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1. PURPOSE

The purpose of this engineering calculation is to provide the chemical composition for the
Department of Energy (DOE) Savannah River Site (SRS) High-Level Waste (HLW) glass. Since
the glass is to be co-disposed with other DOE spent nuclear fuels (SNFs) in the Monitored
Geologic Repository (MGR), its chemical composition is needed for the design of the co-
disposal canisters and waste packages in term of criticality and degradation.

2. METHOD

The chemical composition is expressed in weight percent (wt%). Reference 1 provides the
radioisotope contents and chemical composition in compound form (including oxide) for the
SRS HLW glass (Tables 6.14 and 6.18). The wt% for the isotopes are calculated directly by
knowing their masses in the glass (given in Table 6.14 of Ref. 1) and the total glass weight in the
canister (given in Table 6.4 of Ref. 1). The wt% of each element in the compound including the
oxide is calculated by the steps listed below. Attachment II provides the formulas involved in
the wt% calculations. '

(1)  Determine the fraction of each element in the compound 'using the atomic weight.
(2)  Determine the mass of the compound in the glass.
(3)  Multiply (1) and (2) above to obtain the wt% for each element in the compound including

the oxygen.

(4)  Sum the wt% of an element in each compound in which it occurs to obtain the total wt%
of each element in the glass.

(5)  Add upthe wt% of each element in (4) above to obtain a total, ignoring any unidentified
components.

(6) Normalized the results in (5) above to 100 %.

3. ASSUMPTIONS

3.1  For this calculation, only those isotopes with very long half-life and large amount in the
glass are considered. The basis for this assumption is that any isotope with a half life of
less than 400 years would have already decayed away as compared to the assumed life
time of the intact waste package (about 3000 years, CDA Key 074). Also any isotope
with an amount of less than 0.0001 wt% would have no effect on criticality. As a result,
only U-234, -235, -236, -238; Pu-238, -239, -240, -241, -242 and Cs-133, -135 and -137
are retained for this calculation. This assumption is used in Section 5.1.

3.2  Stable Cs is assumed to be Cs-133. Cs-137 is assumed to have decayed to Ba-137 (Ref.
2). This assumption is used in Section 5.1.
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3.3 It was very difficult to define the “0.58% of Other” group in Table 6.18 of Ref. 1. Itis
assumed this amount was a result of uncertainty in the cliemical analysis and was ignored
in this calculation. The weight percent for all other elements was re-normalized to 100%.
This assumption is used in Section 5.1.

34  The dominant (most abundant) alkali or alkaline earth is Na. Consequently, it is assumed
- that the zeolite can be approximated as analcime, which, because of the high temperature
of the pour, is assumed to be anhydrous, i.e. NaAlSi,O,. The chemical compound of
zeolite is therefore assumed to take the form of NaAlSi,O; (Ref. 3). This assumptlon is
used in Section 5.1.

4. USE OF COMPUTER SOFTWARE

4.1 SOFTWARE APPROVED FOR QA WORK
No computer software is used for this calculation.
4.2 SOFTWARE ROUTINES

Microsoft Excel 97, loaded on a 200MHz Pentium PC. Hand calculations of the chemical
composition for the SRS HLW glass were performed electronically with this spreadsheet
software package. Hardcopies of the spreadsheets containing all inputs and outputs are included
in Attachments I, I and III. Calculations and/or data manipulations performed in the
spreadsheets are described in Section 5 and may also be examined electronically.

5. CALCULATION

The chemical composition calculations were performed in an Excel spreadsheet. Attachments],
II and III are the printouts of the Excel spreadsheet. Attachment I lists the results of this
calculation. Attachments II and III contain the details of the calculatlons including the formulas
used in determining the mole fractions, wt%, etc

5.1 INPUT PARAMETERS

The input parameters used for this calculation are listed below. Existing data were used in

the development of the input parameters presented in this section. Therefore, the use of any

data from this calculation for input into documents supporting procurement, fabrication, or

construction is required to be identified and tracked as TBV in accordance with appropriate
_ procedures.
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(A) Radioisotope content in the SRS HLW glass (Ref 1, Table 6.14)
(B) Chemical composition of SRS HLW glass which contains the chemical compound
including the oxides (Ref. 1, Table 6.18)
(C)  Glass total weight (Ref. 1, Table 6.4)
(D) - Atomic weight for each element (Refs. 2 and 4)

