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Table 4. NCT-ST from Spout Glass (continuation)
Content A; ; MAR DR ARF LPF LPF Release
Isotope (ci) (Ci/Az) (A;) . Melter WVMP (A;)
From Calculated for | Glass damage ratios and leak path factors taken from Calculated for
Table 1 heel glass Table2 heel glass
Pu-240 8.50E-01 8.50E-12
Pu-241 1.16E-01 1.16E-12
Am-241 1.41E+01 1.41E-10
Am-243 1.68E-01 1.68E-12
Cm-242 | 3.88E-11 3.88E-22
Cm-243 6.87E-02 6.87E-13
Cm-244 . 7.53E-01 7.53E-12
subtotal 8.3E-10
Table 5. NCT-ST from Heel Glass
Content A, MAR DR ARF LPF LPF Release
Isotope (Ci) (Ci/A,) (A;) , Melter WVMP (A2)
From Calculated for heel Glass damage ratios and leak path factors taken from Calculated for
. Tablel glass : Table2 heel glass

e

Continued on next page

4.28E-05

6.25E-04

5.33E-08

2.87E-04

1.88E-04

3.85E+00

6.19E-22

1.30E-21

8.38E-05
39E+0

5.08E-03
1.81E-15

4.28E-16
6.25E-15
5.33E-19
2.87E-15
1.88E-15
3.85E-11

6.19E-33
1.30E-32

5.08E-14
1.81E-26
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Table 5. NCT-ST from Heel Glass (continuation)

Content By MAR SR ARF LPF LPF |  Release
(c) | (ci/A) | (Az) V  Melter | wymp | (Aj)
: " Calculated for
_heel glass

- From Calculated for  Glass damage ratios and leak path factors |
_ Tobles | heelglass . . itaken from¥able2 . ]

1 | 5.40E-01 1.21E-10

3.69E-08
_ 4.76E-09

_1.21E-21
3.69E-19
4.76E-20

A0 3.89E-26
2 | 2.40E-03 | 2.92E-09 2.92E-20

1.07E-06 | 1.07E-17

At-215 | 1.03E-14 | 2.40E-0:
At-217 | 3.75E-06 | gy i - T e
At-218 | 5.92E-11 | 2.40 2.47E-08 2.47E-19
15 | 2.4 9.04E-13 9.04E-24

1.88E-07 1.88E-18

3]  107E-06 1.07E-17
01 2.83E-06 2.83E-17

01 6.68E-11 6.68E-22
1 1.35E-08 1.35E-19

7 0 3.85E-06
o 01 | 9.53E-05

“Ac225

Continued on next page » ’

3.85E-17
9.53E-16

gl
el .
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Table 5. NCT-ST from Heel Glass (continuation)

Content A, MAR DR ARF LPF LPF Release
Isotope ‘(Ci) (Ci/A) (Az) Melter WVMP (Az)
From : Calculated for heel GIasS damage ratios and leak path factors taken from Calcuta;ed for heel
SoJalled . o ~ glass ‘ Table2 L o = lass
Ac-227 1.09E-06 1.09E-17
Ac-228
Th-227 : 1.82E-08 1.82E-19
Th-228
Th-229 ‘ 2.70E-04 2.70E-15
Th-230 2.24E-03 2.24E-14
| Th-231
| Th-232
| Th-234
\ Pa-231 1.41E-06 1.41E-17
| Pa-233
} Pa-234 : 1.04E-06 1.04E-17
| Pa-234m
| U-232 ‘ 2.71E-01 2.71E-12
U-233 ‘ - 1.60E 2.09E-02 2.09E-13
. U-234 ' ) 1.00E-02 1.00E-13
| u-235 (
| U-235m :
| U-236 -‘ 1.15E-03 1.15E-14
| U-237
| U-238
| Np-237 ‘ : 1.95E-02 1.95E-13
| Np-239 \
; Pu-238 : 3.85E+00 3.85E-11
| Pu-239 9.66E-01 9.66E-12
| Pu-240 | 7.43E-01 7.43E-12
Pu-241 ‘ 1.87E-01 1.87E-12
| Am-241 | 1.83E+01 1.83E-10
| Am-243 -02 | 2.21E-01 2.21E-12
| Cm-242 1.14E-09 1.14E-20
| Cm-243 ‘ 8.01E-02 8.01E-13
Cm-244 : : 8.70E-01 8.70E-12
subtotal 6.33E-10
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Table 6. NCT-ST from Refractory Glass
- Content A, MAR DR ARF | UPF LPF Release
(Ci) (Ci/A;) (A) _Melter | WvmP (A;)

From

Continued on next page

~ Table1 ,

1.21E-03

1.32E+01

2.18E-03

1.33E+01

3.45E-02

4.70E-16

5.48E-09

2.66E-08
3.10E-11

i 9.54E-09
5.50E-09

- olED
~ 3.38E-09

i ~4.95E-13

6.30E-09
1.04E-12
3.32E-08

3 1.24E-06

7.24E-07

Calculated for Glass damage ratios
refractory glass :

and Iaakpath factors taken from
 Table2

Calculated for
 refractory glass

1.21E-14
_1.32E-10

2.18E-14
1.33E-10

3.45E-13
4.70E-27

5.48E-20

2.66E-19
3.10E-22

9.54E-20
5.50E-20

1.01E-23
3.38E-20

4.95E-23
6.30E-20

1.04E-23
3.32E-19

1.24E-17
7.24E-18
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Table 6. NCT-ST from Refractory Glass (continuation)
cOnt.ent .Az MAR OR ARF LPF LPF Release
AN (ci) (Ci/A,) (A2) Melter | WvMP (A7)
From From Calculated for Glass damage ratios and leak path factors taken from Calculated for
~ Table1 Table 1 refractory glass Table 2 refractory glass

Fr-221
Fr-223 7.73E-11 7.73E-22
Ra-223 1.56E-08 1.56E-19
Ra-224
Ra-225
Ra-226 9.84E-07 9.84E-18
Ra-228 5.95E-05 5.95E-16
Ac-225
Ac-227 1.26E-06 1.26E-16
Ac-228
Th-227 2.11E-08 2.11E-18
Th-228
Th-229 4.79E-05 4.79E-15
Th-230 J 5.63E-04 5.63E-14
Th-231
Th-232
Th-234
Pa-231 1.62E-06 1.62E-16
Pa-233
Pa-234 3.22E-07 3.22E-17
Pa-234m
U-232 1.63E-02 1.63E-12
U-233 3.66E-03 3.66E-13
U-234 1.78E-03 1.78E-13
U-235
U-235m
U-236 1.30E-03 1.30E-13
U-237
U-238
Np-237 1.57E-02 1.57E-13
Np-239
Pu-238 5.22E+00 5.22E-11
Pu-239 1.38E+00 1.38E-11
Pu-240 1.06E+00 1.06E-11
Pu-241 1.29E-01 1.29E-12
Am-241 3.13E+01 3.13E-10
Am-243 2.49E-01 2.49E-12
Cm-242 1.66E-10 1.66E-21
Cm-243 1.13E-01 1.13E-12
Cm-244 1.25E+00 1.25E-11

subtotal 6.73E-10
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Table 7. NCT-ST from LDCC Internal to Melter
Content | Leach | Leached A, MAR DR A“ LPF | LPF| Release
(Ci) Ratio (Ci) (Ci/A) | (A) melter wvmp|  (A;)

From
Table 1

Leach Ratio |Calculated for

From

forglass | LDCCinternal
from Table 2 | to the melter

[ 2109

213

pi214_
i-215 |2
|

Continued on next page

D

i-

[ 2.086-23]

| 3.22E-06f

7

| 45923
1

57E
11E

63 | 1.05E-13(5.

~ Table 1

g
'

.
1.
.,
a.

12E

| 3.37€-18]

-0
-0
2
-0
8.69E-0
-0
-1
41
1

R

| 6.87€-08

1
-0
['0.48¢ 25
13607
[ 543602

Calculated
for internal

8.14E-06

5E
8E
OE-24
4E

3E
OE-1

5
A4
7
3
A4
.6
.9

6.24E-18

From Table 2
For internal LDCC
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Table 7. NCT-ST from LDCC Internal to Melter (continuation)
Content | Leached | Leached A, MAR oRr | ARF LPF LPF Release
(Ci) ratio (Ci) (Ci/A;) (A;) melter | wvmp (A2)
Isotope
Leach R lculated for lculated
it fzr glaastsm (l:.aDCLé irt\:ern:l il f(;i:t:::al From Table 2. LDCC internal to melter Fulvoinen Jor inteinal

Table 1

from Table 2

Th-234

Continued on next page

to the melter Thble s

Lbcc

LDCC

7.91E-20

2.90E-24|

6.01E-19

2.14E-22

8.65E-16

18E-15
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Table 7. NCT-ST from LDCC Internal to Melter (continuation)
Content | Leach | Leached A2 MAR DR | ARF LPF LPF Release
: () | Ratio | (C) | (Ci/A) | () melter [WVMP | (A))
. Leach Ratio | Calculated for g : Calculated for Calculated for
Table forglass | LDCC internal Table 1 LDCCinternal | From Table 2. LDCCipmmﬂtomelter Inhalagfcﬂ fromLDCC
. lfromTable2itothemelter] .. . | tothe meltar L e ] internal to the melter
2.49E-11 2.27E-09 4.53E-18
3-2. 9.00E-10| 1.67E-09 3.33E-18
ia
-232 | 1.17E-05 4.34E-04/ 8.68E-13
U-233 5.37E-06, 3.36E-05 6.71E-14
234 2.57E-06 1.61E-05 3.22E-14
U-235
-236 2.95E-07 1.84E-06 3.69E-15
J-237
U-238
-237 1.69E-06 3.12E-05 625814
Np-239 i
Pu-238 1.67E-04 6.17E-03 1.23E-11
Pu-239 4.18E-05 1.55E-03 3.10E-12
Pu-240 3.22E-05 1.19E-03 2.38E-12
Pu-241 4.79E-04 3.00E-04 5.99E-13
Am-241 7.94E-04 2.94E-02 5.88E-11
-243 9.58E-06, 3.55E-04 7.09E-13
Cm-242 4.95E-13 1.83E-12 3.66E-21
243 3.47E-06) 1.28E-04 2.57E-13
m-244 7.53E-05| 1.39€-03 2.79E-12
subtotal 1.08E-8
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Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter

Content | Leach | Leached A; MAR or | ARF | RE LPF | LPF | Release
(Ci) Ratio (Ci) (Ci/A;) (Az) melter [wvmp| (A;)
Isotope Calculated Calculated for
From LEASH Batin 10 euiee Tar From for LDCC | From Table 2. LDCC internal to melter with | inhalation from
for glass | LDCC internal “ .
Table 1 Table 1 internal to pressure increase LDCC internal to
from Table 2 | to the melter SR it |

Pb-210m |
Pb-210 |
Pb-211
IPb-212
Pb-214
Bi-209
Bi-211 |
Bi-213 |
5214 |
Bi-215 |

Po-211

Continued on

| 5.00E-02

| 5.56E-06
| 2.31E-09
| 244e-04

|

2.08E-23]

] 461607

the melter

2.75E-15
4.01E-14
3.42E-18
1.84E-14
1.20E-14
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Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter

(continuation)
Content | Leached A; MAR LPF | LPF | Release
() | ratio | () | ci/a) | (A | PR ARFDORF ] meter | s | aa)

Leach Ratio r | Calculated :
From o From orl From Table 2. LDCC internal to melter with Calculated

ol from Table 2| m Table 2 LDCC pressure increase or internal LDCC
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Continued on next page
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Table 8. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC Internal to Melter

(continuation)
Content | Leach | Leached A, MAR | or | ARF | RF LPF LPF Release

(Ci) Ratio (Ci) (Ci/A;) (A;) melter | WWMP (A;)
Isotope Calculated for

o Leach Ratio |Calculated for Pl Calcu!?tgd for inhalation feor

Table 1 fr::: 13_3:‘2 : %ﬁ::;zr‘;\: Table 1 t:(t::eﬁ;::: From Table 2. LDCC internal to melter LDCC ';rt; :::: e
Pa-231 2.49E-11 2.27E-09 9.06E-17
Pa-233
Pa-234 9.00E-10| 1.67E-09 6.66E-17
Pa-234m
U-232 1.17E-05 4.34E-04 1.74E-11
U-233 5.37E-06| | 3.36E-05 1.34E-12
U-234 | 2.57E-06 | 1.61E-05 6.43E-13
U-235
U-235m |
U-236 | ‘ 2.95E-07| 1.84E-06 7.38E-14
U-237
U-238
Np-237 1.69E-06 3.12E-05 1.25E-12
Np-239
Pu-238 | 1.67E-04| 6.17E-03 2.47E-10
Pu-239 | 4.18E-05 | 1.55E-03 6.20E-11
Pu-240 3.22E-05 1.19E-03 4.76E-11
Pu-241 | 4.79E-04 | 3.00E-04 1.20E-11
Am-241 | 7.94E-04 2.94E-02 1.18E-09
Am-243 9.58E-06| 3.55E-04 1.42E-11
Cm-242 0 -3 | 4.95E-13| 2. 1.83E-12 7.33E-20
Cm-243 3.47E-06) 1.28E-04 5.14E-12
Cm-244 | = . | 7.53E-05| 5.4 1.39E-03 5.58E-11

subtotal 4.06E-09
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Table 9. NCT-ST from LDCC External to Melter

Content Leach | Leached A, MAR. | o b ane i Release
(ci) Ratio (Ci) (Ci/A;) (A;) """” (Az)
Isotope . Calculated . g Calculated for
inputrom Tble 1 |forsartes | for DCC erna | Pitom | fortocc | FORRCE RIS | nhaation rom
PR S 4 e | TORIEPOANEREER i
6.43E-02 4.02E-03 4.02E-11
6.07E-02
2.84E-02 3.51E-03 3.51E-11
2.84E-02
6.88E-04 1.27E-05 1.27E-13
3.43E-04 1.27E-02 1.27E-10
2.94E-04 1.84E-05 1.84E-13
1.55E-04 1.91E-07 1.91E-15
1.58E-04 1.43E-07 1.43E-15
3.79E-05 1.40E-03 1.40E-11
3.78E-05 4.67E-07 4.67E-15
1.31E-05 1.19E-06 1.19E-14
1.03E-05 3.80E-04 3.80E-12
9.84E-06 3.64E-04 3.64E-12
6.82E-06 2.52E-04 2.52E-12
5.07E-06
3.85E-06
2.35E-07 1.47E-06 1.47E-14
1.04E-05 4.34E-07 4.34E-15
1.92E-07 1.75E-10 1.75E-18
8.30E-08 5.18E-07 5.18E-15
6.10E-08
1.60E-01 2.60E-07 2.60E-15
1.38E-08
m-242 2.70E-01 5.07E-06 5.07E-14
Am-243 2.70E-02 4.98E-05 4.98E-13
Cm-243 2.70E-02 2.98E-05 2.98E-13
Th-228 4.56E-07
Np-237 1.69E-07 3.13E-06 3.13E-14
U-232 1.03E-05 3.80E-04 3.80E-12
Th-232 8.35E-09
Th-230 3.04E-09 1.13E-07 1.13E-15
Pu-241 7.42E-05 4.64E-05 4.64E-13
Cm-244 2.15E-05 3.98E-04 3.98E-12

subtotal || 2.36E-10
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Table 10. NCT-ST from Increased Pressure (i.e., < 25 Psig) on LDCC External to Melter

Content | Leach Leached A, MAR LPF Release
B LR kg A e e B
Isotope From Table 2 Calculated iﬂ:‘:’;ctecd From Table 2. For LDCC external to melter. i:::a?:t?;:dfjg:n
From Table 1 | for B:;tslett‘s for L::C’:Z, ;::imal From Table 1 i Note LPF WVM:;:::z :;:dited as part of e s,
’  melter the melter
Cs-137 6.43E-02 4.02E-03 8.04E-09
Ba-137m | 6.07E-02
Sr-90 2.84E-02 3.51E-03 7.02E-09
Y-90 2.84E-02
Pm-147 6.88E-04 1.27E-05 2.55E-11
Am-241 3.43E-04 | 1.27E-02 2.54E-08
Eu-154 2.94E-04 1.84E-05 3.67E-11
Ni-63 1.55E-04 1.91E-07 3.83E-13
Fe-55 1.58E-04 1.43E-07 2.86E-13
Pu-238 3.79E-05 1.40E-03 2.81E-09
C-14 3.78E-05 4.67E-07 9.34E-13
Co-60 | 1.31E-05 1.19E-06 2.39E-12
U-232 1.03E-05 | 2. 3.80E-04 7.60E-10
Pu-239 9.84E-06 3.64E-04 7.29E-10
Pu-240 . 6.82E-06 2.52E-04 5.05E-10
Ni-59 5.07E-06
1-129 3.85E-06
U-233 2.35E-07 8.72E-06 1.74E-11
Tc-99 1.04E-05 4.34E-07 8.68E-13
H-3 1.92E-07 1.75E-10, 3.50E-16
U-234 8.30E-08 5.18E-07 1.04E-12
U-238 6.10E-08 :
U-236 j 4.15E-08 2.60E-07 5.19E-13
U-235 | 1.38E-08 '
Cm-242 1.37E-06 5.07E-06 1.01E-11
Am-243 1.34E-06 4.98E-05 9.96E-11
Cm-243 8.04E-07 2.98E-05 5.95E-11
Th-228 4.56E-07
Np-237 1.69E-07 3.13E-06 6.27E-12
U-232 1.03E-05 3.80E-04 7.60E-10
Th-232 8.35E-09
Th-230 3.04E-09 1.13E-07 2.25E-13
Pu-241 7.42E-05 4.64E-05 9.28E-11
Cm-244 2.15E-05 |5 3.98E-04 7.96E-10
Subtotal || 4.72E-8
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Table 11. Total NCT Release in Terms of A,

from Glass
Spout Glass 8.30E-10
Melter Heel Glass 6.33€-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 A,.

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:

e  Table 12 calculates HAC-ST from spout glass

e  Table 13 calculates HAC-ST from heel glass

e  Table 14 calculates HAC-ST from refractory glass

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

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

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

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

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

o  Table 20 calculates the total HAC release in terms of A,
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Table 12. HAC -ST from Spout Glass
Content A, MAR DR ARF LPF LPF Relgase
Isotope (ci) (Ci/A;) (A;) WVMP melter <A

Inpuf from Calculated for Glass damage ratios and LPFs for melter and WVMP from Calculated for
 Table . spout glass = . nles ‘ spout glass

5

c-14 8.22E-12
K-40 1.08E-10
Mn-54 5.56E-15
Co-60 1.49E-10
Ni-63 3.63E-11
Sr-90 2.34E-06
Y-90 incluc 5 2 '

Zr95 4.32E-30
Nb-95 2.59E-23 7.77E-30
Nb-95m | r . . L A
Tc-99 1.96E-10
Cs-137 1.61E-05
Ba-137m 5 : '

Eu-154 6.50E-03 | T B 195500

Hg-206 3.97E-22

TI-206 : , :
Tl-207 3.44E-09
Tl-208 i U-232

TI-209
TI-210

Pb-209 ] L Gk o
Pb-210 8.06E-15
Pb-211 1.04E-15
Pb-212 ‘ < ‘

Pb-214

Bi-209

Bi-210

Bi-211

Bi-212

Bi-213

Bi-214

Bi-215

Po-210

Continued on next page




Rev. 0

Page 36 of 99
OSR 19-260# (10/27/93)
Calculation Continuation Sheet
Calculation No. Sheet No. Rev.
X-CLC-G-00121 36 of 96 0
Table 12. HAC-ST from Spout Glass (continuation)
Content A, MAR i | b LPF Release
Isotope (ci) (Ci/Az) : (A2) | wvme m‘m’ @z)
: ~ Input from Calculated for /’ Glass damage ratios and LPFs for melter and WVYMP Calculated for
. Tablea o spout glass. fromTable3 ' _spout glass

 Pa-2

Continued on next page

7.79E-07

1.95E-06

4.86E-11

'

1 s.

69E-07

6.38E-16

2.34E-13

9.34E-19
5.09E-15
1.96E-19
3.88E-14

2.34E-13
5.84E-13

T1.46E-17
2.956-15

7.94E-13
1.89E-11

2.38E-13

3.97E-15

5.58E-11
432610

2.91E-13

2.01E-13
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Table 12. HAC-ST from Spout Glass (continuation)
Content A, MAR : DR ARF LPF | LPF Release
Isotope (Ci) (Ci/Az) (Az) WVMP melter (Az)
Input from Calculated for Glass damage ratios and LPFs for melter and WVMP from Calculated for
T@bfe . spout glass o Tablg 3 L . sgaut gbss
U-232 1.73E-01 5.18E-08
U-233 : ﬁ 1.35E-02 4.05E-09
U-234 | |  6.46E-03 1.94E-09
U-235 |
U-235m : .
U-236 7.44E-04 2.23E-10
U-237 . 1.90E-03 5.70E-10
U-238 ‘
Np-237 .' 1.31E-02 3.94E-09
Np-239 :
! Pu-238 | 4.22E+00 1.27E-06
| Pu-239 2 | 1.11E+00 3.34E-07
} Pu-240 i 8.50E-01 2.55E-07
‘ Pu-241 . 1.16E-01 3.47E-08
| Am-241 | 1416+01 4.23E-06
‘ Am-243 > | 1.68E-01 5.05E-08
‘ Cm-242 . il 3.88E-11 1.16E-17
| Cm-243 | 70E02 |  6.87E-02 2.06E-08
| Cm-244 5.40E-02 | 7.53E-01 2.26E-07
subtotal 2.49E-5
Table 13. HAC-ST from Heel Glass
Content A; MAR DR ARF LPF LPF Release
Isotope (Ci) (Ci/A;) (Az) WVMP melter (Az)
Input from Calculated for Glass damage ratios and LPFs for melter and WVMP Calculated for
Tablel . heel glass  fromiables . ~ heel glass.

4.28E-05 1.29E-11
1.88E-10
5.33E-08 1.60E-14
8.626-11]
5.63E-11

1.166-06
1.86E-28

3.90E-28
1.02E-05
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Table 13. HAC-ST from Heel Glass (continuation)
Content . A MAR OR ARF LPF LPF Release

‘WVmMP melter

(A7)

sotope | @ | (ci/A)

(Az)

Calculated for
_ heelglass

~ Input from

Glass damage ratios and LPFs for melter and WVMP
. Tablel . -

i 1.81E-15

3.69E-08
4.76E-09

Rn219 |
Rﬂ-mv G

Fr-221

| fromfables

Calculated for
_ heelglass

5.44E-22

 1.42€-15
4.49E-14
3.63E-17

1.11E-14
1.43E-15

1.17E-21

8.76E-16

3.2125E-13

1.29E-18

7.40E-15
2.71E-19
5 63E-14

3.21E-13

w

8.48E-1

2.00E-1
4.05E-15

~
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Table 13. HAC-ST from Heel Glass (continuation)
Cont.ent .Az MAR DR ARE LPF LPF Release
e oW (Ci/A2) (A2) WMP | melter (A)
Input from Calculated for Glass damage ratios and LPFs for melter and WVMP Calculated for
. Tablel heel glass ~ from Table 3 heel glass

Ra-226 3.85E-06 1.15E-12
Ra-228 9.53E-05 2.86E-11
Ac-225
Ac-227 1.09E-06 3.27E-13
Ac-228
Th-227 1.82E-08 5.46E-15
Th-228
Th-229 2.70E-04 8.10E-11
Th-230 2.24E-03 6.72E-10
Th-231
Th-232
Th-234
Pa-231 1.41E-06 4.24E-13
Pa-233
Pa-234 1.04E-06 3.12E-13
Pa-234m
U-232 2.71E-01 8.12E-08
U-233 2.09E-02 6.28E-09
U-234 1.00E-02 3.01E-09
U-235
U-235m
U-236 1.15E-03 3.45E-10
U-237 3.07E-03 9.21E-10
U-238
Np-237 1.95E-02 5.84E-09
Np-239
Pu-238 3.85E+00 1.15E-06
Pu-239 9.66E-01 2.90E-07
Pu-240 7.43E-01 2.23E-07
Pu-241 1.87E-01 5.61E-08
Am-241 1.83E+01 5.50E-06
Am-243 2.21E-01 6.64E-08
Cm-242 1.14E-09 3.43E-16
Cm-243 8.01E-02 2.40E-08
Cm-244 8.70E-01 2.61E-07

subtotal 1.90E-5
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Table 14. HAC-ST from Refractory Glass
Content A, MAR DR ARF LPF LPF Release
(ci) (Ci/A;) (A;) wvmp melter (Az)
'SOtOPe Input from Calculated for From Table 3. Same for all HAC glass Calculated for
Tablel refractory glass : :‘l’;"“‘m i
Co-60 1.21E-03 3.63E-10
Sr-90 1.32E+01 3.96E-06
Y-90
Tc-99 2.18E-03 6.53E-10
Cs-137 1.33E+01 4.00E-06
Ba-137m _
Eu-154 3.45E-02 1.04E-08
206 | 4.70E-16 1.41E-22
TI-206
TI-207 5.48E-09 1.64E-15
TI-208
TI-209 2.66E-08 7.97E-15
T-210 3.10E-11 9.29E-18
Pb-209
Pb-210 9.54E-09 2.86E-15
Pb-211 5.50E-09 1.65E-15
Pb-214
Bi-209
Bi-210
Bi-211
Bi-212
Bi-213
Bi-214
| Bi-215 1.01E-12 3.04E-19
Po-210
Po-211 3.38E-09 1.01E-15
Po-212
Po-213
Po-214
P0-215 1.24E-06 3.71E-13
_Po-216
P0-218
At-215 4.95E-12 1.48E-18
Ardt? .
At-218 6.30E-09 1.89E-15
Rn-217 3.32E-08 9.96E-15
At-219 | 1.04E-12 3.13E-19
‘Rn-218
Rn-219 1.24E-06 3.71E-13
Rn-220

Continued on next page
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Table 14. HAC-ST from Refractory Glass (continuation)
Content A, MAR DR ARF LPF LPF Release
Isotope (Ci) (Ci/A;) (A;) WvMmP melter (A;)
Input from Calculated for Glass damage ratios and LPFs for melter and WVMP from Calculated for
Table 1 refractory glass Table 3 refractory glass

Rn-217
Rn-218
Rn-219
Rn-220
Rn-222
Fr-221
Fr-223
Ra-223
Ra-224
Ra-225
Ra-226
Ra-228
Ac-225
Ac-227
Ac-228
Th-227
Th-228
Th-229
Th-230
Th-231
Th-232
Th-234
Pa-231
Pa-233
Pa-234
Pa-234m
U-232
U-233
U-234
U-235
U-235m
U-236
U-237
uU-238
Np-237
Np-239
Pu-238
Pu-239
Pu-240

E

Pu-241

Continued on next page

7.73E-11 |

1.56E-08

9.84E-07

5.95E-05

T 2.11E-08

f 4.79E-05

5.63E-04

% 1.62E-06
3.22E-07

1.78E-03

130603
212603

“1.57E-02
"~ 5.22E+00
1.38E+00

1.06E+00
| 1.29E-01

9.96E-15

[ 217613

1.44E-11
1.69E-10

4.90E-09
1.10E-09
5.33E-10

3.90E-10
6.35E-10

1.57E-06
4.13E-07
3.17E-07
3.86E-08
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Table 14. HAC-ST from Refractory Glass (continuation)

Content A, MAR e ARF LPF | LPF Release

Isotope | (Ci) (Ci/A;) (Az) WVMP | melter (Az)
Input from Calculated for Glass damage ratios and LPFs for melter and WVMP from |  Calculated for
Tablel refractory glass . Table 3 | refractoryglass
Am-241 3.13E+01 9.39E-06
Am-243 2.49E-01 7.47E-08
Cm-242 1.66E-10 4.99E-17
' Cm-243 1.13E-01 3.38E-08
Cm-244 1.25E+00 3.76E-07
subtotal | 2.02E-5

Table 15. HAC-ST from LDCC Internal to Melter

Leach | Leached A, MAR | o ARF LPF | Release
Ratio (Ci) (Ci/A;) (A2) wvme | (A)
From Table 3| Calculated for Calculated for | Colculted for
forglass to | LDCCinternal to | From Table 1 |LDCC internal to| Feot Talle 2oy wg it i inhalation from Lbce
Lbee the melter the melter i . internal to the melter

3.43E-13

| 5.56E-06 | 687E-08

5.01E-12
8.55E-11 4.28E-16
| 4.61E-07 2.30E-12

: 1.50E-12

3.09E-08

'. 9.48E-25 4.74E-30
| 1.70E-24 8.49E-30

.34E-0
.14E-0

1.34E-07 6.71E-13

2.72E-07

| 8.14E-06 4.07E-11
2.91E-18

1.45E-23

3.80E-17

1] 1 9.71E-19

2.96E-16

Continued on next page
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Table 15. HAC-ST from LDCC Internal to Melter (continuation)

Content | Leach Leached A, MAR DR ARF LPF Release
(Ci) Ratio (Ci) (Ci/A,) (A;) WVMP (Az)
Isotope ‘ ; ,
From Table 3 | Calculated for Calculated for From Table 3 for LDCC internal to the Calculated for

From Table1 | forglassto | LDCCinternalto | From Table 1 |LDCC internal to G inhalation from LDCC
Lbcc  the melter the melter internal to the melter

Pb-211 | 412617
Pb-212 ~ ‘ , A i
Pb-214

Bi-211

Bi-212

Bi-213

Bi-215

Po-210 : . ,

Po-211 f

Po-212 -3 , '

Po-213

Po-214

Po-215

Po-216

Po-218

At-215

At-217 | . :
At-218 | ; 1.98E-16,
At-219 : 7.25E-21
Rn-217 . 1.50E-15
Rn-218

Rn-219

Rn-220

Rn-222

Fr-221 ‘ v :

Fr-223 5.36E-19
Ra-223 ' ; 1.08E-16)
Ra-224 | : '

Ra-225 Zclude: :

Ra-226 ~ 3.09E-14]
Ra-228 f 7.64E-13
Ac-225 h TH :

Ac-227

Ac-228

Th-227

Th-228 uded with U-2. » S

Th-229 ) 0 ) 2.16E-12

Continued on next page
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Table 15 HAC-ST from LDCC Internal to Melter 1contmuatlon)
CDntent Leach | Leached Az MAR | or | AaF LPF |  Release
(ci) Ratio (ci) (Ci/A;) (Az) vee g A
e L Erom Table:3| | Calculated for | | calcutated # L i e e
0 B |From Table cula u or al
: From Table 1 | for glass to | LDCCinternalto | From Table 1 [LDCC internal to F’“"‘"W""";ﬁ’*,‘ﬁf‘"‘“’?‘,’“"“ inhalation from LDCC
S e gBce | Memele b oo {0 RDR e e TG T Mieiter
9.70E-08 3.59E-06] 1.80E-11
2.49E-11 2.27E-09 1.13E-1
9.00E-10 1.67E-09 8.33E-15
1.17E-05 4.34E-04 2.17E-09
5.37E-06 3.36E-05 1.68E-10
2.57E-06 1.61E-05 8.04E-11
2.95E-07 1.84E-06 9.22E-12
1.69E-06 3.12E-05 1.56E-10
1.67E-04 6.17E-03 3.09E-08
4.18E-05 1.55E-03 7.75E-09
3.22E-05 1.19E-03 5.95E-09
4.79E-04 3.00E-04 1.50E-09
7.94E-04 2.94E-02 1.47E-07,
9.58E-06 3.55E-04 1.77E-09
4.95E-13 1.83E-12 9.16E-18
3.47E-06 1.28E-04 6.42E-10
7.53E-05 1.39E-03 6.97E-09

subtotal 5.08E-7




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

Calculation Continuation Sheet

Rev. 0
Page 45 of 99

Calculation No. Sheet No.

X-CLC-G-00121

45 of 96

Rev.

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

Content | Leach | Leached A, MAR DR ARF LPF Release
(ci) Ratio (i) (Ci/A,) (A;) Melter (A;)
Isotope Calculated for
From Calculated . inhalation from
From Table | Table3 for LDCC From Table Calcqlated foy Fr Tl 2 or Loes i ainel LDCC internal to
LDCC internal to to the melter from increase in !

X for glass internal to 1 e faklior S the melter from

to LDCC the melter e increase in

pressure

c-14
K-40
Mn-54
Co-60
Ni-63
Sr-90
Y-90 '

2r-95
Nb-95 |
Nb-95m , -
Tc-99
Cs-137
Ba-137m wi 7
Eu-154
Hg-206

TI-206

TI-207
TI-208 ided w

Tl-209

TI-210
Pb-210m th Th-22
Pb-210
Pb-211

Pb-212 ‘
Pb-214
Bi-209
Bi-210
Bi-211
Bi-212
Bi-213
Bi-214
Bi-215
P0-210

Continued on next page

[ 337613

| 6.87E-08

| 6.18E-03
9.48E-25

1.70E-24

1.34E-07

ﬁ—

| 7.60E-12

, 5.91E-11

7.63E-12

5.43E-02

< 1.94E-13 G

3.43E-14
5.01E-13
4.28E-17
2.30E-13
1.50E-13
3.09E-09

[ 4.74E-31

8.49E-31

6.71E-14
2.72E-08

1.21E-12
4.91E-26

3.80E-18

' 9.71E-20

~ 2.06E-17
3.82E-18

3.12E-24
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Table 16. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC Internal to Melter

(continuation)
Content | Leach | leached | A, MAR orR | ARF LPF | Release
(i) Ratio (Ci) (Ci/A;) (A2) Lo
Isotope : G ' T o énlguiatedfor

SO ) Seiciinhg Chiuiamtior T Baliiebi i 1Dttt | Y om

LDCCinternalto | to the melter from increase in
the melter _ pressure

LDCC internal to
the melter from
increase in

_pressure
T ool

2.34E-18

From Table | Table3 for LDCC From Table
: forglass | internalto 1
toLDCC | the melter

1.12E-14

. 4.68E-12

| 1.65E-17 3.44E-21

E03 |  6.88E-15
' T 396611

9.49E-14 | 1.98E-17

3.48E-18 | 1.45E-15 7.25E-22 .
7.22E-13 | 3.01E-10 1.50E-16

4.12€-12 | 2.40

] 1.72E-09

8.59E-16

2.27E-15

4.99E-10 | :

3 | 579614 | 107613 5.36E-20
411612 | 217611 1.08E-17

6.17E-09
1.53E-07

1.75E-09

3.09E-15
7.64E-14

8.73E-16
1.46E-17

5.00E-10 | 8
8.25E-08

4.19€-12 | 2.40E

| 4.09E-12 |

[ 292611

4.33E-07
3.59E-06

6.06E-09

2.16E-13
1.80E-12

©
N
=)
mn
o
o

1.13E-15

2.49E-11 | 1.10E-02 | 2.27E-09

Pa-

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

(continuation)
Content | Leach | Leached A, MAR DR ARF LPF Release
(Ci) Ratio (Ci) (Ci/A;) (A;) Melter (A;)
Calculated for
s From Table T‘:;;:‘ 3 Cfﬂ:tgézd ket able | eoiSulated for 1 Front Kaele ¥ o LACE Hinerael TD'??:?Q:;?:;
1 for gl Scralta 1 LD(t:;: internalto | tothe melter from increase in S s i
to LDCC the melter % elter nieuE increase in
ressure
Pa-234 9.00E-10 1.67E-09 8.33E-16
Pa-234m
U-232 1.17E-05 4.34E-04 2.17E-10
U-233 5.37E-06 | 1. 3.36E-05 1.68E-11
U-234 2.57E-06 | 1. 1.61E-05 8.04E-12
U-235
U-235m
U-236 2.95E-07 | 1. 1.84E-06 9.22E-13
u-237
U-238
Np-237 1.69E-06 3.12E-05 1.56E-11
Np-239
Pu-238 1.67E-04 o 6.17E-03 3.09E-09
Pu-239 4.18E-05 | 2.70E-02 1.55E-03 7.75E-10
Pu-240 3.22E-05 | 2.70E-02 | 1.19E-03 5.95E-10
Pu-241 4.79E-04 | 0 3.00E-04 1.50E-10
Am-241 7.94E-04 - 2.94E-02 1.47E-08
Am-243 9.58E-06 2 3.55E-04 1.77E-10
Cm-242 4.95E-13 T 1.83E-12 9.16E-19
Cm-243 3.47E-06 ) 1.28E-04 6.42E-11
Cm-244 7.53E-05 1.39E-03 6.97E-10
subtotal 5.08E-6
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Table 17. HAC-ST from Increased Pressure (i.e., > 25 Psig) on LDCC External to Melter

subtotal

Content | Leach Leached A, MAR Ba e | 18E Release
(Ci) Ratio (Ci) (Ci/A, (Az) WvmP (Az)
Calculated for
inhalation
Isotope From Table | From Table c:;?:gé? L Cf‘gf‘igé‘éd From Table 3 for LDCC from LDCC
1 3 for PBS to st Table 1 Eaaat i enmltothe melter from external to the
LDCC O oy increase in pressure melter frc?m
increase in
sure
6.43E-02 4.02E-03 7.03E-06
6.07E-02
2.84E-02 3.51E-03 6.14E-06
2.84E-02
6.88E-04 1.27E-05 2.23E-08
3.43E-04 2.14E-04 3.75E-07
2.94E-04 1.84E-05 3.21E-08
1.55E-04 1.91E-07 3.35E-10
1.58E-04 1.43E-07 2.51E-10
3.79E-05 1.40E-03 2.45E-06
3.78E-05 4.67E-07 8.17E-10
1.31E-05 1.19E-06 2.09E-09
1.03E-05 3.80E-04 6.65E-07
9.84E-06 3.64E-04 6.38E-07
-240 6.82E-06 2.52E-04 4.42E-07
Ni-59 5.07E-06
1-129 3.85E-06
U-233 2.35E-07 1.47E-06 2.57E-09
Tc-99 1.04E-05 4.34E-07 7.60E-10
H-3 1.92E-07 1.75E-10 3.06E-13
U-234 8.30E-08 5.18E-07 9.07E-10
U-238 6.10E-08
U-236 4.15E-08 2.60E-07 4.54E-10
U-235 1.38E-08
Cm-242 1.37E-06 5.07E-06 8.87E-09
‘Am-243 1.34E-06 4.98E-05 8.72E-08
Cm-243 8.04E-07 2.98E-05 5.21E-08
Th-228 4.56E-07
Np-237 1.69E-07 3.13E-06 5.48E-09
uU-232 1.03E-05 3.80E-04 6.65E-07
h-232 8.35E-09
Th-230 3.04E-09 1.13E-07 1.97E-10
Pu-241 7.42E-05 4.64E-05 8.12E-08
Cm-244 2.15E-05 3.98E-04 6.97E-07

1.94E-5
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Table 18. HAC-ST from LDCC External to Melter
Content | Leach | Leached A, MAR bR | ARf ';:: Release
(Ci) Ratio (Ci) (Ci/Az) (A,) P (Az)
Isotope From Calculated Calculated Ca:':::;:; :Or
From Table 3 for LDCC From for LDCC From Table 3 for LDCC from LDCC
Table 1 for PBS external to Table 1 external to external to the melter Stanat s the
to LDCC melter ; melter aliar
Cs-137 ; | 6.43E-02 ; 4.02E-03 7.03E-06
Ba-137m _ | 6.07E-02
Sr-90 2.84E-02 | ; 3.51E-03 6.14E-06
Y-90 | 2.84E-02
Pm-147 6.88E-04 | 1.27E-05 2.23E-08
Am-241 | 3.43E-04 | : 2.14E-04 3.75E-07
Eu-154 ; 2.94E-04 | +01 1.84E-05 3.21E-08
Ni-63 1E-2 | 1.55E-04| 1.91E-07 3.35E-10
Fe-55 1E-2 | 1.58E-04 | 1.10E+03 1.43E-07 2.51E-10
Pu-238 | . | 3.79E-05 | 2.70E-02 1.40E-03 2.45E-06
c-14 i | 3.78E-05 | 8.10E+01 4.67E-07 8.17E-10
Co-60 | | 1.31E-05 | +01 1.19E-06 2.09E-09
U-232 ‘1E-2 | 1.03E-05| 2.70E-02 3.80E-04 6.65E-07
Pu-239 1E2 9.84E-06 | 3.64E-04 6.38E-07
Pu-240 i ' | 6.82E-06 | -02 2.52E-04 4.42E-07
Ni-59 7604 | | 5.07E-06
1-129 3.8 . | 3.85E-06
U-233 -05 | | 2.35E-07 | 1.60E-0 1.47E-06 2.57E-09
Tc-99  1E-2 | 1.04E-05 | 2.40E+01 4.34E-07 7.60E-10
H-3 | 1.926-07| 1.10E+03 | 1.75E-10 3.06E-13
U-234 . 06 | 1E-2 | 8.30E-08 | 1.60E-01 5.18E-07 9.07E-10
U-238 6| 1E-2 | 6.10E-08 ‘
U-236 5L | 4.156-08 | 1.60E-01 2.60E-07 4.54E-10
U-235 E-06 | | 1.38E-08
Cm-242 | | 1.37E-06 | 2.70E-01 5.07E-06 8.87E-09
Am-243 | i | 1.34E-06 | 2.70E-02 4.98E-05 8.72E-08
Cm-243 ‘ | 8.04E-07 | 2.70E-02 2.98E-05 5.21E-08
Th-228 | 4.56E-07
Np-237 2 | 1.69E-07| =02 3.13E-06 5.48E-09
U-232 | 1.03E-05| )E-02 3.80E-04 6.65E-07
Th-232 E-2 | 8.35E-09
Th-230 3.04E-09 1.13E-07 1.97E-10
Pu-241 | 7.42E-05 4.64E-05 8.12E-08
Cm-244 | 2.15E-05| 3.98E-04 6.97E-07
subtotal 1.94E-5
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Table 19. HAC-ST from Non-Inhalation LDCC External to Melter
Content Leach Leached A; MAR DR LPF Release
(Ci) Fraction (Ci) (Ci/A;) (A;) - wvmPp (A2)
Isotope / ' Calculated Calculated i Calculated for non-
From Table From for LDCC From for LDCC LDCC external o inhalation from
1 Table 3 external to Table 1 external to PR s LDCC external to the
 melter - melter melggr
131 6.43E-02 4.02E-03 1.41E-03
Ba-137m 6.07E-02
Sr-90 2.84E-02 3.51E-03 1.23E-03
Y-90 ' 2.84E-02
Pm-147 6.88E-04 1.27E-05 4.46E-06
Am-241 3.43E-04 2.14E-04 7.50E-05
Eu-154 2.94E-04 1.84E-05 6.43E-06
Ni-63 1.55E-04 1.91E-07 6.70E-08
Fe-55 1.58E-04 1.43E-07 5.01E-08
Pu-238 3.79E-05 1.40E-03 4.91E-04
c-14 3.78E-05 4.67E-07 1.63E-07
Co-60 1.31E-05 1.19E-06 4.17E-07
U-232 1.03E-05 3.80E-04 1.33E-04
Pu-239 | 9.84E-06 3.64E-04 1.28E-04
Pu-240 6.82E-06 2.52E-04 8.84E-05
Ni-59 5.07E-06
1-129 3.85E-06
U-233 2.35E-07 1.47E-06 5.15E-07
Tc-99 1.04E-05 4.34E-07 1.52E-07
H-3 1.92E-07 1.75E-10 6.12E-11
U-234 8.30E-08 5.18E-07 1.81E-07
U-238 6.10E-08
U-236 4.15E-08 2.60E-07 9.09E-08
U-235 1.38E-08
Cm-242 1.37E-06 5.07E-06 1.77E-06
Am-243 1.34E-06 4.98E-05 1.74E-05
Cm-243 8.04E-07 2.98E-05 1.04E-05
Th-228 4.56E-07
Np-237 1.69E-07 3.13E-06 1.10E-06
U-232 1.03E-05 3.80E-04 1.33E-04
Th-232 8.35E-09
Th-230 3.04E-09 1.13E-07 3.94E-08
Pu-241 7.42E-05 4.64E-05 1.62E-05
Cm-244 2.15E-05 3.98E-04 1.39E-04
subtotal 3.88E-3
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Table 20 summarizes the individual contributions and provides the maximum HAC release in terms of
A, values.

Table 20. Total HAC Release in Terms of A,

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 A, release under NCT is < 1E-7 A, while the A, 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 A; in one week.
Conservatively assuming the limit as an instantaneous release, with the HAC results concluding a
release to be < 1E-1 A,, 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

A, in one hour. Conservatively assuming the limit as an instantaneous release, with the NCT analysis
concluding a release to be < 1E-7 A,, demonstrates that the NCT limit will not be exceeded.

9. ATTACHMENTS




Formul. Table 1

. A B C D E F

pA Isotope A, Spout glass content (Ci) Heel Glass content {Ci) Refractory glass content {Ci) Surface contaminatrion {Ci)
4 {H-3 1100 {0.0000192270792596751
5 Jcaa 81 Jo.00222 Jo.c0347 §0.00378111123902642
6 Jco-60 11 Jo.00547 Jo.00316 Jo.01332 Jo.0013118141033357

7 x40 24 ~ Jo.0086 Jo.015

8 |mn-54 27 Jo.0000005 Jo.00000144

9 re-ss 1100 Jo.0157546301626101
10 ni-s9 unlimited J0.000506720349719867
11 [ni-63 810 Jo.098 0.152 Jo.0154974117109756
12 |sr-90 8.1 l63.3 31.2 106.8 2.84226389056067

13 |v-90 included with Sr-80 f63.3 31.2 106.8 2.84

14 |zr-95 22 3.17€-22 1.3€-20

15 |nb-95 27 f6.99¢-22 2.86E-20

16 |[Nbosm included with Zr-95 3.63€-24 1.49€-22

17 fre-99 24 Jo.o157 Jo.00201 j0.0522 ]0.00104173472911952
18 Ji-129 unlimited Jo.000385184631322589
19 Jes-137 16 Jas7 542 213.2 J6.43046129086125
20 [Ba-137m [included with Cs-137 Jsos 512 201.2 Js.07
21 |pm-147 54 Jo.0688059358122154
22 Jeu-154 16 Jo.104 fo.0s12 fo.s527 Jo.0293872080992359
23 |Hg-206 0.54 Jo.000000000000000714  §0.000000000000000979  §0.0000000000000002537
24 |ri-206 Include with Bi-210m Jo.0000000000000501 J0.0000000000000688  §0.06000000000001782
25 [n-207 0.54 Jo.00000000186 J0.00000000256 §0.00000000296
26 [vi-208 included with U-232 Jo.00173 Jo.00272 Jo.0001806
27 n-209 included with Th-229 Jo.0000000558 Jo.0000000809 Jo.00000001434
28 fn-210 0.54 Jo.000000000045 }0.0000000000654 Jo.00000000001672
29 [pb-210m  Jincluded with Th-229 Jo.00000258 Jo.00000375 Jo.0000006641
30 [pb-210 14 §0.0000000376 10.0000000516 J0.00000001335
31 [pb-211 054 J0.00000000187 Jo.00000000257 Jo.000000002968
32 |pb-212 included with U-232 Jo.00a82 ~ Jo.00756 Jo.o005026
33 |pb-214 included with Rn-222 Jo.000000214 Jo.000000311 Jo.0000000736
34 |Bi-209 included with Pb-210 5.97€-25 J8.1€-25 1.457€-25
35 ]si-210 included with Bi-212 §0.0000000375 J0.0000000514 10.00000001331
36 [si-211 included with Ra-223 Jo.co000000187 J0.00000000257 J0.000000002968
37 [ei-212 included with U-232 Jo.00482 Jo.00756 Jo.0005026

38 |si-213 included with Th-229 Jo.00000258 Jo.00000375 J0.000000664

39 |gi-214 included with Rn-222 Jo.000000214 fo.000000311 J0.00000007962
40 Jsi-215 0.54 J0.00000000000000153  J0.0000000000000021  J0.000000000000002428
41 fpo-210 included with Pb-210 J0.0000000345 Jo.0000000471 J0.00000001222
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Formulas for Table 1

| B | C | D 1 E F
42 fpo-211 0.0024 J0.0000000000051 J0.00000000000701 10.000000000008103
43 fpo-212 included with Pb-212 Jo.00309 Jo.o0a84 Jo.0003219
44 |po-213 included with Th-229 Jo.00000253 Jo.00000367 Jo.0000006498
45 [po-214 included with U-230 Jo.000000214 Jo.000000311 10.0000000796
46 [po-215 inluded with Ra-223 Jo.00000000187 Jo.00000000257 Jo.000000002968
47 [po-216 inciuded with U-232 Jo.004s2 fo.00756 Jo.0005026
48 |po-218 included with Rn-222 Jo.000000214 Jo.000000311 Jo.00000007962
49 [at-215 0.0024 Jo.00000000000000747  J0.0000000000000103  J0.06000000000001187
50 Jat-217 included with Th-229 Jo.00000258 Jo.00000375 Jo.0000006641
51 |at-218 0.0024 Jo.0000000000407 Jo.0000000000592 Jo.00000000001513
52 |at-219 0.0024 Jo.00000000000000157  J0.00000000000000217  [0.000000000000002503
53 |rn-217  Jo.0024 10.00000000031 Jo.00000000045 Jo.00000000007969
54 |rn-218 included with U-230 Jo.0000000000000407  Jo.0000000000000592  }0.00000000000001513
55 [Rn-219 0.0024 §0.00000000187 J0.00000000257 Jo.000000002968
56 |rn-220 included with U-232 Jo.00482 Jo.00756 Jo.0005026
57 |rn-222 0.11 Jo.000000214 Jo.000000311 Jo0.00000007962
58 [rr-221 included with Th-229 Jo.000002583 Jo.000003748 ~ J0.0000006641
59 |rr-223 0.54 Jo.00000000002623 Jo.00000000003608 J0.00000000004172
60 |ra-223 0.19 J0.000000001868 ]0.000000002566 Jo.000000002968
61 |ra-224 included with U-232 Jo.004823 Jo.co7s63 Jo.0005026
62 |ra-225 included with Th-229 J0.000002591 Jo.c0000376 Jo.0000006663
63 |ra-226 0.081 {0.0000002143 Jo.0000003118 Jo.00000007972
64 JRa-228 0.54 J0.00003409 Jo.00005144 Jo.00003211
65 Jac-225 included with Th-229 Jo.000002583 Jo.000003748 Jo.0000006641
66 |ac-227 0.0024 Jo.000000001901 §0.000000002614 Jo.000000003023
67 |ac-228 included with Ra-228 Jo.00003409 Jo.00005144 Jo.00003211
68 |mh-222 0.14 Jo.000000001854 Jo.000000002548 Jo.00000000295
69 Jm-228 included with U-232 Jo.004822 Jo.007562 Jo.000502 Jo.0000455507276345423
70 frn-229 0.014 Jo.000002602 Jo.000003778 J0.00000067
71 fm-230 0.027 Jo.00003892 Jo.00006047 Jo.0000152
72 Jth-231 included with U-235 Jo.0000395 Jo.0000615 Jo.0000692
73 [m-232 unlimited Jo.0000434 Jo.c000674 Jo.co00418 8.34853736085892€-07
74 fm-234 included with U-238 fo.000241 Jo.co0374 Jo.oo0116 3.04278860598743€-07
75 [pa-231 0.011 Jo.00000001066 Jo.00000001554 Jo.0000000178
76 Jpa-233 included with Np-237 Jo.o007086 Jo.001052 Jo.000843
77 Jpa-234 0.54 Jo.c000003615 Jo.000000561 Jo.000000174
78 [Pa-23am  |included with U-238 Jo.000241 Jo.000374 Jo.o00116
79 Ju-232 0.027 “Jo.00466 Jo.007309 Jo.000441 =0.00101601288395608+9.943652684
80 Ju-233 0.16 Jo.00216 Jo.00335 10.000585 Jo.0000235354883245522
81 Ju-234 0.16 Jo.001034 Jo.001604 Jo.000284 }8.29529506521102€-06
82 Ju-23s unlimited Jo.0000395 Jo.co00615 Jo.0000692 16.09607730373647E-06
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Formul’ Table 1

I A B C | D | E F
83 Ju-235m  [unlimited 0.03007 Jo.02608 fo.0372 4.15407799389637E-06
84 Ju-236 0.16 Jo.000119 Jo.o00184 fo.000208 1.38254917753517E-06
85 Ju-237 included with Pu-241 Jo.000004556 “Jo.000007365 Jo.00000508
86 |u-238 unlimited fo.000241 Jo.000374 Jo.000116
87 INp-237  [0.054 Jo.0007086 Jo.001052 Jo.000849 0.000016918294211786
88 |Np-239  [included with Am-243 Jo.004545 Jo.005973 Jo.00672
89 [pu-238 0.027 Jo.1139 Jo.1039 Jo.1a1 Jo.00378754170031728
90 [pu-239 0.027 Jo.03009 Jo.02609 Jo.0372 J0.000983860577501772
91 [pu-240 0.027 fo.02294 fo.02005 fo.0285 fo.000681628896831293
92 Jpu-241 16 Jo.185 Jo.299 fo.206 ~ Jo.00742164859034811
93 |am-2e1  [0.027 Jo.3804 Jo.a952 fo.845 Jo.0342743586802905
94 |am-243  [o0.027 Jo.004545 0.005973 0.00672 0.000134481633831818
95 fcm-242  [o.27 Jo.00000000001047 0.0000000003084 0.0000000000449 0.000136852889825064
96 Jcm-243  o.027 Jo.001854 0.002162 0.00304 0.0000803761986794305
97 Jcm-244  0.054 Jo.04067 Jo.04696 fo.0677 0.00215006331467477
98 | |=sumica:ce7) |=sum(pa:D97) [=sum(ea:E97) Jsum(ra:F97)
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Formulas for Table 2

A |B C D |g F G H I J K L M N 0 P | Q
Glass into LDOC Leach OR
Leach Duration Glass LDCC Leaced glass | Leach Ratlo DR Loce OR ARF Cont ARF| ARF RF LPFrrener or
(g/cm’ day) {days) Interface {cm’) {g) glass PaS Glass external LOCC inter Glass 1ncC Pressure | Pressure LPFuner o sppicabie
2
2 |o.00001 2--8r 267560.755 =A3=DB= a =F3745720 IO.DI ﬁ.om 0.01 0.0_01 .000001 0.00001 0.005 |0.4 1 To1
4 a b c d= a*b*c q /4;;200 f '3 h i j k 1 m n ]
Broken
raction
glass. WVMP is not
at) damaged
Conserv: using Contained LDCC Based on m
20 assumed values o [memal o the | For NCT glss basea ﬂ;‘:"w Ref 4, an LPFs
e or clase o LDCG. JAssumed to be the fraction of |Fraction of based on e melter LDCC assuming all Sub (aka Contained ARF of 5E- JAlso Based on appliediNum
on the mai org g olthe from glass to |gtass leached Jrequired to - mc"c""” impacted from |20 Micron glass ks tras|ocnte [Rerd ankF ber based on
Iwamhdmfu m' X > on g’f’ o Jp1the box mutpied RDCC. Uset o fbased on using fremaove the 1903, NCT. (aka Sub 20| COPET°® b zsod when [of 0.8 shouid recommenda
el ) ‘:‘"9 4255® by 2 (Ref. 9 page A- A |inootasr2 fresutant ] T n Giass ‘)“'R":':’z 50 e be appiied to | ion
8. Summar) . dested 12122 ined within [kgfortotal  {impermeable mm basad on ion)Values taken |'c m‘_ ""‘in to less than 25 assoclated
o inom). e LDCC inside |piass (Re. 15) Jcovering from Jrigher :n”“‘*"m stroctural Ref14,Fgwe |70 IR0 fncrsases Josg with Ref, 11.
melter. Barletts PBS fthan " lanaysis. 820 fsec. o tctogwas [P/655 020 (LPFs0f0.1
(Ref. 9810). 3 rtonmed 26 psig. can be
see : applied if
sedled
.dysis) relased)
5 n
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Al Bl cI[IDIE|l] F G |H] 1 JJJK]JL] M [NToT P Q | R S
Loce Surface - d
Leach ul Leached Leache HAC Fraction Nonnhalation
Rate D::dto Ares Mass Fraction Impacted/Broken HAC Fraction Aerosolized Leak Path Factors Escape Fraction
®
tesch | Glasswoce | Leach Leach OR | o Uncont
Glassinto Loce | intertace s | LevchRatio | P2 DR wee | oo | o Cont A ARF RF o | & -
{fomiday) §OUFTO" 2 Glass Glass Glass | ARF LDCC — Pressare we Meker Aarosel
(days) {om’) ®) PBS ) inter oce
0.00001 28 267560.755 feasecasps frapssrzo foor koot 035 Joi koosndoooooss  Jooors  fooos 1 1 0.1 1
For contained
LDCC with
single LPF
already appled
 FOr HAC 52 Contaied
o od on Concrete {fiy-
ash) Airbome | For HAC unf
9Fraction ). Ref, [contained
IAEMNIS  |LDCC (2ka For dispersible
- IRNaT2ezr [un {pesed on :;;m
" INote:LPF  |Contained ng
raction of ‘ implict in value.|Concrete :;?;;‘E_a f:Wmsmelmmugh
Based on the fass leached |remove impacts [dtom | Forimemalto [fy-ash) |7 - [AsoBasedon i For non-inhalation
'maximum leach on using jthe melter LOCC, ]Airbome when the Ref 4, an RF of 1 ugh 1 LOCC and out JLDCC
rate for glass 1M00t467.2 |resultant the final release] Fraction should be o frWe. aiively
(Ret8, Summary) . contained fkgforotal  [impermef 20 97 when (HAC r’*“"‘m appled. req Jassumes mbe1.
(Ref. 15) |able yv]cacuiaed il funcortzine m‘“‘“"’mzs anq  [pesedonRet
W hhaveony1  fawoce [ 12. For HAC
8 Maddisonal) LPF|ARF pst only used for
appled it I [without LPF melter
value used for |applied.
" ro 3g|ExEmE 0100 [Ret 13
y melter LDCC
‘ no additional
LPF should be
applied when
ealcuiating
release).
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Formulas for Table 4

