.1 2004
PROCEDURE AWSDI.1 2004
PROD METHOD YOKE METHOD

TWO DIRECTIONS N/A TWO- DIRECTIONS YES
CONTINUOUS NIA CONTINUOUS YES
HWDC N/A DC N/A AC YES
COLOR CONTRAST POWDER N/A COLOR CONTRAST POWDER See Note
SPACING N/A SPACING < 6"
AMPERAGE N/A NOTE:

ETHER BA RED OR #1 GRAY POWDER
USED AT THE DISCRETION OF THE
JINSPECTOR

QUANTITY DESCRIPTION RESULTS
I Assembly MT Backgrobves JT 1. Accept 911/2004

JT 2 Accept 9/1f2004
JT 3 Accept 91212004
JT 5 Accept 9/712004

Item 7A Accept 9/1112004
7B Accept 9/212004
7C Accept 9/3/2004
7D Accept 919/2004
7E Accept 9/8/2004
7F Accept 9/11/2004
7G Accept 9/3/2004
7H Accept 9/312004
JT 26 Accept 9/1/2004

JT 27 Accept 9/2/2004
JT 28 Accept 9/2/2004
JT 29 Accept 911/2004

Backgroove of 4 lifting lugs JT 34 Accept 9/24/2004

Inspected

by Johni J~ubit

T.A. Ward
Certification: SNT-TC-IA
Level: IIRyan Pratt



XRI TESTING Division of X-Ray Industries, Inc.

The American Tank & Fabricting Co.
12314 Elmwood Avenue
Cleveland, OH 44111

Shop Order # 40945-0000
Visual Inspection
Magnetic Particle Inspection

Report Number: VT-35-04

Date: 1011312004

19-104320-C-LHP. O.#

Inspec. Operation # NA

PART #: 4005-DW-001-Rev. 3 1QUANTITY I Assembly
INSPECTION PERFORMED IN ACCORDANCE WITH:

STANDARD AWSDI.I 2004
PROCEDURE AWSDI.1 2004
PROD METHOD YOKE METHOD

TWO DIRECTIONS NIA TWO- DIRECTIONS YES
CONTINUOUS NIA CONTINUOUS YES
HWDC NIA DC N/A AC YES
COLOR CONTRAST POWDER N/A COLOR CONTRAST POWDER See Note
SPACING NIA SPACING <6"
AMPERAGE N/A NOTE:

ETHER 8A RED OR #1 GRAY POWDER
USED AT THE DISCRETION OF THE
INSPECTOR

QUANTITY IDESCRIPTION RESULTS
I Assembly VT, MT Final Welds JT 1 Accept 91712004 911912004

JT 2 Accept 91212004
JT 3 Accept 91712004 911712004
JT 4 Accept 911112004 911712004
JT'S 5,6,7 Accept 911512004 912212004
JT8 . Accept 911112004 911712004
JT 9 Accept 9115/2004 9/2112004
JT 10. Accept 911412004 912212004
JT 111 Accept 9124(2004

JT'S 12,13,14,15 Accept 911112004
JT'S 16,17 Accept 917/2004 9/2412004

JT 18 Accept 91712004 9117/2004
JT 19 Accept 917/2004 912112004
JT'S 20,21 Accept 9(11/2004 9117/2004
JT'S 22,23 Accept 911512004 911912004
JT'S 24,25 Accept 9(2112004 9122/2004

JT,S 26,27,28,29 Accept 912312004
JT'S 30,31. Accept 912412004

ITEM'S 7A,7B,7F,7H Accept 912412004
ITEM'S 7D,7C Accept 9/2212004
ITEM'S 7E,7G Accept 912312004

4Lift Lugs JT'S 32,36,34 Accept 9/2712004 912812004
4Lift Lugs JT'S 32,36,34 AFTER LOAD Accept 10/512004
4Lift Lugs JT'S 33,35 Accept 1017/2004

Inspected
by: Eq0 ý.ubit f\N

Certification:
•" Level: II

SNT-TC-1A

T.A. Wdrd

0
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WVDP SITE WELDING MANUAL

SECTION 1 - WELDING MANUAL GENERAL REQUIREMENTS

1.0 PURPOSE

1.1 This manual presents CHM2HILL B&W West Valley, LLC Company (CHBWV) policy and
requirements for welding and brazing at West Valley Demonstration Project (WVDP). Policies set
forth in this manual apply to all welding performed on site.

The manual provides direction for welding activities performed by CHBWV personnel, the
administrative direction for development and issuance of new or revised welding procedures, CHBWV
welder performance certification, weld filler control, and responsibility for control of this manual.

When welding is to be accomplished on site or off site by a subcontractor/vendor, welding shall be in
accordance with the provisions of Section 1.7, "Welding by Subcontractor/Supplier/Others."

1.2 Responsibilities

1.2.1 The Site Engineering Manager shall be responsible for implementation and revision as
necessary of this manual; development and revision of Weld Procedure Specifications
(WPS) and their Procedure Qualification Records (PQR); and support for welder
performance qualification testing. The Site Engineering Manager may delegate this
responsibility to a designated welding Subject Matter Expert (SME) in the Technical
Specialist List.

1.2.2 The Quality Assurance Manager (QAM) is responsible for assuring compliance to this
manual.

1.2.3 The Nuclear Operations and Storage Facility Manager or designee shall be responsible for
personnel training, welder qualifications, filler metal control, assigning qualified personnel
to specific tasks, and implementing written procedures.

1.2.4 CHBWV Welders, Welding Operators, and Brazers (Welders) are responsible for knowing
the extent of their certifications and performing assigned tasks in accordance with this
manual and written procedures.

1.2.5 Where responsibilities are assigned by position title, it shall be understood that the person
holding that position may delegate the responsibilities to other(s) who are qualified to
perform the task with that person's manager's concurrence.

1.2.6 Cognizant Engineers who generate CHBWV work instructions requiring welding per
EP-5-002 shall complete form WV-1888.

1.2.7 Performance of Nondestructive Examination (NDE) as described in this manual shall be

performed by current ASNT-TC-1A certified NDE Level II or III personnel.

1.3 Definitions

1.3.1 Welders[Weldinq Operators Performance Qualification Record (WPQ): A document with
basic criteria established for welder/welding operator qualification used to determine the
welders ability to produce welds meeting prescribed standards.
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1.3.2 Welding Procedure Specification (WPS): A written qualified welding procedure prepared to
provide direction for making production welds.

1.3.3 Procedure Qualification Record (PQR): A record of the welding data used to weld a test
coupon to qualify the WPS. The PQR is a record of variables recorded during the welding
of the test coupons and contains the test results of the tested specimens. Recorded
variables normally fall within a small range of the actual variables that will be used in
production welding.

NOTE Other terms and definitions shall be in accordance with AWS A3.0 - Terms and Definitions.

1.4 Welding Symbols

1.4.1 All drawings and sketches that require welding shall use welding symbols as shown in

AWS A2.4 (latest revision). Symbols for Welding and. Nondestructive Examination.

1.5 Filler Metal, Issuance and Control

1.5.1 Filler metal and electrodes shall be procured, controlled, stored, and issued in accordance
with approved CHBWV procedures.

1.5.2 Low hydrogen covered electrodes shall be stored at a minimum temperature of 250°F.
Recording charts will be used to verify temperatures. Temperature monitoring devices for
weld rod ovens shall be calibrated in accordance with approved CHBWV procedures.

1.5.3 Traceability of filler material shall be to the point of issuance (CHBWV Warehouse) unless
otherwise specified by the SME on form WV-1888 within the work document.

1.5.4 A Senior Specialist DDWO/Craft (Mechanic) or Maintenance Supervisor will authorize 0
warehouse requisition/withdrawal for obtaining filler material containers. Only undamaged
containers will be transferred.

1.5.5 Once filler material is requisitioned/withdrawn from Warehouse stock, all electrodes shall
then be placed in locked storage locker(s) within its original container indicating the type,
size, heat and/or lot number.

1.5.6 Upon opening each low hydrogen electrode container, the Senior Specialist DDWO/Craft
(Mechanic) will store the entire contents in a locked weld rod holding oven. A tag
containing type, size, and heat and/or lot number will be affixed to the container.

1.5.7 A Senior Specialist DDWO/Craft (Mechanic) or Maintenance Supervisor will issue weld
filler material to qualified welders by entering the following information into the Weld Filler
Issuance Log:

A. Employee badge number
B. Process as applicable: e.g. SMAW or GTAW
C. Filler material description: e.g. E7018, 1/8"; ER70S-2, 1/8"
D. Date of issuance
E. Time of issuance
F. Quantity issued in pounds
G. Applicable work document or task number

1.5.8 Low hydrogen covered electrodes shall either be issued in quantities that can be used
within four (4) hours, or shall be contained in heated portable rod caddies. Portable rod
caddies do not require calibration.
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1.5.9 Welders are responsible for discarding used stubs, damaged electrodes as well as low
hydrogen electrodes which have been exposed to air (removed from the holding oven) for a
period greater than four (4) hours.

1.5.10 Upon completion of work, each welder shall place their unique ID on form WV-1888 of the
work document (if applicable) and when required, enter the heat/lot number(s).

1.5.11 A Senior Specialist DDWO/Craft (Mechanic) or Maintenance Supervisor shall monitor and
initial/date the rod oven chart recorder daily (for days worked). As part of this monitoring,
the temperatures since the last verification shall also be reviewed for potential temperature
deficiency.

1.5.12 The Senior Specialist DDWO/,Craft (Mechanic) or Maintenance Supervisor shall
immediately report any temperature discrepancy which is outside the prescribed limits to
the supervisor, and QA..

1.6 Other Joining Processes

1.6.1 Welding processes other than fusion welding and torch brazing of metallic components are
not controlled by this manual.

1.6.2 Processes such as resistance spot welding, soldering, non code-related torch brazing or
bonding/fusion of non-metallic components are a DDWO/Craft specific skill which may be

employed by CHBWV without qualified procedures or specific qualification tests.

1.6.3 Situations may arise where special training and/or qualification on processes or
techniques are warranted. The responsible cognizant engineer may then coordinate with
the SME to develop joining processes per manufacturer's installation instructions and/or
applicable codes.

1.6.4 Stud welding procedures for special projects may be developed by the cognizant engineer

and the SME and documented on the work document.

1.7 Welding by Subcontractor/Supplier/Others.

1.7.1 When welding is to be accomplished on site by a subcontractor/supplier/other (e.g. fixed
price purchase order), welding program(s) and welding activities shall be in accordance
with the contract documents. The welding program shall be approved by CHBWV per
contract requirements prior to commencement of welding activities.

1.7.2 Equipment solely owned by a supplier under current CHBWV rental/lease agreement (e.g.
Liquid Nitrogen tank manifold), may be installed/serviced on site by the supplier or
authorized representative. WPS, PQR and welder qualification are the responsibility of the
supplier. Control of filler material shall be at the discretion of the SME and Cog Eng.

1.7.3 Equipment (e.g. excavator, dozer) solely owned by suppliers, or CHBWV protegee for D&D
activities may be serviced on site by the owner or authorized representative. WPS, PQR
and welder qualification are the responsibility of the equipment owner. Control of filler
material shall be at the discretion of the SME and Cog. Eng. Any modification or repair
and any related testing/inspection shall be the owners responsibility.

1.8 Records

1.8.1 The following forms, data sheets, logs, reports, or any other form of documentation are
considered records and when generated are to be prepared, maintained, and transferred to
Records in accordance with WVDP-262 and WVDP-529. Refer to the CHBWV Master
File Plan for further information.
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A.
B.
C.
D.
E.
F.
G.

Weld Rod Oven Temperature Data
Welding Procedure Specification
Procedure Qualification Record
Welder Performance Qualification
Brazing Procedure Specification
Brazer Performance Qualification
CHBWV Weld Data Sheet

1.9 Forms / Templates

Template - "Welding Procedure Specification"
WV-2524, "Procedure Qualification Record"
WV-2525, "Welder Performance Qualification"
Template - "Brazing Procedure Specification"
WV-2527, "Procedure Qualification Record (Brazing)"
WV-2528, "Brazer Performance Qualification"
WV-2529, "CHBWV Weld Data Sheet"
WV-1888, "Procedures, Inspections and Controls Checklist"

1.10 References

AWS Codes
ASME Codes
EP-5-002,
WVDP-111,
WVDP-204,
WVDP-262,
WVDP-485,
WVDP-529,
ANSI Z49.1,
ASNT-TC-1A,

"American Welding Society"
"American Society of Mechanical Engineers"
"Administration of Work Instruction Packages"
"Quality Assurance Program"
"WVDP Quality List Q-List"
"WVDP Records Management Plan"
"Work Control"
"WVDP Records Disposition Plan"
"Safety in Welding, Cutting and Allied Processes"
"Recommended Practice for Nondestructive Testing Personhel Qualification and
Certification"

CHBWV Technical Specialist List

SECTION 2 - QUALIFICATION OF CHBWV WELDERS, WELDING OPERATORS AND BRAZERS (WELDERS)

2.1 General

2.1.1 Performance qualification tests shall be conducted by SME using qualified procedures in
accordance with ASME Section IX or applicable AWS code. Successful completion of
performance qualification shall be documented on form WV-2525 or WV-2528 as
applicable.

2.1.2 Quality Assurance shall be notified prior to performance qualification testing. The Quality
Assurance representative reserves the right to witness all performance qualification tests.

2.2 General Performance Qualification Testinq

2.2.1 A welder may take performance qualification tests with individual processes on separate
test coupons or a combination of welding processes in a single test coupon at the
direction of the appropriate SME.

2.2.2 Welders and Welding Operators shall typically demonstrate ability on full penetration
groove welds, unless the procedure to be used during production is limited to fillet welds.

2.2.3 Base metals used for welder qualification may be substituted for the base metal specified
in the WPS in accordance with the applicable code.
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2.2.4 Production welds shall not be used to qualify welders.

2.3 Specific Performance Qualification Testing

2.3.1 The SME shall coordinate the performance test to ensure all essential variables for each
process of the selected WPS/BPS are satisfied.

2.3.2 The SME shall document acceptable performance testing information by completing form
WV-2525 or WV-2528.

2.3.3 Quality Assurance shall perform in-process surveillance(s) during Welder performance
testing. If performed, the surveillance shall assure the following:

* Materials appropriate to the WPS/BPS are used.

• Filler metal used is as specified on the WPS/BPS.

* Test position is as specified by the SME, coupon orientation is marked.

* Fit up and internal alignment are as specified by the SME.

• Tack welds are tapered as required,

* Root pass is visually acceptable in accordance with paragraph 2.3.4 below.

* Random examination of intermediate pass cleaning and condition.

2.3.4 After making a qualification test weld and prior to preparing the test specimens, the test
coupon shall be visually inspected and accepted by Quality Assurance in accordance with
the applicable code.

2.3.5 Appropriate tests shall be used to determine the degree of soundness and ductility of weld

joints as determined by the SME.

2.3.6 Final signature of welder's or welding operator's test form shall be the responsibility of the
SME. The test may be terminated at any time if, in the opinion of the SME, the welder
fails to exhibit the required skill needed to satisfactorily complete the test.

2.3.7 At the discretion of the SME, test specimens may be discarded after evaluation.

2.3.8 Upon successful qualification, the welder shall be issued an identification symbol that
shall be recorded on the Form WV-2525/WV-2528. The welder shall record this symbol or
name when required on the appropriate work documents.

2.3.9 In the event a welder fails to meet the test acceptance criteria, a retest may be allowed at
the discretion of the SME in accordance with applicable code.

2.4 Maintenance of Qualification - Period of Effectiveness

2.4.1 Certification for Welders qualified in any one process shall remain in effect for 180 days
from the date the Welder last successfully used that process.

A. Successful use of a process is accomplished by a fabrication or repair weld made
by a certified welder and documented through a work document or task.

B. The Period of Effectiveness (welder qualification maintenance) for each welder is
maintained through MM262Q-SMAW and MM265Q-GTAW.
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2.4.2 When there is a specific reason to question the ability of a welder by a qualified weld
inspector, the welder may be retested with concurrence of the SME. If the first retest fails,
the qualifications shall be revoked.

2.5 The SME shall maintain a list of all certified CHBWV welders under his/her cognizance that indicates
the WPSs each person is qualified to use.

SECTION 3 - CHBWV WELDING AND BRAZING PROCEDURE QUALIFICATION

3.1 Requirements for WPS/BPS Development

3.1.1 Welding and Brazing Procedure Specifications and, if required, their associated Procedure
Qualification Record(s) (PQR) shall be developed in accordance with ASME Section IX or
applicable AWS code.

3.1.2 When a new or revised WPS/BPS is required, the SME or designee will develop it.

3.1.3 The SME may elect to adopt a WPS/BPS qualified by other corporate divisions in lieu of
performing additional PQR testing. The SME may also utilize a procedure qualification
from another division, in accordance with the ASME or AWS Code. The WPS/BPS shall
be identified in accordance with requirements of this manual.

3.1.4 If qualification is required, the SME shall prepare an informational preliminary procedure
specification for use during procedure qualification. The preliminary procedure
specification shall contain the necessary information (essential and non-essential
variables) required for the particular process to be used. This information may include but
is not limited to:

3.1.5
* Coupon size (thickness/diameter)
* Filler metals/electrodes to be used
* Welding process(es) and techniques to be used
* Base metal specification(s)
* Shielding/Backing gas and flow rates
* Electrical characteristics (Amps, Volts, Polarity, etc.)
* Joint configuration
* Method of cleaning and back gouging
* Pre- or Post-weld heat treating

3.1.6 The SME shall coordinate test coupon preparation and notify Quality Assurance prior to
the test initiation.

3.1.7 The actual values of all essential variables and supplementary essential variables (when
required) shall be recorded during welding of the test coupon.

3.1.8 The preliminary WPS may be altered by the SME as needed to produce a satisfactory
weldment. Changes shall be appropriately documented.

3.1.9 The SME shall direct the preparation and testing of the test specimens from the test
coupon. If required, services for mechanical tests or non-destructive examinations shall be
procured from qualified agencies in accordance with approved CHBWV procedures.

3.1.10 Test results shall be discussed with the welder, the applicable supervisor, and the QA
representative by the SME.

3.1.11 Tests that meet the requirements of the applicable code will result in the preparation and

issuance of a new or revised WPS/BPS and PQR by the SME.

A. The WPS/BPS and the PQR shall be recorded on the appropriate CHBWV forms.

3.2 Identification System

3.2.1 Each WPS/BPS and PQR shall be uniquely identified using the alpha numeric system
described in this section.
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3.2.2 The first character shall identify the process or combination of processes. Table 1 lists the
applicable processes and their identifying characters.

TABLE 1

IDENTIFYING PROCESS
CHARACTER

S SMAW (Shielded Metal Arc Welding)

T GTAW (Gas Tungsten Arc Welding)

M GMAW (Gas Metal Arc Welding)

F FCAW (Flux Cored Arc Welding)

B BRAZING

3.2.3 The second and third characters shall be separated by a hyphen, which identifies the base
materials to be joined (e.g., ASME Section IX P number 8 for stainless steel). The fourth
character, when present, shall be a two digit number assigned sequentially for a given
process/base metal as needed.

3.2.4 The revision level of the WPS shall be numerically assigned at the time of preparation by
the SME.

3.2.5 As an example of this system, T 43-8 01, Revision 1, would be interpreted as follows:

1st Char 2nd Char 3rd Char 4th Char Rev.

T 43 8 01 Rev. 1

GTAW P-43 (NICKEL) P-8 (STAINLESS) 2ND P-43/P8 GTAW first revision
PROCEDURE ISSUED

3.2.6 An existing WPS/BPS may contain a 'W' prefix which coincide with the applicable
PQR(s).

SECTION 4 - TECHNIQUE AND WORKMANSHIP

4.1 Technique

4.1.1 All CHBWV welding shall be performed in accordance with site safety requirements.
Appropriate protective equipment shall be worn during welding and burning operations.
Refer to ANSI Z49.land Safety for selection criteria and options.

4.1.2 All welding requires an Industrial Work Permit (IWP) and a Hot Work Permit (HWP) prior
to start of work. A task specific Job Safety Analysis (JSA) may also be utilized as
necessary. Hazard analysis and screening will be performed by the Cognizant Engineer
and/or Maintenance Supervisor prior to start of work.

4.1.3 All welding equipment shall be maintained in good operating condition.

4.1.4 The size and length of welds shall be designated through design requirements, detail
drawings, or work instructions.
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4.1.5 Welding shall not be done when the base metal temperature is lower than 50 degrees F,
when surfaces are wet or exposed to rain, snow, or high wind velocities. Preheating shall
be performed to bring the weld joint area above 50'F or the minimum preheat temperature
specified on the WPS.

4.1.6 The following minimum preheat temperatures shall be utilized for preheating carbon steel
materials. When joining materials of varying thicknesses, the preheat temperature shall
correspond to the thicker material being joined. Preheats shall be maintained during
welding.

Thickness: Minimum Preheat Temperature

>1-1/2" thru 2-1/2" incl. 150 degrees F

> 2-1/2" 225 degrees F

4.1.7 Generally, post-weld heat treatments do not apply to WVDP work. If needed for specific
application, a welding procedure that specifies the stress relief heat treatment to be used
will be developed by the SME.

4.1.8 Interpass temperature for nonferrous materials shall not exceed 350 degrees F when
measured 3" from either side of the weld.

4.1.9 Weld deposited overlay or buttering shall use an appropriate WPS for the selected process
and base material.

4.1.10 Backing rings or consumable inserts may be used when required through work documents
and approved by the SME and Cognizant System Engineer prior to work. Specific systems
may restrict their use due to contamination control purposes.

4.1.11 For full penetration joints welded from both sides, the root shall be back gouged or ground

to sound metal prior to welding the second side.

4.1.12 Intermediate weld passes shall be sufficiently cleaned prior to welding subsequent passes.

4.1.13 If required, the SME or cognizant engineer will prepare additional welding information in
conjunction with the welding procedure and denoted on the work document. The direction
of progression, sequencing, size considerations, heating, distortion control, etc. may be
addressed to enable the welder to satisfactorily complete the required weld.

4.1.14 Welding may be performed by CHBWV certified welders at the direction of the
Maintenance Supervisor in accordance with WVDP-485, "Work Control" provided it is Low
Risk Routine Work and all the following criteria are met:
* Scope of work is non-process,
* Scope of work is non-code,
* Work is non-safety related,
* Work is non-environmentally impacting, and
° Work is Quality Level N per WVDP-1 11 and Q-List (WVDP-204)

4.2 Workmanship

4.2.1 Weld-o-lets, thread-o-lets, and soc-o-lets shall be prepared with a root opening of 3/32"
minimum and tack welded to maintain alignment and gap. The root pass shall consist of a
full penetration groove weld and finished with a cover fillet weld.
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4.2.2 Fit-up and alignment of socket welds shall be accomplished as follows: fit the pipe
entirely into fitting; lightly scribe a line on the pipe 1 inch above the fitting shoulder;
withdraw the pipe 1/16" to 1/8" using the scribed line as a reference point; tack weld a
minimum of three (3) places. The welder shall check for pullback prior to welding.