Note that two references were used in determining the atomic weight for the different
element in the calculations. Reference 2 was used for determining the atomic weight for
the natural elements and reference 4 was used for determining the atomic weight for the
isotopes.
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6. RESULTS

Complete results from this calculation are included in Attachments I, Il and IIl. A
summary of the chemical composition for the SRS HLW glass is shown in Table 1 below.
Existing data were used in the development of the results presented in this section.
Therefore, the use of any data from this calculation for input into documents supporting
procurement, fabrication, or construction is required to be identified and tracked as TBV in
accordance with appropriate procedures. '

~ Table1 SRS HLW Glass Chemical Composition

Element Weight Percent Element Weight Percent

SLi 9.5955E-02 Li 1.3804E+00
"B 5.9176E-01 ) 2.6189E+00
0 4.4770E+01 F 3.1852E-02
Na 8.6284E+00 Mg 8.2475E-01
Al 2.3318E+00 Si 2.1888E+01
S 1.2945E-01 K 2.9887E+00
Ca 6.6188E-01 Ti 5.9676E-01
Mn 1.5577E+00 Fe 7.3907E+00
Ni 7.3490E-01 P 1.4059E-02
Cr 8.2567E-02 Cu 1.5264E-01
Ag 5.0282E-02 Ba-137 1.1267E-01
Pb 6.0961E-02 Cl 1.1591E-01
ZTh 1.8559E-01 B3Cs 4,0948E-02
Cs 5.1615E-03 “Uu 3.2794E-04
=y 1.0415E-03 Zn 6.4636E-02
=y 4.3514E-03 Ry 1.8666E+00
 ®%pu 5.1819E-03 Bpy 1.2412E-02°
(2%py 22773E-03 Alpy 9.6857E-04
TPu 1.9168E-04
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8. ATTACHMENTS

The first attachment to this document is a printout of the MS Excel spreadsheet showing the
results of the SRS HL W glass chemical composition calculation. The second attachment is a
printout of the Excel spreadsheet showing the formulas used to calculate the glass chemical
composition. The third attachment is a printout of the Excel spreadsheet showing the formulas
used to calculate the summary of the glass chemical composition.

Table 2 List of Attachments

Number | Description Number of Pages
I SRS HLW Glass Chemical Composition Calculation | 7
Results (Printout) '
II SRS HLW Glass Chemical Composition Calculation 4
Formulas (Printout)
IIT = | SRS HLW Glass Chemical Composition Calculation 2
Summary Formulas (Printout)
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_ A » B C D —E F G H 1

1 | Element/Compound | Atm. Wt Mass in Canister Wt % Element Moles |  Mofes of Oxvgen Wi, % of Oxygen

2 |Group (gram) =

3| Oxymen 15.9994

4
5 U234 234.0409 5.485 0.0003261 1.39335E-06 3.71559E-06 5.944T2E-05_

6 U238 235.04392 72.18 0004326592 1.84093E-05 490514E05____ | 0.000785434
7 U236 236.04556 17.42 0.001035672___|_4.38759E-06 1.17002E-05 0.000187187

8 U-238 238.05078 3.12E+04 1.856123662__ | 0.007797175 0.020792467 0.332667004

9 | Total Unstable U Mass 3.13E+04 1.861812426 _ ,

10| Total Oxygen 0.333699062

11|  Total U304 (note a) 22

12

13 —Pu238 236.04955 86.67_ 0.005152794 2.16450E05 432918E05 _ 0.000692642
(14 Pu-239 239.05215 207.6 0.012342449 5.16308E-05 0.000103262 0.001652123