A B C D E F G H 1
Content L MAR oR ARF WPF PF Retsase
1 [12)] (a/a,) 1A) Melter wVmp {a)
tsotope
Catculated
From Table 1 for spout From Table 2, Same or all NCV glass. Calcufated for inhatation from spout glass
2 glass
3 a b < dsbfc . s/ g ] ind®e*f*g%h
4 Jee '1content'iCS ='Icontent'|BS =BA/CA ='2NCTInputs'li$3 = 2NCTinpurs'iL$3 =2NCTInputs'1Q53 ='2NCTinputs'|Q${=D4*E4* FA*GA*H4
5 | ='Loontent'IC? ="1content'|B7 =B5/CS ~INCTInputs'lI$3 = 2NCTinputs'IL$3 =2NCTinputs'1Q$3 =H34 =D5°ES*F5°G5°H5
6 |mnss ="1content'lCA ='1content' (B3 85/C5 < 2NCTinputs'I153 ='2NCTInputy'IL$3 ~2NCTinputs'1Q$3 =Hs4 =D6*E6°FE*GE°HE
7 |eoe0 a*Lcontent’iC6 = Leontent'les ~B7/CT = 2NCTinputs'iis3 = ZNCTInputs'fiL$3 INCTinputy'iQ53 aH$4 =DT"ET*FT*GT*HY
8 |mes ='1eontentIC11 ='Lcontent'IB11 =BA/CB 2"2NCTinputs'1$3 = 2NCFinputs’iL$3 ="2KCTinputs'1Q$3 a4 xDS*ES*FE*GSHS
9 [se0 ='Icontent'IC12 ='Lcontent 1B12 =B9/C9 = 2NCTinpute 1153 ="2NCTinputs'11$3 ="2HCTInputs'1Q$3 =HS4 =D3*E9*FI*GI"HY
10 Jvs ="1content'iC13 ='1content'|813
11 feeos ='1content’iC14 ='Lcontent'1B14 =811/C11  |='2NCTinputs'tisa «2NCTinputyiLS3 ='2ZNCTInputs'IQ$3 =H$4 =D11°E11°F11°611°H11
12 |noss ='1content’iC15 ='Icontent’1815 =B12/¢12  |wancTinputsusa =2NCTinpute'!L$3 =" ZNCTInputs'|Q53 =tisa =012*E12°F12°G12°H12
13 |nosm «'1contant’iC16 ='}eontent'iB16
14 Jreo =*1content’iC17 ='1content'|B17 =B14/C10  |='ancTinputinga 22NCTinputs'IL$3 =2NCTinputs'1Q53 =H34 =DIA*E1A*F14°G14°H14
15 [o1mr ="1contentiC1s ='lcontent'IB19 «B15/C1S  |='2ncTinputruss a2NCTInputs'L$3 =2NCTinputs'1Q$3 =H54 =D15*E15°F15°G15°H15
16 [sa13mm ='1content1C20 =‘1content'1B20
17 fevss ='1content'IC22 <'Lenntent'1a22 =B17/C17  |~'ZNCTinputs'ii$3 ~2NCTinputs'iL$3 =ZNCTInputs'lQ53 =M$a =D17*°E17*F17°GLT°H1T
18 [nezs =1content’IC23 ='1content'1B23 aB18/C18  |='2NCTinputy'iis3 = 2MCTinputy'ILS3 o' 2NCTinputs'iQ53 =H34 =D18°E18°F18°G18"H18
19 [paos =1content'lC24 ='1content’|B24
20 fnzor ="1content'IC25 ='Lcontent'1B25 I-szo/ao I-zucnnpms'usa l--zncnnpuu'us: I-'ZNCT'Inwu'In$3 I=u50 l=nm-szo'm°ezo'mo
21 s ='1content'|C26 ="1content’iB26
22 [nam ='Leantent'iC27 ='1content{B27
23 |rao ="Lcontent'iC28 ='1content'1B28 l=m/czz Iezum-wuus; l-'mcnnmm'us: I:-zncnupuu'los; I=M$4 |=ozs'm'n3°su'uzs
24 [pouom «'1content'IC29 ~'1content'1829
25 |ppae ="1cantent'IC30 ='1content'|B30 «825/C25  |='ZNCTInputs'iisa ='INCTinputs'IL$3 = 2NCTinputs'10$3 =H$4 =D2S°E25°F25°G25°HaS
26 {ev-211 'Lcontent’iC31 = 1content'1B3L =826/C26  |="2NCTInpuns'i$3 = 2NCTinputs'IL$3 SINCTinpute'lQs3 =HSA =D26°E26*F26°6G26°H26
27 |rpan o Lcontent’[C32 ='lcontent'1B32
28 |pons ='1content'|C33 ='1content!B33
29 lsom »'1content'|C34 ='1content'|B34
30 {srar0 ="1content’1C35 ='Lcontent |B3S
31 jman ='1content'|C35 ="1cantent'1836
32 Jora2 a"1content'IC37 ='1content'1B37
33 |mas ='1content’'IC38 ='1content'|B38
34 |sazs '1content'|C39 ='1content'IB39
35 jpass ~“Lcontent1C40 ' 1content'ip40 I-uslus I='zncnnpmrnss l-mcnnpm'us; l-'lNCTInplns‘IOS! l-nsa I-nas-ns'rzs'ess'nas
36 [poao =1contenttcAl ='1content'|B41
37 fpoans ='1content'iCA2 =*1content'lB42 l-an/av J:'ZNCanu\s‘llSi L-zmmns; I-zncnnpuu'mss I'““ l-ozrs;rm'csv'nsv
38 Jroar2 ="1content'|CA3 ='1content'|BA3
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Formula‘Table 4

A B c | b | E | F | G [ |

39 |poass ='lcontent'IC44 ='lcontent’1BA4

40 [roa1n ='1cantent'|C45 o'1content'iBAS

41 [poas '1content' |C46 ='Lcontent'iB46

42 |poass ='lcontent'|CA7 ='Lcontent'|BA7

43 |pous ='lcantent'|C48 ='1content'|BAB

44 |seas ='1content'|CA9 ='1content’1BAS l-wlw I='1Nmnputs'I5! l-'ZNCTlan‘IlSB I-'zncnnpus'ms: I-usa ]-w*zu-m-w-w
45 |aay ='1content'|CS0 »'icontent'1BS0

46 [ma1 ='icontent' |51 ='1content’1B51 =BA6/CA6 = NCTInputs' 153 ='2NCTinputy'IL$3 ='ZNCTinputs'1Q53 =H54 =D46* E46° F46°GA6°HAS
47 |nas a'Icontent'iCS2 ='1content’1BS2 =B47/C47  |w'INCTInputs'li$a ="2NCTinputs'IL$3 =2NCTinputs'lQ33 =H$4 =DAT°EAT*FA7°GAT*HAT
48 |anan ='1content'/C53 ='1content’lBS3 =BA8/CA8  [="2NCTinputs'll$3 ="2NCTinputs'IL$3 ='2NCTinputs'1Q53 =H$4 =D48°EAS*FAS® G4S°HUB
49 |re-2s ='1content'iC54 = Lcontent'|BS4

50 |re-210 ='Jcontent'ICSS ='Icontent'|BSS I-nso/cso I-'zncnnpuu'us; l-'2NCﬂnpuu'Il$3 l-‘mcnnwn'msz l-nsa I=nsoﬂzso-rso'cso-nso
51 |Re-220 ='1content'|C56 ='1content’|B56

52 [pnan o'content'|CS7 »'1content'1B57 l=asz/csz I=‘1NCTb\pub"|l$3 l-'zncnnpuu'us; l-'zucnnpms'los; I-usa I:osz-:sz-rsz-csz'usz
53 Fr-221 ='lcontent’|C58 ='lcontent’| 858

54 frean ='1content'IC59 ='1content'{B59 =854/C54 2 2NCTinputs'li$3 ='ZNCTInputs'it$3 =" 2NCTinputs'1Q53 =H54 =DS4*ES4°F54°G54°H54
55 |reas ='lcontent’IC60 ='1content’|B60 =855/c55  {w2NCTinputs'liS3 a'ZNCTinputs'IL$3 o' 2NCTinputy'1Q$3 =HS4 =D55°E55°F55° G55 *H5S
56 |re22s ='1content |C61 a'tcontent'|B61

57 |raazs ="1content’ |C62 ='1content'|B62

58 [re2s ='1content'|C63 «'1content’|B63 =BS8/C58  [='ZNCTinputs'lis3 2"2NCTinputs'ILS3 ="2NCTinputs'10$3 =H$4 =D58°E58*F58* GS8°H58
59 |naa2s ='1rontent’|C64 »"Lcontent’|B64 =BS9/CS9  |='2NCTinputs'liS3 ='2NCTinputs'ILS3 2'2NCTinputs'1QS3 =H$4 =D59*E59°F59°G59"H59
60 |acas =*1content'IC65 ='1content'|B6S

61 |acazr =*1content'iC66 ="1content’|B66 l-w/ca: l-'zucnnm'uss ln'zucnnpmruss l='zncmwu-msa l-nsa l-DGl'EGl‘FGl'GGl‘HGl
62 Jacas =" 1content'1C6? =‘1content'|B67

63 jmazn ='1content'ICE8 ' 1content'1868 l-uz/cs; I:-zncmpuuusa I='1NCI'Inputs‘lL$3 ]-'zucnnmrmsa l=n$4 I-m-zss-m'esa-nss
64 |mazs o'lcontent'IC69 ='1content'|BE9

65 |man ='lcontent’IC70 '1content'IB70 =B65/C65  |="ZNCTinputs'lIS3 ="2NCTInputs'IL$3 ="INCTInputs'1083 =54 D65 E65° FE5*G65 ° HES
66 |mao ='1contentiC71 ='lcontent'IB71 sB66/C66  |='2NCTInputsNIss =2NCTinputy'ILS3 = 2NCTinputs'iQ$3 =Hg4 = D66*E66°F66°GE6HEE
67 |man ='1contant’IC72 ='1content’IB72

68 [m2 ="LcontentiC73 ='1content 1873

69 -2 ='1content IC74 =*1content’'|B74

70 [pean o'1content'IC7S =1content'|B75 l-am/cm I-'zncrlnputs'usz I-'zucnnpuu'usa l-'zNCT‘hptm'lQSZ l=u$4 l-nm':m'nomm'm
71 [pw2zs ='1content'iC76 =’1content'|B76

72 pe-23e ' lcontent'iCT? e1content1B77 l-an/cn I-'mcrmwu'nsa l-'zncnnpun'u.sa ]-'zncnnum'msz l-"Sl I=DH'E7I'F71'G71'"71
73 |pr2sam ='1content'IC78 ='1content'|B78

74 Juan =1content’|C79 'Lcontent'|B79 =874/C74  |='2NCTinputs'lisa ="2NCTInputs'IL$3 = 2NCTInputs’10Q53 =H$4 =D74*E7T4*FI4°G74°H74
75 fuan ='1content ICE0 ='1content’|BSD 2875/C75 a"2NCTinputs'li$3 =" 2RCTinputs'IL$3 =2NCTinputs' Q53 =H$4 =DTS*E75*F75*G75*HTS
76 |vaz ="1content’ICB1 a'1content’|B81 =B76/C76  |=~'aNCTinputs'is3 ='2NCTInputs'iL$3 =2NCTinputs10$3 =HS4 =D76°E76°F16°G76°H76
77 Juass ='1content'iC82

78 |u235m ='1content’iC83 ='1content'{BA2

79 vz ='1content'|C84 ='content’'|BS4 I=n79/m |='1Nmnp|m'||$3 l:-zucnnpuu'us: l:-:umnnm'ims I"‘s‘ l- 79°€79°F19°G79°H19
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Formulas for Table 4

A B c | b | E | F | G ] | I

80 juznr ='1contentiC85 c'Lcontent'|BSS

81 Juzs ='1content’iC86 a'Icontent |B8S

82 |wpax ='1content'|C87 "1content'|B87 l-m/m l-'mt:nnpuu'nsa In'INCﬂnplm‘lLSS ls‘lNCﬂnpmﬂQS! I-nsa l-nwm-m-eu'nu
83 |np2m ='Leontent’|C88 =1content'|B38

84 |pu2n ='1content' |C89 a'leontent 1B89 =B34/C84  [<'2NCTinputy'lI$3 =2NCTinputy'IL$3 «'2NCTinputs'iQ$a =H$4 =D84°EB4*FBA* GBA*HBA
85 |pwam = 1content’ IC50 ='tcontent’|BS0 =BAS/C8S «'2NCTinputs'11$3 ="2NCTinputs'iL$3 ="2NCTinputs'1Q53 =4 =DS5*EB5*F5°GAS HES
86 |pae ="1content}C31 ="1content' 1891 =BB6/CBE  |='2NCTinputs'li$3 ='2NCTinputs'IL$3 =*2NCTinputs'iQs$3 aH$4 =D86°E85°F85° GB6°HBE
87 [puam ='1content’IC92 ="1content'(BI2 =B37/C87  |<'2NCTinputs'li$3 «"2NCTinputs'1L$3 ="2NCTInput'10$3 =HS4 =DE7°E87°FB7°GB7*H8?
88 Jamau ='1content'1C93 =icontent’|B93 =B28/C88  |="2NCTinputs'lIS3 =2NCTInputy'ILS3 «'2NCTinputs'lQ$3 =HSA =D83"EBBFBE° GBS HES
89 Jamas a'Lcontent'iC94 ='Icontent’|B94 =B89/CE9  |~2NCTinputs'i$3 »'2NCTInputs'IL$3 ="2NCTinputs'1Q$3 mHS4 =D89°E89°F89° GBI HEY
90 On-242 '1eontent' C95 ='Lcontent’)B9S =B90/CS0 = 2NCTinputs'11S3 2'ZNCTinputs'iL$3 ='2NCTinputs'1Q$3 =HS4 =D90° £90°F50*GI0*HO
91 Jomaes ="1content’|C96 =1 content'|1BI6 =891/C91  [="2NCTinputy'iis3 2"2NCTinputs'IL$3 »'2NCTinputs'1Q$3 =HS4 =D91°E91*FI1°GI1 HIL
92 [emaaa ='1content’iC97 ="1content'1B97 =B92/C92  |="2NCTinputs'lIS3 ="2NCTinputs'iL$3 ="2NCTinputsiQ$3 =HS4 =D92°E92°F92° G92° W92
93 "n-sumu:m)
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Formula‘Table 5

A B C D E F G H I
Content A MAR oR ARF LPF LPF Release
1 6] (a/ay) (A) Meler WVMP (A)
From Table 1 Cakeulated for From Tabla 2. Same or all NCT glass Calculated for inhalation from hes)

2 heel glass glass

3 a b c d=bfe e f 1 b i=d*e*f*g*h
4 c14 ='1content'iDS ="1contant'|B5 =B4/C4 =*2NCTinputs'i1$3 ='2NCTinputs'iL$3 ='3HACinputs'IK$3 ='3HACInputs'iK$3 =DA*E4*F4°G4*H4

5 IK.‘O =1 '1D7 ='1content’'|B7 =B5/CS ="2NCTinputs'133 ='2NCTinputs'iL$3 ='3HACInputs'iK$3 ='3HACinputs'{K$3 =DS*ES*FS*G5*H5

6 [Mn-sa iy ‘D8 1 content'1B8 -B6/C6 =2NCTinputs'I$3 =" 2NCTinputs'IL$3 ='3HACinputs'IK$3 ='3HACinputs'IK$3 =D6°E6*F6°G6*HE

7 Co-60 ='1content'iD6 ="1content’'|B6 =B7/C7 a'2NCTinputs'lI$3 ='2NCTinputs'lL$3 ='3HACInputs'1K$3 3'3HACinputs'[K$3 =D7*E7*F7°G7*H7

8 g ='lcontent'iD11 ='1content'|B11 =B8/C8 ='£h£ﬂnpm:'ll$3 ='2NCTinputs'IL$3 ='3HACinputs'IK53 ='3HACInputs'IK$3 =DB*E8*FB8*GE*HB

9 Se-90 ='1£gntent‘|012 ='1content'IBl_2 =B9/C9 ="2NCTinputs'li$3 ='2NCTinputs'|L$3 ='3HACinputs'[K$3 ='3HACinputs'IK$3 =D9*E9*FI*GI*HY

10 Y-90 ='1content'iD13 ="1content'|B13 '

11 %5 ='1content’'|D14 ='icontent'iB14 =811/C11 ="2NCTinputs'l1$3 ="ZNCTinputs'IL$3 ='3HACInputs'IK$3 ='3HACInputs'iX$3 =D11°E11*F11*G11°H11
_l_zr INb-95 ='1content'|D15 ="1content’IB15 =B12/C12 ="2NCTinputs'l1$3 ='2NCTinputs’|L$3 ='3HACInputs'IK$3 5'3HACinputs'IK$3 =D12*E12°F12°G12*H12
13 Nb-95m ='1content’|D16 ='lcontent'|B16

14 Te-59 ='jcontent'D17 s'1content'|B17 =B14/C14 ='2NCTinputs'lI$3 ='2NCTinputs’[L$3 ='3HACInputs'IK$3 ="3HACInputs'IK$3 =D14*E14°F14°G14*H14
15 C-137 ='1content'ID19 ='lcontent'{B19 =B15/C15 ='2NCTinputs'lI$3 o' 2NCTinputs'iLS3 ="3HACinputs‘IK$3 ="3HACInputs'iK$3 =D15*E15*F15°G15*H1S
16 IBa-137m ="1content'iD20 ="1content'IB20

17 [ew154 - D22 ='1content'1B22 =B17/C17 ='2NCTinputs'li$3 ='2NCTinputs'lL$3 ='3HACInputs'IK$3 ='3HACInputs'IK$3 =D17°E17°F17°G17*H17
18 H§-206 ='1content'|D23 ='lcontent'lB23 =B18/C18 ='2NCTinputs'li$3 ='2NCTinputs'IL$3 ='IHACInputs'iK$3 ='3HACinputs’IK$3 =D18°E18°F18°G18°H18
19 T-206 3'1content’ (D24 ='1content’|B24

20 7 ="1content'ID25 ='1content'|B25 l=azo/czo l:;ucrlnputs'uss |='2Ncnnpu:s'|Lsa [='3HAClnputs'IK$3 l='3HACinpuu'IK$3 |=Dzo'£20°|=zo'szu°|-@
2] {m208 ='lcontent’|D26 ='1content'|B26

22 [na09 ='1content’ID27 ='icontent'|B27

23 2w a1 '|D28 s'] '|B28 l=aza/c23 I='2NCI'Inpuu'Il$3 I='2Ncnnpuu'|L$3 l=‘3HAClnpuu‘IK$3 I;SHACInpms'IKSB ]=DB'523°F23'623°H23
24 [Pb-210m ='1content'iD29 ='1content’|B29

25 [pb-210 ="1content'ID30 -'1content'iB30 =B25/C25 ="INCTinputs'lIS3 ='2NCTinputs'IL$3 ='3HACInputs'IK$3 ='3HACInputs'IK$3 nD25°E25°F254G25*H2S
26 [Pb21 ='1content' ID31 ='1content'iB31 =826/€26 o'2NCTinputs'11$3 ='2NCTinputs'IL$3 ='3HACInputs'IK$3 ='3HACinputs'IK$3 =D26°E26°F26°G26*H26
27 |pp212 ="1content'[D32 =1content'IB32

28 [po-214 ='icontent'ID33 ='1content'|B33

29 lm‘m ='1content’|D34 ='1content'|B34

30 ]3"11" ='1content'ID3S ='1content'IB35

31 l""n‘ ="1content'ID36 ='lcontent'IB36

32 Iauu ="1content'lD37 ="lcontent'IB37

33 {8213 ='1content’ID38 ='1content'IB38

34 |8-214 ="1content’|D39 ="1content'IB39

35 [s-us ='1content’ID40 ='1content'iB40 l=aas/c35 l='zncr|npms'uss [=‘2NCﬂnpms'lL$3 Is’!HACA'nptRS'IK$3 l='3HAClnputs'IK$3 l=035'ESS'F35'G35'H35
36 [Po210 ="1content’ID41 ='1content’lB41

37 jpo2u ="Lcontant'ID42 ="Lcontent'IB42 |=as7/<37 l='2Ncnnputs'nsa l='2ncnnputs'lL$3 l='3HAClnpvts‘IK$3 l='3HAClnms'IK$3 l=037‘E37‘F37'GS7'"37
38 |Po-212 ='lcontent'{D43 ='1content’|B43
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Formulas for Table 5

A B C [ D | E ] F | G | H | I
39 Po-213 ="1content'|D44 ='1content’'iB44
40 Po-214 ="1cantent'|D45 ='1content'|B45
41 Po-215 ='lcontent'|D46 ='lcontent'|B46
42 [Po-216 ='leontent'iD47 ='1content'lB47
43 |Po218 =1content'ID48 ='1content’B48
44 [peus ='1content'ID49 ="1content’|B49 I=m/cu l='2ncrmuu'nss |='2nr:nnpms'uss l='3HACinp\ns'lK$3 IH'SHACinputs'Iksa I:w*swm~swuu
45 AL-217 ='{content' D50 ='1content'|B50
46 |28 ='1 'ID51 =" '|B51 =B46/CA6 ="2NCTinputs'i$3 =2NCTinputs'IL$3 ="3HACinputs'IK$3 ='3HACinputs'IK$3 =DA6*E46°F46°G46°HA6
47 |p29 '1content'ID52 ='1contant'1B52 -B47/CAT ='2NCTinputs'11$3 &' INCTinpute'li$3 ='3HACInputs'IKS3 ='3HACInputs'IKS3 =DA7*E47*F47°GAT*HAT
48 [Rr217 ' 1content'IDS3 =1 1853 =B48/C48 ='2NCTinputs'l153 ='INCTInputs'IL$3 ='SHACInputs'IKS3 ='IHACInputs'IKS3 =D48*E48°F4B*GAB HAB
49 [ro-218 ='1content'IDS4 ='1content'IB54
50 [Rn-22 21 0SS =1 /1BSS |sssocso |ancrinpursgs | — -sacipusigs Jsmaciputsinss  |-psoesorrsorasomhso
51 [re-220 ='1content'ID56 =1content'|B56
52 | ='1content’|D57 ='{content'|1B57 [=852/(32 I='2NCTInputs'Il$3 I=’2NCTlnpuu'll;$L l='3HAClnputs'IK$3 ]ﬂHACinputs'lKS! |=052'E52‘F52‘G52‘H52
53 fr221 a'lcontent'ID58 ="1content’IB58
54 |- ' (D59 ="1content'IB59 =B54/C54 ='INCTinputs'li$3 ="2NCTinputs'IL$3 ='3HACInputs'[K$S3 ="3HACInputs'IK$3 =DS4*E54°F54%G54°H54
55 Ra-223 ='1content' D60 ='1content'1B60 =B55/CS5 ='2NCTinputs'$3 ='2NCTinputs'IL$3 s'3HACInputs'IK$3 ='3HACInputs'IK$3 =DS55*E5S*F55*GS5°H55
56 [re22s ='1content'ID61 ='1coment'IB61
57 lRa-ZZS ='1content'ID62 ='lcontent'iB62
T ='{content’IDE3 ='leontent'IB63 =B58/C58 ='2NCTinputs'li$3 ='ZNCTinputs'iL$3 ='3HACInputs'1K$3 "3HACInputs'IK$3 =DS87ES8*FSE G5E7H5S
59 |Ra-228 ='1content'|D64 ='1content'iB64 «B59/C59 ='2NCTInputs'lI$3 ="2NCTinputs'IL$3 ='3HACinputs'IK$3 ='3HACinputs'tK$3 =D59°ES9*F59*G59°H59
60 (Ac-225 ="1content' D65 ='1content'|1B6S
61 |2 =1 content’ID66 ="1content'IB66 lssaucm ]='2NCTInputs'H$3 I='z~cnnp-m'uss I='3HAClnputl'|K$3 ln'SHAClnpu!s'lK$3 I=ue1"es1'ss1°ss1-ua1
62 A28 ="1content'ID67 ='lcontent’|B67
63 |™a7 ~"1content'ID68 ~"1content'IB68 |=asa/css l='2NCﬂnguu'II$3 ]='2NCI'inputs'IL$5 l='3MACInputs‘IK$3 I=‘3HAClnputs‘|K$3 I=oss'isa'rsa'csa-uss
64 Th-228 ='1content'|D69 ='1content'|B69
65 |2 ='1content'lDT0 ="1content'{B70 =B65/C65 =2NCTinputs'li$3 ="2NCTinputs'IL$3 ='3HACinputs'IK$3 ='3HACinputs'IK$3 =065 *E65 *F65*GE5*HES
66 |30 =11 b71 =1 871 -B66/C66 ='INCTinputs'i$3 = NCTinputs'IL$3 '3HACInputsIK$3 = SHACInputs'1KS3 -DE6*E66°FE6GEGHES
67 ™23 ="1content'ID72 ='1content'lB72
68 |32 ='Lcantent'lD73 c"content' 1873
69 a3 ="1content'iD74 ='1content'lB74
70 [Pe23 21content' D75 ='1cantent'lB75 l=a7o/c70 l='2NCI'inputs‘II$3 l='2NCﬂnputs'll$3 [='3HAClnputs'IK$3 [='3HACIr|puts'lK$3 I=n7u'£70-no's7o-mo
71 [pe233 ="1content'ID76 ="Jcontent'|B76
72 [Pr34 ='1content'ID77 ='1content'|877 I-a7z/c72 |='zncnnpuu'uss l='2NC|1np|ns'|l$3 ]='3HAClnpuu'lK$3 ]-'SHAM.sﬂKss I-o7z'm'r72°s7z°n7z
73 Pa-234m ='1contant'iD78 ='lcontent’iB78 i
74 |u-2 ='1content'lDTS ='1content'[B79 =B74/C74 ="INCTInputs'li$3 ="2NCTInputs'L$3 ='3HACInputs'K$3 ='3HACInputs'IK$3 =DT4TE74°F74°G74 HT4
75 j+233 ="{content'1D80 ='1content'(BS0 =875/C75 ='2NCTinputs'HIS3 =2NCTinputs'IL$3 ='3HACinputs'iK$3 ='3HACinputs'IK$3 =D75°E75*F75*G75°HTS
76 |u3 ="1content'ID81 ="{content'|B81 =876/C76 ="INCTinputs'lI$3 =2NCTinputs'L$3 ='3HACinputs'IK$3 =*3HACinputs'IK$3 =D76*E76°F76°GT6*HT6
77 U-235 ='1content'|D82
78 [u-235m ='1content'iD83 ='1content'IB82
79 {u-236 s'1content'ID84 =1content'{B84 l=tals/£s l='2NCI'inputs'II$3 l='ZNCI'Inpuu'IL$3 I=‘3HAClnpuu'IK$3 l='3HAcmpuu'|xsa l=o79°579~m's79-n79
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Formula‘TabIe 5

A B c [ b [ E | F [ G [ H | I

80 |u-2 ='icontent'|D35 ='tcontent’|B8S

8] |28 ='1content’ID86 ='Lcontent’IB86

82 |""'137 ='1content'|D87 =*1content’lB37 l:asz/csz l='2NCT1npu15'Il$3 l='2NCI’lnputs'IL$3 l='3HAClnputs‘IK$3 I='3HACInputs'lK$3 lsnarsaz'nz-sazmaz
8?‘"”39 ='1content'|D88 ='1content’IB88

84 Pu-238 ="1contant'|D89 ='1content’IB89 =B84/C84 ="2NCTinputs'li$3 ='2NCTinputs'IL$3 a'3HACInputs'IK$3 ='3HACinputs'|K$3 =DB4*E84*F84*GBA*HBS
85 |Pu-239 ='1content'DS0 ='1content’|BS0 =BBS/CBS ='2NCTinputs'li$3 ='2NCTinputs'|L$3 ='3HACInputs'(K$3 ='3HACinputs'IK$3 D85 *ERS*FE54GESHES
86 ["r2%0 ="1contant’ID91 ="1content'IB91 =B86/CB6 ='2NCTinputs'I$3 ='2NCTinputs'ILS3 ='3HACinputs'IKS3 ="3HACinputs' IK$3 -DB6EB6*FB6°GAE*HBE
87 [Pw2a ='1content'ID92 ="1content'1B32 =B87/C87 ='2NCTinputs'i$3 ="2NCTinputs'ILS3 ='3HACInputs'IK$3 ='3HACInputs'IK$3 =D87*EB7°F87°G87*HBY
88 [pm2a <1content'ID93 ="1content’IB93 =Bes/cas =aNCTinputs'l1S3 ='INCTInputs'IL$3 ='3HACInputs'IK$3 = 3HACInputs'IKS3 D83 EBE*FE8*GBE*HES
89 [Am243 ="1content'ID34 ="1content'IBg4 =B89/C89 'INCTinputs'lig3 = 2NCTinputs'IL$3 ='3HACInputs'IKS3 ='3HACInputs'IK$3 =D89°E89*FB9*GB9*HEY
9Q jom242 =1 D95 ='1content'{Bg5 =890/C30 ="2NCTinputs'i53 =INCTinputs'IL$3 ='3HACInputs'IK$3 ='3HACInputs'IK$3 =D90* £90°FI0*GI0*HEO
gf Jom2ss ='1content'ID96 ='1content'lB36 =891/C91 ="2INCTinputs'li$3 ="2NCTinputs'IL$3 2"3HACinputs'IKS3 ='3HACInputs'IK$3 =DO1°ES1°F91°GI1*HEL
92 [cm-244 ='"1content'lD97 ='1content'|B97 =B92/C92 ="2NCTinputs'1$3 ='2NCTinputs'IL$3 ='3HACInputs'IK$3 ='3HACInputs'IK$3 =D92*E92*F52°GI2°HI2
93 SUM(14:152)
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Formulas for Table 6

A B C D E F G H I
Content Ay MAR DR ARF LPF LPF Release
cn {a/ag) {A) Melter WVMP ()
1 Isotope
Calculated
from Table 1 for refractory From Tabla 2. Seme or all NCT glass Calculated for Inhalation from

2 glass refractory glass
3 a b c d=b/e e 1 M h i=d*e*f*g*h
4 |co0 ='1content'|E6 ='icontent'IB6 =B4/C4 ='2NCTinputs'i1$3 ='2NCTinputs'lL$3 ="2NCTinputs'iQ$3 a'2NCTinputs'iQ3 =D4*E4*F4*G4*H4
5 |sro0 ="1content'i€12 ='Icontent'1B12 =B5/CS =" 2NCTinputs'i$3 ="2NCTinputs’IL$3 ='2NCTinputs'lQ$3 H$4 =DS*ES*F5*G5*H5
6 jrso ="lcontent'IE13 ='icontent'|B13
7 Tc-99 ="1content'IE17 ="1contant'|B17 =B7/C7 ='2NCTinputs'l1$3 ='2NCTinputs'iL$3 ='2NCTinputs'lQ53 =H$4 aD7*E7*F7°G7°H7
8 los3 ='1content'[E18 ='icontent'|B19 =B3/C8 ="2NCTinputs'li$3 ='2NCTinputs'iL$3 ='2NCTinputs'lQ$3 =H$4 =DB*EB*F8*GA*HS
9 |8a-137m ='1content'lE20 ='1content'|B20
10 [ew15 ='1content'E22 ='1content'(B22 =B10/C10 =" 2NCTInputs'i$3 ='2NCTinputs'lL$3 =2NCTinputs'iQ$3 =H$4 =D10°E10*F10°G10°H10
11 Hg-206 ='1content'|E23 ='icontent'|B23 =811/C11 ='ZNCTinputs'li$3 ='2NCTinputs'IL$3 ='2NCTinputs'lQ$3 =H$4 =D11°E11°F11°G11°H11
12 [n-206 ='1content'|E24 ='1content'1B24
13 |r2m0 ="1contant'[E25 ='1content'B25 l=a:3/c13 |-'2ncTinputstiisa l='2NCTInputs'|l$3 J=2ncTinputs'iass I=H$4 I=D1.3'E13'F13°G13‘Hu
14 |n-208 ="1content’lE26 ='1content'|B26
15 jna0 ="1content'IE27 ="1content’1B27
16 Jna10 ='1content'IE28 tcontentiB28  |eB16/C16  |-'ONCTinputslis3  |='2NCTinputsti$s  J='2NCTinputs'lass | |
17 |pb-210m ='{content'IE29 ='1content'IB29
18 {pe-210 ='Icontent’'lE30 ="1content'|B30 =B18/C18  |="2NCTinputs'li$3 ='2NCTinputs'IL$3 ='ZNCTInputs'lQ$3 =H$4 =D18°E18°F18*G18°H18
19 |po-211 ='1content'lE31 ='1content'iB31 =B19/C19 ="2NCTinputs'li$3 ='INCTinputs'IL$3 ='2NCTinputs'iQ83 =H$4 =D19*E19°F19°6G19°H19
20 |po212 ='1content'|E32 ='1content'1832
21 lro-218 ="1content'|€33 ='1content'|B33
22 |aia0s ="lcontent'IE34 ='icontent'|B34
23 [era10 ="1content'lE35 ='1content'IB35
24 Is«-zu ='1content'|E36 ="1content'iB36
25 IB‘-lu ='1content'IE37 ='icontent'|B37
26 ]N—lﬂ ='lcontent'iE38 ='1content'|B38
27 IE“ ="1content'lE39 ='1content'|B39
28 IB"115 ='1content'|E40 ='1content'{B40 I:BZBICZB I='2NCﬁnpms‘ll$3 I=‘2NCI’lnputs'lL$3 |='2Ncnnputs'|0,$3 l=H$4 ' I=DZB'E28‘F28‘G2!'H2!
29 {po210 ='1content'|E41 ='lcontant'1B41
30 fpoz1 ='1content'IE42 icontentiBaz  |<B30/30  |-2NCrinputstss  |-ancTinpwtsiiss  [-ancrinputstiass Jouss |-030°€30vF20+c30°H30
31 o2 ='{content'IE43 ='1content'1B43
32 |po213 ='1content’|E44 ='1content'|B44
33 fpo-21s ='1content'lE4S ='1content'1B4S
34 Po-215 ='1content'|IE46 ="1content'{B46
35 jpo-216 ='1content’|E47 ='1content’|B47
36 [po218 ='1content'IE48 ='1content'|B48
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Formula'Table 6

A B C D E F G 1
37 |avass ='1content'|E49 ='lcontent'lB49 =837/C37  |="2NCTinputs'lis3 ="2NCTinputs'IL$3 =INCTInputs'1Q$3 =H$4 =D37°E37*F374G37*H37
38 |av217 2'1content'|ESO ='1content'1BS0
39 |av21s ='1content'IESL ='lcontent'lg51 =B39/C39  [="2NCTinputs'lisa ='2NCTinputs'iL$3 2'2NCTinputs'tas3 =H$4 =D39*E39°F39° G39H3D
40 |aca1e ='1content'lES2 ="1content’'1B52 =B40/CA0 ='2NCTinputs'l$3 ='ZNCTinputs'iL$3 ='2NCTinputs'iQ$3 =H$4 =D40*E40°F40*GA0*H40
41 |rRn217 ='1content'IE53 ='1content'1Bs3 =841/CA1  [="2NCTinputs'lis3 =" 2NCTinputs'lL$3 =2NCTinputs'1Q$3 =H$4 =041E41°F41°GA1°HAL
42 |rn218 ='icontent'iES4_ |<'1content'tBsa
43 [re219 o' 1content'IESS SlcontentlBss  [-843/CA3  |-ONCTinputs'li$s  |s2NCTnputsiiss  |=ancTinpuns'iasa J-Hsa |-p43+e43+ra3+ca3va
44 [an-220 ='Lcontant'IES6  |="1content'iBse
45 |rna2 ='1content'|E57 ='1contant'|B57 l=sas/as I='2NCﬂnputs'Il$3 I='2NCﬂnputs'IL$3 I='z~cnnpuu'loss |=Hs4 I=045°545'F45°645'm5
46 [frann ="1content'|ES8 ='Icontent'|B58
47 frran ='1content'IESG ="1content'iB59 =847/CA7  |="2NCTinputs'tis3 = INCTinputs'IL$3 ='2NCTinputs'lQ$3 aHS4 =D47*E47*F47*GAT*HAT
48 [re223 ='1content'IE6D ='1content'1B60 =B4B/CA8  |="2NCTinputs'tis3 =" 2NCTinputs'IL$3 ='2NCTinputs'IQ$3 =54 =D4B*E4B*F48°GAB*HAE
49 fra22e ='Lcontent'IE61 ='1content'IB61
50 Jra-azs ='lcontent'IE62 ='lcontent'|B62
51 Ih-m ="1content'IES3 ='1content'|B63 =851/C51  |="2NCTinputs'lis3 =" 2NCTinputs'IL$3 ='2NCTinputs'IQ$3 =H34 =D51°E51*F51°G51°H51
52 [re22 ="1contant'IEs4 ="1content'B64 =852/C52  |="2NCTinputs'lIs3 ='2NCTinputs'(iL$3 = 2NCTInputs'1Q$3 =H$4 2D52°E52°F52°G52°H52
53 |ac2s ='1content'|E6S ='1content'{B65
54 |acar ='1content'|E66 '1content'IB66 I=ssa/cf>4 l='zucnnpuu'usa I='2NCI’Inp|m'IL$3 l='2NCTlnp|m'IQ$3 I=H$4 l=054'esa'F54'GsA°H54
55 |ac2s ='icontent'|E67 ='Icontent'|B67
56 jmar ="1content'IE68 ='1content'IB68 |=sse/r_ss I='ZNCTInputs'II$3 l='z~cnnpuu'uss |='2Nmnpms'los3 [=Hs4 I=DSG‘ES'F56‘G56'H56
57 [mas ="Lcontent'|E69 ='1content'IB69
58 Th-229 ="Icontent'|IE70 ="1content'|B70 =B58/CS8 ="2NCTinputs'N$3 ='2NCTinputs'IL$3 ='2NCTinputs'iQ$3 =H34 =D5B*E58*F58*G58°HS8
59 {ma230 =*1content'lE71 ='lcontant'l871 =BS9/C59  |="2NCTinputs'li$3 ="INCTinputs'IL$3 >'2NCTinputs'iQ$3 =H$4 =DSG*ESO*F59°G5I*HS9
60 jvan ="1content'|E72 ='1content(B72
61 |2 ="1contentIE73 ='lcontent'(B73
02 [mh-234 ="1content'lE74 »'1content'IB74
63 |pa231 ="1content'IE7S ='1content'|B75 =BE3/CE3  |="2NCTinputs'li$3 ='2NCTinputs'lL$3 ="2NCTinputs'IQ$3 =H$4 -D63°E63°F63°GEI*HE3
64 |pa-213 ='tcontentE76 ="1content'(B76
65 |pe-234 s'1content'|E77 ='1content'IB77 =BE5/CE5  |="ZNCTinputs'li$3 = INCTInputs'iL$3 = 2NCTinputs'1Q$3 =H$4 =D6S*E65*F65°GB5 HES
66 |pa-23am ='1content'IE78 ='1content’IB78
67 Juan "1content'lE79 ='lcontent'1B79 -B67/C67  |='ZNCTinputs'li$3  |="2NCTinputs'iL$3 ='2NCTinputs'iQ$3 =H$4 =D67*E67°F67°GE7*HE7
68 Juas ='1content'|ES0 ='lcontent'1B80 =868/C68  |="2NCTinputs'li$3 ='INCTinputs'IL$3 5'2NCTinputs'lQS3 =HS4 =D68*E6S*FEB°GEA°HEa
69 Ju-23s ='1content'|E81 s'1content'|B1 =B65/CE9  |="ZNCTinputs'li$3 ='INCTinputs'IL$3 =2NCTinputs'lQ$3 =H$4 =D69*E6I*FEI°GEI*HES
70 fu-a3s ='{content'lE82 ='1content'|B82
71 ju-23sm ='1content'|EB3 ='1content'|B83
72 |u-23s ='1content'|EB4 ="1content'IB84 ]nan/c;z l='chnnpms'||$3 I=‘2NCI’Inp\m'IL$3 l=‘ZNCﬂnpms'IO,$3 l=ns4 ]=n72-572°m°<;7z~u7z
73 vz ='1content'{ESS ='1content’|B8S
74 |u-238 ='lcontent'|E86 ='1content'B86
75 {Np-237 ='1content'lE87 ='1content'|B87 |=a7s/c75 I=‘2NCTlnputs'|I$3 I='2NCTInputs'IL$3 l='2NCI'Inputs'lQ$3 l=H$4 [=075‘575'F75‘G75'H75
76 INP'139 ="1content'{E88 ='1content'|B88
77 lPu—Bﬂ ='1content'|E89 ="1content’ (B89 I=877/CI7 ]:'ZNCI’inpuu'llss I=‘2NCTInputs'll$3 I='1NCI'Inp|Rs'IQ$3 1=H$4 I=D77'E77'I-77‘G77‘H77
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Formulas for Table 6

i A B C D E F G H I
78 IFu-l!S ="1content'|E90 ='1content'|B90 =B78/C78 ='2ZNCTinputs'il$3 ="2NCTInputs'it $3 ='2NCTinputs'lQ$3 =H$4 =D78*E78°F78*G78°H78
79 IPID-Z‘Q ="1content'lE91 ="1content’|BS1 =B79/C79 ='2NCTinputs'li$3 ='2NCTinputs’IL$3 ="2NCTinputs'iQ$3 =M$4 =D79*E79°F79*G79°H79
80 lPID-!‘l ="1content’{E92 ="1content'{892 =B80/C80 ='2NCTinputs'[153 ='2ZNCTInputs'iL$3 ='2NCTinputs' Q53 =H$4 =D80*E80*FS0*GBO*HBO
81 jamaa ="Lcontent'IE93 ='1content’'|B93 =B81/CB1  |~'INCTinputs'll$3  Jo'2NCTinputs'lL$3 ='2NCTinputs'lQ$3 =HS4 =DB1*EB1°FB1°GE1*HB1
82 Am-243 ='1content' (€94 ='lcontent'|B94 =B82/C82 ='2NCTinputs'ti53 ="2NCTinputs'(L$3 ='2NCTinputs'1Q$3 =H$4 =D82°E82*FB82°G82°HB2
83 Cm-242 ='1content' €95 ='1content'|B9S =B83/C83 ='2NCTinputs'il$3 ="2NCTinputs'IL$3 ='2NCTinputs'1Q$3 =H$4 =D83*E83°F83*G83*HE3
84 Cm-243 ='1content'{€96 ='1content'|B96 =BB84/C84 ='2NCTinputs'l$3 ="2NCTInputs'iL3 ='2NCTinputs'lQ$3 =H$4 =DB4*EB4°F84°GB4°HB4
85 Cm-244 ='1content'|E97 ='1content'|B97 =B885/C85 ='2NCTinputs'li$3 ="2NCTInputs'iL3 ='2NCTinputs'lQ$3 =H$4 =DB5*EB5*FB5*GB5*HBS
86 IEUM(M:IBS) I
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Formula.Table 7

A B C D E F G H I J K
Content Leach Leached Ay MAR bR ARF WPF PF Release
1 [{«)] Ratio {al a/a,) [A) Meiter WVMP (A}
Isotope
Leach Ratio for glass | Calculated for Calculated for Calculated for inhalation
From Table 1 from Table 2 LDCC internal From Table 1 LDCC Intermal to From Table 2. LDCC internal to meiter from LDCC internal to the

2 1o the melter the melter melter

3 2 b c d=bvc . t=d/e g h i ] k=fog*h*i®]
4 |c1a ='1 D5 ='2NCTinputs'|G$3 =B4*C4 ='1content'1BS =D4/E4 ="2NCTinputs'IK$3 ="2NCTinputs'IM$3 ='2NCTinputs'ia$3 ='2NCTinputs'tQ$3 =F4*H4*G4*14

5 x40 =1 17 ='2NCTinputs'IG$3 =B5°C5 ='1content'1B7 =DS/ES =2NCTinputs'IK$3 <" 2NCTinputs'IM$3 ="2NCTInputs'lQ$3 ='2NCTinputs'1Q$3 =F5*H5*G5*I5

6 |mnse s'1 D8 ='2NCTinputs'IG$3 =B6*C6 ="1content'{B8 -D5/E6 = INCTinputs'IK$3 ='2NCTinputs'IM$3 =2NCTInputs'1Q$3 ='INCTinputs'10$3 =F6°HE*GE*I6

7 {cos0 ='1content'ID6 =2NCTinputs'1G$3 =87°C7 ='1content'|B6 =07/E7 ='2NCTinputs'IK$3 =INCTinputs'iM$3 =2NCTinputs'lQ$3 ="2NCTinputs'1Q$3 =F7*H7°G7°17

8 |nws3 ="1content'ID11 ="2NCTinputs'IG3 =B3°C8 =11 811 |=ps/ea ='2NCTinputs'IK$3 ='2NCTinputs'tM$3 ='INCTinputs'lQ$3 ='2NCTinputs'10$3 =FB°HB°GS*18

9 |sr-90 ="tcontent'ID12 = INCTinputs'IGS$3 =89°C9 ='1content'lB12  |-Ds/es ='2NCTinputs'IK$3 ='INCTinputs'IM$3 =2NCTinputs'lQ$3 ="2NCTinputs'IQ$3 =F9*H9*G*19

10 fv-90 a"1content'ID13 ='1content'IB13

11 larss ='1content'ID14 =" 2NCTinputs'IG$3 =811°C11 ='{content’|B14 =D11/E11 ='2NCTinputs'IX$3 ="2NCTinputs'IM$3 ="2NCTinputs'lQ$3 ='2NCTinputs'lQ$3 =F11°H11*G11°111
12 |np-ss = D15 ="2NCTinputs'IG$3 =812°C12  |='1content'lB1s  |=Di2/E12 ="2NCTinputs'IK$3 52NCTinputs'IM$3 ='2NCTinputs'|Q$3 ='2NCTinputs'1Q$3 =F12°H12*G12°112
13 |nbosm e D16 ='1content'|B16

14 Jrc-99 - D17 ='2NCTInputs'IG$3 =B14°C14  |-'lcontent'B17  [=D14/E14 ='2NCTinputs'IK$3 ='2NCTinputs'IM$3 = 2NCTInputs'lQ$3 ='2NCTinputs'iQ$3 =F14°H14*G14%124
15 Jes132 1 D19 ='2NCTinputs'iG$3 oBs*c1s  [-tcomtentiBie  |spas/ers = 2NCTinputs'K$3 ='2NCTinputs'IM$3 =2NCTinputs'lQ$3 ='2NCTinputs'1Q53 =F15*H15°G15%/15
16 {8a-137m ='1content'iD20 ="1content'[820

17 feusa =11 122 ="2NCTinputs'IG$3 -817°c17  |='1contentinzz  |-p17/E17 ='2NCTinputs'K$3 = 2NCTinputs'IM$3 '2NCTinputs'1Q$3 ="ZNCTinputs'IQ$3 =F17°H17°G17°117
18 ]Hg-206 =1 'ID23 =2NCTinputs'1G$3 2818°C18  |='tcontent'iB2s  |=p1s/E1s ="2NCTinputs'K$3 2 2NCTinputs'IM$3 ='aNCTinputs'iQ$3 =INCTinputs'1Q$3 =F18°H18°G18°118
19 |n-208 "1 "D24 ='1content'|B24
20 |n207 =1 D25 ='2NCTinputs'1G$3 l-a20ccz0  |-'1contenvipas  J-paofezo JeancTinputsiksa J=2neTinputs'ims3 l='2NCﬂnputs'IQ_$3 |-t2ncTinputstiass |=F20°H20°G20°120
21 |rr208 =1 126 ="1content'1826
22 In-200 =1 027 ="1content'|B27
23 |n210 ='1content'ID28 ='2NCTinputs'iGS3 lebasecs  [-acomenttias  Jepassezs |- anernputstinga |=2ncTinputs'imsa |-t ancTinputsiass |=-ancTinputstings |er23oH23° 6230123
24 Ipb-210m 1 ’1D29 ='1content'|829

25 lpb-210 =1 1D30 ='2NCTinputs'IG$3 =B25°C25  |-'1content'tBzo  |-p2s/ezs = 2NCTinputs'IK$3 ='2NCTinputs'IM$3 ='2NCTinputs'lQ$3 ='2NCTinputs'IQ$3 =F25°H25°G25*125
26 [ro-211 ='1content'lD31 ='2NCTinputs'lG$3 =826°C26 ='lcontent'iB31 =D26/E26 ='2NCTinputs'IK$3 ="2NCTInputs'iM53 ="2NCTinputs'lQ$3 ='2NCTinputs'lQ$3 =F26*H26*G26*126
27 jpo212 =11 1p32 =11 '1B32

28 |pb-214 11 D33 ='1 'B33

29 lai200 o 1p34 =11 1834

30 lBl-llD ='1 D35 ='1content’[B35

31 Jerans a'1content'ID36 ="1content’IB36

32 Jarar =1 ¢'1D37 =11 '1837

33 |era1s =1 D38 =11 1838

34 |era1a =11 1039 ="1content'|B39

35 Jera1s =1 '1D40 ='2NCTInputs'|G$3 [-ass~css l='1connm‘l640 I=Das/£35 |='z~cnnpuu'|xsa |='2NCﬂnpms'lM$3 l='2NC"npms'l0$5 ,='2NCWNMQ$3 ]=F35‘"35'G35"35
36 Po-210 ='1content'|D41 ='1content'(B41

37 lpo-a11 =content'ID42 L INCTinputs'1G$3  |=8s7ec37  |=tcoment'iBaz  |-p3z/e3 I:_'gﬂ.pm'mss |-ancrinputs'imss  |=ancrinputsiass | | .
38 Jpo-212 =11 D43 =1content'1B43

39 |ro-213 =1 D44 =11 1844

40 |po-214 ="1content'ID45 ='"1content'(B45
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B C | o | E | F | G ] H | I | J | K

41 lpo-a1s =11 '1D46 ="Lcontent'iB46

42 lpo-216 ='1content'iD47 ="1content'IB47

43 leo-218 =11 'ID48 ='1content'1B48

44 |ar-as ='1content'|D49 ='2ZNCTInputs'1G$3 I=BM'OM ]='1<antent'l849 l=D44/E44 _]u'ZNCﬂnputs'IK$3 l:'ZNcnnputs'|M$3 l=‘2NCﬂnputs'|0$3 l='2NCT'Inp|n.='IQ$3 l=F44‘H44'GM‘IM
45 |avarr ='1content'|DSO ='1content'1B50

46 lar21s ='lcontent'IDS1 ="2NCTinputs'iG$3 =B46°C46  |='tcontent'iBs1  |-Das/Eas ='ZNCTinputs'IK$3 ='2NCTinputs'IM$3 ='2NCTinputs'lQ$3 ='2NCTinputs'IQ$3 =F46*HA6*GAE*146
47 lavais ="1content'ID52 ="2NCTinputs'|G$3 =847°C47 _|="tcontent'B52  }=D47/E47 =2NCTinputs'IK$3 ="2NCTinputs'IM$3 ='2NCTinputs'lQ$3 ='2NCTinputs'IQ$3 =FA47*HAT*GAT*147
48 |Rn-227 ='1content'IDS3 ='2NCTinputs'IG$3 =B48*CAB ='1content’|B53 =D48/E48 ='2NCTinputs'|X$3 =*2NCTinputs'iM$3 ='2NCTinputs'lQ$3 2'2NCTinputs’lQ$3 =F4B8*HAB* (48" 148
49 |rn-218 ='1content’IDS4 ='1content'IB54

50 IRn-!IS ='icontent'|DSS ='2NCTinputs'IG$3 I=BSO‘CSO I='1ccntent'|555 l=DSO/E50 l="£@npmx‘ll($3 l='2NC'ﬂnputs'IM$3 l:'ZNCTlnpms'IQég I='2NCTInputs'IQ$3 I=F50‘H50‘GSO‘|50
51 |rn-220 ="1content'iD56 ="1content'iBS6

52 [an-222 ="1content'iD57 ='INCTinputs'IGS3 |-eszecs2  |-icomtentiesy  |-psaes2 |-ancrinputsiss  |=ancrinpusimsa l='ZNCﬂnpuu10_$3 I='2NCﬂnpuu'IO.£ |
53 eran ="1content'ID58 ='1content'IBSB

54 lrra3 ='1content'IDS9 ="2NCTinputs'|GS3 -asa*csa |1 '1859  |=Ds4/Ess ='2NCTinputs'K$3 =2NCTInputs'IM$3 ='2NCTinputs'lQ$3 ='2NCTinputs'1Qs$3 =F54*H54°G54°154
55 |ra-223 ="1contant'ID59 =" INCTInputs'IGS3 =855°CS5  |="1content'iB&0  |=D55/ES5 ='2NCTinputs'K$3 =*2NCTinputs'IM$3 =2NCTinputs'1Q$3 ="2NCTInputs'IQS$3 =F55*H55°G55°155
56 |ra-226 ="1content'ID61 ='1content'1B61

57 lRa-ﬂS ='1content'|D62 o'lcontent'|B62

58 [re-226 ='1content'ID63 ='2NCTinputs'IG$3 -858cs8  |=lcontentiBs3  |-Dss/ss ="INCTinputs'IK$3 ="2NCTinputs'IM$3 ="2NCTinputs'lQ$3 ='2NCTinput'1Q$3 SF58*HS8°G58°158
59 |ra-228 ='1content'|D64 ='2NCTinputs'IGS3 =859°C61 _|="icontentiBes  |-Dsssese ="2NCTinputs'IK$3 ="2NCTinputs'IM$3 =2NCTinputs'iQ$3 ='ZNCTinputs'lQ$3 =F59°H59°G59%159
60 Ac-225 ="1content’|DES ="1content'IBE5

61 jac227 ="1content'ID66 ="2NCTinputs'IGS3 laporscsr  |<1contentizss  |=peysst Jeancrinputsrikss ooncrnputsimss  [=rancinputstiaga |=ancnputsitass |-rs1°He12G61%161
62 |ac228 ='1content'ID67 ="1content'|B67

63 |h-227 ='1content'{D68 ='2NCTinputs'|G$3 l=esa'css ]='1:ontant'll!68 l:DGB/EBS I='2NCﬂnp|ns'|K$3 I='2NCﬂnputs'lM$3 l='2NCTlnputs‘|Q,$3 I:'ZNCTInpms'IO.$3 I=F63‘H63'GSS‘I63
64 Th-228 ='1content'[D69 ='1contant'|B69