4.2.3 Butt weld end preparation shall be specified on the design drawings, or sketches.

A. For pipe, when the joint is fit up concentrically, a uniform mismatch of 1/16" is
allowable.

B. For circumferential butt welds the maximum root gap shall be maximum of 5/32".

C. Should tolerances on diameter, wall thickness, out-of-roundness, or other mismatch
result in inside diameter variations that do not meet these limits, the inside diameter
can be counterbored or taper-ground to produce a bore within these limits.

D. Counterboring/taper-grinding shall not infringe on the minimum wall thickness of the
pipe.

E. The counterbore length shall be a minimum of twice the wall thickness of the thinner
member. In parts of unequal thickness, the thicker wall shall be tapered to at least
a 3:1 transition or as required on the design drawing.

F. For joining pipe and components with unequal wall thickness, the joint fit-up and
permitted off-set (OD) shall be per the applicable code.

4.2.4 Cold spring shall not be used to align joints. Care shall be taken at tie-ins to equipment,

to preclude any undue stresses at these joints.

4.2.5 Purging and Shielding Gases

A. Backing, shielding and trailing gases if used, shall be specified on the applicable
WPS.

B. Welding grade gases shall be used.

C. Where purging is required, the purge envelope shall not exceed 2% oxygen content.

D. This percentage can be verified with a oxygen meter, or by purging at least 6 volume
changes of the volume needed to be purged. Caution shall be used if high flow rate
is used for purging as gasses may mix or entrain air instead of creating an inert
envelope.

E. Purge envelopes shall be as small as reasonably possible.

NOTE Soluble paper purge dams can only be used if the line is subsequently flushed with water.

F. Where purging requires the use of purge dams, such as water soluble paper, they
shall be approved by the cognizant system engineer and SME prior to use.

G. Purge dams shall be located outside the heat affected area to prevent damage to the
purge device and contamination of the components being welded.

H. Purge gas shall be maintained until 3/16" of weld metal thickness is deposited.

I. Internal purge is not required for fillet welds, joints with internal backing rings, double
welded joints, or socket welds.
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4.2.6 Appropriate cleaning shall be accomplished prior to proceeding with welding.

A. Surfaces and edges to be welded shall be smooth, uniform, and free from fins, tears,
cracks, foreign material including scale and other discontinuities.

B. An area extending at least one inch on each side of the weld joint shall be free from
foreign material (i.e. - paint, oil, galvanizing) that might prevent proper welding or
produce objectionable fumes. When used, cleaning solvents shall be allowed to
completely evaporate prior to welding.

CAUTION
Solvents are flammable and require careful planning for proper ventilation. Refer to IWP and/or JSA.

C. Slag and spatter shall be removed from existing weld deposits and brushed clean
before successive weld beads are applied.

D. Slag shall be removed from all completed welds. The weld and adjacent base metal
shall be cleaned by appropriate methods. Tightly adherent spatter remaining after
the cleaning operation is acceptable unless its removal is required for
non-destructive testing. Welded joints shall not be painted until after acceptance of
inspections/testing.

E. Non-ferrous parts to be joined or repaired by welding shall be degreased by cleaning
the weld area with an approved solvent or by mechanical methods.

F. Surfaces that have been thermally cut or gouged shall be ground or machined to
sound metal prior to welding.

4.2.7 Pre-heat and interpass temperature shall be monitored by the welder by use of
temperature indicating crayons (e.g. Tempilstik) or by contact pyrometers or
thermometers. Preheat temperature shall be in accordance with the WPS.

4.2.8 Caulking or slugging of welds is not permitted.

4.2.9 Peening is not allowed unless specifically directed by the SME and the work document.

A. When directed, peening shall be witnessed by the SME or designee per the
following criteria.

* The first and last layer of weld shall not be peened.

0 Prior to peening, the weld pass shall be carefully cleaned and visually
examined. If defects are present, they shall be removed.

0 Reference marks may be employed to prevent peening from causing more
distortion than caused by welding.

* The peening tool shall have a round nose no less than 1/8" diameter.

4.2.10 Arc strikes are not allowed on process piping or equipment. Inadvertent arc strikes shall
be removed per weld repair section 4.4.1.F.

4.2.11 Weld reinforcement shall have a gradual transition to the plane of the base metal.
Surfaces of butt welds which are to be ground or machined flush shall be finished so as
not to reduce the thickness of the base material more than 1/32".
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4.2.12 Undercut shall not exceed 1/32" and shall not encroach on minimum wall thickness.
When undercut exceeds these limits, the area shall be reworked.

4.2.13 Final weld contour shall be sufficiently free from coarse ripples, grooves, overlaps, abrupt
edges, and valleys to allow clear interpretation of applicable Non-Destructive Examination
(NDE) methods.

4.3 Tool Control

4.3.1 To prevent free-iron contamination of non-ferrous base materials, mechanical metal removal
shall be performed using new non-ferrous tools or tools previously used only on non-ferrous
materials. A tool identification scheme using: blue paint/segregation and/or stainless
steel marking/segregation will be utilized.

A. Stainless steel wire brushes shall be used on non ferrous alloys.

B. Jaws of vises used for stainless steel and nickel based alloy work shall be "isolated"
to prevent carbon steel contamination.

C. In the material storage area and fabrication area, stainless steel and nickel alloys
shall be separated from carbon steel.

4.4 Weld Repairs

4.4.1 When a repair is required for a welded joint that has been rejected because of radiography
or ultrasonic testing, the documentation for that repair shall indicate an R-1 for the first
repair and R-2 for the second. More than two repairs requires the SME's approval.

A. The types, extent and method of repair examination shall be the same as for the
original weld.

B. Weld end prep repairs required because of physical damage due to handling, etc.
may require a combination of welding and mechanical methods to be restored.

C. Welded repairs may be made using the same WPS as the original weld or
compatible WPS and process.

D. Areas to be repaired shall be excavated to eliminate the defect and prepared as
necessary to provide for proper electrode manipulation.

E. The excavated area shall be examined with an appropriate NDE method (PT, MT, or
VT) to assure complete defect removal prior to proceeding with repair.

F. Arc strikes on pressure retaining components shall be removed by grinding or
blending to the bottom of the depression. The blended area shall be visually free of
crater cracks. If the remaining thickness is less than minimum wall, the area shall
be repaired by welding.

4.4.2 If a repair (or alteration) is required on an ASME-Stamped vessel, work will be performed in
accordance with the National Board Inspection Code, by an authorized repair organization.
No work on ASME stamped vessels shall be initiated without the Engineering Manager
and SME approval on the work document.

4.4.3 To ensure internal components are not damaged, planning for welding of items such as
valves or pumps may provide for disassembly and reassembly of the components to
manufacturer's instructions or methods of reducing the amount of heat input to the item.

4.4.4 Temporary Attachments to Pressure Boundaries

A. Attachments which are welded onto the component during the process of
manufacturing or installation are permitted, provided the following requirements are
met.
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0 Attachment material is compatible with base material

0 The immediate area around the attachment is marked in a suitable manner
to identify the area for examination after attachment removal.

0 Attachments are not to be removed by hammer blows.

* The area is examined and documented after attachment removal
by an appropriate NDE method (PT or MT).

4.5 Acceptance Criteria

4.5.1 Structural steel, pipe supports, hangers, and miscellaneous metals shall be visually
examined to meet the acceptance criteria in AWS D1.1 (static), unless otherwise
specified.

4.5.2 Piping welding and all attachments welded to the pipe shall be visually examined to the
criteria required in ASME B31.3 (normal service) unless otherwise specified.

4.5.3 Lifting devices designated as 'Below the Hook Lift Devices' per DOE-STD-1090, 'Hoisting
and Rigging Manual' shall be inspected per AWS D14.1 unless otherwise noted.

4.5.4 Stainless steel structural welding shall be inspected to AWS D1.6 unless otherwise noted.

4.6 In-Process Documentation

The CHBWV Weld Data Sheet (WV-2529) will be used for documenting welding information when
such information is required by the governing work document. Weld maps and weld data sheets are
generated by the Cognizant Engineer and Quality Assurance. Completed weld maps and form
WV-2529 shall be retained within the work document.

4.6.1 After welding on a particular weld joint, the welder will be responsible for applying his/her
symbol and the electrode heat number in the blocks provided next to the applicable weld
number.

4,6.2 The Quality Assurance Inspector will document their inspections/examinations by initialing
and dating the applicable block(s).
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ATTACHMENT A
CHBWV WELDING PROCEDURE SPECIFICATIONS
(w/ MAX. BASE METAL GROOVE THICKNESSES)

1. W TS 1-1 - C.S. GTAW/SMAW, 1 3/4" MAX.

2. W S 1-1 - C.S. SMAW, 1 /2" Max. (E6010 & E7018)

3. si-1-01 - C.S. SMAW 2,w" Max.

4. W TS 8-1 - S.S./C.S. GTAW/SMAW, 1 Y2" MAX.

5. W TS 8-8 - S.S. GTAWISMAW, 1 1/2" MAX.

6. W T 1OH-8 - S.S. GTAW, 3/4" MAX.

7. W T 23-23 - Aluminum GTAW, ½" MAX.

8. W T 43-8 - Inconel/S.S. GTAW, 1" MAX.

9. W T 43-43 - Inconel GTAW, 1" MAX.

10. W T 51-51 - Titanium GTAW, .560" MAX.

11. F 1-1 - C.S. FCAW, Unlimited

12. W F 8-1 - S.S./C.S. FCAW, ½" MAX.

13. W F 8-8 - S.S. FCAW, /2 " MAX.

14. W M 8-1 - S.S./C.S. GMAW, .275" MAX.

15. W M 8-8 - S.S. GMAW, .275" MAX.

16. W B 107-107 - Brazing, .100" MAX.

17. TS 43-8 - Inconel/S.S. GTAW/SMAW, 1" MAX.

18. TS 43-43 - Inconel GTAW/SMAW, 1" MAX.
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WELDING PROCEDURE SPECIFICATION (WPS)

L'ompany same :
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No. : Date: Supporting PQR No(s)
W TSl-l 7-10-96 WTI-l, & WSI-l

Revision No.: Date:
3 03/15/12

Welding Process(es):
GTAW / SMAW

Types
MANUAL

JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Backing material WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

El Metal El Nonfusing Metal

El Nonmetallic El Other

BASE METALS (QW-403)

P-No. 1 Group No. 1 OR 2 to P-No. 1 Group No. 1 OR 2

iv. V I'~

CNN.Prop. '. ..

Thickness Range :

Base Metal: Groove: 1/16' - 1 3/4" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404) GTAW SMAW

SFA Specification: SFA 5.18 SFA 5.1

AWS Classification: ER70S-X E7018

F-No.: 6 4

A-No.: 1 1

Size of Filler Metal: 1/16", 3/32-, 1/8" 3/32", 1/8", 5/32"

Deposited Weld Metal;

Thickness Range:

Groove: 3/4" MAX. 1. MAX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT
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(BACK) WPS No. W TSI-I Rev. 3

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)

Position of Groove: ALL " :") " ,- .

Weld Progression UPHILL Time Rangk : NIA :'.'. '. .'.

Position of Fillet: ALL Gas (QW-408): (FOR GTAW PORTION ONLY)

Other: N/A Gas(es) (Mixture) Flow Rate

PREHEAT (QW-406) ARGON 99.9% 10 - 25 CFH

Preheat Temp. Min.: 50ý F.

incerpass Temp. Min.: 50' F. Max: 600' F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: N/A *

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: SEE BELOW

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32", 1/8" (SFA 5.12, EWTh-2 or EWLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave Bead: BOTH

Office or Gas Cup Size: #4 - #10

Initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): I - 8 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 3/8" IN THICKNESS

Filler Metal Current

Class Diameter Type Amp.
Weld Polar. Range Vol Travel Remarks/

Layer(s) Process Range Speed Comments
Range

ROOT GTAW ER70S-X 1/16" STRAIGHT 5C - 90 8 - 17 1 - B IPM NO PULSING
& 3/32" 70 - 140

SUBSEQUENT 1/3" 90 - 180
PASSES

SMA('; E7318 3/32" REVERSE 10 -110 19 - 28 1 - 12 1PM
1/8" 90 - 16C
5:32" 14:)- 21C



WVDP-352
Rev. 5
Page 18 of 50

WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No(s)

W SI-I 6-18-96 WSI-I
Revision NO.: Date:

3 03-15-12
Welding Process(es):

SMAW
Types:

MANUAL

JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Backing material (type) * -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT
(Refer to both backing & retainers)

D Metal D Nonfusing Metal

[= Nonmetallic [] Other

BASE METALS (QW-403)

P-No. 1 Group No. I OR 2 to P-No. 1 Group No. 1 OR 2

hes T atnge : gra. e

tp e ani

~A ~ 2h itls s n d ~ . P o .( 7!1 .h .

Thickness'" Range:

Base Metal: Groove: 3/16" - 1 'A" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.1 SFA 5.1

AVIS Classification: E6010 E7018

F-No.: 3 4

A-No.: 1 1

Size of Filler Metal: 3/32", 1/8" 3/32", 1/8", 5/32"

Deposited Weld Metal
Thickness Range:

Groove: V" MAX. I" M•AX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: N/A
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(BACK) WPS No. N Sl-1 Rev. 3

POSITION (QW-405) POST7.IELD HEAT TREATMENT (QW-407)

Position of Groove: ALL Temperature Rangeu NAlr.,.

weld Progression UPHILL Time Range N/A .. ,

Position of FilleZ: ALL Gas (QW-409)..

Other: N/A ., :, Perceio

PREHEAT (QW-406) Ga' ers; ........tr')"""-'.......
?reheat Temp. Mn-. 50O F. Sý** 'l* ~5****~*

Interpass Temp. Mmn.: 50' F. Max; 600' F. .... l.n N/A ,: - .

Preheat Maintenance: AS REQUIRED B

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DC Polarity: REVERSE

Amps (Range) : SEE BELOW Volts (Range) : SEE BELOW

Tungsten Electrode Size and Shape: N/A

Mode of Metal Transfer for GMAW: N/A (Pure Tungsten, 2% Thoriated, etc...)

Electrode Wire Feed Speed Range: N/A (Spray arc, short circuiting arc, etc..)

TECHNIQUE (Q9-410)

String or Weave Bead: BOTH

Office or Gas Cup Size: N/A

Initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING

Oscillation: MAX. WEAVE BEAD WIDTH SHOULD NOT EXCEED 5X CORE DIAMETER

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 12 1PM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 3/8" IN THICKNESS
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WELD PROCEDURE SPECIFICATION (WPS)

0
Company Name:
CHM2HILL B&W West Valley, LLC
Welding Procedure Specification No.: Dale: Supporting POR NO(S)
S1-101 9-17-01 AWS DI.1 prequalified N/A
Revision NO.: Date:

1 3-15-12
Welding Process(es):
SMAW
Types (Manual, Automatic. Machine, Semi-Auto):

Manual
JOINTS (QW-402):

Joint Design Groove - Partial Penetration and Fillets

Backing (Yes) Yes (No)

Backing material (type)

(Refer to both backing & retainers)

X Metal (base metal) El Nonfusing Metal

El Nonmetallic El Other

Sketches. Production Drawings, Weld Symbols or Written Descniption should
show the general arrangement of the parts to be welded. Where applicable,

the root spacing and the details of the weld groove may be specified.

(At the option of the Mfr., sketches may be attached to illustrate joint design.
weld layers and bead sequence, e.g. for notch toughness procedures, for multiple
process procedures. etc....)

Details

AWS 01.1 Prequalified Joint BTC-P5

'BASE METALS )OW-403)

P-No. I . Group No. 1 or 2 to P-No. 1 Group No. I or 2

Sperif4itioniype an gradeISTMMA-6INlat

Specification type and grade ASTM A-36 Plate

to Specification type and grade ASTM A-36 Plate

.hr A!, ývvi, :i~ . . tn' Y.k .

Chem. Analysis and Mech. Prop.: n/a

to Chem Analysis and Mech. Prop: n/a

Thickness Range:

Base Metal: Groove: 5116" to 2-1/2" Fillet: All

Pipe Dia. Range: Groove: n/a Fillet: n/a

Other: n/a

"FILLER METALS (OW.404)

SFA Specification: " - 5.1

AWS Classification: E7018

F-No.: 4

A-No.: 1

Size of Filler Metal: 1/8". 5132"% 3/16"

Deposited Weld Metal Range

Groove: 1/4" 1o 2-1/4"

Fillet: ALL

Electrode-Flux (Class): n/a

Flux Trade Name: n/a

Consumable Insert: n/a

Other: n/a

"Each base metal-filler combination should be recorded individually
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(BACK) WPS No. Sl-1-01 Rev. 1
POSITION (QW-405 POSTWELD HEAT TREATMENT (OW-407)

Position of Groove: All Temperature Range: nla

Weld Progression (Uphill. Downhill): Uphill Time Range: n/a

Position of Fillet: All Gas (QW-408): n/a

Other: nla Percent Composition

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: 50 ' F (5/16" to 1-1/2") / 150'F ( >1-112" to 2-1/2")" Shielding: n/a

Interpass Temp. Min.: See Preheat above Max: 500F Trailing: n/a

Preheat Maintenance: Continuous Backing: nfa

Other: n/a

ELECTRICAL CHARACTERISTICS (OW-409)

Current (AC or OC): DC Polarity: Reverse

Amps (Range): See below Volts (Range): See below

(Amps & volts should be recorded for each electrode size, position, and thickness, etc.... This information may be listed in a tabular form similar to that shown below.)

Tungsten Electrode Size and Type: n/a

Mode of Metal Transfer for GMAW and FCAW: n/a

Electrode Wire Feed Speed Range: n/a

TECHNIQUE (OW-410)

String or Weave Bead: Both

Orifice or Gas Cup Size: n/a

Initial and Interpass Cleaning (Brushing. Grinding, etc..): Brushing. Grinding

Method of Back Gouging: Grinding

Oscillation: rfa

Contact Tube to Work Distance: n/a

Multiple or Single Pass (Per Side): Multiple

Multiple or Single Electrodes: Single

Travel Speed (Range): See below

Peening: Not allowed on root pass or surface layer passes

Other: No pass shall be greater than 3/8" in thickness

Filler Metal Current
Other

(e.g. Remarks.
Comments. Hot Wire

Class Diameter Type Polar. Amp. Range Addition. Technique.
Weld Volt Travel Speed Torch Angle, Etc.)

Layer(s) Process Range Range

Root. 2"' pass SMAW E7018 1t!8" REVERSE 90-160 19-28 1.12 1IPM NONE
(Typ.) (Typ.)

Subsequent layers SMAW E 7018 5132" 140-210 19-28 1-2 I PM
SMAW E 701t 3116" 200-290 23-32 1-15 IPM
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No(s)
W TS8-1 7-9-96 WTS-1, & WS8-l

Revision No.: Date:
3 03/15/12

Welding Process(es):
GTAW / SMAW

Types:
MANUAL

JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Backing material (type) * -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT
(Refer to both backing & retainers)

LI Metal LI Nonfusing Metal

LI Norunetallic[] Other

BASE METALS (QW-403)

P-No. 8 Group No. 1 & 2 to P~No. I Group No. 1 & 2

C.W"' NMI'
toc hexm A.nal ys is" a d ~ P ~ ~ C 1 4. .. ii~# .CC .¶ d.:A ec.-..C .CC . CA:o CW.C 4:-" .":.,C :•,".*i. CC,, %. C 0•,: t: .. •::•,]: .t•'• '• " •t.idCW .>4J.'.A • C,• •.. ' .

Thickness Range:

Base Metal: Groove: 1/16" - 1 " Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404) GTAW SMAW

SFA Specification: SFA 5.9 SFA 5.4

AWS Classification: ER 309-X E309-X

F-No.: 6 5

A-No.: 8 8

Size of Filler Metal: 1/16", 3/32", 1/8" 3/32", 1/8"

Deposited Weld Metal:

Thickness Range:

Groove: 3/4" MAX. 3/4" ,MAX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT
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(BACK) NPS No. W Ts8-1 Rev. I

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW.-407)

Position of Gtoove: ALL Tep , •••W• ýI , ."

Weld Progression: UPHILL Tim

Position of Fillet: ALL Gas (QW-408) (FOR GTAW PORTION ONLY)

Other: N/A Percent Composition

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: 50- F. Shielding: ARGON 99.9% 10 - 25 CFH

Interpass Temp. Min.: 50' F. Max: 350'F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5 - 15 CFH

Other; GAS BACKING NOT REQUIRED WITH BACKING RINGS, OR
FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHr / REVERSE

Amps (Range) : SEE BELOW Volts (Range) : SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32", 1/8' (SFA 5.12, EWTh-2 or ENLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave Bead: BOTH

Office or Gas Cup Size: #4 - #10

Initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube --o Work Distance: NIA

Multiple or Single Pass (Per Side): EITHER

Multiple or single Electrodes: SINGLE

Travel Speed (Range): 1 - 8 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 1/4" IN THICKNESS

Filler Metal Current

Class Diameter Type Arip.
Weld Cpe amp. Volt Travel Rerarks/

Layer(s) ?rocess Range Speed Co.rents
Range

ROOT GTAW ER309-X 1/16' STRAIGH 4C - 70 10 - 20 1 - 8 NO PULSING

& 3/32" T 10 - 100 -PZ
SUBSEQUENT 1/8" "10 - 140

LAYERS
S--W E309-X 3/32, . - 100 .0 - 20

i/8" REVERSE 70 - 140 1 - 12
'PM
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No(s)
W TS8-8 7-10-96 WT8-8, & WS8-8Revisi.on No.: Date:

3 03/15/12
Welding Process(as):

GTAW / SMAW
Types:

MANUAL
JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) x

Backing material (type) * -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

11 Metal El Nonfusing metal

W NonmetallicD Other

BASE METALS (QW-403)

P-No. 8 Group No. 1 & 2 to P-No. 8 Group No. 1 & 2

I' e • a on[ oyeogrd' re '' .... "........

es Rane type : d

Thickness Range:

Base Metal: Groove: 1/16" - 1 %" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404) GTAW SMAW

SFA Specification: SFA 5.9 SFA 5.4

AWS Classification: ER 308L ER 308L

F-No.: 6 5

A-No.: 8 8

Size of Filler Metal: 1/16", 3/32", i/8" 1/32", 1/8"

Deposited Weld Metal:

Thickness Range:

Groove: 3/4' MAX. 3/4* MYAX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT
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(BACK) WPS No. W TS8-8 Rev. 3

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW)-407)

Position of Groove: ALL Temperature"Rne.aN/, .:.' '.

Weld Progress'ion: UPHILL Time Range: ./A............................ ..... ...- .:.'-:,;.,.aE•:,.,-:.v:.,-a , .