15 Pu-240 240.05381 38.09 0.002264566 9.43358E-06 1.88672E-05 0.000301863

16 Pu-241 241,05684 162 0.000963139 3.99549E-06 7.99097E-06 0000127851

17| Pupaa_ 242.05673 3.206 0.000190606 7.87439E-07 1.57486E-06 251971E-05

18] Total Unstable Pu Mass 3.52E+02 0.020913555

19 Total Oxygen 0.002799677

20

21 Cs-135 134.90597 6.3 0.00513258 3.80456E-05 1.00228E-05 0.000304353

2 Cs-137 136.0071 4989 0.025661118___|_0.000216651 0000108326 0001733146

23| Unstable Cs,O-Total 0.036831198

24| Total Ce,0 (note a) 0.08

25 Stable Oxide 0.043168802
26 |_Stable Cs Oxide Mass 726.0092524

27| Total Unstable Mass 585.23

28 Cs-133 132.00544 0.040717951 0.000306368 0.000153164 0.002450851

29

30 Ba-137 0.029661118

31 (same as Cs137)

32

-1
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A 8 Cc 0 E 1 F . G H |

34 Group (gram) (notea) of Element
35 4

36 Al,Oy 66607.2 .

37 Al 26981538 2.005832745 0.529250693
38 0 1.864167255 0.470749307
39| Total gimole 101.561

40 Total Compound 3.96

41

42 BaSO, 23548

43 ~Ba 137.327 0.082375963 . 0.588399876|
44 s | 32,066 0.019234879 0.137391994|
45 ) 15.9994 , 0.038389138 . 0.27420813]
461" Total g/mole 233.391

47| Total Compound 0.14

48 .

49 Cay(POy), 1177.4

50 Ca 40078 _ 0027134144 0.367630633
51 P 30.973762 0.013980181 - i 0.199716869
[52] 0 15.9994 , 0.028885675 — 10.412652498
(63| Total g/mole 310177

54 Total Compound . ‘ 0.07_

55

56 Ca0 14207 .
57 Ca 40,070 0.607487152 0.714690767|
58 ) ‘ 15.9994 0.242512848 0.285309233
59 Total g/mole 56.0774

60 Total Compound 0.85

61

62 CaSo, ' 13456

63 Ca 40.078 0.023550774 0.20430467
64 S 32.066 0.016842734 : 0.235534179
65 ) 15.9994 0.037606492 - 0.470081151
66 Total g/mole 136.142

67 Total Compound 0.08

68

69 Cr.0, 20184 . ]
70 Cr 51.9961 0.082104291 , 0.684202423]
71 ) 15.9994 0.037895709 0.315797577
[ 72 Total g/mole 151.99

73 Total Compound 0.12 '

74

75 Cuo 31958
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———

[ A — B C — D E F G H 1

| 76 Cu 63,546 - 0.151764264 0.796864548
77 0 15.0994 , 0.038215735 : 0.201135452
78] Total g/mole 795454

[79] _ Total Compound 0.19

80

81 Fe:0; 1184128

62 Fe 55,847 4.924008561 0.699433034
83 0 15.9904 2115991439 0.300566966
84]  Totaig/mole — 159.692

85| Tota) Compound 7.04

86 .

(67 "Fe0 524784

88 —Fe 55.847 2.425210449 _ 0.777311041] .
8 o 159994 0.694769551 0.222668959
%0 Total g/mole : 71.6464

91 Total Compound 312 .

52

93 K:0 60215.6

EX K 39.0983 2.071929042 - 0.830147777
g5 0 15.5994 0.608070958 0.169852223
96 Total g/male ] 94.166