65 |20 ='1content'(D70 ='2NCTinputs'IGS3 =B65°C6S  |='Lcontent'1B70  }-DeS/E6S ='2NCTinputs'IK$3 ="2NCTinputs'IM$3 ='INCTinputs'1Q$3 ='2NCTinputs’1Q53 =FE5°HE5°GE5 165
66 jm230 =11 D71 ='2NCTinputs'IG$3 =B66°C66 _|="lcontent'IB71 _ |=DE6/E6S ="2NCTinputs'IK$3 ='2NCTInputs'IM$3 ="INCTinputs'Q$3 =ZNCTinputs'IQs3 =F66*HE6°G66°166
67 [man =11 D72 ='1content'l872

68 232 ="1content’iD73 =1content'IB73

69 Th-234 ="lcontent’|D74 ='lcontent'|B74

70 |pa-231 ='1content'D75 = 2NCTinputs'lGS3 |-erorco [ \a7s  |=p70/E70 |er2ncrinputskgs |oncrinpusimss  [=ancrinputsiasa ]u'zucnwns'lasa )=rr0eH70° 6704170
71 |pa-233 =1 1076 ='1content’IB76

72 |pa-23s ="1content'D77 ='2NCTinputs'IG$3 Jerrcz |escomenvierr  Yev72/E72 l='2NCﬂr_|E£‘IK$3 J:'ZtNCﬂnputs'lM$3 |-ancminputstiass [=anonngusiass \err2okr2 6720172
73 |pa-23am ='1content'ID78 =1 1878

74 lu-232 =11 1079 ='2ZNCTinputs'IG53 =874°C74  |="tcontentiB7s  |=D74/E74 =" 2NCTinputs'IKS3 ' 2NCTinputs'IM$3 ="2NCTinputs'lQ$3 =2NCTinputs'1Q$3 =F74°H74°G74°174
75 |u-233 ='{content’ID80 ="2NCTinputs'lG$3 =B75°C75 ="1content'|B80 =D75/E75 = 2NCTinputs'IK$3 ='2NCTinputs'iM$3 ='2NCTInputs'lQ$3 ='2NCTinputs'iQ$3 aF75*H75°G75*175
76 |u-23s ="1content'1DB1 ="2NCTinputs'IG$3 =p76°c76  |=1 1881 |-D76/E75 ='2NCTinputs'IK$3 o'2NCTinputs'IM$3 ="2NCTinputs'1Q$3 = 2NCTinputs'iQ$3 =F76*H76°G76°176
77 Ju-23s =11 D82

78 {u-235m =1 '1D83 ='1content'1B82

79 |u-23s ='1content’IDB4 ='2NCTinputs'|GS3 }as79°cr0 l='lmmﬂLm Jﬂg@s l=‘£NCTinputs'IK$3 |=2ncrinputsimsa Ji'z_rgnnpms'loss F'mcnnpuu'lisL |
80 ju-237 ='1content'ID8S =11 B85S

81 lu-238 =11 ’'ID86 '1content'|B86

82 |np-237 =1 '1D87 ="2NCTinputs'IG$3 [-ssaccsz  [-1 887 |-psa2/es2 J=-ancrinputsikss |-ancrnpusimss  |eaneminpusiass |=2ncTinputsiass |-razeHaz*cez182
83 [np-23s ='1content'|DB8 ~'1content'IB83

84 fpu23s =11 D89 ="2NCTinputs'iG$3 |-esaccas  |n ‘Ba9  |-Dsaess oancrinpusikss  forancTinputsimsa | lﬂuﬂpm'las_L |
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Formula.TabIe 7

B C D E F G H I J K
85 fpu-23s ='1content'{D90 ='2NCTinputs'1G$3 =BB5°C8S ='1content’|BSO =D85/E85 ='2NCTinputs'IK$3 ='2NCTinputs'iM$3 ='2NCTinputs'lQ$3 =‘2Nmnpuﬂ(l_$3 =FB5*°H85*GB5°I85
86 Pu-240 ='1content'D91 ='2NCTinputs'|G$3 =B86*CB6 ='1content'|B91 =D86/E86 ='INCTinputs'IK$3 ="2NCTinputs'iM$3 ='2NC|’Inputs'lQ_$3 ="2NCTinputs'1Q$3 =F86*H86*G86°186
87 Pu-241 ='1content'D92 ="2NCTinputs'iG$3 =BB7*C87 ='] '1892 =D87/E87 ="2NCTinputs'IK$3 ='2NCTinputs'iM$3 ='2NCTinputs'lQ$3 ='2NCTInputs'1Q$3 =F87*H87*G87°I87
88 [am-241 ="1content'D83 ="2NCTinputs'IG$3 =pes*ces  f=1 593 |-pss/ess = 2NCTInputs'IK$3 ='2NCTinputs'iM$3 ="2NCTinputs'lQ$3 ='2NCTInputs'1Q$3 =FB88*HBB°GREI88
89 Am-243 ='1content'|D94 ="2NCTInputs'iG$3 =BB9°C89 ='1content'|B94 =DBS/ESY ='2NCTinputs'IK$3 ='2NCTinputs'tM$3 ='2NCTinputs'1Q$3 ='2NCTinputs'lQ$3 =F89*H89*G89*189
90 Cm-242 ='1 '{D9S =’2NCTinputs'IG$3 =B90°C30 ='1content'IBSS =D90/E0 ='2NCTinputs'IK$3 ='2NCTinputs'iM$3 ="2NCTInputs'1Q$3 ='2NCTinputs'lQ$3 =F90*H90*G90°*190
91 Cm-243 ='1content'|D96 ="2NCTInputs'iG$3 =891*C91 ='1content’|BS6 =D§1{E§l ='2NCTinputs'IK$3 ='2NCTinputs'iM$3 ="2NCTInputs'lQ$3 ='2NCTinputs'lQ$3 zF91°H91°G91°191
92 Cm-244 ='1content'{D97 ='mm‘ls$3 =892*C92 ='1content'|897 =D92/E92 ="2NCTinputs'IK$3 ='2NCTinputs'IM$3 ='ZNCT'InEu!s'|Q.$3 ='2NCﬂnEuts'lQ$3 =F92*H92*G92°192
E s o - |Gy
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Formulas for Table 8

A B C D E F G H 1 J K L
Content Leach Leached A AR ARF RF LPF LPF
1 {n Ratio (@) (A, e oR Pressure Pressure Melter e Aelease 1Al
fectope Calculated Calculated
From Table 1 Leach Ratio from glass for LDCC From Table 1 for LDCC From Table 2. LDCC internal to melter with pressure increase Calcutated for inhalation from LDCC
from Table 2 Internai to internal to internal to the melter
2 the melter the melter
3 . b c d=b*c e tedje g h i i k =g h*i*j*k
4 jon ='1content'IDS ='2NCTinputs'IG$3 =B4°CA ="lcontent'iB5  |=Dasre ='2NCTinputs'IK$3 ='2NCTinputs'IN$3 ="2NCTinputs'lO$3 ="2NCTinputs'lQ$3 =2NCTInputs'1Q53 =F4*G4*HA*14°14°Ka
5 v =tcontant'iD?  |="2NCTinputs'iGsa -85*C5 s"icontentlB7  |-ps/ts  |="2nCTinputs'iks3 ='2NCTinputs'iN$3 __ |='aNCTinputstoss  |="2NCTinputs'iasa =X$4 =F5*G5H5I5I5°KS
6 [mnsa =lcontent'iD8  |='2NCTinputs'IG$3 =B6*C6 =tcontentBs  |-os/es  [='ancrinputs'ikg3 =2NCTinputs'IN$3 __|='aNCTinputs'io$2  |="aNCTinputs'lass  |=ks4 =F6*GE*HE*16°16°K6
7 joso ='lcontent'iDs  |="2NCTinputs'lGs3 =87°C7 ="lcontentiB6  Jeb77E7  |='2NCTinputs'Ik$3 =aNCTinputs'IN$3  |="2NCTinputs1083  ]="2NCTinputsiass =K$4 =FT*GT*HT*17°17°K7
8 |wes = D11 |="2NCTinputs'icsa -Ba*cs ="tcoptentiB1l  |eps/es  |='2NCTinputs'Ik$3 ~'INCTinputs'INS$3  §='2NCTinputs'10$3  |="2NCTinputs’iags =K$4 =FB8*GB*HB*I8°I8°KE
9 [sr0 =content'lD12  f="2NCTinputs'ic$a =89°CY =1contenttB12  |-ps/es  {='2nCTinputs'iks3 ='INCTinputs'INS3_ J='2NCTinputs'l0$3  §="2NCTinputs’lQ$3 K54 =F9°GY*HI°I9*19°KD
10 v =1 ‘p13 f= 1813
11 [arss ='icontent'lD14  |='2NCTinputs'iGss =B11°C11 _ |='lcontentiBl4 _JaDiy/ess  |='2NCTinputs'iK$3 ='INCTinputs'IN$3  |="2NCTinputs'1083  |="2NCTinputsiasa =K$4 =F11°G11°H11°111°J11°K11
12 lunss =11 D15 ]="2NCTinputs'IGS3 =B12°C12  |=1 4815 |-o17e12  |="2NCTinputs'IK$3 ='INCTinputs'IN$3___|=2NCTinputs'i0$3 _|='aNCTinputs'iasa =KS4 =F12°G12°H124112*112°K12
13 Jnposem -1 p1s |- 1816
14 |rcee ='tcontent'tD17  |='ZNCTinputs'IGS3 =814°C14  |="tcontent'iB17 [-bua/exs  J='2NCTIinputs'ik$3 =INCTInputs'iNS3  |=ancTinputs'ioss  |=*ancTinputs'iass =34 =F14°G14°H14°114*114°K14
15 |oar s'tcontent'D19  |='2NCTinputs'iGsa =825°C15  |='1content'iB19 |ross/ess  |=ancTinputsiikss =2NCTinputs'INg3  |="2NcTinputstoss  |=2NCTinputsiass =K$4 =F15G15°H15°115°J15°K15
16 [ps1srm  |-'tcomtent'iD20  |<1comtent'ibzo
17 fevise ="1content'iD22  |='2NCTinputs'iGs$3 =B17°C17__|="tcomtenviB22 _Jeor7/e1r  |='2NCTinputs'IK$3 ='INCTInputs'INS$3 |s"2NCTinputs'loss  |='2ncTinputsiags =xs4 —F17°G17°H17*117*117°K17
18 |ng-206 =1content'lD23 _|="2NCTinputs'tGs3 =818°C18  |="tcontent'B23 |-pra/e1s  |='anNCTinputs'ikga =NCTinputs'IN$3  |=2ncCTinputs'ioss  |=ancTinputsiass K4 aF18°G18°H18*1184118°K18
19 |n-e =1 ‘D24 f=1 1824
20 [nam =11 D25 |='2NcTinputsiicss l:azo°czo la'uomm'lszs I-nzomo I='2NCTInp\m'|K$3 l='gncnnpuu'm$3 JE'ZNCTInputs'IOS! I-'zncnnpms'lqss l=K$4 J:on'czo'uwmxzo
21 fne =1 026 Juded with U-232
22 [naos =11 w027 =1 1827
23 |pao =11 1028 |="2NCTinputs'iG$3 |=523'c23 l:‘lconlam‘laza Lou/:zz l='chnnpms'|x$3 |- 2ncrinputs N3 JE'ZNCﬁnputs'ws! I='2NCTInputs'IQ$3 1=K$4 I=Fzs°cza'uzs‘lza'123'xzs
24 =1 D29 §=1 1829
25 Jroar0 ='1content'ID30  }=2NCTInputs'ics3 =925°C25  J="tcontent1830 |-oas/ezs  |=rancrinputs'iks3 =2NCTinputs'IN$3  §="2NCTinputs'1083 _ |="2NCTinputsiasa =K$4 =F25G25°H25*125%125°K25
26 [pb2as ='lcontent'lD31  {='2NCTinputs'iG$3 2826°C26  |="tcontent'1B31 |-p26/e26  |=2NCTinputs'Ik$3 ='INCTinputs'iN$3  {=2NCTinputsioss  |="2NcTinputsiass =K$4 =F26°G26°H26°126*126°K26
27 |2 -9 1032 |=1 1832
28 |pb2ie - 1p33 [ 1833
29 o120 ='1 'ID34  |="1content'iB34
30 jasase 11 035 |1 1835
31 osans 11 1p3s |1 1836
| 32 [mu =11 D37 J="1 '|B37
33 fsias ='lcontent'ID38 __]="1content'iB38
34 [s21a =1 'ip3s  |a1 '|839
35 lerass =1content'1Dd0  |='2NCTinputs'IG$3 I=ass'c35 |='1cam.m'|m ].nzs/:as I='2NCﬂnputs'IK$3 I=‘ZNCTlnputs'lN$3 Jg'lNCﬂnputs'lOSS li'aNCﬂnpuulllsa I=x$4 I;FSS'GSS‘HSS’ISS‘JSS'HS
36 roawo =1 1041 f=1 ‘B4t
37 Jpo-n =1content’iD42  |="2NCTinputs'tG$3 [=537'c37 |=1contenvipaz  |-osez Jorancrinputsikss l='2NC|'inpu!s'lN$3 =" 2NCTinputs'10$3 J=rancrinputstiass [=xsa J=F37‘G37‘H37‘l37']37‘l(37
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Formula. Table 8

A B C | p | E | F | G | H [ I 1 J | | L
38 |roarz "1 a3 |=1 1843
39 Jroa1s 1y 044 |=1 1844
40 {ro-214 -1y 'iDas  |-1 1845
41 Po-215 ='1 'ID46 ='1 '1B46
42 lpous =11 'Da7 =1 1847
43 Jro2s ='lcontentID48__|<"lcontent'iB48
44 {ans ='"icontent'|D49 | ="2NCTinputs'iG$3 l=m°c44 l='1¢:om.a‘n_tlu§ ]=nu/zu I:’ZNCTInpu!s'IKSS l='z~cmpms'm$3 IB'ZNCI’Inpuu'IO$3 ]='zucnnpuu'lo,sa I=xsa I=m~su-uwlwu4'xu
45 fa2r =11 1050 |=1 /1850
46 |AL-218 ='u:oment‘|_D51 ='Z_LCﬁnpms'lG$3 =B46*C46 ='1content’iB51 |=D46/E46  J="2NCTinputs'IK$3 ="2NCTInputs'INS3 ="2NCTinputs'l0$3 ='2NCTinputs'iQ$3 =K$4 =F46*G46°H46°146*)46°K46
47 a2 a'icontent'IDS2  |='2NCTinputs'IG$3 =B47°c47  |="1contenttBs2  |-oareer  J=ancTinputs'iks3 ='ZNCTInputs'INS$3  {="2nCTinputs'ioss  |="2NCTinputs'iasa =K$4 =F47°GAT*HAT*147"J47*KA7
48 Rn-217 ='1content'1DS3 ='2NCTinputs'IG$3 =B48*CA8 ='1content’|853 [-D4s/£a8  I='2NCTinputs'IK$3 ='ZNCTInputs'INS3 ='2NCTinputs'l0$3 ='2NCTinputs'lQ$3 =K$4 =F48°G48*H48°148°148°K48
49 Rn-218 ='1content’ID54 ='1content’|B54
50 [rnae ='1contenttDsS  |="2NCTinputs'IG$3 I=aso'cso l=‘1content'l855 l=wsa/zso ]='2NCﬂnptns'lK$3 l:’ZNCﬂnpms'lNSS I='2NCT|npms'IO$3 l='2NCﬂnputs'|Q$3 |=K$4 ]=F50'GSO‘H50'ISD‘150‘K50
51 [rn-20 ='1contant'ID56  Ja'1contant'IBS6
52 |anan =1 ‘D57 J="2NCTinputs'|G$3 l=ssz°c32 I='1=omam'|as7 I-Dsz./m l='zucr|npms'|xsa lB‘ZNCﬂnputs'lNSS l='2NCﬂnputs'lO$3 l='z~cnnpuu'1053 | | .
53 |rran =1 1psg  f=1 '\BS8
54 |eras ='lcontentiD59  |='2NCTinputs'IG$3 =854°css  |=1 1859 |-osezese  |=ancTinputs'ikss =2NCTinputs'IN$3  |="aNCTinputs’t033  |="ancTinputs'iass =k$4 =FS4°G54*H54%154°154°K54
55 [ra22s ="1content'ID59 | ='2NCTinputs'IG$3 =B55°Cs5 =1 '1860  |=oss/ess  |="2nCTinputs'ik$3 =INCTinputs'INS3  |="2NCTinputs'l0$3  |="2NCTinputs'iQs3 =x$4 =F55*G557H55*15555°K55
56 |raaa =11 o611 1851 '
57 Ra-225 a'lcontent’|D62 ='1comem'lﬂg
58 ra22e =‘lcontant'iD63 __|='2NCTinputs'1G$3 -B58°cs8  |="tcontant'iBe3  feosa/ess  |=ancinputs'ikgs =2INCTInputs'INS3  |=2nCTinputs'io$3  J="aNCTinputs'iasa =K$4 =F58*G58*H58°158*158°K58
59 Jra-22s ='lcontent'iD64  |='2NCTinputs'iG$3 2859°CS9  |="tcontent'iBsd  Jevsesess  |='ancTinputs'iks3 =2NCTInputs'IN$3  {='2NCTinputs'1083  J="2NCTinputs'1Q$3 =X$4 =£59°G59*H59°159°155°K59
60 acz2s o pgs =1 1865
61 fac-22r " 166 |="2NCTinputs'IGS3 l:asvcn l:‘mmm‘mss Lnsum l='zncnnpuu'lxsa l:‘zucnnpuu'msa I='2NCﬂnputs'IO$3 l='2Ncnnpms'|o$3 | l=m-esx'us1ﬂsx‘m‘xsi
62 [ac-28 ='tcontent'iD67  |='1content'iB67
63 jma ="1content'|D68 | ='2NCTinputs'1G$3 | [:’mmmﬂass |-oeares l='2NCTInpms'IK$3 |- ancrinpuesinga |-ncTinpuwestioss l='2NC‘I’lnpulsi0_$3 l=x_sa |-rea+aeaseatiesisavss
64 Th-228 a'lcontent'|DE9 ='1 '1B6S
635 tmas ='Lcontent'ID70  |='2NCTinputs'IG$3 -BES°CES  |="icontent'lB70  |-ves/ees  |='ancTinputsiiks3 —INCTInputs'IN$3  |="2nCTinputs'ioss  [="2NCTinputsiasa XS4 =FB57G65HE5*165°165°KE5
66 jm20 ='lcontent'lD?1  |="2NCTinputs'IG$3 =866°C66  |="icontent'B71  |e0serees  |='2NCTinputs'iks3 o2NCTInputs'iNS3  |="aNCTinputs'ioss  |="2ncTinputs'iass =X$4 =F66*G66°HE6*166°166°K66
67 [man =1content'iD72  |="1content'1872
68 |man =11 ‘D73 |=1 1873
69 [m-224 =1 1p74  J= 174
70 jpa-am ='content'|D75  |="2NCTinputs'lG$3 I=a7o°cm |='- 1875 l-um/m l='2NCﬁnpuu'|K$3 l='2Ncnnpms'lusa 1='ZNCﬂnputs'l0$3 I=‘2NCﬂnpuBlQ_$L I=K$4 ]=m's7o'n7o'|7o'no'm
71 22 =11 o7e =1 876
72 Jowasa ='{content’lD77  |="2NCTinputs'iG$3 T:an'az l='1eomem'la77 ]-nnmz l='2ncnnpun'lxss l='z~cnnpuu'msa I-'ZNCﬂnputs'l0$3 I='2NCﬂnputs'la$3 [=K$4 I=F72‘G72'H72‘I7Z‘J7Z‘K72
73 |pa2sam  |='1contentin7s  |="1content'ts7s
74 lom: ='tcontent'ID79  |="2NCTinputs'iG$3 -874°C74  |="tcontent'iB79  f-orasers  |='ancTinputs'iks3 _NCTinputs'iNS3  |="aNCTinputs'ioss  |='ancTinputs'lass X34 =F74°G74*H74%74%174°K74
75 luas ='1content'|D80 ="2NCTinputs'IG$3 =B75*C75 ='1content’iB80  |=D75/E75  |="2NCTinputs'iX$3 ='2NCTinputs'INS3 ='2NCTinputs'l0$3 ='2NCTinputs'lQ$3 =K$4 =F75*G75*H75°175%175°K75
76 Juasa =1 1081 [='2NCTinputs'1G$3 -876°C76  |="1content'1881 |-p7erers  |='ancTinputs'iks3 ='INCTinputs'IN$3 ]="2NCTinputs'10$3  |="2NCTinputs'lQ$3 K4 =F76*GT6*HT6°176°)76°KT6
77 u-235 o'icontent'ID82
78 u-2asm ='1content'ID83  |="1content’|B82
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Formulas for Table 8

A B C D E F G H 1 J L

79 luas ="1content'1D84 a'2NCTinputs'IGS$3 =B79*C79 ='1content'iBB4  |=079/679  }='2NCTinputs'IK$3 ='2NCTinputs' IN$3 ='2NCTinputs'l0$3 ='2NCTinputs'iQ$3 =K$4 =F79*G79*H79*179°179°K79

80 U-237 ='1content' D85 ="1content’|B85

81 |uzm ='Icontent'IDB6 _ |="1content'IB8S

82 Np-237 ='1content'{D87 ='2NCTinputs'lG$3 JEBSZ'GZ 1='lccmnnt'|387 I-naz/zsz l='2NCT'Inpms'|K$3 l='2NCﬁnpms'IN$3 I='2NCT'lnpu!s'|O$3 lﬂ'ZNCnnputs'lQ_SB I= I=F82'GBZ‘H82'|82‘182'K82

83 Np-239 ='1content'{D88 ='1content’IB88

84 |23 ='icontent'|D8S ='2NCTinputs'|G$3 =B84*CB4 ='1lcontent'tB89  |-Da4/eBa  |='2NCTinputs'IK$3 ='2NCTInputs'IN$3 ='2NCTinputs'l0$3 ='2NCTinputs'lQ$3 =K$4 uF84*GR4*HBA* (84184 KB4

85 Jruam ='1content'ID90 ='2NCTinputs'|G$3 =B85°*C85 ="tcontent'lB90 |-pas/ess  |='2NCTinputs'IK$3 ="2NCTinputs'IN$3 ='2NCTinputs'|0$3 ='2NCTinputs'l1Q$3 =K$4 =F85*G8S *HBS *I185*185*K8S

86 Pu-240 ='1content'|{D91 ='2NCTinputs'iGS3 =B86*CB6 ='1content'iB91  |=D86/E86  |='2NCTinputs'ik$3 ='2NCTinputs'iN$3 ="2NCTinputs'l0$3 ="2NCTinputs'lQ53 =K$4 =FB6*GB6*HB6*186°)86°K86

87 Pu-241 ='1content'|D92 =*2NCTinputs'IG$3 =B87*C87 ='1 '1892 =D87/E87 ='2NCTinputs'|K$3 ='2NCTinputs'IN$3 ='2NCTinputs'l0$3 ='2NCTinputs'1Q53 =K$4 =FB87*GB87°HB87*187*187°K87

8 8 Am-241 ='1content'iD93 ='2NCTinputs'|G$3 =B88°C88 ='1contant'|B93 |=D88/e38  |="ZNCTinputs'IK$3 ='2NCTinputs'IN$3 ='2NCTinputs'10$3 ='2NCTinputs’lQ$3 =K54 =F88*GBE*HB8°|88*I88°K88

89 Am-243 ='1contant'{D94 ='2NCTinputs'|GS3 =B89*C89 ='Icontant'|B94  {«D89/E89 _|='2NCTinputs'|K$3 =*2NCTinputs'IN$3 ='2NCTinputs'l0$3 o'2NCTinputs'iQ$3 =K$4 =F89*G89°H89"189°)89°X83

90 Cm-242 ='1 '1D9S ='2NCTInputs'lG$3 =890*CS0 ='1content’'IB95  |=Dso/esa  |="2NCTinputs'IK$3 =' NCﬂnButs'lei ='2NCTinputs'|0$3 HzNCI'Ir\pms'IQSS =KS4 =F90°* G90*H90°*190*J90° K0

9 l COm-243 ='1content'|D96 ='2NCTinputs'IG$3 =B91°C91 ='lcontent'IBS6  |=091/E91  {="2NCTinputs'IK$3 ='£NCT|nputs'|N$3 ="2NCTinputs'l053 =*2NCTinputs'lG$3 =K$4 =F91*G91*H91°191*)91°K91
] _9_2_‘ Gn-244 ='1content'|D97 ='2NCTinputs'1G$3 =B92°C92 ='1content’|B97  |=D92/E92 |='2NCT mguts'lKSS ='2NC11nEuts‘lN$3 ="2NCTInputs'10$3 ="2NCTinputs'1Q$3 =K$4 sF92°G92°H92%192°192°K92
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Formul‘ Table 9

A B C D E F G H 1 J
Content Leach Leached a mMaR ’ F Release
@ Ratio i ) aze) or ARF wvMp @l
1 )
Calculated Calculated
From Table 1 from Table 2 for for LDCC from Table 1 for LDCC | From Table 2. For LOCC external to melter . Note LPF WVMP already credited as | Calkulated for inhalation from LDCC
Bartiott’s PBS extarnal to external to part of ARF number axternal to the melter
2 meiter melter
3 a b ¢ d ° f=d/e B h i =g he
4 |37 ='lcontent'IF19 ='2NCTinputs'IH$3 =B4%C4 ='icontent'|B19 =Da/Ea ='2NCTinputs'i$3 =2NCTinputs'IM$3 ='2NCTinputs'IQ3 =F4*G4*HA*I4
5 [pe137m ='1cantant'IF20 =" 2NCTinputs'IH$3 =85°Cs ='icontent'|B20
6 [sr90 ="1content'IF12 = INCTinputs'1H$3 =86%C6 ='1content’1B12 l=os/zs |- ancrinpustusa |ancrinputs'imgs Joisa |
7 |0 ='1content'IF13 ='INCTinputs'1H$3 =87°C7 ='1content'(B13
8 |Pm-aa7 ='1content'iF21 ='2NCTinputs'IH$3 =B8*CB ='1content'IB21 =DB/ES ='2NCTinputs'$3 = 2NCTinputs'IM$3 =184 =FBGB*HB*I8
9 [am2a1 ='1content'IF93 ="2NCTinputs'HS3 =89°C9 ='1content'(893 =D9/E0 ="2NCTinputs'i$3 ="2NCTinputs'IM$3 =154 =F9°G9°HO*I9
10 [Bwri5s ='1content'IF22 ='ZNCTinputs'IHS3 =810°C10 ='1content'lB22 =D10/E10  |='2NCTinputs'iss3 =" 2NCTInputs'IM$3 =154 =F10°G10°H10°110
11 [n-e3 ='1content'iF11 ='2NCTinputs'IH$3 =811°C11 ='1content'(B11 =DIVEIL  [="2NCTinputs'$3 =" 2NCTinputs'IM$3 =154 =F11°G11°H11°111
12 |Fess ='1content'lF9 ='2NCTinputs'IH$3 =B12°C12 ='1content'(B9 =D12/E12  [='2NCTinputs'lU$3 =2NCTinputs'tM$3 =184 =F124612°H12112
13 jpuase ="1content'IF89 ='2NCTinputs'IH$3 =813°C13 ='1content’IB8e =D13/E13  |="2NCTinputs'l$3 =" 2NCTinputs'IM$3 =184 =F13°G13*H13°113
14 |c1s ="1content'IFS =" INCTinputs'IH$3 -814°C14 a'1content'lBS =D14/E14  [='ZNClinputs'li$3 ='INCTinputs'IM$3 =184 =F14°G14*H14°114
15 Jcos0 ='1content'IF6 ='2NCTinputs'IH$3 =B15°C15 ='1content'1B6 DIS/EIS  [='2NCTinputs'li$a ="2NCTinputs'IM$3 =154 =F15°G15*H15°115
16 ju-2 ='1content'IF73 ='2NCTInputs'IH$3 -B16°C16 <"1content'IB79 =D16/E16  |="ZNCTInputs'L$3 ='2NCTinputs'IM$3 =154 =F16°G16*H16°I16
17 |pe3e ='1content'IF90 = 2NCTinputs'iH$3 =8177C17 ='1content1B90 =D17/E17  |="INCTinputs'l$3 ='2NCTinputs'IM$3 =154 =F17°G17°H17*117
18 |pe240 ='lcontent'lF91 = 2NCTinputs'iH$3 -B18°C18 ='1content'IB91 =DI8/E18  |='ZNCTinputs'li$3 ='2NCTinputs'IM$3 =154 =F18°G18°H18*(18
19 NES9 ='lcontent'IF10 ='2NCTinputs'|{H$3 =B819°C19
20 [r20 ='1content'IF18 ="2NCTinputs'IHS3 =820°C20 ="1content'B10
2] [vs ="1content'IF80 ='2NCTinputs'IHS3 =p21°C21 ="1content'(B80 =D21/E21  |='2NCTinputs'lI$3 ='2NCTinputs'IM$3 =I54 =F21°G21*H21°121
22 [Tess ='1content'IF17 2'2NCTinputs'IH$3 5B22°C22 ='1content'IB17 =D22/E22  |="2NCTinputs'li$3 ="2NCTinputs’[M$3 =154 =F22°G22°H22*122
23 |43 a'1content'IF4 = 2NCTinputs'IHS3 =B23*C23 ='1content'(B4 =D23/E23  |='2NCTinputs'lUI$3 ="2NCTInputs'IM$3 =184 =£23°G23°H23%123
24 ju-B4 ="1content’iF81 = INCTinputs'IHS3 =824*C24 ='1contant'|B81 =D24/E24  {='2NCTinputs'I$3 = 2NCTinputs'iM$3 =154 =F24°G24*H24°128
25 |v-28 ='1content'IFB2 =2NCTinputs'IH$3 =825°C25 ='1content'lBBE
26 Juus ="1content'F83 ='2NCTinputs'IH$3 -826°C26 “lcontentlB84  |-D26/E26  |=NCTinputs'tisa |=ancTinputs'img3 Jeisa |-rasec260Ha8%126
27 |vas ='1content'F84 ='2NCTinputs'IH$3 =B27°C27 ="1contant’IB82
28 jem2a2 =1comtent'IF35 ='2NCTinputs'iH$3 -528°C28 ='1content’1BS5 -028/628  |='2NCTinputs'l§3 ='INCTinputs'IM$3 =154 =F28°G28°H28°128
29 |Am243 ='lcontent'IF34 2"2NCTinputs'iHS3 5829°C29 ='1content'IB94 =D29/E29  |="2NCTinputs'l1$3 ="2NCTinputs'IM$3 =154 =F29°G29°H29%129
30 |om243 ='1content'IF96 = 2NCTinputs'iH$3 =830°C30 ="1content'iB96 =D30/E30  |="2NCTinputs'lis3 ="ZNCTinputs’ IM$3 =164 =F30°G30°H30°130
3] [mas ="Lcontent'IF69 ='2NCTinputs’IH$3 =831°C31 ="1content'IB69
32 |Np237 ='1content'iFa7 ='2NCTinputs'1H$3 =832°C32 ='1content'|B87 ©D32/E32  |='2NCTinputs'liS3 ="2NCTinputs'IM$3 =154 =F32°G32°H32°132
33 v ='lcontent'IF79 ='2NCTinputs'IH$3 =B33*C33 ='1content'1B79 =D33/E33  |='2NCTinputs'lis3 '2NCTinputs'IM$3 184 =F33°G33*H33°133
34 [m22 ='1content'IF73 ='2NCTinputs'IH$3 2834*C34 ='1content’lB73
35 jmu0 ='1content'IF74 ='INCTinputs'IH$3 =B35°C35 ='1content'IB71 |-osszess  |-anermpustusa |- 2ncrinputs imss | |-raseaasenaseias
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Formulas for Table 9

A B C D E F G H J

36 [Pu241 =1content'IF92 ='2NCTinputs'IH$3 =836°C36 ='1content'|B92 =D36/E36  |="2NCTinputs'lU$3 ='2NCTInputs' IM$3 =158 =F36°G36°H36°136

37 [em-uas ='1content'IF97 ='2NCTinputs'[H$3 =837°C37 ='1content'|B97 =D37/E37  |="2NCTinputs'U$3 ="2NCTinputs'IM$3 =154 =F37°G37*H37°137
== — e

UM(1437)
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Formula.‘l’ able 10

A B C D E F G H 1 J K
Content Leach Leached A MAR on " WPF Release
1 [{e}] Ratio {¢)} (Q/A;) {A2) WVMP (A)
Isotope Calculated Caleulated .
from Table 1 From Table 2 for Bartiett's for LDCC From Table 1 forLDCC From Table 2. For LDCC external to melter . Note LPF WVMP already credited as part of ARF number Calculated for inhalation from
2 PBs external to external to LDCC external to the melter
melter melter

3 a b [} c [ f=d®e g h i } k=f*g*h*i*|
4 |C-137 ='1content'IF19 ='INCTinputs'IH$3 =84%c4 ='1content'|B19 =D4/E4 ='2NCTinputs'US3 ='2NCTinputs'IN3 ='2NCTinputs'10$3 ='2NCTinputs'IQ3 =F4*GA*HA*14" 4

5 [Bx137m a"Icontent'IF20 ='2NCTinputs'IH$3 =85°CS ='lcontent'IB20

6 s =‘lcontentlF12  |='2NCTinputs'IHS3 =B6°C6 =lcomtent'lBl2  |=Ds/e6 |-=ancrinputs'us3 J-2ncTinpuns'ing J-2ncrinputstioss | |

7 |90 ='content'IF13 ='2NCTinputs'IH$3 -87°C7 ='content'|B13

§ |pmw ='1content'IF21 ='2NCTinputs'IH$3 =88°C8 ='1content'[B21 =D8/E8 ='2NCTinputs'$3 ='2NCTinputs'INS3 ='2NCTInputs’10$3 =4 =F8*GB*HB*I8*I8

9 |am241 ="Lcontent'|Fo3 ='"2NCTinputs'tH$3 =89°C9 ="1content'lB93 =D9/E9 ='2NCTinputs'$3 ="2NCTinputs'IN$3 ='2NCTinputs'l0$3 . aF9*G9*HI*I9*19

10 |ew1s4 ='lcontent'IF22 ='2NCTinputs'IH$3 =810°C10 ='1content'1822 =D10/E10  |="2NCTinputs'U$3 ='INCTinputs'INS3 ='2NCTinputs'I0$3 4 =F10°G10°H10%110°110
11 [m-63 a'1content'iF11 ='2NCTinputs'1H$3 =B11°C11 a'1content'iB11 =DIVELL  |='2NCTinputs'U$3 ="2NCTinputs'IN$3 = 2NCTinputs'10$3 =14 SF11°G11°H11°111%11
12 [ress ="lcontent'IF9 =2NCTinputs'|H$3 =B12°C12 ='1content'IBo aD12/612  |="2NCTinputs'i1$3 ='2NCTinputs'INS3 =" 2NCTinputs'i0$3 =4 =F12°G12°H12°112%)12
13 jpuass ='1content'IF89 ='ZNCTinputs'iH$3 2813°C13 ='1content'IB8S =D13/£13  |+"2NCTinputs'ls$3 ='INCTinputs'INS3 =" 2NCTinputs'10$3 =14 =F13°G13°H13°113%)13
14 |c1e ='1content'IF5 5"2NCTinputs'IHS3 =B14*C14 ='Lcontant'1B5 sD14/E14  |="2NCTinputs'ls$3 ='INCTinputs'IN$3 = 2NCTinputs'10$3 =4 =F14°G14*H14%114%)14
15 |Co60 ='1content'IF6 ="2NCTinputs'IHS3 5815°C15 ="1content'1B6 =DIS/EIS  |=2NCTinpurs'uss ='INCTinputs'INS3 ='2NCTInputs'10$3 =14 =F15°G15°H15°115°)15
16 [v-232 ='1content'IF79 ="2NCTinputs'IH$3 =B16*C16 ='1contant'1B79 =D16/E16  |="2NCTinputs'li$a ='2NCTInputs'INS3 ='2NCTinputs'10$3 -~ =F16°G16*H16°116°J16
17 |pe23® ='1content'iF90 ='2NCTinputs'IHS3 =p17°C17 ='1content'(B90 =DI7fE17  |="2NCTinputs'lu$3 ='2NCTinputs'IN$3 ='2NCTinputs'10$3 =34 F17°G17°H17°117°117
18 [Pu2e0 ='1comtent'iF91 = INCTinputs'IH$3 =B18°C18 ='1content'(BS1 =DI8/E18  [|s"2NCTinputs'lisa ='2NCTinputs'INS3 ='2NCTinputs'l0$3 =14 =F18°G18°H18°118°)18
19 [N#5e ='lcontent'IF10 ='2NCTinputs'IH$3 =p19°C19 =*1content'|B10
20 |rae ='lcontent'IF18 ='2NCTinputs'iH$3 =B20°C20 ='1content'IB18
2] juas ='1content'IF80 ='2NCTinputs'iH$3 =B21°C21 ='1content'IB79 =D21/E21  |='2NCTInputs'ls3 ="2NCTinputs'IN$3 = 2INCTinputs'10$3 =14 =F21°G21°H21°121°121
22 |79 ="1content'IF17 ='2NCTinputs’IH$3 =B22°C22 ='1content'1B17 aD22/E22  |="INCTinputs'$a ='INCTInputs'INS3 =" 2NCTinputs'10$3 =4 =F22°622°H22%122°122
23 |#3 ="1content'iFa ='2NCTinputs'IH$3 =823°C23 s'1content'IB =D23/E23  |="INCTinputs'l$3 ='INCTinputs'INS3 ' INCTInputs'10$3 o) =F23°G23°H23°123%123
24 |u-234 ='1content'IF81 ='INCTinputs'IH$3 =824°C24  |="tcontentinsy =D24/E24  |="aNCTinputs'$3 ='INCTinputs'INS3 ='2NCTinputs'10$3 =14 F24%G24°H24%1247124
25 |u-ue ="1content'IF82 ='2NCTinputs'IH$3 =B25°C25 ='1cantent'1B86
26 |v-as ="1content'IF83 ='2NCTinputs'IH$3 -B26°C26 o'lcontent'lB88  |-D26/E26  |<'2NCTinputs'is3 J-ancrinputsiinga |- 2ncTinputsiioss I |rasraa60H260126126
27 |us ="1content'IF84 ="INCTinputs'tH$3 =B27*C27 ='1content'IB82
28 |em2a2 ='1content'(F35 ="2NCTinputs'IH$3 -B28°C28  |="1content'iBss =D28/E28  |="2NCTinputs')$3 ='ZNCTinputs'IN$3 ='INCTinputs'10$3 =14 =F28*G28°H28*128*128
29 |Am-243 ='1content'lF94 ="2NCTinputs'H$3 =829°C29 ='1content'(B34 -D29/E25  |='aNCTinputs'ls3 ='2NCTinputs'IN$3 ='2NCTinputs'10$3 =18 =F29°G29°H29°129%)29
30 [cm243 ='1content'IF96 ='2NCTinputs'IH$3 =B30*C30 ~'1content'1B96 -D30/E30  |='ZNCTinputs'lUS3 ='2NCTinputs'INS3 ='2NCTinputs'l0$3 =14 =F30°G30*H30°130°130
3] w2z ='1cantent'IF69 ='2NCTinputs'IHS3 =831°C31 s"icontent'|B69
32 [Me237 ='1content'IF87 ~INCTinputs'IH$3 -B32'c32  |-1contentiBs7  |-D3z/E32  |="2NCTinputs'uss ='INCTInputs'IN$3 ='2NCTinputs'1033 =14 -F32°G32°H32*1320132
33 v ="1content'IF79 ='2NCTinputs'IH$3 -B33*Cc33 ='1content'|B79 -D33/E33  |="INCTinputs'U$3 ='2NCTInputs'INS3 =" 2NCTinputs10$3 _r =F33"G33*H33°133°133
34 |22 2'1content'(F73 ='2NCTinputs'|H$3 =B34°C34 ="1content’IB73
35 a0 =" 1content'IF74 ='2NCTinputs'iH$3 -B35°C35 ="Leontent'1871 =D35/E35  |="2NCTinputs'li$3 ='INCTinputs'IN§3 ='2NCTinputs'10$3 =14 =F35°G35°H35%135%135
36 |Pw2a ="1content'IF92 ='2NCTinputs'IH$3 =836°C36  |="1content'B92 =D36/E36  |='2NCTinputs'u$3 ='INCTinputs'IN§3 ='2NCTInputs'I0$3 =34 =F36*G36°H36°136°136
37 |em24a ='1content'IF97 ' 2NCTinputs'IH$3 -837°C37 ='1contant'[B97 =D37/E37  |="INCTinputs'lU$3 ='2NCTinputs'IN$3 ='2NCTinputs'10$3 =4 =F374G37°H37° (374137
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Formulas for Table 10

F G

K

38

l
"asum(m:xan
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Formula‘ able 11

A B
1 SOURCE RELEASE
2 [from Glass -~
3 Spout Glass|="4NCTspoutglass'l193
4 Melter Heel Glass |='5NCTheelglass'l193
5 Refractory Glass|='6NCTrefractglass'!186
6 | from LDCC
7 LDCC inside the Melter|='"7NCTintLDCC 'IK93
8 Increased Pressure|="8NCT<25LDCCint '{L93
9 LDCC external to Melter|="9NCTextLDCC 'J38
10 Increased Pressure|='10NCT<25LDCCext'1K38
11 Total =SUM(B3:B10)
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Formulas for Table 12

A B C D E F G H 1
Content A; MAR OR ARF WPF LPF Release

1 ) () (c/a,) (A} wvmpP Metter (A2)
2 From Table 1 ‘:’::'::::’ From Table 3. Same for all HAC glass Calculated for ':r"sﬁlw from spout
3 s b c d=b/e e f g h =d*e*fg*h
4 [cs ='1content’|C5 ='1content’|BS =B4/CA ='3HACInputs'lI$3 ='3HACinputs'lL$3 ='3HACinputs'lQS3 ='3HACInputs'iRS3 =DA*E4*FA*GA*HA
5 |x40 ="1content'IC7 ='1content'|B7 =B5/CS ='3HACInputs'li$3 ='3HACinputs'iL$3 ='3HACInputs'IQ$3 ='3HACInputs'IR$3 =D5*E5*FS*G5*HS
6 [mnss ='1content'ICB ="1content'IB8 =86/C6 ='3HACinputs'lI$3 ='3HACInputs'IL$3 ='3HACinputs'iQ$3 ='3HACinputs'lR$3 =D6°EG*F6°GE*HE
7 |cos0 ="1content’IC6 ='1content'|B6 =B7/C7 ='3HACInputs'lI$3 ='3HACinputs'[L$3 ='3HACInputs'lQ$3 ='3HACinputs'IR$3 =D7*E7*F7*G7*H7
8 |nie3 ="1content’IC11 ='1content’|B11 =B8/C3 ='3HACInputs'lI$3 ='3HACInputs'IL$3 =‘3HACinputs'IQ$3 ='3HACinputs'IR$3 =DB*ES*FB*GB*HS
9 Sr-90 ="1content'IC12 ='1content’|B12 =89/C9 ='3HACInputs'l1$3 a'3IHACinputs'ILS3 ='3HACinputs'lQ$3 ='3HACInputs'IRS3 =D9*E9*FI*GI*HS
10 |v-90 ='1content'|C13 ="1content'|B13
11 fzr-ss ="1content'IC14 ='1content'IB14 =B11/C11 ='3HACInputslI$3 ='3HACinputs'IL$3 ='3HACInputs'lQ$3 ='3HACInputs'IR$3 =D11°E11°F117G11°H11
12 |nbos ='1content'IC15 ='1content’1815 =812/C12 ='3HACInputs'ti$3 ='3HACInputs'|L$3 ='3HACInputs'lQ53 ='3HACinputs'IR$3 =D12*E12°F12°G12°H12
13 np-9sm a'1content'IC16 ="1content'1B16
14 [rcoe ='1content'iC17 ='{contant’IB17 =B14/C14 ='3HACInputs'lI$3 ='3HACinputs'IL$3 ='3HACInputs'lQ$3 ='3HACInputs'IR$3 2D14°E14°F14°G14°H14
15 Cs-137 ='1content'|C19 ='1content'IB19 =B15/C1S ="3HACInputs'lI$3 «'3HACInputs'IL$3 ='3HACInputs'IQ%$3 ='3HACInputs'IRS3 =D15°E15°F15*G15*H15
16 |Bl-137m ='1content'|C20 ='1content’|B20
17 |ew1ss ="1content'IC22 ='1content'|B22 «B17/C17 ='3HACInputs'lI$3 ='JHACinputs'IL$3 ='3HACInputs'IQ$3 ='3HACinputs'IRS3 =D17*E17°F17*G17°H17
18 |ng-206 ="1content’IC23 ='1content'1B23 =B18/C18 ='3HACInputs'l1$3 ='3HACInputs'ILS3 =3HACInputs'1Q$3 ='3HACInputs'IR$3 =D18°E18*F18°G18°H18
19 |n206 '1content'IC24 ='1content'(824
20 n207 ='1content'IC25 ='1content'1825 I=azn/czo I=‘5HACInpu‘ts‘ll$3 l='3HAClnputs'IL$3 l='3HACInputs'IQ$3 ]='3HACInpuu'IR$3 Iabzo'Ezo'on'qu'Hzo
21 |rra0e ="1content'lC26 ="1content'I826
22 [n209 ='1content'lC27 ="Acontent'|B27
23 [naw ='1content'|C28 ='{contant'IB28 |=523/c23 l='3HACInpu‘ts'II$3 l='3HAc1nputs'lLsa I='3HACInputs'lQ$3 l:'aHAClnpms'lR$3 I=D13‘E23‘F23‘623‘H23
24 |po-210m ='1content'IC29 ='1content'!B29
25 Jpp-20 ='1content’IC30 ='1content'1B30 =B25/C25 ='3HACInputs'lI§3 ='3HACInputs'ILS3 2'3HACinputs'IQ$3 ='3HACinputs'IR$3 =D25*E25*F25*G25°H25
26 jro-211 ="1content'iC31 ='1content'|B31 =B26/C26 ='3HACinputs'lI$3 ='3HACinputs'iLS$3 ='3HACInputs'lQs$3 ='3HACInputs’IRS3 =D26°*E26°F26°G26°H26
27 [po-a2 ='1content'lC32 ='lcontent'1B32
28 {Pb-214 ='1content’lC33 ='1content'|B33
29 [at-zos ='1content'iC34 ='1content'iB34
30 lm—zm =lcontent'lC35 ='1content'(B35
31 lBi-le ='1contant’lC36 ='1content’|B36
32 [oranz ='1content'IC37 ="1content'1B37
33 IB"lﬂ ='icontent'|C38 a'lcontent’|B38
34 [erase ='1content'lC39 ='lcontent'|B39
35 [aras ='1content'iC40 ='1content'IB40 |=ass/as l='3HACinputs'll$3 l='3HAClnputs'lL$3 l='5HAcznpun'|a$3 l='sHAcmpuu'lnsa I=Dss~sss‘sas'ess'nss
36 |po-210 ='1content'IC41 ='1content'IB41
37 {ro211 ='1content'|C42 ='1content'|B42 I=837/C37 I='SHAanms'll$3 I='3HACInputs‘lL$3 I='3HACInputs'IQ$3 I='3HAClnp|ns‘lR$3 l=D37‘E37'F37‘GS7'N37
38 {po212 ="1content’ICA3 ='1content'IBA3
39 |po-213 ="1content'[C44 ='1content'|B44

@
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Formula’Table 12

I A B C | b | E | F | G [ H | I
40 Po-214 ='1content’|C45 ='1content'{B45
41 Po-215 ='tcontent'|C46 ='1content'|B46
42 lpo-216 ="1content’ICA7 ='1content’'IB47
43 fpo-218 ="1content’lC48 ='1content'IB48
44 far2s ="1content'IC49 ='1content'IB49 l=m/w Ia'suAanpms'uss l:'SHACInputs'llSS l;HAClnputs'lQSS E‘SHACinputs'mSS l=w‘m'm's44'u44
45 |am217 ="1content'|C50 =‘1content'|BS0
46 jar2s ='1content'ICS1 ="1content'IB51 =B46/C46 ='3HACInputs’li$3 ="3HACInputs'IL$3 ='3HACinputs'IQ$3 ='3HACinputs'IR$3 =DA6°E46°FA6*GA6 HAS
47 |ar219 ="1content'IC52 ='1content'lB52 =B47/CA7 ='3HACinputs'li$3 ='3HACinputs'iL$3 ='3HACInputs'lQ$3 ='3HACInputs' IRS3 =DA7*EA7*F47*GAT*HAY
48 |Rn-217 ='1contant’|C53 ='1content'IB53 =B48/CA8 ='3HACInputs'il$3 ='3HACinputs'IL$3 ='3HACInputs'lQ$3 ='3HACinputs'(R$3 =D4B*E48*F48*G48*HA8
49 llln-lm ='1content'|C54 ="1content'IB54 '
50 lnn-ns ='1content’IC55 ="1content'IB5S luaswtso I:'BHACInputs'HSB I='3HAClnputs'lL$3 I='3HAClnpuu'I0$3 [='3HAClnputs'IR$3 I:Dso'eso'rso'sso‘uso
51 [re-220 ="1content'lCS6 ='1content'1BS6
52 [rn222 ='1content'lCS7 ='1content'1B57 I=asz/c.52 l='3HACinpu:s'n$3 I='3HAC|npms'lLsa I='3HACInputs'lQ$3 ]='3HAC|npms'|R$a I=Dsz'Esz°Fsz'Gsz°Hsz
53 |2 ='1content’IC58 ='lcontent'IBS8
54 fFr223 ="1content'IC59 ='1content'|B59 =854/C54 ='3HACInputs'lI$3 ='3HACinputs'iL$3 ='3HACInputs'IQ$3 ='3HACInputs'IR$3 =D54°E54*F54°*G54°H54
55 [re-223 ='1content’IC60 ='1contant'IB60 =855/CS5 ='3HACInputs'[I$3 ='3HACInputs'ILS3 ='3HACInputs'lQ$3 ='3HACinputs'IR$3 =D55*ES5°F55*G55°H55
56 lﬂl'm ='1content'IC61 ='1content'|B61
57me ='lcontent'iC62 ='1content'|B62
58 [Rn-llﬁ ='1content'IC63 ='1content IB63 =B58/CS8 ='3HACInputs'lI$3 ='3HACInputs'IL$3 ='3HACInputs'[Q$3 ='3HACInputs'IR$3 =D58*E5B*F58*GSE*H58
59 |re-228 ='lcontent'IC64 ='1contant'IB64 =B59/C59 o'3HACinputs'lI$3 ='3HACInputs'IL$3 ='3HACInputs'lQ$3 ="3HACinputs'IR$3 =DS9*E59*F59°G59*H59
60 lac2zs ="1content'IC65 ='lcontent’|B65
61 {ac2ry ='1cantent’iC66 ='1content’IB66 I=as1/cs1 I='3HAc1npms'I|$3 l='sHAcmpuu'lL$3 ]:'BHACInpuIs‘IQSS I='3HAC|npu:s'm$3 I=DGI‘EGI‘F61‘GGI'H51
62 [ac228 ='1content'IC67 ='1content’IB67
63 |mar ='1content'|C68 ="1content'IB68 ]=asa/c53 l='3HACInputs'll$3 I='3HACinp|ns'lL$3 I='3HACInput.s'|Q$3 l='3HAClnputs'lR$3 [=063'E53‘F63‘653'H63
64 |m-228 ='1content'iC69 ="1content'IB69
65 |29 '1content'!{C70 ="1content'IB70 =B65/CE5 ='3HACInputs'lI$3 2'3HACinputs'ILS3 ='3HACInputs'1Q53 ='3HACinputs'IR$3 2D6S*E6S *FE5*GE5*HES
66 |m230 ='Icontent’IC71 ='1content'|B71 =B66/C66 ="3HACinputs'lI$3 ='3HACInputs'IL$3 ='3HACInputs'IQ$3 ='3HACinputs'IR$3 =D66*E66°F66°GE6*HES
67 a3 ='lcontent’IC72 ='Icontent'|B72
68 |m-232 ="1content'IC73 a'1content'IB73
69 m-23s ="1content’IC74 ="1content'IB74
70 [pa-231 ='1content'IC75 ="icontent'IB75 l=s7o/cm l='3HAc1npms’||$3 ='3HACinputs'iL$3 l='3HAanuts'|Q$3 l:'aHAunpm'mss I=D70‘E70‘F70'G70'H70
71 |pa-233 ='1content'IC76 ='1comtent'1876
72 |pa-23a ="1content’IC77 ='1content'1B77 l=s7z/c7: l='3HACInputs'lI$3 l='3HAc1npuxs'u$3 l=’3HACInp\ns'IQ$3 ]:'3HAClnputs'IR$3 I=D72‘E72‘F12'G72‘H72
73 |pa-23am ='lcontent'IC78 ='lcoment'B78
74 ju-232 ='1content'IC79 ='1content'|B79 =B74/C74 ='3HACinputs'li$3 ='3HACInputs'IL$3 ='3HACInputs'lQ$3 ='3HACInputs'IRS3 =D74°E74°F74°G74°H74
75 fu-2ss ="1content’[CB0 ="1content'|B8O =B75/CT5 ='3HACInputs'lI$3 2'3HACInputs'lL$3 ='3HACInputs'lQ$3 ='3HACinputs'IR$3 =D75°E75*F75*G75°HIS
76 |u-23a ='1content'IC81 ='1content'IB81 =B76/C76 ='3HACInputs'li$3 ='3HACinputs'IL$3 ='3HACInputs'iQ$3 ='3HACInputs'IRS3 =D76°E76°F76°G76°H76
77 |u-23s ='lcontent'IC82
78 Ju-235m 'Lcontent'ICB3 ='1content'{Bs2
79 |u-2s ='1contant'C84 ='icontant’'|B84 l=s79/c79 l='3HACInpuu'II$3 l='3HACInpuu'IL$3 1='3HACInpuu'IQ$3 l-'3HACinputs'lR$3 ]=o79°579°r79'e79'n79
80 U-237 ="1content'IC85 ='1content'|B85
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Formulas for Table 12

A B ¢c [ b ] E [ F [ G | H [ I

8 1 U-238 ='lecontent’IC86 ='1content'|B86

82 |Np-237 ='lcontent'iC87 ='1content’(B87 IiBSZICSZ F‘SHACInvuu'IlSS l='3HAClnpuu'lL$3 I;'SHACInpuls'IQ.SS I='3HAClnputs'lR$3 I=D82‘E$2’F82‘GSZ‘H82

83 Np-239 ="'1content’IC88 ='1content'|B88

84 Pu-238 ='1content'|C89 ='1content’IB89 =B84/CB4 ="3HACInputs'lI$3 a'3HACInputs'|LS3 ='3HACInputs'1Q$3 ="3HACinputs'IR$3 =DB4*EB4*F84*GB4*HBS

85 |pu-239 ="1content'{C90 ='1content'IB90 =885/C85 ='3HACInputs'I$3 =*3HACInputs'ILS3 =*3HACinputs'lQ$3 ='3HACinputs'IR$3 =DBS*ERS *FA5° G5 *HAS5

86 [pu-200 ='1content'ICo1 ="1content'IB91 =BB6/CB6 ='3HACInputs'li$3 ='3HACInputs'lL$3 ='3HACinputs'lQ$3 ='3HACinputs'IR$3 -DB6°E86°FB6*GE6HBE

87 Pu-241 ='1content'{C92 ='1content’|B92 =B87/C87 ='3HACinputs'il$3 ='3HACinputs'IL$3 ='JHACIiRputs'lQ$3 ='3HACinputs'IR$3 =D87*E87°FB7*G87°H87

88 |am2a1 ='1content'lC93 ="1content'|B93 =B88/C88 ='3HACInputs'lI$3 ='3HACInputs'IL$3 ='3HACInputs'lQ$3 ='3HACInputs'iR$3 =D8S*EB8*FB8* GBS HAB