Position of Fillet: ALL Gas (QW-408): (FOR GTAW PORTION ONLY)

other: N/A Percent Composition

PREHEAT (QW-406) Gas(es) (Mixzure) Flow Rate

Preheat Temp. Min.: 50C F. Shielding: ARGON 99.9% 10 - 25 CFH

Interpass Temp. min.: 50' F. Max: 350'F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5 - 15 CFH

Other: GAS BACKING NOT REQUIRED WITH BACKING RINGS, OR
FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRA:t;Hw / REVERSE

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32", 1/8" (SFA 5.12, EWTh-2 or EWLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave Bead: BOTH

office or Gas Cup Size: #4 - #10

Initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube L0 Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 8 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 1/4" IN TH'ICKNESS

Filler Metal Current

Class Diameter Type Amp.
We1d Polar. Range Volt Travel Remarks/

Layer(s) Process Range Speed Comments
Range

ROOT GTAW ER3XX-X 3/16" STRAIGHT' 40 - 8C 10 - 20 1 8 IPX NO PULSING
& 3/32" 59 - 100

SUBSEQUENT 1/8" 7D - 140

SAW E3XX-X 3/32" REVERSE 53 - 100 10 - 20 1 -- 8 :PM
/8" ' 79 - 140
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WELDING PROCEDURE SPECIFICATION (WPSi

(.ompany Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No:
W TIOH-8 9-16-98 WTIOH-8

Revision No.; Date:2 03-15-12

Welding Process:
GTAW

Types:
4ANUAL

JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X
Backing material (type)* WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

[] Metal [] Nonfusing Metal

[i Nonmetallic[] Other

BASE METALS (QW-403)

P-No. 10H Group No. N/A to P-No. 8 Group No. N/A

tkc fiAi&"'id -6f t.y .p~~.ak3 N;~

SF§p'eci ication: SFAft 5.9ew,1

...........

Deoste Wed Mea, et;Prp

Thickness Range:

Base Metal: Groove 1/16 3/4 Fillet ALL

Pipe DiF. Range: Groove ALL Fillet ALL

FILLER METALS (glJ-4O4)

SFA Specification: SPA 5.9

AWS Classification; ER308L

F-NO. : 6

A-No.: 8

Size of Filler Metal: 1/16", 3/32", 1/8,

Deposited Weld Metal:

Thickness Range:

Groove: 3/4" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Name:N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT
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(BACK) WPS No. W TIOH-8 Rev. 2

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-.407)

Position of Groove: ALL TemPerature ange:

Weld Progression (uphill, Downhill) UPHILl,. Time Range: N/A

Position of Pillet: ALL Gas (QW -408)

Other: N/A Percent Composition

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: 100'F. Shielding: ARGON 99.9% 10-25 CFH

Interpass Temp. Min.: 1001'. Max: 35IF. Trailing:

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5-15 CFH

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT

A,.ps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16". 3/32", 1/8" (SFA 5.12, EWLa OR EWTh-2)

Mode of Metal Transfer for GMAW: N/A

Eiecrrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave Bead: STRING

office or Gas Cup Size: #4 - #10

Initial and Interpass Cleaning: BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging: BURRING, GRINDING. OR ARC GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 10 1PM

Peening: N/A

Filler Metal Current

Weld Class Diameter e Aro. Vot Rvee emarks
Layer(s) Process ar. Range Range avee omments

tinge

AIt, GTAW ER308L 1/16, STRAIGHT 40-80 10-20 1-lU _PM NO PULSING
3/32" 50-100
1/8" 70-140
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WELDING PROCEDURE SPECIFICATION (WPS).

Lompany c•ame : CHM2HILL B&W West Valley, LLC
Welding Procedure Specification No.: Date: Supporting PQR No:

w T23-23 7-8-96 WT23-23 (3812)
Revision No.; Date:

2 03-15-12

Welding Process:
GTAW

Types:
MANUAL

JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Backing material (type)* -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

[] Metal L] Nonfusing Metal

EL Nonmetallic[] Other

BASE METALS (QW-403)

P-No. 23 Group No. N/A to P-No. 23 Group No.
N/A

to hei. naysi ad Hech. wrob
n ......e s .. .. .... ... ,

Thickness Range:a

Base Metal: Groove: 1/16" - 'A Fillet: ALL

Pipe Die. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.10

AWS Classification: ER 4043

F-NO.: 23

A-No.: N/A

Size of Filler Metal: 1/16", 3/32", 1/8"

Deposited Weld Metal:

Thickness Range:

Groove: 'A MAX.

Fillet: ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCU•ENT
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(BAC:-() WPS NO.W 723-23 Rev. 2

POSITION (QW'-.405) ['OSTWELD HEAT TREATMENT (QW-40 7)

Position of Groove: ALL Temperature Range: N/A

Weld Progression (Uphill, Downhill) UPHILL Time Range: N/A.

Position Of Fillet: ALL Gas (QW-408):

Other: N/A Percent Composir'or

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min. : 501 F. Shielding: ARGON 99.9% 10 - 25 CFH

Interpass Temp. Min.: 50" F.Max: 350'F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: N,A *

Other: * - ONLY WHEN SPECIFIED IN H'.ORK DOCUMENT

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): ALTERNATING CURRENT Polarity: N/A

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32", 1/8' (SFA 5.12, EWPN or ENar) wI A ROUNDED POINT

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (Q%-410)

String or Weave Bead: BOTH

Office or Gas Cup Size: 94 - #10

Initial and Interpass Cleaning: BURRING, S.S. WIRE BRUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: BURRING, OR GRINDING FOLLOWED BY S.S. WIRE BRUSHING

Oscillation: N/A

Contact Tube to Work Distance: N/A

Nul tiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 10 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 1/4' IN THICKNESS, RECOK.1-EODED EQUIPMENT: HIGH-FREQUE?, REXOTE CONTROL.

PROCEDURE DER:VED FROX WESTINGHOUSE NCO PENSACOLA.

Filler Metal Current

Class Diamneter Type A•np.
Waeld Polar. aRange Volt Travel Remarks/

Layer(s) Process Range Speed Cu:.eients
Range

ALL GTAW ER4043 1/16" AC 40 - 90 N/A I - 10 IPM NO PULSING

3/32" 50 - 120
(/8" 10 - 160
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR
No (s)

W T43-8 6-25-96 WT43-8, WT43-8 01
Revision No. :Date:

3 03/15/12
Welding Process:

GTAW
Types:

MANUAL
JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes)
" (No) X

Backing material (type)
-WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK

DOCUMENT (Refer to both backing & retainers)

D Metal D Nonfusing Metal

D Nonmetallic El Other

BASE METALS (QW-403)

P-No. 43 Group No. N/A to P-No. 8 Group No.
1 & 2

.:pecifcatilon type arid ~gra~de...::. .. • •.. ... .,- ,.... .•:.. .t :••, = • ;•'°.• ,•'

Chem.' AnaJ•sis and Y•ech. :Prop ,.. ...

t• h • r eh r p' ". '*..( '~ . ... .a •.:• ,•., ; " V.[-• • ' " .:•'vi
... :Ys s,,and ý WN!X1, . . " :,:'-. i~'j•;..'hr•@:• ••4 -•._-• :" .- •X ... •• ' • ''" ••

" ... • ',:' .: ...... -, , ...... •-:• .. .. • 0 ,• 191 .t A ?.'

Thickness Range:

Base Metal: Groove: 1/16" - I" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.14

AWS Classification: t UNS #N06052

F-No.: 43

A-No.: N/A PER QW-404.5

Size of Filler Metal: 1/16', 3/32", 1/8"

Deposited Weld Metal:

Thickness Range:

Groove: I" MAX.

Fillet: ALL

Electrode-Flux (Class):
N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT

t -A DIFFERENT
CLASSIFICATION WITHIN
"F-43" MAY BE USED IF
SPECIFIED IN WORK
DOCUMENT.
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(BACK) WPS No.W T43-8 Rev~ 3

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)

Position of Groove: ALL TemperatUre Range: N/A

Weld Progression UPHILL Time Range: N/A

Position of Fillet: ALL Gas (QW-408) :

Other: N/A Percent Composition

PREHEAT (QW-406) Gasles) (Mixture) Flow Rate

Preheat Temp. Min.: 50' F. Shielding: ARGON 99.9% 10 - 25
CFH

Interpass Temp. Min.: 50' FMax: 350'F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5 - 15
CFH

Other: GAS BACKING NOT REQUIRED WITH BACKING RINGS,
OR FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32', 1/8" (SFA 5.12, EWTh-2 or EWLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave Bead: BOTH
Office or Gas Cup Size: #4 - #10

initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH, OR CHEMICALS AS REQUIRED.

GRINDING WHEELS SHALL BE OF THE ALUMINUM OXIDE TYPE.

Method of Back Gouging:. BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING (SEE CLEANING
NOTE ABOVE)

Oscillation: N/A

Contact Tube to Work Distance: NIA

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 8 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 1/4" IN THICKNESS

Filler Metal Current

Wl ls Dimtr Type Amp. volt Travel Remar ks/

l,ayer(s) Process Poa. Rne Range Speed Comments
Hange

ALL GTAW * 1/16' STRAIGHT 40 - 70 10 - 20 1 - 8 NO
3/32" 50 - 1PM PULSING
1/8" 100 * -UNS

70 - 4N06052
140
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No(s)
W T43-43 6-24-96 WT43-43

Revision No.: Date:
3 03-15-12

Welding Process:
GTAW

Types:
MANUAL

JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) (No) X

Fjg~hWmmaterial (type) * -WHEN USED, BACKINgPMA•RIAL MaLljay SPEk -Uj WORK

[] Metal [] Nonfusing Metal

D Nonmetallic E] Other

BASE METALS (QW-403)