97 Total Compound 3.58

98

99 MaO 226752 |
100 Mg 24.305 ‘ 062012682 0.603035897
101 ) 15.9994 053967118 0.396964103
102 Total g/mole 40,3044

103] _ Total Compound 1.36

104

105 MnO — 33640

106 Mn 54.93805 1.548915277 0.774451638
107 ) 15.9994 0.451084723 0.225542362
108] ___Total g/mole 70.9375

109 Total Compound 2

110 —

111 Na,0 185020

12 Na 22.989769 8.160432146 0.741857468
113 0 15.9994 2539567654 __10.258142532
114] ___ Total gimole ‘ 61.5769

15[ Total Compound < {1

116 . -

117 Na,SO, 6055.2 |
118 Na 22.089769 0.116532442 : ' 0.323701227

3
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A - B C D E_ F G H 1
119 S 32.068 0.081269396 0.225748322|
120 [ 15.9994 0.162198163 "0.450550452
121 Total g/mole : 142,043
122 Total Compound 0.36
123 —
124 NaCl — 31958
125 Na 22.089769 0.074741129 0.393374363
126 __ClI 35.4527 0.115258871 — 0.606625637
127 Total g/mole 58.4425
128 Total Compound ’ 0.19
129 — —
130 NaF 11774 ,
131 Na 22.989769 0.038327075 ] 0.547529645) -
132 F 18.998403 0.031672925 0.452470355
133| Total g/male 41.9862
134] Total Compound 0.07
135 —
136 NIO — 156426 , 4
137 Ni 58.69 0.730782414 ~0.765787541
138 ) 15,9904 0.109217586 — 0.214212459
139 Total g/mole 74,6894
140 Total Compound 0.93 -
141
142 PbS — 11774 - _ |
143 Pb 207.2 0.060616726 0.865981794
144 S 32.066 0.009381274 0.134018206
145 Total g/mole 230.266
146]  Total Compound 0.07
147]
148) §i0, _ 766487.4
149 Si 280855 21.30100933 0.467434921
[150 ) 15.9994 24.26899067_ . 0.532565079
151 Total g/mole 60.0843
1152 Total Compound 45.57 -
153
154 ThO, 3532.2
[155] Th 232.0381 0.184545966 0876809363
156  __ © 15.9994 0.025450034 0.121190637
157 Total g/mole ' 264,037
158]  Total Compound ' 0.21
159
160 0, 16651.8
161 n ~ 47.88 0593414022 0.599408103

-4
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A B c D E F G H 1
162 — o 15.9994 ' 0.396585978 ' 0.400591897
163 Total g/mole ~79.8788|
164 Total Compound 0.99
165
166] NaAlSI,O(Zeofits) 28089.4 .
167 Na 22989769 0.18993351 0.113732641
168 Al 26.081539 0.22291213 0.133480317
169 Si 28.0855 0.464065349 0.277663442|
170 0 15.9994 0.793089011 0.4749036
171 —Total g/mote , 202.139
172] _ Total Compound 167
173 ‘
174 Zn0 — 13456 ]
175 Zn 65.39 ; 0.084273726 0.803421576
176 0o 15.9994 0.015726274 0.196578424
177} Total g/mole ) .| 81.3894
178 Total Compound 0.08

15




Attachment| SRS HLW Glass Chemical Composition Calculation Results BBA000000-01717-0210-00038 REV00

5 A B C v 0 E F G H ]

180] _Element/Compound | Atm. Wi, MassinCanister | ElementWi.% _|Efement Moles|  Motes of Oxyaen Wi. % of Oxvaen | a/mole [Fractions
181 Group ot Element
182 _

183 B,0s 172.9096 0.205316352 0.442974527 7.087326652

184 N 10.811028 - 0.310571337|
185 B-10 10.012837 9.807557762 0586439621 | 0.05816/954 0088151931 1.410378004

186 B-11 11.009305 43.80320793 2.604233527 0.236548398 0.354822596 5.676948648

187 0 15.9694 . 7.087326652 ~7.087326652 0.680428663
185] ___ Total g/mole - 69.6203

189] Total Compound (note a) 10.28

190 :

191 4,0 53.1512 0.211503689 0.105751844 1.69196606 -
192 _u 6.9400378 _ 0464567703
193 L6 _ 6.015122 1.604906151 0.095416537 | 0.015862777 0.007931388 _ 0.126897454