89 Am-243 ='lcontent’IC94 ='1content'|B93 =B89/CB9 ='3HACInputs'lI$3 ='3HACInputs'IL$3 ='3HACinputs'lQ$3 ='3HACInputs'[R$3 =DBY*EBG*FB3* GBI*HES

90 Cm-242 ='1contant'iC95 ="1content'IBSS =B90/C90 ='3HACInputs'li$3 ='3HACInputs'IL$3 ='3HACInputs'lQ53 ='3HACinputs'[R$3 =D90*E90* FI0*GIN*HIO

9 1 Cm-243 ="1content'(C96 ='1content'lB$6 =891/C91 ='3HACInputs'li$3 ='3HACinputs'[L$3 ="3HACInputs'lQ$3 ='3HACInputs'IRS3 =D91*E91°FI1*GO1*HS1

92 tm-244 ='1content'|IC97 ='1content'iB97 =B92/C92 ='3HACInputs'li$3 ="IHACInputs'iLS3 ='3HACInputs'iQS$3 ='3HACInputs'IR$3 2D92°E92*F92*G92°HI2 —
e =S T ——

93 T II—__—’ LSUM(14:192)

66 40 08 93ed

0 'A9Y



Formula.Table 13

Content A MAR DR ARF o . e
. - (aa) &) Melter WVMmP (a)
2 From Table 1 c::::';l:::"' From Table 3. Same for all HAC glass Calculated for inhalation from heel glass|
3 ) b ¢ debfe e s £ k e
4 e ="1content'ID5 =‘1contant'IBS 284/C4 ='3HACInputs'I$3 =3HACInputs'ILS3 = MACnputy 1033 ~oHACnputs RS2 T
3 lK 40 rcontent 07 . 87 -85/cs '3HACinputs' 1S3 ='3HACinputsIL$3 ='3HACinputs'lQ$3 ='IHACInputs'IR$3 =DS*ES*F5*G5*HS
6 M =1content'IDB ='1content'IB8 =B6/C6 ='3HACInputs'I1$3 =3HACInputs'IL$3 ='3HACInputs'1a$3 </3HACInputs'IR§3 =DE*E6F6*G6HE
7 |60 =lcontent'ID6 =1content'IB6 =87/C7 = 3HACInputs'lI$3 =3HACInputs'IL$3 = SHACnputy 1053 ~SHAcnputs 1853 T ST
8 v ='1content’iD11 ='lcontent'|B11 =B8/C8 ='3HACInputs'li$3 = 3HACInputs'IL$3 = SHACInputs 1053 “SHACputs RS o,
9 rar A teontont1D12 - 1contentB12 -po/co '3HACinputs'lI$3 ='3HACInputs'|L$3 ='3RACinputs'|Q$3 o'3HACinputs'IR$3 =DI*E9*FI*GI*HY
10 fv-90 ='lcontent’lD13 ='lcontent'{B13
11 = =lcontent'iD14 ='1content'IB14 =B1y/c11  |e'3HACinputs'liS3 ='3HACInputs'IL$3 ='3HACInputs'|QS3 =~ 2HACInputs'IRS3 DI ATGII Y
12 [Nv-ss ='Icontent'D15 ='1content'1B1S =812/C12 ="3HACinputs'li$3 ='3HACInputs'IL$3 ="'3HACInputs’lQS3 ='3HACInputs’IR$3 =D12°E12°F12°G12*H12
13 [Ne-S5m ="1content'ID16 ='icontent'|B16
14 {9 ="1content’ID17 ="1content!1817 =B14/C14 ='3HACInputs'lI$3 ='SHACInputs'IL$3 ' 3HACInputs 1033 P HAChputs 1S3 DL BRI
15 je-237 ="1content'ID19 <1content'IB19 =815/c1S |='3HACinputs'1i$3 = 3HACInputs'1LS3 = 3HACInputs 1059 ZACnpty 1857 S
16 [8a-137m ='1content'iD20 ='1content'lB20
17 jer1s8 ='lcontent'iD22 =1content'l822 =B17/c17 __|sHACinputsliss ='3HACinputs'IL$3 =3HACinputs'lQ$3_ = 3HACInputs IR53 Lo e
18 |Ws-206 ="lcontent'ID23 ='Lcontent'1B23 =B18/c18__|="3nacinpusisa =3HACInputs'1L$3 ='3HACinputs'1Q$3 ='3HACInputs'IRS3 SD187E18TFI87G18THIS
19 |n208 ='lcontent'ID24 ='1content'1824
20 |7 ='1content'|D25 ='1content'1825 |ss20/c20  |-smacinpurstuss Jesacinputsnss [romacimputsiass |- snagoputsnsa [
21 [Tra08 ='1content'ID26 ='lcontent'|B24
22 |09 ="1content'|D27 ="1content'|B27
23 rraw ='1content'iD28 ='{content'lB28 l=823/C23 l='3HAC’"P"‘-""$3 I='3HAClnputs'|L$3 l='3HAC|npuu'lQ$3 l:‘!HACInpuu'lR$3 LDB.HS‘FB.GH.HB
24 |pb-210m ='1content'ID28 ='1content'1829
25 Pb-210 ='lcontent'ID30 ='1content'IB30 =B25/C25 ='3HACInputs'li$3 ='3HACinputs IL53 = SHACInputs'1053 ZShiCnputs 893 Do
26 e oot oot I - s26/c26 o SHACInputs I3 ='SHACinputs'IL$3 ='3HACInputs’|Q$3 ="3HACInputs'IRS3 =D26°E26°F26°G26°H26
277 |pp212 ='lcontent'ID32 =‘1content'|B32
28 [P ='1content'ID33 ='lcontent'iB33
29 IBI-209 ='1content'|D34 ='icontent'1B34
30 lm-no ="1content'ID35 ='1content'{B35
3] [s2u ="1content'ID36 ='lcontent'|B36
32 Iﬂ-lu ="1content'ID37 ='1content'IB37
33 [eras ='lcontent'ID38 ='1content'IB38
34 [um ='lcontent'D39 ="1content'IB39
35 [prass ='1contant'ID40 ='1content'[B40 Josssscss |-amacinpunsss | R |- anacinputstiass - sacinputs ngs Jeossresseras-oasas
36 |Po210 ="1content'ID41 ="1content’B41
37 Po-211 < 1content'ID42 ='1content’IB42 ]=537/c37 l='3HAClnp|ns'II$3 ]:'3HAClnputs'lL$3 [=‘3HAc5npms'lQ$3 EiHAanpms'IRSa I=Da7c£37-ra7'sa7°na7
38 |Po212 ='lcontent'ID43 ='1content’1B43
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Formulas for Table 13

A B cC | D | E | F [ G | H | I
39 Po-213 ='lcontent'ID44 ="1content'|B44
40 Po-214 ="1content'|D45 ="1content'|B4S
4] [Po21s ='lcontent'ID46 ='1content'IB46
42 Po-216 ='1content'|D47 ='{content'!1B47
43 |Pous ="1content'ID48 ='1content'IB48
44 |mas =1 'iD49 ='1content'|B49 |=w/cu I='3HACInputs'II$! I='3HAClnpuu‘IL$3 l=‘3HAClnputs‘lQ$3 l='3HAClnputs'lR$3 l:nu°ewr=wswm
45 |ar ='1content'ID50 ='1content'lB50 —
46 |rns ="icontent'ID51 ='1content'IB51 =BA46/CA6 o'3HACInputs'li$3 ='3HACinputs'IL$3 ="3HACInputs'Q$3 ='3HACinputs'IR$3 =D4GEAG*F46°GA6*HAE
47 a9 ='1content'ID52 <'1content'IB52 =B47/ca7 ='3HACinputs'li$3 - '3HACinpULs'ILS3 <'3HACInputs'IOS3 ='3HACInputs'IRS3 =D4T*EAT*FAT*GAT*HAT
48 |Re17 = 1053 ='1content'IBS3 =B48/C48 ='3HACinputs'lI$3 ='3HACInputs'ILS3 ='3HACinputs'lQS3 ='3HACInputs'IRS3 =D48*E48*F48°G4B°HAa
49 [ro-218 ='1content’|D54 ="content'IBS4
50 Jrr219 ="1content’ID55 =1 'IBSS Jesoscso |sacimputsuss |- sacimputstis l='3HACmputs'lQ_$3 J-macipusinss [-psovesoerso-gsoenso
51 lmm ='Lcontent'ID56 ='1content'|B56
52 |re222 ="1content'iD57 ="1content'[B57 [-asz/csz l=’3HAClnputs'II$3 l='3manp-m'n$3 l='3HACInpuu'lQ$3 I='3HAc|npuu'mss l=usz'ssz'rsz°esz'usz
53 |Fra1 ="1content'ID58 ="1content’IBS8
54 [fra3 ='Icontent'ID59 ="1content’IB59 =B54/C54 ='3HACInputs'lI$3 ='3HACInputs'IL$3 ='3HACInputs'IQ$3 ='3HACInputs'[R$3 SD54°E54*F54°G54*H54
55 |re2 ='Icontent'ID60 ='1content'|B60 2855/C55 ='3HACinputs'lI$3 >'3HACinputs'IL$3 ='3HACInputs’IQS3 ='3HACInputs'IR$3 =D55*E55*F55°G55°HS5
56 ]R"n‘ ="1content'ID61 ='content'lB61
57 [reazs ="1content'lD62 ="1content'|B62
58 I""u‘ ='1content'|D63 ='1content'(B63 =B58/C58 ='3HACInputs'li$3 ='3HACInputs'IL$3 ='3HACInputs'iQs3 ='3HACInputs'iR$3 =D58°ESBF58°GS8°H58
59 | ='1content'|D64 ='1content'IB64 =B59/C59 ='3HACinputs'i$3 ='3HACinputs’IL$3 ='3HACInputs'lQS3 ='3HACinputs'IR$3 =D59*E59°F59*G59*H59
60 JAc2s ='1content ID65 ="1content’IB65S
61 |A= =1 'ID66 =1content'lB66 I=351/c51 |='aHAanpms'nss I;Adnpuu'lLSS I='3HACinputs'lQ$3 I='3HAClnputs'lR$3 l=ns1°eswsvss1'us1
62 |Ac2us ='1content'ID67 ='1content’|IB67 .
63 [’ ='1content'|D68 ='1content'IB68 l=asa/csa |='sHacinputsiss I='3Hmnpuu'u.ss I='3HACInputs'lQ$3 l='3HAClnputs‘IR$3 ]=oss°ssa'rsa'ssa'ﬂss
64 |th2s ='Icontent'|D69 ='1content'B69
65 |9 s"1content'ID70 =1 1t'1B70 =BE5/C65 ='3HACInputs'lI$3 ='3HACinputs'IL$3 ='3HACinputs'lQ$3 ='3HACInputs'IR$3 =DB5*E65*F65°GE5HES
66 |20 ="1content'ID71 ='lcontent'{B71 =B66/C66 ='3HACInputs'lI$3 ='3HACInputs'{LS3 ='3HACInputs'IQ$3 ='3HACInputs'IR$3 =D66*E66*F66°GE6*HES
67 231 ='1content'|D72 ='lcontent'|B72
68 |32 ='1content'|D73 ='1content'lB873
69 |23+ ='1content'ID74 ='1content’ 1874
70 Pa-231 ='1content'lD75 ='1content'IB75 [=B70/(70 I=‘3HACInpuu'II$3 l='3HAOnputs'lL$3 l='3HAClnputs'IQ$3 I=’3HACinguts'IR$3 [=D70‘E70‘HD‘G70'H70
71 [pa233 ='1content'lD76 ='1content'IB76
72 [pa3s ="1content!(D77 =1 1877 l=gz/raz hnmmm'uss l='3HAClnputs'Il$3 I-'SHACInpufs'IQSS l='anAc1npuu'msa I=o7z's72'r72'c7z'n7z
73 {Pa-234m ="1content'lD78 ="1content'lB78
74 |v-32 ="Lcontent'ID79 ="lcontent'|B79 =874/C74 =3HACInputs'lI$3 ='3HACinputs'IL$3 —'3HACInputs'IQ$3 ='3HACInputs'IRS3 =D74*E74°FT4°G74°HT4
75 jv-s ~'1content'IDS0 =1 /1820 =B75/C75 ='3HACInputs'lIS3 ='3HACinputs'1L§3 ='3HACInputs'lQ$3 ='3HACinputs'IRS3 =075 E75°F75°G75°H75
76 [u-24 =1 D81 ='1content'IB81 =B76/C76 ='3HACinputs'li$3 ='3HAGInputs'IL$3 ='3HACInputs'IQS3 ="3HACInputs'IR$3 =D76°E76°F76°G76*H76
77 u-235 ='1content'ID82
78 ju-235m ='1content'!D83 ='1content'1B82
79 Ju-6 ="1content'ID84 ="1content'(B84 l=s79/c79 l='3HAClnp|ns'lI$3 [='3HACInpuh'IL$3 l=‘3HACInputs'lQ$3 l-'SHACInputs'|R$3 I=o79°£79'n9'c79'n79
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Formula‘Table 13

A B C | b | E | F | G | H ] I

80 ju-237 ='1content'|D85 ='1content'|B85

81 |u-28 ="1content'ID86 ='1content'B86

82 I!lp-237 ='1content'|D87 ='1content'|B87 I=882/C82 l:‘SHAClnputsﬁs l='3HAC1nputs’lL$3 l='3HAClnputﬂfL$§ I='3HAClnputs'lR$3 l=DBZ'EBZ'F82‘GB‘2'HBZ
83 le—BS ='1content’lD88 ='1content’|B83

84 [Pw23e ="1content'ID89 =11 '{B3Y -B84/C84 ='3HACinputs 1S3 ='3HACInpUts'ILS3 ='3HACInpUts'10$3 ='3HACinputs'IRS3 =DBA®EBA*FBA*GBA*HES
85 |Pw-19 ='1content'ID90 ='1content'1BI0 =885/Ca5 = SHACInputs'lIS3 ='3HACInputs'IL3 ='3HACInputs'iQs3 ='3HACinputs'IRS3 =DB5*E85*FAS* GBS *HES
86 [P-240 a'1 D91 ='1content’IB91 -Ba6/Ca6 ='3HACInputs’lI$3 ='3HACInputs'ILS3 a'3HACInputs'1Qs$3 ~'3HACInputs'IRS3 =DBS*EAG*FRG°GBE*HEE
87 [P ='lcontent'lD92 ='1content'192 =Ba7/Ca7 ='3HACInputs'li$3 ='3HACInputs'IL$3 ='3HACInputs'lQs3 ='3HACinputs'IRS3 =DB7*E87*FBT*G87*HET
88 [Am241 =1 \b93 -'1content'1B93 -p8s/C88 ='3HACInputs'lIS3 - '3HACInputs'IL$3 ='3HACInputs'1Q$3 ='3HACinputs'IR$3 =D8BEBA°FEHGBE*HES
§9 [Am-243 ='1content'ID94 ='1content'B94 =889/C89 ='3HACInputs'l1$3 ='3HACInputs'IL$3 ='3HACinputs'IQ$3 ='3HACinputs'IRS3 =DBI*EBY°FBI°GBI*HEY
9( |em242 ='1content'ID95 ='1content'IB95 =890/C50 ='3HACinputs'I$3 ='3HACInputs'1L.$3 ='3HACInputs'1Q$3 ='3HACInputs'IR$3 =DS0°E90°FI0*GIO®HIO
91 [om243 ='1content'ID96 u'1content'|B96 =891/C91 ='3HACinputs 1S3 ='3HACInputs'ILS3 ='3HACInputs'1Q$3  |-"snaciputs'ings =D91°E91°F91°G91*HO1
92 jcm-244 ='1content'IDg7 =1content'|B97 =892/C92 ='3HACinputs'I$3 '3HACInputs'IL$3 ="3HACInputs’lQ$3 ='3HACInputs'IRS3 =D92°E92°F92°G92*HO2
93 |m:m)
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Formulas for Table 14

B C D E F G H |
Content A, MAR oR ARF LPF LPF Release
1 =] (c/a;) (A} wvmp Melter {A)
Cakulated
From Table 1 for refractory From Table 3. Same for all HAC glass Calcutated for inhalation from
refractory glass

2 ghss
3 b '3 dzb/c ) f 3 h i=d*e*fg*h
4 ='1contant'lE6 u"lcontent'|186 =B4/CA ='3HACInputs'lI$3 ='3HACinputs'lL$3 ='3HACinputs'lQ$3 ='3HACInputs'IRS3 =D4*E4A*F4*G4*H4
5 ='1content’|E12 ='1content'|B12 =B5/CS ='3HACInputs'lI$3 ='3HACinputs'lLS3 ='3HACInputs'iQ$3 ='3HACInputs'IR$3 =DS*ES*F5*GS*H5
6 ='Icontent'{E13 ='1content’|813
7 ='1content'iE17 ='1content'|B17 =87/C7 ='3HACinputs'l1$3 ='3HACInputs'IL$3 ='3HACinputs'|Q$3 ='3HACInputs'IR$3 =D7*E7*F7°G7°H7
8 ='1 'IE19 ='1 ‘1819 =B8/C8 ='3HACInputs'lI$3 ='3HACinputs'IL$3 ='3HACInputs'lQ$3 ='3HACInputs'IR$3 =D8*E8*FB*GB*HB
9 |="1content'iE20 ='1content’|820
10 ='lcontent'|E22 ="lcontent'lB22 =810/C10 ='3HACInputs'lI$3 ='3HACInputs'|LS3 ='3HACinputs'iQ$3 ="3HACinputs'IR$3 =D10*E10°F10*G10°H10
11 }=1content'iE2s ='1content’lB23 =B11/C11 ='3HACinputs'l$3 ='3HACinputs'iL$3 ='3HACInputs'1Q$3 ='3HACInputs'IRS3 =D11*E11°F11°G11*H11
12 |='1content1E24 ='1content'1B24
13 Jtcontentiezs  |oscontonvinzs  [sp1ajcss  feamacipususs  l-amacimpusiiss [=smacinputsiiass [=amacinputs'inss |
14 |-'1content'ic2s ='1content'|B26
15 |='1content'ie27 a'lcontent’ 827
16 |='1contentie2s ="1content’(828 I=BI.6/C1S l=‘3HAClnpm.s'lI$3 ]='3HACinpuu'Il$3 l='3HAc.'npuu'|Q$3 I='3HAClnpuu'lR$3 |=016‘E16'F16‘616'H16
17 |=1content'iez0 ='lcontent'1829
18 |=1content'ie30 ='1content' B30 =B18/C18 ='3HACinputs’li$3 ='3HACinputs'{L$3 ='3HACInputs'lQ$3 ='3HACInputs'IR$3 =D18*E18*F18*G18*H18
1 9 ='"1content'|E31 a'lcontant'lB31 =B19/C19 ='3HACInputs'li$3 ='3HACInputs'iLS3 ='3HACinputs'lQ$3 ='3HACInputs'IRS3 =D19°E19*F19°G19°H19
20 |=1content'ieaz ='icontent’1832
21 |-1contentiEss  |="1content'1B33
22 |='1contentlE3a ='lcontent'lB34
23 |=1contenttEss  |='1content'lB3s
24 ='1content' IE36 ='1content'|B36
25 ='1contant'lE37 ='1content'|B37
26 |=1contentE38  |="1content'iB38
27 |='1contentiess  |='1contentiBas
28 |-1contant'iEs0 ='1content'IB40 l=azs/czs ]:'3HAC|nputs'||$3 ]='3HAClnputs'Il$3 |3Hacinputs'iasa |anacinputs'ins3 l:ozrm‘m‘sza‘nzs
29 {='1content'IEa1 a'1content’|B41
30 |-'1contentiesz ='1content’|B42 l=530/cao' I='3HACInputs'Il$3 l='3HACinplm'lL$3 [='3HAC|npms'lo$3 l='3HACInputs'|R$3 I=030'ESO‘F30‘G50‘H30
3 1 ='1content'|E43 ='1content’iB43
32 |=1contentitas  |'1contentiBas
33 ='1content'|E4S ='1content'(B45
34 |=1content'IE46 ='1content’1B46
35 ='1content'lE47 ='1content'{B47
36 ='lcontent'|E48 a'icontent’|B48
37 |='1coment'tEas e'lcontentlBd9  |=837/c37 | E— |-anacinputstuss |='3Hacinputs'ias3 |-smacinputs'inga |eosresrersrecarons
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Formula'TabIe 14

B C | D | E | F | G | H | I
38 |-4 S0 =1 )
39 ='1content’IES1 ='1content'1B51 =B39/C39 ='3HACinputs'lI$3 ='3HACinputs'ILS3 ='3HACInputs'lQ$3 ='3HACinputs'IR$3 =D39*E39°F39*G39*H39
40 ='lcontent'[E52 ='lcontent'1852 =840/CA0 ="3HACInputs'tI$3 ='3HACInputs'IL$3 ="3HACinputs'lQ$3 ="3HACInputs'IR$3 =DA0*E40*F40* G40 H40
41 ='1content'(E53 ='lcontent'i853 =B41/C41 ="3HACInputs'li$3 ='3HACinputs'IL$3 ='3HACinputs'lQ$3 ='3HACinputs'IR$3 =D41°E41°F41°G41°H41
42 ='1content'|E54 ='1contant’ 1854
43 |4 'IES5 =1 '18ss l=n43/c43 J-aacnputsiss  |=ranacinputsigs ]='3HACInpuu'IQ$3 |<sHacinputrings J-oasveavraaaazsnas
44 |=1contentiess  |='1contentinss
S e S T —— |-sHacinputsiass |-smacinputs'inss [spaseEaserasecasenas
46 |=1contentiess ='icontent'|BS8
47 ='1content'|E59 ='1content'lB59 =B47/C47 ='3HACinputs'lI$3 ='3HACinputs'iL$3 ='3HACInputs'lQ$3 ='3HACInputs'IRS$3 =D47*E47*FA7*G47*H47
48 ='Leontent'IE60 ='lcontent'|B60 =B48/C48 ="3HACinputs'NS3 ='3HACInputs'iL$3 3'3HACInputs'iQ$3 ='3HACinputs'IR$3 =D48*E48°F48° G487 H48
49 |-1contenttess |=1content'izsr
50 J=1contentiesz  |='1content'Bs2
51 ='1content’|E63 ="1content'|B63 =B51/C51 ='3HACInputs'li$3 ='3HACInputs'IL$3 ='3HACInputs'iQ$3 ='3HACInputs'{R$3 =051*E51°F51*G5S1*HS1
52 ='1contant'iE64 ='1content’|B64 =B52/CS2 ='3HACinputs'l$3 ='3HACinputs'IL$3 ='3HACinputs'lQ$3 ='3HACinputs'IR$3 =D52*E52°F52*G52°H52
53 ='1content'|E6S ='1content'|B65
54 |-scontanviess  |o'tcontentibes  f-ssejcsa  |-amacnpmstisa  feramacimputs'iss |=3macinpues'iasa |-3HacinputsRs |-osavEsavesarasasisa
55 |-1contenties?  |'1content'lns?
56 |-1cononviess  |-'tcontenviess  [-esercss  Josnacipusngs  fesmacinpusisa |=smacinpws'iass |=smacinpusirss  |=pseeseersesaserse
57 |=1content'iess ='icontent'iB69
58 ='1content'|E70 ='1content'|B70 =B58/C58 ='3HACinputs'lI$3 ='3HACinputs'IL$3 ='3HACinputs'lQ$3 ='3HACInputs'iR$3 =DS8*ESB*F58*G58*H58
59 ='1content'{E71 ="lcontent’|B71 =B59/C59 ='3HACInputs'lI$3 ='3HACinputs'IL$3 ='3HACinputs'lQS$3 ='3HACinputs'IR$3 =D59*E59*F59°G59*H59
60 |1 72 e 1872
61 |1 i3 =1 1673
62 |='1contentieza |='1content'tBzs
63 |-="1content’iE7S ='1content'|B7S =B63/C63 ='3HACInputs'li$3 ='IHACInputs'ILS3 ='3HACInputs'lQS3 ='3HACinputs'IRS3 =D63*E63*F63°G63*HE3
64 |='content1E7s  |='1content'IB76
65 ='tcontent'iE77 ='1content’|B77 =B65/C65 ='3HACinputs'lI$3 ='3HACinputs'IL$3 ='3HACInputs’'lQ$3 2'3HACInputs'IR$3 =D65*E65*FE5*GE5*HES
66 |='1content'iE?8 ='lcontent’iB78
67 ='1content'|{E79 ='1content'|B79 =B67/C67 ='3HACinputs'li$3 ="3HACinputs'lL$3 ='3HACinputs'tQ$3 ='3HACInputs'IR$3 =D67*E67°F67*G67*HE7
68 |="1content'IEB0 ='1content'|B80 =B68/C68 ='3HACInputs'lIS3 ="3HACinputs'iL$3 S'3HACInpUts'IQ$3 ='3HACinputs'IRS3 =D68*E6B*F68*G63*HES
69 |="1content’tEs1 ='1content’|B81 =B63/C69 ='3HACInputs'li$3 a'3HACinputs'iL$3 ='3HACinputs'lQ$3 ='3HACinputs'IR$3 =D69*E69*F69°GGI*HE9
70 |='1content'iEs2 [='1content'iBs2
71 }='1contentiess ='1content'|B83
72 ='1content'lE84 ='1content'|B84 l=s7z/c72 I:'SHACinputs'IISS I='3HACInputs'|L$3 ]='3HACinpuu'l0,$3 l='3HAClnput.s'IR$3 l=D72'E72'F72'G72‘H72
73 |='1content'iess  ='1content'ines
74 |='1content'iess  J="content'IB86
75 |-1contenties7  fercomenvisz  |brsicrs  |wsmacmpwtsuss  |-amacinpursiiss |-3nacinputsiiasa |=3macinputsirss J-ors+e75°75°675°H75
76 ='1content’|EBS ='1content'|B8S
77 [=1content'icsa ='1content’IB89 =B77/C77 ="3HACInputs'l1$3 ='3HACinputs'IL$3 ='3HACInputs'lQ33 ='3HACInputs'IR$3 =DT7*ETI°FTI*GTT*HT?
78 ='1content’'lE90 ='1content'IBI0 =B78/C78 ='3HACinputs'lI$3 ="3HACinputs'IL$3 ='3HACinputs'1Q$3 ='3HACInputs'IR$3 =D78*E78*F78*G78*H78

66 JO G8 93ed

0 Aoy



Formulas for Table 14

B C D E F G H I

79 ='lcontent'lE91 ="lcontent'|B91 =B79/C79 ='3HACInputs'i1$3 ='3HACinputs'IL$3 ='3HACinputs'IQ$3 ='3HACinputs'IRS3 =D79*E79°F79°*G79°H79

80 ='1content'1E92 ="1content'|B92 =B80/CB0 ='3HACinputs'lI$3 ='3HACInputs'IL$3 ='3HACinputs'lQ$3 ='3HACInputs'IR$3 =D80*EB0°*F80*GBO*HBO

81 [«'1content'iEs3 ='1content'|B93 =881/C81 ='3HACInputs'l{$3 ='3HACinputs'iL$3 ='3HACInputs'|Q$3 ='3HACInputs'IR$3 =D81°EB1°F81°G81*HB1

82 |="1content'iEsa ='lcontent'|894 =BB2/C82 ="3HACinputs'lI$3 ='3HACinputs'iL$3 ='3HACinputs'lQ$3 ='IHACInputs'IRS3 =D82*EB2°FB82*GB2°H82

83 a'1content'|E9S ='icontent'{B95 =B83/C83 ='3HACInputs'1$3 ='3HACInputs'IL$3 ='3HACInputs'iQ$3 ='3HACInputs'IRS3 =D83*E83*FB3*GA3*HE3

84 ='1content’'IE96 ='1content’'|896 =B84/C84 ='3HACInputs’li$3 ='3HACInputs'iL$3 ='3HACInputs'lQ$3 ='3HACinputs'IRS3 =DB84*EB4*FB84°GB4*HBA

33 |=1content 1E97 ='1conto"rﬂﬁ7 =BS5/CBS |- 3HACInputsTi33 Z3HACInpUtS L83 | W ="3HACIinputs IRG3 _ |=DBSSEBSIFB5°GBS T HES |
30 - - SUM(I4;
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A B C D E F G H I J
Content Leach Leached A, MAR oR ARF LPF Release
[e)] Ratio a (a/a;) {A) WVMP (A}
1 Isotope
from Table 1 From Tabl:D::::m Slassto L?Cti:::::ln; From Tabile 1 L;.Cl:‘:lr:::u'ﬁ; From Table 3 for LDCC internal to the melter ::::‘ :..D‘:::: If:‘::“:"‘ tI:tzloh:
2 the melter the meiter malter
3 a b c d=b*c e f=d/e g h i j=f*g*h*i
4 C-14 ='1content'IDS ='3HACInputs'|G$3 =B4*C4 ='1content'|BS =D4/E4 ='IHACinputs'iK$3 ='3HACInputs'iM$3 ='3HACInputs'lQ$3 =F4*H4*G4%14
5 {k-40 ='1content'iD7 ='3HACInputs'IG$3 =B5%CS ='Icontent’|B7 =D5/E5 ='3HACinputs'{K$3 ='3HACInputs'IM$3 ="3HACInputs'lQ$3 aF5*H5*G5%1S
6 Mn-54 ='1content’|D8 ='3HACInputs'1GS3 =B6*C6 ='1content’|B8 =D6/E6 ='3HACInputs'1KS3 ='3HACinputs'IM$3 ='3HAC_IQ& 1Qs3 =F6*HE6*G6*16
7 {co-60 ='1content’iD6 ='SHACinputs'iG$3 =87°C7 ='1content'|B6 =D7/E7 ='3HACInputs'iK$3 ='3HACinputs'IM$3 ='3HACInputs'lQ33 =SF7*H7*G7°17
8 NI-63 o'1content’ D11 ='3HACInputs'IGS3 =88°C8 ='1 ‘1811 =D8/E8 ='3HACinputs'iK$3 ='3HACinputs'IM$3 ='3HACinputs'lQ$3 =FB*H8*G8*I8
9 Sr-90 ='1contentiD12 ='3HACInputs'lGS3 =B9°C9 ='1 '1812 =D9/E9 ='3HACInputs'1K$3 ='3HACinputs'IM$3 ='3HACinputs'iQ$3 =F9*HE*GI*9
10 lv-90 ='leontent'iD13 ='1content'(B13
11 2r-95 ='1content'|D14 ='3HACInputs'IGS$3 =B811°C11 ='1content'iB14 =011/E11 ='3HACInputs'IK$3 ='3HACinputs'IM$3 ='3HACinputs'lQ$3 =F11°H11*G11%I11
12 JNb-95 ='1content'lD15 ='JHACInputs'lG$3 =B12*C12 ='1content'|B15 =D12/E12 ='3HACinputs'IK$3 ='3HACInputs'|M$3 ='3HACinputs'lQ$3 lFlZ'H@Z'lu
13 fnb-95m ="content'ID16 o'1content'(B16
14 Jrc9s ='1content'ID17 ='3HACInputs'IGS3 =B14°C14 ="1content'iB17 =D14/E14 ='3HACinputs'IK$3 ='3HACinputs'IM$3 ='3HACInputs'|Q$3 -F14°H14°G14%114
15 Cs-137 ="1content'lD19 ='3HACinputs'IG$3 =B15*C15 ='1content’|B19 =D15/E15 ='3HACinputs'IX$3 ='3HACinputs'IM$3 ='3HACinputs'lQ$3 =F15*H15*G15*115
16 |sa-137m ='1content’1D20 ='3content’[B20
17 —IEM-ISQ ='1content'ID22 ='3HACInputs'IG$3 =B17°C17 ="1content'|IB22 =D17/E1? ='3HACinputs'IK$3 ='3HACInputs'IM$3 ="3HACInputs'lQ$3 =F17*H17*G17%17
18 Jue-206 a'1content'ID23 ='3HACinputs'IG$3 =B18°C18 =1 (823 -D18/E18 ='3HACInputs'IK$3 ='3HACInputs'IM$3 ='3HACInputs'lQ$3 =F18°H18°G18°118
19 |n-206 ="1content'iD24 ='1content'|B24
20 {na0 ="1content'ID25 ='3HACInputs'IG$3 I:azo'czu l='1mnmntﬂj2_5 [=DIOIEZO ]='3HAClnputs'|K$3 I='3HAClnpms’IM$3 —I;'SHACMpuB'IQs! l=FZO‘H20'G20‘I20
21 jna208 ='1content'|D26 ='1content'B26
22 {n-a09 ="1content'ID27 ='1content'1827
23 fna1w0 ="icontent'ID28 ='3HACinputs'IG53 I:szs-czs l='1cnmant‘|828 l=oza/sza l:’BHACInpm'IKS! ]='5HACInputs'IM$3 —L'BHACInputs'IO.ﬂ I:an'nza'szs'li
24 |pv-210m ='icontent'ID29 ='icontent'|B2S
25 Pb-210 ='1content'ID30 ='3HACinputs'{G$3 =B25*C25 ='1 '1830 =D25/E£25 ='3HACinputs’IK$3 2'3HACInputs'IM$3 ='3HACInpu!.s'IQ_$L =F75'Hm‘_l?_5__
26 |pb-211 ='1content'iD31 ='3HACInputs'IG$3 =B26°C26 ='1contant'[B31 =D26/E26 ='3HACInputs'{K$3 ='3HACInputs'IM$3 ='3HACInputs'iQ$3 2F26*H26°G26°126
27 |eb-212 ='lcontant'ID32 =11 1832
28 [pb-214 =eontent'iD33 ='1content'IB33
29 |si209 ='content'ID34 ='1content'IB34
30 IBHIO ='1content'|D35 ='1content’|B35
31 [eran ='icontent'ID36 ='1content'|B36
32 lu-m ='1content'ID37 =1 1837
33 TBHB ='1content'1D38 ='1content'IB38
34 lsase ='1content'ID39 ="1content'1B38
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Formulas for Table 15

A B C D E F G H 1 J
35 [sia15 ="Lcontent'ID40 ="3HACInputs'1G$3 =B35°C35 =1 '1B40 =D35/E35 ="3HACInputs'IK$3 ='3HACInputs'iM$3  |="3HACinputs'IQs3 =F35°H35°G35%135
36 Po-210 ='1content'ID41 ="1 1841
37 lpo-211 ="1content'iD42 ='3HACInputs'lG$3 |-p3zecsr | a2 |=psvesr  Jeramacinpusiixsa Je'sHacinputs'imss ]=‘5HACinpms'IQ$3 [=F37‘H37‘GS7‘IZ7
38 o212 ="1content'iD43 ='Lcontent'|B43
39 |po-213 ='Lcontent'tD44 ='1contant'IBad
40 |po-214 ="1content'iD45 ='1content’ 1845
41 lpo-215 =" '1D46 '1content'IB46
42 |ro-216 ="1content'iD47 a1 1847
43 Po-218 ='1content' (D48 ="1content'|B48
44 {ar-215 ~'1content'(D49 ='3HACInputs'lGS3 | [:’mmm'ms |oasreass  |-smacinpursixss L'EHACInp\m‘IMSS ]:'SHACIMQSB |
45 |ar227 ='1content'IDSO ="1content'1BS0
46 Jac2is ="1content' D51 ='3HACInputs'IG$3 =B46°CAG ='1content'IB51 =DAB/E4E ='3HACInputs' KS3 ='3HACInputs'IM$3  |='aHacinputs'iasa =F46°HA6*GA6°146
47 lar21s ="tcontent'lD52 ="3HACinputs'|G$3 =B47°CA7 ='1content'1B52 -D47/E47 ='3HACInputs'IKS3 =3HaCInputs'iM$3 |='sHacinputs'iass =F47°HA7°GA7°147
48 {rn-217 ='1content’IDS3 = 3HACInputs'IGS3 =848°C48 ~icontent'lBS3  |-bas/Eas =" 3HACInputs'IKS3 =3HACInputs'IM$3 __|w'3HACputs'iass  |-raseHasecaseuss
49 lﬂn-lﬂ ='lcontent'|DS4 ='1content’iB54
50 IM-219 ='1content'ID55 ="3HACInputs'iG53 laaso-cso l='1 '|B55 I=oso/s_so I='3HACM!:‘IK$3 I='3HAClnpuu'IM$3 I=‘3HACInp|ns'|Q.$3 I=F50‘H50‘GSO'ISD
51 Jrn220 ="1contant'ID56 ="1content'IBS6
52 w222 ='1content'IDS7 ='3HACInputs'IG$3 J-es2ecs2 l='1eomem'|as7 l:nsz/ssz | |='3HAcmpuu'|M$3 JE‘BHACInputs'IQSS |-rs2ms20G520152
53 |rr221 ="1content'iDS8 ='1content'|B58
54 Fr-223 ='1content'|D59 ='3HACInputs'1G$3 oB54*C54 ='1content’|B59 sD54/E54 ="3HACInputs'IK$3 ='3HACInputs'IM$3 a'3HACInputs'lQS3 =F54°H54*G54°154
55 {ra-223 ="1content'lD60 ='3HACInputs'iG§3 =B55°C55 ='icontent'lBs0  |-Dss/Ess ="3HACInputs'IKS3 ='3HACInputs'IM$3  |="3HACinputs'iQs3 SF55*H55°G55°155
56 |ra-224 —1content'ID61 ="1content'IB61
57 IRI-IZS ='1content'ID62 a'icontent'|1B62
58 [ra22s ='1content'|D63 ='3HACInputs'IGS3 =B58°CS8 ='1content'lBe3  |=Dse/ess ='3HACInputs'IKS3 ='3HACInputs'IMS3 =3HACInputs'IQS3. -FS8°H5B°G58°I58
59 [re-228 ='1content'ID64 ='3HACInputs'G$3 =859°C59 = "85 |=D59/ES0 ='3HACInputs'IKS3 o'3HACInputs'iM$3  |='3HACInputs'lQsa =FS9*H59°G59°I59
60 |ac22s 211 D65 ='1content'IB65
61 |ac227 ='1content'iD66 ='3HACinputs'IGS3 I=ss1°c51 |- 1contentiaes | l='3HAC1nputs'lK$3 I='3HAClnpuu'lM$3 l='3HAClnpuu'lQ_§3 | E———
62 |ac22s ="1content'ID67 ='1content'IBS?
63 |mh-227 ='1content’'lD68 ='3HACinputs'IGS$3 I=BSS‘C63 lg'lcontant'IBGS I=063/E53 Iu'aﬂAdnputs'lK$3 l='3HAc1nputs'lM$3 IH‘SHAC_&M'IQSB I=F63‘H63‘GS3‘153
64 Th-228 ='1content'|D69 ='1content'(B69
65 |maz ="1content'iD70 ="3HACInputs'IG$3 =B65°CS5 =11 '1B70 =D65/E6S ='SHACInputs'IKS3 ='3HACInputs'IM$3  |='SHACInputs'iQs3 =F65*HE5°GE5°165
66 |m-230 =1content'lD?1 ='3HACinputs'|G$3 5B66°C66 =1 1871 -DE6/E66 ~'3HACInputs'IK$3 ='3HACInputs'iM$3  |=aHacinputs'iasa -F66*HE6°G66°166
67 |masn ='1content'iD72 ='1content'1B72
68 [z ='1content'|D73 ='1content'tB73
69 |m-234 ~'1content'ID74 ='1content'iB74
70 [pa-231 ="1content'ID75 ='3HACInputs'IG$3 |-s700c70 ]='kcntant'IB75 |-070/e70 l='3m\gnputs'|xsz |-'sHacinputs'imss l='3mcmpms@ |=Fr0vH70%670%70
71 |pa233 ='content'ID76 "Lcontent'IB76
72 |pa-232 =Lcontent'ID77 ='3HACInputs'IGS3 L:sn*az | T l='3HAClnputs‘lM$3 ]:angg‘-w'losa ]=m'n72°s7z°|7z
73 |pa-238m a"1content'ID78 ="1content'|B78
74 lu-23:2 ='1content'ID79 ='3HACInputs'1G$3 =B74°C74 ='1content'(B79 =D74/E74 ='3HACInputs'IK$3 ='3HACInputs'IM$3 ='3HACInputs'iQ53 =F74*H74°G74°174
75 Ju-233 ="1content'iD80 ='3HACinputs'{GS3 =875°C75 =11 B8O =D7S/E75 —'3HACinputs'IKS3 ='3HACinputs'IM$3____|="3HACInputs'IQ$3 <F75°H75°G75°175

66 JO 88 93ed

0 A9y



Formula.TabIe 15

A B C D E F G H I J
76 U-234 ='lcontent'|D81 a'3HACInputs'iG53 =B876*C76 ='1contant’[B81 =D76/€76 ='3HACInputs'ik$3 ='3HACInputs'IM$3 a'3HACInputs'IQ$3 aF76*H76°G76°176
77 Ju-23s ='1content’|D82
78 Ju-235m ='1content'|D83 =1 /1882
79 Ju-236 ='1content' (D84 ='3HACinputs'IGS3 I=B79‘C79 [='1:omont'l684 I=D79/E79 I='3HAClnputs'IK$3 [='3HACInpms'lM$3 l='3HACInpun'!Q,$3 I=F79'H79‘G79‘I79
80 Ju-2sy ='1content’ID8S ='1content'1B85
81 Ju-23s ="1content'ID86 ='1content'|B36
82 {np-237 ="1content'|D87 a'3HACinputs'IG$3 l=882‘@2 l='1r.ontent'l587 I=DS2IE82 l='3HAC[nputs'lK$3 l='3HAC(npu!s'lM$3 l='3HACinputs'lQ.$3 I=F82‘H82'G52'I82
83 INp-l!! ='1content'|D88 ='1content'iB88
84 Pu-238 a"1content’|DB9Y ='3HACinputs’IGS3 =B84*C84 ="1content’|B89 =D84/E84 n'3HACinputs'{K$3 ='3HACInputs'IM$3 ='3HACinputs'tQ$3 =2F84*HB4°GBA%184
85 Pu-239 ="1contant'|D90 a'3HACinputs'iG$3 =B85*C85 ="1content’IB90 =D85/E8S ="3HACInputs'{K$3 ='3HACinputs'iM$3 ='3HACInputs'IQ$3 =FB85*HE5*GBS5*185
86 pu-200 ='1content'iDI1 ='3HACinputs'lG$3 =B86*C86 ='1content'{B91 =D86/ESE ='3HACInputs'IKS3 ='3HACinputs'IM$3 ="3HACinputs'lQ$3 =F86*HB6*G86°186
87 Pu-241 ='1content'{D92 ='5HAC£plns'lG$3 =B87°C87 ='1content'|B92 =DB7/E87 ='3HACInputs'IK$3 o'3HACinputs'IM$3 ='3HACInputs'lQ$3 =F87*HB7*GB7*187
88 Am-241 ='1content'|D93 2'3HACInputs'IGS$3 =B88*CB8 ='lcontent'|B93 =DBS/ES8 ='3HACInputs'IK$3 ='3HACinputs'iM53 ='3HACInputs'lQ%3 =F88*H88*GRB*I88
89 Am-243 ='1content'|D94 ='3HACinputs'IG$3 =B89*CBY ='lcontent'|B94 =DBY/E8Y ='3HACInputs'IK$3 ='3HACinputs'IM$3 ='3HACInputs'iQ$3 =F89°HBI*GBI*I89
90 Cm-242 ='1content'| D95 ='3HACinputs'|G$3 =B890*CS0 ='1content’|BS5 =D90/£90 ='3HACinputs'IK$3 ='3HACinputs'IM$3 ='3HACInputs'IQ$3 =F90*H90* G90* 190
91 |lem-243 =1 'ID96 ='IHACinputs'IGS3 =891*C9o1 ="1content'|BI6 =D91/E91 ='SHACInputs'IK$3 5'3HACInputs'IM$3 ='3HACinputs'lQ$3 =F91°H91°G91°%191
92 Jem-244 ='1content’|DS7 ='3HACinputs'IG$3 =B92*C92 ='1content’|B97 =D92/E92 ="3HACInputs'IK$3 ='3HACInputs'IM$3 ='3HACinputs'|Q$3 =F92°H92*G92%192
93 JEsumuaqga)
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Formulas for Table 16

B C D E F G H 1 J
Content Leach Leached A, MAR LPF Release
(ci Ratio (ch (ci/ay) (8 or ARF Melter (A,
1
Calculated for Caiculated for Calculated for inhalation from LDCC
From Table 1 From Tablngc?r 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=h*c e f=dfe g h i j=f*g*h*i
4 |-=1contentis ='3HACinputs''G$3 =B4*C4 ='lcontent'|B5 =D4/E4 ="3HACinputs'!IK$3 ='3HACinputs'10$3 ='3HACInputs'IR$3 =FA*H4*G4*14
5 ='1content'|D7 ="3HACinputs'|GS$3 =B5*C5 ='Icontent'!B7 =D5/ES ='3HACinputs'IK$3 ="3HACinputs'!0$3 ='3HACinputs'IRS3 =F5*H5*G5*|5
6 ='1content'|D8 ='3HACinputs'1G53 =B6*C6 ='lcontent'!{BS =D6/E6 ='3HACinputs'K$3 ='3HACinputs'1053 ='3HACinputs'{RS3 =F6*H6*G6"I6
7 ]="1content'1Ds ='3HACinputs'|GS$3 =B7*C7 ='1content'IB6 =D7/E7 ="3HACinputs'lIKS3 ="3HACinputs'1053 ='3HACinputs'lR$3 =F7*H7*G7*17
8 ='1content' D11 ='3HACinputs'{GS3 =B8*C8 ='Icontent'(B11 =D8/E8 ='3HACinputs'!KS3 ='3HACinputs’(0S3 =3HACinputs'[R$3 =F8*H8*G8*I8
9 ='1content'ID12 ='3HACinputs'GS3 =B9*C9 ='1content'iB12 =D9/E9 ='3HACinputs'!IK$3 ='3HACinputs'!0$3 ='3HACinputs'!IR$3 =F9*HI*GI*19
10 |='1contentiD13 _ J="1contenttBiz
11 ='1content'!D14 ='3HACinputs'lG$3 =B11*C11 ='lcontent'!B14 =D11/E11 ='3HACinputs'!K$3 ='3HACinputs'l0$3 ='3HACinputs'IR$3 =F11*H11*G11*I11
12 ='lcontent'!D15 ='3HACinputs'IGS$3 =B12*C12 ='{content’!B15 =D12/E12 ='3HACinputs'IKS3 ="3HACinputs'l0$3 ="3HACinputs'IR$3 =F12*H12°G12*112
13 |-1contentp16  |="1content'1B16
14 ='1content’!D17 ='3HACinputs'IGS3 =B14*C14 ='1content'|B17 =D14/E14 ='3HACinputs'tK$3 ='3HACinputs'l0$3 ='3HACinputs'IRS$3 =F14*H14*G14"114
15 ='1content'ID19 ='3HACinputs'1GS$3 =B15*C15 ='lcontent'!B19 =D1S/E15 ="3HACinputs'iK$3 ='3HACinputs'105$3 ='3HACinputs'IR$3 =F15*H15*G15*I15
16 |="1content'tn20 ='lcontent'!1B20
1 7 ='lcontent'!|D22 ='3HACinputs'!G$3 =B17*C17 ='1content’!B21 =D17/E17 ='3HACinputs'1K$3 ='3HACinputs'{0$3 ='3HACinputs'IRS3 =F17*H17*G17*117
18 ='lcontent'!D23 ='3HACinputs'IGS$3 =B18*C18 ='1content’!B22 =D18/E18 ="3HACinputs'lK$3 ='3HACinputs'l0%$3 ='3HACinputs'IR$3 =F18*H18*G18*I18
19 |-'1content'ipaa  |='1content'i2a
20 ='lcontent'!D25 ="3HACinputs'!GS$3 |=BZO‘C20 I='lc0ntent'!825 I=DZO/E20 ]='3HACinputs'!K$3 I='3HACinputs'!0$3 I='3HAC|npu(s'IR$3 l:FZO'HZO"GZO'IZO
21 |="1content'iD26 ='1content'!B26
22 |-"1content'iD27 ="1content'!B27
23 ='1content’!|D28 ='3HACInputs'IGS$3 ]=BZ3‘C23 I='1content'!B28 I=DZ3/E23 |='3HACinputs'!K$3 I='3HACinputs'!0$3 JﬂCinputs'!RSEl I=FZ3‘H23'GZ3‘I23
24 ='1content'!D29 ='1content'|B29
25 ='1content'!D30 ='3HACinputs'iGS3 =B25*C25 ='1content'!B30 =D25/E25 ='3HACinputs'!IK$3 ="3HACinputs'l0%3 ='3HACinputs'!IR$3 =F25*H25*G25*125
26 ='lcontent'!D31 ="3HACinputs'!1GS$3 =B26*C26 ='lcontent'!B31 =D26/E26 ='3HACinputs'IK$3 ='3HACinputs'10$3 ='3HACinputs'IRS3 =F26*H26*G26%126
27 ='lcontent'!D32 ='lcontent’!B32
28 ='lcontent'!D33 ='lcontent'!B33
29 |="1content'iD34 ='lcontent'!B34
30 |='1content 35 ='1content'IB35
3 1 ="lcontent'!D36 ="1content'!B36
32 ='lcontent'|D37 ='1content'!B37
33 J-'1contentinas ='1content'|B38
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Formula.TabIe 16

B

C

| D

| E

[ F

[ G

[ H

34

='lcontent'|D39

='lcontent'|B39

35

='1content'|D40

='3HACinputs'IGS3

]:BSS‘CBS

l='lwntent‘!B40

I=D35/E3S

l='3HACinpuls'!KS3

l='3HACinpuls'!0$3

l=‘3HACinputs'!R$3

l=F35‘H35‘GBS"I35

36

='lcontent'!D41

='l1content’iB41

37

='lcontent'tD42

='3HACiInputs'|GS3

l=337*c37

l:‘lcontenl‘!BdZ

|=037/537

I='3HACinputs‘!K$3

l='3HACinputs'|0$3

]5'3HACinputs'!R$3

I=F37‘H37‘GS7‘I37

38

='1content'!D43

='1content'{B43

39

='1content'|D44

="1content'!B44

40

='lcontent'1D45

='1content'!B45

='lcontent'!D46

='1content'|B46

='lcontent’ D47

='Icontent'!|B47

='lcontent'!D48

="lcontent'!B48

='icontent'ID49

='3HACinputs'|G$3

l=344*c44

I:'lcontent'lB49

I:DM/EM

l='3HACinputs'!K$3

I='3HACinpuls‘!0$3

I:‘SHACinputs'!R$3

=F44*H44*G44"144

='lcontent'!DS0

='1content’!B50

='lcontent'!D51

='3HACinputs'!G$3

=B46*C46

='lcontent'|B51

=DA46/E46

='3HACinputs'!K$3

="3HACinputs'l0$3

='3HACinputs'|R$3

=F46*H46*G46°146

='1content'1DS2

="3HACinputs'IG$3

=B47*C47

='lcontent'tB52

=D47/E47

="3HACinputs'IK$3

="3HACinputs'10%3

='3HACinputs'!IR$3

=F47*H47%G47*147

='lcontent'1DS3

='3HACinputs'IG$3

=B48*C48

='lcontent'!BS3

=D48/E48

='3HACinputs'lKS3

="3HACInputs'!053

="3HACinputs'!R$3

=F48*H48*G48"148

='1content'!D54

='lcontent'|B54

='1content'!D55

='3HACinputs'1GS$3

I=BSO‘C50

l:‘lcontent'!BSS

|=DSO/E50

I='3HACinputs'!K$3

I=‘3HAC|nputs'!O$3

I:'SHACinputs'!RSB

I=F50‘H50’GSO‘I50

='1content'ID56

=']content'!B56

='1lcontent'ID57

='3HACinputs'|G53

l:asz*csz

l:‘lcomem'!BS?