P-No. 43 Group No. N/A to P-No. 43 Group No.
N/A

S•cification t•y•e:and grade io .i:tvoe' an1 A

~~~~~~~~~~. . ....D.... . . . ~ ~ ' ~ * ~ ,.
i an

Thickness Range:

Base Metal: Groove: 1/10 - 1 rl±et: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.14

AWS Classification: UNS #N06052

F-No.: 43

A-No.: N/A PER QW-404.5

Size of Filler Metal: 1/16", 3/32", 1/8'

Deposited Weld Metal:

Thickness Range:

Groove: 1" MAX.

Fillet: ALL

Electrode-Flux (Class):
N/A

Flux Trade Name: N/A

Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMENT



WVDP-352
Rev. 5
Page 33 of 50

(BAC-X) WPS NO.W T43-43l R'v ]

POSITION (QIJ-405) ?OSTWEID, HEAT TREATMENT (QW-407)

Position of Groove: ALL Temperature Range: N/A

Weld Progression UPHILL Time Range: N/A

Position of Fillet: ALL Gas (QW--408)

Other: N/A Percent Composition

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Yin.: 50' F. Shielding: ARGON 99.9% 10 - 25 CFH

Interpass Temp. Min.: 50' F. Max: 350':F. Trailing: NIA

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5 - 15 CFH

Other: GAS BACKING NOT REQUIRED WITH BACKING RINGS, OR

FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT

Amps (Range) : SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: 1/16", 3/32', 1/8" (SFA 5.12, EWTh-2 or EWLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Hire Feed Speed Range: N/A

TECHNIQUE (QW9-410)

String or Weave Bead: BOTIH

Office or Gas Cup Size: 44 - 010

initial and Interpass Cleaning: BURRING, GRINDING, WIRE BRUSH. OR CIIEMICALS AS REQUIRED. GRINDING WHEELS
SHALL BE OF THE ALUMINUM OXIDE TYPE.

Method of Back Gouging; BURRING, GRINDING, OR ARC-GOUGING FFOLLOW.ED BY GRINDING (SEE CLEANING N=T ABOVE)

Oscillation: N/A

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 1 - 8 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 1/4" IN THICKNESS

Filler Metal Current

Class Diameter Type .:•mp.
Weld pe a. Volt Travel Remarks/

Layer(s) Process Range Speed Coirnenrts
Range

ALL GTAW INCO 52 1/!61 STRA:GHT 40 - 70 10 - 21 1 - 8 IPM NO PULSING
3,'32" So - *Ot * -UNS

18" 70 - i40 #N06052
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WELDING PROCEDURE SPECIFICATION (WPS)

company Name:
CHM211ILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No:
W T51-51 6-27-96 WT51-51 (410)

Revision No. Daze:
3 03/15/12

Welding Process:
GTAW

Types:
MANUAL

JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) (No)

Backing material (type) *e -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT
(Refer to both backing & retainers)

D Metal D Nonfusing Metal

[] Nonmetallic[] Other

BASE METALS (QW-403)

P-No. 51 Group No. N/A to P-No. 51 Group No. N/A

. m , t d grade W.. . "

Y6irn 'is ani eh Pto'..y -. (.#~l' ¶i

w-ji X-, 8A-,." ý' li-,.ý!ý ,.i.ý
toCAm nl~s~ d Pk8ý.~'' N w.

Thickness Range:

Base Metal: Groove: 1/16" - .560" Fillet: ALL

Ripe Die. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.16

AWS Classification: ERTi-l

F-No.: 51

A-No.: N/A PER QW-404.5

Size of Filler Metal: 1/16-, 3/32"

Deposited Weld Metal:

Thickness Range:

Groove: .560" MAX.

Fillet: ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: N/A

Other: CLEAN GLOVES SHOULD BE
WORN WHEN HANDLING MATERIAL.
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,..PR '.1 T51 1 -l-1I Rev

Posi:ion of Groove: ALL Temperature Range: N/A

weld Progression: UPHILL Time Range: N/A

Position of Filiez: ALL Gas (Q4 -4 3):

Other: N/A Percent Composition.

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.i 70' F. Shie'eing: ARGON 99.9% 10 - 25 CFH

Interpass Temp. Min.: 70' F. 3aX: 50'F. 'Trailing: ARGON 99.9% 20 - 35 CFH

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 10 - 25 CFH

Ot.hier: GAS BACKING NOT REQUIRED WITH BACK:NG RINGS, OR

F LLE'"S

ELECTRICAL CHARACTERISTICS (Q1.-409)

Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT

Amps (Range) : SE8 BELOW Volts (Range) : SEE BELOW

Tungsten Eleczrode Size and Type: 1/16", 3/32", 1/8" (SFA 5.12. EWTh-2 or EWLa)

Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (QW-410)

String or Weave 8ead: STRING

Office or Gas Cup Size: 48 - #12 (GAS LENS TYPE)

Initial and Interpass Cleaning: CLEANLINESS IS IMPERATIVE. BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS
(NON-CHLORINATED) AS REQUIRED. GRINDING WHEELS SHALL BE OF THE ALUMINUM OXIDE TYPE.

Method of Back Gouging: BURRING, GRINDING (SEE CLEAkNING NOTE ABOVE)

Oscillation: N/A

Contact Tube to- Work Distance: N/A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SLNGLE

Travel Speed (Range): I - 10 IPM

Peening: N/A

Other: EQUIPMENT SHOULD INCLUDE HIGH-FREQUENCY REXOTE; WELD AND H.A.Z. TO REMAIN IN INERT A-D•OSPHERE UNTIL
<600' F.; WHEN 'DIPPNG" THE FILLER, KEEP THE WIRE S TIP IN TEE SHIELDING GAS; IF WELD BEAD HAS OTHER THAN
A SILVERY METALLIC APPEARANCE, EVALUATION WILL BE REQUIRE:). ?F.OCEDURE DERIVED FROM WESTINGHOUSE ENERGY
DIVISION/PC: SERVICES.

Filler Metal Curen t

Class Wiameter nype Amp.
':Jeld Polar. Range Volt Travel Remarks/

Layer(s) Process Range Speed Comments
Range

ALL OTAW ERTi-l i/16, STPAIGHiT 70 - i00 10 - 23 1 - i0 IPM NO

3/32" 81^ 15C PUL.SING
;/6" :-0 - 17C
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name:
CHM21-HILL B&W West Valley, LLC.
Welding Procedure Specification No.: Date: Supporting PQR No(s)
F 1-1 03125/98 AWS Pre-qualiffed
Revision No.: Date:
2 3-15-12
Welding Process(es):
FCAW
Types (Manual. Automatic. Machine. Semi.Auto):
Semi-Automatic

JOINTS (QW-402): Details

Joint Design All pre-qualified joints per AWS D1.1-96

Backing (Yes) X (No) X

Backing material (type) When used, compatible w/ base material

(Refer to both backing 8 retainers)

U Metal U Nonfusing Metal

El Nonmetallic El Other

Sketches. Production Drawings, Weld Symbols or Written Description should
show the general arrangement of the parts to be welded. Where applicable.
the root spacing and the details of the weld groove may be specified.

(At the option of the Mfr., sketches may be attached to illustrate joint design,
weld layers and bead sequence. e.g. for notch toughness procedures, for multiple
process procedures, etc....)

-BASE METALS (OW-403)

P-No. Group No. to P-No. Group No.

..................................................................... I.4 ,.,: • -'

Specification type and grade (Pre-qualified base metals from Table 3. 1, Groups I or" I of AWS D1.1-96)

to Specification type and grade (Pre-qualified base metals from Table 3.1. Groups I or It of AWS 11.1-96)

A~ .42

Chem. Analysis and Mech. Prop.:

to Chem. Analysis and Mech. Prop:

Thickness Range:

Base Metal: Groove: 1/8' - Unlimited Fillet: ALL

Pipe Dia. Range: Groove: N/A Fillet: N/A

Other:

'FILLER METALS (QW-404)

SFA Specification: A5.20

AWS Classification: E71T-8

F-No.. 6

A-No.: 1

Size of Filler Metal: .035' - 5/64*

Deposited Weld Metal Range

Groove: 1/8" - Unlimited

Fillet: Unlimited

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: N/A

Other: NOT TO BE USED ON PROCESS PIPING

"Each Sase metal-tiller combination should oe recorded individually.
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(BACKI WPS No. F 1-1 Rev 2
POSITION (OW.405) POSTWELD HEAT TREATMENT (OW.-07)

Position of Groove: ALL Temperature Range: N/A

Weld Progressior (Uphill, Downhill): UP Time Range: N/A

Position of Fillet ALL Gas (OW-408): NfA

Other: Percent Composition

PREHEAT (OW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: 50 DEGREES Shielding: N/A

Inlerpass Temp. Min.: 50 DEGREES Max: 600 DEGREES rrailing: NIA

Preheat Maintenance: DURING WELDING Backing: N/A

Other: N/A

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC'or OC): DC Polarity: STRAIGHT

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

(Amps & volts should be recorded for each electrode size. position, and thickness. etc.. This information may be I'sted in a tabular form similar to that shown below.)

Tungsten Electrode Size and Type: N/A

Mode of Metal Transfer for GMAW and FCAW: SPRAY

Electrode Wire Feed Speed Range: SEE BELOW

TECHNIQUE (QW-410)

String or Weave Bead: STRINGER

Orifice or Gas Cup Size:

Initial and Inlerpass Cleaning (Brushing. Grinding. etc...): WIRE BRUSHING OR GRINDING, AS REQUIRED

Method of Back Gouging: GRINDING

Oscillation: MINIMAL

Contact Tube to Work Distance: 3/8" - 1', DEPENDING ON WIRE DIAMETER

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Eleclrodes: SINGLE

Travel Speed (Range): SEE BELOW

Peening: N/A

Other

Filler Metal Current
Other

(e.g. Remarks,
Comments. Hot Wire

Class Diameter Type Pclar. Amp. Range Addition. Technique.
Weld Volt rravel Speed Torch Angle. Etc.)

Layer(s) Process Range Range

ALL FCAW E71T-8 .035' DCEN 60- 140 14. 19 5 -12 IPM NO PULSING

068" 110-280 16-22 7 - 16 IPM

5i'64" 180 -320 18-24 8 - 16 IPM
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West valley, LLC

Welding Procedure Specification No.. Date: Supporting ?QR No:
W FS-I 5-12-99 WF 8-1

Revision No.; Date:
2 3-15-12

Welding Process:
FCAW

Types:
SEMI - AVTOMATIC

JOINTS (QW-402) : Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X
Backing material (type)* WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

LI Metal El Nonfusing Metal

El Nonmetallic[] Other

BASE METALS (QW-403)

P-No. 8 Group No. N/A to P-No. 1 Group No. N/A

l)en' ~Analysis and Aech. #rope. .... . . , '.,•,. •.. ,•• • •,•• •.%. - •.

to(•m.Ai~yisand Mach. Prop . .... •....... .;.... h ......... ;•- {t•• •.tV'lA:•;6[ },. Z..

£hickness Range:

Base Metal: Groove: 1/16" - -" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SPA 5.22

AWS Classification: E309LT

F-No.: 6

A-No.: N/A

Size of Filler Metal: .035"

Deposited Weld Metal:

Thickness Range:

Groove: '" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Name:N/A

consumable Insert:N/A
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(BACK) WPS No. W F 8-1 Rev. 2

(QW--407)POSITION (QU-405) ?(OSzT%1Fi,iD HEiAT TREATMZNT

Position of Groove: ALL Temperature Range: N/A

Weld Progression: UPI1:,1; Time Range: N/A

Position of Fillez: AL Gas (QW-408)

Other: N/A Percent Compositior.

PREHEAT (QW-4C5) Gas(es') (Mixture) Flow Rate

Preheat Temp. Min.: 5'F. Shielding: ARGON I C02 75 / 25 3C-50 CFH

Interpass Temp. Min. : 50-F. Max: 350'F. Trailing:

Preheat Maintenance: AS REQUIRED Backing:

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: REVERSE

Amps (Range): SEE 3ELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: N/A

Mode of Metal Transfer for GMAW and FCAW: SPRAY

Electrode Wire Feed Speed Range: 350 - 550 IPM

TECHNIQUE (QW-410)

String or weave Bead: STRING

Office or Gas Cup Size: 'h- 3/4"

Initial and Interpass Cleaning: BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube to Work Distance: 'A

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 6 - 14 1PM

Peening: N/A

Other CONSULT MFR's. RECO>1.IENDATIONS FOR CORRELATION BE"'WEEN DIF'FERENT WiRE FEED, AMPERAGE A-ND V.OLTAGE

SETTINGS

Filler Metal Current

Wel& Class Dianeter vp. Xnoe Volt tyavel ReMarks/
Layer~s) Process .e Range Comments

ALL FCAW EI09LT .035' REVq2RSE 0-1'50 23-31 6-14 IPi': NO PULSING
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No:
W F8-8 5-12-99 WF 8-8

Revision NO.: Date:
2 3-15-12

Welding Process:
FCAW

Types:
SEMI - AUTOMATIC

JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X
Backing material (type)* WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN W"ORK DOCUMENT

(Refer to both backing & retainers)

D Metal D Nonfusing Metal

[] NonmetallicE] Other

BASE METALS (QW-403)

P-No, 8 Group No. N/A to P-No. 8 Group No. N/A
Speclf2.eatlon• .type arid grade: . ..-. ......... .. ......... •. ", . .oiw)-O -.... •[*•,.,•• .• •

to Siecificat on e :g ade . ., .... i . .,., ,

toChem' .Analys is e. n de . •op". •:21.* '}>[ .:. . •: a •j, ' .•••i.:4 "•[, ) •• ••• ',•; •

Thickness Range:

Base Metal: Groove: 1/16' - '" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.22

AWS Classification: E308LT

F-No.: 6

A-No.: N/A

Size of Filler Metal: .035"

Deposited Weld Metal;

Thickness Range:

Groove: Vi" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Name:N/A

Consumable Insert:N/A
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(BACK) WPS No. W F 8-8 Rev. 2

POSITION (QW 405) POSTWELD HEAT TREATMENT (QW-407)

Position o4 Groove: ALL Temperature Range: N/A

Weld Progression: UPHILL Time Range: N/A

Position o' F;ilet: ALI, Gas (QW-41)

Other: N'A Percent Conpositon

PREHEAT (QW-406) Gas(es) (Mix:ure) Flow Rate

Preheat Temp- Min.: 503F. Shieldi::g: ARGON I C02 75 / 25 35-5C CFH

Interpass Temp. Min. : 50'F. Max: 350'F. Trailing:

Preh~eat Maintenance: AS REQUIRED Backing:

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT Polarity: REVERSE

Anps (Range): SEE BELOW VoeLs (Range): SEE BELOW

Tungsten Electrode Size and Type: N/A

Mode of Metal Transfer for GMAW and FCAW: SPRAY

Electrode Wire Feed Speed Range: 180 - 550 IPM

TECHNIQUE (QW-410)

String or Weave Bead: STRING

Office or Gas Cup Size: %" - 3/4"

Initial and Interpass Cleaning BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLL(WIED BY GRINDING

Oscillation: N!A

Contact Tube to Work Distance: 'S

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 6 - 14 IPM

Peening: N/A

Filler Metal Current

Uel' Type t1'r z '-'rave Remrknns/
,ayrs. ocess Class Dianeter TRpa Poar. R e Range ' eo CoRemarks!

9ange

ALL FCAIA EIELT .035" REVRSE 80-151 23 31 9-i4 IPX NO PU.S1ING
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WELDING PROCEDURE SPECIFICATION (WPS)

Lompany same : CHM2HILL B&W West Vallev, LLC
Welding Procedure Specification No.: Date: Supporting PQ4 No:

w M8-1 WM 8-1
Revision No. 2 Date:2 3-15-12
Welding Process:

GNAW
Types :

T SEMI - AUTOMATIDe

JOINTS (QW-402): Detais

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X
Backin5 material (tyoe)* WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

El Metal Dl Nonfusing Metal

Ii NonmetallicEl Other

BASE METALS (QW-403)

P-No. 8 Group No. N/A to P-No. 1 Group No. N/A

..... .. . .- . . . ,,.:,,.., ' ,£•% ,_ : ; •;,.• ,• ...- ,• •.r . . . g • • i •

TChem.i c nan:•seS : n .Men rop . "....

Thickness Range.

Base Metal: Groove: 1/16" - .275' Fillet: ALL

Pipe Dia. Range: Groove: Not to be used Fillet: Not to be used

FILLER METALS (QW-404)

SFA Specification: SFA 5.9

AWS Classification: ER309LSi

F-No.: 6

A-No.: N/A

Size of Filler Metal: .030"

Deposited Weld Metal:

Thickness Range:

Groove: .275" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Name:N/A

Consumable Insert:N/A
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(BACK) WPS No. W M 8-1 Rev. 2

?OSITION (Q'd-405) POS70F],D HEAT TREATMENT (QV-4 07)

;'osition of Groove: ALL Temperature Range: N/A

Weld Progression: UPHILL Time Range: N/A

Position of Fillet: ALL- Gas (Qlv-403)

Other: N/A Percent Composition

PREHEAT (QW-406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: 50'F. Shiediing: Fe.'Ar/C02 90M7.5/2.5 25-45 CFH

Interpass Temp. Min. 50'F. Max: 350F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: N/A

ELECTRICAL CHARACTERISTICS (QW-439)

Current (AC or DC): DIRECT CURRENT Polarity: REVERSE

Am4ps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: NIA

Mode of metal Transfer for GNAW: SHORT-CiRCUIT

Electrode Wire Feed Speed Range: 156 - 312 1PM

TECHNIQUE (QW-410)

String or Weave Bead: STRING

Office or Gas Cup Size: %, - 3/4"

Initial and Interpass Cleaning BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLLOWED BY GRINDING

Oscillation: N!A

Contact Tube to Work Distance: 3/8'

Multiple or Single Pass (Per Side): E:THER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 6 - 14 1PM

Peening: NIA
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WELDING PROCEDURE SPECIFICATION (WPS)

company Name:
CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.: Date: Supporting PQR No:
W M8-8 06-04-99 WM 8-8Revision No.: Date:

2 3-15-12
Welding Process:

GMAW
Types:

SEMI - AUTOMATIC

JOINTS (QW-402):

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Details

Backina material (tvoe)* WHEN USED. BACKING MATERIAL S'ALL BE As SPECIFIED IN WORX DOCUMENT
(Refer to both backing & retainers)

1:1 Metal

1] Nonmetallic l Other

n Nonfusing Metal

BASE METALS (QW-403)

P-No. 8 Group No. N/A to P-No. 8 Group No. N/A

• 1• sgec ¢aton' type and grade. 1-.: . . :.:.i ................ " =D ." I""

S:>:.s4c;..:*~.,.,4,,:;~.4,~4 .::,~......

E6, 4hem., ý..ýis and..Mec' Pro ý4 1',

Thickness Range:

Base Metal: Groove: 1/16" - .275, Fillet: ALL

Pipe Dia. Range: Groove: Not to be used Fillet: Not to be used

FILLER METALS (QW-404)

SFA Specification: SFA 5.9

AWS Classification: ER308LSi

F-No.: 6

A-No.: N/A

Size of Filler Metal: .030"

Deposited Weld Metal:

Thickness Range:

Groove: .275" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Name:N/A

Consumable Insert:N/A
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(BACK) WPS No.W M 8-8 Rev. 2

POSITION (QW-405) 'OS" H HEA'2 TREATZENT (QW--407)

Position of Croove: AIJ, Temperature Range: N/A

Weld Progression: UPHILL Time Range: N/A

Position of Fillet: ALL Gas (Qi.- C1)

Other; N/A Percent Compos'tion

PREHEAT (QW-4.6) Gas(es) (Mixture) Flow Raze

Preheat Temp. Min.: 50"F. sh-ielding; He/Ar/CO2 90/7.5/2.5 25-45 CFN

Interpass Temp. .in.: 50'F. Max: 350oF. Trailing: NIA

Preheat Maintenance: AS REQUIRED Backing: N/A

ELECTRICAL CHARACTERISTICS (QW-.409)

Current (AC or 3C): I:RECT CURRENT Polar-ity: REVERSE

Amps (Range): SEE BELO;W Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: N/A

Mode of Metal Transfer for G-AW: SHORT-CIRCUIT

Electrode Wire Feed Speed Range: 156 - 312 IPM

TECHNIQUE (QW-410)

String or Weave Bead: STRING

Office or Gas Cup Size: V" - 3/4"

Initial and Interpass Cleaning: BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLLC:%ED 3Y GRINDING

Oscillation: N/A

Contact Tube to Work Distance: Vý"

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 6 - 14 !?M

Peening: N/A
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BRAZING PROCEDURE SPECIFICATIONS (BPS)

Company Name CHM2HILL B&W West Valley, LLC

BPS No. W B107-107 Date 06/27/96 Supporting PQR No. WB107-107

Revisions 1 5-16-11

2 3-15-12

Brazing Process(es) Torch Type(s) Manual

(Manual, mechanical torch, etc.)

JOINTS (QB-408) Details

Type of Joint(s) Lan/Socket

Joint Clearance Range .002" - .005"

Lap Length Range .250" - 1.170"

BASE METALS (QB-402) BRAZING FLUX OR ATMOSPHERE (QB-406)

P-No. 107 to P-No. 107 Flux Trade Name or Composition N/A
Spec. type and grade Atmosphere for Furnace Brazing N/A

to spec. type and grade (name or trade designation of
OR the fuel used or the name or trade designation of the

Chem. analysis and mech. prop. gas compressing the atmosphere (hydrogen, Ammo-Gas,
to chem. analysis and mech. prop. etc.) and a statement regarding the designed