194 (%] 7.0160039 23.08742472 1.372617403 0.195640912 0.097620456 1.565068605

195 0 15.9994 1.69196606 1.69196606 0.535432297
196 “Total g/mole Y 29.8613

57| Total Compound (note a) 3.16 -

198

199 Ag (note a) ' 0.05

200 Other (note a) ~0.568

201

202 Notea: The total wi.% come from Ref. 1 in the main repor.

203

-6
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| A 1 c 1 D l E 1 F 1 G 1 H ] |
204 SUMMARY
205 — _ I - _ _‘
206 Element WA, %, Not Normalized | Wi, %.Normalized | _ Element | WA, %, Not Normalized | Wt %, Normalized
207 R — ~ .
208 0 44510E+01 4.4770E+01 Ni —7.3078E-01 7.3490E-01
209 U-234_ 3.2610E-04 3.2794E-04 Pb 6.0619E-02 G.0961E-02
210 U-235 4.3270E-03 4.3514E-03 El 2.1765E+01 2.1888E+01
211 U-236 1.03576-03 1.0415E-03 Th _1.8455E-01 1.8550E-01
212 U-238 1.8561E+00 1.8666E+00 T 5.341E-01 5.0676€-01
213 Pu-238 5.1528E-03 —5.1819E09 ~Zn 6.4274E-02 6.4636E-02
214 Pu-239 1.2342E02 1.2412E-02 B-10 5.8844E-01 5.9176E-01
".71‘5' — Pu-240 2.2646E-03 2.2773E-03 _B-11 2.6042E+00 2.6189E+00
216 Pu-241 9.6314E-04 0.6857E-04 L6 9.5417E-02 9.5055E-02
217 _Pu-242 1.5061E-04 19168604 -7 1.3726E+00 1.3804E+00
218 Cs133 4.0718E-02 4.0548E-02 F 3.1673E-02 —3.1852E-02
219 Ce-135 5.1326E-03 5.1615E-03 Cu —1.5176E-01 1.5264E-01
220 Ba-137 1.1204E-01 T.1267E-01 Fe 7.3492E+00 7.9907E+00
221 Al 23187E+00 2.3316E+00 K 2.0710E+00 2.9887E+00
22 S 1.2873E-01 1.2545E-01 Mg 8.2013E-01 8.24756-01
p7x] Ca 6.5817E-01 6.6188E-01 Mn 1.54B9E+00 -1.55/7E+00
224 P 1.3980E-02 1.4059E-02 Na 8.5800E+00 8.6284E+00
25 Cr B.2104E-02 8.256/E-02 ] 1.1526E01_ TA591E-01
26 Ag 5.0000E-02 5.0282E02
27
26| ___Sub Col Total 45B11E+01 — 5.0092E+01 45628E+01 4.9908E+01
229 Total 0.9439E+01 T.0000E+02
230 Other 5.8000E-01
231 Check Total 1.0000E+02 100
232 : From elements From compounds
233 |

-7
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A B c_ b € F G H 1
R | VWeamCeuster | FemesWLR | FemeniWoles | FoleeolOraen | WLRe[Omvoen '
p Grovp (gram) (in 100 g glass)
4 Oxygon 15.9994
=) 234040504 5485 S{{CBA1682°1000) 100) _ =D6R8 ‘ *ECT8/ =BA'TS
U-233 235043515 1278 *((CTA1687°1000))100) 0787 =ET(BR) *BAFT
U-238 236.04558 74 =((C8X 1682-1000)|*100) =03E8___ =E6'(87) =BT N
U238 23805078 31220 =((CSX 1682-1000))*100 20989 SEO(RR) “B4TS
10| Toml o tass ={CE+CT Vil '“%—'J-su 0E:09) g aSUGB:G)
1 Total Oxygen 2GE+GT+GA+GI
: Total U,0p ] 022
L Pe-a38 23804958 88T ((CT4A1682°1000]'100) =DI4BIA e =BAE14
E Pa-a3® 239.062148 [2678 CT311682°1000))°100) =D18818 SE15( SBAE1S
[ Pu-240 24005381 38,00 q!(l‘ﬁ“ci;gtsa'—{'r ooomL‘voo') =D16B16 SET6(2/ SBAF16
[ Pu-241 41.05684 162 o((CT7X 1€82°1600))7100 «D17/817 <E17 (2N =B4&FIT
242 42.066725 - 3208 5 ci‘d""'TBBEtsar L‘-wo'J =D18813 =ET8Y2/ *BAF18
Tota] Unstable Hass ) H(C14+CIEFCIHCTTICIBYI000 | sSUM(D14:018 :
20 Total Oxypen _ =GIHGISIGIGTTIGIE
Fil : .
22 Ca-133 13490597 2633 +[(G22X 1682 1000)°100) “022m22 SET(12)_ Bt
23 Ge137 1385071 4539 5 1662:1000 L‘J'wo =0236823 TE23(12) =BT
[24 | Unstable Ca-Toll *SUM(D2Z. M
28] Tots! Cs;0 008
26| Gtable Oxide "D25024__
271 Stable Oxide Mass #{2611682)100) 1000 — .
23] Yokl Unsteble Vass =(C22+C23y1000 -
29 Ce-193 15250544 SHE (T B2 2 BIOTBAY))  |*Z HIGAZB20+D4) =E2972 *F29'B4
30
31 BaAST . 7]
32| (sew s Cal3n)
KE)