I=DSZ/E52

|=‘3HACinputs’!K$3

I:'3HACinputs‘!O$3

l='3HACinputs'!RS3

I:FSZ‘HSZ‘GSZ'ISZ

='icontent'!D58

='1content'!B58

='lcontent'|D59

='3HACinputs'lG53

=B54*C54

='1content'IB59

=D54/E54

="3HACinputs'1KS3

='3HACinputs'l053

='3HACinputs'!R$3

=F54*H54*G54*154

='lcontent'|D60

='3HACinputs'!G$3

=B55*C55

=']content’!B60

=D55/E55

='3HACinputs'!K$3

='3HACinputs'|053

='3HACinputs'IR$3

=F55*H55*G55*I55

='lcontent'ID61

="1content'!B61

='lcontent’!D62

='lcontent'!1B62

='lcontent'ID63

="3HACinputs'!G$3

=B58*C58

='Icontent'|B63

=D58/E58

='3HACinputs'IK$3

="3HACinputs'l0S$3

='3HACinputs'|R$3

=F58*H58*G58* 58

='1content’\D64

="3HACinputs'1G$3

=B59*C59

='1content'|B64

=D59/E59

='3HACinputs'IK$3

='3HACinputs'10%3

='3HACinputs'IR$3

=F59*H59*G59*59

='1content' D65

='1content'!B65

='1content'!D66

='3HACinputs'iG$3

Laarceu

l:'lcontent'!BGG

|=DSl/E61

I='3HACinputs'|K53

I='3HACinpu(s‘!O$3

I=‘3HACinputs'!R$3

I=F61'H61‘G61‘I61

='lcontent'iD67

='1content'{B67

='lcontent'ID68

='3HACinputs'!G$3

l:asz-css

I:'lcontem'!ESB

l:nes/ees

[:‘3HACinpuls'!K$3

l=‘3HACinpuls‘!0$3

l='3HACinputs'!R$3

|=F63‘H63'663‘I63

="lcantent'!\D69

='1content'|B69

='lcontent'iD70

='3HACinputs'IG$3

=B65*C65

='1content'|B70

=D65/E65

='3HACinputs'IK$3

="3HACinputs'|053

="3HACinputs'!R$3

=F65*H65*G65165

66

='lcontent'!D71

="3HACinputs'1G$3

=B66*C66

='1content'!B71

=D66/E66

='3HACinputs'!K$3

='3HACinputs'!0$3

='3HACInputs'IR$3

=F66*H66*G66*166

67

='lcontent'!D72

="lcontent'{B72

68

='lcontent'!D73

='1content'!B73

69

='lcontent'!|D74

='1content'!B74

70

='1content'|D75

='3HACinputs'|G53

|=e7o‘c7o

I='1content'! 875

l=D70/E70

]='3HACinputs‘!K$3

I:'aHACinputs'!OSB

I='3HACinpuls‘!R$3

|=F70‘H70‘G70'|70

71

=lcontent’iD76

='Icontent'{B76

72

='lcontent'!ID77

="3HACinputs'1G$3

I=B72‘C72

I=‘1content' 'B77

I=D72/F_72

|='3HACinputs'!K$3

I='3HACinputs'!O$3

|=‘3HACinputs'!R$3

I=F72‘H72'G72"I72

73

='lcontent’!D78

="lcontent'|B78

74

='1content'!D79

='3HACinputs'G$3

l=s74'c74

I='1content'!B79

l=D74/E74

l=‘3HACinputs‘!K$3

I='3HACinpu!s'!0$3

l='3HACinputs'!R$3

I=F7d"H74"G74'I74
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Formulas for Table 16

C

D

E

F

G

H

1

='3HACinputs'!GS$3

=B75*C75

='1lcontent'tB80

=D75/E75

='3HACInputs'!K$3

='3HACinputs'|0$3

='3HACinputs'lIRS$3

=F75*H75*G75*175

='3HACinputs'!G$3

=B76*C76

='1content'!B81

=D76/E76

='3HACinputs'IK53

='3HACinputs''0$3

='3HACinputs'tR$3

=F76*H76*G76*(76

='1content'|B82

='3HACinputs'!G53

l=379*c79

I='1content'!884

I=D79/E79

l='3HACinpuls‘ IKS3

l=‘3HACinputs'!0$3

l=‘3HACinputs'!RS3

[=F79‘H79‘G79‘l79

='1content'{B85

='1content'!B86

='3HACinputs'iGS3

|=B82'C82

I='1contem'!887

I:DSZ/ESZ

l='3HACinputs'!K$3

|='3HACinputs‘!0$3

l='3HACinputs'!R$3

|=F82‘H82‘GBZ'I82

="1content'!|B88

='3HACinputs'!GS3

=B84*C84

="1content'!B8%

=D84/E84

='3HACinputs’'!KS3

='3HACinputs'l053

='3HACinputs'IR$3

=F84*H84*GB4*I84

='3HACinputs'|GS$3

=B85*C85

='1content'!BS0

=D85/E85

='3HACinputs'IK$3

="3HACinputs'1053

='3HACinputs'!RS3

=F85*H85*G85*I85

='3HACinputs'IGS$3

=B86*C86

='1content'!B91

=D86/E86

='3HACinputs'tK$3

='3HACinputs'|0$3

="3HACinputs'R$3

=F86*H86*G86"186

='3HACinputs'lG$3

=B87*C87

='1content'!B92

=D87/E87

='3HACinputs'!KS3

='3HACinputs'|0$3

='3HACinputs'IR$3

=F87*H87*G87*I87

='3HACinputs'iG$3

=B88*C88

='1content'{B93

=D88/EBS

='3HACinputs'IK$3

='3HACinputs'!0$3

="3HACinputs'IR$3

=F88*H88*G88*I88

='3HACinputs'IG$3

=B89*C8Y

='lcontent'!B94

=D89/E8Y

='3HACinputs‘!K$3

="3HACinputs'!0$3

="3HACinputs'!R$3

=F89*H89*GB9*I89

="3HACinputs'|GS$3

=B90*C90

='lcontent'!B95

=D90/ES0

='3HACinputs’IK$3

='3HACinputs'|0$3

='3HACinputs'IR$3

=F90*HI0*G90*I190

='3HACinputs'!GS$3

=B91*C91

='1content’!B96

=D91/E91

="3HACinputs'!K$3

='3HACinputs'10$3

='3HACinputs'IR$3

=F91*H91*G91*I191

='3HACinputs’!G3$3

=B892*C92

='Icontent’{B97

=092/£92

="3HACinputs'lKS3

='3HACinputs’!0S3

=3HACinputs’IRS3

=F92*H927GI2*192

B

75 ='1content'| D80
76 |-1content'ina1
77 ='1content'!D82
78 ='1content'ID83
79 ='icontent'|D84
80 ='1content'{D85
81 ='lcontent'{D86
82 ='1content'!D87
83 ='1content'|D88
84 ]=1content'ingg
85 |-'1content'1ngo
86 |=1content'ina1
87 ='1content'ID92
88 ='icontent’!D93
89 |-1content'ings
90 |=1content'109s
91 ='lcontent'!D96
92 ='Icontent’!Dg7
93

-sum(14:192)
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‘ Formula Table 17
A B C D E F G H 1 J
Content Leach Leached A, MAR oR ARF LPF Release
1 () Ratio (=)} (a/a;) (A) WVMP (A;)
totore Caleulatod Caleulated Calculated for Inhalation from
From Tabla 1 From TabLI;:cfor PBS to o:::'::;'fo T:::II .:::':'C'::o From Table 3 for LDCC extarna! to the meltar from increase In pressure LDCC external to the melter from

2 mehter melter increase in pressure
3 a b ¢ d=b*c e f=dfe g h i kef*g*h*i*)
4 [ ="1content'IF19 ='3HACInputs'IHS3 =B47C4 ='lcontentB19  J=D4/E4 ='3HACInputs'lIS3 2'3HACinputs'10$3 ='3HACInputs'lQ$3 =FA*G4*HA*14
5 [B187m  |oscontentiF2o ='3HACInputs'IHS3 =B5*CS ='1content'lB20
6 [sr90 ='1content'IF12 ='3HACInputs'HS3 =867C6 tcontent'lBl2  |D6/E6 J-anacinputs'iisa |-sHacinpunsioss [-sHacimpusiasa |erercerneris
7 |vo0 ="icontent'|F13 ='3HACinputs'lH$3 =87*C7 ='lcontent'|B13
8 |pmar ="1content'IF21 ='3HACInputs'IHS3 =B8*CB ="1content'IB21 =DB/EB ='3HACinputs'li$3 ='3HACInputs'l0$3 ='3HACinputs'1Q$3 =FB°GB*H8*I8
9 [am-201 ='1content’|F93 ='3HACinputs'iH$3 =89*C9 a'1content'|892 =D9/E9 ='3HACinputs'U$3 ="3HACInputs'l0$3 ='3HACinputs'lQ$3 =F9*GI*HI*I9
10 [Ewiss ="Lcontent'IF22 ='3HACInputs'HS3 =810°C10  |-'icontentiB22  {eD10/E10 ='3HACInputs'UU$3 <'3HACinputs'I0$3 ='3HACinputs'1Q$3 =F10*G10*H10%110
11 [nee3 a'1content'IF11 ='3HACInputs'IHS3 =B11°C11 'lcontentB11  [=D11/E11 ='3HACInputs'U$3 ='3HACinputs'i0$3 ~'3HACInputs'lQ$3 =F11°G11°H11%111
12 [Fess ='1content'IF9 ="3HACInputs'IH$3 =B12°C12 ="1contant'{B9 =D12/E12 ='3HACInputs'1J$3 ='3HACinputs'l0$3 ='3HACInputs'la$s =F12°G12°H12%112
13 [Pu-238 ='lcontent'IF89 ='3HACInputs'IHS3 =p13°C13 ='lcontent'iBBO  [=DI3/E13 ='3HACInputs'lI$3 ='3HACInputs’I0$3 ='3HACInputs'lQs3 =F13°G13*H13%/13
14 |c4 ='1content'IFS ='3HACInputs'IHS3 =B14°C14 ='1content'IB5 =D14/E14 ='3HACInputs'lI$3 ='3HACInputs'IO$3 ='3HACInputs'lQS3 =F14°G14°H14%I14
15 |co60 ='1contant'IF6 ='3HACinputs'IH$3 =B15°C15 ='1content'|B6 =D15/E15 ='3HACInputs'LS3 ='3HACInputs'l0$3 ='3HACInputs'lQs3 =F15°G15°H15%115
16 {u-232 ='1content'IF79 ='3HACInputs'IHS3 =B16"C16 ='lcontem'lB79  |=D16/E16 ='3HACInputs'U$3 ='3HACInputs10$3 ='3HACInputs’las$3 =F16°G16°H16%116
17 |pu-23e ='1content'IF90 ='3HACInputs'tH$3 =817°C17 ='lcontent’B90  |=D17/E1? ='3HACInputs'lI$3 ='SHACinputs'l0$3 ='3HACInputs'lQ$3 =F17°G17*H17*117
18 [Pu-240 ="1content'IF91 ~'SHACInputs'1HS3 =B18*C18 =content'lBS1  |-D18/E18 2'3HACInputs'I$3 ='3HACInputs'IOS3 ='3HACinputs'lQ$3 =F18°G18°H18*118
19 [NHs8 ="1content'IF10 ='3HACInputs'H$3 =B19°C19
20 |29 ='1content'IF18 ='3HACInputs'HS3 =B20°C20 ='1content' 1810
21 fuas ='1contant'IF80 ="3HACInputs'IH$3 =B21°C21 ='lcontent'lB80  |=D21/E21 '3HAGinputs'U$3 ='3HACinputs'l0$3 ='3HACInputs'lQ$3 =F21°G21°H214121
22 [Tess ='1content'IF17 ='3HACInputs'IHS3 =B22°C22 'lcontent'tB17  |=D22/E22 ='3HACIpuUts'l#$3 a'3HACInputs'|0$3 ='3HACInputs'10$3 =F220G22°H22°122
23 w8 ='lcontent'IF4 ='3HACinputs'IH$3 =B23°C23 ='1content'tB4 =D23/E23 2'3HACInputs'lis3 ='3HACInputs'l0$3 ='3HACInputs'|Q$3 =F23°G23"H23%123
24 [v-24 ='1content'1F81 ='3HACInputs'IHS3 =8247C24 c'lcontent’lB81  |=D24/E24 ='3HACInputs'lI$3 ='3HACInputs'lO$3 ' 3HACInputs'lQ$3 =F24°G24*H24%124
25 |v-a38 ='1contant'IF82 ='3HACinputs'IHS3 =825°C25 ='lcontent'|B36
26 jv-26 ='1content'IF83 ='SHACInputs'IHS3 2826°C26 olcontent'iBsd  |-D26/E26  |<'sHACIputs'us3 J=smacinputsiioss |sHacinputs'iass |-e26+G264H267126
27 ju-ass ="Lcontent'IFB4 ='3HACinputs'H$3 =827°C27  |-'icontent'lBs2
28 |om242 ='1content'IF35 ='3HACInputs'IHS3 -828°C28 ='lcontent'IBS5  |=D28/E28 ='3HACInputs'I$3 ='3HACInputs'lOS3 ='3HACInputs'1QS3 =F28°G2B°H28°128
29 |Am-243 ='1content'IF34 ='3HACInputs'IHS3 -829°C20  |-'tcontent’iBos  |-p29/E2  |='sHAcinputsiss ='3HACinputs'|0$3 ='3HACInputs'I0$3 =F29°G29°H29°129
30 [om243 =1content'lF95 ='3HACInputs'IHS3 -830°C30  |='tcontentiBes  |-p30/30  |=sHacimputsiusa '3HACInputs 103 ='3HACInputs'1as3 =F30°G30*H30*130
31 [m2s ='1coment'IF69 ='3HACInputs'IHS3 =B31°ca1 ="1content'lB6S
32 |Ne-237 ='lcontent'IF87 ='3HACInputs'IHS$3 =B32°C32 =contert'lBs7  |-Daz/es2 ="3HACinputs'I$3 '3HACinputs'|0$3 ='3HACInputs'IQ$3 =F32G32*H32*132
33 vz ='1content'IF79 ='3HACInputs'IHS3 -B33°Ca3 ='lcontont'lB79  |=D33/E33 '3HACInputs'lI$3 ='3HACInputs'I0$3 '3HACInputs'IQS3 =F33°G33*H33*133
34 |32 ="Lcontent'IF73 ='3HACinputs'IH$3 =834°C34 ='1content’lB73
35 jmwas0 ='1content'IF74 2'3HACinputs'IH$3 =B35*C35 ='icontentlB71  |-D3s/E35 ='3HACinputs'I$3 ='3HACinputs'l0$3 ='3HACinputs'10$3 =F35*G35°H35°135
36 |Pe21 u*1content'IF92 ="3HACInputs'IHS3 =B36°C36 ="1content'1892 =D36/E36 ='3HACinputs'l/$3 ='3HACInputs'l0$3 ='3HACinputs'IQ$3 =F36°G36°H36*136
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Formulas for Table 17

A B C D E F G H ) J
37 jemass ="1content'IF37 ='3HACInputs'[H$3 =B37°C37 ='1content'IB97 -D37/E37 _ |='3HACinputs'lUS3 |='sHACInputs’lO$3 ='3HACInputs'lQ$3 =F37°G37*H37"137
38

. |

|I=SUM(J4'JS7)
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. Formul‘ Table 18

A B C D E F G H 1 J
Content Leach Leached A MAR \PF Release
(o Ratio = ) %) o ARe wvmp (%)
From From Table 3 for PBS to c::::é:d From cfl::t:::;d Calculated for inhalation
Table 1 s lan external to Table 1 axternal to From Table 3 for LDCC exernal ta the malter from LDCC external to the
2 mekter meker melter
3 a b ¢ deb*c ¢ f=d®e 8 h | {af*g*h*i
4 [cs13? ='1content'IF19 ="3HACInputs'|H$3 =B4*C4 ='1content'1B19 =D4/E4 a'3HACInputs'lI$3 ='3HACInputs'l0$3 ="3HACInputs’'|QS$3 =F4*G4*H4*14
5 |8>137m ='1content'IF20 ='3HACInputs'IHS3 =85°C5 ="1content'B20
6 |5-% ='1content'IF12 ='3HACInputs'IHS3 =B6°C6 ='1content'iB12 J-o6/es l='3HACInputs‘U$3 |-sHacinpusioss [=smacinputsiass | —
7 |r% ='1content'IF13 'SHACInputs'IH$3 =B7°C7 —'1content'iB13
8 |pma47 <lcontent’lFz  |="3HACInputs'IHS3 -88°ca ='icontent'B21 =D8/E8 <'3HACInputs'I$3 ='3HACInputs'lO$3 ='3HACInputs'|QS3 =FB*GB*HB*18
9 |Am2a1 ="1content'IFo3 ='3HACInputs'IH$3 =89°C9 ='1content'B92 =DO/ES ='3HACInputs'IS3 =3HACInputs'l0$3 ='3HACInputs'IQS3 =F9*Go*Hg"I9
10 [ew1s4 ='1content'lF22 =3HACInputs'HS3 =810"C10 ='1content'1B22 =D10/E10 ='3HACInputs'US3 ='3HACInputs'10S3 ='3HACInputs'lQ$3 =F10°G10°H10°110
11 [nees ='1content'lF11 o'SHACInputs'IH$3 =B11°C11 ='lcontent'IB11 =D11/E11 2'3HACInputs'LI$3 ='3HACInputs'lO$3 ='3HACInputs'IQ33 =F11°G11°H11%111
12 [Fess ="1content’IF9 ='3HACInputs'IHS3 =812°C12 ='1content'I89 =D12/E12 ='3HACinputs'lI$3 ='3HACInputs'10S3 =IHACInputs'iQ$3 =F12*G12°H12°112
13 Pu-238 ="1content’IF89 ='3MACinputs'{H$3 =813°C13 ='1content'|B89 =013/E13 ='3HACInputs'LI$3 ='3HACinputs'10$3 ='3HACInputs'lQ$3 =F13*G13°H13°113
14 [c14 ="1content'IF5 2'3HACInputs'IHS3 -B14°C14 ="1content'IB5 =D14/E14 ='3HACInputs'US3 ='3HACinputs'lO$3 ='3HACinputs'|Q$3 =F14°G14°H14°114
15 jco60 u'1content'IF6 ='3HACInputs'IHS3 =B15°C15 ="Lcontent'IB6 «D15/EL5 ='3HACInputs'li$3 2'3HACInputs'10$3 ='3HACInputs'IQ$3 =F15°G15°H15*115
16 |u-232 ='1content'IF79 o'3HACInputs'IHS3 =816°C16 ='1content'1B79 =D16/E16 ='3HACInputs'US3 ='3HACInputs'l0$3 ='3HACinputs'lQ$3 =F16°G16°H16°116
17 |pu-239 ='1content'iF90 ='3HACInputs'IHS3 =817°C17 ='1content'|B90 =D17/E17 2'3HACinputs'US3 ='3HACInputs'lO$3 ='3HACInputs'lQ$3 SF17°G17°H17°117
18 |Pw-240 =1content'lFo1 =3HACInputs'IHS3 =B18*C18 ='1content’lBS1 -D18/E18 ='3HACInputs'lI$3 ='3HACInputs'l0$3 a'3HACInputs'lQS3 =F18°G18°H18°118
19 |nese ="1contentIF10 ='3HACInputs'IH$3 =819*C19
20 w29 ='1content'IF18 ='SHACInputs'IHS3 =B20°C20 ~'1content’(B10
2] uas ='lcontent'lFs0  |='3HACIputs'iHS3 =B21°C21 ='1content'IBS0 =D21/E21 —'3HACinputs'lI$3 ='3HACInpUts'I0S3 ~'3HACInputs'iQS3 =F214G21°H214121
22 [Te99 ='1content'IF17 ='3HACInputs'IHS3 =822°C22 ='1content'|B17 =022/E22 ='3HACInputs'lI$3 ='3HACinputs'lO$3 ='3HACInputs'lQ$3 =F22G22°H22°122
23 |43 ='1content'IF4 ='3HACInPUts'HS3 =B23°C23 ="1content'1B4 =D23/E23 ='3HACInputs'U$3 ='3HACinputs'I0S3 ='3HACInputs'lQ$3 =F23°G23°H23*123
24 |u-234 =lcontentF81  |="3HACinputs'tHg3 =B24°C24 ='1content'1B81 =D24/E26 ='3HACInpUts'LIS3 ='3HACInputs'I0$3 ='3HACInputs'lQS3 =F24°G24°H247124
25 |una ='1content'IF82 ='3HACInputs'HS3 -B25°C25 ="1content'1B86
26 |v-us ='lcontent'IF83  |='IHACinputs'iHS$3 -B26°C26 ='1contant'IB84 |-026/e26 J=snacnputs'uss |-sacmputsioss  |esmacmpustiass  |-raseasrhastize
27 |u-as ='lcontent'IF84 ='3HACInputs'IHS3 2827*C27 a'1content'|B82
28 |em2a2 ='icontent'IF95 ='3HACInputs'IH$3 -828°C28 ='1content'|B95 =D28/E28 ='3HACInputs'U$3 ='3HACInputs'l0$3 =3HACInputs'IQs$3 =F28°G28°H28°128
29 [am-243 ="1content'IF94 ='3HACinputs'IH$3 -829°C29 ='1content'IB34 -D29/E29 ='3HACinputs'U$3 ='3HACInputs'lOS$3 a'3HACInputs'lQ$3 =F29°G29°H29°129
30 [cm243 ="1content'IF96 ='3HACinputs'IHS3 =830°C30 ="1content'lB96 =D30/E30 ='3HACinputs' U$3 2'3HACInputs'l0$3 ='3HACInputs'IO$3 =F30*G30°H30°130
3] |mas ="1content'IF69 ='3HACInputs'|H$3 =B31°ca1 '1content'IB69
32 |ne237 ='lcontentIFE7  |="3HACInputs'IH$3 =832'C32  |="1content'lzs7 =D32/E32 '3HACInputs'11$3 ='3HACInputs'IOS3 ='3HACinputs'lQ$3 =F32°G32°H32*132
33 jua =*1content'{F79 ="aHACInputs'IHS3 =833°C33 ='1content'{B79 D33/E33 ='3HACInputs'lI$3 ='3HACInputs'I0$3 ='3HACInputs'IQ$3 =F33*G33°H33*133
34 [m22 ='1content'lF73 = 3HACInputs'IH$3 =834°C34 ='1content'|B73
35 |30 ='1content'IF74 ='3HACInputs'HS3 =B35°C35 ='1content!|B71 =D35/E35 ='3HACinputs'$3 ='3HACInputs'lOS3 ='3HACInputs'1Q$3 =Fa5"G35*H35*135
36 |pu2a1 ="1content'IF92 ='3HACInputs'iH$3 =B36°C36 ='1content'(B92 =D36/E36 ='3HACInpuUts'li$3 ='SHACInputs'l0$3 ='3HACinputs'iQ$3 =F36°GIE*H36*136
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Formulas for Table 18

A B C D E F G H 1 J
3 Cm-244 ='1content'IF97 ='3HACInputs'tH$3 =B37°C37 ='1content’|B97 =D37/E37 ='3HACInputs'lJ$3 ='3HACinputs'l053 ='3HACInputs'1Q$3 =F37*G37*°H37°I37
38 |Lsumu4u37)

66 40 96 93ed
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Formula‘Table 19

A B C D E F G H I
Content Leach Leached A MAR oR LPF Release
) Fraction a [c/a,) (A} WVMP (R}
1
tsotope
Calculated
for LDCC Calculated Calcutated for non-
from Table 1 From Table 3 axternal to From Table 1 for LDCC external From Tabte 3 for LDCC axernal to the melter inhalation from LDCC
2 melter to malter axternal to the melter
3 2 b 3 d=b*c e f=d*/e Y h =f*g*h
4 |csa3r ='1content'IF19 ='3HACinputs'tH$3 =B4°C4 ="1content'IB19 =D4/E4 ='3HACInputs'U$3 ="3HACinputs'|S$3 =F4*G4*H4
5 |Ba-137m ='lcontent' IF20 ="3HACInputs'IH$3 =B5°CS ='18HACexLOCC "IES
6 | ='lcontent'IF12 ='3HACInputs'[H$3 =B6°C6 ='1contant'lB12 I=Ds/ES l='3HACInputs'U$3 I='3HACInputs'lS$3 I=F6'G6‘H5
7 |ve0 ='1content'IF13 ='3HACInputs'IH$3 =874C7 ='1content’|B13
8 |pmiar ="Lcontent'IF21 ='3HACInputs'IH$3 =B8*C3 ="icontent'IB21 =D8/EB ='3HACinputs'li$3 ='3HACInputs'1S$3 =FR*GB*HE
9 jamaa ='1content'|F93 ='3HACInputs'IH$3 =B9*C9 ='1content’IB92 =D9/E9 ='3HACinputs'lI$3 ='3HACInputs'I$$3 =F9°GI*HY
10 jew-154 ='{content'|F22 ='3HACInputs'[H$3 =B10°C10 ='1content'1B22 =D10/E10 ='3HACInputs'lI$3 ='3HACInputs'IS$3 =F10°G10°H10
11 [nees ='1content’IF11 ='3HACinputs'IH$3 =811°C11 ='1content'|B11 =D11/E11 ='3HACInputs'lI$3 ='3HACinputs'|S$3 =F11°G11°H11
12 [ress ='1content'IF9 ='3HACInputs'IHS3 =B12°C12 ="1content'|1B9 =D12/E12 ='3HACInputs'U$3 ='3HACInputs'I$$3 =F12°G12°H12
13 |pu23s ='1contant'IF89 ="3HACInputs'IH$3 B13°C13 ='1contant'IB89 =D13/E13 ='3HACInputs'lU$3 ='3HACinputs'IS$3 =F13°G13*H13
14 Jc1a ='lcontent!|FS 2'3HACInputs'HS3 2B14°C14 a'1content'IBs =D14/E14 ='3HACInputs'US3 ='3HACInputs'ISS3 =F14*G14*H14
15 jcoso ="1content'IF6 ='3HACinputs'IH$3 =B15*C15 ='1content’I86 =D1S/E1S ='3HACInputs'l}$3 ='3HACinputs'IS$3 =F15*G15°H15
16 |u-232 ='1content'lF79 ='3HACInputs'IHS$3 =B16°C16 ='1cantent’IB79 =D16/E16 ='3HACInputs'l$3 ='3HACInputs'IS$3 =F16°G16*H16
17 |pu-239 ="1content'IF90 ='3HACinputs'IH$3 -B17°C17 ='1content'IB90 =D17/€17 ='3HACInputs'US3 ='3HACInputs'IS$3 SF17°G17°H17
18 |pu-240 ="1content'IF1 ='3HACinputs'IH$3 =B18°C18 ='1content'IB91 =D18/E18 ='3HACInputs'lI$3 ='3HACInputs'is$3 =F18°G18*H18
19 |nes9e ~'1contant’IF10 —'3HACinputs'IHS3 -819°C19
20 129 ='1content'iF18 ='3HACInputs'tH$3 =B20*C20 ='1content’|B18
21 |u2as ='1content’IF80 ='3HACInputs'iH$3 =B21°C21 ='1content'B80 =D21/E21 ='3HACInputs'lI$3 ='3HACinputs'1S$3 2F21°G21°H21
22 [ress ='1content’IF17 ='3HACinputs'IH$3 =B22*C22 ="1contant'1B17 =D22/£22 ='3HACInputs'lJ$3 ='3HACinputs'1S$3 =F22*G22°H22
23 H-3 ='1content'IF4 ='3HACinputs'IH$3 =B23*C23 ='1content'|B4 =D23/€23 ='3HACinputs'lU$3 ='3HACInputs'iS$3 =F23*G23*H23
24 |u-234 ='icontent’IFB1 ='3HACInputs'IH$3 =B24°C24 ='1content'|Ba1 =D24/€24 ='3HACInputs'lI$3 ='3HACInputs'tS$3 =F24*G24°H24
25 |u-238 ="1content'IF82 ~'3HACInputs'IH$3 =B25°C25 ='1content’lB36
26 |u-236 ='1contant'IF83 ='3HACinputs'iH$3 =B26°C26 ='1content'iB84 l:ozs/szs I='3HAcznpuu'usa I='3HAClnputs‘IS$3 |=|=zs'st°st
27 U-235 ='1content’|F84 ='3HACInputs'1H$3 =B27°C27 ='1content'|B82
28 [em-2a2 ='1content'IF95 ='3HACInputs'IH$3 =B28°C28 a'1content’IB95 =D28/E28 ='3HACInputs'U$3 ='3HACinputs'IS$3 <F28°G28°H28
29 [am-243 ='lcontent'IF34 ='3HACInputs'tH$3 ~B29°C29 ='1content'IB94 =D29/E29 ='3HACInputs'Li$3 ='3HACinputs'Is$3 =F29°G29*H29
30 Jem-2e3 'lcontent'IF96 ='3HACinputs'IH$3 =830°C30 ='1content’IB96 -p30/E30 ~3HACInputs'US3 ='3HACinputs'1s$3 =F30*G30°H30
31 [z ='1content'IF69 ='IHACInputs'IH$3 =B31°C31 ='1cantant'IB69
32 [Np237 =*1content’IFB7 ='3HACInputs'iH$3 =832°C32 ="1content'1B87 =D32/E32 ='3HACinputs’'J$3 2'3HACInputs'1S$3 =F324G32°H32
33 jum "1content'IF79 ='3HACinputs'IH$3 -p33*ca3 ='lcontent'1B79 =D33/E33 =IHACInputs'US3 ="3HACInputs'IS§3 =F33°G33°H33
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Formulas for Table 19

B C D E | F | G | H ] 1
34 jma32 ="1content'IF73 ='3HACinputs'1H$3 =834°C34 ='1content'IB73
35 |m230 ="1content'IF74 ="3HACInputs'IH$3 =B35°C35 #'1content'|B71 =D35/E35 ='3HACiInputs'lI$3 ='3HACInputs'IS$3 =F35°G35°H35
36 |pu2as ='1content'IF92 ="3HACinputs'IHS3 =B36°C36 ="1content'|B92 =D36/E36 ='3HACInputs'lI$3 ='3HACInputs'IS$3 =F36°G36*H36
37 lemasa ='1content'IF97 ='3HACInputs'IH$3 =B37°C37 ="Lcontent'|B9? =D37/E37 ='3HACInputs'lI$3 ='3HACInputs'IS$3 ) REMEIAGEY
38 4‘%4337)
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Formula‘TabIe 20

A B
10 - SOURCE RELEASE
11 § from Glass - — =ﬂ
12 Spout Glass|='12HACspoutglass'l93
13 Melter Heel Glass|="13HACheelglass'|93
14 Refractory Glass|='14HACrefrglass '1186
15
16 | from LDCC
17 LDCC inside the Melter{='15HACintLDCC'J93
i8 pressure increase|{="16HAC>25intLDCC 'J93
19 LDCC external to melter|="18HACexLDCC '1438
20 pressure increase|='17HAC>25exLDCC '1J38
21 Non-Aerosol Release|='19HACnon-areolDCC '1i38
23
24 Total =SUM(B12:B21)

66 40 66 93ed
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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-137. Geometry
models along with measured dose rates can be used to calculate Cs-137 activity.
Representative samples are used to determine Cs-137 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-AR 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® 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
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.

VWNSCO Processing Equipment 4005-RE-024, Rev. 4
Characterization Results 08/13



Table 1

Borosilicate Glass Composition
Material Weight Material Weight
Fraction Fraction
LizO 0.039 SiO2 0.434
B203 0.137 K20 0.053
Na20 0.085 Fe20s3 0.127
MgO 0.009 ZrO2 0.014
AlO3 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

Al (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®) 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
VWNSCO supplied survey data.

VWNSCO Processing Equipment | 4005-RE-024, Rev. 4
Characterization Results 08/13
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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
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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
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Table 1.Specifications of Materials Commonly Associated with Criticality Analysis (cont.)

“: MateriallFormula | Density, Element / . .| .. Atom Atom Deunsity,
F glee Isotope_: | Weight Percent | & Percent At/ b-cm
H 0.3319 5.97 4.25748E-03
C 10.532 15.91 1.13374E-02
0] 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
3 Si '4.2100 2.72 1.93812E-03
Concrete, Magnuson 2.147 S 0.2483 0.14 1.00118E-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
(0] 41.018 44.56 3.55019E-02
Na 0.02706 0.02 1.62995E-05
R Mg 3.265 2.34 1.86024E-03
Concrete, Oak Ridge 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
(Recomn’lended for use Na 2.9 2.14 1.74719E-03
in RBOF/L-Basin 2.30 A'l 34 2.13 1.74537E-03
analysis 7) Si 33.7 20.32 1.66197E-02
' Ca 4.4 1.86 1.52063E-03
Fe 1.4 0.42 3.47232E-04
H 0.75 13.33 1.04004E-02
Cc 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 Flats® 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 ofl (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
dunng 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 corc
sample tube was slowly lowered into the pool till it hit bottom. It was then left in place during melter
cooldown. Figure 1 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 days?, 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 cffort 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 thc composition and
crystallization products of the glass.
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Figure 1. Measured Cooldown Rate of melter one.

Sample Analysis

Yisual 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 samples®. The surfaces of both of
the core samples were 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 in stamless steel sampler
(within black circle).
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Chemical Compositions

Samples were prepared for dlSSOluthﬂ by pulverizing a portion of the sample usmg 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 1 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 adid 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 composmon of the interface layer is similar to -
both core samples as well as a pour stream sample taken in’ FY02®.

Table 1. Composition of the Interface Layer Glass and the Core Glasses with Previously Reported
Composition from a Pour Stream Glass (Wt.%) (NM-Not Measured).

Interface Layer | Upper Core | Lower Core | Pour Stream*

ALO, 4.13 408 | 4.02 4.22
B,0, 7.63 7.54 7.54 ~ 731
CaO 1.33 1.42 1355 1 1.39
Cr,04 0.19 037 - 0.36 ' 0.06
CuO 0.02 0.02 ~0.02 0.07
Fe; 03 13.09 13.38 12.93 12.29
La,04 . 0.02 0.04 _ 0.04 0.02
Li,0 3.20 3.11 3.05 3.29
MgO 237 2.35 2.27 - 235
MnO - 1.54 - 1.51 ' 1.47 2.14
Na,O 11.12 10.52 - 10.07 11.38
NiO 0.73 0.80 0.78 0.54
SO, 0.94 1.21 . '1.19 NM
Si0, 48.96 52.36 - 5236 48.73
TiO, 0.04 0.04 = 0.04 0.05
U;Os 3.21 3.19 .+ 3.14 ~3.57
Zn0 0.07 007 |-+ 006 0.09
ZrQ, 0.08 0.07 0.07 0.09
Sum 98.67. 102.08 100.76 52.53 >

* Sampled during filling of canister S01753.

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 ICP-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.
(NR —nor reported)

Isotope | Interface Layer | Upper Core | Lower Core Pour Stream’
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
o @ | Ru102 3.78E-03 2.60E-04 273E-04 2.89E-03
S 3 [ Rh-103 | 3.90E-03 3.19E-04 3.33E-04 6.22F-04
Z 2 [TRy-104 2.38E-03 NR NR 1.91E-03
Pd-105 1.92E-04 2.07E-04 1.53E-04 2.07E-04
Cd-112 1.06E-02 8.95E-03 6.43E-03 1.06E-02
Cs-137 1.00E-04 9.65E-05 9.76E-05 1.03E-04
La-139 7.14E-03 3.91E-02 LO7E-02 6.54E-03
Nd-143 3.77E-03 6.39E-03 3.38E-03 6.10E-03
Eu-154 9.02E-07 9.08E-07 9.30E-07 8.45E-07
Eu-155 2.26E-07 2.65E-07 2.56E-07 2.52E-07
Th-232 5.94E-03 8.14E-03 1.13E-02 NR
U-235 1.28E-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 497E-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 4. Interface layer glass from Figure 3, viewed using BSI.

The upper and lower core samples exhibited similar features under microscopic examination. Figure
Sis 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 5. Upper core glass, 500x.

Figure 6 is the BSI image of the sample. Energy dispersive spectroscopy (EDS) evaluations. were
performed on the spots labeled “A” and “B”.

FSTT T

/ h |

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 comresponding 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.
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Au-Pd alloy is used to provide a conductive coating

on the sample.
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Figure 8. EDS spectrum of Fig’urc 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 cote 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)'.
The spinel phase most likely resembles trevorite! as identified in prior DWPF samples3. Figure 10 is
the CXRD pattern for the lower core sample.

Intensity(Counts)

'Io L4 T T L) * v LS L] “o 70
Two-Theta (deg)
Figure 9. CXRD pattern of the interface layer sample.
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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 of U-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.

10
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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 crystailine
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 work*>. An amorphous hump in the spectra suggests that significant quantities of
amorphous material remain in the sample.
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® WG,

50 PROCEDURE DETAILS

51 Special Tools and Equipment

The following special tools and equipment, provided by WVYNSCO, 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-Ib 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" boﬁs and nuts)
Twao (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 {ubricant (nickel antiseize, or equivalent)
Silicone rubber sealant (Dow 732 - clear, or equivalent)

Caulk guns

WVNSCO approved gasket adhesive

5.2 Instailation 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 instaliation.

Container Closure Procedure for the 4005E-P-002, Rev. 2
. WVDP Melter Shipping Package 11/04

112008 Fc¥s
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5.2.4

5.2.5

Clean the container cover plate gasket seating area, if necessary, with
isopropyl alcoho!, or equivalent approved cleaning solution.

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 position. Use pry bars and
the pry bar slots, if necessary, to complete the final cover alignment of the
cover to the container.

WVDP RP shall verify dose rates and revise the radiation protection

controls, as necessary, prior to continuing work.

INSP HOLD Witness the instaliation of "anti-galling lubricant”" and the

NOTE:

5.2.6a

torquing of the cover plate attachment bolts to 500 ft-lbs (450
ft-Ibs to 550 ft-ibs).

Actual torque applied: _#24  fi-lb

Gal Due Date: 7/) a5~

ToolNo. 35 A4 5

INSP: /mu, Ay B Moo

Signature _ - Date

A minimum of 30 bolts and washers are required to be installed for
installation of grout or installation of securement devices, prior 1o
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.

Apply "anti-galling lubricant” to the threads of each of the 1-1/2" diameter
bolts, then tighten thirty (30) of the bolts and washers to “snug tight”
attach the cover plate to the Meilter 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-ibs (450 ft-Ibs 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-ibs,
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
WVDP Melter Shipping Package 11/04

4005E-P-002, Rev. 2

|

4~ 112008 Fets
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( INSP HOLD Witness the installation of "anti-galling lubricant” and- the
) torquing of the cover plate altachment bolts to 500 ft-ibs (450
AL fit-ibs to 550 ft-ibs).

- )LJ,L
Yl
./)-‘/ U ) Actual torque applied: 2 ft-lb
\)'}/)/1)‘}’ \\‘4\ ‘tLTool No. #.5.7 s Cal Due Date: _W0s/7s
Vs
0)} MJ f {J’ INSP: /M,g oy ’M/‘ -

)' b M J Signature Date
W /7

¥ Gb App "ant:-gallmg jubricant” to the threads of each of the remaining two
(2) 1-1/2" diameter bolts, then fighten the bolls and washers to 500 fi-lbs
(450 ft-lbs to 550 ft-Ibs) 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 coniwols, as necessary, prior o 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 instalied if the fow density
cellular concrete is not placed in the Melter container prior to mavement
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 js included 1o 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 {o beginning this work. [

Container Closure Procedure for the ' 4005E-P-002, Rev. 2
" WVDP Melter Shipping Package : o 11/04

112008 Fc#s



WVMP SAR Reference 7-6

Weigh and Prepare Melter Container TC 474 for Grouting at
the Rail Packaging and Staging Area, CHBWYV work
instruction package W1303663, CH2M Hill-B&W West
Valley, LLC, West Valley, New York, completed October
2013.
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5.8.7 Use hand tools in the glove bag to pry the device and slightly separate it from the container allowing the
cantainer to vent into the glove bag.
. i 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 |f required wipe dawn the inside of the glove bag and recessed area of port using Wypalls and Windex.
5.6.13 Twis‘t 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? alpha and >200dpm/100cm?
beta/gamma.
THEN DDWO decontaminate surfaces to <20 dpm/100cm? alpha and <200dpm/1 00cm?
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

57.2
57.3
574
FC1>
{+]
[+]

OR
575

RTV new gasket onto new 6" Deep plug.

Lubricate 5/16"” x 3 %" long Cap Screws with a small.amount of never seez (or equal)

Position plug into recessed area of container port.

Install Cap Screws and tighten (hand tight).

A. Torque each to 35 ft Ibs. (+or- 4 ft Ibs) Q\A to withess torqueingi.
QA Print/Sign/Date r~
Calibrated Torque Wrench D Al-Tw -1 8

Calibration Due DatL—-M@ﬂng—/ﬂ j2-31 ] 5

B. Apply RTV in the gap around the top of the port cover.
RC perform survey around port area.
1. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?
beta/gamma.
THEN DDWO decontaminate surfaces to <20 dpm/100cm2 alpha and <200dpm/100cm?
beta/gamma.
2, Waste created during decontamination shall be disposed with profile VGAS.001. Windex

cans shall be emptied and punctured.

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
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A RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm2 .’
beta/gamma.
THEN DDWO decontaminate surfaces to <20 dpm/100cm? 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 Aftachment A Page 2, and SK-NJA-
071613 Sheet 10 of 18 (Step 10 for reference) '

5.8.1
5.8.2

58.3
5.8.4

5.8.5

5.8.6

5.8.7
5.8.8

DDWO field instalt herculite or equivalent around port.

Run a 4" duct from the PVU for ventilation. Alternately, an environmentally sampled HEPA vacuum may
be used.

Loosen and remove the three 5/16” SHCS cap screws securing the port cover.
Use 12" 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 .

RC perform survey around port area.

A. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?
beta/gamma.
1. THEN DDWO decontaminate surfaces to <20 dpm/100cm? 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. "
Remove scrape and clean any gasket material (neoprene) and or RTV from the recessed area of port

recessed area drop into waste container.

Remove herculite or equivalent from the port area.

" RC perform survey around port area.

A. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?
beta/gamma. :

1. THEN DDWO decontaminate surfaces to <20 dpm/100cm2 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.

5.9 Install Grouting Support Assembly. (See Sketch SKJHS052813 Melter Vessel Grouting Support Assembly
" and SK-NJA-071613 Sheet 10 of 18 (Step 10 for reference))

5.9.1

5.9.2
5.9.3

5.9.4
5.9.5

5.9.6

Ensure to CLOSE all valves on the Grouting Support Assemd]y an instalaﬂil/;;ps.
WGS or Designee Print/Sign/Date MWLU @UVP / v Qf’ 10- 99)5
Place the Grouting Support Assembly (with gasket) inside of the port. ”}

Install three 5/16” x 2 14” Hex Head Bolts with washers through the hole pattern securing the assembly to
the container.

Tighten all bolts wrench tight.

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 "

RC perform survey around port area.
9 W1303663 FC2



A IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?

beta/gamma.
. ( 1. THEN DDWO decontaminate surfaces to <20 dpm/100cm? alpha and <200dpm/1 00cm?
' 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) (Sée Photo on Attachment A Page
3, WMG Sketch “Securement Device 4005-DWOQ7" 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

A. Place herculite or equal around Jack Screw Port cover prior to removing port cover. qt/
AR W43 g pemeve-the-threaded-pipe-cap-lrom-the securement device half caupling_ ©
6. ORIl o & Xl ent device cap (SKJHS062513), For installalion oF B[g"“~ 16 UNC
D. Remove the four screws holding flange in place. A ':V\:“ iz;clmc .
E. Place sleeving approximately 6 feet long around the diameter of the securement device and seal”
to contalner.
F. Secure the sleeving to the flange.
[+ G. Complete WV-2180, i ¢ needed MR 9117 B Gaad
H. If a rigging sketch is needed then obtain one from Engineering.

Rig to the securement device, (€ peecled BR 5-1112 3¢ doi-(

Lift the device up and out of the container.
Tape sleeving and perform and umbilical cut.

Remove sleeving from port area.

= - X &

RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?2
beta/gamma.

a. THEN DDWO decontaminate surfaces to <20 dpm/100cm? 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.

OR
5.10.2 Cut the threaded rod
A. Place herculite or equal around Jack Screw Part cover prior to removing port cover.
AR q.((-13 MﬁﬁW%&HﬁM%@HW%MWG&hQMGUpHHQ—

‘L' R SeY -}nstalﬂhe securement device cap (SKJHS062513), £For \n stallerion 3" 16 U C

Remove the four screws holding flange in place.  ag <1 .43 ;t.h{.ﬁﬁ;‘

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



[+]
{+]
[+]

[+]

T d

= 7 &

S.

5.10.3 Bag the securement device and herculite.

Complete WV-2180, | £ nged e
Rig to the top of the Securement Device, iFneeded

Lift the Securement Device flange section up approximately 1ft above the container and hold.
Install cribbing under flange to safely prop it up at approximately 1 ft high.

Disconnect rigging from fork lift.

Tape sleeving tight to threaded rod for contamination control during cutting.

Drape a sheet of herculite over the securement device and tape on three sides to create a small
tent,

Run a 4” duct from the PVU for ventilation. Alternately, an environmentally sampled HEPA
vacuum may be used.

Use a reciprocating saw or equivalent to cut the threaded rod. (Allow the lower section of rod to
fall into the waste container)

Tape to and secure open edges (on threaded rad)
Remove sleeving from port area.
RC perform survey around port area. o

1. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm?
beta/gamma.

a. THEN DDWO decontaminate surfaces to <20 dpm/100cm? alpha and
<200dpm/100cm? beta/gamma.

b. Waste created during decontamination shall be disposed with prafile
VGAS.001. Windex cans shall be emptied and punctured.

Remove herculite tent.

5.10.4 Remove the securement device from the top of container,

5.10.5 Package and remove waste using waste profile VGAS.001.
Plug port on North Side (See Photo on Aillachment A Page 2)

NOTE: The Plug (4”) and Cap Screws (5/16 x 2 3" SHCS) required by this seclion are different sizes than those items
required by Section 5.7.

511

5.11.1 RTV new gasket onto new 4" Deep plug.

5.11.2 Lubricate (5/16 x 2 34” 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 Ibs. (+or- 4 ft Ibs) QA to witness torqueing.

QA Print/Sign/Date (HL sTofueg, WU_QCA»"@(QH’: 9licfiz
Calibrated Torque Wrench ID# ”l’ -TwW-id

Calibration Due Date___| 2- l 31 } 13

Apply RTV in the gap around the top of the port cover.
RC perform survey around port area.

1. IF removable contamination levels are >20 dpm/100cm? alpha and >200dpm/100cm? .
beta/gamma.

11 W1303663 FC2
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1.0

MELTER WASTE PACKAGE GROUTING IMPLEMENTATION/QA PLAN
{(SUBJECT TO CHANGE BASED ON ENCOUNTERED CONDITIONS)
(Rev 2, October 23, 2013)

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 CHBWYV 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 PS! for all the 3"x6" cylinders (Attachment D). ltis
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

e 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

« |f 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.

12 390,000 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.
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2.0

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 Ibs (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 aliow 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 aflow 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 meiter is encased in grout.) '

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 wilt 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 PS! (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
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3.0

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).

{f 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.

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 far 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
s 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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Grout Melter Container TC-474 at the Rail Packaging and
Staging Area, CHBWV work instruction package W1303694,
CH2M Hill-B&W West Valley, LLC, West Valley, New York,
completed November 2013.
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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” SKJHSOSQQJB) w l‘m XY |$\15 oL 1-5a3

5.11.1 RTV new-gésket onto naw-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 Ibs. (+or- 4 Ibs) QA fo \yitness torqueing.

QA Print/Sign/Date___ -35~/3
Calibrated Torque Wrench ID#__ 1 (- T+’ -\ 8

Calibration Due Date 1234 ~.I %

B. Apply RTV in the gap around the top of the port cover.
RC perform survey around port area.

W& oD 1. IF removable contamination levels are >20 dpm/100cm2 alpha and o ¢
o @-tH >200dpm/100cm? beta/gamma THEN.

a.DDWO decontaminate surfaces to <20 dpm/100cm?2 alpha and
<200dpm/100cm? beta/gamma

b.Waste created during decontamination shall be disposed with profile
VGAS.001. Windex cans shall be emptied and punctured.

OR

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.

AR 01D 1. IF removable contamination levels are >20 dpm/100cm? alpha and / o
e (@S >200dpm/100cm? beta/gamma THEN.

a. DDWO decontaminate surfaces to <20 dpm/100cm? alpha and
<200dpm/100cm? 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) 6f 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 resuits to WPD. If pH is <2 or 212.5, 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 pont.

A. RC perform survey around port area.

AR (017413 1. IF removable cantamination levels are >20 dpm/100cm? alpha and /g -
D -3 >200dpm/100cm? beta/gamma.

2. THEN DDWO decontaminate suriaces to <20 dpm/100cm? alpha and
<200dpm/100cm? 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" Sf;’ﬁiqui@)(r“) ae Wil 53
5.13.1 RTV rew gasket onto new 4" Deep plug.
5.13.2 Lubricate (5/16 x 2 %" SHCS) long Cap Screws with a smail amount of never seez (or equal)
5.13.3 Position plug into recessed area of container port.
5.13.4 Install Cap Screws and t_ig‘]hten (hand tight).

A. Torque each to 35 ft Ibs. (+or- 4 Ibs) QA to witness torqueing. )

(+] QA Print/Sign/Date e 4
[+ Calibrated Torque Wrench 1D#__ Y1 - Tt - 1(31
[+] Calibration Due Date____ \3-- R{-{>

B. Apply RTV in the gap around the top of the port cover.
RC perform survey around port area.

1. {F remavable contamination levels are >20 dpm/100cm? alpha and
>200dpm/100cm? beta/gamma THEN.
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Administration of Work Instruction Packéges, EP-5-002,
Revision 37, CH2M Hill-B&W West Valley, LLC, West Valley,
New York, March 19, 2014.



VERIFY HARD COPY AGAINST WEB SITE IMMEDIATELY PRIOR TO EACH USE

B EP-5-002
“ Rev. 37
‘_ Page 1 of 25
West Valley Date 03/19/14
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.”

22 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.

24 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 pérformed 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 assomated 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 inciude 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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3.2

3.3

3.4

3.5

3.6

3.1.3 Refer to available resources (CHBWYV 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).

Work Group Supervisor and/or Qriginator 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.

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.

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).

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.

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

3.8

3.9

3.10

Additional Management Review Processes

3.7.1

Final Interactive Meeting for High Hazard or Complex Work (see def.)

Held when deemed necessary by the Responsible Manager.

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.

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)

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).

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).

Upon satisfactory completion of the HRB, the Hazard Review Board Chairman will
document with signature on WV-2571 indicating approval to perform work.

The originator forwards WIP to Work Control for issuance when WIP is approved.

Work Control reviews the WIP for completeness, makes data entry, and issues the WIP with all
supporting documents (e.g., RWP, IWP, GDP).

If Work Control is not available, (e.g., off-shift, weekends, and holidays) originator performs the

following:

3.10.1

3.10.2

3.10.3

3.10.4

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.

Writes “Issued” and the date and time on the cover page.
Ensures a copy of the cover page is placed under the cover of the logbook.

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  Adirect 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.
I 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, updating the 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 AField 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.
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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 prewous
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

4.3.8

439

4.3.10

4.3.11

4.3.12

4.3.13

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.

The originator provides the descriptibn of the FC including additional hazards and controls
required and pages affected that are required to be replaced.

The originator provides the reason(s) the FC was necessary.

The originator obtains signatures from all other departments and work groups affected by
the change. See Attachment D for assistance in determining affected groups.

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.

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.,

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

4.3.15

Work Control reviews WV-1085 for completeness and issues the FC.

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.

5.2

Voided WIP’s shall be recorded as such in the CMMS database

Canceling Work Instruction Packages (Work NOT started)

5.2.1

522

The originator and WGS complete WV-2571.

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.

53

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

6.2

6.3
6.4

6.5

6.6

6.7

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.

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.

The WGS verifies documents (e.g., IWP, HWP, Pre-Job Briefing) associated with the WIP are in
the WIP folder.

The originator and WGS verify completion of the work and sign on WV-2571.

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.

Originator forwards the WIP to Work Control.

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

7.2

7.3

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)

The WGS and originator determine if the work still needs to be performed and if the WIP is in
compliance with current requirements.

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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74 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

9.0

NOTE

10.0

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 CHBWYV 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
REFERENCES

Refer to E-docs for the latest version of WVDP Controlled Documents. Refer to the S/WPFORMS folder
for the latest revision of WVDP forms used in this procedure.

EP-3-007 Engineering Change Notice

SHIP-108 Job Safety Analysis {and form WV-3043)

SHIP-201 Industrial Work Permits (and form WV-1107)

SOP 00-04 Lock, Tag, and Confirm Procedure

SOP 00-11  Troubleshooting and Maintenance of Electrical Equipment

SOP 00-30 System and Component Labeling

SOP 00-38  Administration of Hoisting and Rigging Activities

SOP 00-46  Work Instruction Walkdowns, Pre-Job and Daily Briefings and Post-Job Feedback/Lessons
Learned (and forms WV-2573 and WV-3745)

SOP 00-49  Control of Temporary Modifications (and form WV-3811)

SOP 00-52  Conduct of Operations

SOP 00-54 Minor Work Request

SOP 300-07 Waste Generation, Packaging, and On-Site Transportation

WV-370 Underground Utility Review Policy (and forms WV-3521 and WV-3522)

WvV-914 Unreviewed Safety Question Process (USQP) (and form WV-3306)

WV-921 Hazards Identification and Analysis (and form WV-3909)

WV-984 ALARA Program (and forms WV-2404, WV-4281 and WV-3118)

WVDP-010  WVDP Radiological Controls Manual

WVDP-106 WVDP Conduct of Operations Applicability Matrix

WVDP-111  CH2M HILL - B&W West Valley, LLC Quality Assurance Program

WVDP-200 West Valley Demonstration Project (WVDP) Waste Acceptance Manual

WVDP-227  WVDP Facility Identification and Categorization Matrix

WVDP-204 WVDP Quality List Q-List

WVDP-262 WVDP Records Management Plan

WVDP-274  Maintenance Implementation Plan (MIP)

WVDP-352 WVDP Site Welding Manual (and form WV-1888)

WVDP-357 WVDP Issues Reporting Program

WVDP-485 Work Control

WVDP-529  WVDP Records Disposition Plan

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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ATTACHMENT A
DEFINITIONS
(Page 1 of 5)
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. Cognizant Manager — the manager, or designee, with the technical cognizance over the work to be
performed.

4. Cogniiant System Engineer (SE) — the individual with desigh 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. High Hazard or Complex Work — Work that meets any of the following criteria:
. Performed at or above ALARA trigger levels;
o First-of-a-type complex work evolution;
o 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;

o Any other activity as prescribed by senior management.
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ATTACHMENT A
DEFINITIONS
(Page 2 of 5)
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. Operating 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:

e Provide prerequisites and facility initial conditions requirements to Originators/Planners during the
development of Work Control document (WCD).

e 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; '

e 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;

e Confirms the WCD is ready to issue and forwards to Work Control for issuance.
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14.

15.

16.

17.

18.

19.

20.

ATTACHMENT A
DEFINITIONS
(Page 3 of 5)

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).

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 patrticipating in the walkdown, development, review and approval process.

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.

Planner — an individual that has completed Q071 Work Planning TRVC TR1486Q and is responsible for the
following: .

e May act as the Originator to prepare and issue a WIP/WCD.

e 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)).

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

e Reviews and approves all WCDs;

* Reviews and approves changes to WCDs;

Routine Work — work performed that is well understood, repeated regularly, and is within recognized
skill-of-the-craft attributes.

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.
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| 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;

e Ensures Planning Team decisions are consistent with programmatic requirements;

e 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;
e Ensures that the prerequisites for work have been performed;

e 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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25.

26.

27.

ATTACHMENT A
DEFINITIONS
(Page 5 of 5)

s Ensures a pre-issuance and workability walkdown is conducted
e Ensures referenced documents are current prior to start of work;

e 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;
e  Supervises work activities to meet WCD requirements;

e 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).

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.

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-100, “Controlled Document
Preparation”. :

Work Review Group Coordinator — for the purpose of this instruction, the WRGC is the Work Control
Management responsible for:

e 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 Maiter Experts (SME), other SMEs/HCSs, etc.);

e 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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WRITING GUIDELINES AND DOCUMENT STRUCTURE
(Page 1 of 10)

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.

21 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.

23 General hazards and controls may be listed in this section.

24 Limitations define the boundaries that must not be exceeded to ensure the work is performed
safely. }

25 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

341 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 Specity 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 ndt listed on WV-2571 or WV-1085.

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.

45 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

5.1

Performance

ATTACHMENT B
WRITING GUIDELINES AND DOCUMENT STRUCTURE
(Page 3 of 10)

General Guidelines

51.1

51.2

5.1.4

51.8

5.1.10

Organize activities in the logical order they will be performed.

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.”

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.

Do not write action steps containing multiple actions unless necessary to ensure proper
performance of the work.

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.

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.

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).

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. [f 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.

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

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.

5.1

5.1

5.1.

5.1.

5.1.

5.1

5.1.

5.1.

11

A2

13

14

15

16

A7

ATTACHMENT B
WRITING GUIDELINES AND DOCUMENT STRUCTUR
(Page 4 of 10) :

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.

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.

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.

Control selection is based upon the following hierarchy: (1) hazard elimination or reduction;
(2) engineered controls; (3) administrative controls; (4) personal protective equipment.

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).

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.

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].

If the WIP installs/removes a Temporary Modification {TM), include instructions to complete
WV-3811, “Temporary Modification Control," in the WIP. See SOP 00-49, Control of
Temporary Modifications, for instructions concerning TMs.

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 lIdentify 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.

Include QA for the following:

a. The work is Quality Level ‘C’ or ‘B’ as defined by WVDP-204 (Q-
List) or WVDP-111, 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.

52 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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53 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 shail 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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6.0 Post Maintenance Testing

7.0

8.0

9.0

When operability of equipment has been affected while performing a prdcedure 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.

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.

71 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 arefis ready for turnover to the applicable operations group.
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.")

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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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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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”

on WV-3909) HCS specified 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

L , Mai
NOTE: NA if the Work Group Supervisor is the Maintenance aintenance

Supervisor.

Work activities performed on equipment, or in an area, under PSO’s

cognizance. PSO

Work activities performed on equipment, or in an area, under an

Operations Supervisor’'s cognizance other than PSO. Applicable Operations Supervisor

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

System Engineer or the Originator. Cognizant Engineer

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-111, 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)

VVYVY VVVV VY

\ A4

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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The following may be used to obtai'n 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.

B.

D.

Contact the signatory via telephone, email, or other means of communication.

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.

Provide the signatory with any additional information needed to fully explain what is to be
approved.

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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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 USQD Evaluator. 9,22
Attachment A-Changed ESH&Q to Engineering Manager. 1
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-1085.
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) i
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Revision On _
Description of Changes Page(s) Dated

36

37

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.

Administrative Changes. Al . 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-101) i
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Deconumissioning
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 SA\WPFORMS
directory and/or site standards word processing templates for the latest revision of WVDP forms used in
this procedure.

2.1 Requirements

211  WVDP-111 “CH2M HiLL - B&W West Valley, LLC Quality Assurance Program”
2.2 References

221 QP 4-1, "Procurement Document Review"

222 QP 10-1, "Inspection”

223 QP 15-2, "QA Hold Tag Procedure"

224 WVDP-204, "WVDP Quality List Q-List"

225 WVDP-310, “WVDP Safety Management System (SMS) Description”

226 WVDP-357, "WVDP lIssues Reporting Program Manual”

227 WV-620, "Purchase Requisitions and Supplements”

228 WV-695, "Procurement Card Purchases”

229 PROP- 11, “Warehouse Receiving, Storage, Inventory, and Withdrawal "
2.3 Forms

2.3.1 WV-3245 - Material Receiving Inspection and Release (MRIR)

232 WV-0172 - CHBWY 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 ltems 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-111and

WVDP-204, including credit card orders, unless other inspection provisions have been approved by
QA.

34 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 QAR 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.

41.2 The QAR establishes a MRIR in the W:MRIR drive if required. If the WAMRIR file does
not contain a procurement specific MRIR a standard receipt inspection MRIR can be used
(WAMRIR\STNDMRIR ) as denoted on the copy of the procurement document. The QAR
shall designate the applicable standard MRIR which is to be used.