Thickness Range .025" - .100" character of the furnace atmosphere, e.g., whether it
Tube/Pipe Diam. Range All is reducing, decarburizing, inert, etc.]
Other

FILLER METALS (QB-403) FLOW POSITION (QB-407)

F-No. 103 Other Flow Position(s) Horizontal & Vertical Down
ASME Spec. No. A5.8 Other Method of Applying Filler Metal Face Feed
AWS Class No. BCUP-5 Other (face feeding, preplaced
Size or Shape of Filler Metal 1/16", 3/32", 1/8 rings, shims, spray deposit, cladding, etc.)
Other Other __shims,_spraydeposit,_cladding,_etc.)

BRAZING TEMPERATURE (QB-404) POSTBRAZE HEAT TREATMENT (QB-409)

Temperature Range" N/A Type and temperature of aging or stabilizing thermal
Other treatment after brazing N/A

'Not applicable !or torch brazing

TECHNIQUE (QB-410)

Method of Precleaning Lsery Cloth

Method of Poszbrazing Cleaning Emery Cloth, Wire
Brush
Type of Flame Neutral

Torch Tip Size #1 - #10

Other
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name: CHM2HILL 8&W West Valley. LLC

Welding Procedure Specificatron No. TS 43-8 Dale 9/10.99 Supporting PQR No~s) TS43/8-M

Revision No.: 1 Date: 3/15/12

Welding Process(es) GTAW'SMAW

Types (Manual, Automatic. Machine, Semi-Aulo): MANUAL

JOINTS (OW-402):

Joint Design

Details

NROOVES OR FILLETS

Backing (Yes) (No) X

Backing material (type) N/A

(Refer to both backing & retainers)

[]Melal Nontusing Metal

[1 Nonmetallic r ] Other

Sketches. Production Drawings. Weld Symbols or Written Description should
show the general arrangement of the parts to be welded. Where applicable.
the root spacing and the details of the weld groove may be specified.

(At the option of the Mfr. sketches may be attached to illustrate joint design.
weld layers and bead sequence. e.g. for notch toughness procedures. for multiple
process procedures, etc....)

BASE METALS (OW-403)

P-No. P43 Group No. N/A to P-No. P8 Group No. 1 & 2

' % OR

Specification type and grade NIA

to Specification type and grade N/A

OR

Chem. Analysis and Mech Prop.: N/A

to Chem. Analysis and Mech. Prop: N/A

Thickness Range. N/A

Base Metal: Groove: 3/16" TO 1" FPlqet: ALL

Pipe Die. Range. Groove: ALL Fillet: ALL

Other: N/A

PFILLER METALS (OW-404) GTAW SMAW

SFA Specification: SFA 5.14 SFA. 5.11

AWS Classification: ERNiCrXX-X ENiCrXX-X

F-No.: 43 43

A-No.: 9 9

Size of Filler Metal 1/16". 3.32" 332". u8'. 5,32"

Deposited Weld Metal Range

Groove 3/8" MAX. 5/8" MAX

Filet: ALL ALL

Electrode-Flux (Class) N/A N/'A

Flux T-ace Name: N;A NIA

Consumable Inser. N/A N!A

:/her: N!A N.A

"Eacn base nelal title- cobmpinaltrn shovLd oe reco-deo irdJvuldtll'
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(BACK) WPS No. TS 43-8 Rev. 1

POSITION (OW-405) POSTWELD HEAT TREATMENT (OW.407)

Position of Groove: ALL Temperature Range: N/A

Weld Progression (Uphill, Downhill); UPHILL Time Range: NIA

Position of Fillet: ALL Gas (OW-408): (FOR GTAW ONLY)

Other: N/A Percent Composition

PREHEAT (QW406) Gas(es) (Mixture) Flow Rate

Preheat Temp. Min.: S0 F Shielding: ARGON 99.9% 15-30 CFH

Interpass Temp. MIn.: 500 F Max: 3500 F Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5-15 CFH

Other: GAS BACKING IS N/A FOR BACKING RINGS AND FILLETS

ELECTRICAL CHARACTERISlICS )QW-409)

Current (AC or DC): DC Polarity: GTAW: STRAIGHT SMAW: REVERSE

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

(Amps & volts Should be recorded for each electrode size, position, and thickness. etc.... This information may be listed in a tabular form similar to that shown below.)

Tungsten Electrode Size and Type: 3/32- (SFA 5.12. EWTh-2. EWLa)

Mode of Metal Transfer for GMAW and FCAW: NfA (Pure Tungsten. 2% Thorialed, etc...)

Electrode Wire Feed Speed Range: (Spray arc. short circuiting arc. etc..)

TECHNIQUE (QW-410)

String or Weave Bead: BOTH

Orifice or Gos Cup Size: #4 - #10

initial and Interpass Cleaning: BRUSHING. GRINDING, BURRING OR CHEMICAL AS REQUIRED

Method of Back Gouging: BURRING, GRINDING OR AIR-ARC FOLLOWED BY GRINDING

Oscillation: NIA

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side):

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): SEE BELOW

Peening: NONE

Other NO PASS SHALL BE GREATER THAN 3/16 IN. THICKNESS

Fiiler Metal Current
Other

(e.g. Remarks,
Comments. Hot Wire

Class Diameter Type Polar. Amp. Range Addition. Technique.
Weld Volt Travel Speed Torch Angle. Etc.)

Layer(s) Process - Range Range

ROOT AND GTAW , ERNiCrIIX-X 1/16' H 70- 120 10- 20 1-8 IPM NO PULSING
SUBSEQUENT 3/32" 70- 150 10 - 20 1-8 IPM (TYP.)
LAYERS

SMAW ENiCrXX-X 3/32' () 70-130 20 -28 3-10 IPM
U8' (+) 80-130 20 -28 3-10 IPM

5/32' N) 90-140 20-28 3-10 IPM
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name: CHM2HILL B&W West Valley. LLC

Welding Procedure Specification No.: TS 43-43 Date: 9gJOSgg Supporting POR No(s) TS43143-M

Revision No.: 1 Date, 3-15-12

Welding Process(es): GTAW/SMAW

Typos (Manual. Automatic. Machine, Semi-Aulo): MANUAL

JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) (No) X

Backing material (type) N/A

(Refer to both backing & retainers)

L] Metal [T Nonfusing Metal

[.] Nonmetallic F' Other

Sketches. Production Drawings. Weld Symbols or Written Description should

show the general arrangement of the parts lo be welded. Where applicable.

the root spacing and the details of the weld groove may be specified.

(At the option of the Mfr , sketches may be attached to illustrate joint design.

weld layers and bead sequence. e.g. for notch toughness procedures, for multiple

process procedures. etc....)

'BASE METALS (QW-403)

P-No. P43 Group No. NIA to P-No. P43 Group No. N/A

-, R

Specification type and grade N/A

to Specification type and grade N/A

.. . OR

Chem. Analysis and Mech. Prop.: N/A

to Chem. Analysis and Mech. Prop: N/A

Thickness Range: N/A

Base Metal: Groove: 3E16' TO t" Fillet: ALL

Pipe Dia Range: Groove: ALL Fillet. ALL

Other: NIA

'FILLER METALS (QW-404) GTAW SMAW

SFA Specification: SFA 5.14 SFA 5.11

AWS Classification: ERNiCrXX-X ENiCrXX-X

F-No.: 43 43

A-No.: 9 9

Size of Filler Metal: tli6t . 3/32" 3132". 1 8". 5.32"

Deposited Weld Metal Range

Groove. 3i8' MAX 5"8' MAX

Fillet: ALL ALL

Electrode-Flux (Class): NMA N,'A

Flux Trade Name: NA N.A

Consumable Insert. N!A N:A

Other NiA N.'A

"ulac case rcla:-i'lle, Zowhb,aotIr shoJId be recodec ind:vicua.'y
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(BACK)'~ WPS No. ITS 43-43
POSITION (0W-405) POSTWELD HEAT TREATMENT (QW.407)

Position of Groove: ALL Temperature Range: N/A

Weld Progression (Uphill. Downhill): UPHILL Time Range: NrA

POsition of Fillet: ALL Gas (QW-408): (FOR GTAW ONLY)

Other: N/A Percent Composition

PREHEAT (QW-406) (Gases) (Mixture) Flow Rate

Preheat Temp. Min.: 50" F Shielding: ARGON 99.9% 15-30 CFH

Interpass Temp. Min.: 500 F Max: 35D0 F Trailing: N/A
Backing: ARGON gg.g% 5.15 CFH

Preheat Maintenance: AS REQUIRED

Other: GAS BACKING IS N/A FOR BACKING RINGS AND FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DC Polarity: GTAW: STRAIGHT SMAW: REVERSE

Amps (Range): SEE BELOW Volts (Range): SEE BELOW

(Amps & volts should be recorded for each electrode size, position, and thickness, etc. .. This information may be listed in a tabular form similar to that shown below.)

Tungsten Electrode Size and Type: 3/32- (SFA 5.12. EWTh-2, EWLa)

Mode of Metal Transfer for GMAW: N/A (Pure Tungsten. 2% Thoriated. etc...)

Electrode Wire Feed Speed Range: N/A (Spray arc. short circuiting arc. etc..)

TECHNIQUE (OW-410)

String or Weave Bead- BOTH

Orifice or Gas Cup Size: #4 - #10

Initial and Interpass Cleaning: BRUSHING, GRINDING. BURRING OR CHEMICAL AS REQUIRED

Method of Back Gouging: BURRING. GRINDING )R AIR-ARC FOLLOWED BY GRINDING

oscillation: NIA

Contact Tube to Work Distance: N/A

Multiple or Single Pass (Per Side):

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): SEE BELOW

Peening: NONE

Other NO PASS SHALL BE GREATER THAN 3/16 IN. THICKNESS

Filler Melal Current
Other

(e.g. Remarks,
Commerts. Hot Wire

Class Diameter Type Polar. Amp. Range Addition. Technique.
Weld Volt Travel Speed Torch Angle, Etc.)

Layer(s) Process Range Range

ROOT AND GTAW ERNiCrXX-X 1/16" (-) 70- 120 10-20 1-8 IPM NO PULSING
SUBSEQUENT 3/32" (H) 70- 150 10-20 1,-8 IPM (TYP.)
LAYERS

SMAW ENiCrXX-X 3/32" () 70-130 20 - 28 3-10 IPM
118" (+ 80- 130 20-28 3.10 IPM
5132" (1) 90- 140 20-28 3-10 IPM

V. 1
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WVDP RECORD OF REVISION

Revision On
Rev. No. Description of Changes Page(s) Dated

0 Original Issue All 08/23/99

FC1 Section A - added TS43-8 and TS43-43 to 32 11/17/99
Form WV-1888;
Attachment A - added TS43-8 and TS43-43; 34
Added WPS TS43-8 (front)(Form WV-4161); 69
Added WPS TS43-8 (back) " " 70
Added WPS TS43-43 (front) .. ; 71
Added WPS TS43-43 (back)". . 72

FC2 Note deleted after 4.1.1 11 01/21/00
4.2.11 - changed reference section to 4.4.1 [F]; 15
4.6 - added wording from deleted Note (p. 11); 17
Updated Form WV-1888 32

FC3 1.2.7, 1.2.8, 1.9 - Deleted reference 3, 5 08/09/00
to WV-1 19.

FC4 Added Weld Filler Material Control 3-7,27,28,29 10/19/01
Sections from SOP 00-32 31,33,38,39
No departments are affected by this
change

FC5 Update Form WV-1888 to new revision 31 11/06/01
number 4

1 NEW-TYPE REVISION ALL 11/19/01
INCORPORATION OF FIELD CHANGES

2 General Revision. ALL 10/06/03
This change was made to update the procedure per a
periodic review. Changes include removing forms,
updating personnel and department titles, removing
unnecessary information, updating forms WV-1 888,
WV-4161 and WV-2526 and reformatting the procedure
per DCIP-100.
Qualified welders and engineering are affected by this change.

3 Updated cognizant manager Cover 02/06/07
Corrected typo in 1.5.5 4
Added reference to ANSI Z49.1 in 1.9, 4.1.1 6, 9
Changed WO/WR to Work document on WV-1888 15
Safety and certified welders are affected by this change

WV-1807, Rev. 10.(DCIP-101) ,I
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WVDP RECORD OF REVISION CONTINUATION FORM

Revision On
Rev. No. Description of Changes Page(s) Dated

4 Major revision. All 06/29/11
Changed WVNSCO to WVES.
Added W as prefix to WPS's to match existing PQR's.
Clarified WPS weld progression to Uphill.
Deleted CSWE. Added warehouse 'stock'
requirements for filler material.
Removed form WV-1888 from manual. Deleted
WPS T17/4-8 and T17/4-17/4.
Added JSA and hazard analysis requirements.
Engineering, Infrastructure, QA and Safety are
affected by this change.

5 General Revision - document revision to address All 07/11/12
CHBWV Transition Team Blue Sheet & Terminology
Replacement Matrix comments. Updated company
logo & name, department names, etc., throughout.
All Weld Procedures were revised (3-15-12) due to company
name change.
Changed WE to SME throughout and added DDWO/Craft
(mechanic) to filler material control.
Updated forms and templates utilized to meet current
ASME IX.(201 la). Forms WV-2526 and WV-4161
changed to templates.

Added sect 1.7.
Engineering, QA, and Infrastructure are affected by this change.

WV-1807, Rev. 10 (DCIP-101) ii



WVMP SAR Reference 8-9

Certified Test Reports, 2004:
Receiving Inspection and Material Validation - Steel Plate

Steel Warehouse, Certificate of Analysis and Tests
United States Steel Corporation, Metallurgical Test Reports

Bethlehem Steel Test Certificates; Report of Tests and Analysis
Fastenal Certificate of Compliance
Cardinal Fastener Test Certification

Wrought Washer Mfg. Certificate of Compliance
Steel Dynamics Chemical/Physical Certification

Nova Machine Products Corporation Material Test Report
Dyson Corp. Certified Test Report

Technical Stamping Material Certification
Sabre Steel Inc. Certificate of Conformance
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ISG PLATE INC. TEST CERTIFICATE

SHIP TO:
AMERICAN TANK & FABR. CO.
12314 ELMWOOD AVE.
DOOR #11
CLEVELAND OH 44111

SOLD TO:
AMERICAN TANK & FAB. CO.
12314 ELMWOOD AVE.
CLEVELAND OH 44111

PAGE NO:
FILE NO:

MILL ORDER NO:
MELT NO:
SLAB NO:

DATE:

01 OF 0;0325-01-10291-0C

U2395
1 A07/16/IB

SEND TO:
AMERICAN TANK & FABR-. CO.
12314 ELMWOOD AVENUE
ATTN: WAREHOUSE DEPT.
CLEVELAND, OH 44111

D E S C R I P T I O NP LATE D I M E N S IO N S

TOTAL
QTY

1

GAUGE

f4"I

W ID T H

151"

LENGTH

162"

DESCRIPTION

RECTANGLE

PIECE
WEIGHT

27750#

C U S T O.M E R INFORMATION

CUSTOMER PO: 53634

S P E C I F I C A T I O N ( S)

THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHA,
ORDER REQUIREMENTS AND SPECIFICATION(S).

ASTM A516 YR 90 GR 70
ASME SA516 2001 EDITION GRADE 70
MATERIAL PRODUCED UNDER A CERTIFIED QUALITY
ISO 9001 ABS-QE CERT. NO. 30130

MGMT SYSTEM COMPLYING WITH

C H E M I C A L

MELT:U2395

C 0 M P 0 S I T I 0 N

C MN P S CU SI NI CR M
.24 .93 .008 .009 .25 .19 .12 .07

MELT:U2395
V TI

.002 .002
AL CB

.022 .001

MANUFACTURE

MCQUAID-EHN GRAIN SIZE PER E112 - 7-8

HEAT TREAT

MATL
OR

TEST

C 0 N D I. T I 0 N

HEAT TREAT
DESCRIPTION

NOM
TEMP

1650F

HOLD
MINS

COOL
MTHD

AIR COOLPL/TEST NORMALIZE 134

T E N S I L E P R O P E R T I E S

SLAB
NO.

YIELD
STRENGTH
PSI X 100

TENSILE ELONGATION
STRENGTH GAGE
PSI X 100 LGTHLOC DIR

1A BOT. TRANS. 443 790 2. 00" 26.0

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320

SUPERV'IS:OR T-ET -,RERPOR TNG
.- ELINORE ZAPLITNY



ISG PLATE INC. T E S T C E R T I F I CA T E

PAGE NO: 02 OF 02
FILE NO: 0325-01-I

MILL ORDER NO: 1.0.291-00!
MELT NO: U2395
SLAB NO: 1A

DATE: 07/16/04

G E N E R A L I N F 0 R M A T I 0 N

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A.
MERCURY OR MERCURY COMPOUNDS ARE NOT USED.
IN THE MANUFACTURE OF ISG PRODUCTS.

B/L #46938 CUSTOMER'S TRUCK

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320

'SUPERVISO'R FEfT--r EFO R T6N G
•ELINORE ZAPLITNY



ISG PLATE INC.

SHIP TO;
AMERICAN TANK & FABR. CO.
12314 ELMWOOD AVE.
DOOR *11
CLEVELAND OH 44111

T E S T

SEND TO:

CERTIFICATE

PAGE NO: 01 OF 02
FILE NO: 0325-01-05

MILL ORDER NO: 10291-003
MELT NO: U2395
SLAB NO: IB

DATE: 07/21/04

SOLD TO:
AMERICAN TANK & FAB. CO. AMERICAN TANK & FABR. CO.
12314 ELMWOOD AVE. 12314 ELMWOOD AVENUE
CLEVELAND OH 44111 ATTN: WAREHOUSE DEPT.

CLEVELAND, OH 44111

P L A T E D I M E N S I O N S I D E S C R I P T IO N

TOTAL PIECE
QTY GAUGE WIDTH LENGTH DESCRIPTION WEIGHT,I

1 4" 151" 162" RECTANGLE 27750#

CUSTOMER INFORMATION

CUSTOMER PO: 53634

S P E C I F I C AT I 0 N ( S.)

THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
ORDER REQU REMENTS AND SPECIFICATION(S).

ASTM A516 YR 90 GR 70"
ASME SA516 2001 EDITION GRADE 70
MATERIAL PRODUCED UNDER A CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH
ISO 9001 ABS-QE CERT. NO. 30130

CHEMICAL COMPOSITION

C MN P S C U SI NI CR MO
MELT:U2395 .24 .93 .008 .009 .25 .19 .12 .07 .05

V TI AL CB
MELT:U2395 .002 .002 .022 .001

MANU FACTURE

MCQUAID-EHN GRAIN SIZE PER E112 - 7-8

HEAT TREAT CONDITION

MATL
OR HEAT TREAT NOM HOLD COOL

TEST DESCRIPTION TEMP MINS MTHD

PL/TEST NORMALIZE 1650F 133 AIR COOL

TENSILE PROPERTIES

I.

SLAB

NO.

IB

LOC

BOT.

DIR

TRANS.

YIELD
STRENGTH
PSI X 100

426

TENSILE
STRENGTH
PSI X 100

787

ELONGATION
GAGE
LGTH

2.00" 27.0

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320

SUPERVISOR - TE-T 'REPORTF NG
ELINORE ZAPLITNY



ISG PLATE INC. TEST C E R T I F I C A T E

PAGE NO: 02 OF D2
FILE NO: 0325-01-051

MILL ORDER NO: 10291-003
MELT NO: U2595
SLAB NO: IB

DATE: 07/21/04

GENERAL INFORMATION

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A.
MERCURY OR MERCURY COMPOUNDS ARE NOT USED
IN THE MANUFACTURE OF ISG PRODUCTS.

B/L *47375 CUSTOMER'S TRUCK

I

WE HEREBY CERTIF
INFORMATION IS

QUALITY ASSURANI
COATESVILLE, PA

FY THE ABOVE
CORRECT: .L

CE LABORATORY
19320

SUPERVISOR - TE ST'R- T gjNG
ELINORE ZAPLITNY



PAGE 1
• I

steel
warehouse

ECERT. S2722 West Tucker Drive
South Bend, In 46624-1377

CERTIFICATE OF ANAL YSIS AND TESTS

P.O. Box 1377
(574) 236-5100

AM. TANK & FAB CO.FOR: 09/15/04DATE:

12314 ELMWOOD AVE.

- CLEVELAND C)H 44111

YOUR P/O NUMBER

SHIPPER NUMBER

54275 "

00652848

DOOR 6 OUR INVOICE NUMBER

00646710
OUR SALES ORDER

DESCRIPTION OF MA TERIAL AND SPECIFICATIONS

1. HRTPHS 0001 11 0.1120 55.0000 X 372.0000 -7Q-C6- Xl-

IEAT # 60515 NAFTA Y BUNDLE # 00403535213

CHEMICAL ANALYSIS
I -I A 4 -4- I-

HEAT # P
/

AL CB

1. 60515 .050 0.800 .012 .002 .020 -020 .001 .056

CR7ý CU,/ MO < NI - NIT TX B

0.040 0.070 .010 0.030 .0140 .001 .0000

,___ ,MECHANI AL PROPERTIES

BUNDLE B NAF YIELD TENSILE ELONGATION D MISC
1. 004035352B Y 67500 psi 76150 psi 30 L_

Ro. T•- 2 -75"

Meets The Requiremenits Of

THIS MATERIAL IS IN ACCORDANCE WITH AND CONFORMS TO

A572 -00 GRSO V o -Tor~

We hereby c that th fore g data is a true copy of

the data . iZ hed aby r u ie or r•sulting from tests
performe in areco tory or our laborartry.

By

L _. _ FO ty# SW-17 REV 1-99 uthorized Agent



United States Steel Coipbrati::1
f 

ltl Gary Weeks
G ary, IN 46402 hlret ul mlu ic al'T eat R eport

ORDER: UE51304-01
LOAD: T02438

PC NBR: 051170-00
SOLD TO:

PAPT:
INVOICE: 154-198163

00
SHIP TO:

SHIP DATE: 01/30/02
OH

THE AMERICAN TANK&FAPRICAT1NG CO THE AMERICAN TANK&FANRICATING CO
12314 ELMWOOD AVE 12314 ELMWOOD AVE NW
CLEVELAND O 441ll-5991 DOOR 45

CLEVELAND OHl 44211-5991

SERIAL (HEAT: M27525 I/C: E3W)2 STEEL TYPE = CAST REDUCTION RATIO ý 11-. TO 1

64071500 1,01, X 7.,0" x 257.0") 546GL6 , IPC

SPECi PLATE HIGH STRENGTH LOW ALLOY U09 SIXTY-HN ASTH A633 REV A 01-JAN-2000 GR E APPROVED

STRUCTUP-AL QUALITY NORMALIZED PLATE

INSP, 01 MILL INSPECTION PRýLIMINARY T/R TO ACCOMPD!NY SHIPPING PAPERS ALSO T/R TO INDICATE NO
MERCURY CONTENT UPON SHIPMENT FAX T/R TO ATTN: GREG MAZUR AT 016-2S2-4871 RA/9N ALSO RA/LT

CFRihkTIVY TPAT ALL MELTING AND MANU'ACTURING TOOTK PLACE IN THR USA.

HEAT M275225 MELTED AND MANUFACTURED IN THE USA, FINE GRAIN
C=.,20 MN,1.37 P=.016 S=,008 SI=.21 CU=.30 1I-,.5 CR=,.11 MO=,05 AL=.027 N-,01 V=.0 CB;.001

TPRANSVERSE YIELD: 630 KSI TENSILE: 84.0 KSI 2" k ELONGATION: 60.0

63000 PSI 84000 PSI 2" % ELONGATION! 25.0

,PRODUCT AND TEST SPECIMENS .WERE NOR14ALIZED AT 1660 DEG F. FOR 00 Nf 96 MIN. COOLING COMPLETED

IN STILL AIR.,

Fk END OF TE$T RESULT DATA *"

TEST RESULTS WERE CONDUCTED ANOD RCQRDED IN ACCORDANCE WITH TEST METHODS ACCREDITED BY A2LA,
THIS REPORT SHALL NOT BE REPRODUCED OR ALTEARED WITHOUT THE PRIOR WRITTEN APPROVAL OF UNITED

STATES STEEL,
THIS PRODUCT WAS MANVUFACTURED IN ACCORDiANCE WITH THE QUALITY MANAGEMENT SYSTPM WHICH COMPLIES

WITH ISO 9002:1994.

THIS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR !NSPCTED.

IN ACCORDANCE WITH THE SPECIFICATION AND FULFILLS REQUIREMENTS IN SUCH RESPECT
PREP. DY THE OFFICE OF 014. BOMi'ET, MANAGER, ORA. DY: 6'tz-rA, DATE: -2 o-

*0900 3 0 0 0277450007A 3104 3 1 0 PAGE I OF 1

rt I *-.I-~. ~ , rr.,~-,rrv ~ I I 'It~l 11\ I ~ Im I \ Ii'•I I--'I\ I I ,•-,• I



1 LOAD TALLY * :
PLATES

PICKUP(S)
32694,

R U. S. STEEL CORP.
0
M GARY WORKS

GARY, INDIANA 46402