HE




Attachment Il SRS HLW Glass Chemical Composition Calculation Formulas

BBA000000-01717-0210-00038 REV00

A C D E G H 1

= TR RG] R | Comcund ik Tk Frcbst
(381 . Oroup {qrar)

38

37 AGO, =3 56+1682/1000

AT 26581538 =(38°Ca 1000 — =
Totwl gmole =2 0IB43°B4

40 0 [HO°C37)1682°1000 - =3 BARI30
a =SUW{D38:040)

2 BaS0, . =(0.14°1682)/1000

43 Ba 137321 W3 CATVIERZ-1000__ SBAIE__|
A s 32.066 W4°C42)1682°1000 =B4amias

4 ) =04 =(M5°CA2)1682°1000 — =4°BA5HAS
a8 Total gmols =SUM(DA3.045) =B43+BA4+4°D4

47

3 Cag(PO)y — =0.07*1682/1000

(1) Ca 40078 __ 149°CABY1682°1000 =3°B49N52
50 P 30973762 *(150°CAB)/1682°1000 S7°BE0A152
51 0 *B4 =(151°C48Y1682-1000 - =8°B51/{52
52 Total pinole =SUM{DA49.051) 23°549+42°BEOYE D1, —

X

4 () =0.85° 168211000

55 Ca 40,078 ={(55°C54)1682°1000 ~BESHST |
26 0 =B4 ;(!E?a'cup‘sar'mo: =BS6M5T
57 Total gimole : =SUM{D34:056) TBEGAREE

£8

59 Ca! =0.08*1682/1000

60 Ta 40.078_ - *(I60°CE0Y1682-1000 =BEONE3

(3] 32066 (161°C59)/1882-1000 =B61HES
[62 0 =84 EzTcs_‘sy! 16821000 =4°B62HES
63 Total gimole =EUMDB0:D62) SBE0E81+A B2

2]
Fes G0y =0,12°1682/1000

[ Cr 51,0981 - *{I65"CEBY 168271000 =7"B66/ME8
€7 0 =84 H{IET 516821000 =3°BBTHE8
68 Total gimole =SUMDEBDBT). 22 B6GY3 87

63

7 (T =01 005 )

Fi] Cu 63548 — S{ITI"CI0Y 16821000 =B7IHT3
72 2) =84 [72°CT0Y1682°1000 *B72MT3

3 Total gimole *SUMD70.072) =B714872

74

75 Fo:0s — #7.04*1662/4000

76 Fe E5.847 T6°CI5 1000 *Z°BI6MT8
77 1) =84 =(ITT°CT5/1682°1600 =3 BTTHI8
78] Total gnola ZSUMDTEDTT) w2 BI6+3BIT

79

) FeO — *3.12°1682/1000

81 Fe E5.847 =(131°CE0Y1682-1000 =B8IMES
82 0 B4 %(182°C80)/1682°1000 =B82/HE3
83 Total gAmole =SUMDE0:082) =B81+882

1}

85 ¥0 ‘ =3 56°1682/1000

[3 K 39.0983 S(166°CA8Y1652°1000 27°BE6AISB
B7 ) =B4 1B7°GB5)/1682° 1000 BATMES
58 Total ginole — =SUM{DBS.087) STBO6HEST

]

%0 —Mg0 =1.36°1682/1000

1l Mg 24305 151°CO0)1682-1000 =B91M93
92 o =84 =(192°C90)/1682°1000 =B92H53

Total ginole =SUM(D90:092) *B91+892

%4 —

85 MnO 22°1682/1000

% M 54936805 — ={106°Co8Y1682-1000 =BoeMa8 |

-2




Attachment Il SRS HLW Glass Chemical Composition Calculation Formulas _ BBA000000-01717-0210-00038 REV00

B C [*) E [ G H ]