41.3 The QAR 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:




QP 10-2

Rev. 15

Page 3 of 7

NOTE

NOTE

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

4.21 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.

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 CHBWYV 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.

Some items are received as multiples within a single or several containers. For example, small bolls
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.

42,5 If ltem(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 fo 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 ltem(s)
Place Hold Tag(s) on the item(s) per QP 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 unti! 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 CHBWYV 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-0172, 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 Oof

Accept Tag will contain the following information:

1.

2.

Purchase Order number

Material Inspeétion and Release (MRIR) number

Initials of the Inspector whé determined that the item(s) were acceptable
Date material was accepted.

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, Descriotidn of Changes 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
Added to item 5 to address other items
Updated “Conditional Release Tag” as shown.
This change affects QA '

12/27/05

N W

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) i
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WVDP RECORD OF REVISION CONTINUATION FORM

Revision On
Rev. No. Description of Changes Page(s) Dated

13 Combined Responsibilities with General Information.
Added Section 4.2.3
Delineated Section 5.1 Inspection Criteria
Section 5.2.5 separated paragraphs into sections A. B. C.
Replace PO and PR with procurement document and/or
approved procurement document.
Minor editorial comments. All
These changes affect QA.

09/16/10

W NN

14 General Revision- minor document revision to address CHBWYV 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 to0 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) i
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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.



v
w

i ‘s e . . WIR[R #
Material Receiving Inspection and Release 04-1152.
N Page 1 of 1
T:iiiéfmlsc Order/Credit Card 19 704320 %ﬂiﬂdl

Suppher WMG. inc,

Dravwig Spec No -~ HU03-DW -0a 1. shts 1-8.
Rev Yo rev 4

Requisitioner; T.J. Jones QAR: Robert Czyzewski
. . Requirements Met
[nspection Requirements
Yes No
L. Material does not show any shipping damage. X
Z Mutarial cscerved 1s as specified on purchase crder. X
Zhzoudiny gaskets ([tems £ and 9 on Bill of Materials)
1. No sugpect/count=rfeit parts are used. (Al93-B7 w/washers D
zreztfled as Item #€ oHn Bill <f Materials)
4. Leooumrentanticn Faikage Received. ‘ X
s Cartifi-ate of Confcrmance Received and acceptable. X
£ Package markad with the following: X
' - Usa
- TYPE-IP2
A
IF LS. /A Inspected By/Date: —

Paula Ciszak 1071504 ), o A

Commemts NA o . \5 :

Distribution;  Requisitioner Warchouse (Purchasing, General
' Accounting)
QA Purchase Order File QA DCC (Original)

ORIGINAL




WVMP SAR Reference 8-5

Nondestructive Test Reports MT-110-04, VT-35-04, X-R-|
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. Report Number: MT-110-04
12314 Elmwood Avenue
Cleveland, OH 44111 . Date: 10/13/2004
Shop Order # 40945-0000 P.O# 19-104320-C-LH
Magnetic Particle Inspection Inspec. Operation # NA
PART #: 4005-DW-001-Rev.3 [QUANTITY 1 Assembly
INSPECTION PERFORMED IN ACCORDANCE WITH:

STANDARD AWSD1.1 2004

PROCEDURE AWSD1.1 2004

PROD METHOD YOKE METHOD
TWO DIRECTIONS N/A TWO- DIRECTIONS YES
CONTINUOUS N/A 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 8A RED OR #1 GRAY POWDER

USED AT THE DISCRETION OF THE

- [INSPECTOR
QUANTITY DESCRIPTION RESULTS
1 Assembly MT Backgrooves JT1. Accept 9/1/2004
JT2 Accept 9/1/2004
JT3 Accept 9/2/2004
JT5 Accept 9/712004
Item 7A Accept 9/1/2004
7B Accept 9/2/2004
7C Accept 9/3/2004
7D Accept 9/9/2004
7E Accept 9/8/2004
7F Accept 8/1/2004
7G Accept 9/3/2004
7H Accept 9/3/2004
JT 26 Accept 9/1/2004
Jr27 Accept 9/2/2004
JT 28 Accept 9/2/2004
' . JT29 Accept 9/1/2004
Backgroove of 4 lifting lugs JT 34 Accept 9/24/2004
Inspected
by:
John J Kubit
/s ’. - { /f )('7 AP
T.A. Ward
Certification: SNT-TC-1A

Ryan Pratt Level: I




XRI TESTING Division of X-Ray Industries, Inc.

The American Tank & Fabricting Co. Report Number: VT-35-04
12314 Elmwood Avenue
Cleveland, OH 44111 Date: 10/13/2004
Shop Order # 40945-0000 P.O.# 19-104320-C-LH
Visual Inspection”
Magnetic Particle Inspection Inspec. Operation # NA
PART #: 4005-DW-001-Rev. 3 [QUANTITY 1 Assembly
INSPECTION PERFORMED IN ACCORDANCE WITH:
STANDARD AWSD1.1 2004
PROCEDURE AWSD1.1 2004
PROD METHOD YOKE METHOD
TWO DIRECTIONS N/A TWO- DIRECTIONS YES
CONTINUOUS N/A CONTINUOUS YES
HWDC N/A [2]03 NIA AC YES
COLOR CONTRAST POWDER N/A COLOR CONTRAST POWDER See Note
SPACING NIA SPACING <B"
AMPERAGE NIA NOTE:
ETHER 8A RED OR #1 GRAY POWDER
USED AT THE DISCRETION OF THE
INSPECTOR
QUANTITY DESCRIPTION RESULTS
1 Assembly VT, MT Final Welds JT 1 Accept 9/7/2004 9/19/2004
JT2 Accept 9122004
JT 3 Accept 9712004 91712004
L JT 4 Accept 9/11/2004 9/17/2004
JT'S 56,7 Accept 9/15/2004 9/2212004
JT8 . Accept 9/11/2004 9/17/2004
JT9 Accept 9/15/2004 9/21/2004
JT10. Accept 9/14/2004 92212004
JT 171 Accept 9/24/2004
JT'S 12,13,14,15 Accept 9/11/2004
JT'S 16,17 Accept 9712004 9/24/2004
JT 18 Accept 8/7/2004 911712004
JT 18 Accept 9/712004 9/21/2004
JT'S 20,21 Accept 9/11/2004 9/1712004
JT'S 22,23 Accept 9/15/2004 9/19/2004
JT'S 24,25 Accept 9/21/2004 9/2212004
JT1,S 26,27,28,29 Accept 9/23/2004
JT°S 30,31 Accept 912412004
ITEM'S  7A7B,7F,7TH Accept 912412004
[TEM'S 7D,7C Accept 9/22/2004
ITEM'S 7E7G Accept 9/23/2004
4Lift Lugs JT'S 32,36,34 Accept 9/27/2004 9/28/2004
4Lift Lugs  JT'S 32,36,34 AFTER LOAD Accept 10/5/2004
4Lift Lugs JT'S 33,35 Accept 10/7/2004
Inspected
by:
Certification: SNT-TC-1A

Level: i
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WVDP Site Welding Manual, WVDP-352, Revision 5, CH2M
Hill-B&W West Valley, LLC, West Valley, New York, July 11,
2012.
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WVDP SITE WELDING MANUAL

SECTION 1 - WELDING MANUAL GENERAL REQUIREMENTS

1.0

PURPOSE

1.1

1.2

1.3

This manual presents CHM2HILL B&W West Valley, LLC Company (CHBWYV) policy and
requirements for welding and brazing at West Valley Demonstration Project (WVDP). Policies set
forth in this manuali apply to all welding performed on site.

The manual provides direction for welding activities performed by CHBWYV 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.”

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. '

1.22 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 CHBWYV Welders, Welding Operators, and Brazers (Welders) are responsibie 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 Engineérs who generate CHBWYV work instructions requiring welding per
EP-5-002 shail complete form WV-1888.

1.2.7. Performance of Nondestructive Examination (NDE) as describéd in this manual shall be
performed by current ASNT-TC-1A certified NDE Level Il or Ill personnel.

Definitions

131 Welders/Welding QOperators 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

1.3.3

Welding Procedure Specification {(WPS); A written qualified welding procedure prepared to
provide direction for making production welds. .
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

1.5

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.

Eiller Metal, Issuance and Control

1.5.1

1562

153

1.5.4

1.5.5

1.5.6

1.5.7

1.5.8

G@mMmoow>

Filler metal and electrodes shall be procured, controlled, stored, and issued in accordance
with approved CHBWYV procedures.

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 CHBWYV procedures.

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.

A Senior Specialist DDWO/Craft (Mechanic) or Maintenance Supervisor will authorize .
warehouse requisition/withdrawal for obtaining filler materiat containers. Only undamaged "
containers will be transferred.

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.

Upon opening each low hydrogen electrode container, the Senior Specialist DDWOQ/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.

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:

. Employee badge number
Process as applicable: e.g. SMAW or GTAW
Filler material description: e.g. E7018, 1/8"; ER70S-2, 1/8"
Date of issuance
Time of issuance
Quantity issued in pounds
Applicable work document or task number

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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1.6

1.7

1.8

1.59

1.5.10

1.5.11

1512

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.

Upon completion of work, each welder shall place their unique D on form WV-1888 of the
work document (if applicable) and when required, enter the heatflot number(s).

A Senior Specialist DDWO/Craft (Mechanic}) or Maintenance Supervisor shalt 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.

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..

Other Joining Processes

1.6.1

1.6.2

16.3

1.6.4

Welding processes other than fusion welding and torch brazing of metallic components are
not controlled by this manual.

Processes such as resistance spot welding, soldering, non code-related torch brazing or
bonding/fusion of non-metallic components are a DDWOQ/Craft specific skill which may be
employed by CHBWYV without qualified procedures or specific qualification tests.

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.

Stud welding procedures for special projects may be developed by the cognizant engineer
and the SME and documented on the work document.

Welding by Subcontractor/Supplier/Others .

1.71

1.7.2

173

Records

1.8.1

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 CHBWYV per
contract requirements prior to commencement of welding activities.

Equipment solely owned by a supplier under current CHBWYV 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.

Equipment (e.g. excavator, dozer) solely owned by suppliers, or CHBWYV 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.

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 CHBWYV Master

File Plan for further information. :
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1.9

OEMMODO®>

Weld Rod Oven Temperature Data
Welding Procedure Specification
Procedure Qualification Record
Welder Performance Qualification
Brazing Procedure Specification
Brazer Performance Qualification
CHBWYV Weld Data Sheet

Forms / Templates

Template
Wv-2524,
WV-2525,
Template
WV-2527,
WV-2528,
WV-2529,
WV-1888,

- "Welding Procedure Specification”

"Procedure Qualification Record”

"Welder Performance Qualification”

- "Brazing Procedure Specification"

"Procedure Qualification Record (Brazing)"
"Brazer Performance Qualification”

"CHBWYV Weld Data Sheet”

"Procedures, Inspections and Controls Checklist”

References

AWS Codes "American Welding Society”
ASME Codes "American Society of Mechanical Engineers”

EP-5-002,
WVDP-11
WVDP-20
WVDP-26

"Administration of Work Instruction Packages”
1, "Quality Assurance Program”
4, "WVDP Quality List Q-List”
2, "WVDP Records Management Plan"

WVDP-485, “Work Control"

WVDP-52

ANSI 249,

9, “WVDP Records Disposition Plan”
1, “Safety in Welding, Cutting and Allied Processes”

ASNT-TC-1A, “Recommended Practice for Nondestructive Testing Personhel Qualification and

Certification”

CHBWYV Technical Specialist List

SECTION 2 - QUALIFICATION OF CHBWV WELDERS, WELDING OPERATORS AND BRAZERS (WELDERS)

21

2.2

General

211

212

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.

Quality Assurance shall be notified prior to performance qualification testing. The Quality
Assurance representative reserves the right to witness all performance qualification tests.

General Performance Qualification Testing

2.2.1

222

223

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.

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.

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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2.3

24

2.2.4

Production welds shall not be used to qualify welders,

Specific Performance Qualification Testing

2.3.1

232

233

234

235

236

2.3.7

238

239

The SME shall coordinate the performance test to ensure all essential variables for each
process of the selected WPS/BPS are satisfied.

The SME shall document acceptable performance testing information by completing form
WV-2525 or WV-2528.

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.

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.

Appropriate tests shall be used to determine the degree of soundness and ductility of weld
joints as determined by the SME.

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.

At the discretion of the SME, test specimens may be discarded after evaluation.
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.

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.

Maintenance of Qualification - Period of Effectiveness

2.4

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.

25 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 - CHBWYV WELDING AND BRAZING PROCEDURE QUALIFICATION

31 Requirements for WPS/BPS Development

3.11

3.1.6

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

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.

When a new or revised WPS/BPS is required, the SME or designee will develop it.

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.

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:

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

The SME shall coordinate test coupon preparation and notify Quality Assurance prior to
the test initiation.

The actual values of all essential variables and supplementary essential variables (when
required) shall be recorded during welding of the test coupon.

The preliminary WPS may be altered by the SME as needed to produce a satisfactory
weldment. Changes shall be appropriately documented.

The SME shall direct the preparation and testing of the test specimens from the test
coupon. |f required, services for mechanical tests or non-destructive examinations shall be
procured from qualified agencies in accordance with approved CHBWV procedures.

Test results shall be discussed with the welder, the applicable supervisor, and the QA
representative by the SME.

Tests that meet the requirements of the applicable code will resuit 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 CHBWYV 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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322 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,

324 The revision level of the WPS shall be numerically assigned at the time of preparation by
the SME. '
3.25 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

411 All CHBWYV welding shall be performed in accordance with site safety requirements.
Appropriate protective equipment shall be worn during welding and burning operations.
Refer to ANSI Z49.1and Safety for selection criteria and options.

41.2 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. '

413 All welding equipment shall be maintained in good operating condition.

41.4 The size and length of welds shall be designated through design requirements, detail
drawings, or work instructions.
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415

416

417

4110

4.1.11

4.1.12

4.1.13

4.1.14

Welding shali 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,

The following minimum preheat temperatures shall be utilized for preheating carbon steel
materials. When joining materiais 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

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.

Interpass temperature for nonferrous materials shail not exceed 350 degrees F when
measured 3" from either side of the weld.

Weld deposited overlay or buttering shall use an appropriate WPS for the selected process
and base material.

Back'ing 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.

For full penetration joints welded from both sides, the root shail be back gouged or ground
to sound metal prior to welding the second side. '

Intermediate weld passes shall be sufficiently cleaned prior to welding subsequent passes.

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.

Welding may be performed by CHBWYV 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-111 and Q-List (WVDP-204)

4.2 Workmanship

421

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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422 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 puliback prior to welding.

423 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 wali thickness, the joint fit-up and
permitted off-set (OD}) shall be per the applicable code.

424 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.

425 Purging and Shielding Gases

A

E.

Backing, shielding and trailing gases if used, shall be specified on the applicable
WPS.

Welding grade gases shall be used.

Where purging is required, the purge envelope shall not exceed 2% oxygen content.
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. .

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.

Purge dams shall be located outside the heat affected area to prevent damage to the
purge device and contamination of the components being welded.

Purge gas shall be maintained until 3/16" of weld metal thickness is deposited.

Internal purge is not required for fillet welds, joints with internal backing rings, double
welded joints, or socket welds.
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426

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. '

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,

427

428

429

4.210

4.2.11

C.

Slag and spatter shall be removed from existing weld deposits and brushed clean
before successive weld beads are applied.

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.

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.

Surfaces that have been thermally cut or gouged shall be ground or machined to
sound metal prior to welding.

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.

Caulking or slugging of welds is not permitted.

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.

° Prior to peening, the weld pass shall be carefully cleaned and visually
examined. If defects are present, they shall be removed.

® 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.

Arc strikes are not allowed on process piping or equipment. Inadvertent arc strikes shall
be removed per weld repair section 4.4.1.F.

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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4212 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 Too! Control

4.31 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

441 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.

| 442 If a repair {or alteration) is required on an ASME-Stamped vessel, work will be performed in

| accordance with the National Board Inspection Cede, 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.

443 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.

. ' 444 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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4.5

4.6

. Attachment material is compatible with base material

o The immediate area around the attachment is marked in a suitable manner
to identify the area for examination after attachment removal.

. 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).

Acceptance Criteria

4.51

452

453

454

Structural steel, pipe supports, hangers, and miscellaneous metals shali be visually
examined to meet the acceptance criteria in AWS D1.1 (static), unless otherwise
specified.

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.

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.

Stainless steel structural welding shall be inspected to AWS D1.6 unless otherwise noted.

In-Process Documentation

The CHBWYV Weld Data Sheet (WV-2529) will be used for documenting welding information when
such information is required by the governing work document. Weid 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.

46.1

46.2

After welding on a particular weld jaint, 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.

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. WS 1-1 - C.S. SMAW, 1 %" Max. (E6010 & E7018)
3 5$1-1-01 - C.S. SMAW 2% Max.

4, W TS 8-1 -S.8./C.S. GTAW/SMAW, 1 %" MAX.
5, W TS 8-8 -S.S. GTAW/SMAW, 1 %" MAX.

6. W T 10H-8 -S.S. GTAW, 3/4" MAX.

7. W T 23-23 - Aluminum GTAW, %" MAX.

8. W T 43-8 - Inconel/S.S. GTAW, 1" MAX,

9. | wT4343 - Inconel GTAW, 1" MAX.

10. | W T 51-51 - Titanium GTAW, .560" MAX.

1. | F1-1 - C.S. FCAW, Unlimited

12. | wF81 - S.S./C.S. FCAW, %" MAX.

13. | WF 8-8 - S.S. FCAW, %" MAX.

14. | WM8-1 - S.S./C.S. GMAW, .275" MAX.

15. | WM8-8 - S.S. GMAW, .275" MAX.

16. | W B107-107 - Brazing, .100" MAX.

17. | TS 438 - Inconel/S.S. GTAW/SMAW, 1" MAX.
18. | TS 43-43 - Inconel GTAW/SMAW, 1" MAX.
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:

CHM2HILL B&W West Valley, LLC

Welding Procedure Specification No.:
W TS1l-

Date:
7-10-96

Supporting PQR No{s)
WT1l-1, & WS1-1

Revision No.:
3

Date:
03715712

Welding Process(es):

GTAW / SMAW

Types

MANUAL

JOINTS (Qw-402):
Joint Design

GROOVES OR FILLETS

Details

Backing (Yes)

*

(No) %

Backing material

* - WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORX DOCUMENT

D Metal

E] Nonmetallic

(Refer to both backing & retainers)

D Nonfusing Metal

D Other

BASE METALS (QW-403)

Thickness Range:

Base Metal:

1716 - 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", 3/327,

1/8"

3/32", 1/8", S/732°

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 TS1l-1 Rev.

POSITION (QW-405) POSTWELD HEAT TRZATMENT (QW-407)

position of Groove: ALL

weld Progression UPHILL

Position of Fillet: ALL

Ocher: N/A Gas (es) (Mixture) Flow Rate
PREHEAT (QW-406) ARGON 99.9% 10 - 25 CFH

Preheat Temp. Min.: 50° F.

Interpass 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

Multivle 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 3/8" IN THICKNESS

Filler Metal Current .
Weld Class brameter Eg?:r aanAmp. volt Travel Remarks/
Polar. Range
Layer{s) Process Range Speed Comnents
Range
ROOT GTAW ER70S-X 1/716" STRAIGHT 5C - 90 8 - 17 - 8 IPM NO PULSING
& - . 332" - 70 - 140 . "
SUBSEQUENT " " 1/8" " 90 - i8¢ * K
PASSES
SMAL E701i8 3/732" REVERSE 50 - 11C i9 - 28 - 12 IpM
" " 1/8" " 90 - 16C " N
" " 54320 " 149- 21C " .
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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 S1-1 6-18-96 WS1-1
Revision No.: Date:
3 03-15-12
wWelding 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

D Nonmetallic D Other

BASE METALS (QW-403)

P-No. 1 Group No. 1 OR 2 to P-No. 1 Group No. 1 OR 2

GUVIRE - AR iR
Und graqe™
MORBRERI LIy s %

}

Base Metal: Groove: 3/16° - 1 %" Fillet: ALL

pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (Qw-404)

SFA Specification: SFA 5.1 SFA 5.1

AWIS Classification: E6010 E7018

F-No.: 3 4

A-No.: 1 1

size of Filler Metal: 3/327, 1/8" 37327, 1/8", 5/32"

Deposited Weld Metal
Thickness Range:

Groove: W\t MAX. 1" MAX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

consumable Insert: N/A
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(3ACK) WPS No. w S1-1 Rev. 3
POSITION (QW-405) 20STWILD HEAT TREATMENT {(QW-407)
Position of Groove: ALL : i
Weld Progression UPHILL
Position of Fillec: ALL
Other: N/A

PREHEAT (QW-406)

Preheat Temp. Min.: 507 F.

Interpass Temp. Min.: 50° F. Max: 600° F.

Preheat Maintenance: AS REQUIRED

ELECTRICAL CHARACTERISTICS (QW-409)

Current {AC or DC): DC Polarity: REVERSE

amps (Range): SEE 3ELOW 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 (QW-410)

String or Vcave 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 IPM

Peening: N/A

Other NO PASS SHALL BE GREATER THAN 3/8" IN THICKNESS

Filler Metal Current
Clas Diameter N Arp. Range
weld s 1a € Pg?:r ; 9 Volt Travel Remarks/
Layer(s) Process ’ Range Speed Comments
Range
1sc (ROOT) SVAV E6010 3732 REVERSE 6C - 9C 19 - 22 1 - 12
" " 1/8 " 75 - 125 21 - 25 IPM
SUBSEQUENT SMAY E7018 3/32 REVERSE 60 - 1iC 20 - 28
LAYZRS M " 1/8 " 90 - 169 " "
" " 5732 " 14C - 213 " "
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WELD PROCEDURE SPECIFICATION

(Wwps)

Company Name:
CHMZHILL Ba&W West Valley, LLC

Welding Procedure Specification No.: Date:
$1-1-01 9-17-01

Supporting PQR No(s)
AWS D1.1 prequalified NIA

Revision No.:
1

Date:
3-15-12

Welding Process{es):
SMAW

Types (Manual, Automatic, Machine, Semi-Aulo):
Manual

JOINTS {QW-402):
Joint Design Groove - Partial Penetralion and Fillets

Backing (Yes) Yes (No)

Backing material (lype)
{Refer to both backing & retainers)

X Metal (base metal) D Nonfusing Metal

D Other

Sketches, Production Drawings, Weld Symbols ar 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.

D Nonmetailic

(At the option of the Mfr., skeiches may be attached to illustrate joint design,
weld layers and bead sequence, ¢.9. for nolch toughness procedures, for mulliple
process procedures, efc....)

Details

AWS D1.1 Prequalified Joint BTC-PS

*BASE METALS (QW-403)

Group No. 1or2 to P-No. 1

Group No. 1 or 2

Specification type and grade ASTM A-36 Plate

to Specification type and grade ASTM A-36 Plate

A3t

Chem. Analysis and Mech. Prop.. n/a

to Chem Analysis and Mech. Prop: n/a

Thickness Range:

[Base Metal: Groove: 516" to 2-1/2° Fillet: Al
Pipe Dia. Range: Groove: n/a Fillet: nfa
Other: n/a
*FILLER METALS (QW-404)

SFA Specification: - 5.1
AWS Classification: €7018
F-No.: 4
A-No.: 1

Size of Filter Metal: 1/8°, 5/32°, 316"

Deposited Weld Metal Range

Groove: 1747 10 2-1/4"
Fillet: ALL
Electrode-Flux (Class): nfa
Flux Trade Name: n/a
Consumable Insert: nla
Other: n/a -

“Each base metal-filler combination shoutd be recorded individually
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(BACK) WPS No. $1-1-01__ Rev. 1

"POSITION (QW-405 POSTWELD HEAT TREATMENT (QW-407)

Position of Groove:  All Temperature Range: n/a

Weld Progression (Uphiil, Downhiii):  Uphill Time Range: n/a

Posil:on of Fillet: Al Gas (QW-408): n/a

Other: n/a Percent Composition

PREHEAT (QW-406) Gas(es) {Mixture) Flow Rate

Preheat Temp. Min.: 50 * F (5/16" to 1-1/27} /150°F { >1-1/27 to 2-1/2°)° Shielding: n/a

Interpass Temp. Min.. See Preheal above Max: 500°F Trailing: nfa

Preheat Maintenance:  Continuous Backing: nfa

QOther: nfa
ELECTRICAL CHARACTERISTICS (QW-409)
Current (AC or OC): bC Polarity: Reverse

[Amps (Range): See below

Volts (Range): See below

Tungsten Electrode Size and Type: n/a

(Amps & volts should be recorded for each electrode size, position, and thickness, etc.... This information may be listed in a tabular form similar o that shown below.)

Mode of Metal Transfer for GMAW and FCAW: nfa

{tPrreTongsem 2% Horated o)

Electrode Wire Feed Speed Range:

nfa

{Sprayarcstertthreotimgarc ety

TECHNIQUE (QW-410)

String or Weave Bead: Both

Orifice or Gas Cup Size: nfa

Initial and Interpass Cleaning (Brushing, Grinding, etc...): Brushing. Grinding

Method of Back Gouging: Gnnding

Oscillation: n/a

Contact Tube to Work Distance: nfa

Multiple or Singe Pass (Per Side): Multiple

Multiple or Single Electrodes: Single

Travet Speed {Range): See below

Peening: Not aliowed on roo! pass or surface layer passes

Other: No pass shall be greater than 3/8" in thickness

Filler Meta! Current
Other
(e.g. Remarks,
Comments. Hot Wire
Class Diameter Type Polar. Amp. Range Addition, Technique.
Weic Volt Travel Speed Torch Angle, Etc.)
Layer(s) Process Range Range
Root, 2™ pass SMAW E7018 18" REVERSE 90-160 19-28 1-12 IPM NONE
(Typ.) (Typ.)
Subsequent layers SMAW €7018 532" 140-210 18-28 1-121PM
SMAW €7018 316" 200-290 23.32 1.15 1PM
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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 WT8-1, & WS8-1
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)

E] Metal E] Nonfusing Metal
D NonmetallicD Other

BASE METALS (QW-403)

P-No. 8 Group No & 2 to P-No 1

S o

lt'u 3 m&mki:ur .'1‘_n¥.'

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" 37327, 1/8"
Deposited Weld Metal:
Thickness Range:

Groove: 3/4" MAX. 374" MAX.

Fillet: ALL ALL
Electrode-Flux (Class): N/A
Flux Trade Name: N/A

Consumable Insert:

ONLY IF SPECIFIED IN VORK DOCUMENT
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(3ACK) PSS No. W 758-1 Rev. 3
POSTITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Position 0f Groove: ALL o
Weld Progression: UPHILL 'ime N/a
Position of Fillet: ALL Gas (Qw-408): (FOR GTAW PORTION ONLY}
Other: N/A Percent Composition
PREHEAT (QWw-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 99.3% 5 - 15 CFE
Other: GAS BACKING NOT REQUIRED WITH BACKING RINGS, OR
FILLETS
ELECTRICAL CHARACTERISTICS (QW-439)
Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT / REVERSE
Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Elecrrode Size and Type:'1/16", 3/32", 1/8" (SFA 5.12, EWT-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, GRTNDING, OR ARC-GOUGING FOLLOWED BY GRINDING

Oscillation: N/A

Contact Tube to Vork 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
weld Class Drameter ;Z?E, RafSS. volt Trevel Remarks/
Layer(s) Process e - Range Speed Comments
Range
ROOT GTAW ER3(9-X 1/16" STRAIGH aC - 70 0 - 20 1 -8 NO PULSING
& - * 3/32° T 50 - 100 " A
SUBSEQUENT " ’ 1/8" " 70 - 140 " N
LAYERS . .
SMaw £309-X 3s32- %G - 130 10 -~ 290
- " 1/8* REVERSE 70 - 14¢C " 1 - 12
" ’ P~
|
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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, & WS8-8
Revision No.: Date:
3 03715712

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)

[j Metal [] Nonfusing Metal

D Nonmetallic D Other

BASE METALS (QW-403)

Group No. 1 &2 to P-No. 8 ' Group No. 1 &

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.: i . 6 S
A-No. : 8 "8

Size of Filler Metal: 1/16°, 3732, 1/8" 3732, 1/8"

Deposited Weld Metal:

Thickness Range:

Groove: 374" MAX. 374" MAX.

Fillet: ALL ALL

Electrode-Flux (Class): N/A

Flux Trade Name: N/A

Consumable Insert: ONLY If SPECIFIED IN WORX DOCUMENT
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(BACK) WPS No. W TS8-8 Rev. 3

POSITION (QwW-405)

POSTWELD HEAT TREATMENT (QW-407)

Position of Groove: ALL T?ﬁgérgﬁﬁiéwéﬁﬁbe N, »

weld Progression: UPHILL Time Rangé;‘ \

Position of Fillet: ALL Cas (Qw-408): (FOR GTAW PORTION ONLY)

Other: N/A Percent Composition

PREHEAT (Q¥-406) Gas(es) (Mixture) Flow Rate
Preheat Temp.  Min.: 507 F. Shielding: ARGON 99.9% 10 - 29 CFE
Interpass Temp. Min.: 507 F. Max: 350°F. Trailing: N/A

Preheat Maintenance: AS REQUIRED Backing: ARGON 99.9% 5 - 1S CFH

Qther: GAS BACKING NOT REQUIRED WITH 3ACKING RINGS, OR
FILLET

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECY CURREINT

Polarity: STRAIGHT / 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 REQUZIRED

Method of Back Gouging: BURRING, GRINDING, OR ARC-GOUGING FOLLOWED 3Y 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 - 8 IPM

Peening: N/A

Other NO PAS3 SHALL BZ GREATER THAN 1/4" IN THICXNESS

Filler Metal Current
. Class Diameser Type Amp . .
vleld solar. Range Jolc Travel Remarks/
Layer(s) Process Rarge Speed Commen<ts
Range
ROOT GTAW ER3XX-X 17i6" STRALIGHT 40 - 8C 10 - 2¢C 1 - 8 IpM NO PULSING
& " " 3/32-0 . 50 - 100 . "
SUBSEQUENT " " 1/8" - 73 - 1490 " "
SMAY E3XX-X 3/32" 50 - 100 10 - 2G 1l - 8 IPH
" - /8" " 73 - 140 " .
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WELDING PROCEDURE SPECIFICATION

{WPS)

Tompany Name:

CHM2HILL B&W West Vvalley, LLC
Welding Procedure Specification No.: Date: Supporting PQR No:
W T10H-8 9-16-98 WT10H-8
Revision No.: Date:
2 03-15-12
Welding Process:
GTAW
TYypes:
MANUAL
JOINTS (QW-402): Details
Joint Design GROOVES OR FILLETS
Backing {(Yes) * {(No) X .

Backing material

(type} * WHEN USED, BACKING MATERIAL SHALL 3E AS SPECIFIED IN WORK DOCUMENT

{Refer to both backing & retainers)
E] Metal

D Nonmetallic D Other

E] Nonfusing Metal

BASE METALS (QW-403)

N/A

to P-No. 8

Group No. N/A

alysis and
. sz e £ 8

L aRr

Thickness Range:

Base Metal: Groove: 1/16" - 3/4- Fillet: ALL
Pipe Dia. Range: Groove: ALL Fillet: ALL
FILLER METALS (QW-404)
SFA Specification: SFA 5.9
AWS Classification: ER308L
F-No.: [
A—No.: 8
Size of Filler Metal: 1/16", 3/32", 1/8*
Deposited Weld Metal:
Thickness Range:

Groove: 374" 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 T10H-8 Rev. 2

POSITION (

Qw-405)

POSTWELD HEAT TREATMENT (Q¥-407)

Position o

f Groove:

ALL

Weld Progression (Uphill,

Downhill):

UPHILL

Position o

£ Fillet:

ALL

Gas (QwW-408):

Other:

N/A

Percent Composition

PREHEAT (O

VI-406)

Gas{es) (Mixc

ure)

Flow Rate

Preheat Te

mo. Min.:

100°F.

Snielding:

ARGON 99.9%

10-25 CFH

Interpass

Temp. Min.:

100°=.

Trailing:

Preheat Ma

intenance:

AS REQUIRED

3acking:

ARGON 99.9%

5-15 CFH

ELECTRICAL CHARACTERISTICS (QwW-409)

Current

(AC or DC):

DIRECT

CURRENT

P

olarity:

STRAIGHT

Amps

{Range) :

SEE BELOW

Volts

(Range) :

SEE BELOW

Tungsten Electrode Size and Type:

1/16", 3/32",

i/8"

(SFA 5.12,

ZwWLa OR EWTh-2)

Mode of Metal Transfer for GMAW:

N/A

Electrode

Wire Feed Speed Range:

N/A

TECHNIQUE

(QW-410)

String or

eave Bead: STRING

Office oxr

Gas Cup Size:

#4

#10

Initial and In&erpass Cleaning:

BURRING, GRINDING,

S.S.

WIRE 3RUSH, 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):

ZITHER

Multiple or Single Electrodes:

SINGLE

Travel Speed

{Range): 1

10 iIPM

Peening:

N/A

Wel
Laygr?s)

Process

Filler Metal

Current

Class

Diameter

8895k,

‘Trave.
pee
ange

gema:ks/
omments

ALL

GTAW

ER308L 1/16"
. 3/32"
1/8"

STRAIGHT

1-1g Tem

NO PULSING
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WELDING PROCEDURE SPEQIFICA?ION {(WPS) |

Company Name:
CHMZHILL B&W West Valley, LLC

Welding Procedure Specification No.: Date Supporting PQR No:
W T23-23 7-8-96 Wr23-23 (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 (typel 4 -wHEN USED, BACKING MATERIAL SHALL BE AS SPECTIFIED IN WORK DOCUMENT

(Refer to both backing & retainers)

[j Metal

[:] NonmeCallic[:] Other

[:J Nonfusing Metal

BASE METALS {QW-403)

P-No. 23 Group No. N/A to P-No. 23

e r e
pecificat

IR

Base Metal: Groove: 1/16" - %" Fillet: ALL
Pipe Dia. 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: %" MAX.

Fillet: ALL
Electrode-Flux (Class): N/A
Flux Trade Name: N/A
Consumable Insert: ONLY IF SPECIFIED IN WORK DOCUMEINT
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{BACX) WPS No.W T23-23 ' Rev.

POSITION (QW-405) POSTWELD HEAT TREATMENT (QU-437)
Position of Groove: ALL Temperature Range;.N/A':--
weld Progressipn (Uphill, Downhill): UPHILL Time Range: N/A. .
Position of Fillet: ALL Gas (QW-408) :
Other: N/A Percent Composition
PREHEAT (QVW-406) Casles) {Mixzure) Flow Rate
Preheat Temp. Min.: 507 F. Shielding: ARGON 99.3% 10 - 25 CFH
Interpass Temp. Min.: 50° F.Max: 350°F. Trailing: N/A
Preheat Maintenance: AS REQUIRED Backing: N/A X

Other: % - ONLY WHEN SPECIFIED IN WORK DOCUMENT

ELECTRICAL CHARACTERISTICS (QW-409)

Curxrent (AC or DC): ALTERNATING CURRENT Polarity: N/A

Amps (Range): SEE BELOW Volts {Range): SEE BRLOW
Tungsten Electrode Size and Type: 1/16-, 3/32", 1/8" (SFA 5.12, EWP, or EWZr) w/ A ROUNDED POINT
Mode of Metal Transfer for GMAW: N/A

Electrode Wire Feed Speed Range: N/A

TECHNIQUE (Qw-410)

String or Weave Bead: BOTE

Office or Gas Cup Size: #4 - #10

Initial and Irterpass Cleaning: BURRING, $§.S. WIRE 3RUSH, OR CHEMICALS AS REQUIRED

Method of Back Gouging: BURRING, OR GRINDING FOLLOWED BY §.S. WIRE BRUSHING

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 IPM

Peening: N/A

Other NO PASS SEAL!, BT GREATIR THAN 1/4" IN THICXNESS, RECOXMINDED EHQUIPMENT: HIGH-TRIQUENCY, REMOTEZ CONTROL.

PROCEDURE DEIRIVED FROM WESTINGHOUSE NCD PENSACOLA.

Filler Metal Current
Class Diameter Type ANp.
veld ° ESCOWIN I volt Travel Remarks /
Layer{(s) Process ) ) ’ Range Speed Coxments
Range
ALL GTAW ER4043 726" AC 43 - 93 N/A 1 - 10 1M NO PULSING
3732 - 50 - 120 N

18" o 30 - 150 -
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W Wes

£

Valley, LLC

Welding Procedure Specification No. Date: Supporting POR
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
DQCUMENT (Refer to both backing & retainers)
[] Metal [] Nonfusing Metal
D Nonmetallic D Other
BASE METALS (QW-403)
P-No. 43 Group No. N/A to P-No. 8 Group No.

Thickness Range:

Base Metal: Groove: 1/16" - 1" 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: /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
t -A DIFFERENT
CLASSIFICATION WITHIN
"F-43" MAY BE USED IF
SPECIFIED IN WORK
DOCUMENT .
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WPS No.W T43-8

{BACK) Rev. 3

POSITION (QW-405) POSTWELD HEAT TREATMENT {QW-407)

Position of Groove: ALL Temperature Range: N/A

weld Progression UPHTLL Time Range: N/A

Position of Fillet: ALL Gas (QwW-408):

Other: N/A Percent Compositicn

PREHEAT (QW-406) Gasles) (Mixture) Flow Rate

Preheat Temp. Min.: 507 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, EWrh-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,
GRINDING WHEELS SHALL BE OF THE ALUMINUM OXIDE TYPE.

WIRE BRUSH, OR CHEMICALS AS REQUIRED.

Method of Back Gouging:. BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING (SEE CLEANING

NOTE 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
lass i .
weld Class Piameter Type N Amp Volt Travel Remarks/
Polar. Range .
Layer (s) Process Range Speed Comments
Range
ALL GTAW * 1/16" STRAIGHT 40 - 70 10 - 20 I -8 NO
" 3/32" " 50 - " 1PM PULSING
" /8" " 100 " * -UNS
70 - " #NOH052
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

Rackipgomaterial (type) 4 -wHEN USED, BACKING gl

D Metal D Nonfusing Metal
D Nonmetallic D Other

BASE METALS (QW-403)

P-No. 43 Group No. N/a to P-No.

43 Group No.
N/A

;Lick;;ss‘Ra;gé;

Base Metal: Groove: 1/16" - 1" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL
FILLER METALS (QW-404)

SFA Specificaiion: SFA 5.14

AWS Classification: UNS #N06052

F-No. : 43

A-No.: N/A PER QW-404.5

Size of Filler Metal: i/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
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{ BACK) WPS No.W T43-43 Rev. 3

20SITION (Qw-49%5) POSTVIELD HEAT TREATMENT (QW-407)

Position of Groove: ALL Temperature Range: N/A - )

weld Progression UPHILL Time'Range: N/A

Position of Fillec: ALL Gas (Qw-408):

Other: N/A rercent Composition

PREHEAT (Qf-406) Gas (es) (Mixture) Fiow Rate

Preheat Temp. Min.: S0° F. Srielding: ARGON 99.9% 10 25 CFHE

Incerpass Temp. Min.: S0° 7. 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): DIREZCT CURRENT Polarity: STRAIGHT

Amps (Range): SEE 3ELOW Volts (Rarge): SEE 3ELOW

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 tleave Bead: BOTH

Office or Gas Cup Size: #4 - #1D

Initial and Interpass Cleaning: BURRING, GRINDING,
SHALL BE OF THE ALUMINUM OXIDE TYPE.

WIRE BRUSH, OR CHEMICALS AS REQUIRED.

GRINDING WHEELS

Method of Back Gouging: BURRING, GRINDING, OR ARC-GOUGING FOLLOWED BY GRINDING {SEE CLEANING NOTE ASbVE)

Osciliation: N/A

Contact Tube to work Distance: N/a

Multiple or Single Pass (Per Side): ZITHER
Multiple or Single Electrodes: SINGLE
Travel Speed (Range): 1 - 8 IPM
Peening: N/Aa
Other NO PASS SHALL 3% GREATER THAN 1/4" IN THEICKXNESS
Filler Xetal current
Class Diameter Type Amp.
weld s oo Ramge Volt Travel Rerarks/
Layer(s) process ST - Range Speed Comments
Range
ALL INCO 52 1/18 STRAIGHT 40 - ¢ 10 - 2C 1 - 8 1PM NO PULSING
" 1,320 o 5C - 102 N - * -UNS
- 1/8" - 70 - 148 " . END5352
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WELDING PROCEDURE SPECIFICATICN (WPS)

Tompany Name :

CHM2HILL B&W West Valley, LLC
Welding Procedure Specification No.: Date: Supporiing PQR No:

W _TS51-51 6-27-96 WTS1-51 (410)

Revision No.: Date:

3 03/15/12
Welding Process:

GTAW
Types:

MANUAL

JOINTS (QW-402): Details

Joint Design
GROOVES OR FILLETS

Backi Y Ni
acking {Yes) * {No) X

Backing material (type)
K -WHEN USED, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT

{Refer to both backing & retainers)

[] Metal Ej Nonfusing Metal

D Nonmetallicl:] Other

BASE METALS (QW-403)

P-No. 51 Group No. N/A to P-No. 51 Group No. N/A

Thickness Range:

Base Metal: Groove: 1/16" - .560" Fillet: ALL

Ripe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.16

AWS Classification: ERTi-1

F-No.: 51

A-No.: N/A PER QW-404.5
Size of Filler Metal: 1/716", 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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(3ACK) WPS No. W TS51-51 Rev.
Posizion of Groove: ALL Temperature Rangé: N/A
Weld Progression: UPHILL Time Range: N/A |
Position of Filie:: ALL . Gas (QwW-423):
Other: N/A Percent Coxposition
PREHEAT (QW-406) Gas (es) (Mixture) Flow Rate
Preheat Temp. Min.: 70" F. shielding: ARGON 99.9% 16 - 25 CFid
Interpass Temp. Min.: 70° F. . Max: 330'F. Trailing: ARGON 99.9% 20 - 3% CFH
Preheat Maintenance: AS REQUIRED Backing: ARGON 39.9% 10 - 25 CFH
Other: GAS BACKING NOT REQUIRED WITH BACXINCG RINCS, ORX
FILLETS
ELECTRICAL CHARACTERISTICS (QU-409)
Current (AC or DC): DIRECT CURRENT Polarity: STRAIGHT
Amps (Range): SEE BELOW Volts (Range): SEE BELOW

Tungsten Zlectrode S$ize 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 3ead: STRING

Office or Gas Cup Size: #8 - #12 (GAS LENS TYPE)

Initial and Interpass Cleaning: CLEANLINESS 1S IMPERATIVE. BURRING, GRINDING, S.S. WIRE BRUSH, OR CHEMICALS
(NON-CHLORINATED) AS REQUIRED. GRINDING WHEELS SHALL 3EZ OF THE ALUMINUM OXIDE TYPE.

Method of Back Gouging: BURRING, GRINDING {SEE CLEANING NOTEZ 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 - 10 IPM

Peening: N/A

Other: EQUIPMENT SHOULD INCLUDE HIGH-FREQUENCY RENOTE; WELD AMD H.A.Z. TO REMAIN IN INEXT ATHOSPHERE UNTIL
<600° F.;» WHEN °*DIPPING" THE FILLER, KEEP THE TIP IN TEE SHIELDING GAS; IF WELD 3FAD EAS OTEER TIHAN
A SILVERY METALLIC APPEARANCE, SVALUATION %ILiL BE RTQUIRED. PROCEDURE DERIVED FROM WESTINGHOUSE ENERGY
DIVISION/PCI STERVICES.

Filler Metal Current
Class NDianeter “ype oo .
teld polar. Range volt “ravel Remarks/
Layer{s) Process Range Speed Comrents
Range
ALL GTAv ERTi-1 ifls” STRAIGHT 7C - iGC 20 - 29 1 - 10 1PH NO
4 3732 : 80 - 15C " ’ PULSING

" 1/8” " 110 - 17C - "
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valley, LLC.

Date:
03/25/98

Welding Procedure Specificalion No.:
F1-1

Supporting PQR No(s)
AWS Pre-qualified

Revision No.:
2

Date:

3-15-12

Welding Process(es):
FCAW

Types (Manual, Automatic, Machine. Semi-Auto):
emi-Automatic

JOINTS {QW-402):
Joint Design - A\ pre-qualified joints per AWS D1 1-96
Backing (Yes) x (No) x

Backing material (type) when used, compalible w/ base material
(Refer to both backing & retainers)

D Metal

D Nonmetallic

D Nonfusing Metal
D Other

Sketches, Production Drawings, Weld Symbols or Written Description shouid
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 Ihe option of the Mir., sketches may be attached to illustrate joint design,
weld fayers and bead sequence, e.9. for noich toughness procedures, for mulliple
process procedures, etc....)

Details

“BASE METALS (QW-403)

P-No. to P-No.

Group No.

Group No.

Specification type and grade (Pre-qualified base metals from Table 3.1, Groups { or il of AWS D1.1-96)

to Specification type and grade (Pre-qualified base metals from Table 3.1, Groups I or Il of AWS D1.1-36) -

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: E717-8
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): NIA
Flux Trade Name: N/A
Consumable Insen: N/A
Other: NOT TO BE USED ON PROCESS PIPING

“Each base metal-filler combination should be recorded individually.
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__(BACK)

WPS No. F 1-1 Re

POSITION (QW.405)

POSTWELD HEAT TREATMENT (QW.207)

Posiuon of Groove: ALL

Temperalure Range: N/A

Weld Progressior: {Uphill, Downhill); UP

Time Range: N/IA

Posiuon of Fillel” ALL

Gas (QW-308): N’A

Other: Percenii Composition
PREHEAT (QW-406) Gas(es) (Mixiure) Flow Rate
Preheat Temp. Min.: 50 DEGREES Shielding: N/A
Inlerpass Temp. Min.: 50 DEGREES Max: 600 DEGREES Frailing:  N/A
Preheat Maintenance: DURING WELDING Backing: N/A
Other: N/A

ELECTRICAL CHARACTERISTICS (QW-409}

Current (ACor OC):  DC

Polanty:  STRAIGHT

Amps (Range): SEE BELOW

Volts (Range): SEE BELOW

Tungsten Electrode Size and Type: N/A

{Amps & volts should be recarded for each electrode size, position, and thickness, etc.. This information may be Isted in a tabular form similar to that shown below.)

Mode of Metal Transfer for GMAW and FCAW: SPRAY

tPoTeTorgster-24-Froratet ety

Electrode Wire Feed Speed Range: SEE BELOW

tSrray e ShoTTTeotingarc, ete=—

TECHNIQUE (QW-410)

String or Weave Bead: STRINGER

Qrifice or Gas Cup Size:

Initial and Interpass Cleaning (Brushing, Grinding, etc...): WIRE BRUSHING OR GRINDING, AS REQUIRED

Method of Back Gouging: GRINDING

Oscillation: MINIMAL

Contact Tube to Work Bistance: 3/8" - 1°, DEPENDING ON WIRE DIAMETER

Multiple or Single Pass (Per Side): EITHER

Multipte or Single Elecirodes: SINGLE

Trave! Speed (Range): SEE BELOW

Peening: N/A
Other
Filler Metal Current
Other
{e.9. Remarks,
Comments, Hot Wire
Class Diameter Type Polar. Amp. Range Addition, Technique,
Weld Volt Travel Speed Torch Angle, Etc.)
Layer(s} Process Range Range
ALL FCAW E7:7T-8 0357 DCEN 60 - 140 14 - 19 5-12 IPM NO PULSING
b 068" 110 - 280 16 - 22 7-161PM
- 564" - 180 - 320 18 - 24 8- 18 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:
W _F8-1 5-12-99 WE 8-1
Revision No.: Date:
2 . 3-15-12
Welding Process:
FCAW
Types:
SEMI_- AUTOMATIC
lJOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * - {(No) X
Backing material {type)* WHEN USED, BACKING MATERIAL SHALL 3E AS SPECIFIED IN WORK DOCUMENT
(Refer to both backing & retainers)

[:] Metal [] Nonfusing Metal

[] Nonmetallic[:] Other

DASE METALS (QW-403)

P-NO . 8 Group No. N/A to P-No. 1 Group No. N/A

IThickness Range:

Base Metal: Groove: 1/16" - %" Fillet: ALL

Pipe Dia. Range: Groove: ALL Fillet: ALL

FILLER METALS (QW-404)

SFA Specification: SFA 5.22
IAWS Classification: E309LT
F-No. 6
|h—No.: N/A
llsize of Filler Metal: .035"

heposited Weld Metal:

Thickness Range:

Groove: %" MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

"Flux Trade Name:N/A

|E;nsumable Insert:N/A
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(BACK) WPS No. W F 8-1 Rev.
POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Position 0f Groove: ALL Temperature Range: N/A
Weld Progression: UPHLLL Time Range: N/A
Position of Fillet: ALL Gas (Qui-408):
Other: N/A Percent Composition
PREHEAT (QW-4C5) Cas (es) (Mixture) Flow Rate
Preheat Temp. Min.: 50°F. snielding ARGON / CO2 75 /7 25 3C-30 CFH
Interpass Tewmp. Min.: SC°F Max: 3S0°F. Trailing:
Preheat Maintenance: AS REQUIRED Backing:
ELECTRICAL CHARACTERISTICS (QW-409)
Current (AC or DC): DIRECT CURRENT Pelarity: REVERSE
Amps (Range): SEE 3ELOV Volts (Range): SES BELOW
Tungsten Electrode Size and Type: N/A
Mode of #Metal Trarsfer for GMAW and FCAW: SPRAY
Clectrode Wire Feed Speed Range: 350 - S50 IPM
TECHNIQUE (QW-410)
String or Weave Bead: STRING

Office or Gas Cup Size: % - 3/4"

Initial and Interpass Cleaning:

BURRING, GRINDING,

S.5. WIRE BRUSH, OR CHEMICALS

AS REQUIRED

Method of Back Gouging:

BURRING, GRINDING, OR ARC GOUGING

FOLLOWZD 3Y GRINDING

Oscillation: N/A

Contact Tube to York Distance: %°

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Elec:irodes: SINGLE

Trave!l Speed (Range): 6 - 14 IPM

Peening: N/A

Ocher CONSULT MFR’s. RECOMMEZNDATIONS FOR CORRELATION BEI'WEEN DI#¥ZRENT WIRE FEED, AMPERACGE AXND YOLTAGE
SETTINGS
Filler Meral Current
el 1 Diam - ype Vol Travel Rerarks/
Layer?s) Process Class Jranmete Pé?ér. Rarge gbsgg Comments
Aedlt
ALL FCi 239957 . 035" 23-150 23-31 6-24 1Pr NO PULSING
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WELDING PROCEDURE SPECIFICATION (WPS)

Company Name:
CHM2HILL B&W West Valiley, 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 WORK DOCUMENT
(Refer to both backing & retainers)

D Metal D Nonfusing Metal

[:] Nonme:allic[:] Other

BASE METALS (QW-403)

8 Group No. N/A

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: E3CBLT
F-No.: 6

A-No.: N/A

Size of Filler Metal: . .035"

Deposited weld Metal:

Thickness Range:

Groove: T MAX.

Fillet: ALL

Electrode-Flux (Class):N/A

Flux Trade Nawe:N/A

Consumable Insert:N/A
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(BACK) WPS No. W F 8-8 Rev.

POSITION (Qw 435)

POSTWELD KEAT TREZATMENT (QUi-407)

Position of Groove: ALL Temperature Range: N/A
Weld Progression: UPHILL Time Range: N/A
Position of Fillet: ALL cas (Qw

Other: N:A

Percent Compos: :ion

PREHEAT (QwW-475) Gas {es) (Mixzure) Flow Rate
Preheat Temp. Min.: 50°F. Shielding: ARGON / €02 75 / 23 33-5C CFH
interpass Temp. Min.: SO°F. Max: 350°F. Trailing:
Preheat Mainterance: AS REQUIRED 3acking:

ELECTRICAL CHARACTERISTICS (QW-409)

Current (AC or DC): DIRECT CURRENT

Polarity: REVERSE

Amps (Range): SEZ BELOV

Voits (Range): SZE BELOW

Tungsten Electrode Size and Type: N/A

Mode of Metal Transfer for GMAW and FCAW: SPRAY

Slectrode Wire Feed Speed Range: 180 - 550 ipM

TEZCHNIQUE (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 3ack Gouging: 3URRING, GRINDING, OR ARC GOUCING FOLLOWED 3Y GRINDING

Oscillation: N/A

Contact Tube to Work Distence: %*

Multiple or Single Pass (Per Side): EITHER

Multiple or Singie Electrodes: SINGLE

Travel Speed {(Range): 6 - 14 IPM

Peening: N/A

Filler Metal

Current

weld N lar r Polar. Volt Travel Renark
naye:r{s) Process C.ass J-amete Typc Po:a Range & ggg Commen?é
ALL FCAW E305LT .035" 8Q0-15C 23 3 i4 1P NO PULSING
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WELDING PROCEDURE SPECIFICATION (WPS)

ToRpany Name:
CHM2HILL B&W West Vallev, LLC

Welding Procedure Specification No.: Date: Supporiing PQR No:
W M8-1 WM 8-1
Revision No.: Date:
2 3-15-12
wWelding Process:
GMAW
‘fypes:
SEMI - _AUTOMATIC
JOINTS (QW-402): Details
Joint Design GROOVES OR FILLETS
Backing (Yes) * (No) X

Backing material {tyve)* WHEN USSD, BACKING MATERIAL SHALL BE AS SPECIFIED IN WORK DOCUMENT
(Refer to both backing & retainers)

D Metal D Nonfusing Metal

Ej Nonme:allic[j Other

BASE METALS (QW-403)

P-No.