THE AMERICAN TANK&FABRICATING CO
12314 ELMWOOD AVE
CLEVELAND OH 44111-5991

THE AMERICAN TANK&FABRICATING CO
12314 ELMWOOD AVE NW
DOOR #5
CLEVELAND OH 44111-5991

S
H
I
P

T
0

Date Shipped From Route / Carrer

CAR CAP. 000 CAR TYPE
01/30/02 GARY INDIANA CUSTOi,4ER TRUCK FOR HIRE 9.999998

Ship Mode Minimum Weight PP)/ COL.

CTH 404 00 OH COL

IF YOU USE A SHIPPER REFERENCE NDR FOR PYMT, USE
ORDER ITEM HEAT ING CUT PC PLATE# GAUGE WIDTH

ORDERED SIZE 1.0000 75.0000 257.0000

1.54T02438-01
LENGTH WEIGHT

.PEC:
.ST:

MARK:

PACK:
LOAD:

B/L

UE5130

USS SIXTY-N ASTM A633 REV A 01-JAN-2000 GR E APPROVED STRUCTURAL
PT#A633E-1.0000-W--
A633E-1.0000-W-L

STAMP USS HT# SLAB# MT IN 1 PLACE
STEN CUST ORD# & USS EA PLT
STENCIL SIXTY-N STEEL A633 GR E
OR 1 PC - KEEP SIZES SEP
FLATBED TRK - SHEET LIFTER UNLDG - BLOCK - COVER W/TARP
20000 LB ABSOLUTE MAX
COVER WIT Rg,

METRIC 25.40MM 1905.00MM 6527.80
4 01 M27525 53 W2 1 084071A00 1.000 75.00 257.00

MNI

M27525 53 W2
METRIC

1 084071B00
25.40MM 1905.00MM
1.000 75.00

2479KG
54664#

2479KG
5466#

6527.80MM
257.00UE51304 01

Per Controller - Gary Works USSiCorp. - Shipper

Permanent Post Office Address of Shipper:
600 Grant Street, Pittsburgh, PA 15219-4776

Agent

Per
I •Kxnn vD N



Bethieremr
Bethlehem Lukený Plate

CUSTOMER P.O.: J. C R- 2765
DESCRIPTION:

FILE N ..o4--U.L--i

DATE: 07 12.3/ 9 9

MILLORDERNO: 4b6292-005

SOLD TO: SEND TO: O3-C1 SHIP TO:
CAR•{N FAA T'- W"ARREN FA•RICATING L-r , a' F•• R• CATING

(L.kPORTP, Auiu C ORPORAT0IcN Hut3BAKD STJE (OLD GATX)
P.O. 1nUX 1t]iz PUL. iBOX 103z WEST END

iWARN Rh ENtH- 4,IWJAR2 w hEN OH 4,HUtA D 6i HU-H-D',-5._
"111S MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE ORDER HEOUIREMENTS AND SPECIFICATIONIS):

AST"AJU Y'r 'o ASME .SA3b Vk 9 8

,ATE•±AL PKUDUCLU UNDEK A CERTIFIED qUALITY MGMT SYSTEm COPLYIN6 W:ITM ISUO 90OŽ 'ABS--QE CERT. N0,- 30130

MELT/SLAB CHEMICAL ANALYSIS PRACTICE,

R.Y'b - C MN P S CU SI NI CR MO V T1 C I__L_

1.65 os.Ol4 .01L2 ,.2 .20 .20 1,b .0b.001 .0-Ž .001

TENSILES CHARPY V IMPACTS OTHER TESTS PERFORMED

' LD T" N . % ELONG MILS LATERALT PE 5P.1 Y. 100. 2'".13'%5R.A. TYPE ThPEXPANSION % HA

.0, -.' 7_ __ _ -

bX 4 0i I F
INF 0 R M A T I 0 N HEAT TREAT CYCLES- MATL. OR TESTS- DEG

~~LdGk-r p LK eir-c L: -~71 LliS- i4650 KG-. MALTS OM MIN MAX HOLD ICOOL- E.
ALL STEEL HAS kfLLN MELTED AND AUAUTEMP TEMP ITEMP MINS. METHOD TE,AUALUt INM THES METHD T'

CUSTOMER ITt,- NO. 0Ob -
,b/L- 411ýbl NJKL 4ý1`L) 97-e~medi-an Trank~& Fai :c ftin o _ _ _ _ __ _ _ _ _ _ _ _ _MEETS THE REQUIREMENTS OF HEAT TREAT CYCLES - TESTS ONLY - DEG

START NOM MIN MAX HOLD HEAT CC

T4EM TEMP TEMP TEMP MINS. MAT
REV \'WED EVym DATE 32MX 1

Wr- HPIRPY (FERTIFY THF AROVF INFnRMATION IS CORRECT: Quality Assurance Laboratory



ETHLEHEM LUKENS PLATE DIVISION
IPITEI-T NiO.

80 3--neQ-1

(,
0*

ErD.

EIE[HI.EHEM STEEL. CORPORATION
QUALITY R, d PFVACTiCE DEVELOPMENT

REPORT OF TESTS AND ANALYSES
I SIlIPPED I C, a OR VJIIICLE 0.0,

.-3i - 71-0 0 NS N P 6 142 7 P.A

1*

SERIAL
NUIBER-

DUAL I

PLATES

MFST

CO* J.

YIELD.

S 62195

S 62196

PLATES
MFST

PAT.
NO.

HEAT
NUMBER

N1O. PS., TIICRIIIESS

INC HES

WIDTH On l•&

I NCHES

LENGTH

INCHE-,

WEIGHT YIELD
POINIT

pfi: INfQ ¢l po

TENISILE
STRENGTH

fI-T[

ELONG.
FlED.

''! UNumH-- A
STEEL MEL

ASTM A516-
GR 70" -VO-
LIFT MAX 1
OH-MAGNET-
, 28,7 GH

ENGTH @ 1.

823L71250
8 a j-7 1255 ()

STM A 36-
LIFT MAX 1

OH-MAG NET-
S28886 GH

8 1.3L70[SC

823L7012C

823 L701.3C

tT-E I £TED

90 G

5 TD
CHAI
365-

t E.
I

96,"
5 TO
CHAI
365-

2

I1.

PFYED OMS
& MANUFAC

H__79 ProV,
EDI TI ON

N-SI Z ES &
N-SL ING
0653

U.L.

i1's
1 ,,5/

ASME SA3E
N-SIZES I-
N--SL I NG
0654

.1
1

1

TURED [N T

ASME SAS1

GAUGES SE

120

120

1998 ED[7
GAUGES SE

1-20

120

120

WIH Tso 90
HE U. S. A.

6

P UNLOG

240

240

1 ON
P UNLOG

480

480

480

02 A8S-

[ 2252

1 2252

[6.335

32670

1633.5

3E CERr1 #3c477

44200

46300

COx J.1CF2R

79500

79500

64200

66400
67400

67600

2

2,

8

8
8

8

2-3

2C

4040o

40000
AL 900

4. L k0C

-301

27
27

-m' TC "C• ' " ' T-TCIPER IEAPRATJRE t"-4OAIMALIZE TEMPERATU'RE

-- T U A
_ _ _ _• _ _ _ _ __".iA.Z" _

SERIAL
NUMBER

PAT.
NO.

CIIARPY IMPACT
HEAT

NUMBER
BEND THICKNIESS

1 NC-HE S
ENERGY IFT T I I :1- SHEAR(%) I.AT. EXP. I' ,

SIZE Di.TEsrTEMP.F
- -~-.~---~iL2~ ____ . ___ -1---

1 2 3 2 3 11Z!

9

REV

MEE

EWED I

erican,'T9anR
TS THE REG UIF

7c_

DEMEN
ti p, Co.

F

HEAT CHEMICAL ANALYSIS MaU.OLII
UMBER c .,I MV T 7/T { , C,. -,. V T A) a . SI - GAINZE

82-3L7 1.250
813L70150
623L70 120
f323L70130

.24

.14
-16
.16

1. 0O
1.06
1-09

.012
.017
.015
.015

.O07

.006

.01.2

.012

S253
.208.
.2-321,
,2_21.41.

0 19
.009
.014
.010

Gll
.01

.01
01

ý031.00 .
.03.005.
.041005.
.04.005.

.002

.003
002
004

_036 .002
.002

S'002
.002

I CERTIFY THAT THE ABOVE RESULTS ARE A TRUE A.D CORRECT COPY OP ACTUAL
RESIULTS CONTAIED Ill RECORDS I.QINTAINED BY BETHLEHEM AND ARE IN FULL
Co4.p'.IA4lCE WITH THE REOUIREMENTS OF THlE SPECIFICATION CITED ABOVE. TH1IS
TEST REPORT CANNOT BE ALTERED ANO MUST SE TIAMSM-5ITTEO INTACT WITH AllY
SUBSEOUENT THIRD PARTY TEST REPORTS. IF RECUIRIED.

SUPV. CGUAX ,TY ,-a PRACTICE DEVELOPMENT F '' I " g ' . PER



Gary Works
Gary, IN 46402

PRELIMINAIRY TEST REPORT

CONFIRMING TEST REPORT WILL BE MAILED

RDER: UE55784-06
LOAD: T13642

.. NBR: 52060
SOLD TO:

PART:

INVOICE: 154 241121

VEH ID: 130A

SHIP TO:

SHIP DATE: 12/05/02

OH 38097

THE AMERICAN TANK&FABRICATING CO THE AMERICAN TANK&FABRICATING CO

12314 ELMWOOD AVE 12314 ELMWOOD AVE

CLEVELAND OH 44111-5991 DOOR #11

CLEVELAND OH 44111-5991

SERIAL HEAT: Y49461 I/C: 54W2 STEEL TYPE = CAST REDUCTION RATIO = 4.0 TO 1

X9108A00 3.0" X 93.0" X 330.0" 1 PC 26111.00 LBS

SPEC: PLATE HIGH STRENGTH LOW ALLOY USS SIXTY-N ASTM A633 01-JAN-2001 GR E APPROVED STRUCTURAL

QUALITY NORMALIZED PLATE LCVN IMPACT TEST HEAT LOT FREQ. H LCVN 20 FT-LBS AVG @ 10 F LCVN 15

FT-LBS MIN @ +0 F

INSP: 01 MILL INSPECTION TEST REPORT TO INDICATE NO-MERCURY CONTENT AND REPORT CB RA/SN ALSO

RA/LT CERTIFY THAT ALL MELTING AND MANUFACTURING TOOK PLACE IN THE USA. ,

HEAT Y49461 MELTED AND MANUFACTURED IN THE USA.

C=.18 MN=1.33 P=.015 S=.007 SI=.22 CU=.28 NI=.13

FINE GRAIN "

CR=.12 MO=.05 AL=.027 N=.010 V=.11 CB=.001

YIELD: 61.0 KSI TENSILE: 85.0 KSI 2" % ELONGATION: 23.0TRANSVERSE

TRANSVERSE
61000 PSI

YIELD: 63.0 KSI
63000 PSI

85000 PSI

TENSILE: 87.0

017000
KSI

PSI

2" % ELONGATION: 32.0

FT LBS/ 06/-074-074

FT LBS/ 098-074-088

LONGITUDINAL FL
-18 DEG

LONGITUDINAL FL

- -18 DEG

SIZE CHARPY IMPACT V-NOTCH +000 DEG F

C AVG IMPACT STRENGTH +72 FT LBS

SIZE CHARPY IMPACT V-NOTCH .+00.0 DEC F

C AVG IMPACT STRENGTH +-87 FT LBS

PRODUCT AND TEST SPECIMENS WERE NORMALIZED AT 1.660 DEG F. FOR 02 HR 48 MIN. COOLING COMPLETED

IN STILL AIR.

MERCURY OR MERCURY BEARING COMPOUNDS ARE NOT USED IN THE MANUFACTURE OF THIS MATERIAL.

** END OF TEST RESULT DATA.**

TEST RESULTS WERE CONDUCTED AND RECORDED IN ACCORDANCE WITH TEST METHODS ACCREDITED BY A2LA.

THIS REPORT SHALL NOT BE REPRODUCED OR ALTERED WITHOUT THE PRIOR WRITTEN APPROVAL OF UNITED

STATES STEEL.

THIS PRODUCT WAS MANUFACTURED IN ACCORDANCE WITH THE QUALITY MANAGEMENT SYSTEM WHICH COMPLIES

WITH ISO 9002:1994. .1

qfie Andoria zk-& ,¶afilcatinv Co0.
MEETS THE REQUIREMENTS OF £ . -,

* ~ 4.2 ~~*f __8

REVIEWED BY_ D/Ir fkT•LK? -
I-'

IS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR INSPECTED

iN ACCORDANCE WITH THE SPECIFICATION AND FULFILLS REQUIREMENTS IN SUCH RESPECT.

PREP. BY THE OFFICE OF D.M. BORMET, MGR, PLATE TECH BY: DATE:

*1515 PCNF NIIN 0 0 0 0277450002A BKW a 1 0 PAGE I OF 1



U.S. Steel Corporation Metallurgical Test Report
GaryWorks
Gary, IN 46102

ORDER: UfE55761-01 PART:

LOAD: t 104202 INVOICE: 154-239192 SHIP DATE: 11/20/02
PO NBR: JCR-3497 VRH TD: EJE 006257 H4202

SOLD TO: SHIP TO:

z
(D

(D

0-

z

CD

Cr

C

oH

H

SERIAL

(9170A00
HEAT: 1647470 I/C: 55W1 STEEL TYPE = CAST

3.0 X 96.0" X 390.0"
REDUCTION RkTIO = 4.0 TO I

I PC 29404.00 LBS

'PEC: PLATE CARBON ASME SA 516 01-JUL-2001 2001 EDITION{ 2002 ADDENDA GR 70 APPROVED ASTM A516

)1-JKN-.2001 GR 70 APPROVED PVQ NORIkLrZED PLATE KILLED FINE GRAIN MILL EDGE

:NSP- 01 MILL INSPECTION RA/S[r ALSO RA/LT CERTIFY THAT ALL MELTING AND MANUFACTURING TOOK PLACE

:N THE USA.

[EAT M47470 MELTED AND MANUFACTURED IN THE USA. FINE GRAIN

'=.26 ITZj..99 P=.017 S=.010 SI=.22 CU=..02 11I=.02 CR= 04 1,NO=.01 AL=.025 V=. 001 TI=.001 CB=.001

.,m.. TRANSVERSE *YIELD: 44.0 KSI TENSILE- 77.0 KSI 2" % ELONGATION: 29.0
44000 PSI 77000 PSI

,,J1TSILE TEST WAS TAKEN ON INGOT/CUT: 55W I

'RODUCT AND TEST SPECIMENS WERE NORMALIZED AT 1660 DEG F. FOR 02 ER q8 MIN. COOLING COMPLETED

"N STILL AIR.

- YIELD STRENGTH @ 0.5% E.U.L.
** END OF TEST RESULT DATA **

:EST RESULTS WERE CONDUCTED AND RECORDED IN ACCORDANCE WITH TEST METHODS ACCREDITED BY A2LA.

'HIS REPORT SHALL NOT BE REPRODUCED OR ALTERED WITHOUT THE PRIOR WRITTEN APPROVAL OF UNITED

ITATES STEEL.

'HIS PRODUCT WAS MANUFACTURED FN ACCORDAN4CE WITH THE QUALITY MANAGEMENT SYSTEM WHICH COMPLIES

fITH ISO 9002:1994.

(a
N
(D

g,ýJý
MEETS THE REQUIREMENTS uF

M-IG.O WED .Yz , -.- .. -,r -/ '

'HIS IS TO CERTIFY TEAT THE PRODUCT DESCRIBED HEREIN WAS ZANUFACTURED, TESTED AND/OR INSPECTED

:N ACCORDANCE WITH THE SPECIFICATION AND FULFILLS REQUIREMENTS IN SUCK RESPECT.

'REP. BY THE OFFICE OF D.M. BORMIET, 14GR, PLATE TECH BY: ý "' DATE: 21/22/02

r1611 11N UINIT 1 0 0 0087972002A PEE JAL 1 0 0 PACE I OF 1.



IjJsua stuffa In
.1770 Bill Sharpi Bmiriev.rd, Musc8ine, Vi 52:761-94I f2

-1Cirtoma 10.N.:IG

11 *ZýrercancaLe o-rm.TC.I: Rtvisiion 1: Dam 3*\70

K21l Orifer No-, 4 L-0461.[5-13 IShipp rig ?TvauiasL'- 2,05307

Prmducl Desripticri: ALSTM1 4.626(EA7Q99(01 A)3GIASNt- SA-36(l IU~D)
4

E~bjp D21t; 31 &L 03 Cpr( NQ- 9214975s
Carl Dni:- 3L OctU3 I

I-DO r M&LTED AIM KW¶UJTFACTLUPRSD IN THE( USA, 'T.~O4/W224P 2>~-
iMC(JY ~AS PDT BZT~ UrSED IN TVfE DIRECT FI=C Ji~TrING OF TH{IS ý 4ARIAL

B3JG24 EI1 PIECES; 2, Tq-IGH{T: 26.968 A31225 909 PIEcEs! L, WEIRT, " 3 442

.ýwEETS THE~ REQUIREVIENTS ý'F

FE1ASPkE BY:.,.

WFE HEZ.EUY CERTO2 Yj TmA T11S MATERIAL
Y/AS TFSTED [N ACCOtiDA!W2 WITE T-HE
APPILOPMTE SV'ECtF)CATJON

P. A. QROZLE-R
C).~ f, W TA I JiRU)ST



Certificate of Compliance

Sold To, Purchase Order. 54338

AMERICAN TANK AND FABRICATING CO Job'

Irmoice Date; 9/20/04

THIS IS TO CERTIFY THAT W, HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS-
TI'ESn PARTS WERE PURCHASED TO T.EFOLLOWINQ SeECIFICATIONS.

10 PCS 2"-4.5x6.25 SHCS A 193 B7 SUPPLIED UNDER OUR TRACE NUMBER mdoh2184 AND UNDER PART NUMBER
I0971-01550

38 PCS _I-8X2 ASTM A193 B7 HEAVY HEX BOLT, DOMESTIC SUPPLIED UNDER OUR TRACE NUMBER. 1021254 AND
UNDER PART NUMBER. 0 155550

38 PCS Il" A325 Plai F436 Dom Structural Flat Washer SUPPLIED UNDER OUR. TRACE NUMBER, syO31642 AND UNDER PART
NUMB ER'013354.8

This is to certify that the above document is true
and occurate to the best of my knowledgo.

Thiis document was printed on 9120/04 and was currcnt at that time.
Please check current revision date of 12-15-03 to avoid using obtolete copios.

I.

Pastcnal Accotunt Repreen.tativo

I



ftgtannr Test Cartficatlorl

'0ornificalit" No.: 2042a qtlop Ordqqj; ,225zo0

Order No,:. 10 EI90 I I WitaNo.: I-T# 11610

CtIntomerpo: MDOH~lfi Gr~da: 137 SHOS

cuo1dmrer;

o00voua2IG0

PASTENAl- MIDQLEfBURG HT-S, 014

178-11 EPIGLr- R~OAD

MIDDL2UOURG erS, (31144150

S~hipped Qty:

gtuppillor

1A
'10

700

Monwilgaturar. , Om~nai rst~anr & spucinoV 0%g,
Addras'. 586 R~iciunondi nond

Be~dfo~rd HaJ~jhto, Ohio 4414G

Laboratary; Cnrd~li Fa.rIenwr Lý ý$pacilty Co.,

Addim 8185 IRiahmorod FROad

Bedroiid kiqitu, Ohio 441 46;

Woo!~

2 .4,.5 X l14 0751-ICS

$Qodwt Head CApýGreiV

FTels Nw.: 28745 Ordnr No.,. 2217ý110 T(I Dr~ aw~

spe'like~tion! MET.NA74f 5j/aO;3'>p] .013 Pr=CiMriN MrACHiINrED

Te~h. Nome:, DFD Tac. iVo: VT

Notes: Tonsile Tout Par Ar;TM 100f3

Hardneve Per ASTh4 El a

AcomptPar. ASTM MM ~r~A,I& I2.3.2CqOb/D0Rfis

5126/2004 Test 013pooIIlon: P~ASS

T09t Fac~ifty:. cps
ýQV~z0(pt8Aba)! 2.4

Sample Sine: I

'Fn-" j rl 0FM I f 9nO75 I) I'qSi Fi- DIaý0i f A r'- .V-198

YIELD (1631300, 9~9999) PEI PASS 1:70000

EL.Q T P ý ...

1i~W6 y~ 4 "OUR~

Tont No-: 27554 Order No.: 116310700 0 f~ olo

Spaclf]00lj0; CH~tlA_0lAE 4140

Teoh, Ngmti: T HARPFUNGTON Todl.'.Title: QA

Nat"., MACRO ETOM RQj5IULT$! SI RI 01

2/a/20tW TOW. DIfl~bbitiwi:. PASS

Test Fea~llty. CH-APARREL

LotSIze(poas/bs): 19737

SQrdPt IGe sio

ULF Rn (0ir, 999 ax)Ln! %lpsta aml ai

Thk rlior tr~iel rM bIm reproncuad j4wv~r in tMI. %lulul hat %vln' apr~n C cmdenor FMIene a spscI$Zy Cu., Ina, Pg 1

81 :01 0AA7,/7ZJGG



lI SUCON (0, 0@9) % I PASS 02

-O -RPSS 00

~~T~u~~Nu.. ....'.S {..... .

ALL MANUFACT~URING AND MAWR~IAL PROOE&SUS IN 11-1I5 PFRODU'C1 FLE 00(LJRFD1 WtIVIN Tl-1 U.S.A. llW
COMPLIANCE WITH THE BUY AMgRICPA PROVISIONSl Or- THE SURtFACý TRANSPORTATION ACT OF 119B2

All dola mpre~anfsd an this report rQ(AW9 drily to tim ltoM(3) 1030ted, Wvilcli havA lieen sampled In order to represent the
ooo'eseod IrA tW1.111ad In thi3 descriptlorn,

Infdm~l:Ion1 and dnat4 lr the tupA It l0 crte and rgliable to the be(99 Qf our kno'lmlego; hjrowv~ir, results Lira not
guearnteuod and no iesponsibillty is assurnod,

0

All ItMYID 1prnished on tlia vbott@ r~we~reaced P~roirh~ie Orderrore In full
conormance witi' All Purchase Order Rind -Specification R quirorthente. reot
vvilunv) allhar provided by Otwit slippliny of 4;vermieed In Cardnaf )eLOW~lory,
"~reganl Actilul ottrJuteit of the Itemts furnIshad jotic IhQ fimst reoults viro In
I'L~Icompilance with ill applivptible ap~k1ir nd ordee rm'liernenrts. All
manuf~atxriNg1 tesling, saMplinga nd lnspeortlon Ijave 1been p0ougiti if)

eoordxncýa With Caril~n~rs qt~alll A!Juraflca Progrnm, All tApplioetile testa
aein amordanpa with tho CQ~lfliy Gantio) M~nual dated 4/12J9t1, The

produot iws rianufeotured and supplied free from mrnonury contamnitneon,
Thjil document lntay only he reproftaod Unallt~reri tnd only for the purpsas
of cerifyinlg the seine of Wguar quality of the proeduct r~eelled herein,
tRdprocluctloI1 (r illeretion of this doijument for OPi' olhor purpmt~l

(Apvl)

Q.A

912212004

Thles pov"13hrfl nMIDS rUPNWR9t~~ d~npI In NI. y.lllewt na wrlkvn apPrvnal of CnnirOnA PI FAher & 6Sdnlati (Intli. Pg 2

4 S$ 1)Z 0seýgi;9tz Qj:vt mVr'WRO



JESSUP WAREHOUSE
1?-2-5 MID-VALLEY DRIVH
JESSUP, PA 1S434

IUBet NuRnWTr
40313120

Order Nurn orer
JESSuP STOCK

NVROUGHT WASHER MFG., INC.

Cewtificftlo Of Complianwe

spptember g, 2003

Wrot4t WashwrOfrot Nuniber
43'ZT4

ChleraIvl Analysis
C .NM $ 8i
.M0 .77) .009 -002 .200

part DAcRIdP.T
I"S MARKC HT

Date
shipp5ed
09/05Z2003

QrUAntity
Shipped
12o000

We heretry ertify that the subjecr parts conrlba ia the requirermints of the applicable sýrmfioaion
indicated for tii' subject pmats ald ate in complain uonfomiance: to F436-93. We hereby certifY that the
subject parts were hardened to RC 3&-45.

We hereby certify that all statutory requtremaeul as to Amerlcan Production And Labor Standards and all
conditions af purchase appltoablfru the iratisaction have been cotnplied with axd that the subjent parts were
melted and manufacturvl in thi U.SA.

,"-L. Traly yours, 7
Wmught Washer Mfg., Inc.

David ZuPaln-1c
Q.C.Mnge

Sworn and subscribed before me on Septembor 8,2003
My commiss ion xpljres June 3, 2005

(030) SMAgK, HT', F476
-W D{TEI'IAI., USFE: 4335Zl05/1OhVlT.3 tsUMd204

8901 I09ND STREET ELti'•S.ANT PRARImE, WI 53Th8 P-lONE [262) 947-7250 FAX (26;) 947-7[99

lf15IT OUS WEB&IM-T~wvr'Jtasurc
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MACHINEI PR ODUCTS
~- CORPORATION

fl8oo1 shaldon Rugd
Middlebuty Heiyht5, 01-H

44130

216 2673200
Fat 216 4ý3 1640

Date.~~~4 110/1'.P C021240 z
Rell

1;'ASTENALJ COMPANY S 0 4 00000809.27
S8s], GTJION ROI Linl flr: 38

XXDIANAPOLýS, IN 4s254 Lo Q,0014
Hieat .i-J'U YOGA? a

ýL. /STOCT<. 0155550 Draw~r: (80O/BOX)

ýBc _1-11 U1B9C 2A X '2" RnZy' '13Y !CR
4~ATRI~AL SPECIFICATIONa: ASTIM A-1, 3 ( 01) Gi7.By
43AT SPFICIFICATION~S
Qutenched & taemper~d PE:,r tb~r- iateril spec~ifidation, mjijirýn,ut
t-empering termperatuire: 1100 VU

kPPLICABLE SPECIFICATBfOWS:

Page- 1

ýV2\LTrTY SPECZFICATION\S
3i~ne~~hmani.facturnd; This is a COMn~ercial grade ite~n;

* C -40 NN .92 p? 012 S .005 81 _21 CU _02 N, .03 C. 10 1
MO .225 AL .034

I,:CFLWICAt4 TEST:
72K$1WL 134000PS32 -41.LD 11540OPSI RLONG 2124 R.EIjhCT 61.7

R4J C 29.2
MACRO ETCL:ACCPTAIA

ZWova Machirl Pxzoductq C0orPOraticon Qe,-tifieo.that the mqtertal, parta,
00O~fpnants OX services Geuppliecj on t ~is pulrahase orlaei have PVea~
pxoce~sed in acjcox-dan-pe with, and tharefor meet oir exceed th qua t
eem emnt ta-b1:Lhec1 by tie- rzefdrsaceG or- pe i I-f:Lvations J. n WYK~

or&er. Mainta.ined Mercury Tree by Nova,.

T, certify~b~at th!ýLe redulte a-re R~ true an ?qorart copyr of rqaords
prepared axid maint~ained by Nova Macbhie producte Qorporation :-n
campJ,±ance wit~h the re~idýmeinta Of the purdl1ase ordr and~
SPPClig~atio-fts Cited.

Pr~cessq.4 pex i8O-,9o02i'14)/:rso.-9oo, CertlfjcEate fJQC 2ý1.. Fa~terier
pr~Odt~cts teceiVed frokU Nova. are JFQA com~pliant,.

Y2Ur sale yersan is l~a La-61-0
P eseaay ayor' nigbt U~ you~ have .any q1uest.Loa-is or commezito,
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CERTIFIED TEST REPORT

r , 59CDYSON CORP.
53 Freedom Road 440-946-3500

EN DOMESTIC NUT Painesville, OH 44077 440-352-2700 fax

DYSON CUSTOMER ITEM QUANTITY DATE
ORDER# ORDER# NUMBER SHIPPED SHIPPED

C 70701 MDOH2160- 4 of 4 32 pc 8/26/04

CUSTOMER PRODUCT DESCRIPTION

Fastenal Company 1.50" (bolt diameter) flat washer, Plain
1785] Englowood Drive
Middleburg Heights, OH 44130 SPECIFICATIONS
USA ASTM-F436 Type I .- "

DRA WING

STARTING MATERIAL DIA GRADE ,TY LOTCODE HEATNO. ORIGINAL MILL

Flat Washer 1.500 F436 32 JEI 22469001 Sabre Steel

The product listed above was manufactured, tested, sampled, and inspected, in accordance with the
specification, purchase order, and any supplementary requirements and was found to meet those
requirements unless otherwise noted.
1. The steel was melted and manufac:ured i-n the USA and the product was manufactured and tested in
the USA.

/t4 .*C Z&Tk • • • T *5 ' Z ) 0•, l' r t /

A- ¢TA4 ):?L • . j•t. ') #14 P t, /1..F4;q 5 
ot0

Attachments:

Mill/Supplier Test Reports

Deborah A. Smith
0 A. Admin. Assistant

8/26/04

LARGE DIAMETER FASTENERS & FORGINGS /STANDARDS & SPECIALS/COMMERCIAL, MILITARY & NUCLEAR SPECIFICATIONS



SN4c . 7-6C/1VIC14Z S-1-41PIN61, INC,
. rL•• .c./,/ r81 . CER T 0 UK

g~e'fz-r2a5/*•. -,AY 2 7 2003

ItITE RIAL L
CQERýTI/[ CA TIO0N

CDD~E *K)ii

/ 60301-71715,000

1-11Y 4034
122469001. .29 1 .34 .011 .1001 04 . 27 REL.

•PECIFICA TION ACTUAL j GAUGE

0.D 2.969 - 3.031 2.997 - 3.000 CALIPER

I.D 1.625 - 1.656 1 . 639 - 1.641 CALIPER, PIN GAUGE

THICKNE•• .136 -. 177 .138 - .140 MICROMETER

FLATNAI•!• MAX.010 .o002 CALIPER