A
[ 97 0 =Bl N DAL TR . [T
% Total pincle =SUMD9B.D97) =BS8+507
00 Nez0 =11°1682/1000
| Na T2509768 {01 °C100)1882-1000 4 ST BIOTIG|
B4 =(102°C100)/1682°1000 N =B102M103
=SUM{D100:0102] +2°5101+8102
0.36°1682/1000
72080768 (1106°C 108Y/1682°1000 *Z'B106M109
32088 - ={[10T°C105)1682°1000 =B107A109_
() B4 =(IO8"C106)/1682°1000 24"B108H109
Total o — *SUM(DI06:0108) sZB106B10T+4"B108
10| '
i g{ NaCl =0.15° 16821000
12 N 228847 — =I1ZCI11)1682°1000 SBIZHIT4
113 (=] 364527 -(ﬁ——‘;:_——i 3°CT11)/16521000 B113H114
194 Totsl ginoie A — SSUMD111:0113] =B1I24B113
116 NaF [=0.07° 168211000
(117 Ne__ 22989768 j qmrcmu 32-1000 “BITIAI19
118 F 18.9584032 a(IH18°C116)1632°1000 *B118M119 |
S Towigmole — o ~SUWDI16:0118) ~_|=BIiT+B118 ]
120} i
21 1) 0.63° 163211000 '
122 (] 3569 -n's'im% r% SB1Z2M124
1 ) 254 =(11Z3°CIZY =B1ZH124
24 Tonigimole BIZ3) g =B1724B1 23 .
125
126 ) - =0.07+1682/1000 :
127 Pb 2012 ST CI26/1682 1000 “BI3TA1Z9_
128 3 32.068 -(nza'c":ueiﬂ'az—é'oow =B126M1129_|
125 Total ghnole ; aSUMDIZ8.0128) _ SB127+6128 )
130 — —
131 $10;_ 545 57° 16821000 ]
132 ] 280855 *{113T°CI31)1682-1000 s8i3n1A_|
133 0 84 =(1133°C 13116321000 +ZB133H134
134] ThO, i sSUM(D131:D133) =B13242'B133
1%
136 Thos =0.21°1682/1000 : ,
37 Th 7320381 *(1137°C138y1€82°1000 =B137/1139
138 o B4 =(1136°C 136168271000 : =Z8138H130
35 Total ginoia - =SUM(D136:0138) =BI3T+2°B138
40 .
[ ﬂl Tich =0.59°1682/1000
[¥] Ti (14 142 CIA1/1662°1000 =B14ZN1A4_|
143 0 B4 =(1143°C141 V16821000 i : =Z°B14IH 144
22 Totl gimoie — =SUMDIATDI43) _ "B142+2°B143 ——
[5
[146] HeAISEONZecHs) #1.67°16821000 - .
147 Na 22985768 4T°C148)1682-1000 =BI4THIE]
(18] Al 26.9815389 48°CIEY1842°1000 =BT48H151
14 S 38,0855 (IT4F°C146)1682-1000 ; =ZBIASHI%1]
150 o =84 150°C 14816821000 =6°B180AHI51
151 1' Total gimols ) =SUM(D147.D150) - - SB14T+E148+2°B14VG B150
152 3
153 Zn0 =0.08°1682/1000 ‘ i
154 1) 8539 (1154°C153)1682°1000 =B154H156 |
155 ] 84 H{I155°C153)/1682°1000 =BISBAI156
1 Toml *SUMDI83.D168) =B1EA+R158
157 y

3




Attachment i SRS HLW Glass Chemical Composition Calculation Formulas

BBA000000-01717-0210-00038 REV00

[

m———

0 5 b 4 T G. H 1
K SN Tenmcubee | EeneURR [ Femeatioles | Woleg(Omom | WiKe{omow %
10.28°1682/100 *ZCIE1AKIEZ 2+B165°3)-100/1682 |=E10T°3/2 SB165F161
: B5+0801°B186 — =Z°B162M166
012537 SETEI 1631 163y E16 =ET61°0.199 SE1637372) =BIB5'F163
11.0093053 *E164°6164° 16621100 =(B164)E164 *E161°0.801 =E164(37) ZB165°F 164
=(1€5°C161)/1685°100 *SUMG163:G164) : 23'BI6OM166
=SUM(D163.0168) =TK162¢3°8165
3.16°1682/100 =ZCI6BAKI692+B172)° 10011682 [*E16812 sF168°B172
104+0.625°B154 - - =TATEOMITS
RET70°B170°- 16527100 SE170°BI70 *E166°0.078__ SE1T0Y1/2) BTIZF170
160039 =EAT1-BI71°1682/100 =EITUBIT =E1680.620 SETTIN12) =BITZFIN
+(1172°C168)1682°100 ; *SUMGTTOGITT} sBI72Mi73
=SUMODIT0.0172)_ 27 B164+B172
(13
083