T
TO

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.
POSITION (QW-405) POSTVELD HEAT TREATHUENT (QW-4507)
Posizion of Groove: ALL Temperature Range: N/A
weld Progression: UPHILL Time Rangeé N/A
Positior of Fillet: ALl Gas (Qw-403):
Other: N/s7A Percent Composition
PREHEEAT (QW-406) Gas {es) {(Mixture) Fiow Ra:te
Preheat Temp. Min.: S50°F. Shieldirg: Ee/Ar/CO2 90,7.5/2.5 25-45 CFH
inserpass Temp. Min.: 50°F, Max: 350°F. Trailing: N/A
Preheat Maintenance: AS REQUIRED Bacxing: NSA
ZLECTRICAL CHARACTERISTICS (QW-439)
Current (AC or DC): DIRECT CURREXNT Polarity: REVERSE
Amps {Range): SEE BELOW Volts (Range): SEE BELOW
Tungsten Electrode Size and Type: N/A
¥ode of Metal Transfer for GMAW: SHORT-CIRCUIT
Electrode Wire Feed Speed Range: 156 - 312 IPM
TECHNIQUE (QW-410)
String or Weave Bead: STRING
Office or Gas Cup Size: %»* - 3/4°
Initial and Interpass Cleaning BURRING, GRINDING, S.S5. WIRE BRUSH, OR CHEEZMICALS
AS REQUIRED
Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLLOWED B8Y GRINDING
Oscillation: N/A
Contact Tube to Work Distance: 3/8"
Multiple or Single Pass (Per Side): EITHER
Multiple or Single Electrodes: SINGLE
Travel Speed (Range): 6 - 14 IPM
Peening: N/A
1ler Metal Current
Luygg?s) Process Ciass Dianeter Fg?gr Raré% égﬁéé fgg%gg égﬁgéﬁﬁé
ALL CMAW ZR309LSE .036" 40-.2C 15-21 $-:4 IPH NO PULSING
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WELDING PROCEDURE SPECIFICATION (WPS)
CTompany Naune :
CHM2HILL B&W West Valley, LLC
Welding Procedure Specification No.: Date: Supporting PQR No:
W M8-8 06-04-99 WM 8-8
Revision No.: Date:
2 3-15-12
Welding Process:
GMAW
Types:
SEML - AUTOMATIC
JOINTS (QW-402): Details

Joint Design GROOVES OR FILLETS

Backing (Yes) * (No) X

Backing material (cyve)* WHEN USED, BACKING MATERIAL SEALL BE AS SPECIFIED IN WORX_DOCUMENT

(Refer to both backing & retainers)

[:] Nonmetallic[:] other

[:] Metal [:] Nonfusing Metal

BASE METALS (QW-403)

P-No. 8 Group No. N/A

€o P-No. 8 Group No. N/A

Thickness Range:

Base Metal: Groove: 1716 - .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.
POSITION (QW-4C3) 208TWELD HEAT TREATHEINT (QW-407)
position of Groove: ALL Temperature Range: N/A
eld Progression: UPHILL Time Ranée:'N/A
vosition of Fillex: ALL ) Cas (Qui-4C2):
Other: N/A Percent Composition
PREHEAT (QW-478) Gas (es) ~ {mixture) Flow Rate
Preheat Termp. Min.: S0'F. : shielding: YelAr/CO2 90/7.5/2.5 25-45 CFn
Interpass Temp. Min.: SO°F. lax: 350°F. Trailing: N/A
Preheat Maintenance: AS REQUIRED Backing: N/A

ELECTRICAL CHARACTERISTICS (QWwW-409)

Curvent (AC ox DC): DIRECT CURRENT ?olariﬂy: REVERSE

Anps {Range): SEZ 3ELOW Voits (Range): SEE B3I

Tungsten Flectrode Size and Type: N/A

Mode of Metal Transfer for GMAW: SHORT-CIRCUIT

Electrode Wire Feed Speed Range: 156 - 312 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 REQUTRED

Method of Back Gouging: BURRING, GRINDING, OR ARC GOUGING FOLLOWED 3Y GRINDING

Oscillation: N/a

Contact Tube to ¥Work Distance: %"

Multiple or Single Pass (Per Side): EITHER

Multiple or Single Electrodes: SINGLE

Travel Speed (Range): 6§ -~ 14 i?M

Peening: N/A

Filier Metal Current
. Wel la Diameter pe Polar. VoLt wrave emarks/
daye:?s) Process Chass ane Tyge 8 Raige E ecd omments

ALL GMAYW SR308LSA L3366 . REWZERSE 40-120C 15-21 £-14 IPM NO PULSING
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BRAZING PROCEDURE SPECIFICATIONS (BPS)

Company Name

CHM2HILL B&W West Valley, LLC

Date

BPS No. W B107-107
Revisions 1
2

Brazing Process(es) Torch

06/27/96

Supporting PQR No. _ ¥WB107-107

5-16-11

3-15-12

Typel(s) Manual

{Manual, mecharical torch, etc.)

JOINTS (QB-408) Detaila

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
Chem. analysis and mech. prop.

Thickness Range .025 - .100"

to chem. analysis and mech. prop.

Tube/Pipe Diam. Range All

Other

the fuel used or the name or trade designation of the
gas compressing the atmosphere (hydrogen, Ammo-Gas,
etc.) and a statement regarding the designed
character of the furnace atmosphere, e.g., whether it
is reducing, decarburizing, inert, etc.)

FILLER METALS (QB-403)

F-No. 103 Other
ASME Spec. No. AS.8 Other
AWS Class No. _BCUP-5 Other

FLOW POSITION (QB-407)

Flow Position(s) Horizontal & Vertical Down

Method of Applying riiler Mezal Face reed_

(face Zeeding, preplaced

Size or Shape of Filler Metal

1/16",

3732, 1/8"

Other

rings, shims, spray deposit, cladding, etc.)
Other

BRAZING TEMPERATURE (QB-404)

Temperature Range’ _N/a

Other

‘Not applicable for terch brazing

POSTBRAZE HEAT TREATMENT (QB-409)

Type and temperature of aging or stabilizing thermal
treatment after brazing N/A

TECHNIQUE (QB-410)

Method of Precleaning Znery Cloth

Method of Postbrazing Cleaning _Zmery Cloth, Wire
3rush
Type of Flame

Neuczal

Torch Tip Size #1 - #1C

Ocher
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name: CHMZHILL B&W West Valley. LLC

Welding Procedure Specificaion No . 7S 43-8 Date’  9/1089 Supporting PQR No!s) TS$43/8-M

Revision No.. 1 Date: 311512
Welding Process(es) GTAW/SMAW

Types (Manual, Automatic, Machine, Semi-Auto): MANUAL

JOINTS (QW-402): Details
Joint Design GROOVES OR FILLETS
Backing (Yes) (No}) X

Backing moterial (type) N/A

(Refer to both backing & retainers)
{_:] Metat '_, Nontusing Metal
L—] Nonmetaltic D Other
Sietches, Production Drawings, Weld Symbols or Writien Descriplion should
show the general arcangement of the parts 10 be welded. Where applicable.
Lhe root spacing and the details of the weld groove may be specified.
{At the option of the Mir , sketches may be altached lo 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. N/A to P-No. P8 GroupNo. 1&2

OR

Specification type and grade  N/A

lo 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: Grocve:  3/16° YO v Fillet:  ALL

Pipe Dia. Range. Groove: ALL ) Fillet:  ALL

Other:  N/A

‘FILLER METALS (QW-404) GTAW SMAW

SFA Specification: SFA 5.14 SFA 5.1

AWS Classification: ERNICrXX-X ENICrXX-X
F-No.: 43 ' 43

A-No.: 9 9

Size of Filler Metal 116", 332" 3/32", 1:87. 532"

Oeposited Weld Metal Range

Groove" 3/8" MAX. 5/8" MAX
Fillet: ALL ALL
Electrode-Flux {Class) N/A NiA
Flux T-age Name: NiA NIA
Consumable Insert. N/A N/A
O'rer: N/A NiA

“Eacn base metal filier corbinaticn shoud ce recordec individually
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{(BACK) WPS No. TS 43-8 Rev.1

[POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Position of Groove:  ALL Temperature Range:  N/A
Weld Progression {Uphill, Oownhit),  UPHILL Time Range: N/A
Position of Fillel:  ALL Gas (QW-408):  (FOR GTAW ONLY)
Other:  N/A Percent Composition
PREHEAT (QW-406) Gas(es) {Mixture) Flow Rate
Preheat Temp. Min.:  50°F Shielding: ARGON 99.9% 15-30 CFH
Interpass Temp. Min.:  50°F  Max: 350°F Trailing: N/A
Preheal Maintenance: AS REQUIRED Backing: ARGON 99.9% 5-15CFH

Other: GAS BACKING IS N/A FOR BACKING RINGS AND FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)

Curcent (AC or DC): DC Polarity:  GTAW: STRAIGHT SMAW: REVERSE
Amps {Range): SEE BELOW Volts (Range): SEE BELOW

(Amps & volts should be recorded for each eleclrode 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:  N/A {Pure Tungsten, 2% Thorialed, elc...)

Electrode Wire Feed Speed Range: (Spray arc, short circuiling arc, etc..)

TECHNIQUE (QW-410)
String or Weave Bead:  BOTH
Orifice or Gas Cup Size: #4 -0

Initial and Interpass Cleaning: BRUSHING, GRINDING, BURRING OR CHEMICAL AS REQUIRED

Method of Back Gouging:  BURRING, GRINDING OR AIR-ARC FOLLOWED BY GRINDING
Oscillation:  N/A

Contact Tube to Work Distance: N/A

Multiple or Single Pass {Per Side):

[Mutiple or Single Electrodes:  SINGLE

Travel Speed (Range): SEE BELOW

Peening: NONE
Other NO PASS SHALL BE GREATER THAN 3/16 IN. THICKNESS

Filler Metal Current
Other
{e.g. Remarks,
Comments, Hot Wire
Class Diameter Type Polar. Amp. Range Addition, Technique.
Weld Volt Trave! Speed Torch Angle. Elc.)
Layer(s) Process ~ Range Range
ROOT AND GTAW | ERNICrXX-X 716" ) 70-120 10-20 1-8 IPM NO PULSING
SUBSEQUENT k<7 (-) 70 - 150 10 - 20 1-8 IPM (TYP)
LAYERS
SMAW ENiCrXX-X 3/32° (+) 70-130 20-28 3-10 IPM
18" (+} 80-130 20-28 3-10 IPM
5/32° (+) 90 - 140 20-28 3-10 IPM
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WELDING PROCEDURE
SPECIFICATION (WPS)

Company Name: CHM2HILL BAW West Valley. LLC

Welding Procedurg Specification No.: TS 43-43 Date:  9/10:99 Sugporting PQR No(s) TS43/43-M
Revision No.: 1 Date- 3-15-12
Welding Process{es): GTAW/SMAW
Types (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)
LT etal {2 Nonfusing Metal
D Nonmetallic D Other
Sketches, Production Drawings, Weld Symbols or Written Description shoutd
show the general arrangement of the parts to be welded. Where applicable,
the root spacing and the details of Ihe weld groove may be specified.
(At the option of the Mir , skelches may be altached to illustrate joint design,
weld layers and bead sequence, e.g. for notch loughness procedures, for multiple
process procedures, etc....)
"BASE METALS (QW-403)
P-No. P43 Group No. NIA to P-No. P43 Group No. N/A
Specification lype and grade N/A
to Specification type and grade  N/A
T 7 oR
Chem. Analysis and Mech. Prop.:  N/A
1o Chem. Analysis and Mech. Prop: N/A
Thickness Range: N/A
Base Metal: Groove: 3/16°TO 17 Fillet:  ALL
Pipe Dia Range: Groove: ALL Fillel.  ALL
Other:  N/A
‘FILLER METALS (QW-404) GTAW SMAW
SFA Specification: SFA 5.14 SFA 5.1
AWS Classification: ERNiICrXX-X ENICrXX-X
F-No.: 43 a3
A-No.: 9 9
Size of Filler Metal: 11167, 332" 31327, 178", 5/32"
Deposited Weld Metal Range
Groove. 3i8” MAX 5i8" MAX
Filiet: ALL ALL
Electrode-Fiux {Class): N/A N'A
Ftyx Trade Name: N/A N:A
Consumable Insert. N:A N:A
Other- N:A N/A

‘f-ach pase wetai-filler comb.~ater shoul be recordec indivicual'y
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(BACK) WPS No. TS 43-43  Rev. 1

POSITION (QW-405) POSTWELD HEAT TREATMENT (QW-407)
Position of Groove:  ALL Temperalure Range:  N/A
weld Progression (Uphill, Downhill):  UPHILL Time Range: N:A
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.. 50°F  Max: 350°F Traifing: N/A

Backing: ARGON 99.9% 5-15 CFH
Preheat Maintenance: AS REQUIRED

Other: GAS BACKING 1S N/A FOR BACKING RINGS AND FILLETS

ELECTRICAL CHARACTERISTICS (QW-409)
Current (AC or OC): DC Polarity: GTAW: STRAIGHT SMAW: REVERSE
Amps (Range): SEE BELOW Volts (Range): SEE BELOW

(Amps & volls should be recorded for each electrode size, posilion, 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 (QW-410)

String or Weave Bead® BOTH

Qrifice or Gas Cup Size: #4 -#10

Initial and Interpass Cleaning: BRUSHING, GRINDING, BURRING Oli CHEMICAL AS REQUIRED

Method of Back Gouging. BURRING, GRINDING OR AIR-ARC FOLLOWED BY GRINDING
Oscillation:  N/A

Contact Tube to Work Distance: N/A

Muitiple or Singfe Pass (Per Side):

Muitigle or Single Electrodes: ~ SINGLE

Travel Speed (Range):  SEE BELOW
Peening:  NONE
Other  NO PASS SHALL BE GREATER THAN 3/16 IN. THICKNESS

Filler Mela! Current
Other
(e.g. Remarks,
Commerts, Hot Wire
Class Diameter Type Polar. Amp. Range Addition, Technique,
Weld Yolt 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 332" () 70 - 150 10-20 1-8 IPM (TYP.)
LAYERS .
SMAW ENiCrXX-X 332" {*) 70-130 20-28 3-10 IPM
18" * 80 -130 20-28 3-10 1PM
532 {*) 99 - 140 20-28 3-10 IPM
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Rev. 5
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 T843-8 (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-119.
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
FCS5 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-1888,
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 Z49.1in 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 Maijor 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
CHBWY 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 1X.(2011a). 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) _ i



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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Lite Tiomm nramob b NO_H0FY S AT&F Heat Code_ A4
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: Thickness : é &
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3, Matzriad Marking or Stdmping .

Hecord ths followine information from Plate Stamping ; . ( axcample )
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, SA-5(6-20, 47 Material Spsc and, Type or Grade (SASIET-G MTLTV)

(G, LTV if apglicable )

UA398 " iats Heat Muiber (402T6511)

_ 2. Plate Slab Number (1)
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: (e.g. shipping Mimags, other stamping or noted noaconformancs )

4 Remy
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2. Permanent Stampine Information : (Center of Plate edge 6” from weld or asreq’d.)
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Material Spec and Type or Grade
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Plate Heat No.

Plate Slab No.

T Number ( if applicable )

Mz Ser. No. 'Mmufachlrers Serial Mumber
i5sd to be same as re“!m mspe"v:d, plate ecaes Vlsually mspectcd fo lcu;.ma.mn_ and
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Dite Q/C Review : ____Das

Date

SPII0-2F] Rev. 1 4/11/02
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H
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Width : lji« Lingth : 15_}__

3. Maierigd Marldue 6r Stdmping .
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(@, MT, LTV if applicable )
Plate Heat No.

Plate Slab No.

UT Numnber ( If applicable )

Mz Ser. Na. Manufac_hne:rs Serial Number
Flate verified to be same as receipt inspected, plate edges visually inspected for luninations s0d
penmansni siamping inspected per attached AT&F validated Material Test Report {s)

Verified by : __ Dae - Q/C Review ; Dats

ElRewmzw Date

SP110-2 .1 4/11/02
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ISG
SHIP TO:
AMERICAN TANK
12314 ELMWOOD
DOOR #11
CLEVELAND OH
SOLD TO:

AMERICAN TANK
123146 ELMWOOD
CLEVELAND OH

PLATE IMC.
& FABR. CO.
AVE.
66111

. Co.

& FAB
AVE.
44111

DIMENSTIONS

TEST

CERTIFICAT

PAGE NO:

FILE NO:

MILL ORDER NO:
MELT NO:

SLAB NO:

DATE :

oHCHOO

SEND TO:

AMERICAN TANK & FABR. CO.
12314 ELMWOOD AVENUE
ATTN: WAREHQOUSE DEPT.
CLEVELAND, 0OH 44111

PLATE / DESCRTIPTTION
TOTAL PIECE
QATY GAUGE WIDTH LENGTH DESCRIPTION WEIGHT
1 GY 151% 162" RECTANGLE 277504
CusTOaOMER INFORMATTION

CUSTOMER PO: 53634

SPECIFICATIONI CS)
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 MGMT SYSTEM COMPLYING WITH
ISO 9001 ABS-QE CERT. NO. 30130
CHEMTITCAL COMPOSTITTION
C MN P S cu SI NI CR M,
MELT:U2395 .26 .93 .008 .009 .25 .19 .12 .07 . (%
_ v TI AL CB '
MELT:U2395 .002 .002 .022 .001

MANUTFACTURE
MCQUAID-EHN GRAIN SIZE PER El1l2 - 7-8

HE AT TREAT CONDTITTION

MATL .
aR HEAT TREAT NOM HOLD coaL
TEST DESCRIPTION TEMP MINS MTHD
PL/TEST NORMALIZE 1650F 134 AIR cooOL
TENSTILE PROPERTTITES
YIELD TENSILE ELONGATION
SLAB STRENGTH STRENGTH GAGE
NO. Loc DIR PSI X 100 PSI X 10 LGTH %
1A BOT. TRANS. 663 790 2.00" 26.0
WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:
QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320




~

ISG PLATE INC.

G ENERAL "I NF ORM

A TTION

TEST

CERTIFICAT

PAGE
FILE
MILL ORDER
MELT
SLAB

zZ2ZZ
D'ODO

NO :

DATE :

ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A.
MERCURY OR MERCURY COMPOUNDS ARE NOT USED .

IN THE MANUFACTURE OF I5G PRODUCTS.

B/L #646938 CUSTOMER'S TRUCK

WE HEREBY CERTIFY THE ABOVE
"INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320
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ISG PLATE INC.
T0:
AMERICAN TANK & FABR. CO.
12314 ELMWOOD AVE.
PDOOR #11
CLEVELAND OH 44111
TO:
AMERICAN TANK FAB. CO
12314 ELMWOODOD AVE.
CLEVELAND OH 446111
LATE D { MENSTION
TOTAL
QTyY GAUGE WI
1 " 15
UusS TOMER I NFORM

CUSTOMER PO: h36349

PECIFICATTIONTICS.

THIS MATERIAL HAS BEEN MAN

ORDER REQS;REMENTS AND SPE
ASTM A516 YR 90 GR 70"
ASME SAK16 2001 EDITION GR
MATERIAL PRODUCED UNDER A
IS0 9001 ABS-QE CERT. NO.
HEMICA AL COMPODOS
Cc
MELT:U2395 .24
v
MELT:U2395 002

ANUFACTURE

MCQUAID-EHN GRAIN SIZE PER
EAT TREAT COND
MATL
OR HEAT
TEST DESCR
PL/TEST NORM
ENSILE PROPERT
SLAB
NO. Lac DIR
1B BAT. TRANS.

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320

TEST CERTIFICATE
PAGE NO: 01 OF 02
FILE NO: 0325-01-
MILL ORDER NO: 10291-00
MELT NO: U2395
SLAB NO: 1B
DATE: 07/21/04
SEND TO: 03-C
AMERICAN TANK & FABR. CO,
12314 ELMWOOD AVENUE
ATTN: WAREHOUSE DEPT
CLEVELAND, OH 44111
S / DESCRIPTION
PIECE
DTH LENGTH DESCRIPTION WEIGHT
i 162m RECTANGLE 277504
ATION
)
UFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
CIFICATION(S). :

ADE 70
CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH
30130
ITION
MN P s cu sI NI CR MO
.93 . .g08 .009 .25 .19 .12 .07 .05
TI AL CB
.002 .022 .001
Ell2 - 7-8
ITION
TREAT NOM HOLD cooL
IPTION TEMP MINS MTHD
ALIZE 1650F AIR cooL
IES _
YIELD TENSILE ELONGATION
STRENGTH STRENGTH CAGE
PSI X 100 PSI X 100 LGTH %
426 787 2.00" 27.0
" . M? I »
R T '?/7'/;
SUPERVISOR - TEST “REPORTZNG
ELINORE ZAPLITNY =




f
|
ISG PLATE INC. TEST CERTIFICATE |
PAGE NO: 02 OF 02 |
, FILE ND: 0325-01-05
_ : MILL ORDER NO: 10291-005 |
! MELT NO: U239%5 ,
- : NFas No: 13 i
DATE: 07/21/06 |
|
GENERAL INFORMATTION {
ALL STEEL HAS BEEN MELTED AND MANUFACTURED IN THE U.S.A. {
MERCURY OR MERCURY CONPGUNDS ARE NOT USED |
IN THE MANUFACTURE OF ISG PRODUCTS. |
B/L #47375 CUSTOMER'S TRUCK i
|
|
o ~’-\‘\‘\\_ﬂ—~_—
WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT i AU
QUALITY ASSURANCE LABORATORY SUPERVISOR - TEST A
COATESVILLE, PA 19320 ELINORE ZAPLITNY




PAGE 1
( Steel CERT. #
: 2722 West Tucker Drive P.0O. Box 1377
warehouse South Bend, In 46624-1377 (574) 236-5100
CERTIFICATE OF ANALYSIS AND TESTS
FOR: AM. TANK & FAB CO. DATE: 09/15/04
12314 ELMWOOD AVE. YOUR P/O NUMBER 54275
- CLEVELAND . OH 44111 SHIPPER NUMBER 00652848
DOOR 6 OUR INVOICE NUMBER
OUR SALES ORDER 00646710
DESCRIPTION OF MATERIAL AND SPECIFICATIONS
/ __/‘
1. HRTPHS 0001 11 0.1120 55.0000 X 372.0000 TG X
HEAT # 60515 NAFTA Y BUNDLE # 004035352B
(’ o CHEMICAL ANALYSIS
B HEAT # C .~ mw~| p7| s /| st AL CB v
1. 60515 S~ 050 0.800 .012 .002 .020 .020 .001 .056
' CR.~| c¢cuv| Mo~«| NI.| NIT TI B
0.040| 0.070 .010| 0.030} .0140 .001{ .0000
MECHANICAL PROPERTIES
BUNDLE # NAF YIELD s TENSILE ELONGATION |D MISC
vl % IN 2 IN..
1. 004035352B ¥ 67500 psi 76150 psi. 30 L
T
S/,,J TCEX
Po. SY21S
Meets The Bequirements Of
BV on B ST720  Tem.g M
THIS MATERIAL IS IN ACCORDANCE WITH AND CONFORMS TO .
1 A572 -00 GR50 &~ | Bovgyr To Srock -
We hereby ceci X goifig data is a true copy of
- the data fyfpished ug by plrLGapliér oF fésulting from tests
(\ performed in a reco(n cliorutory or our laborarary.
By '
: \,-/A{nhorized Agent J

& FORM # SW-17  REV 1-99




United States Steel Comporation

Gary Works

Gary, IN 46402 -
Co }i“tuﬂxuglca’featIleport

ORDER: UBE51304-01 PART:

LOAD: T02438 INVOICE: 154-198163 SHIP DATE: 01/210/02
PQ NBR: 051170-00 oh] OH

' SOLD TO: SHIP TO:

THE AMERICAN TANX&FABRICATIMNG CO
12314 ELMWOOD AVE
CLEVELAND Of 44111-5981

THE AMERICAN TANKLFABRICATING CO
12314 ELMWOOD AVE NW

DOOR #5

CLEVELAND OH 44111-5991

SERIAL (jHEAT: M27528 I/Cy E3W27)STEEL TYPE = CAST REDUCTION RATIO = 11.9 TO 1
54071800 1.0 X 76,01 X 2§57.0"7 Sde6LBE  1PC
-~

SPEC: PLATE HIGH STRENGTH LOW ALLOY US8 SIXTY-N ASTM A633 REV A 01-JAN-2000 GR E APPROVED
STRUCTIIRAL QUALITY NORMALIZED PLATE

INSP: 01 MILL INSPECTION PRELIMINARY /R TO ACCOMPANY SHIPPING PAPERS ALSO T/R TO INDICATE ND
MERCURY CONTENT UPON SHIPMENT FAX T/R TO ATTH: GREG MAZUR AT 216-252-4871 RA/SN ALSO RR/LT
CERTIFY TUNT ALL MELTING AMD MANUFACTURING TOOY. PLACE IN THE USA. |
HEAT M27525 MELTED AND MANUFACTURED IN THE USA. FINE GRAIN

C=,20 MN=1,37 P=.016 S=,008 SI=.21 CU=.30 WI~.15 GCR=,13 MO=.05 AL=.027 MN-,01 ¥=

-.00 CB=.001

TRANSVERSE YIELD; ‘53.0' X8I TENBILE: 84.0 K81 2v

% ELONGATION: 50.0
63000 PS5I 84000 PRI v %

ELONGATION: 25.0

‘PRODUCT AND TEST SPECIMENS WERE NORMALIZED AT 1660 DEG F. FOR 00

HR §6 MIN. COOLING COMDLETED
IN STILL AIR,

“# END OF TEST REBULT DATA ** ¢

TBST RESULTS WERE CONDUCGTED AND RECQRDED IMN ACCORDANGE WITH TESBT
THIS REPORT SHALL NOT RE REPRODUCED OR ALTERED WITHOUT THE PRIOR
STATES S8TEEBL,

THIS PRODUCT WAS MANUFACTURED IN ACCORDANCE WITH THE QUALITY MANAGEMENT SYSTEM WHICH COMPLIES
WITK IS0 9002:19%4.

METHODS ACCREDITED BY ARLA,
WRITTEN APPROVAL OF UNITED

THIS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR INSPECTED.
IN ACCORDANCE WITH THE SPECIFICATION AND FULKFILLS REQUIREMENTS IN CH RESPE}CT‘
PREP. BY THE OFFICE OF D.M. BORMET, MAMAGER, Q.A. EY: DATE: o2 /= (.2

¥Q3500 ¢ F 3 0 0 0277450007A BXM i 3

1

PAGE 1 OF 1
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-15;:)“,1 w& 1LOAD 'mLLy * %

PLATES
£ ~em ot e Purchase Oider Date Purchase Order No.
PICKUP(S) _ _
32694, ' 11/19/01 051170-00
'(7{1\ : Invoice No. U.S. Sleel Order Mo. Page .
R U. S. STEEL CORP. 198163 UES51304 01
o ubject to Sectlon 7 of conditions af Bill o Shipper's Mo.
M GARY VJORKS ' fa::ngki:\ iM.ti':C.Ianii UFd'é No 12?011\5{5 clause is exercised. " "
GARY, INDIANA 46402 USS Corp. - Consignor 154T02438_01
g ’ CHARGE 0277450 SHIP TO 007 s
L H
D THE AMERICAN TANK&FABRICATING CO THE AMERICAN TANK&FABRICATING CO |
12314 ELMWOOD AVE 12314 ELMWOOD AVE NW P
T CLEVELAND OH 44111-5991 \ DOOR #5
0 CLEVELAND OH 44111-5991 g
Date Shipped Fiom Rodte / Carier
CAR CAP. 000 CAR TYPE
01/30/02 GARY, INDIANA CUSTOMER TRUCK FOR HIRE 9999998
Ship Mode Minimum Weighl \jf’i) /COoL.
CTH I 404 [ 00 oH - CoL
IF YOU USE A SHIPPER REFERENCE NBR FOR PYMT, USE 154T02438~-01
ORDER ITEM HEAT ING CUT PC PLATE# GAUGE WIDTH LENGTH - WEIGHT

ORDERED SIZE 1.0000 75.0000 257.0000

SPEC: USS SIXTY-N ASTM A633 REV A 01-JAN-2000 GR E APPROVED STRUCTURAL
6;'EST: PT#A633E~1.0000-W—-

“~..2T#: A633E-1.0000-W-
MARK: STAMP USS HT# SLAB# MT IN 1 PLACE
STEN CUST ORD# & USS EA PLT
STENCIL SIXTY-N STEEL A633 GR E
PACK: OR 1 PC - KEEP SIZES SEP
LOAD: FLATBED TRK ~ SHEET LIFTER UNLDG — BLOCK - COVER W/TARP
¢ - 20000 LB ABSOLUTE MAX

B/L - COVER WITH TAR
BPHED METRIC ~ 25.40MM 1905.00MM 6527.80MM  2479KG
UE51304 01 M27525 53 w2 1 084071A00 1.000  75.00 257.00 54664
[éQO??ZZ}/- METRIC ~ 25.40MM 1905.00MM 6527.80MM 2479KG
UES51304 01 27525 53 w2 1 084071B0O0  1.000  75.00 257.00 54664
/'J:'...'
) ®
Per Controller - Gary Works USS Corp. - Shipper

FPermanent Post Office Address of Shipper:

Per
600 Granl Street, Pitlsburgh, PA 15218-4776

Agenl

FRMMAD TN
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Bethlenem BE‘;;“« CUSTOMERP.O:  J.CoRe 2765 " DATE: 07/23/9%

Bethlehem Lukens Plate DESCRIPTION : ' MILL ORDER NO: 4429 2-005
. 4

, 1 — RECTANGLE 4 —-X— 120 =X-— 240
SOLD TO: SEND TO: : ' 03—ClSHIP TO:
WARKEN FALDRICATING WARREN FARRYCATING WARREN FABRICATING
CORKPORATLUN CURPORATIUN HUBBARKD SIDE [(0LD GATX?
Pola plX LUde . Pelle BUK 103c¢ : WEST END
|
WARREN OH 4h4ss | WARREN OH bubdx | HUBBARD Lt b5
THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED 1N ACCORDANCE WITH PURCHASE ORDER Hsouma‘aems AHD SPEGIFICATION]S): . )
ASTM A3o YA Yo ASME S5A36 YR 948
225 _
BKATEHLAL PRUDUCED UNDEK A CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH ISU 900Z ABS—QE CERTe NOe 301 30
. MELT/SLAB CHEMICAL ANALYSIS . PRACTICES
R2&T6 c MN p S cuU st | N CR | MO v Tl 8 [aL lcs ]
< g < - o L — — —
216 2 8901t el « 2% 220 s 20| elbl eUbleUb1 . 032 | D01
. J . , '
TENSILES CHARPY V IMPACTS J OTHER TESTS PERFORMED
YLD | YENS |%EONG MILS LATERAL .
™E o |k 1003 ad BRA TYSE | TEMP EXPANSION % SHEAR
5 X 454 703 270 ] “ I n - "‘“\/’“a
2 B . \bQD \ D 2 L(
L 4
INFORMATION | HEAT TREAT CYCLES - MATL. OR TESTS - DEG
WELGHT PER PleCk = 34074 LBSa Ly 850 KGoa ATl |tesT]  NOM MIN MAX HOLD cooL =S
ALL STEEL HAS BEEN MELTEL AND MANUFACTURED IN THE UeSeAs ' TEMP TEMP | TEMP MINS. METHOD | TE
CUSTOMER ITEM NUe U6
bB/L wollib NUKL J9U04 T . )
r2e American Tank o _’rﬁqﬁn'cati@ Co. : J { - 1
MEETS THE REQUIREMENTS OF HEAT TREAT CYCLES - TESTS ONLY - DEG]
Ay : START NOM MIN | MaX [ HOLO Al <
TEMP TEMP TEMP | TEMP MINS. MAX v
i oy )

TC&’;'L,Q’LL

WFE HERFRY CFRTIFY THF AROVE INFORMATION IS CORREGT: Quality Assurance Laboratory :




RS
EV. F1.99)

E'THLEH‘EM ".",U KENS PLATE DIVISION

e

BETHILEHEM STEEL CORPORATION
QUALITY end PRACTICE DEVELOPMENT
EPOQRT OF TESTS ARD AMALYSES

G

=,

IFMEHT HO, DATIE S/ IPPED CAR Ofl VEHICLE (40, .
_503—060_1& 3~25-00 HS M 614279‘ PAGE 1
F @
s
= 1
2
A
T .. . e . ELONG.
SERIAL HEAT TIICKNESS WICTH OR DiA LENGTH : AED.
fE_ NUMBER NUMBER . "
LNCHES INCHES INCHES in
PAUDGT UNDER A CERTIFIED QNS [COMPLYING WITH 150 9002 ABSA 477
- QUALITY [STEEL HMEL £ MANUFAC IN THE Ua Se Al
PLATES ASTM AS16—90 GR _7Q. PVQO,| ASME SAS16
GR 70 PVQ 1998 EDITION . :
MEST LIFT MAX IS5 TON-SIZES £} GAUGES SHP UNLDG
OH—MAGNETHCHA I[N—SL.ING
CO# J.d«R. 2887 GH 3650653
YIZLD STRENGTH 2 o95% ELU.L-.
5 62195 823L7125( 105/, 240 2
s 62196 823171250 1.5 240 P
PLATES IASTM A 36—96s |ASME SA3& 1998 EOLI|IoN
MFST LIFT MAX 15 TON—SIZES & GAUGES SEP UNLDG
OH—MAGNET—~{CHA I{H— SL ING
CO#¥ J.CloRl. 2886 GH |3435-[0654
81370150 1 480 8 | 30
%' 823L70120] 1 430 a| 24
; — 8 | 26
Q; 823L70130% 1 480 gl 27
... -
ITE Q—D‘UEHCHTEMPERATURE T—TE).H’EF;'IEMF‘EFATUHE H—HOAMALIZE TEMPERATURE
DAV 7
) N L
CHARPY IMPACT
AlAL EAT HARD BEND THICKHESS ENERGY LAT. EXP. -
U T N S e
lie AmtericanTank|er|Fabricating Co.
MEE['S THE REQ EMENTS%F
ASTIM . A5 %4
REVIEWED BYU/ 'Dcm/ﬂ | paTE_§-2|8:¢)
HEAT CHEMICAL ANALYSIS MeQUAID
GRAIN
HUMBER c wn WV P s st Wt o] el v w €IZ€
8230712500 <24 {110l 012t.007 .2531019] o1l .o3l.00sl.002
813L70150] «14 1081017 1.0068| .208L,009| .01] 03005003
£23L70120| 016|108 {.015(.012 .232,014} 01| .04/.005L002
823L70130| «16|1.091.015}1.012| .224[.010| 01| .04l.005.004

| CERTIFY THAT THE ABOVE AESULTS ARE A TRUE AND CORRECT COPY OF ACTUAL
RESULTS CONTAINED M RECORDS MAINTAINED BY BETHLEHEM ANO ARE IN FULL
COMPLIANCE WITH THE REQUIREMENTS OF THE SPECIFICATION CITED ABOVE. THIS
TEST REPORT CANNOT BE ALTERED AHO MUST BE TRANSMITTED INTACT WITH AHY
SuBSEOUENT THIRD PARTY TEST AEPORTS, IF RECUIRED. )

8SUPY. GUMITT g PRACTICE DEVELOPMENT

WNK




[ N N ANV IS WU R A Avaw | \_lun'lJUICALI'\_IH

7 UQS? Gary Works

, ) Gary, IN 46402 :
e © ' PRELIMINARY TEST REPORT
! CONFIRMING TEST REPORT WILL BE MAILED
RDER: UE55784-06 PART
‘LOAD: T13642 INVOICE: 154 241121 SHIP DATE: 12/05/02
“.o NBR: 52060 VEH ID: 130A OH 38097
SOLD TO: C : SHIP TO: '
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: Y4946l I/C: 54W2 SIEEL TYPE = CAST REDUCTION RATIO = 4.0 TO 1
X9108A00 3.0" ¥ 93.07 X 330.0" 1 oC 26111.00 LBS

e

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 @ +0 F LCVN 15
FT-LBS MIN @ +0 F ‘

INSP: 01 MILL INSPECTICN TEST REPORT TQ IWNDICATE NO-MERCURY CONTENT AND REPORT CB RA/SN ALSO
RA/LT CERTIFY THAT ALL MELTING AND MANUFACTURING TOOK PLACE IN THE USA. ,
L P L o
HEAT Y49461° MELTED AWD MANUFACTURED IN THE USA. FINE GRAIN- o~ -
C=.18 MN=1.33 P=.015 8=.007 SI=.22 CU=.28 NI=.13 CR=.12 MO=.05 AL=.027 N=.010 V=.11 CB=.001
/ ’

TRANSVERSE YIELD: 61.0 KSI TENSILE: B85.0 KSI 2" % FRLONGATION: 23

.0
O 61000 PSI ' 85000 PSI . —
TRANSVERSE  YIELD: 63.0 KSI TENSILE: 87.0 KSI 2" % BLONGATION: 3Z.G
' 63000 PSI §7000 PSI —

LONGITUDINAL FL SIZE CHARPY IMPACT V-NOTCH +000 DEG F FT LBS/ 067-074-074
-18 DEG C AVG IMPACT STRENGTH +72 FT LBS

LDNGITUDINAL FL. SIZE CHARPY IMPACT V-NOTCH +000 DEG F FT LBS/ 098-074-088
~18 DEG C AVG IMPACT STRENGTH +87 FT LBS

PRODUCT AND TEST SPECIMENS WERE NORMALIZED AT 1660 DEG F. FOR 02 HR 48 MIN. COOLING CUMPLETED
IN STILL AIR, —

MERCURY OR MERCURY BEARTNG COMPOUNDS ARE NOT USED IN THE MANUFACTURE Or TH1IS MATERIAL.
*+# END OF TEST RESULT DATA **

TEST RESULTS WERE CONDUCTED AND RECORDED IN ACCORDANCE WITH TEST METHODS ACCREDITED BY AZLA..

THIS REPORT SHALL NOT BE REPRODUCED OR ALTERED WITHOUT THE PRIOR WRITTEN APPROVAL OF UNITED
STATES STEEL.

THIS PRODUCT WAS MANUFACTURED IN ACCORDANCH WITHlTHE QUALITY MANAGEMENT SYSTEM WHICH COMPLIES

WITH IS0 9002:1994.
/2 The Amerivan Tank er Fabricating Co.
//\ f} g ¢ MEETS THE REQUIREMENTS GF ¢ avn

ASTI_ 4 633 Gogde €00 apo

REVIEWED BY; 1 ol e (208

515 IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR JNSPECTED
N 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 NNN 0 a0 0 02774500022 BEW 0 1 0 PAGE 1 OF 1

G783 af



U.S. Steel Corporation  Metaliurgical Test Report

GaryWorks
Gary, IN 46402

ORDER: UB55761-01 PART . :

Jaguwinn 1eal) }B8H

LOAD: H04202 INVOICE: 154-239192 SHIP DATE: 11/20/02 -
PO NBR: JCR-3497 VEH Ib: RBJE 006257 H4202 E
SOLD TO: SHIP TO: N
- B - 5
- o
@
-1
n
- o.
o - o
SERIAL HEAT: W47470 1I/C: 5SWL STEEL TYPE = CAST REDUCTION RATIO = 4.0 TO 1
(917QA00 3.0" X 96.0" X 360.0" 1 pC 25404 .00 LBS
— &
JPEC: PLATE CARBON ASME SA 516 01-JUL-2001 2001 EDITIOW 2002 ADDENDAZ GR 70 APPROVED ASTM A5L6 i
)1-JAN-2001L GR 70 APPROVED PVQ NORMALLZED PLATE KILLED FINE GRAIN MILL EDGE =
INSP: 01 MILL INSPECTION RA/SN ALSO RA/LT CERTIFY THAT ALL MELTING AND MANUFACTURING TOOK PLACE
N THE USA. .,
IEAT M47470 MELTED AND MANUFACTURED IN THE USA. FINE GRAIN i
.26 MN=0.93 P=.017 S=.0)0 SI=.22 CU=.02 NI=,02 CR=,04 ¥O=.01 AL=.025 V=.001 TI=,001l CB=.001 2]
_/ } / Wi / o — / / [P / - ﬁ.
[
gy TRANSVERSE *YIELD: 44.0 KSI TENSILE/- 77.0 XSI 2" % ELONGATION: 28.0
c =~ 44000 PsSI ~" 77000 B®SI r
“, @NSILE TEST WAS TAKEN ON INGOT/CUT: 5SW 1 o
. . ] ' @
'RODUCT AND TEST SPECIMENS WERE NORMALLZED AT 1660 DEG F. FOR 02 HR 48 MIN. COOLING COMPLETED
‘N STILL AIR.
+ - YIELD STRENGTH @ 0.5% E.U.L.
*# END QF TEST RESULT DATA *+
'EST RESULTS WERE CONDUCTED AND RECORDED IN ACCORDANCE WITH TEST METHODS ACCREDITED BY R2LA.
KIS REPORT SHALL NOT BE REPRODUCED OR ALTERED WITHOUT THE PRIOR WRITTEN APPROVAL OF UNITED
ITATES STEEL. '
'HIS PRODUCT WAS MANUFACTURED IN ACCORDANCE WITH THE QUALITY MANAGEMENT SYSTEM WHICH COMPLIRS
{ITH ISO 9002:1954.
. i ng‘ie o ey T 5 .. 3 -
' _ Aseriosts Tank & Fabric: ng Co.
. MEETS THE REQUIREMENTS UF
REVIEWED 8Y./3 /4,1{74;7; £ Lt—m‘ﬁﬁ =/ 7/23
JHIS IS TO CERTIFY THAT THE PRODUCT DESCRIBED HEREIN WAS MANUFACTURED, TESTED AND/OR INSPRCTED
N ACCORDANCE WITH THE SPECIFICATION AND FULFILLS REQUIRENENTS IN SUCH RESPECT.
’REP. BY THE OFFICE OF D.M. BORMET, MGR, PLATE TECH BY: S SN DATE: 11/22/02

1611 PCN  NNHW i 0 0- 0087972002A PXE JAL 1 0 0 PRGE 1 OF 1



APPROPRIATE SPECLFICATION

1BSCT STBE HE, rig@ertincate o 71 R 1+ e 3 oo
" 1770 Bill Sharp Boulzvard, Muscatine, 1A 52761-94 (2 . o
iCuslnma P.O. Moo 1DG7EI l Ml Ocder Noo:  £1-046195-13 J Shippiag Manifest ; 205387
, :
Producl Description: ASTM AVG(RL/AT09(01A)YIG/ASME SATE(0LED) | Bhip Dales 31 Ocl 03 [ Cert Moz 224975
- AASITTO MIT0(01)36 _ Cerl Datet 3 Oct I3
~ : ]
/ X -
Size: 2004 X 96.00 X 240.D (IN)
Tesled Fieces Tenslies T . Clharpy krepact Tests ’ '}]
.Hleal Flace Piece ¥s UTS | Hlong $%of |Bend | Averzge | Absoched Bnecpy % Ghesr Tesi |Teat| Test |
I Dimensions 5] | PSN {2 B Tes| {fsrdness | i 2 3 Avg { 2 3  Avg (Temp |Dir| See |FDWTT
Y4834 [L.995 X 96,56 42000 4 75000 | 25
15 11995 X 96.96 44000 (76000 | 27 i a
91,995 X 06,87 42000 176000 | 33 {
- ° / / — P |
Henl . o 4 - .- Chemlenl Analysis
c /S Mo r/s// Si/’To\AI Ce N G Mo Ch ¥ A B N
* BRI624 .19? .03} .015! .008 035 .24 } YIRS J 02 |.003 !.002 } 20 | .90031.0063
1A31225 } (18| 102 [015) .De2 G334 .29 | .12 !é .03 ’.004 },ODS 822 .DDB3 | .006&
{
{
?1100 ¢ MBLTED AND MANUFACTURBD IN THE USA. MTR.DIMS0D43/EN10204 BAR VM ra__ 7
I [MERCURY HAS WOT BEEN USED IN THE DIRECT MRNUBACTUVRING OF THIS MATERIAL
B3JE24 B1§ PIECES: 2, WEIGHT: 26968 R1T225 W09 PIECES: i, WEIGHT: 13443
The Armertes Tank e Fabrice g o,
WMEETS THE REQU il"’s”MEN‘l‘S QF
B ASTrm. =36, 93
BEVIEWED YL, L0 OATF,__,/ ZE./ 8%
. 3
it ' . Y& HEREBY CERTIFY THAT TEIE MATERIAL
- Cust Part #: ‘l ¥/AS TESTED [N ACCORDANCH WITH THE P. A, CROZIER
QA TARTALLURTIST




o INDUSTRML & CUMSTF?UGWON S’UPPLIES

( | | Certificate of Comphance G% @M

Sold To: ' o Purchase Order: 54338
AMERICAN TANK AND FABRICATING CO Job:
[nvoice Date; 9/20/04

THIZ 1S TO CERTIFY THAT WE HAVE SUPPLIED YOU WITH THE FOLLOWING PARTS.
THESE PARTS WERE PURCHASED TO THE FOLLOWING SPECIFICATIONS.

10 PCS 2"-4.5x6.25 SHCS A 193 B7 SUPPLIED UNDER OUR TRACE NUMBER mdoh2134 AND UNDER PART NUMBER
10971-01550 '

38 PCS_1"-8X2 ASTM A193 B7 HEAVY HEX BOLT, DOMESTIC SUPPLIED UNDER OUR TRACE NUMBER. ic021254 AND
UNDER PART NUMBER 0155550

38PC3 1" A325 Plain F436 Dom Structural Flat Washer SUPPLIED UNDER OUR TRACE NUMBER 3y0311642 AND UUNDER PART
NUMBER 0133548

This s o centify that the abo ve document is true This document was printed on 9/20/04 and was current at that time,
and accurate to the best of niy knowledge. _ Please check current revision date of 12-15-03 fo avoid using obsolete coples.

§

Rastenal Account Representative




Cardinal Fasiener Togt Certification

RapartadiGra2/2004 .
. Conification Mo.: 20420 Shop Ordag; 226206 T
; Order Na,: 106880 1 Hesgl Na.: HT# 116810780
i\__. Cuntomer PO: MDOOHZ2184 Greda: B7 SHCS
) ) Thread Clazs: 24
Cuslamar Na,: asomigz 108
Shipped Qty: 10
Customer; FPASTENAL MIDRLERURG HTS, OH
Haat Traat Spec:
Addrass: 17831 ENGLE ROAD Supplor:
MIDDLEBURG HTS, OH 44134 . !
Flnlsh 8pec.:
' Buppller;
Menufasturer. . Caviinal ngtansr&?paclaﬂy G5 Il-'ampaescripﬁon: 2 .4,6%8-1/4 B7 SHCS
Addroas: 5146 Richinond foad - S
Headmarl: Soiket Head Capacrew
Badford Halghts, Chio 44148 !
Laborstory: Cardlnal Peslanar & Spasialy Ga.,
Addmey §18% Richmond Road
Bedfant Haights, Ohlo 44146
Notag:
- _1
r.Test No. 28745 Order Mo, 221720 @ TaatDatel 5/25/7004 Tast Dlsposition: PASS
Specification;  MET_AS74[ 5B TO3">=3D] -89 8P ECIMEN MACHINGD ‘Test Faclity:  CF8
Tagh. Narme: , DFD Toch. Titte: LT LotEize(pta/ibs): 244
. [otas: Tonsile Teal Par ABTM FG06 Sample Slza: 1
. Hardness Par ASTIM E18
Acoapt Par. ASTM AS74 RFara, 8,18 12.3.2 Ca/Decarb
Tnagmation {min. - mAX.) Gnits T T Blggosition T Banpla Valuse: T T
HARDNESS (37, 45) Re TUTTTUTWRER . Yo T T - -
| TENSILE (170000, 655958) FEI T Tdenge
| ¥IELD (753000, 556555) PET NS 545060 .o ]
ELONGATION% (@, 8861 % PASS ¥ T
RESUCTION OF AREA [0, 955) % " " FRES ‘Jrrx'g T R “’“’“‘l
Test No.: 27564 Qrder Mo.: 11810780 0 st Date: 2512004 Tanl Digposition.  PASS
Specifioation: CHEM_BRADE 4140 Test Faclly:  CHAPARREL
Tach, Nama: T HARRINGTON Tach, Title: QA Lot8lze(pos/ibs): 14737
Notgs: MACRO ETOH RESULTS: 81 R1 01 Sampls Blze: 1
| TiepBetion (min, - Fax,) uiita T Piggosifian " Sarmple Valigs e+ e e
| CAREDN (0. 655 % TUTTTRASS a4 U o -
" MANGARESE (5, 599) % U EASE i A I " i
PHOSPHORUS {0, 5a5) % A f"’ﬁr\‘s“g TUTPERLL T T e e
‘ \"§'LTL¥=TIE’(F.'§§§T%‘““‘ T __ ] TG l’ D.01a T -
e e e — R e e
) This rabort shell m b reproduced deam infull, ool B wrifian epproval of Cordinel Frolonsr & Spacisily Co., I, Py 1

CARDMAL FABTENER & SPRCIALTT 0., INC. / 108 RIGHMOND RO, BEDFORD HRIGHTE, OHIO 44148 1 2160414851

g8 WYL

HANFLEYA TIeNTANYD

GPIEPRFITL

4T:pT  PRAZ/72/GE



L SILICON (0, 998) % ' | pASE

.26

PR B T T,P — g e e

NOKEL @ 885 % — " 77T #aBE T "Toioa T e

CEMROMURE @, ey T T T I pass  [Melen T ”“'"

TADL YHOENUM {0, 968) % ' {'PA'@}'%’"‘”"”’“b.i'é‘ﬁ T TR ommme rTT—
L N Ut O
VARADIUMG, 9881 %™~ T PasS T v

e 4 3 ey RS RRSN VIY S S SN

‘ ' Cert No: 20424
ALL MARUFACTURING AND MATERIAL PROGESEES I THIS PRODUCT HAVE GQCURED \NITH!N THE US.A, I}
COMPLIANCE WITH THE BUY ANMERICA PROVIGIONE OF THE SURFACE TRANSPORTATION AOT OF 1982

Alt data tapresantad ap this raport ralates only 1a e fem(s) lested, which hava peen sampled In arder k¢ rapresent (he
provesaad |t Identitiad In the description,

Infermration and datg Ity Me opart i corfect sud raliable Lo tha bast of our knowledgs; howsvar, reaults ara not
guarantaed and no reaponsibillty is assumad,

Al itarnu furnlshed on the abovs referenced Purchase Otder arg In full . .
oopformanca with all Purchasa Order and Specification Regquiramenta. Teat ! 4
yiuan, oither provided by ayr suppliar of generated n Capdinals Lebodlory, i "'Wmal) ------------- N
rspresent rctusl Attributes of the Nerna furnished 24d the test resulla Aratn -

full cormpllancs wih all applicatible apselfieation and ardad raquirghents. Al

manyufacturing, tasting, sampling and Inspecticns have been pariomiad in . :
secordznea With Gardinala Quality Assuraaca Program. Al applicable tests QA I —
are in agtordanca with tha Quaiity Control Manua! dated 424/98, The (Titlo}

produot wis mianufacturad and supplied froe from marury contantination,

s Hocument Misy anfy be reprodued unaltered and only far the purpose

of certifylig the sama o Jasser qualily of tha product spesified hareln, 812212004
Reproduction or altsration of {his dotument for any othor purpasa s - ) b s e
profithitad. . (Pats Approved)

ite tapony ahali net e Teprotueag gxcapt In fill, ¥ifthayt tho wilten approval of Candlngl Fastahar & Spucially Qu., In.

Fg 2
CARDIMAL FAITENER & SPEQIALTY CO.. ING, J §185 RICHMONG AD, REDFOND HEIGKHTS, OHIO 44146 { 2168213444

T T WENELSYS WNIGHD gpaEeabalz  BTiPT  bAAZ/AA/RA




)

kﬁ.?" SHAMPING THE FUITURE
Lo S WROUGHT WASHER MG, INC.

A0 QD
ey ,
. ® | Beptembar 8, 2003 ,
Cextifiestion 0f Compliance
1185853
JESSUP WAREBHOUSE ’ Wrought Washar
1225 MID-VALLEY DRIVE Orde/Lot Number
JESSUP, PA 13434 . 432774
hemmieal Analyris
Hent Number C Ms P 5 Si
40313120 | 34y 770 009 00z 200
, I_"‘i.';i*;:_hi"ise ' ~ Date Quantity
Order Numper Pary Peseription, Shipped Shipped
JESSUP STOCTK 1" 8 MARK HT : : 09/05/2003 12,000

We hercly aertify that the subject parts conform fa the requirements of the applicable speaification
indicated for the subject parts and are in complefa ¢onformanes to F436-93. We hereby certify that the
subject patts were hardened tw RC 38-435. o _

We hercby oeriify that all statutory requiresusniz a3 to Amerieru Production and Labor Standards and all

conditions of puschase applicable 1 the ranisaction lave been complied with and that the subject parts were
melted apd manufaotured in the US.A. '

Troly yours, -
Wrought Wasket Mfg., Inc.

bl e st

Dé\_}id_ .'_Zﬁj;_'annic T 'Swom a_r_ld's_u_'bseribed befare e on September 8, 2003
Q.C. Mungger My commission expites June 3, 2005

(030} BMARK, HT, F436 )
WW INTERNA), USE : 43352508/108/0173 1 B/d2404

i
8907 102MD STRERT » FLEASANT FRAIRIE, W) 53158 » PHONE [262) 247-7290 s FAX (263) 947-7399
YISIT Q5 WEBSITE: wwwwinughtvashercom .




Hov1/001

+ BEBFOAL CENTS

Z

\

0F710/2000 08:

oal Dyramics, . CHEMICAL/FHYSICAL CERTIFICATION @) Stee! Dymamics, o

4530 County Ruad 58
Eiffer, N 48721 USA
?;g?plmm {26'3) SHE-E00
() aa-9858 J HS Procagsing-Butlor Holdbyan Stae) - Ede
’ - 8 448D CRE S | 845 Lavay Road
jq | Butler B 4072t q |Edie MLabt
Y UnHed Siatny | Urdiag Skatas
f i
_ P A4
" Hufiar RECEWVING 1 Grep Goad .
T {833-8850 { T |GRLRE AHREG Parchas
0 BEg-9RT7 0 4+734-84B8.2045
8680023 :
Sustoyner # Paxt & Pog Omisrf  Ling lsm & Colf# Haeat B Call Welgks fibs)
1% 48418 AP 1BARE gr7id { BE7857% 021320 48530
Vighfin Ssuge{lst  Lemgh{f Risteral Sooclfenfion Brodiet Beser
. SAE ipzm Frirns Hat Rolfed Bund

48,50 XEE 2,027

e .

ety Chambeal Analesls %

Sn ) BN ] ¥V M@ | B |Ca

R EREN RS
0.7 [0.000 |@a02 | 920 | 0.0 | 460 | 004 | 004 | .01 [G.005|1B00 § 0.00 | 800 | 200 [0.00510.002
iEechenleaf Properfies |

Yiolel Sirength (PSR Tensfls Siyength (P50 Percant Elonpstion  Bockwel Result

‘sg41a 47,135

ooy

Weltad, Binaial car, ant raled by o A cont |n Ballsy, ndies, UBA,
Tifnped frars Buith, TH. UolladSinten

AR boite wern porfmmed sccordlny b appiicable stamderds sndes awricd a1 conlalnsd it tha raczyds ol ik eunghiay

238

&% : _’%‘aﬁl Sampiz
' I
“Wndp & Mfg in (he US&Y

Bunlily &murne
Robfveon: ES/I0EY4:5530 PV

;Kx ,,";

s:mwmm Fer Lol 23 (1003 ~gp . Prge¥afl

ALED 98 SOGf S¥B PRL Y¥S 09:RN £o02/91/L0 .

51890 WALLAR «

1 11:Y)
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18001 Sheldon Road
. Middleburg Heights, OH
44130

MCHINEZ PRQDUCT S . , 216 267 3200

T e
. , Fax 216 432 1640
CORPORﬁﬂDN ' _ . A
. ' MATERTAL PHST REPORT 1000029383 Page: 1
Jate: 11/02/0%, # IcoR1254 , .
STENAL COMPANY 'S0 #: 0000080927
EQSlEGUIog ROAD Lingt : 38 oo mA
54 : L T %: 0040011844
INDIANAPOL;S( IN 46254 | o % 494 991184
", /STOCK : 0155550 ' Drwg (80/B0X)

JESC: #;1;§~g§g_gg % 2" hEAVY HEX SCREW

ATERIAL SPEGIFxcamxoms ASTM A-133('01) Gr BY

iEAT SPRCIFICATTONS: — R o
Quanched & tempered per Lb@ material specifidation, minimum
Cempering temperature: 1100 ¥

\PPLICARLE SPECIFICATIONS
AWSI/ASME Bl.1l AWSI ASME R1EB.

JUALTTY SPRECLFICATIONS:
DQmestld manufactured This iz a bOmmEIOlal grade itetn

ZHEMIGAL TEST _
5 0 MN .32 p .012 § 0058 SI .21 U .02 NI .03 Cm 1.01
MO 225 AT, 024

i CHANICAL TEST:
TENSIE lggOgOPSI fIELD 115400P8X ELOMG 21 .4 RmDUCT 61.7

HARD
MACRO ETCH: ACCEPTARLE

IROGRAM STATEMENT ;

ova Machina Products Calporatlon certifles that tha material, palts,
components  or services au plied on this purchase ordeg have
grocaased in accordance thh, an there ore meet or exceed the g ﬁ y
gu;rementa egtablished ¥ tJF refarences or specifications Jn
er. Malntainad mercury Frea by Nava.
L certify that these medults are a true and correct cop
prepared and malntalned by Nova Machine Productg Cop

compliance with the requirements of the purc & o
apedificatlions ciLed v o) has rd

Processed per ISO- 2001 (1'94) /TRO-3002 Pert;flcat @QC 21, Fastener
product's rgceived from Nova/ale FQA éompllan ® &0 * 2 ©

Y of raagords
goration ~n
w an

ur salefﬁeraon iz Beau Laslo
ease A day o night 1L you have any questions or commenﬁs.