•.CTEEL •UEl CER T

HEAT TREAT . •EECERT

PLA TING

OTHER

INDICATED FOR THE SUBJECT PARTS AND ARE IN COMPLETE CONFORMANCE TO ASTM F43.8JAROENED TO RC 38-45.

THE MATERIAL WAS MELTED DOMEsT)CALL". THE SUBJECT PARTS WERE MANUFACTURED DOMESTiCALLY IN CHESTERFIELD TWP., Ml U.S.A

m L.1t e-'.:Th. O.F-
"4 e, -6 1 A /-

JA/

JUNE M. SAX
Rotry P .ubc omi

My Commf3ision bpM

-AUfHORlZL-

b Cout, l(-#<-, 2 P ZQý

QIty.3008 Rev. 1 11-28-01

\Lkfr~Zff ~7~17&N~_L
U -~ vIrVWr~LF

(j ~

i!)ATEJ)/ýI,
DYSON



(\Jphci

Inc,,

WORK ORDER-CERTIFICATION

32969 GLENDAL.E AVENUE.,:':.
L.IVQN*IA, MIHGAN' A1 i r.01 613
PHONE.(734) 523-1030
FAX. (734) 523-1039

as 9000 ye

0220-f" .D0220-614

'E""Co 0E
ýUSTOMER SHIPPER DATE RECEIVED 0 NiUMBER WORKORDER

SOL O-TO 

SHIP To

I. I " J ...- . ~ .. .I..IIN 1 :,, CA .".". . " . . f.. .. . . .. .

PART NUMBER DESCRIPTION

LDT NUMBER HEAT NUMBER *.-ORDER WEIGHT ODRQATT

QUALITY CONTROL - . . UALITY CONTROL CODES

PRr CESS DESCRIPTION .REV. I & DATE MATERIAL GRADE/CLASS

* i F,

i-. 5, : i"'y ] ...i-' i ,, _'_']"_'__ _"'__'_____t__._____'.__,__....,'"____._._....l____...I-l_,___{..._-._.._,_,_, __". __-' _.I _r_. ____.

HEAT TREAT SPECIFICATIONS
HARNERTEMP, BELT SPEED CARBON PROBEOUENCH MEDIUM LOADER SETTING MMIRECIPE RUNTIME- PROD. RATE .TIMEI".

97 -e
A -(0. . w

CO E SP.c " :...' '. MEAN . SU.•r • Cu S C :.:C*' -'.., WASHER SPEC . " CASE SPEC

• .uu : ' : . . ...:~': ' ''- /I" ,.')l- ,. s. . , .:, ' -.

- ' . CONTAINER INFORMATION

.. I QA. IEWED

SPECIAL INSTRUCTIONS

z

' -. ::•, F'

......" ..... d .. . .y7_" ,: •:

• :' • . .: i. ..'. "' " "' .. 7.,

4, C ~ .V ef3b I"!,77M)COP

STAGING/LOADING INSPECTION; FURNACE OPERATOR .- FU.RNACE OPERATOR' 2...

BINS FREE OF GREEN PARTS' FURNACE OPERATOR ~ PERAýTOR INSPECTOR.~ '%
SOLUBLE OIL DRY .:.2ITEMPERING TEMPERATURE/I ;.L". . I ; ,



?N33
_:. T I F" I1F'.FE OF COrIFC R)1,I)C

!:&,L~~(fi IE 'r i~ f~:-1 H, I Y f:':'
-1 j til I-

• . -~'.r:• F_ S E t .

CoE• o ..

T 0 I.l i CV. •I. . - _.
C.I I,,. F-, F 1. Ji• K LI. 19 !f ..

:- -1:1 "LI - I"EL CHfI'd, I CALI E3I' T IP i F, 3
. ... U.c- L.L. S.I-H I '!'I T 13L Y D.

. I I.D rL.1. , I;I *÷+E,)-_i

l.- iar t # !'i F 0I 1.t 2 bo . Or'd 0•lr."I ." .ý ;-

Li X~ Gu-ILt

'ý R ý 11 L 'ý 'L: - '.'

D F 'E I;,F:'iL J. lj . I-..., I_ I , ' 2 ; .,

i
CH[:H ] I":fl.j AI!L £ :t..

6 a t

! u. b Ž-,-•I i

-' . ,,i- IM n 23 p • . 0 1. 1 * , ~ •Z :.1

PFH"YS 'I. C [1L PF'RCPERT I ESi

Q-A.. IEVED

.. ..... .. .. AND ~ .- Ih-Jy

{1TT/~'4f A*,-?At 1F13&-rjl) T-rr-Eh 4T-1

(_/z /0 ()rIq

•}JE .-i,,.,.L., [::-I.,FI~r~ F i ni-H ABOVE i II3U,.,_ AR~FE; L L A C R O-TELY .' TAT l-:, I:IEE-r YOU F
-I',9' ," " r ... I' I_ I (-" ` U R ) [7T¢ T C"F

ril E. U i.I. :" E: li i i D-" I- T r ,,,--Erýi.D.L I i ) FE C....... M Dc TO T H
10" A[', f ClF-,'[:_,••.:-I:lIoF;'.

*
1

I j_



Cardinal Fautener Test Certification 25Z1 q87

Carijficatiub 2o; 0489 S hop Or do rX: 0 022 475a

Order No.: 106603 1 Heati No,; 3001V7
Custom~er PO; L4DOI-2157 Gradd: 57 Heavy ha bont

CUtOLO1~r No,: 000D00OD3210B Thread Class; 2A

CuIStomar: FASTENAL MDOlXVBtJRG HTS, OH Shipped City: 32

Mdres~s:17851 ENC5LE R~OAD

MIDDLEBURG HTS, OH 44130 Supplier:

Finish Spec.:

Manufacturer: r~rdInnI Fastener 99~aulaity Co., supplier;/

Address: 6195 Richmond R99d Iend~pin / SB 3

Badford Halghts, Ohio 44146 Hamr: HayHx81

Laboratory, Cardinal Fa3tanar & Specialty Co.,
Aadraee! 6185 Richmond RoadE7

SEdford HelghKs Ohio 44146

Notes;

Toot No,: 28902 Order No.: 221531 0 Test Data., 6/101200. T03t OlaPOahliori: PASS

SPec0ficatiOn: METLA1941/2`TO1 3/4"-31)) -99 Teat Faclity~: CF3

Terh. Name: LDv Tac/, Title: LT J.otSiza(preAfbs): 557
Noa: Wedga Tell Ner AS~TM A370 Sample size!

tlcrdasa Per ASTM Ei 8

1100 Dog, Min Tamper

Wadg* Angle 10 Degreas

ina3PeCion (mm~. -mix.) undo peto Sml aua

TENSILE (125000. 999999) PSI 4 iS

Twiut No.: 28693 Order No.: 221531 0 Toolt Date: W/1512004 Taut Diwpgaitiori; PAGG

Specificalfon: MI!T_.At93(/2'T02`-3f) -9,9 Specimen Test Facility; CFS

Tech. Name: 0FD Tech. Title: LT LotSize(pcealba): 55?'
Notes: Tenaile Test PerASTM A370 sam~ple Siza'-

1100 Dog, Min Tamper -

-In ,ctn {VrTit'Disposition Sa-nm-7ps7le

ENIE(125000. N90991PS .2Q0 .

YIELD (I05m, 09b) Pi IBAS 1AD200 .

ELONG~fiI% (18, 99) % PS 6 .

RDC ION INAREA (66, FffifK .. S ........~UC11ON --------. .. .. , . .....

M.{A§-F, F5 PF6Z T!• L() PL, o~l-6 25

.. D( iu~ q P, / 0 1:- 2.

CAJDINAL FASTEUER & 3PECIALTY CO., tIC,. 111" RiCHIAt(OO RD. BEDFORXD HeICII1T6, 011i0 441491I2ldt-081-i

82H3AVA IVNIUVO 909Mýglz Lý:Zl POWL060



Test No,; 27669 Order No.: 100i.•7 0 'Teat Osao: 2/6!2004 Test Dispositlon; PASS

Specifiation" CHEMGRADE 4140 HR , Toet Facility; ALTON STEEL INC

Tech. Name: R CAULEY Tech, TlUa: QA LotSia(pcalIbs): 35185

Not**: MACRO ETCH RESULTS: 52 R3 C2 Sample Size; 1

Inpoction (mlin.W '~~t.Dspas ton Sampla Values:

tAIRBON (0, 099) % PASS 0 .

TR AOOý-ENPASS .1

uL~ii (~.99I..... .... .... ........ : . ... ~... ....... ....- . -...... ,,--

SILICON (D, 999) % [ZSS~7 _

CTP-PER(0G) PAS IS 0.-22 ~ ....

NICKEL (0, Q0Q)%
CHROMIUM (0. 000)qT I 0. 939 -

MOLYkI2ENLJM (0, 926) 1 PASS I .1
'J.,Ju,ALUMINUM (U, 0,9) % I •A~a J Yv4

VANADIUM (0, 090) V. PASS- J 0.0o .036

Cart No: 20408

ALL MANUFACTURIING AND MATERIAL PROCE86ES IN THIS PROOUCT HAVE OCCURED WITHIN THE U.S.A, IN
COMPLIANCE WITH THE 8UY AMERICA PROVISIONS OF THE SURFACE TRANSPORTATION ACT OF 1882

All data represented on this report relates only to the Item(s) tested, which have been &amplod In order to reprauant theI
promued lot IdantIfled In the descrlptlon.

Information and data In the report is correct end reliable to the best of our knowted9o; howavor, raaults are not
guairntood and no rooponiblillty Is anaumed,

All Items furnished on the above rzfteanced Purchuao Order are in full
cunformance with 1ll Purh0O$0 Order and Specification Raquiremdnts. Test
values, Other provided by our supplier or generited in Cardinal's Lborhory, Approval)
rapresem antuial sttrlbutso of the lirnn fumslhirl and the teat results are in
full complianee with 411 applIatlble spec~ication and order requlrements, Alt
manufacurifng, tesilng, samplIng and inapeietiona have be•n prforMcr•, InQ
aooordan•e with CadInal', Quality Aisurance Program. All applicable lasts; . . ..
are in a•,crdanco with the Qu•llty Control Manual doted 4/24/98. The
produot W'wa man tured and supplil fee *winrom mercy Contlamllatl•oln
This daoumrnat may only bo reproduved unaltered and only for the purpose
Of corItfying the "me or lesser quality or the produot apegilfid horvlh. 912712004
RepruducVon or altetitl•n of thin document for any other purposa is Is....... r

Thls rp rt shall ngl W4 r.p ,odu pl n Md .wil"..41 w ihu i L ,1tIm4 g proY4ivf O dIAOl ̀ Lal."r & Gpj la4, CO.. inc.

CARDINAL p'AaTENEM & SPeI.iK O Go,, ING, I 515.5 RICHMIaND FRD. aenwoRe Hil0-.I'8, OH"O 44141 zIs21al•Ie•l

0• 3EV d9N31SV:1 9VNIGMD•g~~e•

Po#66SyI• 25
171-E4M #-Z

Pg 2

Z



Oct.20. 2004 3:45PM
A. No-.7 140 P. 2

Cardtnial Fastener Test Ce3rfificaflon
Reported! I 012 V0/0o4

S1161 0ýddr; 02f8

Rtu 3001 B7
26Grade; A1193 17

cabifilCAt~c" N(.-

Ord&u No,:

OCj~?omor ýt6:

20634

1009~

uOMP0032I of
PIASTEKAIL MlDDLrt4RG HTO, OH

17851 IENGILE IOAO

MIDDLEBURG HIS, OH- 441ZO

Thread Cluaz:

Shippec Qly,:
Heat Treat Speo:

Suppliar

Finish $pao.:

Supplier.

He~tmatk:

20 "
7

Minufiwfu~rb Clard~nzil Fatoicr & spisc(gly Co.1
AddneW, 5195 Rlch~ord Road

Lnborary2  Calnidil Fastener & Sparculty Co.,
Addy~a; 51135 Rtchronf Road

Budford Heioghig, OtiJeo441a

I l2J . . ' S

rwakNo-: 26982 Ord~er Nw. 221531 0 'rxole; 6118120134 Toll-I Mpilposlte PASS

6paho~fomtn: MFAl 93L1 WT01 3f4">,3rJj -90 r.at Facility: CFS

Tach- Non'*: DF0 Tahd. Title; LT LCarzf(PC~ilb6]: 657

Not~ac We140o Tdot Per ASTIV A370 S arile8Io; 1

I-fardnaess ar PIASM E 18

I1100 Dvg Win TaMwe

Iinsiifewih (Mi~n. - max.) unltm Disposition Sample Vaiuos"

TmtuxE8 V0 is FAý S6

*1

ii!
UK

U

Teat No.: 28983 Order N~o.; 221S31 C) To~ Date: 6/18/2004 Test U[sposhion: PASS

SP4010=10n; ME -09 spoolman To at Fadlmy: or$

Therh. Niame- DPD' Tech, 71da: L-T Lol~lzebcwtsb): 557

Notes; T~zflaf Tast Per A!5rM A'370 Sample Size., 1

1100 Dag- Min Tampe

CAROWML FARMER~ a BeCJALt? CD. INC, dISS RWCI4-0I0 RDO. SEOFOR~D HMlC-1T. 0OHIO Ll4 I 2Id-31.JG9

Received Time Oct O20 4:29PME9 mutA 41~H3A.SVJ 'INIT4 C1a ký0T

Pg I



O0.20. 2004 3:45PM

ITW~ No- 27689 Omer No.: 3PO I87 0 TuaJ Dille. 2162004 Ta&[ D1.3podif~i~n- PAqS

SpecJi'cation: CtHE&MGEADS Aidd HP. Teat Feclay;- ALTON~ Sf~. E tI 6c.

T11rNh. Namir: R CAULEY' Tech, Thin: QA LotSiz?(pcsAb)' 351a'

Noe: MACRo ýTC1 R(SaULTM,- Sz RS c2 Glampla Site- I

CARBON 
- --Mig 0,41

ASS

-MID-LBOIMUW~o99% 08W/--- -S oL

FV~ANADIUM i (____ __ _ 71) % PASS at

Cart No: 20634

ALL MP.NUFAMTURNG AND' MATERIAL PROclýSSES IN THIS PRODUCT HAVE OCCtQRE[3 Wrf'HIt THE U.S-A IN

COMJPLtANCI WITH THE BUY AMERICA. PiýOV)SIONS OF THE SURFACE. TRAe4SPORTATION ACT OF 1 882

All Me topa vperdd on this report Telotes only 1v (he lform(o) testod, which hay* been sampled in order In repre~'nt LI'

processend lat identified in thea daw~rtptlon.

inforrii~lon and auta in the rapart ii; c-40~ and fell~ble to the~ b~tt of out lInnwtedge: however, reztUfirea not

guarantead and no responfilbilty 14 utlsumed.

All ItN"a fkriahed on tbe a bove raiucnced Pfit~hiis Order lira in full
conformanc U Pthral 1 ),p00 Order Ond %z.ip6fhictlorn Roq ~iirhoil3. Tast

.. afunn,:a he proIfdod Iqour Bu'WIlar or-gerwami~d in Ca.din'.a.Laborhao'.
~~ ~tfri~bui *f 'h it urns(u hid atid (lha Ioat toiiufta ario in

full comsIiis6 whh till oppolicatbi. o ontif and ord~r risq uitrnamsf. All

are n acucigetnifsvnA tho QtAdllry Control Manual datud. 4124/94. Tha

&nAtLUV Wije mejnIufz.(lred a .nd xUpjlt~d kaa .lim mi rm~ty contarninallgn,
hsdocuimant maý Ov4 be reprMLI44U uneiter~d %nd only for the purpoian

of cahtifyind the aurna Of mjaser quality oif the produut sperlflmd hWain. aZa20

prohibitad.(0 n e

Tnll: rpam "feit"4 bemp IIa$U% 0 Fm/Cr .&1 Pg 2

S EIdReceivedi Time Oct 20. 4:29PM



Oct.21. 2004 1:09PM

SACHINE PRODUCTS
,CORPORATION

A No.7153 P. 2

18001 Sheldon Road
Middleburg Heighits, OH

44t30 S216 267 3200
Fax 216 433 1640

Page: I.MATERIAL TEST REPORT #0000C
Date: 10/20/04 PO i: IC021254

Rel
FASTENAL COMPANY SO f: 000008(
5851 CUION ROAD Line# 42

Qtv: 15(
INDIANAPOLIS, IN 46254 Lot 0: 004001:

Heat C: /US Y064
CL./STOCKI: 0155558 Drwg: (50/BOX)

DESC: 1"-8 UNC 2A x 4" HEAVY HEX SCREW

MATERIAL SPECIFICATIONS: ASTM A-193('01) Gr.B7
HEAT SPECIFICATIONS:

Quenched & tempered per the material specification, minimum
empering temperature: 1100 F

APPLICABLE SPECIFICATIONS:
ANSI/ASME B1.1 ANSI/ASME B18.2.1

)29387

)927

EA
•015
I20

QUALITY SPECIFICATIONS:
Domestic manufactured7 This is a commercial grade item;

CHEMICAL TEST:
C .40 MN .92 P .012 S .005 SI .21 CU .02 NI .03 CR 1.01
MO .225 AL -034

~CHANICAL TEST:
TENSIL 135800PSI YIELD 11600PSI ELONG 21.4 REDUCT 59.1
HARD RC 30.5
MACRO ETCH; ACCEPTABLE

PROGRAM STATEMENT:
Nova Machine Products Corporation certifies that the material, parts,
components or services supplied on this purchase order have been
processed in accordance with, and therefore meet or exceed the quality
reouirements established by the references or specifications in this
order. Maintained mercury tree by Nova.

I certify that these results are a true and correct copy of records
prepared and maintained by Nova Machine Products Corporation in
compliance with the requirements of the purchase order and
specifications cited.

Processed per ISO-9001('94)/ISO-9002, Certificate GQC 211. Fastener
products received from Nova are FQA compliant.

Your salegserson is Beau Laslo
Please cal day or night if you have any qs • 9&

•nela •aa~a •, uainy~on01

(A

0
Received Time Oct. 21. 1:54PM dR. ý3 A



Oct.21, 2004 I:IOPM A No.1153 P. 3

.I

Date: 10/20/04

FASTENAL COMI
5851 GUION RC

IOVA
M9ACHINE PRODUCTS
CORPORATION

CERT. OF COMPLIANCE/CONFORMANCE #0000029387
PO #: IC021254
Rel -

f8001 Shefldan Road
Iiddleburg Heights, OR

44130

216 267 3200
Fax 216 433 1640

Page: 1

?ANY
)AD

INDIANAPOLIS, IN 46254'

CL./STOCK: 0155558

SO j: 0000080927
Line 42

Qty: 150 EA
Lot 0040012015

Heat US Y0G420
Drwg:(50/BOX)

DESC: 1"-8 UNC 2A x 4" HEAVY HEX SCREW

MATERIAL SPECIFICATIONS: ASTM A-193('01) Gr. B7
HEAT SPECIFICATIONS:

Quenched & tempered per the material specification, minimum
tempering temperature: 1100 F

APPLICABLE SPECIFICATIONS:
ANSI/ASME B1.1 ANSI/ASME B18.2.1

QUALITY SPECIFICATIONS:
Domestic manufactured; This is a commercial grade item;

PROGRAM STATEMENT:
Nova Machine Products Corporation certifies that the material, parts,
components or services Supplied on this purchase order have been
processed in accordance with, and therefore meet or exceed the quality
reauirements established by the references or specifications in this
horcer. Maintained mercury tree by Nova.

1I certify that these results are a true and correct copy of records
prepared and maintained by Nova Machine Products Corporation in
compliance with the requirements of the purchase order and
specifications cited.

Processed per ISO-900i('94)/ISO-9002, Certificate GQC 211. Fastener
products received from Nova are FQA compliant.

Your salesperson is Beau Laslo
Please call day or night if you have any questions or comments.

'9±
bneiia uaiaaay u, Quaiiuy conzroi

Received Time Oct, 21. I : 54PMV



3ethlehem I
el'hlehem Lukens Plate

CUSTOMER P.O.: J . C . R. 266 3
DESCRIPTION:

1 - RECTANGLE 2.5 -X- 96 -X- 48:0

I-ILE NO. d342-O i-01

DATE: 02/04/99

MILLORDERNO: 3351O0-0(6

)LD TO:

WAR,
COR'

P -

WAR

1SEND TO: ) n3--CISqHIP Tn-

4

. 44452• I

MArERIAl I IASPEEH ANUPAC'UnED AND TESTED WI ACCOfDANCE WITI I pUnCIiASE Onoltn nEOUInEMENTS AýI' SPECwFCATIONiS I"

.TM A516 GR 70 YR 90 ASME SA5I6 GR 70 YR 96A

iTERIAL PRODUCED UNDER A CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH ISO 9002 ABS-QE CERT. NO. 30130

MELT/SLAB CHEMICAL ANALYSIS PRACTICES

028 /5 C MN.. \ P S CUI SI NI CR MO V Ti B CB GIS 7- 8

R1028 .23 .9 .011 .009 .2 .21 *1 .1 .0 .002 .001 ,

TENSILES CHARPY V IMPACTS OTHER TESTS PERFORMED
( P S I X 10 0 .] R.A. TYPE TEMP EXPANSION % SHEAR

49 746 30-

I N F 0 R M A T 1 0 N HEAT TREAT CYCLES - MATL. OR TESTS - DEG FAHR.-
GHT PER PIECE = 32671 LBS.

-41-132 BVRY 5402
14850 KG. MATLI TEST NOM MIN I MAX HOL-D. COOL

I I TEMP j TEMP TEMP MINS. METHOD

END
TEMP

MEETS-THE REQUIREMENT'S OF

REVIEWED BY:• 2 ~. DATE -5-i

X X 1650 j 082 AC

HEAT TREAT CYCLES - TESTS ONLY - DEG FA HR.
START NOM MIN MAX HOLD I HEAT. COOL

END " RATE RATE
,TEMP TEMP P TEMP TEMP MINS; MAX MAX

IEREBY CERTIFy : ABOVE INFORMATION IS CORRECT:
I NO. 2221T I -,

Quality Assurar' aboralory
Coatesville, 2.6

I~.



I a MEL GROUP
-A) dv~ of USX amorpor~i

i • . I iiIy _w_

.Metallrgical
Twst noport

~4C6lMdU~

4t

itw3 h w. Cm HGD., SA)MPLEfl TRSTED AND/GR
Tg 4's17 0 _2 L- 486 INSPC7E is ACCORDANCE VIT

M~ELTD ID HNPUPR: NT U64L REQI)I~S TS IN SOL'M
A'H CASLZ 1 10 A-M CASTLE E CO pa~spgm.
3doD IDET1 VOIL. ýDAD 3400l moaU voŽp ROAD

LAflLT)7 PAU~ IL 7Pii n Sag, I. G. XA

X02700-9'1 JkV 5 DA7ISD 8/2/96 PRESSURZ v~s$= duQIJTJY NORMALIZE
RES FLATISM ThI 1/2 ST

Z~~Z1J]~ld RA/53 AL.SO RA/L7 CER7IrZff T'R VI~TU LOAD AIAýYSIS M13P=AT
S'~ TA7TMKEN P.GUIRED

OEM$~ MA4U DEC11 xp-m -1

-ESTfl N_ 9 IRA INr Alta~

'OOO 9S.OL1~O 204D 01 3 25 YHS720 34W I
32EIRL-TYF INGOT!

PRODUCT 6 'TES S' PE= 915. T.~ j~aRHAVZED AT 165 s WEG.F.,
FOR 0Iý2 klVTES.U0 rNG COMPLETED STz r. All. ASE M TA L F'

* OIt ol 'ATA*** C

YIELD ST 9?I (a o5 EU,L. A ~ R

liw Na Tw C Mw s __I M~ CXJ A~ N l __v. itN AcxýV

_Y52 A I 25 .. " 011. lo o22 i7~ ) fL$2. iov I ZIJO77 .GRAIl
I.

a;

It MA IIX M)CJh4AL POS]TIQ2J FOR ElaMENTS:AX~i INDKIA1D WY Th6%LaT MA4GJN, VER7IlAL D~OTTED UNE OiM 3ýC1MAL POINT.
n-f~t~ -a-v I n f~ 

Di ._ _ _ __I_ _ __I
. I 1w i



'tiOcpor
Metallurgi cal
Test.)Raport

Us_,ý, UZU44LK
or* 136A04"d

, "a m Ma --- HMASE OXR. ý4

E '.9

:11
E

SHWNC IL Ond "a INIEw

Ir

*GAUY VQRMK 1704917 04 2a.9 1 UE6~~9

)WS ME~L'TED AND 11M rAC z 11 Taz USAA
A x cAsrtx E. C-0 A )I Cat, IG

~DOOAh OtL' RDhD 3.400 O RL21 WOLIF RL1Af

FRANiET-19 PARS rTL

THIS IS TO (7RTIPY TEAT VKE

XFG-if PLI. fE1 rS7ED ..ARD/DP
,A ý8 11SPC7TD 11 ACMaRQUCE WITH
Lum THE anPc~Tn~riox ARD LfUL.-

s

ruu~ By ~ c~ Tk U axD
9N_ ,I~I. - 7.

1,!

X02740D-0 REV 5 IJA.ED 6/2/96 FRESSEJRI VFtSSEL OtI~LX7T I&RHAL.E

I~H 0 .A 

r 
F L 7 f 
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TO 

L 1 2 S T I

W9 6uA3890 iRaciY a ZJ CI9MM3DU~

I ~ Aqa OM7_Sn!A TC&ýR P19C ýW FL 9R RIML TR~A RyLO riC 2JAI

.]k 1ERU 4OFW I hR R 30

7H a 31r NL1107B OAE W~l NTE XO 1TE APPDA& OrT-VXC PAI

.HYAh r a 03 t4 a A y 11 1 B

_*R dDD A M6 A TA J: A

AL A_8 &S DE -ýP VDTR 13Y

M¶ATRIX VfC1MAJL P0WfQNS FOXR .EWUMNTS ARtE:1NbJCATF0 BY TH4EL2FT .MAR-G1N. VERTICAL ý)OTTRD LINE: OP DMNJfAL PCIrml
tv liin x~f * A ~ mrrA ^-v n Amo o. -A I LiX



09/15/2004 From:AMERICAN ALLOY STEEL To: AMERICAN TANK & FABRICATING

P.O.9 :054337-00 S.O.# :37811-NY AA PL#:8024766

Item :1 (1 PC) 3" X 96" X 60"

:ISG HEAT# U0624 ALREADY APPROVED

ISG PLATE INC.

SHIP TO:
AMERICAN ALLOY STEEL INC
C/O B6& R:MARINE SVS
PORT, OF GREATER BATON ROUGE
TRACK.,0791
PORT ALLEN LA 70767

SOLD TO:
AMERICAN ALLOY STEEL, INC
P. 0. BOX 40469
HOUSTON TX 77240-0469

TEST CERTIFI CATE

PAGE NO: 01 OF 02
FILE NO: 0284-01-20

MILL ORDER NOt 85476-001
MELT NO: U0624
SLAB NO: 4DATE: 04/09/04

SEND TO:
AMERICAN ALLOY STEEL, INC
P. 0. BOX .40469
ATTN: HOMER GARZA
HOUSTON, TX 77240-0469

D E S C R I P T ION

02-C

P L A T E DI M ENS IONS

TOTAL
QTY GAUGE

I 3"
WIDTH

96"

LENGTH DESCRIPTION

480" RECTANGLE

PIECE
WEIGHT

39205#

CUSTOMER INFORMATION

CUSTOMER POt 57082-LA

S P E C I F I C A T I O N ( S )

THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
ORDER REQUIREMENTS AND SPECIFICATION(S).""Carller d sd rL~ cpy ofthe
API 2H-STH-EDITION YR 99 GR 50 Si 3 S4 3 S4riflnalrencpy t te
SUPPL. PARA. S5 & SUPPL. PARA. S12 aMlWICAnA InourIhe.
SPEC MOD FOR PHYSICALS AMEtIcArALLOY SEl' M.
SPEC MOD FOR CARBON T 0 A B
ASME SA537 99 CLASS I MODIFIED TO .04 MAX:C '
ABS PARV/2-SECT-1 00 GRS EH36/DH36, ASTH A63.
95 GR CVAND MIL-S-22698C GR DH36
MATERIAL PRODUCED UNDER A CERTIFIED QUALITY NGMT SYSTEM COMPLYING WITH
ISO 9001 ABS-QE CERT. NO. 30130

C H E M I C A L C O

HELT:U0624-

MELT:U0624

CARBON EQUIVALENT
CEF - C + (MN A

M A N U F A C T U R E

FINELINE - VACUUM

H E A T T R E A T

MATL
OR

TEST

PL/TEST

M P 0 S I T I1 N

CV/ MN P S CU.14 1.55 .008 .002 .i4

V TI B AL cB
.001 .004 .0004 .041 .031

FORMULA (CEF)
.1667) + ((CR + NO + V) * .2000)

DEGASSED - FINE GRAIN PRACTICE (
CONDI TION

SI
.37

CA
.002

NI
.09

N
.0077

CR.10

CEF
.44

MO
.03

* .0667)

> t.

HEAT TREAT
DESCRIPTION

NORMALIZE

NOa m
TEMP

1650F

HOLD
MINS

106

COOL
NTHD

AIR COOL

PA514374