179

Note: The vahwe of 0.199
in the 5th column Is the
atom percent abundance
for B-10 which comes from
the Chart of Nuclides (Ref.
2 in the Ref. Section of the
main report). The sameis
true for the vatues of 0.801
(B-11), 0.075 (Li-6) and
0.925 (U-7).
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Attachment Il SRS HLW Glass Chemical Composition Calculation Summary Formulas BBA000000-01717-0210-00038 REV 00

A 8 [ D
71] . SUMMARY . ,
7]
73— Frewent VS o Normalized W Formaled |
4
175 [« =G10+G10+G211G 32+ GI8+DIS+DA17DAT+ D524 D58+ DB+ D88+ D73+ D764 DB+ DERT DO IYDOBYDT04+D1 10+ D120+ D134+ D1 30+D146+D151 #0158+D165___ |SC175/8C$106+100
(176 U234 =D5 . |=C176/3C3196°100
U-235 = =C17715C$106°100
'EI U238 =D7 *C178/5C$196°1
179 U238 _ =D8 =C179/3C$106°100
(160 Pu238_ =013 . =C180/5C3 15610
a1 Pu239 =014 SCIB1/5CST106 10X
a2 Pu-240 =013 =C182/3C$196°100
Pu-241 =016 . : =C183/3C3166+100
184 242 =D17 =C184/5C5106*100
85, Cs-133 =D28 =C185/5C3106°100
35 Cs-135 =021 - =C186/$C$§196°100
37 Ba137 =D30+039 _ [5C187/5C3196-100
L'E'I Al +034+D144 ; SC186/5C$156-100
189 S =DA0+D57+D103+0124 - - : =C180/3C3196°100
LES) —Ca =DAS+D51+058 - =C100/5C$106°100
191 [ =D48 i =C191/$C$106*100
¥ Cr =D62 - —_|=C192/5C$196°100
[ Ag 0.05 =C193AC$196°100
155 Sub Col Total =SUM(C175.C193) =SUM(D175.0193) |
i Total =C105+F165 =D195+G195
197 Other - 0.58
196 Check Tofal 2C1B5+F 105+ C197-SUMICIB0.C184) G10+H11-08-G _
199 From el its
200

-1




Attachment It SRS HLW Glass Chemical Composition Calculation Summary Formulas BBA000000-01717-0210-00038 REV 00

1 E F G H
773 ~
173 Efemert Vi % NotNormsiized | Wi X, Nommalized
74|
:_'Tglr N =D118 SF1753C8106"
176 b =D123 =FI70/CS 1067100
77 S =D126v0145 =F177/5C$156100
178 Th =D133 =F178/5C$ 198100
79 i =D138 =F170/5C$106:100
50 Zn =0150 =F1B0/SCS196%100
181 810 =D158 =F181/$C$196°100
162 81 =157, =F162/5C§196°100
183 Y] =016 =F1838C$1984100
[184] 07 =164 SF184KCS 166100
__a_s_l F =0114 =F185/5C3106°100
86 Cu =087 =F186/5C35166°100
187 Fe =072+D77 =F167/5C$ 106100
168 K =082 =F188/5C$106°100
189 W =D87 =F160/5C3$196°100
% Mn =002 =F100/3C$106100
161 Na =DO7+D102+DI10B+D113+0143___|=F1D1/5C$196°100
152 (<] =D108 =F162/3C$196°100
53
(]
705 SSUMFIISF102) _ [=S0M[G175:G162)
1%
197,
158 AT+ HZA+SUM(EST E152 E150+E168+D166vD189_|
169 fom compounds
200

m-2