CERTIFIED TEST REPORT

o R N B R

53 Freedom Road 440-946-3500
D[N DOMESTIC NUT Painesville, OH 44077 440:352-2700 fax
DYSON CUSTOMER ITEM : QUANTITY DATE
ORDERA# OCRDER# - 7 NUMBER ' SHIPPED SHIPPED
C 70701 MDOH2160- 40f 4 32 pc 8/26/04
CUSTOMER " PRODUCT DESCRIPTION
Fastenal Company - _ 1.50" (bolt diameter) flat washer, Plain
17851 Englowood Drive '
Middleburg Heights, OH 44130 SPECIFICATIONS
USA ASTM-F436 Typel1
DRAWING

STARTING MATERIAL DIA GRADE - ary LOTCODE  HEATNO. ORIGINAL MILL
Flat Washe____ 1._509 ________ F43"6 __________ S 3_2 _______ JEI 2246900 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 inelted and manufactured in the USA and the product was manufaciured and tested in .
the USA.

MEETS BEATS oY J
ASTM Fu3b r(PE
pC G2l

Attachments:
Mill/Supplier Test Reports

Q0 () e

z Deborah A. Smith
(’ . : Q.A. Admin. Assistant

8/26/04 .

LARGE DIAMETER FASTENERS & FORGINGS / STANDARDS & SPECIALS / COMMERCIAL, MILITARY & NUCLEAR SPECIFICATIONS




R rsr T omicn NG WE |« areRuaL
U‘}) EST. 1991 . 80500 £ RUSSELL SCHMIDT SUVD CERTE 0K CERTIFICATION
(<1 | CHESTERMELD THF, M1 4805/ .
IVI? . : WJQES/&’&%MJZ% MAY 2 7 2003 -

 CODE SETL
> CUSTONER ORDERNUNBER . |- .- DATE:

146288
~LOT NUMBER =

0301-717

' '2245'900'1/,

SPECIFICATION | ACTUAL
O.D.I. 2969 - 3,03  2.997 - 3'_.'000 | cauem ]
1.D 1625 - 1.656° - 1.639 - 1.641 CAL/PER, PIN GAUGE
fH/CKNEg C36-177 - .138.“—. L1400 M/CROMETE??- 4
FLATNESS ‘MAX.0I0 : '; o .002 '_ CALIPER |
L R ,SEE.CE/-?TI |
Mear oear - | | SEECERT
PLATING | | |
OTHER

ME HEARBEY CERTIFY THAT THE SUBJECT PARTS CONFORM TO THE REQUIREMENTS OF THE APPLICABLE SPECIFICATIONS
NOICATED FOR THE SUBJECT PARTS AND ARE IN COMPLETE CONFORMANCE TO ASTM F434| HARDENED TQ RC 3845,
(THE MATEFHAL WAS MELTED DOMES’HCALLY THE SUBIECT PARTS WERE MAHUFACTURED DDMES'UL‘ALLY IN CHESTERFIELD TWP., ML 1. SA.

CMETTS RELTS of v
<,H€M1$T’f\"f o) ASIM PfoB() 0% TYPF C(?@J \//
' ’FC-’I/Z‘/aq o e W

S AUTHORIZED S| (J/URE _
' PO H 054255

JUNEM SAKION
oty Publec Hacomh BAY FreMit |
MyComn‘:!-?»SiO"'5"9‘“35 P2oFY
N une i m ——)
WA vicwel
Qity.3008 Rev, 1 11-268-0 (J a%' 05 l @A
_ . me;;},n}oz
. g DYSON




53 . WORK ORDER-CERTIFICATION (_ R
1P Audl - S T _ : - 3 '-

II Wil IIIMIIIIHIIBINI!

o ANpha 32060 GLENDALE AVENUE . » ., & e
T LIVONIA, WHCHIGAN 48150-1613 .7 . 1509002 - FEEEE
'k)reel Tre(]hng . PHONE (7‘3,4) 523- 1|030 . . . ’ @@ —ﬁ‘z—gb‘_.o—\" ‘0220 (;l“
ne o FAX (734)523-1039 - * .~ DA .
- : O ) - ~ CoDE JEL - o r

AR

oy
. | DATE RECEIVED -

paets o o 1oL AR

t

.Janumeer

_[woRK oroeR

‘.' l‘)‘|

"

ASHIPTQ

.H

% -:::-'1"”".:.'1::.' o

LOT NUMBER ' HEAT NUMBER ‘|ORDERWEIGHT . - oo . - _[oroeR QUANTITY

/, - - .
Wl f’ )

Er 0

QUALITY CONTROL B VIR . -|auatity cow_THOLCODES

Hmlﬁ* Fow e " Cor o Frpd B G

PRF CESS DESCRIPTION ’ . ’ - . - |REV.# & DATE MATERIAL ) GRADE/CLASS

i ) oy beie gera
'r } e dl"._ Visingose: N . o RO

ey

: e : HEAT TREAT SPECIFICATIONS
" |BELT SPEED " {CARBON PROBE} QUENCH MEDIUM . LOADEH SETI'!NG MMIRECIPE | RUNTIME- PROD. RATE | TIME/BI,

: WASHEH SPEC s CASE SPEC

N
ot

l(ll -||

,f, lll~ .'li::'

COITEISPEC

- lf.:.f..[ o .___ :

e CHECE R OMESsS ”FLhTfm}nuL

PR TR - FUET S0 ROUT TG 1”utsu||,lu|?*

? : GUENCH CTEMEMOT T EXCEED Satel 0 WaTi

IT{M #l

- N FLIPE TERPIERCRG TE R

i L DR R, 72 77

CMEETS pEQYS g :

MECHALIAL PROPERTEES pt ASTM M%--v% TP |
_ +E L"f/ZHhaé‘ R

STAGING/LOADING INSPECTION; FURNACE OPERATOR #1 | /Hij o . ' FUHNACE OPERATOR 2 . Z&)

' OPERATOR INSPECTOR, Py 7 S’

TEMPEHING TEMPERATURE

[t adatn ey o YR N

BINS FREE OF GREEN PAATS:  FURNACE OPERATOR - /‘Z&

SOLUBLE OIL oAy




1834

CEATIFICATE OF COMFORMANCE

......

UHIL- 1ARY

-

SRR L
RUJSERILLL ECRMIDT
TWE.

SHIE TO: - TECHD

I

LTI
I—L

CHESTERF TELD
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Dhaed SOE YRIDE Fartd FUL1E
sidE CLEE MM b4
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bit
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CHER DAL ARELYSTS
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{ fMar 1.34 F AN 5o
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PHYSICAL PROFPERTIES
Ehamlsaw' {

oy

0
- .~~_.§ ﬁg{). ﬂgb%“""kjESﬁ\

MEETS s o EaYs oF HE"
/(HEMJSTCY of ASIM ¢4 36~ U"( T‘/pr_‘/
PC af2¢ loy
WE HERERY CERTIFY THE

( FOATER T, REDDREM
: HHDEUCE“

. l‘

HE‘”E FIGURES
HHD Hl'

” /|||

ARE ACCURATELY STATEN,
AL 1H UWP RECORDS

LABORATORY.,

MEET
& BACK TO

o I
MR
! 1y
I'

5 I T .
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Atn: gpes MATUE o
Cardinal Fastener Test Certification (Zl” -5 - 467/

..... Raponsd:9/27/2004 (_‘L{.U.O)LU@ . w(\—-l 2
L e Carnification No.: 20489 " Shop Orders: 00224750
Q. Order No.; 106603 1 Haat No.: 300187
; ; Customer PO; MDOH2167 Grada; B87 Hesvy hax bait
Customer No.; 000000032108 T:f“d Clas: 24
Custemer: FASTENAL MIDDLEBURG HTS, OH ﬁ ipped Qty: 32
Addrass: 17651 ENGLE ROAD st IT'"' Spac:
MIDDLEBURG HTS, OH 44130 Supplier:
Finish Spec.:
Supplier:
Manufacturer: Candinal Fastener & Spedlalty Co., rtappd o . 2/
aacription: - 8:
Addresa: 6185 Richmond Rowd " '“d k“’ on :(” - Bxd: 87
eadmark:
Badford Halghts, Ohio 44146 . 5“""’”:" Balt
Laboratory: Cardinal Fastanar & Speclally Co., o/ ~
~
Agdress! 6185 Richmond Road L B7
Bedford Helghts, Ohlo 44146 -~ 5
Notes: ~
Test No.: 28082 QOrdsr No.! 221531 0 Test Dato; 6/108/2004 Tost Dispoaltlon:  PASS
Spedfication: MET_AT198{1/2"TO1 3/4“>=3D] -89 Tast Facllity! CFS
T Tech. Nama: DFD Tach, Title; LT LotSlza(pesnbs): 557
Qf Notag: Wedga Tast Par ASTM A370 Sample Slze: 1
i Hardness Per ASTM E18
1100 Deg. Min Temper “
Wedge Angle 10 Dagraag
inapection {rin, « max.) unita Diposilon  Sample Vafues:
TAARDNESS [0, 35) Re PASS 33 v T
TENSILE'(TZSOOO. 885909) BSi— l_ﬁm 1533¢6 - T P -
Twat No.. 28883 Qider No., 221531 O Teut Date: 8/18/2004 Tonl Dluposition: PASS
Specification: MET_A193(1/2"T02">=3D] -89 Spacimen Test Facllity: CFS
Toch, Names: DFD Tech. Titla: LT LotSize(pea/lba); 587
Notes: Tenalls Tost Par ASTM A370 Bample Stzy: 1
1100 Deg, Min Temper ~
Inapaction {min. - max.) unHy Disposlikn ™ Sample Values: ]
TENSILE (125000, 5a9899) PAT PASS 182000 o
VIELD (105000, 569958) P& """ "PAES 140260 j
"~ ELONGATION% (18, 699) % PASS 16 -~ . . |
| REDUCTION IN AREA (50, 8581 % BASS 2 o ]
ANTC PO 054625
MEETS REQ'TS 0f: y, i
( . o TTEM H#2.
ASTM .4/‘{5)--3/ }>-) (2{2-41’6 B7 P. | o2
PC q{24l0
Thip rapdit shill ;ﬁ 5@ reprducad wxeopl in full, withowa tha waitien agproval of Cardlng Faslener & Speclalty Go., Ine- Pg 1

CARDINAL FASTENER B SPECIALTY GO, INC. / 5188 RICHMOHND RD. BEDFORD HEIGHTS, OHIO 44144 / 2{4-841-58§1
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ingpechon (min. - max.) thils

Order No.:

Test No,; 27669 200187 O Yeat Oale: 27812004 Teat Dispasiilon: PASGT
Specification; CHEM_GRADE 4140 HR ’ Test Féclllky: ALTON STEEL INC

Tach. Npme: R CAULEY Tech. Title: QA LotSiza(pca/ibe): 35186

Nolza; MAGRO ETCH RESULTS: S2R3G2 Sample Size: 1

Disposiion ~ Sample Valuos:

CARBON (0, 536} % PABE 0,41 p
MANGANESE (0. 9981 % 7T I PASST |T0.T8 p e
" PHGSFHORUS 0. 8881 % TUTTTYRASS T dlows -
SULFUR (D, §86) % R BTV R O 00T - R o

BILICON {0, B89] % o PAEE T -

COPPER (0, 368) % “PASSTT | 0.22 T

NICKEL (0, 948) % PAES™™ ""T.614 .
[CHROMIUM (3, 698) % BASET [B.sag e T mTrmTTmmmemmesem——

LYHDENUM (0, 066) % PASS 6.38" =
ALUMINUM (0. 299) % HAES §.90%
VANADIUM (0, 666) % PASS 0.036 '

Cert No: 20488

ALL MANUFAGTURING AND MATERLAL PROGESSES IN THIS PRODUCT HAVE OCCURED WITHIN THE U.S.A. IN
COMPLIANCE WITH THE BUY AMERICA PROVISIONS OF THE SURFACE TRANSPORTATION AGT QF 1882

All data represgnted on this repont relates only (o the ltem(s) tasted, which hava basn samplo& In o.r'dar 1o reprasant thy
protassed lot Idaniified In the description,

{nformation snd data In the report i correct end reliable to the best of our Knowledge; howsver, rogulta ara not
guarantesd ahd ne rigponalblilty s mssumad. ‘

All itemg furnishad on the abave refersnced Purchusy Order are in ful 5
conformance with 8l Purchase Order and Specification Requlraments. Test : /

values, aither providad by our supplier or genarated in Cardinal's Laborkary,

: : " neis ! b (Approval
rapresert actual stiributes of the ltorna furnished and the teat results are in (Approvall
full compliancs with all sppliestibls spacification and ordar raquiremants, All
manufaciuring, 1ating, asmpling and inspectione have buun porformed In Q
woocordance with Cerdlnal's Quallty Assurance Progiam. All applicable tests A
are in accordance with the Quallty Gontrol Manual datad 4/24/88, The _ (THie)
product was manufagiurad and supplied frea from mércury coptaminatlon.
Thia dooumerd muy only bs reprodused unakterad and ahly for tha purpese
of cartifying tha same or laazer quality of tha praduct speqified herein, 9/2712004
s::g:l‘k]:?;?.wn or altatatian of thia docuinant far any other purpose ls [ (Oate App‘ri’:?é'&r—“——'
MEETS REANTS Of: o
: b (RAVE BT fo HosH sy
ASTAM A 14 3-~plb, LRAVE : TTEM to
Thia report shull net ba raproduced svcpt it full, wilhaet 1 seilisn approval of Quedingt Factenar & Spuclaty Co., Inc. Pg 2

CARDIHAL FABTENER & SPECIALTY GO, INC./ 5185 RICHIMOND RO. BEDFORD HEIGHTS, QHIQ 44148/ 216-831-3651
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Oct.20. 2004

—

A No.- 7140 P.

B = bogny Do

Cardinal Fastener Test Cortification
Rapared! 10/20/2004

3:45PM

2

Ceaplificatlon No: 20634 Shop Orduri; 00226088
Ordas No.: 107439 { . Heat Mo.: 3001867
Cuzslomec PO; MocH2238 Grade: A183 07
Customer Ko.: 000000032108 Thfaad Clyse: 20 |
Customey: PASTENAL MDDLERURG Hrg, on 1 Pood A 7
Adsimaa: 17851 ENGLE RQAD Hat Tredt Spea:
MIDDLEBURG HTS, OH 44130 Bupplier
. Finlsh Spec.:
Manuactured.  Gardinal Fastaner & Spaclally Co., ::9::; o 1 .
Addregs: 5185 Richmond Ragd " *_"’ on: Hm s
Badard Helghts, Ohlo 44148 sddmadkc: ey o Bok
Laboratary: Cardin’l Fasfanar & Spacialty Co.,
Address: 5185 Richmond Rosd
Budford Holghts, Ohio 44144
Notpat
- SUTVEN—- -
Teat No.: 28982 Order No.: 22353t 0 TeaDate:  6/18/2004 Tout Disposiion:  PASS
Bpacifioation:  MET_A193[1/2"T01 3f4">=3ty} 30 Teot Facity:  CFS
Toch.Neme! DFD Yach. Title; LT LotSlze(peasibe]: 657
Notes: Wadga Tast Par ASTM A370 Sampie 6lza: 1
Hardness Par ASTME18
1100 Deg. lvrm Tampor
Wodqd Angl- 10 chm& ) .
(napocdian {fvin. - max.) untts Dispositen _ Sample Valugs: " ’ ]
l HARDNESS (0, 35) Ho PAgS — A5 o T e
TENGLE (135000, gaueol sl T PAGS TEes o
h »amin - . . - A—]
! Test No.: 28923 Ordar No.; 221831 @ TestDate: 6/18/2004 Teal Ulgposttion:  PASS
Spacification: MET_A183(12"TQ2"><30} -88 Spacimen Tast Facllity: OFs
Tech, Name: DFD’ Yech, Titda: LT LotSizelpcarbe): 557
Notes: Tansfio Tost Por ASTM A3TO Sample Size: 1

1100 Dag. Min Tempsr

{nspaciion (min. - max.) upils Disposition  S&mpls Valtas:

" YENBILE (125000, 950985 PG PAGE oo
YIELH (108000, oo5a88) Fal HAEE T 1dozo0
ELONGATIONY (18, 853) % 1" FASE 6

["ﬁ'ETJTJBTFQN'lN AREA (90, 998 % PABS %2

Thig topart shall ot b roproduced Wxcapt 0 full, wihoul t1he wNten wpprovd of Cardinkd Puglaner & Speslaty Ca,, Inc

CARDINAL FASTENER & BPEGIALTY €O, INc /mﬁl RICHMORT AD. BEOFORD HEIGHTS, OHIC {41487 214.831.90%3

Recelved Time Oct. 20.

g 3oud HANALSY A ONIQEYD

CHhQChQOLOTY

Pg 1

AR 23-A
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.l',

78 Jovd

051,20, 2004 L 45oM A No. 7140

rTbm No.: 27669 Urder No.: 3pois? ¢ Text Dals! 21812004 Tast Dizgoditior; E’Ass
Spadlicatinn:  CHEA_GRADE 4140 HR _ YeatFecliy,  ALTON BtEE( ING '
Tech. Name: R OAULEY Tech, Tile: QA LotSizu(pcanos): 35188
Notes: MACRO ETGH RESULTS: §2 RYC2 Sample Size: 1
indpaclion ffoln. - max.) uoita " Bispasition  Bample Valuas: - 'ﬁﬂ 7
CARBON (0, 959) % BASE T 841 . ST
MANGANESE (0, 509) % o FASS g5 T " R

T PHOSPHEROS [0, 556) % ) FASS T O, 018 - - -
SULFUR (0, 898) % PAES | 0.023 _ o

TESCON RS % 'PASS 6027 h T
COPPER (D, 999) % o PASS 0,22 - ’ ~

“RICKEL (0, 598§ % FAES ~ TooET nmT T

T CRWGMIUM (5, 689) % T MTRREE T {Bueas T T T

(OLYBOENUM (0, B98) % - BAgS i T - -
ALURAUnA (B, 568) % CTTTTTUPASS | 0.66¢ - - -
VANADIUM (0, 980) % I"ﬁss To.oaa o nTTTTTT

Cart No: 20844

ALL MANUFAGTURING AND MATERIAL PROGCESSES I THIS PRODUCT HAVE OCCURED WITHIN THE U.S.A-IN
COMPLIANGE W(TH THE 8UY AMERICA PROVISIONS OF THE SURFAGE TRANSPORTATION ACT OF 1862

All dits rapraasntad on this report relatas only fo the tom(o) teatad, which have boun sampled in order to reprasent s

processad lot idantified in tha daysrdption.

informatlen and data In tha repart is comact and rellable to the best of ouf knawtedgs) hawever, resully are nat

guaraniead end no reaponalbiilty 8 xesumed.

All hema fimishad on the abova retemnced Purchese Order an in full
conformanta with all Purchpoa Qridsr dnd Spetification Rogquitarents, Tast
saluas, ‘efiher provided by our supgiler orgenaraled in Cardlvals Labarttory,
reprasait aetlinl atiributes of the temns furmishad and (ha (oat tesults ars in
fufl complinica with a1l appUcatible’specification ind ordar requirsments. All
manuhacturlng, loatng, samgiing m? inspeotions have bean pedasmad in
sccordangs with Cardlnal's Qually Assumnca Progeanm. All opplicable tots
ane in accordace Wil the Quallty Control Manual datud 4/24/98. Tha

roduct whis manufedlired and sippiad frae fram meéteury contamingtion.
l;hi:; documant may only be raprodiiced uneitensd wnd ealy far the purposa
of carlfylng tha same o loAser quallty of the product specified hetain,
Regroduolian oc altartion of this docyumant far any other purposs Is
prohibitad.

PrYI

T (Approvaly —

QA
B e

10/20/2004

(Date Agpfoved)

ThiN nepad shallnot be reprocuced axcap in Rl Without 1e Wil approvat of Garsingl Fusions B Spscisdy Ca, ke

GARTHNAL FABTENER & BPECIALTY 60., ING, 1 5185 RICHIAONG RDL UROFORD MEIGHTS, OHIO 44148 13168310851

Received Time 0‘53&5)15@ N0

chashakQTY

ak N ahd

Pg 2

P




Oct.20. 2004 |:09PM 4 No.7153 P. 2

4 : - . Middleburg Heights, OH
B MACHINE PRODUCTS 216 267 3200
CORPORAT!ON - Fax 216 433 1640
_ MATERIAI TEST REPORT #0000029387 Page: 1
Date: 10/20/04 _ gol#: IC021254
e :
FASTENAL COMPANY .80 #: 0000080927
5851 GUION ROAD : Line ;o 42
- - QOty: 150 EA
INDIANAPOLIS, IN 46254 Lot §: 0040012015
Heat #: US Y06420
CL./STOCK:0155558 Drwg: (50/BOX)

DESC: 1"-8 UNC 2A x 4" HEAVY HEX SCREW

MATERIAL SPECIFICATIONS: ASTM A-193('01l) Gr.B7

HEAT SPECIFICATIONS: , .. . .
uenched & tempered per the wmaterial specification, wminimum
empering temperature: 1100 F

APPLICABLE SPECIFICATIONS:
ANSI/ASME B1.1l ANSI/ASME B18.2.1

QUALITY SPECIFICATIONS; ) . . .
Domestic manufactured; 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
MECHANICAL TEST:
Q‘ . TENSIL 1358Q0PSI YIELD 116600PSI ELONG 21.4 REDUCT 59.1
‘.. JHARD 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 1in accordance with, and therefore meet or exceed the quality

requiremants established b¥ the zreferences or specifications in this
order., Maintained mercury free by Nova. :

I certify that these results are a true and _correct copy ¢f records
prepared and maintained by Nova Machine Products Corporation in
compliance, with the requirements of the purchase oxrder and
specifications cited.

Processed per IS0O-9001('94)/IS0-9002, Certificate GQC 211. PFastener
products received from Nova are FQA compliant.

Your salesgerson is Beau Laslo

Please call day or night if you have any ?%;;;;%?s §§ comments. C{? {

/ . : 1800] Sfieldon Road

Sheila Galaday G, Quality Control

Received Time Oct. 21, 1:54PM AR 23 A




Oct.21. 2004 [:10PM s Ho 7153 P. 3

4 18001 Sfieldon Road
' ’

Middleburg Heights, OH
" / | 44130
i * B \IACHINE PRODUGTS Fa 216 49 1200
CORPORATION _
CERT. OF COMPLTANCE/CONFORMANCE #0000029387 Page: 1
Date: 10/20/04 Eol#- IC021254
e H
FASTENAL COMPANY SO #:. 0000080527
5851 GUION ROAD Line 4?2
Qt¥; 150 EA
INDIANAPOLIS, IN 46254 Lot #: 0040012015
Heat #: US Y06420
CL./STOCK:0155558 Dxwg: (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 wmaterial specification, minimum
tempering temperaturxe: 1100 F

APPLICABLE SPECIFICATIONS:
ANSI/ASME Bl.1 ANSI/ASME B18.2.1

QUALITY SPECIFICATIONS; o . .
Domestic manufactured; This is a commercial grade item;

7

PROGRAM STATEMENT: . L ‘ .
Nova Machine Products Corporation certifies that the material, parts,
components, or serviceg supplied on this purchase order have been
., processed in accordance with, and therefore meet or exceed the quality

. Yequirements established b¥ the references or specifications in this
‘ prder. Maintained mercury ¥free 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 reguirements of the purchase ordér and
specifications cited.

Processed per I1S0-9001('94)/IS0-9002, 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. ({)

Received Time Oct. 21, 1:54PM




d46-01-01L

e e I T riv A FILE NO.
BEth'IEh'em'lﬂﬁg;‘;f”l CUSTOMER P.O.: DATE: 02/04/99
elhlghem Lukens Plale L—— DESCRIPTION : MILLORDER NO: 3 3510~006

' 1 — RECTANGLE 2.5 —-X— 96 -X— 480 '

LD TOx [senp TO: ' 03—dsmp 70 ' : N
WAR: ' ' co
car: ;

P .0
WAR 1 - e aem Lt - e G452

v s

MATERIAL HAS REEM MANUFACTURED ANO TESTED 1 AcconDANéE WITH PUNRCHASE OROEN REQUINEMENTS AMND SPECIFICATION(S)

+TM ASL1S6 GR 70 YR 90

ASHME SASL6 GR 70 YR 96A

i TERTAL PRODUCED UNDER A CERTIFIED QUALITY MGMT SYSTEM COMPLYING WITH ISQ 9002 ABS—QF CERT. NO. 30130

MELT/SLAB CHEMICAL ANALYSIS PRACTICES
028 /5 c MN P S | cu S NI CR MO v T | B [CB GS 1-8
7 Vg VA v | ~ | 7 I —
R1028 «23 «97.011 {009 222 421 <14 <14 .07.002 .001
TENSILES CHARPY V IMPACTS T OTHER TESTS PERFORMED
YLD] TENS .F% ELONG{ MILS LATERAL .
(PSI |X 100) 24 /u R.A. TYPE TEMP EXPANSION % SHEAR
490 T46 | 30.(
-~ (Ve —
| INFORMATION :
R - HEAT TREAT CYCLES - MATL. OR TESTS - DEG| FAHR«
GHT PER PIECE = 32671 LBSe 114550 KG= Tl TeST NOM MIN MAX HOLD . cooL END
41132 BWRY S402 MATL. S TEMP TEMP | TEMP MINS. [ METHOD TEMP
: X | X 1650 o8z AC
- . " = .
The American Tank ¢ Fabricagng Co. ///4’ R F i _ J
MEETS THE REQUIREMENTS OF e HEAT TREAT CYCLES - TESTS ONLY - DEG] .. .FAHR -~
X - 4 ;
A5 M ECAL /é é'!’l 70 (( 775_86{.)/75/7 45{/’ SESST NOM MIN MAX HOLD giﬁg; gAO,?EL
: 2 /-5 7% TEMP TEMP | TEMP | TEMP MINS: MAX- MAX
REVIEWED_BY:__jZ_L_ﬁg_.. pare__5. Z—w - J
t .
. — : — 22 7 B 5 A
IEREBY CERTIFY  : ABOVE INFORMATION IS CORRECT: Quality Assuray aboralory ' STy o ‘
) Coatesville, #20 : !

I NQ. 2221T F‘ P

QI IBFEOVIEND TOOT BCAMDTIA ‘




THIVU L/ VU Y

Ao __ma  veans s oadas wiRAakars

j“""’? o ) ) ' ) Y*‘\ . . P s i N - M ..-
i USE, e, 11sx
b\g}}\(

i . 8 STEEL GROUPR Metailurgical X
@ A divilon of USX Corporaﬂnn ' Test Report i o
. ,__/ QL0772 Y .
FERON TONRACHNY #3, DaTE FURGRASE CHRSL MG, ' THIS 135 TO CERTIRY THAY THE
: - 1721/97] 01-743} PRODUCY DESCRIBED HEREIN -WAS
_E- _ RIFES NQ L Oabay Ko NIKENG  \HPGD,, SAMPLED: TESTED ARD/OR
¥ GARY WORKS 3@%%511 04 2f 98 | ¥M85692  |15¢-{BR488 | INSPECTED IH ACCORDAECE WITR
& GARY  IKDIAMZ 46402 IL : 37967 [YHE SPECIBICATION AYD FUL-
v ** MELTED XED MAXUPACTYRED IN THE USA ** FILLS Rznnraxnxxfs 1K SOCH
% A" ¥ CASTLE 1 CU A-M CASTLE & €O s [RESPECT, Lo
L 340D ¥DEIR ¥OLE ROAD : 3409 HORTH ¥OLP ROAD H & N
FRAMKLIX ?2RK IL 60031-1319 DAY #4 ¢ |PREpaRED Y THE OPRICE OF:
& FRATXLIR PARK IL Z |+ . S.C.ERPE GOER.WOR. 8.),
ERIAAH DOMESTIC 1% 5/—-‘%7

= AR Nila [ 3 f & b~ B A
Bh PLATE CARBO¥ ASTH AS1§-*90 GRAIE ?ﬁ RENE 3.&515"*139‘5 KDITIOH} 36
§ ISR ADDERDA . DECEWHER 31,1996 GRADE 70 A H CASILE aMD Co SPEC
X02700-57 REY b DAXED &/2/9& PRESSURE VRSSEL AUALITY NORMALIZE

B RESI PLAINESS TOL 1/2 STD

: IHSF 04 - MILI BA/SX ALSO BRA/LY CERTIFIEI I/R ﬁITﬂ LOAD 3555'1'8:5 HERCURY
"FREE STATRKENT RBGUIKBD . , ! I

!
FEM MAIBIW.DBCMFMN BUAN- . 7837 OR PIECE YEO PL FToNaiE 5R | picNasTion s | X188 -
AL P 55 SR HE 1w Ty | R AT JaENTITY ESI | KGL | wa [w Axg& =P
i ] b : ] T
J °% 00007 96.0000| 24p- 91§ 39205 YEE7207 34¥ 1 ) { ; :
STEEL- ryvd = XNGO? 1 o ;
, £~ § 3¥ 3 ¥ 1 47,0 TB. 0 25. 0
PRODUCT & JTRST SPRCIAENS WERE HORMALIZED AT 1860/DEG.F., r
FOR 0152 s&nuras (COOLTNG COMPLETED IN #TILL AIR. ; CASTLE METALS - FE
SEARYD OF JDATAXX® :
! ¥ ! mTE EECJD -
BECD FRO /
ARFRCAED BY L J .
~ YYIBLD STRERGTE 0 0.58 E.U,L. E -
_THIS REPORT SF QT BE _REPRODUCED W Tﬂuvﬂ THH EIQE VEITTES APPROVAL OF THR USX CORPORATLON. | {
___"_me-.-mf Copm Jor s |8 | o <k A fn) v ]os 7 CWIEN
Y55720 011 22 [ : : 001 HIRETTE [ "FIEE. GRAIE
- . Gk { . HEI 2 i
CTHATIIY  bromAL Posmons FOR ELEMENTE Au:mmrso BY: _m_g LEFT MARGJH, VERTICAL DOTTED LNE OX nscmsm POINT. e ,

Lnnnanb Ment 4 nan TRAFAIIRCAN fNencnn . - .
A S _ L
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e

L_(II'IA k= a MI’I’ﬂ" R T ] It me b A -

T L oAl x

=S P < Metallurgical el e L™
—oX Corporalion Tezt Report
_—RO772 BT )
ca L O DU PRCHASE. DEDZR Bt THLS IS TO CERTIRY TRAT tHE
o 11721/97) B3 ~T431T . PRODUCT DESCRINED ERRETK. HAS
¥ SHHtas No. bl GROER RCL HVDICE NG MEGD:  SAMPLED. YESTED ARD/OR
fi N - GARY RORKS 04317 _ 04 28 98 | UNBEE92 154-485488 | TREFECTRD IN ACCORDARCE NITH
G GARY,INDIAHA 48402 28 Y. S7967)THR BPECIFLCATION AND PUL-
| S ~% MELTED AND MANUPACTURED IX THE (83 *# FILLS REQUIREMENIS IF 5ucH
5 A M CASYLE E.-CO A M CASTLE & CO s |REBPFECT. : -
£ acoo-rom7a wouE moAD 3480 XORZH WOLF ROAD 5' .
FRAXKLIN PARK IL G0133-131% BAY #d PREPARRD BY THE OFFICE [Pf:
g o FRANKLIX PARK IL 5,C, PAPE GEN_MGE, Q.k.
EART HO: PYRL.A.C.26L36-- ,/ **_HMILEIBD AR BQRTIH Ausiwlmﬂzﬂrc * 451/—?03
SEG  PLATE CARBON ASTM ABL6-¢90 GHAD 7 RBHE BX516-*193%5 EDITICK: %6 :
N ADDEXDA, DECEMBER 31,1896 GREADE 70 A M CABILE AXL CO EPEC
K02700-67 RBY 5 DATED §/2/96 PRBSSDORE VESGEL QUALYZY WORHALIZE
BEST PLATEBSS ZaL 1/2 814
Ikspap3 MILL BA/SH ALSC RA/LT CERTIFIED ¥/R FITH LOAD ARALYSIS MERCURY
PREE SYATRHEEY REQUIRED (
N  MAATERIAL DESCRITION . - YED FL | IENFLE IR | RONGAYION S | e[
X — e : —— % WHGHT | HEAT No. TEST O RECE TRCERI TR bk
HERCDRY R MERCUBY BEARING COMECUMDS mﬁ_uor UsgD 4 § | 3
{ IK TRE WXRUEACTURE DE XML MATERIAH. | ! . ] '
ri xEND OF [DRATAU ] ] J } 3 ]
N J E q
' ] ¥ ]
i 1 1
2' IXIS EEPOR? SHALL NOT BE luainonucxn ¥XTHOUT| TR FRIOR WATTTEN ABPROVAL OF tHE UsX CEPORATION,
< heawn fmel. ol Pl el s Ta [ ale i a [W]v [ s ERIERES .
= RD. [GF DRATAX¥» : R : : R
- : SRR : P
< i : : N ERNE
Y ALL TEST  RECORNRE TN 2000 'Dzuce T8 Juasﬂ iﬁsrapns gcc EDITRD BY A2L3
= MATRIX DECIMAL pommns FOR- m:mms ARE INBICATED BY THE LEFT MARGIN, VERTICAL DOTTED LINE QR DECIMAL FOINT,




09/157/2004 From:AMERICAN ALLOY STEEL To: AMERICAN TANK & FABRICATING

P.O.# :054337-00 S.0.# :37811-NY AR PL#:8024766
Item :1 (1 PC) 3" X 96" X 6€Q" :

:ISG HEAT# U0624 ALREADY APPROVED

Q’ ISG PLATE INC. TEST CERTIFIC

ATE
SHIP Ta: . PAGE NO: 01 OF 02
AMERICAN ALLOY STEEL INC FILE NO: 0284-01-20
C/0 B & R:.MARINE SVS MILL ORDER NO: 85476-001
PORY. OF GREATER BATON ROUGE HELT NO: U0624
TRACK: #791 SLAB NO: 4
PORT ALLEN LA 70767 DATE: 04/09/04
sSOLD TO: SEND TO: 02-c
AMERICAN ALLOY STEEL, INC "“AMERICAN ALLOY STEEL, INC
P. O. BOX 640469 P. 0. BOX 40469
HOUSTON TX 77240-0469 ATTN: HOMER GARZA
HOUSTON, TX ..77240-0669
PLATE DIMENSIONS / DESCRIPTION
TOTAL ' PIECE
QTyY GAUGS// WIDTH LENGTH DESCRIPTION WEIGHT
1 L 96" 480" RECTANGLE 392054
C USTOMHER I NFORMATION
CUSTOMER PO: 57082-LA
SPECIFICATIONTCS)
THIS MATERIAL HAS BEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
ORDER REQUIREMENTS AND SPECIFICATION(S). :
: o - Certlifled a true copy of the
API 2H-8TH-EDITION YR 99 6R 50 S1 $3 S4¢ _
SUPPL. PARA. S5 & SUPPL. PARA. S12 ortglnal, retained In our fAle.
g;gg ngg Fgg Eg;ggﬁ;\l_s _ : . AleCANALLOYSTEEL,mC
i ASME SA537 99 CLASS 1 HODIFIED TO .04 MAX.CB, V// YXBfi!alCﬂ(
ABS PART#2-SECT-1 00 GRS EH36/DH36, ASTH A633
r 95 GR CYAND KIL-S-22698C GR DH36
MATERIAL PRODUCED UNDER A CERTIFIED QUALITY MGHT SYSTEM COMPLYING WITH
ISC 9001 ABS-QE CERT. NO. 30130
CHEMNICAL COMPOSITION
S — - -~ e
L c MN P S cu sI NI - CR KO
MELT:U0624 .14 1.53 ,008 .002 .14 .37 09 .10 .03
v TI B AL cB CA N CEF
MELT:U0624 .001 004 .0004 .041 .03l .002 .0077 44
CARBON EQUIVALENT FORMULA (CEF)
CEF = gui (NN % e ays AL CCRER + wo + V) x 20000 + <cc 4+ NI). % .0667)

MANUFACTURE
FINELINE -~ VACUUM DEGASSED - FINE GRAIN PRACTICE

2
HE AT TREAT CONDITTION Eiﬁ
MATL : onLidbie %
OR HEAT TREAT NaM /  HOLD cooL
TEST DESCRIPTION TENP MINS MTHD Fig g
PL/TEST NORMAL I ZE 1650F 106 AIR COOL F
&
o A514374 Pl
e WE HMEREBY CERTIFY THE ABOVE EiZ‘ .
.{h INFORMATION IS CORRECT: - Jogplact
’ QUALITY ASSURANCE LABORATORY
COATESVILLE, PA 19320 INORE ZAPLITNY
’ ' MEETS THE REQUIREMEN Lo
o £y 317
AsTm A 633 ¢ asde E pqlere £

i L‘q\""(;'[j
LA G224 567409



e e+ maow. AUERAUAN ALLUY STEEL ' To: AMERICAN TANK & FABRICATING
P.O.# :054337-00 S.0.# :37811~NY AR PL#:8024766
Item :1 (1 PC) 3" X 96" X 60" :

:ISG HEAT# U0624 ALREADY APPROVED

ISG PLATE INC. TEST CERTIFICAT

E
PAGE NQ: 02 OF 02
-~ _ FILE MO: 0284-01-2¢
MILL ORDER NO: B5676-001
" "HELT NQ1 U0624
SLAB NO: §
DATE: 064/09/04
TENSILE PROPERTIES
YIELD TENSILE ELONGATION
SLAB STRENGTH STRENGTH GAGE
NO. Loc DIR . PST X 100 PSI X 100 LGTH % %R.A
4 BOT.  THRU GA. L 71.0
4 TOP THRU GA. , ~ l 69.0
4 BOT.  TRANS. 559 BO7 2.00" 30.0
CHARPY V-NOTCH IMPACT RESULTS
SLAB Loc DIR TEMP SI1ZE FT. LBS.
4 BOT. TRANS. -40F FULL 90 133 135
DROP WEIGHT TESTTINSE
Lac DIR SIZE DEPTH TEMP RSLT TEMP RSLT
BOT. LONG. P3 SURF -30F NB -30F - NB
GENERAL INFORMATION
ALL STEEL HAS BEEN HELTED AND MANUFACTURED IN THE U.s.aA.
A.B.S. Q.A. CERTIFICATE 00-QAl415~X.
MATERIAL HAS BEEN VACUUM DEGASSED AND CALCIUH TREATED
FOR SULFIDE SHAPE CONTROL. ~ -
FINELINE MOD FOR SULPHUR _
TEST CERTS. ARE PREFARED IN ACCORD. WITH PRDCEDURES
OUTLINED IN DIN 50049 3.1.B/EN 10204 3.1.B.
B/L® 36809 UP 262082
PCH = .25
Certilod a true copy of the
" original, retained In our file.
AMERICAN ALLOY STREL, INC.
MEETS THE REQUIREMENT, 4 )
PIF 5G21D

- A372m 4633 Crade E iy 255 o H Yo GygU
&t i Grezwy

WE HEREBY CERTIFY THE ABOVE . £2.. S

INFDRHA TION IS CORRECT: . A ‘

QUALITY ASSURANCE LABORATORY ~SUPERVISOR = TEST REPURTIRG — .
_COATESVILLE, PA 19320 ELINORE ZAPLITNY




WVMP SAR Reference 8-10

Supplier Surveillance Reports SR-13-078 (10/31/2013)
and SR-13-085 (11/06/2013).



SUPPLIER SURVEILLANCE REPORT |24 -t

PAGE 1 OF __1

PO No (Suppl.): Ch-001821 COG. ENGR. Neil Armknecht SPEC. No. (Rev.): N/A

SURV. DATE: SUPPLIER SURVEYED:

1073172013 GeoScience Group. Inc. 86 Gunville Rd.  Lancaster. NY 14086 OH'G'NA

PERSON(S) CONTACTED:

Mick Honeck. Geo-Science Group, [nc. Project Executive Ernie Kihl. QIS{ Field Test Specialist
Linda Michalezak, CHBWYV Project Manager Meil Armknecht, Cognizant Engineer
Kenneth Koleft. QIS Field Test Specialist Dan Sullivan, DOE-WVDP
SURVENL.LANCE OBJECTIVES: (Reference & Describe applicable compliance/performance crileri'a')

Witness grout’foam mixing to ensure the following:
b Verify wet density of srout in accordance with ASTM C-138. (Req'd 68-72 PCF)
2. Obsarve casting of test exlinders per PO Scope of Work and ASTM C493/C495M
3. Verifv calibration of equipment used for density meusurement.
4. Verily that qualified field test personnel are present { Ernie Kihl) as approved on 9 17:13.

OPY

SUMMARY (RESULTS COMMENTS): [ X} Satisfactory [ ]Unsatisfactory [ ]Indeterminate

1 Liguid Concentrate (foaming azenty was added 10 the cement drum for timed intervals (i.e. 30 sec.) to determine the
best greut mix design based on the wet density measurement. Four trucks were brought onsite 1o grout the nielter.
Density measurements were witnessed for the first three, resubts are listed below:

a  Truck #1 reached a wet deansity of 71.6 PCF. additional tests verified stability of grout mix.

b.  Truck #2 reached a wet density of 71.2 PCF which also stayed consistent.

c.  Truck #3 reached a wet density of 70.4 PCF
SATISFACTORY

19

Test cvlinders (20 - 3" X 67 and 2 - 6 X 127) were cast from the grout in truck #1, and 8 from the remaining three
trucks. Cylinders were stored in a cure box awaiting delivery to the QISI-ApplusRTD, test facility.
SATISFACTORY

3. Calibration of the equipment used for wet density measurement and cafculation (i.e. bucket #QC0032 and scale
#3771) was verified and found to be up-to-date (the test buckel was recalibrated on 10/253/2013).
SATISFACTORY

4+ The field testing was performed by Ernie Kihl of QISI. ApplusRTD with assistance from Ken Koleft, 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 Ibs.

X

Hold Point Release No: _N/A SNR No. __N/A Issue Report No. __ N/A
Linda M. Lund - Z(/qu,%’l Mi 10/31/2013
Quality Assurance Representative Date
cc: QADCC _ QAM Procurement & Contracts
Cognizant Engineer _Neil Armknecht MS-_PL-6 QA PO File

4
1.
1



No: SR- 13 - 085

SUPPLIER SURVEILLANCE REPORT

PAGE 1 OF _4
PO No (Suppl): Ch-001821 COG. ENGR. Neil Armknecht SPEC. No. (Rev.): N/A
SURV. DATE: SUPPLIER SURVEYED:
11042013 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, CHBWYV Project Manager Neil Armknecht, Cognizant Engineer
Dan Sullivan. DOE-WVDP .
SURVEILLANCE OBJECTIVES: (Reference & Describe applicable compliance/performance criteria)

Witness grout/foam mixing to ensure the following:
1. Verify wet density of grout in accordance with ASTM C-138. (Req’d 68-72 PCF)

2. Observe casting of test cylinders per PO Scope of Work and ASTM C495/C495M
3. Verify calibration of equipment used for density measurement.
4. Verity that qualified field test personnel arc present.
SUMMARY (RESULTS/COMMENTS): [ X] Satisfactory [ ] Unsatisfactory [ | Indeterminate

i Liquid Concentrate (foaming agent) was added to the cement drum for timed intervals (i.e. 50 sec.). Foamed
cement was tested from each truck to verity the ASTM C-138 required wet density measurement (68-72 PCF). Four
trucks were brought onsite to complete the project ot grouting the melter. Density measurements were witnessed for
all four. results are listed below:

4 Truck #1 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 away.
Truck #2 rcached a wet density of 68.75 PCF. At this fime, the unofficial weight was recorded at 370,025 4
Truck #3 reached a wet density of 69.3 PCF.
d. Truck #4 reached a wet density of 70.12 PCF.

SATISFACTORY

n o

[

Test eylinders (20 - 37 X 67 and 2 - 67 X 12") were cast from the grout in truck #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 #2 & #3-Attachment A, SATISFACTORY

3. Calibration of the equipment used for wet density measurement and calculation {i.e. bucket #Q4 16 and scale #3153)
was verified and found 1o 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 of QISI, ApplusRTD (Certification ~Attachment B).
SATISFACTORY

The weight of the melter at this point was calculated at 381,539 lbs. (see Altachment C)
Safety observation: Spoils containers for runoff and rinsate were available and hazard marking was visible. (See photo #1)

Hold Point Release No: _N/A SNR No. __N/A Issue Report No. N/A
Linda M. Lund _Zgmeda M. M 117062013
Quality Assurahce Reprcsentauw Date
cc: QADCC QAM Procurement & Contracts
Cognizant Engineer _Neil Armknecht MS-_PL-6 QA PO File

-4 3040, Rev. 4 (DF




SR-13-085
. Attachment A

Page 2 of 4

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



2R3 - 085

pttachment B

'Pﬁ 3 of 4

AMERICAN CONCRETE INSTITUTE

This is to certify theu

MASON P SMITH

has demonstrated knowiedge and abilin: iy
successfully completing the ACH Certificarion
requirements and is hereby recognized as an

ACT Conerete Field Testing Technician - Grade 1

Certified Date:  08/10/2015 Fxpives: 08/10/2018

FExaminer of Record: Donald © Borkowski

The Awthenticitvy o i certiilcation can be verijied o e

By A ‘\[-_ i\
WO AN N

.(\?.._,‘\\\I.\‘ Y \ - \’r\\v

. ‘\

VA

3

O Manacime Divector of Corrificaiion

ACICertificarion argiver v



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 ot [9.63 square inches.
Individual cylinder pressures (per calibrated gauges) as follow:
Cylinder 1 = 5000 psi
C).Ilinder 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 Ibs current weight
Calculated weight of lift lug = 790.98 Ibs.. mult four lugs =3 163.92 lbs
Weight of 1” - 8UNC x 4” Bolt with washer = 1.25 Ibs mult 36 bolts = 45 lbs
Therefore = 384,748 lbs

- 3,163.92 lbs
- 45  lbs

Total for package = 381.539 lbs



WVMP SAR Reference 8-11

Grout Compressive Strength Test Reports, ASTM C-1019,
Ticket Numbers 522, 523, 524, 526, 544, 546, and 547,
Quality Inspection Services, Inc., Buffalo, New York,

' December 9, 2013.



Arplus® I
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 Set No.: WVWp-8
Supplier: N/A

Cylinder Compression MachineQ #: 3964 =~ Cal. due date: _01/21/14

Mix Data: Grout Ticket No.: 522

Date Molded:  10/31/13 Date Recejved: 11/04/13
Condition Received: _Good # of Cylindersin Set: 22
Cubic Yards Placed: _6 Truck No:  _M24

Placement Location: _First lift in Melter Box

Spedimens Cast By: _E, Kihl Unlt Wt. (ASTM C138): 71.6
Batch Time: 9:31 AM Cylinder Cast Time: 10:45 AM
Concrete Temperature (C¥1064): 65°F Air Temperature: 56°F
Slump (C-143):  _N/A Air Content (C-173 / C-231): _N/A
Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: _N/A -

Remarks: Stable Air Foam added prior to pumping

COMPRESSIVE STRENGTH DATA

| Laboratory # ngtt:d ( lgyes ) Cr(;\sfege(?'t‘lzc;nal Maxinat;r;; Load Compres(s‘l)\g)strength

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 '4
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




Arplus® D)
Quality Inspection Services, Inc.
GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)
. Date A Cross Sectional | Maximum Load Compressive Strength

Laboratory # |t 50i | (Daye) | Ave ) (ibs) (PS1)
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 uw 28 64.5

/
s 4
/ﬂ%
Respectively/Bdbmitted, 777 pate
Quality Inspgction Services, Inc.
For Job Satisfaction - Think Quality
Form TP 1.8-2
Rev, 1




- Applus® GI]
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 Set No.: WVWP-9
Supplier: Wayne Concrete

Cylinder Compression Machine Q #: 3964 ~ Cal. due date: _01/21/14

Mix Data: Grout Ticket No.: 523

Date Molded:  10/31/13 Date Received: 11/04/13

Conditlon Received: _Good L # of Cylindersin Set: 8

Cubic Yards Placed: 6 Truck No: _M56

Placement Location: _First lift in Melter Box

Specimens Cast By: _E, Kihl Unit Wt. (ASTM C138): 71.2

Batch Time: 10:58 AM Cylinder Cast Time: 12;10 PM

Concrete Temperature (C-1064): _67°F Air Temperature: 56°F

Slump (C-143):  _N/A Air Content (C-173 / C-231): _N/A
. . Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: N/A

Remarks: Stable Alr Foam added prior to pumping

COMPRESSIVE STRENGTH DATA

Laboratory # ngtt:d ( é\ag;) Crc:.rsege(ti:rt:zo)nal Maxuzgrsr; Load Compres(s;\g)suength
215 11-14-13 14 7.16 6870 960
218 11-14-13 14 7.12 6710 940
i 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
20 11-28-13 28 7.12 7230 1020
21 11-28-13 28 7.07 7610 1080
222 11-28-13 28 7.12 8060 1130

. o 7).
- // P / /// / / 7 /

Respectively .
Quality Inspdction Services, Inc.

For Job Satisfaction - Think Quality

. Form TP 1.8-2




Applus®
.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 Set No.:  WVWP-10
Supplier: _Wayne Concrete
Cylinder Compresslon Machine Q #: 3964 Cal. due date: 01/21/14

Mix Data: Grout

Date Molded:  10/31/13

Ticket No.: 524

Date Received:  11/04/13

Condition Recelved: Good # of Cylinders in Set: 8
Cubic Yards Placed: 6 Truck No: _M44

Placement Location: _First lift in Melter Box o

Specimens Cast By: _E. Kihl Unit Wt. (ASTM C138): 704
Batch Time: 11:51 AM Cylinder Cast Time: 1:00 PM
Concrete Temperature (C-1064): _64°F Alr Temperature: 56°F

Slump (C-143): _N/A

Air Content (C-173/C-231): _N/A

Strength Specific. @ 28 Days: 1000 PSI Water Added On Site:  N/A
Remarks: Stable Alr Foam added prior to pumping
COMPRESSIVE STRENGTH DATA
Laboratory # ngtt:d : [IJ\ag;s) Crc:rsege(?gzc;nal Maxu?ltl;rsr; Load Compres(s;\gi)strength
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 A 4240
i 1/, 4 .
/Ny ./

Respedive/}“/ Submitt
Quality Inspection St

lces, Inc.

For Job Satisfaction - Think Quality

Form TP 1.8-2




Applus®
Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project:
Client:

Contractor:

West Valley Cellular Grout

Geo Sclence
N/A
1101-13-Civ-0073
Wayne Concrete

Project No.: Set No.: WVWP-11

Supplier:

3964 Cal. due date:
Ticket No.:

Date Received:

01/21/14
526
11/04/13
# of Cylinders in Set: 8
Truck No: _M24

Cylinder Compression Machine Q #:
Mix Data:
Date Molded:  10/31/13

Condition Received: _Good

Cublc Yards Placed: 6

First lift In Melter Box

Grout

Placement Location:

Unit Wt (ASTM C138): _68.0

Specimens Cast By: _E. Kihl

Batch Time:  12:55 PM Cylinder Cast Time: _1:50 PM

Concrete Temperature (C-1064); _67°F Alr Temperature: 56°F

Slump (C-143):  N/A Alr Content (C-173 / C-231): _N/A

. Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: _N/A
Remarks: Stable Air Foam added prior to pumping
'COMPRESSIVE STRENGTH DATA
Date Age Cross Sectional | Maximum Load Compressive Strength
Laboratory # | yocred | (Days) | Area (in}) (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
Quality Inspedtion Services, Inc.
For Job Satisfaction - Think Quality
. Form TP 1.8-2




Applus®
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 Set No.: WVWP-12
Supplier: _Wayne Concrete

Cylinder Compression Machine Q #: 3964 Cal. due date: 01/21/14
Mix Data; Grout Ticket No.: 544

Date Molded:  11/04/13 Date Received: 11/07/13
Condition Recelved: _Good o # of Qylinders in Set: 22
Cubic Yards Placed: 6 Truck No: _M53

Placement Location: _Second lift in Melter Box

Specimens Cast By: _M. Smith Unit Wt. (ASTM C138): 68.8
Batch Time: 12:49 PM Cylinder Cast Time: _1:15 PM
Concrete Temperature (C-1064): _64°F Air Temperature: 31°F
Slump (C-143):  N/A Air Content (C-173 / C-231):  _N/A
Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: _N/A

Remarks: Stable Alr Foam added prior to pumping

COMPRESSIVE STRENGTH DATA

Laboratory # leas\ttsd ( é\;};:s ) Crc:;rsege(tl:g%nal Maxln(mrsr; Load Compres(s;\étle)snength
239 11-11-13 7 216 | 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 7.2 12370 1720
254 12-02-13 28 7.21 11240 1560




Applus®

Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT

(ASTM C-1019)
. Date Age Cross Sectional | Maximum Load Compressive Strength
Laboratory # | Jested (Days) Area (in%) _(lbs) (pS1).
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
Respec_'}fve/y Submitted, " Ddfe
Quality Inspection Services, Inc.
For Job Satisfaction - Think Quality
Form TP 1.8-2

Rev. 1




Applus®
Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT
(ASTM C-1019)

Project: West Valley Cellular Grout

Client: Geo Sclence

Contractor: _N/A

Project No.: 1101-13-CIV-0073 Set No.: _WVWP-13
Supplier: Wayne Concrete

‘Cylinder Compression Machine Q #: 3964 Cal. due date: 01/21/14

Mix Data: Grout. Ticket No.: 546

Date Molded: 11/04/13 Date Received: 11/07/13
Condition Received: Good it of Cylinders in Set: 8

Cublc Yards Placed: _6 : Truck No: M24

Placement Locatlon: _Second lift in Melter Box N
Specimens Cast By: M. Smith ~ Unit Wt. (ASTM C138): 69.3

Batch Time: 1:25 PM Cylinder Cast Time: _2:00 PM
Concrete Temperature (C-1064). 65°F Air Temperature: 31°F

Slump (C-143): _N/A Air Content (C-173 / C-231): N/A-
Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: _N/A

Remarks: Stable Air Foam added prior to pumping

COMPRESSIVE STRENGTH DATA

Laboratory # Tzztt:d ( é\agfs) Crc;\srsege(frt]l%nal Maxuzll;r; Load Compres(s;\g)Strenglh
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

/ .
/
. 7

(4

Quality Inspection Sebvices, Inc.

For Job Satisfaction - Think Quality

Form TP 1.8-2




Applus®
Quality Inspection Services, Inc.

GROUT COMPRESSIVE STRENGTH TEST REPORT

(ASTM C-1019)

Project: West Valley Cellular Grout .

Client: Geo Sclence

Contractor: _N/A _

Project No.: _1101-13-CIV-0073 Set No.: _WVWP-14

Supplier: Wayne Concrete

Cylinder Compression Machine Q #: 3964 . Cal. due date:  01/21/14

Mix Data: Grout Ticket No.: 547

Date Molded:  11/04/13 Date Recelved: 11/07/13

Condition Received: _Good # of Cylindersin Set: 8

Cubic Yards Placed: 6 Truck No: _M44

Placement Location: _Second lift in Melter Box

Specimens Cast By: M. Shith Unit Wt. (ASTM C138): _70.1

Batch Time: _3:14 PM Cylinder Cast Time: 3:40PM . _

Concrete Temperature (C-1064):  63°F Air Temperature: 31°F

Slump (C-143):. _N/A Air Content (C-173 / C-231):  _N/A
. Strength Specific. @ 28 Days: 1000 PSI Water Added On Site: _N/A

Remarks: Stable Alr Foam added prior to pumping

COMPRESSIVE STRENGTH DATA

‘Date Age Cross Sectional | Maximum Load Compressive Strength

Laboratory # | yesied | (Days) | Area (i) (ibs) (rs1)
269 111813 | 14 7.16 9850 1380
270 111813 | 14 7.12 9750 1370
271 111813 | 14 7.16 10150 1420
72 111813 | 14 7.07. 13900 1970
273 12:0213 | 28 7.12 11210 1570
274 120213 | 28 7.16 10030 1400 -
275 120213 | 28 7.16 12690 1770
276 | 120213 | 28 721 13360 1850

)
1 200 ./

Respectively Sublnitigh,
Quality Inspection Séfvices, Inc.

For Job Satisfaction - Think Quality

‘ Form TP 1.8-2