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATOR
COATESVILLE, PA 19320

S'SUPERVIS'OR TEST REPORTING

MEETS THE REQUIREMENW ¶N4Re ZAPLITNY

63 3 6Ajdc g: --.e3 le/'?. po44 ýq '51 /-

SGOA qo-0(fL(u6



I...... ... . .. - - AiV 4 x STEEL
P.O.# :054337-00
Item :1 (1 PC) 3" X 96" X 60"

:ISG HEAT# U0624 ALREADY APPROVED

To: AIMERICAN TANK & FABRICATING

S.O.# :37811-NY AA PL#:8024766

ISG PLATE INC. TEST C E R T I F.I C A T E

PAGE NO: 02 OF 02
FILE NO: 0284-01-20

HILL ORDER NO: 85476-001
MELT NO: U0624
SLAB NO: 4

DATE: 04/09/04

TENSILE PROPERTIES

YIELD
SLAB STRENGTH
NO. LOC DIR PSI X 100

4 BOT. THRU GA.
4 TOP THRU GA.
4 BOT. TRANS. 559

TENSILE
STRENGTH
PSI X 100

807

ELONGATION
GAGE
LGTH X

2.00" 30.0

FT. LBS.

90 133 135

R. A.

71.0
69.0

CHARPY V-NOTCH IMPACT RESULTS

SLAB LOC DIR TEMP SIZE

4 BOT. TRANS. -40F FULL

DROP WE IGHT

LOC

BOT.

DIR

LONG.

TESTING

SIZE DEPTH TEMP RSLT

P3 SURF -30F Ng

TEMP

-30F

RSLT

NB

G ENERAL INFORMAT ION

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A.
./ A.B.S. Q.A. CERTIFICATE OO-QA141S-X.

MATERIAL HAS BEEN VACUUM DEGASSED AND CALCIUM TREATED
FOR SULFIDE SHAPE CONTROL.
FINELINE MOD FOR SULPHUR
TEST CERTS. ARE PREPARED IN ACCORD. WITH PROCEDURES
OUTLINED IN DIN 50049 3.1.B/EN 10204.3.1.B.

B/L* 36809 UP 262082
PCM - .25

Certifod a frue copy of (he
or.glnal, r*Uined In .our fle.

AMERICAN ALLOY STEEL, [F!.

MEETS THE REQUIREMENT
6/ r , , . J i - . • d, c. 2 , " ,

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320

ed 'r S'33 )

SUPERVISOR - TEST REPORTING
ELINORE ZAPLITNY



WVMP SAR Reference 8-10

Supplier Surveillance Reports SR- 13-078 (10/31/2013)
and SR-13-085 (11/06/2013).



SUPPLIER SUR VEILLANCE REPORT No: SR- 13 - 078

PAGE I OF I

PO No (Suppl.): Ch-001821 COG. ENGR. Neil Armknecht SPEC. No. (R\,.): N/A

SURV. DATE: SUPPLIER SURVEYED:
1033 1/2013 GeoScience Group. 111c. 86 Gunville Rd. Lancaster. NY 14086 ORIGIRNA
PERSON(S) CONTACTED:
Mick Hloneck. Geo-Sc'ience Group. Inc. Project Executive Ernie Kihli. QISI Field Test Specialist
Linda Michalezak, CHBWV Project Mlanager Neil Armknecht, Cognizant Engineer
Kenneth Koleff QISI Field Test Specialist Dan Sullivan. DOE-WVDP

SURVEILLANCE OBJECTIV"ES: (Reference & Describe applicable compliance/performance criteria)

Witness Qrout.0foan mixing to ensure the thllowvin2:
, Veril\ wet densit, ofurout in accordance ,,ith ASTM C-138. tReq'd 68-72 PCF)
2. Observe casting of test cylinders per PO Scope of Work and ASTM C495,C495M
3. Verify calibration of equipulent used for density measurement.
-4. Verilf\ that qualified field test personnel are present (Ernie Kihlt as approved on 9 17: 13.

StUIMMARY tRESI.I..TS.'COMMENTS): [X] Satisfactory [ ]Unsatisfactory [ ]Indeternilnate

I Liquid Concentrate Mfoamingt aient was added to the cement drum fbr timed intervals (i.e. 50 sec.) to determine the
best grout mix design based on the s et density measurement. Four trucks were brought onsite to grout the meher.
DensitM measurements were witnessed for the first three, results are listed below:

2 Truck # I reached a wet density of 71.6 PCF. additional tests verified stability ofgirout mix.

b. Truck 42 reached a wet density of 71.2 PCF which also stayed consistent.

c. Truck #-3 reached a wet density of 70.4 PCF
SATISFACTORY

Test cyvlinders (20 - 3" X 6" and 2 -- 6" X 12") we're cast from the grout in truck , I, and 8 from the remaining three
trucks. Cylinders were slored in a cure box awaiting delivery to the QISI-ApplusRTD. test facility.

SATISFACTORY

3. Calibration of the equipment used for \wet density measurement and calculation (i.e. bucket tQC0032 and scale
'3771 ) was verified and found to be up-to-date (the test bucket was recalibrated on 10/25/2013)

SATISFACTORY

4 The field testing was performed by Ernie KihlI of QISI. ApplusRTD with assistance from Ken Koleff. also of QISI.
Documentation of his qualification(s) were submitted and approved by CHBWV. SATISFACTORY

The weight of the melter at this point was calculated at 357,000 lbs.

Hold Point Release No: N/A SNR No. N/A Issue Report No. N/A

Linda M. Lund, 1 , 0/31/2013
Quality Assurance Representative Date

cc: QADCC QAM Procurement & Contracts
Cognizant Engineer Neil Arnknecht MS- PL-6 QA PO File

J ." -7.-



SUPPLIER SUR VEILLANCE REPORT No: SR- 13 - 085

PAGE I OF 4

PO No(Suppl.): Ch-001821 COG. ENGR. Neil Arnmknecht J SPEC. No. (Rev.): N/A

SURV. DATE: SUPPLIER SURVEYED:
I 1/0412013 GeoScience Group, Inc. 86 Gunville Rd. Lancaster, NY 14086

PERSON(S) CONTACTED:
Mick Honeck, Geo-Science Group, Inc. Project Executive Mason Smith, QISI Field Test Specialist
Linda Michalczak, CHIBWV Project Manager Neil Arrnknecht, Cognizant Engineer
Dan Sullivan. DOE-WVDP

SURVEILLANCE OBJECTIVES: (Reference & Describe applicable compliance/performance criteria)

Witness grout/foanI mixing to ensure the Following:
I. Verif,, wet density of erout in accordance with ASTM C-I38. (Req'd 68-72 PUF)

2. Observe casting of test cylinders per PO Scope of Work and ASTM C495/C495M
3. Verif,, calibration of equipment used for density measurement.
4. Verify that qualified field test personnel arc present.

SUMMARY (RESULTS/COMMENTS): [ X] Satisfactory [ ] Unsatisfactory [ 1 Indeterminate

I Liquid Concentrate (lbaming agent) was added to the cement drum for timed intervals (i.e. 50 sec.). Foamed
cement was tested from each truck to verify the ASTNM C-138 required wet density measurement (68-72 PCF). Four
trucks were brought onsite to complete the project of grouting the melter. Density measurements were witnessed for
all four. resuts are listed below:

m Truck 41 reached a wet density of 70.80 PCF. additional test of the concrete/foam mix taken From the sample
spout after pumping into the melter for 5 minutes showed 84.15 PCF. The operation was ceased and the truck
sent awa3..

b. Truck 2 reached a xvet density of 68.75 PCF. AIt this ltite, the allnofficial weight was recorded fly 370,025 #
c. Truck #3 reached a wet density of 69.3 PCF.
d. Truck '4 reached a wet density of 70.12 PCF.

SATISFACTORY

Test cylinders (20 - 3" X 6" and 2 -. 6" X 12") were cast fiotii the grout in truck 9 1. and 8 from the remaining three
trucks. Cylinders were stored in a cure box awaiting delivery to the QISI-ApplusRTD, test facility.
See photos 42 & 43-Attachment A. SATISFACTORY

3. Calibration of the equipment used for wet density measurement and calculation (i.e. bucket 4Q416 and scale 31 153)
was verified and found to be up-to-date (test bucket was calibrated on 10/16/2013, scale calibrated 1/22/2013).

SATISFACTORY

4 The field testing was performed by Mason Smith ofQISI, ApplusRTl) (Certification -Attachment B).
SATISFACTORY

The weight of the melter at this point was calculated at 381,539 lbs. (see Attachment C)
Safety observation: Spoils containers for rttnoff and rinsate were available and hazard marking was visible. (See photo 41)

Hold Point Release No: N/A SNR No. N/A Issue Report No. NIA

Linda M. Lund 11.>2 ~ /06/2013
Quality Assuralice Representative) Date

cc: QADCC QAM Procurement & Contracts
Cognizant Engineer Neil Armknecht MS- PL-6 QA PO File

-400C', Pei ( T-



SR-13-085
Attachment A

Page 2 of 4

.I

Photo 1 - excess foamed cement and water runoff was collected in labeled catch basins

Photo 2 - casting cylinders Photo 3 - due to inclement weather, cylinders were

placed in cure boxes
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SR-13-085
Attachment C

Pg. 4 of 4

Melter Container TC-474 Weight

Melter package was weighed using four Enerpac RSC-1002 hydraulic cylinders.

Each cylinder has an effective area of 19.63 square inches.

Individual cylinder pressures (per calibrated gauges) as follow:

Cylinder 1 = 5000 psi

Cylinder 2 = 4850 psi

Cylinder 3 = 4800 psi

Cylinder 4 = 4950 psi

Total = 19600 psi

Mult. by effective area of cylinder = 19.63 in sq

Therefore = 384.748 lbs current weight

Calculated weight of lift lug = 790.98 lbs., mult four lugs 3163.92 lbs

Weight of 1"- 8UNC x 4" Bolt with washer = 1.25 lbs mult 36 bolts = 45 lbs

Therefore 384,748 lbs

3,163.92 lbs
45 lbs

Total for package = 381.539 lbs
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Grout Compressive Strength Test Reports, ASTM C-1 019,
Ticket Numbers 522, 523, 524, 526, 544, 546, and 547,

Quality Inspection Services, Inc., Buffalo, New York,
December 9, 2013.



V Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project: West Valley Cellular Grout

Client: Geo Science

Contractor: N/A

Project No.: 1101-13-CIV-0073

Supplier: N/A

Set No.: WVWP-8

Cylinder Compression Machine Q #: 3964
Mix Data: Grout

Date Molded: 10/31/13

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: First lift In Melter Box

Specimens Cast By: E. KIh _

Batch Time: 9:31 AM

Concrete Temperature (C-1064): 65-F

Slump (C-143): N/A

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added prior to pumping

Cal. due date: 01/21/14

Ticket No.: 522

Date Received: 11/04113

# of Cylinders in Set: 22

Truck No: M24

Unit Wt. (ASTM C138): 71.6

Cylinder Cast Time: 10:45 AM

Air Temperature: 56 0F

Air Content (C-173 / C-231): N/A

Water Added On Site: NIA

COMPRESSIVE STRENGTH DATA

Date Age Cross Sectional Maximum Load Compressive Strength
Tested (Days) Area (In") (Ibs) (PSI)

193 11-07-13 7 7.16 7850 1100

194 11-07-13 7 7.21 12400 1720
195 11-07-13 7 7.16 11750 1640
196 11-07-13 7 7.21 9400 1300

197 11-14-13 14 7.16 9120 1270
198 11-14-13 14 7.16 8890 1240

199 11-14-13 14 7.16 9630 1340
200 11-14-13 14 7.12 8990 1260
201 11-21-13 21 7.07 7740 1090

202 11-21-13 21 7.07 7940 1120
203 11-21-13 21 7.07 9350 1320

204 11-21-13 21 7.12 8960 1260

205 11-28-13 28 7.12 9970 1400

206 11-28-13 20 7.07 9860 1390
207 11-28-13 28 7.07 9910 1400
208 11-28-13 28 7.12 10030 1410



ArplusIT

Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Date Age Cross Sectional Maximum Load Compressive StrengthLaboratory# Tested (Days) Area (in2 ) (Ibs) (PSI)

209 1-23-14 56

210 1-23-14 56

211 1-23-14 56

212 1-23-14 56

213 Uw 28 63.8

214 I UW 28 64.5

(
RespedA-eIy~dbmitted,

Resuecti~elyl/fdbmitted,
Quality Insdction Services, Inc.

ForaJob Satisfaction - Think Quality

/ '' Date

Form TP 1.8-2
Rev. I



AFplus "
Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project: West Valley Cellular Grout

Client: Geo Science

Contractor: N/A

Project No.: 1101-13-CIV-0073

Supplier: Wayne Concrete

Set No.: WVWP-9

Cylinder Compression Machine Q #: 3964

Mix Data: Grout

Date Molded: 10/31/13

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: First lift In Melter Box

Specimens Cast By: E. KihI

Batch Time: 10:58 AM

Concrete Temperature (C-1064): 67 0F

Slump (C-143): N/A

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added prior to pumping

Cal. due date: 01/21/14 ___

Ticket No.: 523

Date Received: 11/04/13

# of Cylinders in Set: 8

Truck No: M56

Unit Wt. (ASTM C138): 71.2

Cylinder Cast Time: 12:10 PM

Air Temperature: 56 0F

Air Content (C-173 / C-231): N/A

Water Added On Site: N/A

COMPRESSIVE STRENGTH DATA

Date Age Cross Sectional Maximum Load Compressive StrengthLaboratory # Tested (Days) Area (in2) (Ibs) (PSI)

215 11-14-13 14 7.16 6870 960
216 11-14-13 14 7.12 6710 940
217 11-14-13 14 7.12 6690 940
218 11-14-13 14 7.16 6760 940

219 11-28-13 28 7.12 7180 1010
220
221

11-28-13 28 7.12 7230 1020
11-28-13 28 7.07 7610

221 10804 + 4

1130222 11-28-13 28 7.12 8060

. /
/

Respectivoely PMI ed, In
Qualit/ Inspcfction Services, Inc.

1ate

For Job Satisfaction - Think Quality

Form TP 1.8-2



AFPlusO M
.Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project; West Valley Cellular Grout

Client: Geo Science

Contractor: N/A

Project No.: 1101-13-CIV-0073

Supplier: Wayne Concrete

Set No.: VWVWP-10

Cylinder Compression Machine Q #: 3964

Mix Data: Grout

Date Molded: 10/31/13

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: First lift in Melter Box

Specimens Cast By: E. Klhl

Batch Time: 11:51 AM

Concrete Temperature (C-1064): 64 0F

Slump (C-143): N/A___

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added prior to pumping

Cal. due date: 01/21/14

Ticket No.: 524

Date Received: 11/04/13

4 of Cylinders in Set: 8

Truck No: M44

Unit Wt. (ASTM C138): 70.4

Cylinder Cast Time: 1:00 PM

Air Temperature: 56 0F

Air Content (C-173 / C-231): N/A

Water Added On Site: NA._

COMPRESSIVE STRENGTH DATA

Laboratory# Date Age Cross Sectional Maximum Load Compressive StrengthLbao Tested (Days) Area (in2) (Ibs) (PSI)

223 11-14-13 14 7.16 19010 2660
224 11-14-13 14 7.12 16900 2370
225 11-14-13 14 7.21 24370 3380
226 11-14-13 14 7.16 20960 2930
227 11-28-13 28 7.12 26420 3710
228 11-28-13 28 7.12 23800 3340
229 11-28-13 28 7.07 24120 3410
230 11-28-13 28 7.06 30380 4240

I/ I/ . /I
- I //// .1 /
Ilk.

Respectively Submivte P w

Quality Inspection Sebllces, Inc.

For.Job Satisfaction - Think Quality

I 5a- i; /'

Form TP 1.8-2



AFPlusO E

Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project:

Client:

Contractor

Project No

Supplier:

West Valley Cellul

Geo Science

ar Grout

r: __/A

1101-13-CIV-0073 Set No.: WVWP-11

Wayne Concrete

Cylinder Compression Machine Q #: 3964 Cal. due da

Mix Data: Grout Ticket No.:

Date Molded: 10/31/13 Date Recei

Condition Received: Good 4 of Cylind

Cubic Yards Placed: 6 Truck No:

Placement Location: First lift In Melter Box

Specimens Cast By: E. Kihl Unit Wt. (AS

Batch Time: 12:55 PM Cylinder Cas

Concrete Temperature (C-1064): 670F Air Tempera

Slump (C-143): N/A Air Content

Strength Specific. @ 28 Days: 1000 PSI Water Adde

Remarks: Stable Air Foam added drior to numolno

ate: 01/21/14

526

ved: 11/04/13

[ers In Set: 8

M24

TM C138): 68.0

stTime: 1:50 PM

lture: 560 F

(C-173/C-231): N/A

d On Site: N/A

COMPRESSIVE STRENGTH DATA

Date Age Cross Sedional Maximum Load Compressive StrengthTested (Days) Area (in2) (Ibs) (PSI)

231 11-14-13 14 7.12 18240 2560
232 11-14-13 14 7.12 26570 3730
233 11-14-13 14 7.16 31980 4470
234 11-14-13 14 7.16 29980 4190
235 11-28-13 28 7.12 29680 4170
236 11-28-13 28 7.07 29780 4210
237 11-28-13 28 7.02 24750 3530
238 11-28-13 28 7.07 29580 4180

14w
. .. /

Respective4•SA ffntteýfJ-,- -
Quality Inspe6t•9n Services, Inc.

G #
/ Date

For Job Satisfaction - Think Quality

Form TP 1.8-2



Arplus ~

Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project: West Valley Cellular Grout

Client: Geo Science

Contractor

Project No

Supplier:

r: N/A

1101-13-CIV-0073 Set No.: VWVWP-12

Wayne Concrete

Cylinder Compression Machine Q #: 3964

Mix Data: Grout

Date Molded: 11/04/13

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: Second lift In Melter Box

Specimens Cast By: M. Smith

Batch Time: 12:49 PM

Concrete Temperature (C-1064): 640F

Slump (C-143): N/A

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added prior to pumping

Cal. due date: 01/21/14

Ticket No.: 544

Date Received: 11/07/13

# of Cylinders in Set: 22

Truck No: M53

Unit Wt. (ASTM C138): 68.8

Cylinder Cast Time: 1:15 PM

Air Temperature: 31OF

Air Content (C-173 / C-231): N A

Water Added On Site: N/A 1
COMPRESSIVE STRENGTH DATA

Date Age Cross Sectional Maximum Load Compressive Strength
Tested (Days) Area (In2 ) (Ibs) (PSI)

239 11-11-13 7 7.16 8000 1120

240 11-11-13 7 7.12 7100 1000

241 11-11-13 7 7.12 7850 1100

242 11-11-13 7 7.16 7400 1030

243 11-18-13 14 7.07 8650 1220

244 11-18-13 14 7.12 7680 1080

245 11-18-13 14 7.12 9300 1310

246 11-18-13 14 7.12 7700 1080

247 11-25-13 21 7.07 7990 1130

248 11-25-13 21 7.07 8800 1240

249 11-25-13 21 7.12 9100 1280

250 11-25-13 21 7.12 9350 1310

251 12-02-13 28 7.16 10790 1510

252 12-02-13 28 7.21 10250 1420

253 12-02-13 28 7.21 12370 1720

254 12-02-13 28 7.21 11240 1560



Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Laboratory # Date
Tested

Age
(Days)

Cross Sectional Maximum Load
Area (in ) (Ibs)

Compressive Strength
(PSI)

255 12-30-13 56

256 12-30-13 56

257 12-30-13 56

258 12-30-13 56

259 UW 28 62.6

260 UW 28 64.1

/

Respectively Subm7J2~~~ 1 5~
Respectively Submitted,• -••
Quality Inspection Servics, Inc.

For Job Satisfaction - Think Quality

Form TP 1.8-2
Rev. 1



AFplus"
Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project: West Valley Cellular Grout

Client: Geo Science

Contractor: N/A

Project No.: 1101-13-CIV-0073

Supplier: Wayne Concrete

Set No.: WVWP-13

Cylinder Compression Machine Q #: 3964

Mix Data: Grout

Date Molded: 11/04/13

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: Second lift in Melter Box

Specimens Cast By: M. Smith

Batch Time: 1:25 PM

Concrete Temperature (C-1064): 65*F

Slump (C-143): N/A

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added prior to pumpinq

Cal. due date: 01/21/14

Ticket No.: 546

Date Received: 11/07/13

# of Cylinders In Set: 8

Truck No: M24

Unit Wt. (ASTM C138): 69.3

Cylinder Cast Time: 2:00 PM

Air Temperature: 31OF

Air Content (C-173 / C-231): N/A

Water Added On Site: N/A

COMPRESSIVE STRENGTH DATA

Laboratory # Date Age Cross Sedlconal Maximum Load Compressive Strength
Tested (Days) Area (in2) (Ibs) (PSI)

261 11-18-13 14 7.12 16350 2300

262 11-18-13 14 7.12 10550 1480
263 11-18-13 14 7.12 13400 1880

264 11-18-13 14 7.12 12850 1800
265 12-02-13 28 7.16 13290 1860

266 12-02-13 28 7.12 14160 1990
267 12-02-13 28 7.16 11090 1550

268 12-02-13 28 7.21 17110 2370

Respectively Subn.5Fnrf, f""' -
Quality Inspection Se vices, Inc.

%I

For Job Satisfaction - Think Quality

Form TP 1.8-2
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Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

West Valley Cellular GroutProject:

Client: Geo Science

Contractor: N/A

Project No.: 1101-13-CIV-0073

Supplier: Wayne Concrete

Set No.: WVWP-14

Cylinder Compression Machine Q #: 3964

Mix Data: Grout

Date Molded: 11/04113

Condition Received: Good

Cubic Yards Placed: 6

Placement Location: Second lift In Melter Box

Specimens Cast By: M. Smith

Batch Time: 3:14 PM

Concrete Temperature (C-1064): 63°F

Slump (C-143): N/A

Strength Specific. @ 28 Days: 1000 PSI

Remarks: Stable Air Foam added orior to umDina

Cal. due date: 01/21/14

Ticket No.: 547

Date Received: 11/07/13

# of Cylinders in Set: 8

Truck No: M44

Unit Wt. (ASTM C138): 70.1

Cylinder Cast Time: 3:40 PM

Air Temperature: 31OF

Air Content (C-173 / C-231): N/A

Water Added On Site: N/A

COMPRESSIVE STRENGTH DATA

Laboratory # Date Age Cross Sectional Maximum Load Compriesslve Strength
Tested (Days) Area (In2J (Ibs) (PSI)

269 11-18-13 14 7.16 9850 1380

270 11-18-13 14 7.12 9750 1370

271 11-18-13 14 7.16 10150 1420

272 11-18-13 14 7.07 13900 1970
.273 12-02-13 28 7.12 11210 1570

274 12-02-13 28 7.16 10030 1400

275 12-02-13 28 7.16 12690 1770

276 12-02-13 28 7.21 13360 1850

ee l "'

Respectively Subbnittffl,,' -"- "r/•
Quality Inspection Sfv/ces, Inc.

For Job Satisfaction - Think Quality

f Date

Form TP 1.8-2




